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alcoholic liver disease, and viral chronic hepatitis B and
C. The last section addresses hemochromatosis, which
is a prevalent iron overload disorder in the Caucasian
population. This review aims to describe data from the
literature concerning viral chronic hepatitis during pregnancy, management during pregnancy and delivery,
and new effective drugs for the prevention of maternal
infection transmission without significant adverse effects or complications.

Abstract

Core tip: Gender medicine focuses on the patho-physiological, clinical, prevention and treatment differences
in diseases that are equally represented in men and
women. The concept of “gender” includes not only the
sexual characteristics of individuals but also physiological and psychological attributes of men and women. In
this review, we critically analyze the literature regarding
gender differences for diseases and acquired conditions of the most representative hepatic pathologies:
primary biliary cirrhosis, autoimmune hepatitis, primary
sclerosing cholangitis, non alcoholic fatty liver disease
and alcoholic liver disease, viral chronic hepatitis B and
C, and hemochromatosis (the prevalent iron overload
disorder in the Caucasian population).

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

Key words: gender; liver disease; primary biliary cirrhosis; autoimmune hepatitis; viral chronic hepatitis B;
viral chronic hepatitis C; non alcoholic fatty liver disease; alcoholic liver disease

Gender medicine focuses on the patho-physiological,
clinical, prevention and treatment differences in diseases that are equally represented in men and women.
The purpose of gender medicine is to ensure that each
individual man and woman receives the best treatment
possible based on scientific evidence. The concept of
“gender” includes not only the sexual characteristics
of individuals but also physiological and psychological
attributes of men and women, including risk factors,
protective/aggravating effects of sexual hormones
and variances linked to genetics and corporal structures that explain biological and physiological differences between men and women. It is very important
to consider all the biological, physiological, functional,
psychological, social and cultural characteristics to provide patients with individualized disease management.
Herein, we critically analyze the literature regarding
gender differences for diseases and acquired conditions
of the most representative hepatic pathologies: primary
biliary cirrhosis, autoimmune hepatitis, primary sclerosing cholangitis, non alcoholic fatty liver disease and
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in men (62 years) than in women (51 years)[11].
Numerous hypotheses have been formulated to justify this sex imbalance. For example, the effects of sex
hormones in lymphocyte maturation/activation and the
synthesis of antibodies and cytokines have been suggested as contributing factors. Additionally, the immunemodulatory effects of estrogens during reproductive life,
fetal microchimerism, skewing of the X-chromosome inactivation pattern and defects in sex chromosomes have
also been suggested as factors[12]. Several studies have
identified an increased incidence of X haploinsufficiency
in female patients[13,14].
A study by Selmi et al[15] indicates that epigenetic
factors, such as X chromosome inactivation, may also
be involved in the development of PBC, and variable
concordance rates of PBC have been identified between
twins. A recent study by Lleo et al[16] demonstrated how
Y chromosome loss is associated with PBC in male patients. These epigenetic changes may be ideal targets for
new personalized treatments, as suggested by cancer data.
However, no convincing evidence has yet supported any
of these hypotheses. Males are less likely to be symptomatic than females. Females experience pruritus as a single
symptom more often than males. It has been suggested
that female sex hormones may be linked with pruritus.
In addition, female sex hormones may cause more abdominal pain/discomfort and constitutional symptoms
(malaise, anorexia, weight loss, fatigue). In contrast, males
experience more jaundice, jaundice with pruritus, and upper gastrointestinal bleeding[17].
The rates of severe daytime somnolence and depressive symptoms were found to be similar in males and
females; in contrast, autonomic symptoms were more
profound in females[18,19].
Concomitant autoimmune diseases such as, Sicca
Syndrome, Scleroderma and Raynaud’s phenomenon,
were shown to be less prevalent in men. These findings
suggest that females are more likely to suffer concomitant autoimmune disease than males. The complications
of hepatocellular carcinoma (HCC) in patients with PBC
were reported to be significantly greater in men than in
women[20]. Biochemical levels of alkaline phosphatase
(ALP), alanine aminotransferase (ALT) and gamma-glutamyl transpeptidase (gGT) were reported to be slightly
higher in symptomatic males compared to asymptomatic
males, but both were higher than in females[21]. The only
histological difference identified were that symptomatic
female patients had more piecemeal necrosis of the liver
and that symptomatic males had more stainable copper
storage than asymptomatic males. Additionally, symptomatic females were reported to have more pseudoxanthomatous transformation than asymptomatic females[17].
AIH is a liver disease characterized by progressive inflammatory destruction of the parenchyma. AIH is associated with the presence of circulating autoantibodies,
hypergammaglobulinemia and interface hepatitis on liver
biopsy. AIH typically responds to immunosuppressive
therapy[22].

INTRODUCTION
Gender medicine is a new aspect of medicine that focuses on to investigating the differences in diseases based
on anatomic and physiological stages, from biological,
functional, psychological, social and cultural points of
view and analyzes the range of responses to pharmacological care. This field emerged because epidemiological
and clinical surveys performed over the last 30 years have
generally reported results for only gender[1].
The concept of “gender” refers not only to the sexual
characteristics of individuals, but also to a set of differences derived from the physiology and psychology of
men and women and from various social and cultural
environments. From biological and physiological points
of view, the differences between men and women may be
explained by differences in the presence of risk factors,
protective/aggravating effects of sexual hormones, variances linked to genetics and various corporal structures[2].
The aim of this review is to examine the available
data in the literature concerning the differences between
men and women for the most representative hepatic pathologies, including primary biliary cirrhosis (PBC), autoimmune hepatitis (AIH), viral chronic hepatitis B and C,
non alcoholic fatty liver disease (NAFLD) and alcoholic
liver disease. There are morphological differences in the
liver between genders. Thus, hepatic damage may produce different consequences in men and women in ongoing primitive diseases and during acquired conditions[2].

Autoimmune liver diseases:
primary biliary cirrhosis,
autoimmune hepatitis and primary
sclerosing cholangitis
Previous studies have examined gender differences in the
immune system, and suggest that estrogen and androgen
may modulate the immune system. Women have a significantly higher number of CD4+ T lymphocytes and a
higher CD4+/CD8+ ratio than men[3].
Additionally, the secretion of interferon-γ (IFN-γ)
and interleukin (IL)-10 was enhanced after the addition of estrogen in T-cell clones isolated from women[4].
Conversely, androgen inhibited, the secretions of IFN-γ,
IL-4, and IL-5 in murine T cells[5].
These findings suggest that gender differences could
have a role in autoimmune diseases.
The best example demonstrating gender differences is
PBC.
PBC is a chronic cholestatic liver disease characterized by immune-mediated inflammatory destruction of
the small intrahepatic bile ducts, and fibrosis. PBC can
progress to cirrhosis and subsequent liver failure[6-8]. PBC
is a typical female disease that occurs from 40-60 years of
age[9]. The incidence rates in women and men range from
3:1 to 22:1, with an average incidence rate in women of
10:1[10]. The age at PBC diagnosis was found to be older
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fibrosis and eventually decompensated cirrhosis[28,29].
The incidence of PSC is 1:100000 people. Previous
studies have demonstrated that PSC is more prevalent in
men than in women (M > F 7:3). In the United States,
between 62% and 70% of patients are male [30]. The
pathogenesis of PSC is unclear because it is a complex
immune-mediated disease. The most accepted theory
is that in genetically predisposed individuals, the environmental exposure to infective agents or toxins causes
persistent immunemediated damage to cholangiocytes
and progressive destruction of bile ducts, which leads to
chronic cholestasis[31] (Table 1).

Table 1 Gender differences in primary biliary cirrhosis and
autoimmune hepatitis
Primary biliary cirrhosis
M/F ratio 1:10
Age at diagnosis higher in M than
in F (62 yr vs 51 yr)
M less symptomatic than F:
pruritus, abdominal pain/
discomfort and constitutional
symptoms more common in F;
jaundice and upper gastrointestinal
bleeding more common in M
Concomitant autoimmune
diseases more common in F (sicca
syndrome, sclerodermia, raynaud
phenomenon), whereas HCC
complication are significantly
greater in M
ALP, ALT and gGT higher in M
than F
Piecemealnecrosis and
pseudoxanthomatous
trasformation greater in
symptomatic F

Autoimmune hepatitis
M/F ratio 1:3.6
Normalization of ALT levels after 6
mo of corticosteroid treatment less
frequent in M than in F
Better long-term survival and
outcome in M than F

Decrease of severity during second
trimester of pregnancy and possible
onset of acute exacerbation after
delivery

Alcoholic Liver Disease
Alcohol abuse and its various complications are still widespread in the Western world and represent a frequent
cause of hepatic damage. The excessive consumption of
alcohol may cause hepatic steatosis, alcoholic hepatitis
and cirrhosis. Alcoholic cirrhosis causes approximately
40% of deaths due to cirrhosis. The severe forms (hepatitis, cirrhosis) are associated with ingestion of 160 g/die
of alcohol in 10-20 years. The incidence of alcoholic liver
disease increases proportionally with the consumption of
alcohol. Several surveys have demonstrated that hepatic
damage develops faster in women than in men. In cases
of heavy drinkers with a weekly consumption of 336-492
g, the relative risk of developing cirrhosis was equivalent
to 7 in men and 17 in women. Furthermore, the relative
risk of developing alcoholic liver disease was 3.7 in men
and 7.3 in women. The factors regulating in the differences in susceptibility to alcoholic toxicity include the
following: age during alcohol consumption, the manner
of alcohol consumption (with or without meals) and the
nutritional state of the individual[32].
Women are more susceptible to damage by alcohol
compared to men, which leads to more advanced liver
disease after alcohol consumption. It has been demonstrated that, under the same conditions and assuming equal doses of alcohol, women reach higher blood
ethanol concentrations than men. Moreover, it has
been shown that females have a major risk of hepatitis
progression toward cirrhosis after abstaining from alcohol[33,34]. The causes attributed to these gender differences
include differences in corporal structures, different enzymatic activity and hormonal differences.
The process of metabolizing a substance before it
enter the general circulation is called first-pass metabolism. Various studies have demonstrated that an isoform
of gastric alcohol dehydrogenase (ADH) has a main role
in alcohol metabolism. ADH activity is linked to the first
passage of alcoholic metabolism and affects the blood
ethanol concentration. At the gastric level, this enzyme is
expressed less in women than in men. Furthermore, in a
female heavy drinker the activity of gastric ADH is practically absent. Therefore in women a majority of alcohol
reaches the liver directly, which may worsen the hepatic
damages. Moreover, this situation contributes to the gen-

Haplotype HLA A1-B8-DR3 more
prevalent in M than in F
Higher frequency of concurrent
immunological
disorders at presentation in F than
M

HCC: Hepatocellular carcinoma; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; gGT: Gamma-glutamyl transpeptidase; HLA: Human leukocyte antigen; F: Female; M: Male.

The etiology of AIH is unknown, though both genetic and environmental factors are involved. It has been
suggested that the major mechanism of liver damage is
the failure of impaired regulatory T cells to control immune reactions against liver host antigens.
The actual prevalence of AIH is unknown. AIH is
characterized by a strong female preponderance (the female/male ratio is 3.6/1)[23]. There are no sex or gender
differences in age, form of clinical onset, frequency of
symptomatic concurrent autoimmune diseases, and human leukocyte antigen DR (HLA DR) status. Several
studies have demonstrated that in men, there is a minor
frequency of normalization of ALT stages after 6 mo
of corticosteroid treatment[24]. However, men with AIH
appeared to have better long-term survival and outcome
than women [25]. In females the severity of AIH was
found to be likely to decrease during the second trimester
of pregnancy, when estrogen was secreted at high levels
and acute AIH exacerbation occurred occur after delivery[26]. High levels of estrogen are associated with an anti
inflammatory milieu[27]. Moreover females have a higher
frequency of concurrent immunological disorders such
as Sicca Syndrome at presentation than males.
Al-Chalabi et al[25] discovered the extended haplotype
HLA A1-B8-DR3 (associated with increased susceptibility to AIH) was more than twice as prevalent in male patients as in female patients with AIH.
Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease characterized by progressive inflammation and fibrosis of the intrahepatic andextrahepatic
bile ducts. PSC leads to cholestasis, progressive hepatic
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Table 2 Gender differences in alcoholic liver disease

Table 3 Non alcoholic fatty liver disease and gender

Alcoholic liver disease (hepatic steatosis, alcoholic hepatitis, cirrhosis)

NAFLD and gender

Hepatic damage faster in F than M
RR to develop cirrhosis 7 in M and 17 in F
RR to develop alcoholic liver disease 3, 7 in M and 7, 3 in F
F more susceptible to damage by alcohol than M: higher haematic
concentration of ethanol in F than M: major risk of hepatitis progression
toward cirrohosis (even after an absentation from alcohol) in F than M
Differences in corporal structures (content of corporal water), different
enzymatic activity (gastric ADH expression and activity), hormonal

Prevalence of MS in men and postmenopausal women
Prevalence of visceral adiposity in men and postmenopausal woman
Possible link to MS, NAFLD and sex hormones
NAFLD: Non alcoholic fatty liver disease; MS: Metabolic syndrome.

abdominal fat is not different between genders, but it is
affected by dietary lipid consumption[43]. Abdominal fat
tissue is a major source of free fatty acids and cytokines
for the liver, and fat favors the early development of insulin resistance, dyslipidemia, and high blood pressure. The
more favorable fat distribution in women demonstrates
why women need a higher degree of adiposity to achieve
the same metabolic disturbances as men[44]. Subcutaneous
and visceral adipose tissue types are influenced by age and
gender. Visceral adipose tissue accumulates more rapidly
with age and weight gain in males and postmenopausal
females than in younger females[45]. The difference in the
prevalence of MS between genders has been attributed
to sex hormones. Many studies have shown that, in postmenopausal women, the distribution of their body fat
changes toward visceral adiposity[46]. There are differing
reports in the literature concerning the association between
gender and NASH. In some studies, NAFLD was approximately 1.5 times more prevalent in females than in males
whereas other studies did not find any differences, between
genders[47,48]. Some studies have shown that female gender
is a risk factor for NASH[49], but the current literature presents conflicting results[50,51]. A population, based study suggested that endogenous estrogens have a protective role in
NASH, which may explain why the prevalence of NAFLD
increases in women over 50 years of age[52].
In conclusion, although the sex differences for fibrosis in patients with NAFLD are not identical, women
tend develop more, severe fibrosis than men[53].
The possible roles of estrogen in hepatic lipid metabolism and fibrosis require further investigation (Table 3).

ADH: Alcohol dehydrogenase; RR: Relative risk; F: Female; M: Male.

der differences in blood concentration and contributes to
unfavorable consequences of alcohol use[35]. Another cause
of female vulnerability to the toxic effects of alcohol is the
reduced content of corporal water compared to men[36].
The quantity of absorbed alcohol in the gastro-intestinal system that is not metabolized by first-pass metabolism
enters the circulation. Hepatic ADH, in the liver is principally involved in alcohol metabolism. The amount of alcohol distributed in water determines the blood alcohol concentration. A woman has proportionally more fat and less
water than a man. Thus, when the ethanol is distributed
in water, the distribution volume in women is less, and the
blood alcohol concentration is higher[35,37] (Table 2).

NAFLD
NAFLD is the most common chronic liver disease in the
Western world, affecting 30% of the general adult population[38].
NAFLD is an umbrella term for a group of diseases
defined by a hepatic fat infiltration in > 5% of hepatocytes, in the absence of excessive alcohol intake. Excessive alcohol intake is defined as two standard drinks
(20 g ethanol) daily for men and one standard drink (10
g ethanol) daily for women. NAFLD encompasses a
histological spectrum ranging from simple steatosis to
non-alcoholic steatohepatitis (NASH). NASH is defined
by steatosis, hepatocellular damage and lobular inflammation[39] in individuals without significant alcohol consumption and without viral, congenital and autoimmune
liver disease markers.
There have been parallel increases in the prevalence
rates of obesity, metabolic syndrome (hyperglycemia,
visceral obesity, hyperlipidemia and hypertension) and
NASH. As a result, NASH is considered part of metabolic syndrome (MS)[40].
MS is a risk factor for cardiovascular disease, its high
prevalence has substantially affected public health in
recent years[41]. There are varied reports in the literature
regarding the gender distribution of MS. Several studies
report a higher incidence of MS in men than in women,
but the reverse has been shown in other reports[42].
The prevalence of MS increases with the general
population age and is more likely in black and Hispanic female populations. The accumulation of hepatic and intra-
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Chronic Hepatitis B
Protracted treatment with nucleoside/nucleotide analogs
has allowed for an improvement in the natural history of
patients with chronic hepatitis B virus (HBV) infection
by reducing the incidence of cirrhosis and the risk of
complications[54].
Over the last 20 years, the epidemiology of HBV infection has radically changed in Italy. At the beginning of
the 1980, the rate of HBV surface antigen (HBsAg) carriers in the general population was 3.5%, with peaks of
10% in Southern Italy. The current prevalence of carriers
is less than 1%, and a majority of carriers are male. The
rate of chronic infection is higher in men due to various
factors and is widely studied. However, it is unclear if
men are exposed to more viruses, or if men have a less
effective immune response in eliminating. The major re-
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dine treatment for CHB in early pregnancy. This study
examined 92 chronic HBV-infected pregnant women who
received Lamivudine treatment either before pregnancy
or in early pregnancy. These women were not co-infected
with hepatitis C virus (HCV), human immunodeficiency
virus, cytomegalovirus, or other viruses. Adverse events
were observed throughout the entire pregnancy and perinatal period. The effectiveness of Lamivudine treatment
for blocking mother-to-infant transmission of HBV
was evaluated. The data showed that treatment does not
increase complications or adverse events for mothers
during pregnancy or the perinatal period. Additionaly
no effect on fertilization or embryonic development was
found, and treatment did not increase the incidence of
congenital abnormalities in infants. Furthermore, treatment reduced the rate of mother-to-infant transmission[71]. A case report described a treatment with triple
therapy of Lamivudine, IFN-beta and prednisolone for
acute CHB exacerbation during pregnancy. The patient’s
liver enzymes became elevated toward the end of the first
trimester. She was treated with Lamivudine, interferonbeta and steroids early in the second trimester. After this
treatment, aminotransferase levels rapidly normalized
within 4 wk. Lamivudine was continued until delivery.
Spontaneous delivery occurred at 37 wk of gestation.
There were not congenital anomalies, and fetal growth
was found to be within normal reference ranges. This
case report suggests that combination therapy with Lamivudine, IFN-beta and steroids may be safely used during
the pregnancy to treat acute CHB exacerbations[72].
There are ongoing studies investigating the use of antiviral medicines in mothers with high HBV DNA levels.
Currently the oral antivirals Telbivudine and Tenofovir are
classified as “FDA pregnancy category B”, whereas the
other antiviral drugs are classified as “FDA pregnancy category C”. A recent meta-analysis has demonstrated that
Telbivudine use in the final stage of pregnancy is effective
in preventing or reducing the perinatal transmission of
HBV without meaningful or unfavorable effects[73].
Some data exist on tenofovir in HIV positive women
but these data show increased congenital malformations,
kidney damage and distorted bone metabolism after exposure in utero[74] (Table 4).

Table 4 Chronic hepatitis B during the pregnancy and in the
foetus
HBV and pregnancy

HBV and foetus

Not increases in maternal morbidity Maternal transmission: during
and mortality
delivery, intrauterine transmission
and during breast feeding
Increases HBV viremia levels and
Discordant results from preindices of cytolysis
delivery administration of Ig and
anti-HBV vaccine
Development of complications
Administration of Ig and anti-HBV
(gestational diabetes, pre-delivery
vaccine during delivery to prevent
hemorrhages and pre-term delivery)
infection
Higher frequency of gestational
Ongoing studies about the use
hypertension, detachment
of antiviral medicines in F with
of placenta and peripartum
high HBV DNA levels to prevent
hemorrhages in F with cirrhosis
perinataltransmission (telbivudine
Cases of peripartum hepatitis with
and tenofovir in FDA pregnancy
hepatic decompensation
category B)
HBV: Hepatitis B virus; F: Female; FDA: Food and drug administration.

sponse in females is caused by the position of genes that
determine the response, and most genes are located on
the X chromosome. This hypothesis is supported by the
female prevalence of two hepatic autoimmune diseases
(PBC and AIH)[55].
HBV does not meaningfully influence fertility, and
contracting an HBV infection during a pregnancy does
not increase morbidity or maternal or fetal mortality[56].
Recent evidences demonstrated that the increased production of proinflammatory cytokines in chronic hepatitis B
(CHB)[57,58] may participate in the development of complications, such as gestational diabetes, pre-delivery hemorrhages and pre-term delivery[59]. Furthermore, in women
with cirrhosis, there are higher frequencies of gestational
hypertension, detachment of the placenta and peripartum
hemorrhages compared with healthy controls[60].
A normal pregnancy with elevated levels of corticosteroid hormones and estrogens cause increased HBV
viremia[61] and indices of cytolysis (ALT)[62]. Moreover,
there have been reported cases of peripartum hepatitis
with hepatic decompensation[63].
The main cause of fetal HBV transmission is delivery.
The administration of immunoglobulins and an antiHBV vaccine may prevent fetal infection in more than
85% of children born from HbsAg+ mothers[64].
Other minor causes of fetal and maternal transmission are intrauterine transmission (HBV may reach the
foetus through the placental barrier)[65] and transmission
during breastfeeding through virus ingestion or by contact with maternal cutaneous lesions[66].
There is currently no clear therapeutic way to prevent
viral transmission. The pre-delivery administration of
immunoglobulins has yelded discordant results[67,68]. The
study by Beasley demonstrated that the administration of
immunoglobulins and anti-HBV vaccine within 12 h of
birth reduced the frequency of HBV transmission from
> 90% to 26%[69,70].
A 2012 Chinese study evaluated the safety of lamivu-
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Chronic Hepatitis C
HCV infection affects 130-170 million people worldwide,
which is approximately 2%-3% of the global population.
HCV is transmitted by parenteral routes, such as contact
with infected blood or contaminated materials and intravenous drugs injection with contaminated syringes. Although less common, HCV can be transmitted by sexual
contact with HCV-positive partners[75,76]. Several studies
have demonstrated that women have less altered hepatic
biochemical tests and lower rates of fibrosis progression[77]. These findings are related to the protective effects of estrogens, which possess anti-fibrotic properties.
Estrogens have a role in blocking fibrogenesis in hepatic
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Little is known about the real impact of gender on
the characteristics that influence the efficacy and safety
of chronic hepatitis C treatment. Several studies have
demonstrated that the sustained virological response
(SVR) rate is significantly higher in women than in men,
and fertile women with normal genotypes have a 100%
chance of obtaining a SVR. Therefore the administration
of combined therapy is not recommended during pregnancy (Pregnancy FDA Category X)[87] (Table 5).

Table 5 Chronic hepatitis C during the pregnancy
Chronic hepatis C and pregnancy
Frequency of HCV MTCT is 5%-10%
Vertical transmission is the main cause of pediatric HCV infection
Factors increasing the risk of MTCT: amniocentesis, extended breaking
of the membranes and elevated viral load in the mother
High levels of ALT in the previous year of pregnancy are linked with a
higher MTCT rate
Signs of viral replications is maternal peripheral blood mononuclear
cells enhance vertical transmission
Breastfeeding and genotype are not linked to MTCT
Presence of HCV-HIV coinfection increases MTCT by 90%
The administration of combined therapy is not recommended during
pregnancy

Genetic Hemochromatosis
Iron is essential for many biological processes. The liver
stores for iron and plays a central role in the regulation of
iron metabolism. The liver synthesizes hepcidin, which is
the most important iron regulatory hormone.
Genetic hemochromatosis (GH) is a prevalent iron
overload disorder in the Caucasian population. Patients
absorb more than the normal amount of iron through
the intestine. Hepcidin is suggested to play a role in GH.
GH is not a gender-specific disease, but more males
than females present symptoms and signs of hemochromatosis. Men accumulate more iron and have a higher
incidence of liver injury[88].
The clinical symptoms of GH usually begin later in
women than in men, likely due to the physiological loss
of blood in women of childbearing age. The genderspecific regulation of hepcidin synthesis in the liver may
play a role in this process[89].
The prevalence of the disease in men may also be
explained by the greater extrahepatic deposition of iron
in males than in females. In addition, serum ferritin levels are higher in men, which suggests that men have increased extrahepatic iron stores[90].
In conclusion, the clinical presentation of GH is different between women and men. Both liver disease and
diabetes are more common in men, whereas fatigue and
pigmentation are more common in women[91].

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; MTCT:
Mother-to-child transmission; ALT: Alanine aminotransferase.

stellate cells. The notion that estrogen has a protective
role was also suggested by evidence that menopause is
associated with an accelerated rate of fibrotic progression and that hormone replacement therapy may minimize this effect[78]. The prevalence of HCV infection in
pregnancy is 1%-2% in the United States and Europe.
However, the rate of HCV, may reach up to 8% in some
developing countries[79].
The documented mother-to-child transmission
(MTCT) frequency of HCV is approximately 5%-10%[80].
The pathogenesis of HCV infection during pregnancy
and the neonatal period is unclear. During pregnancy,
the maternal immune system has to develop tolerance to
paternal antigenes to avoid any maternal immune assault
towards the fetus. Simultaneously, the maternal immune
system most maintain active immunity against HCV to
protect both the mother and fetus from infection. This
modulation of immune responses is different during each
stage of pregnancy[81]. In developed countries, vertical
transmission is the main cause of pediatric-HCV infection. The factors demonstrated to increase the risk of
maternal-fetal transmission include amniocentesis, the
extended breaking of the membranes and an elevated
viral load in the mother. Perinatal HCV transmission is
confined to women with HCV RNA present in their peripheral blood; it occurs rarely if the maternal viral load
less than 1 × 105 HCV RNA copies/mL of plasma[82].
Two previous studies demonstrated that high levels
of ALT in the year before pregnancy are linked with a
higher maternal-fetal transmission rate. These results suggest that the development of liver damage in the mother
is a potential risk factor for HCV transmission[83]. Furthermore, HCV infection and signs of viral replications
in maternal peripheral blood mononuclear cells enhances
the rate of transmission[84]. Conversely, breastfeeding and
genotype do not appear to be linked to MTCT. A coinfection with HIV virus increases the likelihood of vertical HCV transmission by 90%[85].
The standard treatment for chronic HCV infection
is PEG-IFNα and ribavirin. Recently, the new antiviral
medicines, telaprevir and boceprevir were introduced[86].
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CONCLUSION
Gender medicine focuses the scientific community on
understanding and analyzing clinical, patho-physiological,
prevention and treatment differences in diseases that are
equally represented in men and women[1].
Current medicine offers better care through the study
of disease mechanisms based on gender differences by
focusing on the incidence and etiology of pathologies,
clinical objectives and the response to therapies[33]. The
purpose of this fields is to provide the best treatment
possible to each individual man and woman based on scientific evidences.
This review emphasized the importance of appropriate management of viral chronic hepatitis during pregnancy and summarized the strategies to prevent motherto-child transmission. The review focused on maternal
and perinatal outcomes, disease progression and its
impact on pregnancy, and the new effective drugs used to
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prevent maternal infection transmission without significant adverse effects or complications. In summary, based
on the current literature, we recommend close maternalfetal monitoring during pregnancy and suggest that all
available treatment options be considered in the future.
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Core tip: Excessive chronic or binge alcohol consumption causes alcoholic liver disease (ALD) with a spectrum ranging from simple steatosis to steatohepatitis
and cirrhosis. One of the characteristics of ALD is the
alteration in mitochondrial structure and function. This
review summarizes some of the recent findings of the
molecular mechanisms involved in the modulation of
mitochondrial function and their implication in the development of ALD.

Abstract
Alcohol abuse is the leading cause of liver related
morbidity and mortality. Chronic or binge alcohol drinking causes hepatic steatosis which can develop to
steatohepatitis, cirrhosis and ultimately hepatocellular
carcinoma. The pathogenesis of alcoholic liver disease
(ALD) is poorly characterized, however several recent
studies point to a major role of mitochondria in this
process. Mitochondria play a crucial role in cellular
energy metabolism and in reactive species formation.
Alcohol treatment causes mitochondrial DNA damage,
lipid accumulation and oxidative stress. Studies in both
animal models and in humans showed that alcohol
administration causes changes in the mitochondrial
morphology and function suggesting a role of these
changes in the pathogenesis of ALD. We review recent
findings on mechanisms by which alcohol negatively
impacts mitochondrial biogenesis and function and
we will discuss the specific intracellular pathways affected by alcohol consumption. Interestingly, recent
findings indicate that a large number of mitochondrial
proteins are acetylated and that mitochondrial proteins
acetylation and sirtuins are modulated by alcohol. Un-
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INTRODUCTION
Alcohol is widely consumed in most parts of the
world and has long been associated with various liver
diseases accounting for about 4% of all deaths[1]. The
2011 global status report on alcohol and health (World
Health Organization) indicated that 4.5% of the global
burden of disease and injury was attributed to alcohol
with 7.4% for men and 1.4% for women. In the United
States, 50% of the adult population (aged 18 years and
over) consumed alcohol on regular basis in 2011 (Summary Health Statistics for United States Adults: National
Health Interview Survey, 2011). Excessive chronic or
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binge (acute large doses) of alcohol consumption causes
hepatic steatosis, which can progress, if drinking continues, to more advanced form of alcoholic liver disease
(ALD) such as alcoholic steatohepatitis (SH), hepatic
fibrosis and cirrhosis and ultimately hepatocellular carcinoma[2-4]. The pathogenesis of ALD is still poorly understood making the progress in finding treatment slow.
One of the characteristics of ALD both in animal models and in patients is the perturbation in the morphology
and function of mitochondria. Abnormal mitochondrial
and cellular redox homeostasis has been documented
in alcoholic steatohepatitis and results in alterations of
multiple redox-sensitive signaling cascades[5]. We will
review current understandings of the role of alcohol
metabolism in the pathogenesis of liver disease and the
recent mechanisms involved in ALD with special focus
on the mitochondrial changes associated with alcohol
consumption and their potential implications in ALD.

sible risk factors that can affect the development of liver
injury include the dose[19], duration[20], type of alcohol
consumed[21], drinking patterns[22], gender[4,23], ethnicity[4,24], and associated risk factors, including obesity[25,26]
and genetic factors[27,28].

METABOLISM OF ALCOHOL IN THE
LIVER
When consumed, 90% of ingested alcohol is absorbed in
the upper GI tract and diffuse throughout the body[29,30].
Studies both in humans[31,32] and animals[33-35] have shown
that both short and long term ethanol treatment can disrupt the epithelial barrier of the GI tract which results in
increased intestinal permeability and enhanced movement
of luminal antigens such as bacteria and endotoxins into
the portal circulation[36,37]. This can lead to Kupffer cells
activation in the liver and cytokine release which may
consequently results in liver injury and ALD[38,39]. The
liver is the main organ responsible for metabolizing ingested alcohol; therefore it is more susceptible to alcohol related injury. Alcohol is metabolized in the liver by
both oxidative and non-oxidative pathways. Briefly, the
oxidative pathways of alcohol metabolism involve three
enzymes, alcohol dehydrogenase (ADH) in the cytosol,
cytochrome P450 2E1 (CYP2E1) in the peroxisomes
and catalase in the microsomes[29,40]. ADH is present in
the cytosol where it converts alcohol to acetaldehyde
and other metabolites. In this reaction nicotinamide adenine dinucleotide (NAD+) is reduced by two electrons
to NADH generating a highly reduced environment in
hepatocytes. The increased NADH/NAD ratio favors
hepatic triglyceride accumulation. In addition, excess
NADH may promote fatty acid synthesis. Acetaldehyde
inhibits protein synthesis and may be linked to tumor
development[41]. Cytochrome P450 enzymes (Cyp2E1,
1A2, and 3A4) present mainly in microsomes and endoplasmic reticulum also contribute to alcohol metabolism
into acetaldehyde at high concentration of ethanol.
Catalase in the peroxisomal pathway requires hydrogen
peroxidase (H2O2) to oxidize alcohol into acetaldehyde
and water. Acetaldehyde is a highly reactive and toxic
byproduct to hepatocytes that may contribute to tissue damage because it forms a variety of protein and
DNA adducts that promote glutathione depletion, lipid
peroxidation, and mitochondrial damage [40,41]. It also
contributes to the changes in the redox state of the cell
and the formation of reactive oxygen species (ROS)[41].
The acetaldehyde produced from alcohol oxidation is
rapidly metabolized into NADH and acetate by aldehyde dehydrogenase (ALDH) in mitochondria. The
product of acetaldehyde breakdown is rapidly removed
from the liver and is metabolized into CO2 via the TCA
cycle in the heart, skeletal muscle and the brain. Genetic
variations in ADH and ALDH influence the susceptibility of developing alcoholism and alcohol related injury.
The nonoxidative pathway is minor in normal conditions and leads to the formation of fatty acid ethyl ester

SPECTRUM OF ALCOHOLIC LIVER
DISEASE
ALD is a multistage disease consisting of hepatic steatosis (fatty liver), alcoholic hepatitis, and chronic hepatitis
(inflammation) with hepatic fibrosis (development of
scar tissue) or cirrhosis[5,6]. The different stages of ALD
are not mutually exclusive and may be present simultaneously in certain individual[7]; alcoholic cirrhosis can
develop without precedent of hepatic steatosis or alcoholic hepatitis. Hepatic steatosis is the earliest response
to alcohol consumption and develops in 90% of heavy
alcohol drinkers[8-10]. Simple hepatic steatosis is usually
asymptomatic, reversible and resolve after 4-6 wk of
abstinence[11]. With continuous alcohol intake, 20%-30%
of patients with steatosis develop alcoholic hepatitis
and 16% of patients with steatohepatitis will develop
cirrhosis[12,13]. Fibrosis of the liver, a consequence of
inflammation, infection or injury, results from excessive
accumulation of collagen and other extracellular matrix
proteins in the liver which impedes normal function of
the liver leading to the development of cirrhosis. Alcohol associated cirrhosis is a consequence of sustained
alcohol intake and is characterized by both steatosis and
hepatitis with fibrosis[4]. Alcoholic cirrhosis is irreversible
and is among the top ten causes of death worldwide.
According to the National Institute on Alcohol Abuse
and Alcoholism, liver cirrhosis is the 12th leading cause
of death in the United States with 29925 death in 2010,
about 50% of which are alcohol related [14]. Liver cirrhosis predisposes the HCC, it is seen in about 80% of
HCC patients[15,16]. In the US, HCC is the most rapidly
growing cause of cancer-related mortality, particularly
among men ages 40 to 60 years[17,18].
Although hepatic steatosis is found in 90% of heavy
alcohol drinkers, the severe forms of ALD such as fibrosis and cirrhosis develop only in 30% of individuals
with heavy alcohol intake suggesting that other factors
are involved in the progression of the disease. The pos-
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cytosolic Ca2+ and regulate apoptosis. Carbohydrates and
fats are oxidized in the mitochondria to produce energy.
Glucose is converted into pyruvate within the cytosol,
transported to the mitochondria where it is converted
to acetyl-CoA. Acetyl-CoA undergoes TCA cycle resulting in CO2, water and energy. FAs in the liver originate
from the diet, adipose tissue lipolysis, or hydrolysis of
intracellular stores or de novo lipogenesis. These free FAs
(FFAs) are metabolized through oxidation, ketogenesis
or esterification into triglyceride. Together with the muscle, the liver is the main site for mitochondrial fatty acid
oxidation. The oxidation of FFAs occurs mainly in the
mitochondria of hepatocytes where FFAs are converted
by carnitine palmitoyltransferase-1 (CPT1) into acylcarnitine which is transported into the mitochondrial
matrix. FFAs oxidation into acetyl-coenzyme A (acetylCoA) and its subsequent oxidation by the TCA cycle
generates reduced NADH and reduced flavine-adenin
dinucleotide (FADH2). NADH and FADH2 are the electron donor and transfer the hydrogen/electron to an
oxygen molecule, via a variety of redox components in
complex Ⅰ through Ⅳ in the mitochondrial respiratory
chain located in the inner mitochondrial membrane[46].
The flow of electron in the respiratory chain is coupled
with pumping of protons from the mitochondrial matrix into the inter-membrane space, thus creating an
electrochemical gradient across the membrane[46]. When
ATP is low, protons re-enter the matrix trough ATP
synthase and the energy released initiates ATP synthesis[46]. Although most of the electrons end up in water,
the insulation of complexes Ⅰ and Ⅲ of the respiratory
chain from oxygen in not perfect[46]. Excessive electron
flow to the respiratory chain results in accumulation and
leakage of electrons at these two sites which react with
oxygen to produce ROS [47]. About 1%-2% of mitochondrial oxygen consumption results in ROS production under normal condition[48], 90% of cellular ROS
are produced in the mitochondria[49]. Mitochondria play
an important role in ROS homeostasis as they are the
main site for ROS generation but can also be a target
for excessive ROS exposure. The ROS production occurs through reduction of oxygen to superoxide (O2-)
by complex Ⅰ and Ⅲ of the electron transfer chain
(ETC). Under normal conditions Mn-SOD located in
the matrix of mitochondria converts the O2- to H2O2
which is subsequently reduced to H2O. ROS production in mitochondria is upregulated in conditions where
increased NADH and increased membrane potential is
not coupled with an increase in ATP production. Excessive production of ROS exceeding the cell’s antioxidant
defenses can damage components of the cells such as
lipids, proteins and nucleic acids (particularly mtDNA)
leading to oxidative stress and ultimately apoptosis. This
can be observed in conditions of increased oxidation of
FFAs such as in NASH[50] and when levels of NADH
are augmented due to alcohol metabolism in alcoholic
steatohepatitis[45].

(FAEE) and phosphatidyl ethanol (PEth). The products
of the nonoxidative pathway have pathological and diagnostic significance. Both PEth and FAEE are poorly
metabolized; they accumulate in the liver and interfere
with cell signaling. Because of their intermediate halflife and tendency to accumulate, non-oxidative ethanol
metabolites can be used as biomarkers for alcohol consumption[42]. A second nonoxidative pathway occurs at
high circulating levels of alcohol and involves phospholipase D (PLD), which converts phosphatidylcholine
to generate phosphatidic acid (PA) and subsequently
phosphatidyl ethanol[40]. Phosphatidyl ethanol is poorly
metabolized and its effects on the cell are unknown,
however it might interfere with the production of PA
and disrupt cell signaling[40].

ROLE OF MITOCHONDRIA IN LIVER
PHYSIOLOGY
Mitochondrial structure
Mitochondria are organelles with double membrane
structure. The outer membrane delimits the intermediate space while the inner membrane delimits the mitochondrial matrix. The structure of the inner membrane
is highly complex and consists of the complexes of the
electron transport system, the ATP synthetase complex,
and transport proteins. The matrix contains a highly
concentrated mixture of enzymes involved in the oxidation of pyruvate and fatty acids (FAs) in TCA cycle. Eukaryotic cells contain nuclear and mitochondrial DNA
(mtDNA) genomes sequestered into distinct subcellular
compartments. Human mtDNA is found in the matrix
and consists of 13 structural genes that encode subunits
essential for respiratory complexes Ⅰ, Ⅲ, Ⅳ, and Ⅴ
of the mitochondrial respiratory chain involved in the
generation of ATP. Each mitochondrion contains 5-10
copies of mtDNA and each cell contains a high copy
number of mtDNA. It is considered that the number
of normal mtDNA copies must fall below 20%-40%
of basal levels to induce mitochondrial dysfunction and
the adverse effects. The mitochondrial matrix possesses
an incomplete mitochondrial DNA repair system, and is
highly sensitive to ROS-induced oxidative damage due
to its proximity to the inner mitochondrial membrane
where most of the ROS are produced[43-45].
Mitochondrial function
Mitochondria are the power producer of the cell which
plays a central role in the generation of energy from
nutrient oxidation. Hepatocytes are rich in mitochondria; each hepatocyte contains about 800 mitochondria
occupying about 18% of the entire cell volume. Mitochondria have a unique role in the liver compared to
other organs as they participate in glucose, lipids and
protein metabolism. Mitochondria play an essential role
in the cell as they provide the majority of cellular energy
in the form of ATP; generate and regulate ROS; buffer
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global acetylation of proteins mainly mitochondrial proteins indicating a role of the acetylation of mitochondrial proteins in mitochondrial biology. At least 20% of mitochondrial proteins are acetylated including proteins of
TCA cycle, oxidative phosphorylation, β-oxidation and
the urea cycle[59]. Therefore, Sirtuins have been implicated in the regulation of mitochondrial number, turnover and activity and have been proposed to play a role
in the pathogenesis of alcoholic liver disease[60]. Chronic
ethanol administration impairs hepatic lipid metabolism
pathways largely by modulating SIRT1 (a nuclear sirtuin)
and causes development of fatty liver. Ethanol decreases
hepatic SIRT1 in rodent models suggesting a role of
ethanol and SIRT1 in the regulation of mitochondrial energy metabolism and mitochondrial biogenesis.
SIRT1 regulates lipid metabolism by deacetylating the
sterol regulatory element-binding protein-1c (SREB-1c)
and PPARγ coactivator 1α (PGC-1α); thus it increases
fatty acid synthesis and decreases fatty acid β-oxidation
(deacetylation of PGC-1α increases its activity; deacetylation of SREBP-1c decreases its activity). In addition,
evidence suggests that mitochondrial biogenesis is regulated at least in part by PGC-1α suggesting that ethanol
mediated reduced deacetylation of PGC-1α would inhibit mitochondrial biogenesis[61]. More recent studies,
have demonstrated that chronic alcohol treatment specifically induced a small noncoding micro RNA (miRNA)
(miR-217) in AML-12 hepatocytes and in mouse livers[62]. Ethanol induced expression of miR-217 reduced
SIRT1 expression which in turn results in an increase in
lipogenic enzymes [acetyl-CoA carboxylase (ACC), fatty
acid synthase (FAS), and stearoyl-coenzyme A desaturase 1 (SCD1)] and a decrease in genes involved in fatty
acid oxidation [PPARα, PGC-1α, and acyl-CoA oxidase
(AOX)][60,62]. In addition miR-217 modulation of SIRT1
has been recently shown to regulate lipin-1 which is a
crucial regulator of hepatic lipid metabolism[62]. Lipin-1
deficiency aggravated the defect in fatty acid oxidation
and lipoprotein secretion induced by alcohol in mice fed
the modified Lieber-DeCarli ethanol-containing low-fat
diets for 4 wk[62] suggesting a role of this microRNA in
the development of ALD. It is not known how alcohol
induces miR-217 but it is suggested that the products of
ethanol metabolism, acetaldehyde and acetate, may play
a role in this process[62].
Recent studies suggest that sirtuins can modulate
ROS levels. As mentioned above, mitochondria are
involved in the generation of ROS as well as in the defense against ROS. In addition, mitochondria are themselves target for ROS damage and cell fate. Mitochondrial SIRT3 deacetylates and activates enzymes involved
in maintaining physiological ROS levels. SIRT3 reduces
ROS species levels through deacetylation and activation of the antioxidant enzyme superoxide dismutase
(SOD)[63,64]. SIRT1 is essential for ROS-mediated apoptosis in embryonic stem cells by facilitating mitochondrial localization of p53[65]. SIRT1 also inactivates the P65
subunit of NF-κB through direct acetylation, NF-κB
inhibition suppresses the inducible nitric oxide synthase

MITOCHONDRIAL ALTERATION IN ALD
Recent studies have suggested that chronic ethanol administration causes changes in the mitochondrial morphology and function in both animal models and humans. The mitochondria are often enlarged and altered
and these structural changes are associated with the
development of fatty liver in the rat[51] suggesting that
chronic ethanol treatment affects hepatic energy metabolism. With the exception of one study that showed
an increase in mitochondrial respiration in mice[52], most
studies in rats and in humans have shown altered mitochondrial respiration. The mechanism behind the species
difference between the rat and mouse is unknown. Hepatocytes isolated from mice fed ethanol containing diet
showed lower fatty acid oxidation and increased lipid
synthesis. In the rat, chronic ethanol administration alters mitochondrial oxidative phosphorylation in the liver
by inhibiting the synthesis of proteins of the respiratory
complexes[53]. Lower oxidation capacity in combination
of the reducing environment induced by ethanol creates
conditions of O2- formation and ROS production. As
mentioned above, mtDNA, which encodes the subunits
of the electron transport chain and the ATP synthase, is
vulnerable to ROS due its proximity to the source (the
inner membrane) of cellular ROS. Damage of mtDNA
will in turn impair cellular energy metabolism and enhances ROS formation. Strong evidence indicates that
oxidative stress and dysregulation of redox-sensitive
signaling pathways are central to the pathobiology of
ALD. It has been shown that a single dose of ethanol
was able to damage mtDNA and cause cell toxicity[45].
Other abnormalities that have been described as a result
of ethanol treatment are decreases in ATP levels. Oxidative stress can cause cellular apoptosis via both mitochondria-independent (involving death receptor of the
tumor necrosis factor (TNF) receptor gene family) and
mitochondria-dependent (caused by intracellular stresses
such DNA damage and ROS) pathways. Hepatocyte
apoptosis has been observed in patients with alcoholic
hepatitis[54]. One of the mechanisms proposed to explain
alcohol-induced hepatocyte apoptosis is the release of
cytochrome C in the cytosol where it promotes caspases
activation. The role of alcohol in ROS production, the
induction of the mitochondrial cell death pathway and
the possible mechanisms involved have been recently
discussed in[55].
Acetylation is an important posttranslational modification that regulates proteins. Recently, sirtuins, a family
of NAD+ dependent deacetylases have been identified.
In mammals, sirtuins are a family of seven proteins
(SIRT1-7) that have been shown to be involved in longevity, DNA repair and the control of metabolic enzymes. Three sirtuins SITR3, SIRT4 and SIRT5 are localized within the mitochondrial matrix[56]. Interestingly,
SIRT3-deficient mice show increased mitochondrial protein hyperacetylation but not SIRT4 and SIRT5 deficient
mice suggesting that SIRT3 is a major mitochondrial
deacetylase[57,58]. Chronic alcohol consumption induces a

WJG|www.wjgnet.com

2139

March 7, 2014|Volume 20|Issue 9|

Nassir F et al . Mitochondria and alcoholic liver disease

(iNOS) and nitrous acid production and thus may lower
cellular ROS levels[66].
Together the recent findings point to a major role of
mitochondria in alcohol induced hepatic fat accumulation.
Alcohol consumption results in inhibition of PPAR-α
and stimulation of SREBP-1C and the transformation of
liver from an oxidizing to a fat-storing organ. Alcohol also
induces reactive oxygen species levels and causes liver injury and apoptosis in part by regulating sirtuins levels and
enzymes of the antioxidant defense.

11
12
13

CONCLUSION

14

Alcohol has deleterious effects on liver function. Ethanol
and its metabolites destroy the liver over time. Mitochondria play an important role both in hepatic alcohol
metabolism and in the bioenergetics of the hepatocyte.
In this review we have outline the mechanisms by which
alcohol negatively impacts mitochondrial function. The
observed changes in mitochondrial function and the alteration in redox status and their implication in alcohol
induced hepatic steatosis and the progression of liver disease have been discussed. We also reviewed some of the
recent pathways involved in the development of ALD.
Future research into the mechanism by which alcohol
modulates mitochondrial biogenesis and function are
critical for the development of biomarkers and the identification of potential therapeutic targets for the prevention and treatment of human ALD.
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Therapy for alcoholic liver disease
Maryconi M Jaurigue, Mitchell S Cappell
hepatotoxic. Adjunctive pharmacotherapies to reduce alcohol consumption include naltrexone, acamprosate, and
baclofen. Nutritional therapy helps reverse muscle wasting, weight loss, vitamin deficiencies, and trace element
deficiencies associated with ALD. Although reduced protein intake was previously recommended for advanced
ALD to prevent hepatic encephalopathy, a diet containing
1.2-1.5 g of protein/kg per day is currently recommended to prevent muscle wasting. Corticosteroids are firstline therapy for severe alcoholic hepatitis (discriminant
function ≥ 32), but proof of their efficacy in decreasing
mortality remains elusive. Pentoxifylline is an alternative therapy. Complications of advanced ALD include
ascites, spontaneous bacterial peritonitis, esophageal
variceal bleeding, hepatic encephalopathy, hepatorenal
syndrome, hepatopulmonary syndrome, and portopulmonary hypertension. Alcoholic cirrhotics have increased
risk of developing hepatomas. Liver transplantation is the
ultimate therapy for severe ALD, but generally requires 6
mo of proven abstinence for eligibility. Alcoholic cirrhotics who maintain abstinence generally have a relatively
favorable prognosis after liver transplantation.
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Abstract
Alcoholism results in about 2.5 million deaths annually
worldwide, representing 4% of all mortality. Although alcoholism is associated with more than 60 diseases, most
mortality from alcoholism results from alcoholic liver
disease (ALD). ALD includes alcoholic steatosis, alcoholic
hepatitis, and alcoholic cirrhosis, in order of increasing
severity. Important scoring systems of ALD severity include: Child-Pugh, a semi-quantitative scoring system
useful to roughly characterize clinical severity; model for
end-stage liver disease, a quantitative, objective scoring system used for prognostication and prioritization
for liver transplantation; and discriminant function, used
to determine whether to administer corticosteroids for
alcoholic hepatitis. Abstinence is the cornerstone of ALD
therapy. Psychotherapies, including twelve-step facilitation therapy, cognitive-behavioral therapy, and motivational enhancement therapy, help support abstinence.
Disulfiram decreases alcohol consumption by causing
unpleasant sensations after drinking alcohol from accumulation of acetaldehyde in serum, but disulfiram can be
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Core tip: Alcoholism results in about 2.5 million deaths
annually worldwide, representing 4% of all mortality. Most of this mortality is from alcoholic liver disease (ALD). ALD includes alcoholic steatosis, alcoholic
hepatitis, and alcoholic cirrhosis, in order of increasing
severity. This work reviews this clinically important subject, with a focus on informing clinicians of recent advances in therapy to reduce the currently high mortality
from alcoholic hepatitis and alcoholic cirrhosis.
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cirrhosis. About 90% of alcoholics develop alcoholic steatosis, about 25% develop alcoholic hepatitis, about 15%
develop alcoholic cirrhosis, and about 10% develop hepatocellular carcinoma[13,22-24]. Alcoholic steatosis, the earliest
manifestation of ALD, is pathologically characterized by
microvesicular and macrovesicular fat accumulation within
hepatocytes, minimal inflammatory reaction, and no hepatic fibrosis[23]. It is often reversible with abstinence[25].
Patients are often asymptomatic, and the diagnosis is usually incidental. They do not exhibit stigmata of chronic
liver disease, such as spider angiomata and palmar erythema. Patients typically present with mild elevations of
liver enzymes, including gamma-glutamyl transpeptidase
(GGT), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) levels[25]. The serum bilirubin
level and liver synthetic function [international normalized
ratio (INR), albumin level] tend to be normal.
AH is an inflammatory process with predominantly
neutrophilic infiltration, characterized by ballooning degeneration of hepatocytes, hepatocyte necrosis, steatosis,
and presence of Mallory bodies (homogeneous, eosinophilic cytoplasmic perinuclear inclusions) within hepatocytes[23] (Figure 1A). Clinical findings include jaundice, pyrexia, unintentional weight loss, malnutrition, and tender,
enlarged liver[26]. Patients typically present with moderate
elevations in AST (usually < 300 IU/L), ALT, GGT, and
serum bilirubin[25]. An AST:ALT ratio of ≥ 2:1 is strongly
suggestive of ALD[27], likely from up-regulated mitochondrial AST molecular expression and synthesis by alcohol[28]. AH may be complicated by ascites, encephalopathy,
or gastrointestinal (GI) bleeding from esophageal varices
or portal gastropathy[26]. Imaging may show hepatomegaly,
but this finding is nonspecific, and imaging is generally
performed to identify radiologic evidence of cirrhosis, to
identify its complications, and to exclude focal hepatic lesions[25,29]. Definitive diagnosis is by liver biopsy, but this is
rarely necessary in clinical practice.
Alcoholic cirrhosis is pathologically characterized
by severely disorganized liver architecture, with both
bridging fibrosis and regenerating nodules, that are
typically uniformly-sized and micronodular[23] (Figure
1B). Patients usually present with stigmata of chronic
liver disease, including gynecomastia, palmar erythema,
spider angiomata, testicular atrophy, and parotid gland
enlargement; and signs of portal hypertension, including caput medusa. Dupuytren’s contracture is often
present in patients with alcoholic cirrhosis[30]. Alcoholic
cirrhosis is associated with multiple complications, as
discussed below. Laboratory findings often include
hypoalbuminemia, hyperbilirubinemia, thrombocytopenia, and prolonged prothrombin time (PT) and
increased INR[26]. These abnormalities typically worsen
with progression of cirrhosis. Imaging studies often
demonstrate findings consistent with cirrhosis, including a small, shrunken liver, hepatic nodularity, abnormal tortuous vessels from intra-abdominal varices, and
other abnormalities, such as ascites or focal hepatic lesions[25,31]. These findings assist in diagnosing cirrhosis,
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INTRODUCTION
Alcoholism results in an estimated 2.5 million deaths annually worldwide, representing 4% of all mortality[1]. This
mortality is much greater than that caused by acquired
immunodeficiency syndrome (AIDS) or tuberculosis[1].
It is the leading risk factor for mortality for ages 15-59
in males, and the eighth leading risk factor for mortality
for all ages in both sexes[1]. Alcoholism is associated with
more than 60 diseases, and is commonly associated with
accidental injuries, including motor vehicle injuries[1]. Alcoholic liver disease (ALD), moreover, accounts for 40%
of mortality from cirrhosis[2]. Annual mortality for ALD
is 4.4 per 100000 in the general population, compared to
2.9 per 100000 for hepatitis C virus (HCV)[3].
Alcoholism, or alcohol use disorder, is defined, according to the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5), as a problematic pattern
of alcohol use leading to clinically significant impairment or psychological distress[4]. Development of ALD
is dose-dependent, and drinking ≥ 30 g/d of alcohol
(“standard” drink: contains 0.6 fluid ounces or 14 g
“pure” alcohol [5] increases the risk of ALD in both
sexes[6]). Women have a greater risk of ALD than men,
likely secondary to differences in ethanol metabolism[7-13].
For example, one study reported the threshold level
of alcohol intake for developing ALD is 12-22 g/d in
women vs 24-46 g/d in men[7]. Many alcoholic patients,
however, do not develop clinically significant ALD[14].
Genetic and environmental factors are important, but
the specific genes or environmental factors that predispose to ALD are poorly understood[14]. Potentiating
factors for ALD include metabolic syndrome[13,15], diabetes[16,17], obesity[17,18], smoking[13,15], iron overload[12,13,17,19],
and chronic viral hepatitis B or C[12,13,20,21].
The only definitive treatment for ALD is liver transplantation (LT). Abstinence is critical, but usually cannot
reverse advanced ALD. Supportive therapy and nutritional management are also important. Several medical
therapies have been studied, including corticosteroids
and pentoxifylline, but no medical therapy has been
proven to improve survival. This review discusses the
spectrum of ALD; reviews the classification of severity
and prognostic criteria for ALD; analyzes the current
therapies for ALD, including abstinence, nutritional therapy, drugs, and LT; discusses the controversies regarding
survival benefits for individual therapies; and reports
professional society guidelines for management of cirrhosis and its complications.

SPECTRUM OF ALD
ALD is classified into alcoholic fatty liver (steatosis),
alcoholic hepatitis (AH; steatohepatitis), and alcoholic
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Figure 1 Photomicrograph. A: Photomicrograph showing a Mallory body (arrowhead), with twisted rope-like appearance, and fat vacuoles (arrows) as seen in
alcoholic steatohepatitis (image from http://en.wikipedia.org/wiki/Alcoholic_hepatitis, licensed under Creative Commons Attribution-Share Alike 3.0 Unported); B:
Photomicrograph showing a regenerating nodule (arrowhead) and bridging fibrosis (arrow) as seen in alcoholic cirrhosis (image from http://en.wikipedia.org/wiki/
Alcoholic_cirrhosis, licensed under Creative Commons Attribution-Share Alike 3.0 Unported).

but cannot, by themselves, establish alcohol as the etiology[26,32]. Magnetic resonance imaging (MRI) findings
suggestive of alcoholic cirrhosis include caudate lobe
enlargement, presence of the right posterior hepatic
notch, and smaller regenerative nodules (micronodular)
than in other etiologies of cirrhosis[31]. Alcoholic cirrhosis is diagnosed by history of excessive alcohol intake, with exclusion of other causes of cirrhosis (Table
1)[33-36]. The evolution of alcoholic fatty liver to alcoholic hepatitis to alcoholic cirrhosis is usually progressive with continued alcohol use, but different stages
can occur simultaneously in one patient (e.g., AH with
alcoholic cirrhosis).

dium concentration (MELD-Na score) has been proposed
to more accurately predict mortality in patients awaiting
transplant[45,46]. The MELD-Na score, if used for liver allocation, can avert an additional 7% mortality in patients
awaiting LT[45]. It is not yet widely used, but is a promising
scoring system that may better predict mortality and improve donor liver allocation.
While CTP and MELD scores are applicable to all
etiologies of cirrhosis, other scoring systems are specific
for ALD. Discriminant function (DF), which includes
only PT and serum bilirubin, is used to predict early
mortality in AH patients and to objectively select AH
patients likely to benefit from corticosteroid therapy[47,48].
DF < 32 is classified as non-severe AH, with 10% mortality, whereas DF ≥ 32 is classified as severe AH, with
mortality ranging from 30%-60% without treatment[48-55].
Glasgow alcoholic hepatitis score (GAHS) is calculated
as the sum of scores for the following individual parameters: age, leukocyte count, serum urea level, PT ratio (ratio
of patient-to-control PT), and serum bilirubin level[56].
A score > 8 predicts poor prognosis[56]. ABIC, the most
recent scoring system, includes age, serum bilirubin,
INR, and serum creatinine[57]. It stratifies risk of mortality from AH as low (score < 6.71), intermediate (score:
6.71-8.99), and high (score ≥ 9.0), with 90 d mortality at
0%, 30%, and 75%, respectively (P < 0.0001)[57]. These
last two scoring systems are promising prognostic indicators and treatment guides, but are currently rarely used
clinically.
Lille score includes 6 variables: age, albumin level,
bilirubin level at day 0, bilirubin level at day 7, PT, and
presence of renal insufficiency[58]. It helps stratify patients with AH. It may be more accurate than other scoring systems, but is mostly used to predict 6-mo survival
in patients with AH treated with corticosteroids[59]. It
predicts about 75% of observed 6-mo mortality[59]. A
score < 0.45 predicts 15% mortality, whereas a score ≥
0.45 predicts 75% mortality (P < 0.0001)[59]. Alternative
therapies should be considered when the score is ≥ 0.45
at day 7 of corticosteroid therapy[59].

PROGNOSTIC CRITERIA AND MONITORS
OF DISEASE SEVERITY
Several scoring systems assess severity of liver disease and
predict patient survival. Child-Turcotte-Pugh (CTP) score,
the oldest scoring system, uses serum bilirubin level, albumin level, PT, severity of ascites, and severity of encephalopathy[37]. Patients are categorized as: class A = scores
1-6, class B = scores 7-9, and class C = scores 10-15; the
higher the score, the worse the disease[37,38]. Although
heuristically useful, CTP scores are limited by subjectivity
in grading and by use of PT instead of the more accurate
INR[39]. It was previously used to prioritize candidates
for LT, but was supplanted in 2002 by the more quantitative and less subjective model for end-stage liver disease
(MELD) score[40]. MELD score was originally developed
to assess short-term prognosis in cirrhotic patients undergoing transjugular intrahepatic portosystemic shunt
(TIPS), but was found to also reliably estimate shortterm survival in patients with any type of chronic liver
disease[41-43]. MELD score includes serum bilirubin level,
creatinine level, and INR[42]. It can be calculated on-line at
a free website[44]. The United Network for Organ Sharing
(UNOS) uses MELD score to prioritize LT candidates
because it relatively accurately predicts 3-mo mortality in
patients awaiting LT[39,40]. Recently, addition of serum so-
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Table 1 Differential diagnosis of cirrhosis, excluding alcoholic cirrhosis

1

Diseases

Diagnostic studies

Liver biopsy

Wilson’s
disease

Serum ceruloplasmin < 20 mg/dL; 24-h urine copper excretion > 100 μg/24 h; slit-lamp ophthalmologic examination for Kayser-Fleischer rings

Steatosis; glycogenated nuclei in hepatocytes; focal hepatocellular necrosis,
fibrosis, and ultimately, cirrhosis, usually macronodular[34]; copper retention
in hepatocytes;
hepatic copper concentration > 250 μg/g dry weight
Grade 4 stainable iron in hepatocytes, with periportal distribution and sparing
of Kupffer cells; hepatic iron concentration > 80 μmol/g dry weight; hepatic
iron index > 1.9

Hemochromatosis

Hepatitis C

Serum transferrin-iron saturation > 45%; serum ferritin
typically > 1000 μg/L; genotyping for detection of HFE
mutations: C282Y and H63D; non-contrast CT of liver
demonstrates attenuation values of > 70 HU[36]
Anti-HCV; HCV RNA in patients who test positive for
HCV antibody

Triad of histological findings with acute infection: lymphoid aggregates in
portal tracts, epithelial damage of small bile ducts, and prominent microvesicular and macrovesicular steatosis; chronic infection: periportal necrosis,
intralobular necrosis, portal inflammation, and fibrosis; no characteristic
pathognomonic features
Chronic hepa- HBsAg; serum level of HBV DNA > 2000-20000 IU/mL Acute infection: lobular disarray, ballooning degeneration, numerous apoptottitis B
ic (Councilman) bodies, Kupffer cell activation, and lymphocyte-predominant
lobular and portal inflammation; chronic infection: varying degree of predominantly lymphocytic portal inflammation with interface hepatitis and spotty
lobular inflammation[34]; presence of HBcAg staining in the liver
Autoimmune
Antinuclear antibody (ANA); smooth muscle antibody Interface hepatitis at junction of portal region and liver lobule; lobular hepatihepatitis
(SMA); antibodies to liver and kidney microsomes (anti- tis with lymphocytoplasmacytic infiltration; intrahepatic bile ducts generally
LKM1); anti-soluble liver antigen (anti-SLA); asialoglycoappear normal
protein receptor antibodies
α1-antitrypsin Serum α1-antitrypsin genotype or phenotype (homozy- Giant-cell hepatitis with multinucleated giant cells; lobular disarray; cellular
deficiency
gous PiZZ or heterozygous PiSZ phenotype)
and canalicular cholestasis; neoductular proliferation; bridging hepatic fibrosis; PAS-positive and diastase-resistant cytoplasmic granules in periportal
hepatocytes
Primary biliAntimitochondrial antibodies (AMA) ≥ 1: 80 titer; ANA,
Focal and segmental nonsuppurative cholangitis; “florid duct lesion”: bile
ary cirrhosis
with immunofluorescence typically revealing speckled,
duct surrounded by intense lymphocytic or granulomatous infiltrate with
homogeneous, nuclear dot, centromere, or rim-like pat- basal integrity of the bile duct breached by individual lymphocytes; granuloterns
mas in close proximity to bile duct; bile ductular proliferation (cholangioles or
pseudoducts) along periphery of portal tract
Non alcoholic
Diagnosis of exclusion, correlated with:
Macrovesicular steatosis; early hepatocyte inflammation, predominantly neufatty liver
metabolic syndrome: diabetes mellitus, hypertension,
trophilic; late nondescript fibrosis and cirrhosis
disease
hyperlipidemia, abdominal obesity with waist circumference > 102 cm for men and > 88 cm for women; obesity
(BMI ≥ 30 kg/m2); obstructive sleep apnea; sedentary
lifestyle
1

Patients may have more than one disease contributing to cirrhosis (e.g., alcoholism and iron overload, or alcoholism and hepatitis C). HFE: Human hemochromatosis protein; CT: Computed tomography; HU: Hounsfield units; HCV: Hepatitis C virus; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B
virus; DNA: Deoxyribonucleic acid; HBcAg: Hepatitis B core antigen; PAS: Periodic acid-Schiff; BMI: Body mass index.

is essential, and physicians should be vigilant for relapses
and aggressively intervene in such cases.
Psychotherapies promoting abstinence include twelvestep facilitation therapy (TSF), cognitive-behavioral
therapy (CBT), and motivational enhancement therapy
(MET)[71]. TSF assumes that alcoholism is a progressive illness for which the only effective remedy is abstinence[72]. It provides a structured program to facilitate
active involvement in alcoholics anonymous (AA)[72].
TSF emphasizes the twelve spiritual principles (traditions)
of AA, including the first five critical principles focusing
on acceptance, surrender, and moral inventories[72]. In
“acceptance” patients accept they have a drinking problem. In “surrender” patients accept faith in a “Higher
Power” and follow the AA path[72]. CBT identifies “highrisk” situations that increase the risk of alcoholism and
encourages patients to assume responsibility and acquire
self-control skills to prevent relapse[73]. It consists of 12
sessions to train clients to adopt active behavioral and
cognitive methods, rather than alcohol, as coping mecha-

THERAPY
Abstinence supportive therapies for abstinence
Abstinence is the cornerstone of therapy. It markedly
reduces mortality[60-64]. However, this benefit may not
become statistically significant until at least ≥ 1.5 years
of abstinence[65]. Five-year mortality for patients with
alcoholic cirrhosis who cease drinking decreases to
10%, compared to 30% for patients who continue to
drink[22]. Alcohol consumption increases portal pressure
and increases porto-collateral blood flow in cirrhotic
patients[66]. Even moderate alcohol consumption significantly worsens hepatic hemodynamics[66]. Abstinence
results in a decreased rate of rebleeding after acute variceal bleeding [hazard ratio (HR) 0.26, P = 0.002][64]. Abstinence may also decrease hepatic fibrosis, as measured
by transient elastography, a noninvasive measure of liver
stiffness[67-69]. Liver transplant programs in the United
States generally mandate abstinence for ≥ 6 mo for eligibility for LT[70]. Therefore, strict, long-term abstinence
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nisms during “high-risk” situations [73]. Lastly, MET
employs motivational psychology to produce internally
motivated change, i.e., employs strategies to mobilize
patient’s internal resources for change, rather than continuous external guidance[74]. A large RCT, incorporating
1726 patients, showed all three of these psychotherapies
were beneficial and all produced roughly equivalent outcomes[71].
Disulfiram, naltrexone, acamprosate, and baclofen
are used to treat alcohol dependence. Disulfiram (Antabuse), an acetaldehyde dehydrogenase inhibitor, alters
alcohol metabolism to cause accumulation of serum
acetaldehyde, which produces unpleasant sensations of
nausea, vomiting, flushing, light-headedness, abdominal pain, and tachycardia[75]. Such unpleasant sensations
provide negative reinforcement for ethanol ingestion[75].
However, disulfiram-related hepatotoxicity may result in
up to 16% mortality[76], and it must be cautiously administered in patients with ALD. Naltrexone, a mu, kappa,
and delta opioid receptor antagonist, decreases alcohol
craving by blocking the central pleasurable effects of alcohol. It effectively decreases alcohol intake and prevents
relapse[77,78]. A Cochrane meta-analysis reported that naltrexone reduced heavy alcohol consumption by 83%[77].
An extended-release, injectable formulation of naltrexone
was reported to improve quality of life, including mental
health, social functioning, general health, and physical
functioning[79]. It produces relatively mild side effects,
mainly nausea, abdominal pain, anorexia, and mild-tomoderate sedation, but is rarely hepatotoxic[77,78,80].
Acamprosate also helps decrease alcohol dependence.
It decreases the rate of relapse and helps maintain abstinence[81-85]. Its mechanism of action is unknown[81]. It improves life expectancy and reduces lifetime medical costs
in alcoholic patients[86]. It has a favorable safety profile.
Diarrhea is the most frequent side effect[81,83]. Baclofen,
a gamma-aminobutyric acid-B agonist, is a new, promising, adjuvant treatment for alcohol dependence. It helps
alcoholic patients suppress alcohol craving, reduce alcohol intake, and achieve and maintain abstinence[87-90]. It
also improves liver function parameters, including serum
ALT, bilirubin, GGT, and albumin levels, and INR[88].
These favorable effects occur in alcoholic patients with
cirrhosis, with or without concomitant HCV infection[88,90]. Most affirmative studies have been performed
in Europe, but a large, randomized controlled trial (RCT)
performed in the United States suggested that baclofen
is not superior to placebo in treating alcohol dependence[91]. Baclofen produces minimal side effects and
has no apparent hepatotoxicity[87-91], rendering it safe in
patients with ALD. For all these aforementioned drugs,
there are limited data on efficacy in patients with advanced liver disease. Psychotherapy and family support
are essential components in the overall management of
alcoholics with liver disease.

commonly occur in patients with ALD. These abnormalities are associated with increased morbidity and
mortality[92,93]. The etiology of weight loss and malnutrition is multifactorial, including poor dietary intake from
anorexia, altered sense of taste and smell, and nausea
and vomiting; malabsorption; hypermetabolic state;
and impaired protein synthesis from cytokine-induced
inflammatory responses [92-95]. Nutritional deficiencies
can include fat-soluble vitamins (A, D, E and K), folate,
thiamine, niacin, and pyridoxine; and the trace elements
zinc, magnesium, and selenium[92]. Each deficiency produces specific symptoms, signs, and complications[92].
For example, thiamine deficiency causes Wernicke’s encephalopathy.
The European Society for Clinical Nutrition and Metabolism (ESPEN) recommends enteral or parenteral nutritional support for patients with liver disease to improve
nutritional status, liver function, mental status, and
overall survival[96,97]. Nutritional support also reduces
the incidence of complications after LT[96,97]. However, a
recent Cochrane review of 37 RCTs found no significant
difference in mortality in patients with advanced liver
disease receiving either enteral or parenteral nutritional
support vs those receiving neither[95]. The investigators
did, however, note improvement in serum bilirubin
level, nitrogen balance, and hepatic encephalopathy;
and reduced incidence of post-operative complications,
particularly infections. The reviewed RCTs generally had
methodological flaws, which could have caused overestimation of the observed effects[95]. The American
Association for the Study of Liver Diseases (AASLD)
and American College of Gastroenterology (ACG) recommend regular assessment of patients for nutritional,
vitamin, and mineral deficiencies; appropriate supplementation for identified deficiencies; enteral nutritional
therapy for severe ALD; and frequent interval feedings,
emphasizing breakfast and a nighttime snack[32]. The diet
should include 1.2-1.5 g of protein/kg per day and 35-40
kcal/kg per day to improve nitrogen balance[32]. These
recommendations revise prior recommendations to reduce protein intake to prevent hepatic encephalopathy,
in order to maintain positive protein balance and prevent
muscle wasting in cirrhotics[98].
Therapies for alcoholic hepatitis
Although nutritional and supportive management are
important, the mainstay of therapy for AH remains alcohol abstinence. Treatment varies according to severity.
Patients who have DF < 32 have only 10% 28 d mortality without treatment[55]. Supportive management is
adequate for such patients. However, patients who have
DF ≥ 32 have mortality between 30%-60% without
treatment[48-54], and treatment may be lifesaving in this
population.
Treatment options for severe AH include corticosteroids and pentoxifylline, which are well established, albeit
controversial, therapies. Other treatment options, including infliximab, etanercept, antioxidants, and complemen-

Nutritional therapy
Muscle wasting, weight loss, and nutritional deficiencies
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Table 2 Meta-analyses of randomized controlled trials of corticosteroid therapy vs placebo for severe alcoholic hepatitis
Ref.

Inclusion criteria

Imperiale et al[102], 1990

RR, HR or OR
Endpoint parameters
Number of RCTs
for primary
(total number of (primary endpoint listed
endpoint
on first line of each entry)
patients)

RCTs of patients with acute
AH receiving corticosteroids vs placebo
Christensen et al[101], 1995 RCTs evaluating short term
effect on survival of treatment with glucocorticoids
vs placebo for AH

11
(562)

Mortality
Hepatic encephalopathy

RR = 0.63

13
(659)

Mathurin et al[55], 2002

RCTs during 1984-1992 of
patients receiving glucocorticoids vs placebo

3
(215)

Rambaldi et al[100], 2008

RCTs of patients with
severe, clinically overt AH
diagnosed by clinical and
biochemical criteria, treated
with glucocorticoids vs
placebo (or no intervention)

15
(721)

Mathurin et al[99], 2011

RCTs from 1984 to 2006
with specific data on DF ≥
32 or hepatic encephalopathy, of corticosteroids vs
placebo, enteral nutrition or
antioxidants

5
(418)

Mortality
RR = 0.78
Age
Serum bilirubin
Ascites
Male gender
Hepatic encephalopathy
Survival
OR = 0.39
Age
Liver function tests
DF
Hepatic encephalopathy
Gender
Serum creatinine
Ascites
Leukocyte count
Mortality
RR = 0.83
Liver-related mortality
Symptoms and
complications
Liver function tests
Liver histology
Adverse events
Survival
Complete
DF
responder: HR
Lille score
= 0.18
Liver function tests

95%CI

Comments

0.5-0.8

Positive study
(P = 0.025)

0.51-1.18

Negative study
(P = 0.2)

0.22-0.71 Positive study (P = 0.002)
Used individual patient
data analysis to increase
statistical rigor for the
meta-analysis

0.63-1.11 Negative study (P = 0.21)

Complete
Positive study
responder: Complete responders (P
0.05-0.71
= 0.005)

Serum creatinine
Ascites

Partial rePartial
Partial responders (P =
sponder: HR responder:
0.03)
= 0.38
0.17-0.87
Hepatic encephalopathy Null respondNull
Null responders (P =
Age
er: HR = 0.81 responder:
0.46)
0.45-1.45
Gender
Used individual patient
Leukocyte count
data analysis to increase
statistical rigor for the
meta-analysis

RCT: Randomized controlled trials; AH: Alcoholic hepatitis; DF: Discriminant function.

roid treatment[55,99,102], whereas two meta-analyses showed
no improvement[100,101] (Table 2). For example, a Cochrane
meta-analysis incorporating 721 randomized patients
demonstrated no statistically significant improvement in
mortality among AH patients treated with corticosteroids; however, a subgroup analysis performed on lowbias risk trials revealed significantly reduced mortality in
corticosteroid-treated patients with either DF ≥ 32 or
hepatic encephalopathy (RR = 0.33, 95%CI: 0.11-0.97)[100].
One affirmative meta-analysis performed individual patient data meta-analysis, considered the gold standard for
meta-analysis with the least bias[103]; it showed that AH
patients receiving corticosteroids had a 28-d mortality of
only 20% vs 34% for controls (P = 0.0005)[99]. Furthermore, a prior meta-analysis demonstrated the importance
of corticosteroid therapy in AH patients, showing that
the number needed to treat (NNT) with corticosteroids

tary medicines have not been shown to improve clinical
outcome[24].
Corticosteroids: Corticosteroids are the oldest and most
investigated pharmacologic therapy for severe AH. Several
RCTs have been performed with contradictory results[48-54].
Ramond et al[49] reported 12.5% mortality among patients
receiving prednisolone vs 55% mortality among patients
receiving placebo (P = 0.001). Contrariwise, a large study
of 178 patients by Mendenhall et al[50] reported no statistically significant difference in mortality among patients
treated with corticosteroids vs placebo. Both studies had
limited statistical power because of small-to-moderate
study size. Several investigators performed meta-analyses
of the numerous RCTs to increase statistical power[55,99-102].
Three of these meta-analyses showed improvement in
short-term survival in AH patients receiving corticoste-
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to prevent one death was only five[55]. Additionally, corticosteroids, specifically prednisolone, have been shown to
significantly reduce mortality for at least 1 year[104].
The meta-analyses generally included only RCTs
that analyzed patients with either DF ≥ 32 or hepatic
encephalopathy, but none of the individual RCTs analyzed whether there was a maximum severity of AH (e.g.,
maximum DF) beyond which patients no longer benefited from corticosteroid therapy. One study[99] analyzed
this question and noted that patients respond rapidly
(≤ 7 d) to corticosteroids with sustained response until
the conclusion of treatment. They stratified patients according to Lille score as complete responders (score ≤
0.16), partial responders (score = 0.16-0.56), and null
responders (score ≥ 0.56). Survival benefit was limited
to patients who were partial or complete responders;
therefore, this study suggests modifying corticosteroid
therapy according to therapeutic response[99].
Clinical application of corticosteroid therapy for AH
is currently limited by insufficient data on its molecular
therapeutic mechanisms. However, in a recent study of
mice heavily exposed to alcohol for 10 d, administration
of prednisolone, a corticosteroid, enhanced ethanolinduced liver injury and fibrosis compared to untreated
controls[105]. This study further investigated potential
mechanisms for the deleterious effects of prednisolone
after hepatotoxic injury. In carbon tetrachloride-induced
liver injury in mice models, prednisolone led to attenuation of macrophage and neutrophil functions that normally help clear apoptotic cells and resolve hepatic inflammation, and caused delayed hepatocyte regeneration
by inhibiting expression of genes involved in hepatocyte
proliferation and repair, such as pSTAT3[105]. These data
may help modify and improve clinical management of
corticosteroid therapy for AH.
Despite variable survival benefit among studies, no
severe complications were reported in patients receiving corticosteroid therapy, including no significantly increased risk of infections. Corticosteroid therapy should
not be precluded in patients who have preexistent infections, after initiation of appropriate antibiotic therapy[106].
Although the current data are somewhat contradictory,
use of corticosteroids is generally recommended as firstline therapy for severe AH[26,32].

Despite these positive effects, improved survival from
pentoxifylline remains controversial. Four RCTs of pentoxifylline vs placebo reported contradictory findings (Table
3)[107,109,110,112]. Two trials showed no statistically significant improvement in short-term survival[107,112]; a third
trial showed statistically significant improvement[110]; and
a fourth trial showed a statistically insignificant trend
towards improved short-term survival (20% mortality
with pentoxifylline vs 40% with placebo) (P = 0.216)[109].
A Cochrane review, incorporating 5 RCTs, was inconclusive, and recommended further RCTs on this drug[113].
Another meta-analysis, incorporating 884 patients, supported previous findings that pentoxifylline decreases
the risk of severe HRS, but failed to demonstrate significantly improved survival[111]. Further research with larger
patient studies is necessary to determine whether pentoxifylline improves survival. Nevertheless, the AASLD,
ACG, and the European Association for the Study of
the Liver (EASL) recommend pentoxifylline as a secondline therapy in patients with severe AH who have contraindications to corticosteroid therapy[26,32].
Combination therapy: Corticosteroids or pentoxifylline are used in patients with severe AH, but the survival
benefit for either drug remains controversial. Investigators combined both therapies to assess whether combination therapy is superior to corticosteroid monotherapy, especially for severe AH. However, two published
RCTs found no significant difference in 6 mo mortality
between combination therapy vs monotherapy [114,115].
The most recent RCT revealed 6-mo mortality of 30.1%
in combination therapy vs 30.8% in monotherapy (P =
0.91)[115]. Although one RCT reported a significantly lower cumulative risk of HRS in the combination therapy
group at 1 mo (P = 0.007)[115], the benefit was no longer
significant at 6 mo[114,115]. Further studies are needed to
explore combined treatment options to improve survival
for severe AH.
Liver transplantation
LT is the only cure for end-stage ALD. Recent data from
Organ Procurement and Transplantation Network (OPTN)
and Scientific Registry of Transplant Recipients (SRTR)
reveal 3563 alcoholic cirrhotics awaiting LT, constituting
23.2% of all patients awaiting LT[116]. Alcoholic cirrhosis is
the second most common indication for LT, after cirrhosis
from viral hepatitis[117]. Patients with alcoholic cirrhosis,
however, have less likelihood of LT than other patients
due to social factors. ALD is pejoratively thought as
a “self-inflicted” disease, and donor organs are said
to be better allocated to patients with other forms of
end-stage liver disease (ESLD), which are not selfinflicted[118-120]. The critical, legitimate concern regarding
LT for alcoholic cirrhosis is recidivism, with consequent
disease recurrence in the allograft[117-121]. From 12%-46%
of alcoholic cirrhotics resume alcohol consumption
after LT[118-121]. The precise definition of recidivism var-

Pentoxifylline: Pentoxifylline, a nonspecific phosphodiesterase inhibitor, has anti-inflammatory properties,
including inhibition of tumor necrosis factor (TNF)-α,
that may retard hepatic inflammation and fibrosis[107]. It
prevents development of hepatopulmonary syndrome
and development of a hyperdynamic circulatory state
in cirrhotic rats[108]. It decreases the risk of hepatorenal
syndrome (HRS), and significantly improves renal function in patients with severe AH or cirrhosis[107,109-111]. In
a study of 50 patients, it decreased DF by > 50%, vs a
decrease of only 7.1% in patients receiving placebo (P =
0.001)[109].
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Table 3 Published randomized controlled trials of pentoxifylline vs placebo for severe alcoholic hepatitis n (%)
n

Duration of treatment
with pentoxifylline 400
mg PO tid

Mortality in
placebo

Mortality in
pentoxifylline

Relative risk or
hazard ratio

95%CI

101

28 d

24/52 (46)

12/49 (24)

RR = 0.59

0.35-0.97

Fernández-Rodríguez et al[112], 2008

24

28 d

Not reported1

Not reported1

HR = 1.46

Tyagi et al[107], 2011

612

6 mo

2/31 (6)

1/30 (3)

Not reported

Sidhu et al[109], 2012

50

28 d

10/25 (40)

5/25 (20)

RR = 0.5

Ref.

Akriviadis et al[110], 2000

Comments

Positive study
(P = 0.037)
0.5-4.28
Negative study
(P = 0.48)
Not reported Negative study2
(P = 0.15)
0.19-1.25
Negative study
(P = 0.216)

1

Fernandez-Rodriguez et al[112] reported no statistically significant difference in short-term or long-term survival based on actuarial survival curve; 2Tyagi et al[107]
randomized 70 patients, but only 61 completed follow-up and were included in the analysis. The study did not show a significant difference in mortality,
but showed a significant difference in the occurrence of hepatorenal syndrome. PO: Per overall survival; RR: Relative risk; HR: Hazard ratio.

ies among studies, and the rate of significant alcohol
consumption post-transplant remains unclear[26]. Risk
factors for recidivism include short duration of alcohol
abstinence before LT, alcohol consumption just before
LT, and patient denial of alcoholism[120,121]. To prevent
recidivism, AASLD recommends LT candidates undergo
assessment by an addictive behavior specialist, and delay
of LT for ≥ 6 mo after commencing abstinence[70]. Six
mo of abstinence may occasionally permit sufficient
clinical improvement to render LT unnecessary[32]. EASL
also supports this recommendation, and mandates a
multidisciplinary approach, including psychological assessment, in addition to medical evaluation, to determine
suitability for LT[26].
LT patients with alcoholic cirrhosis have at least comparable and perhaps even better survival than LT patients
with other etiologies of ESLD[117,119,120]. For example,
Burra et al[117] reported 1, 3, 5, and 10 years graft survival
rates after LT in ALD patients to be 84%, 78%, 73%,
and 58%, respectively; these rates are significantly higher
than that for cirrhosis from viral hepatitis (P = 0.04) or
cryptogenic cirrhosis (P = 0.05). Major causes of posttransplant mortality include infections, cardiovascular
events and de novo malignancies[117], associated with immunosuppression[122,123]. De novo malignancies account
for 23% of mortality in patients with alcoholic cirrhosis,
compared to 11% of mortality in patients with cirrhosis
from viral hepatitis without alcoholism or cryptogenic
cirrhosis (P < 0.0001)[117]. The cumulative risk for de novo
malignancies rises from 6% prior to LT to 55% 15 years
after LT[26]. Therefore, regular screening for certain malignancies, including skin cancer, the most frequent posttransplantation cancer, is recommended[122].

should undergo diagnostic paracentesis, to exclude other
etiologies of ascites, such as cardiac disease, malignant
ascites, or nephrotic syndrome; and to exclude spontaneous bacterial peritonitis (SBP). Ascitic fluid should be
analyzed for cell count and differential, total protein, and
serum-ascites albumin gradient (SAAG). A SAAG ≥
1.1 g/dL supports the diagnosis of ascites secondary to
portal hypertension; a SAAG < 1.1 g/dL supports other
etiologies for ascites[132]. First-line treatment of ascites
from cirrhosis includes alcohol cessation; dietary sodium
restriction to ≤ 2 g/d; oral diuretics, usually spironolactone and furosemide; and discontinuation of non-steroidal anti-inflammatory drugs (NSAIDs)[129]. In patients
who develop hyponatremia, reduction of diuretic dose
or its temporary discontinuation may be necessary[127].
Patients with refractory ascites may warrant secondline treatment, including serial, large-volume, therapeutic paracenteses, TIPS, and addition of midodrine,
especially in patients with systemic hypotension [129].
Midodrine, an α-adrenergic agonist, improves systemic
hemodynamics by causing arterial vasoconstriction (reversing arterial vasodilation that contributes to development of ascites)[127]. β-blockers, angiotensin converting
enzyme inhibitors, and angiotensin receptor blockers are
no longer recommended for patients with ascites from
cirrhosis, because of risks of life-threatening systemic
hypotension[129]. Infusion of 6-8 g of albumin per liter
of removed ascitic fluid is recommended during largevolume paracentesis (removal of > 5 liters of ascitic
fluid)[129]. Peritoneovenous shunts used to be popular to
treat refractory ascites, but are now restricted to patients
with diuretic-resistant ascites who are poor candidates
for serial paracenteses, transplantation, or TIPS, because
of risks of disseminated intravascular coagulation and/
or sepsis[129,133-135].
SBP, a complication of ascites, is diagnosed by presence of ≥ 250 polymorphonuclear cells/mm3 in ascitic
fluid. In the appropriate clinical setting, patients should
receive empiric antibiotic therapy, preferably cefotaxime
2 g every 8 h, immediately after performing aerobic and
anaerobic cultures of ascitic fluid[129]. Delaying antibiotic
therapy to await culture results may cause life-threatening, overwhelming infection. Ascitic fluid culture is not

NATURAL HISTORY AND
COMPLICATIONS OF ALCOHOLIC
CIRRHOSIS
Long-term management of complications of alcoholic
cirrhosis is similar to that for other etiologies of cirrhosis (Table 4)[124-131]. Ascites is the most common complication of cirrhosis. Patients with new-onset ascites
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Table 4 Management of complications of cirrhosis, per professional society guidelines
Complication

Screening/diagnosis

1

Treatment

Ascites

Long-term management surveillance

Diagnostic paracentesis for new-onset
Alcohol cessation; dietary sodium
ascites: ascitic fluid analyzed for cell restriction; oral diuretics; discontinuacount and differential, total protein,
tion of NSAIDs
and SAAG
Spontaneous bacterial peritonitis Diagnostic paracentesis: ≥ 250 polyEmpiric antibiotic therapy with cefomorphonuclear cells/mm3
taxime 2 g every 8 h, while awaiting
culture results

Refractory ascites: periodic large-volume therapeutic paracenteses; TIPS;
midodrine; or peritoneovenous shunts

Prophylaxis with norfloxacin or
trimethoprim-sulfamethoxazole after
one documented episode of SBP or if
patient presents with variceal bleeding
Esophageal and gastric varices
Esophagogastroduodenoscopy
Treatment depends upon size of vari- No varices: EGD every 3 yr (earlier if
ces or risk of variceal bleeding:
hepatic decompensation occurs)
Prophylaxis with nadolol or propranoSmall varices: EGD every 2 yr
lol for small varices at high risk of
Medium/large varices: EGD every
bleeding or for medium/large varices;
6-12 mo
EVL for medium/large varices at high
risk of bleeding
Hepatic encephalopathy
Diagnosed by serum ammonia level
Investigation and correction of pre- Secondary prophylaxis with lactulose
and clinical findings of confusion,
cipitating factors; lactulose and/or
and/or rifaximin indefinitely
personality and mental status changes,
rifaximin, supportive care
and asterixis (exclude other causes of
mental status changes)
Hepatorenal syndrome
Serum creatinine > 1.5 mg/dL, in the
Initial fluid challenge; albumin and
Serial serum creatinine monitoring
(type 1-rapidly progressive renal absence of other identifiable cause of terlipressin or albumin and combined
insufficiency;
renal failure (exclude other causes by
octreotide plus midodrine; dialysis;
type 2-slowly progressive renal urine chemistries, urine culture, and/or
LT definitive
insufficiency)
renal imaging)
Hepatocellular carcinoma (HCC) Abdominal ultrasound every 6 mo;
For HCC treatment[124]
Abdominal ultrasound every 6 mo
alpha fetoprotein determination every
6 mo no longer recommended, but
optional
Hepatopulmonary syndrome
Screening by arterial blood gas;
Symptomatic management with longConfirmation by CEE
term oxygen therapy;
LT definitive
Portopulmonary hypertension
Screening by transthoracic Doppler
Intravenous or inhaled prostacyclin;
echocardiography;
long-term oxygen therapy
Confirmation by right heart catheterization
1

American Association for the Study of Liver Diseases[124,128,129]; American College of Gastroenterology[125,126]; Department of Veterans Affairs Hepatitis C Resource Center Program and the National Hepatitis C Program[127]; European Association for the Study of the Liver[130]; and European Respiratory Society[131].
SAAG: Serum-ascites albumin gradient; NSAID: Non-steroidal anti-inflammatory drugs; TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial peritonitis; GI: Gastrointestinal; EGD: Esophagogastroduodenoscopy; EVL: Endoscopic variceal ligation; CEE: Transthoracic echocardiography with contrast enhancement.

risk of bleeding should receive primary prophylaxis with
nonselective β-blockers, such as propranolol or nadolol,
and should undergo EGD every 2 years. Patients at high
risk of bleeding includes those with red wale markings
at EGD or those with CTP stage B or C cirrhosis[128].
Patients with medium/large varices should also receive
primary prophylaxis with nonselective β-blockers, but
should undergo endoscopic variceal ligation when at high
risk for variceal bleeding. This high-risk population should
undergo surveillance EGD every 6-12 mo[127,128].
Hepatic encephalopathy is a potentially reversible
neuropsychiatric disturbance resulting from hepatic insufficiency. It is characterized by confusion, personality
and mental status changes, asterixis, and hyperammonemia. Hepatic encephalopathy is staged according to
West-Haven criteria as: 0, normal; 1, mild; 2, lethargy; 3,
somnolence-to-stupor; and 4, coma[126]. Precipitating factors, including GI bleeding, infections, electrolyte disturbances (especially hyponatremia), medications (primarily

necessary for diagnosis because up to 60% of patients
have negative cultures[129]. Risk factors for persistent SBP
include MELD score > 25, SAAG > 1.5, and positive ascitic fluid culture[136]. After one episode of SBP, patients
should receive long-term prophylaxis with norfloxacin
or trimethoprim/sulfamethoxazole[129]. Cirrhotic patients
presenting with GI bleeding should also receive SBP antibiotic prophylaxis, with either intravenous ceftriaxone
or oral norfloxacin, for 7 d[129].
Cirrhotic patients should undergo screening esophagogastroduodenoscopy (EGD) to diagnose or exclude
esophageal and gastric varices. Classification of varices
has been simplified to: small varices - minimally elevated
veins above esophageal mucosal surface; medium varices
- tortuous veins occupying < 1/3 of esophageal lumen;
and large varices - tortuous veins occupying > 1/3 of
esophageal lumen[128]. Patients with no varices undergo
repeat EGD every 3 years, or sooner if hepatic decompensation occurs. Patients with small varices at increased
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narcotics and sedatives), constipation, and excessive nitrogenous dietary intake, should be assiduously investigated and corrected[126]. Acute pharmacologic management includes lactulose and/or rifaximin therapy[125,126].
Lactulose, a non-absorbable disaccharide cathartic,
reduces nitrogenous load in gut, thereby reducing ammonia production[126]. Rifaximin, an antimicrobial agent
with minimal systemic absorption, reduces ammoniaproducing enteric bacteria. Rifaximin has been shown to
reduce the risk of breakthrough hepatic encephalopathy
during a 6 mo period of remission and to be superior to
lactulose in treating hepatic encephalopathy[137]. Supportive management includes fall prevention, nursing care,
prophylactic intubation in cases of severe hepatic encephalopathy, and adequate nutritional support[126]. After
recovery, patients require secondary prophylaxis indefinitely with lactulose, rifaximin, or combination therapy
to prevent recurrence.
HRS is characterized by serum creatinine > 1.5 mg/
dL in a patient with ESLD, in the absence of other
identifiable causes of acute or chronic renal failure[130].
It is a diagnosis of exclusion. It is classified into: type 1
HRS, characterized by rapidly progressive impairment in
renal function (100% increase in baseline creatinine or
creatinine level > 2.5 mg/dL, usually within 2 wk); and
type 2 HRS, characterized by slowly progressive (> 2
wk) worsening renal function[127,130]. All cirrhotic patients
with sudden increases in serum creatinine to > 1.5 mg/
dL should have discontinuation of diuretics and receive
a fluid challenge with 1.5 L intravenous normal saline[138].
Patients who are prerenal respond to fluid challenge,
with decrease in creatinine levels and improved urine
output, whereas patients with HRS are mostly unresponsive to fluid challenge[127,138]. Other causes of renal toxicity should be excluded, such as NSAIDs, hypotension,
hypovolemia, obstructive uropathy, and sepsis. Firstline therapy for HRS includes albumin and terlipressin,
a vasopressin analogue that improves splanchnic circulation[130], or albumin and combined octreotide plus midodrine[127]. Patients not responding to these therapies may
require dialysis and subsequent LT (usually with simultaneous renal transplant), the only definitive treatment for
HRS. Pentoxifylline, as aforementioned, can decrease the
incidence of HRS[107].
HCC occurs in 5%-15% of patients with alcoholic
cirrhosis[23]. The precise incidence is, however, uncertain,
as patients with alcoholic cirrhosis are often co-infected
with HCV, which acts synergistically to potentiate the
risk of HCC[124]. Nevertheless, screening for HCC is recommended in all patients with alcoholic cirrhosis. HCC
surveillance is usually performed by abdominal ultrasound every 6 mo. Surveillance with serial serum alphafetoprotein determinations is no longer recommended
because of insufficient specificity and sensitivity[124], but
is still frequently performed. Diagnosis and treatment are
similar in all patients with HCC, regardless of etiology
of cirrhosis. The reader is referred to a comprehensive
review on this subject[124].
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Pulmonary vascular complications of chronic liver
disease include hepatopulmonary syndrome (HPS) and
portopulmonary hypertension (PPHTN). HPS is defined
as an arterial oxygenation defect caused by intrapulmonary vascular dilatation in patients with liver disease,
especially cirrhosis[139]. It occurs in approximately 20%
of patients awaiting LT. Symptoms include dyspnea and
platypnea, a characteristic finding of increased shortness
of breath on rising from supine to upright position[131].
Screening, using arterial blood gas, is done in LT candidates and patients with liver disease who present with
such symptoms. Transthoracic echocardiography with
contrast enhancement (CEE) is the gold standard for
diagnosis of HPS. CEE is commonly accomplished by
hand agitation of 10 mL normal saline, resulting in microbubbles (≤ 90 μm in diameter), which are injected
into an upper extremity vein[131]. Detection of microbubbles within the left atrium is considered a positive
CEE[131]. Diagnostic criteria include: (1) presence of liver
disease; (2) alveolar-arterial oxygen tension difference
(A-a gradient) ≥ 15 mmHg; and (3) positive CEE[131].
The only curative treatment for HPS is LT, but patients
can be managed symptomatically with long-term oxygen
therapy.
PPHTN is defined as pulmonary artery hypertension
associated with portal hypertension, likely secondary to
imbalance in vasoactive substances reaching the pulmonary circulation from portosystemic shunts or defective
hepatic metabolism[140]. It occurs in approximately 5%
of patients awaiting LT. Patients present with dyspnea,
chest discomfort, or syncope. Transthoracic Doppler
echocardiography is used for screening; PPHTN is suspected by finding of right ventricular systolic pressure
> 40-50 mmHg. Diagnosis is confirmed by right heart
catheterization, that reveals: (1) mean pulmonary artery
pressure > 25 mmHg; (2) mean pulmonary artery occlusion pressure < 15 mmHg; and (3) pulmonary vascular
resistance > 240 dyn-s/cm-5[131]. Treatment may include
pulmonary vasodilator therapy with intravenous and inhaled prostacyclin, as well as long-term oxygen therapy.
LT is reserved for patients who fail to improve with
these therapies.

FUTURE DIRECTIONS
Current research on ALD involves non-invasive diagnosis of ALD and novel treatment options. Non-invasive
diagnostic liver tests, including FibroScan, have been
studied, but the diagnostic accuracy of these tests have
not been compared to the gold standard of liver biopsy,
to define cut-off values for ALD[141]. The current prognostic scoring systems account for only 75%-85% of
mortality for ALD or other causes of liver disease. Scoring systems incorporating more linearly independent
variables may increase prognostic accuracy.
Currently, LT remains the only curative treatment.
Further studies are needed for currently popular therapies, such as corticosteroids and pentoxifylline, to deter-
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cell function[150]. Other novel potential therapies are in
the process of development or undergoing preliminary
clinical trials[14].

mine efficacy, especially to prove survival benefit. Combined medical therapies may be useful to achieve synergy
in improving survival.
New treatment options that target pathways implicated in ALD pathogenesis, including oxidative stress,
endotoxin production, cytokine production, and immune
regulators[12] are being investigated. Recently investigated
antioxidants include milk thistle (silymarin extracts) and
S-adenosyl-L-methionine, both of which have not been
proven beneficial [142,143]. However, most studies have
been of low quality, and high quality RCTs regarding
these relatively nontoxic, and possibly helpful treatments
should be performed. Other TNF-α inhibitors, including etanercept and infliximab, have been studied, but
only 3 RCTs with small study sizes have been published
on these medications[144-146]. Reported adverse events and
likely increased mortality limit their use, but further studies may be needed to confirm these findings.
Interleukin-22 (IL-22) is a potential therapy for ALD[14].
IL-22 ameliorates hepatic steatosis and liver injury in animal
models after acute or chronic-binge ethanol feeding[147].
It may promote hepatocyte proliferation or hepatic regeneration and inhibit hepatic fibrosis in response to alcohol-induced liver injury[147]. IL-22 theoretically appears
to be relatively safe because only hepatocytes, epithelial
cells, and a few other cell types have IL-22 receptors.
IL-22, however, promotes proliferation of preexisting
hepatomas, even though it does not initiate hepatoma
formation[148]. It is therefore likely contraindicated in patients with ALD complicated by hepatoma and may have
limited use in patients with alcoholic cirrhosis.
Increased intestinal permeability to gut-derived microorganisms appears to increase morbidity and mortality in AH[149]. Several multi-institutional consortia are
developing therapies for AH based on preventing or
neutralizing these effects of increased intestinal permeability. For example, lipopolysaccharide (LPS) antibody
may help neutralize injury from lipopolysaccharide from
exposure to gut-derived microorganisms. One study will
compare the effects of lipopolysaccharide (LPS) antibody in combination with corticosteroids vs corticosteroid monotherapy in patients with severe AH[149]. Other
studies will examine the efficacy of probiotics vs placebo
for moderately severe AH, or the effect of adding zinc,
a mineral that improves gut barrier function, to other
therapies for severe AH.
Another promising approach to AH therapy is targeting macrophage/Kupfer cell activation in AH which
leads to increased IL-1 beta activation. A clinical trial is
examining a combination of Anakinra, an interleukin 1
receptor antagonist, and traditional therapy vs traditional
therapy alone for severe AH[150]. Another attractive approach is to inhibit caspases which are death induction
molecules downstream to TNF-alpha activation during
hepatotoxic injury. Emricasan, a pancaspase inhibitor, is
proposed to be tested to block hepatocyte injury induced
by TNF-beta, without blocking the beneficial hepatic
effects of TNF-beta on liver regeneration and immune
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CONCLUSION
ALD is a prominent and preventable cause of morbidity and mortality. The cornerstone of therapy is abstinence, which improves overall survival. Psychological
and pharmacologic therapies can support abstinence.
Nutritional and supportive therapies are also important.
Several therapies for AH, such as corticosteroids and
pentoxifylline, are widely administered, but their survival
benefit remains unproven. These drugs are generally well
tolerated, without significant toxicity. Other potential
therapies include TNF-α inhibitors other than pentoxifylline, antioxidants, and complementary medicine, none
of which have demonstrable benefits for ALD and are
not recommended as therapies. LT remains the only
definitive treatment for alcoholic cirrhosis, and multidisciplinary management, including aggressive psychosocial
therapy to prevent relapse should be instituted posttransplant. Patients with advanced ALD have complications that are similar to cirrhosis of other etiologies.
Prophylaxis, surveillance, and aggressive treatment are
important to prevent significant morbidity and mortality.
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Core tip: The therapy of severe alcoholic hepatitis (AH)
is a problem in clinical practice due to the complex of
the pathogenetic mechanisms involved. However, several treatment options are now available. The specific
treatment of AH is directed to acute injury in order to
block the progression of the fibrosis. Orthotopic liver
transplantation is a possible therapeutic option for severe AH in the non-responder patients. Baclofen seems
to be effective and safe anti-craving drug able to improve abstinence in patients with severe AH.
Abenavoli L, Milic N, Rouabhia S, Addolorato G. Pharmacotherapy of acute alcoholic hepatitis in clinical practice. World J
Gastroenterol 2014; 20(9): 2159-2167 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i9/2159.htm DOI:
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Abstract
Severe alcoholic hepatitis (AH) is an acute form of alcohol induced liver disease with a poor prognosis that
is seen in the patients who consume large quantities of
alcohol. The diagnosis of AH is based on the appropriate alcohol intake history and is supported with clinical
and histological features, and several scoring systems.
Glucocorticoids are the mainstay for treating severe AH
with pentoxifylline used as an alternative to steroids
in addition to total alcohol abstinence. Liver transplantation is a possible therapeutic option for severe AH.
Among the anti-craving medications able to improve
abstinence rate, baclofen seems to be effective and
safe in the alcoholic patients affected by severe liver
damage.

INTRODUCTION
Alcohol use disorders (AUD) is a major cause of preventable morbidity and mortality worldwide[1]. Severe alcoholic hepatitis (AH) is a serious form of alcohol-related liver injury that is seen in the patients who consume
large quantities of alcohol during a prolonged period
of time[2]. The term “acute alcoholic hepatitis” was first
used by Beckett et al[3] in 1961 and included a spectrum
of the severity ranging from the asymptomatic mild abnormalities of liver chemistry tests to the fulminant liver
failure and even death. However, the term “acute” represents a rapid worsening of an underlying chronic liver
disease, and severe AH is defined as an acute-on-chronic
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liver failure in many patients. It remains important for
the clinicians to detect and treat this complex disease
competently and satisfactorily.
The risk of the alcoholic liver disease (ALD) increases with the dose and duration of alcohol consumption[4]. However, the history of this condition is also
influenced by many host factors, in particular obesity[5],
female gender[6], viral co-infection (i.e., chronic hepatitis
C infection)[7], and iron overload[8], that are well known
to increase the risk significantly[9].
The acute ingestion of alcohol can cause several metabolic alterations, including hypoglycemia, lactic acidosis,
hypokalemia, hypomagnesemia, hypoalbuminemia, hypocalcemia, and hypophosphatemia on different body parts
and tracts[10,11]. Acute alcohol intoxication-related cardiovascular effects include tachycardia, peripheral vasodilation
and volume depletion; these features can contribute to the
induction of hypothermia and hypotension[12]. Another
possible cardiovascular effect is the “holiday heart syndrome”, characterized by atrial or ventricular tachyarrhythmias and a new onset of atrial fibrillation after the acute
alcohol ingestion[13]. The main life-threatening respiratory
consequence of acute alcohol intoxication is respiratory
depression[14]. Other respiratory effects include decreased
airway sensitivity to foreign bodies, decreased ciliary clearance and aspiration and increased risk of bacterial infection
with consequent bronchitis and pneumonia. Gastrointestinal effects include nausea, vomiting, diarrhea, abdominal
pain due to gastritis, peptic ulcer, and pancreatitis[15]. Prolonged vomiting can lead to hyponatremia. Acute alcohol
intoxication can cause a dysfunction of esophageal, gastric,
and duodenal motility and an increase in duodenal type III
propulsive waves in the ileum; the increased transit of the
intestinal contents may contribute to diarrhea[16]. Excessive
alcohol consumption is also a risk factor for developing
colorectal adenomas or colorectal cancer[17].
The symptoms are usually related to the blood alcohol concentration (BAC). At the BAC higher than 300
mg/dL (65.1 mmol/L), there is an increased risk of
respiratory depression and arrest. The death attributable to acute alcohol intoxication generally occurs at the
BAC higher than 500 mg/dL (108.5 mmol/L), although
the lethal dose of alcohol can vary. Specifically, death
was observed at lower BACs in the “non-tolerant” subjects (300 mg/dL; 65.1 mmol/L) and the recovery was
reported at higher levels (> 1200 mg/dL; 260.4 mmol/
L)[18]. However, in the alcohol-dependent patients who
develop a tolerance to alcohol as a result of the repeated
exposure to ethanol, these effects may become reduced.
This phenomenon seems to be related to the compensatory changes in excitatory N-methyl-D-aspartate and
inhibitory gamma-amino-butyric acid (GABA)[19].
Acute alcohol intoxication can induce AH, usually in
the subjects with chronic AUD and/or in the patients
affected by alcoholic cirrhosis. Physical findings in the
patients with AH include jaundice (the principal sign),
hepatomegaly and spider angiomas. The symptoms
may be non-specific which may involve fever, anorexia,
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weight loss, right upper quadrant pain, distension, or
nausea and vomiting[20]. Alternatively, more severe symptoms can include encephalopathy and ascites.

PATHOGENESIS
The spectra of ALD are grouped into three histological
stages: fatty liver, AH, and chronic hepatitis with fibrosis
or cirrhosis. Fatty liver, the earliest response of the liver
to alcohol abuse, is generally reversible with abstinence
and is not believed to predispose to any chronic form
of the liver disease if abstinence or moderation is maintained. AH develops in the patients with steatosis and is
characterized by the presence of the inflammatory cells
and hepatocellular injury with progressive fibrosis. In
this case the reversibility is related to the degree of the
liver injury. Finally, cirrhosis is irreversible and involves
replacement of the normal hepatic parenchyma with extensive thick bands of fibrosis and regenerative nodules,
which results in the clinical manifestations of portal hypertension and liver failure[21,22].
The toxic effect of alcohol on the liver is done by
direct toxicity and an inflammatory cascade arising from
portal venous translocation of Gram-negative bacteria
due to increased small bowel permeability. The subsequent activation of Kupffer cell causes the release of reactive oxygen species and the production of various proinflammatory cytokines, such as tumor necrosis factor-α
(TNF-α), interleukin (IL) -7, IL-8, CXCL1, that lead to
parenchymal neutrophil infiltration. Acetaldehyde, the
alcohol metabolite, forms a variety of protein/DNA adducts that promote glutathione depletion, lipid peroxidation and mitochondrial damage[23].

DIAGNOSIS AND PROGNOSIS
AH generally occurs after decades of heavy AUD. Serum
aminotransferase activities are typically ﬁve-to eight-fold
elevated, the aspartate aminotransferase to alanine aminotransferase ratio is typically > 2, and serum bilirubin
and alkaline phosphatise levels are generally elevated[3,18].
The differential diagnosis of suspected AH includes
biliary obstruction, decompensated alcoholic cirrhosis,
foamy fatty change, Zieve syndrome, drug-induced liver
disease and acute viral hepatitis (i.e. hepatitis A or E).
Serum bile acid concentrations are correlated with histology of AH in the patients with biopsy-proven disease.
However, no consistent association between AH and
cholestasis scores was observed[24].
The AH histopathological ﬁndings are characterised by the coexistence of macrovesicular steatosis,
centrilobular ballooning of hepatocytes, inﬁltrate with
polymorphonuclear leukocytes, Mallory bodies, megamitochondria and canalicular bile plugs [25]. The true
reason of the incidence of AH is unclear. The published guidelines recommend histological confirmation
of severe AH in the cases of diagnostic uncertainty[26].
Liver biopsy remains a useful tool in the diagnosis and
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Table 1 Common scoring system used to predict prognosis in alcoholic hepatitis
Score name

Score formula

8- to 30-d mortality

Maddrey’s discriminant func4.6 × [PT (s) - lab control PT (s)] + serum bilirubin (mg/dL)
Sensibility: 0.75
Specificity: 0.69
tion[31]
Model for end-stage liver
3.78 × [Ln serum bilirubin (mg/dL)] + 11.2 × [Ln INR] + 9.57 × [Ln serum creatinine (mg/dL)] + 6.43 Sensibility: 0.69-0.75
Specificity: 0.68-0.75
disease[32]
Glasgow alcoholic hepatitis
Score given
1
2
3
Sensibility: 0.67
≥ 50
Age
< 50
Specificity: 0.70
score[33]
≥ 15
WCC (109/L)
< 15
≥5
Urea (mmol/L)
<5
PT ratio or INR
1.5
1.5-2.0
> 2.0
Bilirubin (μmol/L)
< 125
125-250
> 250
ABIC score[34]
(age × 0.1) + [serum bilirubin (mg/dL) × 0.08] + [serum creatinine (mg/dL) × 0.3] + (INR × 0.8)
Sensibility: 0.92
Specificity: 0.32
Lille model score[35]
exp(-R)/[1 + exp(-R)]1
Sensibility: 0.76
Specificity: 0.66
1

R = 3.19-0.101 × (age in years) + 0.147 × (albumin day 0 in g/L) + 0.0165 × [bilirubin day 0 - bilirubin day 7 (mmol/L)] - 0.206 × (renal insufficiency) - 0.0065
× (bilirubin day 0 in mmol/L) - 0.0096 × (PT in seconds). PT: Prothrombin time; INR: International normalised ratio; WCC: White cell count.

management of severe AH, particularly when medical
therapy is contemplated[27,28]. The prevalence of AH in
the patients who undergo liver biopsy is of about 20%
and it may be present in as many as 10%-35% of the
hospitalized alcoholic patients[29,30]. Mild and moderate
forms of AH frequently respond to alcoholic abstinence,
whereas the prognosis of severe AH is poor; up to 40%
die within 6 mo[31]. Especially in severe AH, even in the
absence of cirrhosis, the portal system may come under
the increased pressure because of liver scarring, resulting
in portal hypertension and its complications.
The decision on how and when to treat the condition is pivotal and depends on the ability to establish
the prognosis of the patients. Several scoring systems
are available to assess the severity and prognosis of AH
(Table 1). In particular, the modified Maddrey’s discriminant function (MDF), the model for end-stage liver
disease (MELD) score, the Glasgow alcoholic hepatitis
score and the age-bilirubin-INR-creatinine (ABIC) score
are utilized in the clinical practice[32-34].
The purpose of these scoring systems is to estimate
the likelihood of short-term survival and to determine
whether the patient should be treated with corticosteroids. The Lille score, instead, helps the physician to
make the decision to stop corticosteroids after a week, or
to continue for 28 d[35]. All scores use total bilirubin. The
“weak point” of MDF is that requires the prothrombin
time (PT) for the calculation. However, PT value can
change between different laboratories[28,32]. This evidence
has led to the development of new scoring systems. The
MELD score, Glasgow, ABIC, and Lille score, all incorporating a measure of a kidney function, underscore the
prognostic significance of an impaired kidney function
in the patients with AH. In particular the MELD score
includes the INR, which is standardized across laboratories, whereas the PT is not, and weighting of the INR
and bilirubin level to reduce the influence of values at
extremes[32].
MDF is the simplest and the most widely used score,
validated by several groups as a reproducible criterion to
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identify the patients at a high risk of early mortality. Its
score allows identification of those with non-life threatening AH (MDF < 32) who will recover with abstinence
and who do not require specific treatment. Those with
higher scores experience mortality of up to 50% in some
studies and the recent clinical trials have addressed the
management of the patients in this group. International
guidelines report the use of MDF to estimate the likelihood of short-term survival as the primary endpoint.
The MELD, the Glasgow, and the ABIC scores may be
considered as alternative or additional tools to assess the
disease severity.

PHARMACOTHERAPY
The optimal pharmacological treatment of severe AH
is controversial and is one of the main challenges in the
ALD. The development of the specific treatments has
followed increasing understanding of the pathogenesis
of this disease[36,37]. The key processes involve oxidative
stress, inflammation and fibrosis. Secondary abnormalities include malnutrition and impaired hepatic regeneration. The specific treatment of the ALD is directed to
acute injury in order to block the progression of the
fibrosis. With a lifestyle modification, some studies support the treatment with glucocorticoids (GCs), pentoxifylline, anti-TNF-α, S-adenosylmethionine (SAMe) and
antioxidants (Table 2).
Glucocorticoids
GCs are the first line treatment for severe AH. However,
the efficacy of steroids has been debated for several
decades and considered as the potential side effects that
include anti-anabolism, muscular proteolysis, immunosuppression, increased susceptibility to the infections
and increased risk of gastrointestinal bleeding. In addition, many patients with alcoholic diseases are predominantly obese, insulin resistant, or diabetic, and concomitant chronic hepatitis B or C is often present. In these
settings, the clinical management with steroids are very
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Table 2 Treatment considerations of severe alcoholic hepatitis
Treatment

Options

Corticosteroids
Phosphodiesterase inhibitors
Anti TNF-α
Nutrition
Antioxidant
Antioxidant
Alcohol abstinence

Comments

Prednisolone
Pentoxyfilline
Infliximab

If MDF ≥ 32: 40 mg daily orally for 28 d followed by a 2/4-wk taper
400 mg orally 3 times daily for 4 wk
Infliximab 5 mg/kg iv at day 0 and prednisone 40 mg/d for 28 d (data not
confirmed)
Eating, tube feeding
Diet rich in carbohydrate- and protein-derived calories; potassium replacement; vitamin supplementation
Metadoxine
1500 mg/d orally for 3 mo
S-adenosylmethionine
1200 mg/d orally in ambulatory patients
Rehab program
Reduce alcohol withdrawal symptoms, alcohol craving and intake, prodisulfiram, naltrexone, acamprosate, baclofen
mote abstinence, evaluation for OLT program

MDF: Maddrey’s discriminant function; OLT: Orthotopic liver transplantation; TNF-α: Tumor necrosis factor-α.

ered after a careful selection process of these patients.

difficult.
A meta-analysis at the beginning of the 90s, done
by 11 randomized studies (10 of which were placebo
controlled), suggested a beneficial role of GSs in the
patients with severe AH with hepatic encephalopathy,
but without active gastrointestinal bleeding by reducing
short-term mortality[38]. A later analysis involving 12 controlled clinical trials, could not confirm these benefits,
including the patients with encephalopathy[39]. In further
support of this finding, the Cochrane review of 2008,
including 15 randomized controlled trials with a total
of 721 patients, concluded that GCs did not statistically
reduce mortality compared with the placebo. A mortality
benefit, however, was seen in a subgroup of the patients
with MDF greater than 32 or with hepatic encephalopathy[40]. A successive meta-analysis was done using individual patient data from 5 randomised controlled trials.
The patients were classified as complete responders (Lille
score ≤ 0.16), partial responders (Lille score between
0.16 and 0.56), and null responders (Lille score ≥ 0.16).
GCs improved 28-d survival in the patients’ survival
within the complete and partial responders, but not in the
null responders[41].
Based on these data and on the clinical guidelines of
the European Association for the Study of the Liver it
is possible to make appropriate conclusions[42]. The GCs
therapy of AH is limited by the concerns of heightened
risks of sepsis and gastrointestinal hemorrhage. The
patients with mild to moderate AH (MDF < 32), without hepatic encephalopathy and with the improvement
in serum bilirubin or decline in the MDF score during
the first week of hospitalization, should be monitored
closely. Such patients will not likely require the benefit
from the specific medical interventions and are expected
to recover with nutritional support and abstinence from
alcohol. The patients with severe disease (MDF ≥ 32)
with or without encephalopathy, who do not have contraindications to GCs, should be considered for a 4-wk
treatment with prednisolone (40 mg/d), stopped or
followed by a taper during 2-4 wk. Prednisolone is preferred to prednisone because the latter requires conversion to prednisolone in the liver, a process that may be
impaired in AH. A new treatment is needed for the poor
responders. Early liver transplantation may be consid-
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Pentoxifylline
Pentoxifylline is a phosphodiesterase inhibitor that blocks
transcription of TNF-α to decrease serum levels of the
gene product. It may be an acceptable therapeutic option in the patients with severe AH. When compared to
the placebo, the patients with severe AH (MDF score ≥
32) treated with pentoxifylline presented a higher 6-mo
survival. This was related to a marked decreased development of a hepatorenal syndrome[43]. Three randomized clinical trials compared pentoxifylline in combination with GCs and GCs monotherapy in severe AH[44-46].
However, these studies reported that the combination
of GCs and pentoxifylline presented no additional survival advantage compared with GCs alone in a 6-mo
survival. On the basis of these data, the guidelines by
American Association for the Study of Liver Disease
recommend pentoxifylline (400 mg orally 3 times daily
for 4 wk) in the patients with severe AH (MDF score ≥
32), especially if there are contraindications to the GCs
treatment[26,47]. The European Association for the Study
of the Liver Guidelines recommend using pentoxifylline
if sepsis precludes the use of GCs[42].
Anti TNF-α
TNF-α is a key cytokine that reproduces a number of
features of alcoholic hepatitis. It is known to be increased in proportion to the severity of this disease and
its low levels increase the liver regeneration[48]. The anti
TNF-α therapies were considered as the most attractive
strategies to treat severe AH. In a pilot study, 20 patients with biopsy-proved severe AH (MDF between 32
and 55) were randomized to either 5 mg/kg iv of infliximab at day zero plus 40 mg/d of prednisone or prednisone alone. In severe AH, infliximab was well tolerated
and associated with a significant improvement of MDF
score at day 28[49]. The effectiveness of anti-TNF-α was
not confirmed in two randomized controlled trials testing multiple doses of infliximab (10 mg/kg in weeks 0,
2, 4, associated with prednisolone 40 mg/d for 28 d)
or etanercept (25 mg sc 6 times over 3 wk), for association with a higher probability of severe infections and
deaths[50,51]. In summary, the role of anti TNF-α agents
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is limited in the confines of the approved randomized
clinical trials.

Pre-clinical studies showed that silymarin, the active
complex of this plant, play a role to protect against the
acute liver injury caused by ethanol administration[58].
Considering its safety profile, it could be developed as
an effective therapeutic agent for acute AH by its antioxidative stress and anti-inflammatory features. For ambulatory patients, the antioxidant therapies may be considered in a motivated patient with a specific nutritional
support.

Metadoxine
One specific drug that is useful in the treatment of
severe AH is metadoxine (pyridoxol L-2-pyrrolidone5-carboxylate). Pyrrolidone carboxylate is involved in
the amino acid metabolism through the glutathione
pathway [52]. It facilitates de novo ATP synthesis and
prevents ATP decrease in the brain and liver of rats
acutely intoxicated with ethanol. Pyridoxine increases the
metabolic degradation rate of ethanol, thereby reducing
the damage to the cell functions caused by acetaldehyde,
the first metabolite in the ethanol elimination process.
It can also prevent glutathione depletion, lipid peroxidation damage, collagen deposition and TNF-α secretions
induced by alcohol and acetaldehyde in hepatocytes and
hepatic stellate cells[53]. A double-blind controlled trial
included 136 alcoholic patients diagnosed with fatty
liver who were randomly assigned to metadoxine (1500
mg/d) or placebo for 3 mo. A significant improvement
in the liver function tests was reported in both groups
at the end of the study. However, the improvement was
observed more rapidly in those randomized to metadoxine[54]. More recently our group, in a retrospective
study of 94 alcohol dependent patients, who received
metadoxine for alcohol intoxication with a dose ranged
between 500-2000 mg/d and a period of 2-42 d, registered a significant improvement in the transaminase
levels, accompanied by the decrease in drinks per week
and craving level[53]. Further studies are needed for better understanding of the potential role of metadoxine
to treat the ALD, and, in particular, the severe forms of
AH, and to define the exact dosage.

OTHER TREATMENTS
Nutrition
Alcoholic patients present a profound catabolic state
with malnutrition, secondary to anorexia and poor diet,
which can promote bacterial infections[59]. In fact, large
volumes of alcohol suppress the appetite. Many admit
that drinking is the main source of their calories in the
form of alcohol. However, nutritional support is recommended in the patients with AH[60]. It improves the liver
function and the obtained results from histological analyses might increase the survival rates based on the results
of short-term follow-up studies. Nutrition should be
provided orally or via a nasojejunal tube if nausea, vomiting, or encephalopathy are present. The patients with
AH also require multivitamin, folic acid and thiamine
supplementations. The formula of the enteral diet was
a low-fat diet in which medium-chain triglycerides and
oleic acid were accounted for most of its lipid content
and rich in carbohydrate and protein-derived calories[61].
It was also suggested that combined treatment with enteral nutrition and GCs could improve the outcome of
the patients with severe AH[62].
The maintenance of ev fluids should be avoided.
These patients are often profoundly potassium depleted
due to the lack of an intake of potassium-containing
foods and hyperaldosteronism due to their liver disease.
The replacement of potassium may be required daily until the serum potassium level is normal without supplementation. If the patients with AH exhibit signs of fluid
retention, but the blood urea nitrogen and creatinine are
normal, spironolactone may be given, which increases
urinary excretion of sodium, water and serum potassium[63]. Oral furosemide may, then, be added, once the
serum potassium normalizes without further need for
potassium supplementation. If azotemia occurs, diuretics
should be discontinued and the patients should be evaluated for a hepatorenal syndrome. There may be a component of malabsorption of vitamin K due to jaundice
in addition to poor synthesis of coagulation components
by the diseased liver. Three daily doses of vitamin K (10
mg) intravenously or subcutaneously usually decrease the
international normalized ratio (INR). Oral dosing of vitamin K is not effective because of the poor absorption
in the setting of deep jaundice[37]. Finally, considering the
potential risk of Wernicke’s encephalopathy, the supplementation with B-complex vitamins is needed[64].

S-adenosylmethionine and other antioxidant
SAMe is a principal methyl donor for methyltransferase
reactions that regulates gene expression and facilitates
the generation of the antioxidant glutathione from homocysteine. The protective effects on the liver in the
course of alcoholic injury are also mediated by the maintenance of mitochondrial function and down-regulation
of TNF-α. Several data established the association of
an abnormal hepatic methionine metabolism with the
development of the ALD[55]. SAMe was studied in the
patients with liver cirrhosis. In a multicenter randomized,
double-blind trial, 123 patients were treated with SAMe
(1200 mg/d, orally) or placebo for 2 years. Mortality was
not reduced overall, but after the exclusion of a small
number of very advanced cases with Childs C cirrhosis,
a significant reduction in mortality was found. This study
has yet to be replicated, but SAMe is used sporadically
on the basis of these encouraging results and its safe
profile[56]. Randomized, blinded, placebo-controlled studies assessed the effectiveness of Milk Thistle in chronic
ALD. The results of these trials might be conflicting and
confounded because of heterogeneity of the degree of
the disease severity and alcoholic intake or abstinence[57].
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Baclofen
Total alcohol abstinence represents the cornerstone in
the treatment strategy for the patients affected by severe
AH. This point in the clinical practice is often problematic, especially when these patients present a psychiatric
diagnosis of AUD. Medical recommendations and/or
brief interventions may not be sufficient to achieve and
maintain the abstinence when a diagnosis of dependence
is present. Therefore, the need to add pharmacological
approaches has been emphasized in the last decades. As
a consequence, pharmacotherapy of AUD is undergoing a period of the scientific development. Several drugs
that can reduce alcohol craving, and consequently, can
increase abstinence and prevent alcohol relapse have
been evaluated[65]. In particular, disulfiram, naltrexone,
and acamprosate have been approved for AUD. However, these medications might worsen liver disease[66].
Baclofen is a GABAB receptor antagonist that represents a new alcohol pharmacotherapy. Several preclinical and clinical studies demonstrated that baclofen
could represent an effective drug to treat the AUD
patients[67,68]. In particular, this drug was shown to reduce alcohol withdrawal symptoms, as well as to reduce
alcohol craving and intake and to promote alcohol
abstinence[69]. Notably, baclofen showed a safe profile
when administered to the alcoholics, including those
with liver cirrhosis. In a randomized, double-blind, controlled study, we evaluated the efficacy of baclofen for
the maintenance of alcohol abstinence in 148 alcoholdependent patients with liver cirrhosis. The subjects
were randomized to either oral baclofen (10 mg 3 times
a day) or placebo for 12 wk. Of 42 patients treated with
baclofen, 71% achieved and maintained abstinence compared with 29% of 42 patients assigned to the placebo
group[70]. The appropriate dosing of baclofen is still being debated. The secondary analysis with baclofen in the
patients without underlying liver disease, have shown a
dose-effect relationship of the drug on the reduction
of daily alcohol intake and on the number of drinks per
drinking day[69]. In this regard, it should be taken into account that the safety of the drug in the alcoholic patients
with alcoholic hepatitis has also been reported recently
by Avanesyan[71].

es of the end-stage liver disease, especially if recidivism
does not occur[73]. Even when the recidivism is present,
the risks of developing the ALD and graft loss are unpredictable, due to the modifications in the susceptibility to alcohol damage secondary to the OLT. A period
of 6-mo in total alcohol abstinence before the OLT is
proposed as a strategy to reduce the risk of recidivism.
However, this strategy is not evidence based and it is
not accepted worldwide[65]. Recently, a prospective multicenter study showed that the early OLT clearly improved
the 6-mo survival in the patients with a first episode of
severe AH not responding to medical treatment[74]. In
our opinion, the 6-mo rule should not be considered as
a predictor of a recidivism risk, but as a recovery period.
In particular, with all its limitations, the 6-mo rule should
be used to test the possible improvement of liver function, which could avoid the OLT. When liver function
does not allow for a 6-mo waiting time, such as in the
patients with severe AH or with the advanced ALD, the
pre-OLT abstinence time should be shortened, at least in
the patients strictly followed by an alcohol addiction unit
(AAU)[74,75]. The management of the alcoholic patients
with the end-stage ALD listed for the OLT by an AAU
within a liver transplant Centre could represent a useful
strategy to reduce the risk of alcohol recidivism both
before and after the transplantation.

FUTURE PERSPECTIVES
ALD remains one of the major medical problems in the
individuals with AUD. The therapy of ALD and, in particular, of severe AH is a problem in a clinical practice
due to the complex of the pathogenetic mechanisms.
However, several options are now available and the use
of several system scores to define the severity of the disease can guide the physician to make a treatment strategy
in the function of the short-term survival. Recently, several basic and pre-clinical studies have started to define
the cellular mechanisms involved in the liver disease progression and injury severity in a better way, including the
high rates of apoptosis, lipid peroxidation, generation
of free radicals and depletion of antioxidant capacity
of the liver[76,77]. However, the results in animal models
do not reproduce all the pathological changes found in
humans with severe forms of the disease. In addition,
translational research using human samples have identified novel potential therapeutic targets, but the prevailing
pathogenetic pathways involved in the ALD are not defined and the innovations in the treatment approach are
far to coming.
To the contrary, the most important goal of the therapy and the prevention in the ALD is abstinence from
alcohol. In this regard, several data confirm the role of
baclofen to reduce alcohol craving, particularly in the
patients with the severe ALD. This drug is very interesting because it has a low level metabolism by the liver and
appears to have few side effects, and presents the ability
to maintain significantly a higher number of the patients

Liver transplantation
Orthotopic liver transplantation (OLT) is a possible
therapeutic option for severe AH in the non-responder
patients. The OLT is the last treatment option for the
patients with end-stage liver disease who have a greater
than 10% risk of dying[42]. The patients with severe AH
who do not respond to GCs or pentoxifylline have a
mortality of 50% to 75% within 6 mo[72]. Several Centers have proposed that this is a rescue option for the
patients with severe AH who do not respond to medical
therapies. However, the risk of recidivism of AUD still
represents the major ethical concern about the usefulness of the OLT in alcoholic patients. The outcomes and
in particular the survival rate, are better than other caus-
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in abstinence which is beneficial in the treatment of
the liver disease progression and/or to consider for the
admission in an OLT program. To date, baclofen represents the only anti-craving medication formally tested
in a randomized clinical trial in the alcoholic patients
affected by liver cirrhosis, although additional confirmatory studies are warranted.
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Core tip: Beyond the natural course in the liver, alcoholic liver disease can be implicated in many health
problems that affect the quality of life and disease
progression. Evidence suggests that alcoholic liver
disease is a predictor for liver-related diseases, cardiovascular disease, immunologic disease, and bone
disease. Chronic inflammation in alcoholic liver disease
and related systemic illness is mediated by a direct
response to alcohol and an indirect inflammatory response. Alcoholic liver disease should be considered
from the perspective of chronic inflammation. Accordingly, integrative therapeutic strategies including antiinflammatory targeting are needed for alcohol-induced
liver inflammation management and prevention of systemic medical problems.

Abstract
Chronic alcohol exposure can lead to alcoholic liver disease, including hepatitis, cirrhosis and hepatocellular
carcinoma, and chronic inflammation can simultaneously
cause systemic medical illness. Recent evidence suggests
that alcoholic liver disease is a predictor for liver-related
diseases, cardiovascular disease, immunologic disease,
and bone disease. Chronic inflammation in alcoholic liver
disease is mediated by a direct inflammatory cascade
from the alcohol detoxification process and an indirect inflammatory cascade in response to gut microflora-derived
lipopolysaccharides (LPS). The pathophysiology of alcoholic liver disease and its related systemic illness is characterized by oxidative stress, activation of the immune
cascade, and gut-liver interactions. Integrative therapeutic strategies for alcoholic liver disease include abstaining
from alcohol consumption; general anti-inflammatories
such as glucocorticoid, pentoxifylline, and tumour necrosis factor-α antagonist; antioxidants such as N- acetylcysteine; gut microflora and LPS modulators such as rifaximin and/or probiotics. This review focuses on the impact
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INTRODUCTION
Chronic alcohol consumption is a major risk factor for
chronic liver disease worldwide. Cardinal features of alcoholic liver disease include simple fatty liver, alcoholic
hepatitis, fibrosis or, more seriously, cirrhosis and hepa-
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tocellular carcinoma. Alcohol has been recognized as a
true hepatotoxin, an agent able to cause liver damage,
for many years[1]. Although abstaining from alcohol is
the primary recommendation for managing alcoholic liver disease, the chronic features of alcoholic liver disease
and its progression can affect a patient’s attitude toward
consumption. Alcohol is an important cause of hepatocellular carcinoma in Korea in addition to the hepatitis B
virus and the hepatitis C virus[2]. Additionally, up to 48%
of cirrhosis-related deaths have been associated with alcohol in the United States[3].
Recent evidence has determined that inflammation
is closely linked with development of alcoholic liver
disease [3-7]. Acute inflammation as a defense against
noxious stimuli is very important for homeostasis in
the body, whereas chronic exposure to an agent that
induces inflammation may cause a dysregulated or unresolved inflammatory response, which causes chronic
inflammation. Finally, various inflammatory components
can influence systemic medical conditions. The major
sources of chronic low-grade inflammation in alcoholic
liver disease are categorized as follows: a direct inflammatory cascade from the alcohol detoxification process
and an indirect inflammatory cascade in response to gut
microflora-derived lipopolysaccharides (LPS).
The liver plays a key role in detoxifying alcohol and
its related toxic products and is also responsible for immunologic effects. However, chronic alcohol consumption can lead to alcoholic liver disease and simultaneous
systemic medical illness because of chronic inflammation. Beyond the natural course in the liver, alcoholic
liver disease can be implicated in many health problems
that affect the quality of life and disease progression.
Therefore, alcoholic liver disease should be considered
from the perspective of chronic inflammation. This
review focuses on the impact of chronic liver inflammation on systemic health problems and several potential
therapeutic targets.

phase reactants in the liver, such as C-reactive protein
(CRP), ferritin, and amyloid A[10,11]. These inflammatory
cascades can also synergistically or interactively contribute
to arterial inflammation. Indeed, several epidemiologic
studies have shown that various inflammatory markers,
such as TNF-α and CRP, are elevated in patients with alcoholic liver disease[12-14]. Furthermore, chronic low-grade
inflammation plays a crucial role in regulating arterial wall
tone by affecting the release of nitric oxide (NO) and
endothelin-1[15,16]. These cascades may cause endothelial
dysfunction and alter arterial elastic properties, leading to
arterial stiffness. In addition, when a hepatic cell is damaged, hepatic stellate cells also secrete angiotensin Ⅱ[17], a
major pro-atherogenic and vasoconstrictive peptide that
acts on the arterial wall. The overproduction of hematostatic factors such as plasminogen activator inhibitor-1
(PAI-1) may have a direct atherogenic effect on blood
vessels[18] in patients with alcoholic liver disease. Lastly,
chronic alcohol consumption has a tendency for increased plasma homocysteine levels, albeit the results are
inconsistent according to amount and types of alcoholic
beverage consumed, or underlying diseases[19]. However,
hyperhomocysteinemia induced by chronic alcohol consumption may be one of the important risk factors for
CVD[20,21].

IMMUNOLOGIC DISEASE
Recent research has shown that alcoholic liver disease
may alter immune regulation, which can lead to immunodeficiency and autoimmunity[22]. Additionally, individuals
with chronic alcohol consumption are more susceptible
to bacterial pneumonia and septicemia[23-25]. There is also
an increased incidence of pulmonary tuberculosis or
human immunodeficiency virus (HIV) in patients with
alcoholic liver disease[26-28]. In addition, less common
infectious diseases such as meningitis, diphtheria, lung
abscess, or cellulitis are more prevalent in alcoholic liver
disease[27].
Alcoholic hepatitis and alcoholic liver cirrhosis have
been associated with autoimmune properties[22]. Liver
function in patients with alcoholic hepatitis can decrease
for several weeks (at least two weeks) after abstinence
from alcohol, and resuming drinking after recovering
from alcoholic hepatitis can lead to more severe alcoholic hepatitis. In this regard, autoantibodies against the
liver may be an important cause of the liver damage and
scarring in alcoholic liver disease.
Other autoimmune diseases or allergic reactions are
also seen in alcoholic liver disease. Immunoglobulin A
(IgA) has been found in skin and kidney deposits as
well as the liver in many patients with alcoholic liver
disease[29]. Also, alcohol consumption contributes to immunoglobulin E (IgE)-mediated reactions in susceptible
humans, such as individuals with food allergies or asthma[30]. Chronic alcohol use has been found to increase
total IgE level[30-32]. Therefore, understanding altered
immunity and cytokines in alcoholic liver disease can be

CARDIOVASCULAR DISEASE
Emerging evidence suggests that alcoholic liver disease
predicts not only liver-related diseases, but also atherosclerotic cardiovascular disease (CVD). Recent data
suggest that some pathogenic mechanisms are involved
in atherosclerotic CVD. In patients with alcoholic liver
disease, alcohol, acetaldehyde, and excessive free fatty
acids (FFA) in hepatocytes generate an excess of reactive oxygen species (ROS). This formation leads to
lipid peroxidation, cytokine production, and hepatic
inflammation[8], which contribute to a higher oxidativeinflammatory response. Thus, alcoholic liver disease may
actively involve chronic low-grade inflammation in the
arterial wall[9]. Moreover, pro-inflammatory cytokines
such as tumor necrosis factor-α (TNF-α), interleukin-6
(IL-6), interleukin-8 (IL-8), and interleukin-17 (IL-17)
are produced by Kupffer cells in the liver in response
to LPS, which, in turn, play a key role in inducing acute
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important for assessing potential immunologic risk and
could provide insight into therapeutic targets.

hol-related ROS production, cytochrome P450 E21 and
the mitochondrial electron transport chain are important targets[40,47,48]. Moreover, alcohol-derived ROS may
directly trigger the systemic inflammatory response[49].
ROS could activate nuclear factor kappa B (NF-κB),
which leads to production of inflammatory cytokines
such as TNF-α. Alcohol-derived ROS may play a role in
initiating a vicious cycle via the liver cell damage mechanism with additional inflammatory cytokines and ROS
production[50]. Therefore, alcohol-derived ROS may be
important for understanding systemic inflammation accompanied with alcoholic liver disease.

BONE DISEASE
Hepatic osteodystrophy is abnormal bone metabolism
that has been identified in association with chronic liver
disease, including such conditions as osteopenia, osteoporosis, and osteomalacia. The prevalence of osteopenia
in patients with alcoholic liver disease is between 34%
and 48%, and the prevalence of osteoporosis is between
11% and 36%[33-35]. However, osteomalacia has rarely
been confirmed in patients with chronic liver disease and
low vitamin D level[36,37].
Bone is a dynamic tissue that is remodeled through
constant bone resorption and formation. Bone turnover
accounts for up to 15% of the annual renovation of
total bone mass[38]. Decreased bone density, commonly
seen in hepatic osteodystrophy, results from decreased
bone formation or increased bone resorption. Bone
mineral density, measured by dual energy X-ray absorptiometry, is reported with a Z score and T score; the
former is used to compare the patient’s bone mineral
density with an age-matched mean value, and the latter
is used to compare the bone mineral density with that of
healthy young individuals. Osteopenia is identified when
a T score ranges from -1.0 to -2.5, and osteoporosis is
defined by a T score < 2.5. Osteomalacia is characterized
by abnormal bone matrix mineralization, which can be
confirmed by bone biopsy. These metabolic bone diseases are very common and can be important complications
in patients with alcoholic liver disease. Although the
mechanism of metabolic bone diseases remains complex and multifactorial, osteoclastogenic inflammatory
cytokines, such as interleukin 1 (IL-1) and TNF-α, have
been known to have a key role in the pathogenesis of
bone metabolic disease that is related to alcoholic liver
disease[39]. Early assessment and therapeutic intervention
in patients with hepatic osteodystrophy can be important
for minimizing future fracture risk and maintaining the
quality of life.

Activation of immunity
As described above, individuals with chronic alcohol
consumption are more susceptible to immunodeficiency
and autoimmunity. Understanding altered innate and
acquired immunity in alcoholic liver disease may be important for assessing the potential risk of opportunistic
infections and allergic diseases such as food allergies and
bronchial asthma.
Alcohol consumption causes gut microflora dysbiosis and bacterial over-growth and ultimately increases
gut permeability and the translocation of LPS from the
gut to the liver. In Kupffer cells, gut microflora derivedLPS interacts with toll-like receptor 4 (TLR4), and proinflammatory cytokines and chemokines such as TNF-α,
IL-8, IL-17 are produced, leading to the production of
ROS and alcohol-induced liver damage [51,52]. Interestingly, activation of TLR4 also induces Kupffer cells to
produce hepatoprotective cytokines such as IL-6 which
reduces hepatocyte necrosis-associated inflammation,
albeit having proinflammatory roles, and anti-inflammatory cytokines such as interleukin-10 (IL-10)[53]. However, long-term alcohol consumption may generate lipid
peroxidation products such as malondialdehyde (MDA)
as a result of ROS cascades, which can modify many
proteins linked to the adaptive immune response[54,55].
Patients with alcoholic liver disease have increased levels
of circulating antibodies against lipid peroxidation products and increased numbers of T and B cells in the liver,
which contribute to adaptive immunity activation in alcoholic liver disease[54,55].

PATHOPHYSIOLOGY
Oxidative stress
It is known that alcohol increases ROS, which are chemically reactive molecules that can damage various cellular
components such as proteins, lipids, or deoxyribonucleic
acid (DNA)[40]. Moreover, acetaldehyde, an intermediate
alcohol metabolite, is a highly reactive compound and is
highly toxic to hepatocytes, promotes glutathione depletion, lipid peroxidation, and mitochondrial damage[41-42].
Evidence suggests that oxidative stress can contribute to
the development of alcoholic liver disease and has been
associated with various major diseases including cardiovascular diseases, type 2 diabetes, neurodegenerative disease, and carcinogenesis[43-46].
Although multiple mechanisms are involved in alco-
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Gut-liver interaction
Optimal functioning of the gut-liver axis depends on
healthy gut integrity and mucosal microflora and a
healthy liver; however, chronic alcohol exposure impairs
both gut and liver health. These changes affect each other and ultimately contribute to the increased blood levels
of LPS, or endotoxemia, in patients with alcoholic liver
disease. Major inducers of chronic low-grade inflammation in alcoholic liver disease are broadly summarized
as a direct inflammatory injury from alcohol and its metabolites or an indirect inflammatory injury in response
to LPS. The microflora-derived LPS enters systemic circulation in two different ways, either via a portal vein or
through gastrointestinal lymphatic vessels[56,57]. Most LPS
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Figure 1 Schematic of liver inflammation. LPS: Lipopolysaccharides; ROS: Reactive oxygen species; ACH: Acetaldehyde; TNF-α: Tumor necrosis factor-α; IL-1β:
Interleukin-1β; IL-17: Interleukin-17; IL-8: Interleukin-8.

tinal epithelium[63]. More recently, evidence suggests that
increased gut permeability may be an important factor in
the pathogenesis of alcoholic liver disease.
As intestinal permeability increases, endotoxin and
other bacterial toxins increase the sensitivity of Kupffer
cells to LPS stimulation in the liver, where increased proinflammatory cytokines lead to neutrophil activation,
increased sinusoidal permeability, generation of ROS,
and mitochondrial damage in the liver[64]. These cascades
may cause systemic low-grade inflammation in addition
to liver inflammation (Figure 1).

in the lymphatic system move through mesenteric lymph
nodes and eventually enter the systemic circulation at the
thoracic duct opening, whereas most LPS in the portal
vein can be detoxified and excreted.
Alcohol can alter gut integrity and permeability in
both direct and indirect manners. Alcohol and its metabolites such as acetaldehyde can directly alter both gut
permeability and microflora content and composition.
Alcohol and acetaldehyde can weaken the intestinal epithelial barrier, such as tight junctions between intestinal
enterocytes. Moreover, increased gut permeability in
alcoholic liver disease may be aggravated by increased
expression of inducible nitric oxide synthase (iNOS)
and NF-κB, which, in turn, enhance the translocation of
LPS between tight junctions of adjacent enterocytes[58,59].
This increased gut permeability is also called leaky gut
syndrome (LGS). Patients with alcoholic hepatitis commonly show elevated LPS levels in plasma, implicating a
crucial role of LPS-induced inflammation in the pathogenesis of alcoholic liver disease[60]. Thus, alcohol facilitates the translocation of endotoxin from the intestinal
lumen to the portal vein, thereby aggravating the risk of
liver injury.
Individuals with chronic alcohol use are more susceptible to small intestinal bacterial overgrowth and
dysbiosis compared to counterpart non-alcoholics or
abstainers[61,62]. Excessive alcohol ingestion facilitates the
overgrowth of Gram-negative bacteria, contributing to
increased endotoxin levels[60]. In addition, micronutrient deficiency, such as zinc, is common in alcoholic liver
disease, which adversely affects the integrity of the intes-
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THERAPEUTIC TARGETS
General anti-inflammatories
The first-line therapy for alcoholic liver disease is alcohol abstinence with nutritional support[3,7,65]. However,
therapeutic lifestyle changes are not easy in clinical practice and may not be sufficient for some patients. Corticosteroids, pentoxifylline, and TNF-α antagonist have
been identified as therapeutic agents for severe alcoholic
hepatitis. Among them, corticosteroids and pentoxifylline are currently recommended[7]. Glucocorticoids could
reduce immune activation by blocking cytotoxic and
inflammatory signal pathways, and pentoxifyllin plays
an anti-inflammatory role as a non-selective phosphodiesterase inhibitor and TNF-α suppressor[66]. Although
TNF-α has been regarded as a predictor for the severity
of alcoholic hepatitis and TNF-α antagonist reduces
liver damage in alcohol-fed animals, clinical trials with
TNF-α antibody have not shown consistent results[67-69].
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Other therapeutic considerations
Several surrogate agents for treating alcoholic liver
disease are being investigated. Global suppression of
inflammatory responses could lead to undesirable side
effects such as immune suppression. Therefore, specific
anti-inflammatory targeting may be more promising.
Recent studies have shown that IL-22 has hepatoprotective properties including antioxidant, anti-steatotic, and
anti-microbial effects[83]. Moreover, the IL-22 receptor
exists only on epithelial cells such as hepatocytes, and
side effects that target this receptor may be minimal.
Also, IL-8 and IL-17 have been related to neutrophil infiltration, TNF-α augmentation, and autoimmunity[7,84].
Therefore, based on the cytokine and immune cell profiles, specific intervention may merit serious consideration to reduce the inflammatory response with minimal
side effects.

TNF-α antibody or corticosteroids may induce a condition that causes patients to be susceptible to infections
because of immune suppression[7,69]. Pentoxifylline may
be considered in patients with severe alcoholic hepatitis
who cannot use corticosteroids[3].
Antioxidants
Antioxidants such as N-acetylcysteine have been reported
to reduce inflammatory markers and liver fat accumulation in alcohol-fed animals [49]. S-adenosylmethionine
could increase cellular antioxidant glutathione in patients with alcoholic liver disease[70]. Betaine, precursor to
S-adenosylmethionine, has also been reported to attenuate alcoholic liver disease[71]. In clinical trials, S-adenosylmethionine has shown improved survival in patients
with less advanced liver cirrhosis[72] but has not been
consistently effective in treating alcoholic liver disease[73].
Antioxidants including phytochemicals such as resveratrol and carotenoids are successful for treating alcoholfed animals, but lack convincing benefits in human
patients[74-76]. Oxidative stress may be more pronounced
in early stages of alcoholic liver disease, which is found
in most animal models, but plays a minor role in later
stages of alcoholic liver disease. Actually, administration
of antioxidants cocktail has shown inferior survival rates
compared to corticosteroid administration in patients
with severe alcoholic hepatitis[77].

CONCLUSION
Chronic inflammation in alcoholic liver disease and related systemic illness is mediated by a direct response to
alcohol and an indirect inflammatory response to gut microflora-derived LPS, leading to a stronger oxidative-inflammatory response. In addition to alcohol abstinence,
integrative therapeutic strategies to reduce inflammatory
cascades may be needed to treat and prevent alcoholic
liver disease.

Gut microflora and LPS pathway
The gut-liver interaction has been identified as an important interaction for liver health and prevention of
systemic inflammation. In this regard, the modulation of
gut microflora and LPS pathway could be used to treat
alcoholic liver disease[3,78,79] (Figure 2). For the former,
probiotics and bioactive extracts may provide therapeutic
benefit in patients with alcoholic liver disease[79,80]. In addition, non-absorbable antibiotics such as rifaximin and/
or probiotics can modify the gut microflora and help
reduce the risk of hepatic encephalopathy[81]. For the latter, TLR4 antagonists that modify the LPS pathway have
been proposed as therapeutic materials for chronic liver
disease[82].
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Core tip: The impact of the type and size of needles
used for endoscopic ultrasound guided-guided tissue
acquisition have been the center of recent studies aiming at maximizing tissue yield. In addition to needles,
several other variables impact the final outcome of tissue acquisition including the location and characteristics of the lesion, the fine needle aspiration technique,
and the availability of on-site cytopathology services.
In this review we outline the results of these studies
and summarize the recent advances in this field.
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Abstract
Since its introduction, endoscopic ultrasound (EUS)
guided fine needle aspiration and fine needle biopsy
have become an indispensable tool for the diagnosis of
lesions within the gastrointestinal tract and surrounding organs. It has proved to be an effective diagnostic
method with high accuracy and low complication rates.
Several factors can influence the accuracy and the diagnostic yield of this procedure including experience of
the endosonographer, availability of onsite cytopathology services, the method of cytopathology preparation,
the location and physical characteristics of the lesion,
sampling techniques and the type and size of the needle
used. In this review we will outline the recent studies
evaluating EUS-guided tissue acquisition and will provide
practical recommendations to maximize tissue yield.

INTRODUCTION
Endoscopic ultrasound guided fine needle aspiration
(EUS-FNA) was initially described in 1992[1] and soon
became the procedure of choice to obtain diagnostic
samples from lesions within the GI tract and regional
orga [2-4]. EUS-FNA is highly accurate, sensitive and
specific with estimates reaching 80%, 90% and 100%
respectively for cytological diagnoses[5-8]. However, the
diagnostic accuracy of EUS-FNA can be influenced by
several factors including the experience of the endosonographer, the availability of onsite cytopathology
review, the method of cytopathology preparation, the location and physical characteristics of the lesion, and type
and size of the needle[9-13]. Currently, three needle sizes
are commercially available including 19-G, 22-G and
25-G[2]. To choose a particular needle size, one should
consider the location and the type of lesion targeted
for sampling, in addition to the type of sample desired;
whether a cytological or histological sample is necessary

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

B

Figure 1 A 25-G needle is used to aspirate a 2 cm pancreatic head mass that does not appear to encase the portal vein (A), adenocarcinoma confirmed on
wet smears obtained from the first pass in the case above (B). Papanicolaou stain, × 40.

In the following sections we will focus on recent literature comparing various needle types and sizes and their
impact on quality of specimens in relation to the location and type of lesion. We will also review the different
sampling techniques used by endosonographers and how
such techniques may affect the quality of samples.

to establish the diagnosis. Currently, the 22-G needles
are probably the most widely used; however, a recent
trend toward increased utilization of the smaller 25-G
needle has been observed in many centers, particularly in
scenarios where a transduodenal sampling is considered.
Theoretically, larger needles can provide larger size tissue samples; however, technical difficulties are more frequently encountered with larger needles. This is largely
related to the stiffness of the needle, leading to sampling
failures of lesions located in areas that require significant
angulation of the echoendoscope. Larger needles also
carry higher risk of complications[14] and could increase
the “bloodiness” of sample, which can make the diagnosis by cytology more challenging.
The type of lesion also impacts the choice of needle
to be used. For example, stromal tumors and lymphomas can be difficult to diagnose by cytology alone, and
sometimes require samples with preserved tissue architecture to make a diagnosis[15,16]. Obtaining an adequate
histological sample is theoretically difficult with smaller
needles. To overcome this, a Trucut biopsy needle (TCB:
Cook Medical, Bloomington, IN, United States) was developed using larger size 19 G needles[17]. However, this
needle was limited by difficulties encountered with larger
needles such as stiffness, reduced maneuverability, and
failure of the spring-loading mechanism, and therefore
failed to establish itself when transduodenal approach
for sampling was required[18]. More recently, a new generation of core biopsy devices of various sizes (ProCore,
Cook Medical, Winston-Salem, NC, United States) in
addition to another flexible 19-G needle made of nitinol
(Expect 19-gauge Flex, Boston Scientific, Natick, MA,
United States) were introduced to obtain histological
samples including those from lesions that require transduodenal approach with promising results[19].
In addition to needle size, sampling technique can influence the quality of a specimen. Variations in sampling
techniques utilized by endosonographers include the use
of suction versus no suction and fanning technique to
obtain specimens. Reinserting the stylet versus air flushing are techniques employed to express the sample prior
to cytopathology exam.

WJG|www.wjgnet.com

SAMPLING METHODS AND TECHNIQUES
Variations in technique of EUS-guided FNA have been
recently assessed to identify the sampling method with
the highest yield. Common examples to such methods
include the use of suction, adopting the fanning technique, use of stylet, and expressing samples using air
flushing or by reinserting the stylet.
Use of suction
The traditional FNA technique that relies on suction
utilization was recently questioned. Lee et al[20] compared
the quality and diagnostic yield of samples obtained
with and without suction in 81 patients with pancreatic
masses. In this study, each patient had specimens taken
with and without applying suction. The number of diagnostic samples, cellularity, and accuracy were found
to be higher in the suction group. In another trial with
similar results[21], 52 patients with solid mass lesions were
randomized to FNA with either suction or no suction.
Sensitivity and negative predictive values were higher in
the suction group compared to the non-suction group (P
= 0.05).
Practically speaking, the decision to use suction should
depend on the nature of the targeted lesion. In highly
vascular lesions such as lymph nodes, a non-suction technique may result in a better quality and less bloody sample,
particularly for the on-site cytopathologist to be able to
render a preliminary diagnosis. On the other hand, applying suction when aspirating a fibrotic malignant lesion
of the pancreas (Figure 1) or in the setting of chronic
pancreatitis may provide a superior sample quality[22-24].
We recommend applying suction during the first pass and
then tailoring the use of suction and the amount of based
on feedback from the cytopathologist. It is always recom-
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mended that aspiration should be applied in cystic pancreatic lesions to obtain sufficient fluid for cytology and
tumor markers.

ate the effect of an on-site cytopathology examination
on sample quality and the need to repeat the procedure,
Collins et al[32] compared cytological outcomes from pancreatic mass FNAs done in the presence of an on-site
cytopathologist with those without. The presence of an
immediate on-site cytopathology exam resulted in a significant impact on the diagnostic yield; where only 2.9%
of the procedures needed to be repeated compared to
5.8% when an on-site cytopathologist was unavailable.
Additionally, definitive diagnosis in the repeated procedures was achieved more frequently in procedures where
an onsite cytopathology evaluation was present (67% vs
27%). Several other studies supported the presence of
on-site cytopathology evaluation and showed improved
adequacy of samples[33-35]. In comparison, fewer studies
showed that the presence of an on-site cytopathology
failed to translate into significant improvement to EUSFNA outcomes[36,37].

Use of stylet and fanning technique
It’s widely assumed that using a stylet while going through
the gut wall during the initial puncture helps prevent
clogging of the needle’s lumen by tissue from the wall,
and potentially reduces the contamination of lesional
tissue with GI wall components. Therefore, it remains
a common practice to re-insert the stylet before every
pass. Data comparing the adequacy of EUS-FNA with
and without stylet remain limited. Wani et al[25] retrospectively compared EUS-FNA specimens obtained using
the stylet to those obtained without using a stylet in
terms of cellularity, contamination, adequacy, amount of
blood and the diagnostic yield. No difference between
the two techniques was found in relation to the variables
studied. The authors’ recommendation was against the
use of stylet. The use of stylet is considered to be labor
intensive and time consuming (particularly with 25-G
needles), which could prolong procedure time.
When puncturing a lesion, endosonographers should
attempt to sample multiple areas within the same lesion
during every pass, a technique referred to as fanning.
During this technique, the needle track is slightly altered
during every from movement by modulating the up and
down dial of the echoendoscope or by using elevator.
Bang et al[26] compared this technique to the standard
one in sampling 54 solid pancreatic masses, and found
fanning to be superior by establishing diagnosis in fewer
numbers of passes, and resulted in higher first pass diagnostic rate of (85.7% vs 57.7 %, P = 0.02).

Method of sample expression
The traditional method of expressing FNA samples is
via air flushing the needle. Recently, this was compared
to the method of reinserting the stylet in a study by Lee
et al[20] Samples expressed by the two techniques were
compared in terms of quality, cellularity and bloodiness.
Bloodiness was less in the air-flushed group compared
to the reinserting-the-stylet group (P = 0.02), but quality
of samples and cellularity were similar in both groups.
Similar results were reported by Rastogi et al[38] in a randomized controlled trial as well as by Sahai et al[39].
Reinserting the stylet remains a common practice despite being time consuming and could potentially be associated with increased risk of needle stick injury[2,9,38,39].
Based on the results of the above studies, stylet reinsertion could be reserved to conditions when the sample
is dry or clotted and cannot be expressed by air flushing[20,33], which is not infrequent with 25-G needles.

Number of passes
To date, no definite number of passes to achieve the
highest diagnostic yield has been established yet for
various lesions. Nevertheless, increasing the number
of passes has been associated with higher diagnostic
yield[27]. Most studies have shown that 5-7 passes would
be adequate in solid lesions[27,28]. In general, fewer passes
are required when sampling highly vascular lesions such
as lymph nodes compared to solid masses like pancreatic
tumors[27,29]. For example, seven passes have resulted in a
sensitivity and specificity of 83% and 100% respectively
in solid pancreatic masses, while, in the case of lymph
nodes, five passes provided a sensitivity and specificity
of 77% and 100% respectively[30]. For cystic lesions, it
is recommended that the lesion be completely aspirated
until it collapses via a single puncture.

Key points: Application of suction during sampling can
increase the cellularity and the diagnostic yield particularly in solid fibrotic lesions. In highly vascular lesions
a non-suction technique can reduce the bloodiness of
the sample. Fanning technique can reduce the number
of passes required to reach a diagnosis. Expression
techniques have minimal impact on the sample’s quality;
however, air flushing seems to be less labor intensive.
Use of stylet during the initial puncture or to express the
sample has not been associated with improved specimen
quality.
Needle size: FNA needles are commercially available in
19, 22 and 25-G sizes. Among all the variables that could
impact the diagnostic outcome of EUS-FNA, needle
size remains probably the most exhaustively evaluated.
The most commonly used needle is the 22-G, although
recently the 25-G needles have gained popularity in
many centers due to their ease of use and recent data
showing diagnostic equivalence compared to 22-G nee-

On-site cytopathology evaluation
The availability of rapid on-site cytopathology evaluation can improve the sampling process by reducing
the number of passes needed and the frequency of
inconclusive diagnoses. A feedback from an on-site cytopathologist can dictate whether additional passes are
needed to procure a better quality specimen[31]. To evalu-
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dles. In the following section we will discuss in details
the choice of a particular needle size as it relates to the
location of the lesion, type of the specimen and overall
the quality of sample.

rate was 74% (17/23), however the success rate was significantly lower in transduodenal approach compared with
transgastric approach. A larger study by Thomas et al[47] included 113 patients and showed a diagnostic accuracy of
EUS-TCB of 68%. In this study there was no significant
difference in the diagnostic yield for lesions procured by
either transduodenal or transgastric approach. Based on
a decade of experience, the use of this device has been
mainly recommended in certain conditions where prior
studies have shown better diagnostic compared to FNA
yield such as lymphoma[48] and autoimmune pancreatitis[49]. The routine use of such device as an adjunct to
FNA sampling was limited by the difficulty in operating
it due to its stiffness and mechanical failures associated
with its spring-loading mechanism.
To overcome some of the limitations associated with
obtaining TCBs, a new series of fine needle biopsy needles
has been developed (Procore, Cook Endoscopy, Winston
Salem, NC) with reverse bevel technology to improve
tissue acquisition. Iglesias-Garcia et al[44] evaluated the 19
G Procore needle of this series in a study that included
114 lesions. Adequate histological samples were obtained
in 89% of lesions with overall diagnostic accuracy of
over 85%. Transduodenal biopsy was successful in 33
of 35 cases (94%). However, technical difficulties were
encountered when the needle was used transduodenally
and in many cases the needle had to be advanced out of
the scope in the stomach before reaching the duodenum.
A prospective trial is currently underway to compare the
performance and diagnostic yield of this and the older
TCB device (Quick-core).
In another study, Bang et al[45] compared FNA using
standard 22-G aspiration needle 22-G Procore needle
for sampling solid pancreatic masses in 56 patients (Table
1). The trial showed no significant difference between
the two devices in procurement of the core tissue (100%
vs 83.3%, P = 0.26) or the presence of diagnostic histologic specimens (66.7% vs 80%, P = 0.66). No difficulty
in performing transgastric or transduodenal biopsies was
reported in this study using the ProCore needle. In another trial by Larghi et al[50], adequate histological samples
were obtained in 54 out of 61 patients (88.5%) using the
Procore needle.
The ability of standard FNA needles to provide adequate histological samples has been evaluated as well.
In one trial, Rong et al[51] found that histologic adequacy
of the standard 22-G needle was superior to the 25-G
one in sampling pancreatic masses (70.4% vs 61.1%, P =
0.33) and submucosal tumors (74.1% vs 55.6%, P = 0.18).
However, diagnostic accuracy did not differ between the
two needles (80.0% vs 78.9%) when both needles were
used on the same patient.
In evaluating the ability of the 19-G needle to obtain histological specimens, Yasuda et al[52] reported 98%
accuracy of EUS-FNB using the conventional 19-G
needle in diagnosing patients with unknown lymphadenopathy. In patients with lymphoma, the needle
provided sufficient tissue to classify their lymphomas in

Location of the lesion
The location of the lesion can direct the sampling approach, and in some instances the size of the needle to
be used. Approximately 65% of pancreatic cancers are
found in the head or uncinate process[40]. Such tumors
are best visualized and sampled through the duodenum,
whereas lesions in the pancreatic body and tail are best
evaluated through the stomach. In the duodenum, angulation of the echoendoscope tip is often required to
maintain apposition with the mass. This position creates
more resistance and makes the use of stiffer, larger 19-G
needles challenging.
Itoi et al[41] objectively evaluated the resistance of
19-G Tru-cut, traditional 19-G, 22-G and 25-G aspiration needles during insertion and advancement under
variable conditions of the echoendoscope (straight and
angulated endoscope position, endoscope tip angulation,
and while using of the elevator). In this trial, lower resistance was encountered with the 22-G and 25-G needles
under almost every position compared to the conventional 19-G needle and 19-G Tru-cut needle. Additionally, the maneuverability of the scope itself was found to
be reduced when using the 19-G needles.
To minimize resistance during transduodenal sampling, it is recommended to maintain the scope in a short
position whenever possible. While the scope might be
less stable at this position, it facilitates needle advancement out of the scope and penetration of the lesion. To
improve stability of the scope, air suction or an inflated
balloon could help bring the duodenal wall closer to the
probe and further stabilize the tip of the scope during
FNA.
Type of specimen
EUS-FNA remains the standard procedure for sampling
pancreatic masses, in addition to other lesions like subepithelial tumors and enlarged lymph nodes. In most cases,
cytology alone is adequate to reach a diagnosis. However,
EUS-FNA has certain limitations. First, on-site cytopathology is not available in many centers. Second, certain
conditions such as lymphoma, mesenchymal tumors, and
well-differentiated adenocarcinomas can be difficult to
diagnose by cytology alone[28,42], and a core biopsy (Trucut
biopsy; TCB) with well-preserved tissue architecture may
be essential for the diagnosis[43-45]. Third, the negative
predictive value of EUS-FNA is relatively low, and therefore does not exclude malignancy in all negative specimens. In the last decade, a spring-loaded 19-TCB needle
(Quick-core; Cook Medical, Winston-Salem, NC, United
States) has been developed to overcome the limitations
of FNA and procure larger quantities of tissue for histologic analysis[43]. Larghi et al[46] evaluated this needle in
23 patients with pancreatic masses. The overall success

WJG|www.wjgnet.com

2179

March 7, 2014|Volume 20|Issue 9|

Karadsheh Z et al . EUS-guided fine needle tissue acquisition

A

B

C

Figure 2 Flexible 19-G needle. A: 2 cm rectal subepithelial lesion was found to originate from the muscularis propria on endoscopic ultrasound guided and is
sampled using a flexible 19-G needle in this figure; B: A core liver biopsy was obtained using a flexible 19-G needle is a patient with elevated transaminases; C: Histopathological assessment of the core biopsy obtained in the case above confirmed steatohepatitis without significant fibrosis. Adequate histopathology sample was
obtained and stained positively for CD-117, confirming gastrointestinal stromal tumor; H and E stain, × 2.

Table 1 Rate of histologically adequate specimens procured using the 3 common size fine needles in recent literature
Ref.

Needle size

Number of patients

Histological adequacy

Location of biopsy

Bang et al[45]

22-G FNA
22-G FNB
19-G
22-G
25-G
22-G
25-G
19-G
19-G1

28
28
104
54
54
27
27
120
38

66.7%

Pancreas

98.0%
70.4%
61.1%
74.1%
55.6%
97.5%
94.7%

Lymph nodes
Pancreas
Pancreas
Submucosal tumors
Submucosal tumors
Various
Subepithelial masses
Pancreatic (head and uncinate lesions)

Yasuda et al[52]
Rong et al[51]

Larghi et al[53]
Varadarajulu et al[19]

1

A flexible Nitinol based needle was used in all procedures. FNA: Fine needle aspiration; FNB: Fine needle biopsy.

accordance with the World Health Organization classifications in 88% of them. In another trial, adequate
histological samples from solid masses were obtained in
97.5% of patients using the 19-G needle[53]. However,
this study excluded patients with pancreatic head and
uncinate masses that required transduodenal approach
for sampling.
The stiffness of 19-G needles has been recently
reduced in a new needle made of nitinol (Expect
19-gauge Flex, Boston Scientific, Natick, MA, United
States). Nitinol is an alloy made of Nickel and Titanium, used in the construction of biliary endoprosthesis. The properties of this needle include resistance to
deformation and high elasticity, which facilitate tissue

WJG|www.wjgnet.com

sampling when the tip of the echoendoscope is in an
angulated position. Two recent studies evaluated the
clinical performance of this flexible 19-G needle (Figure
2)[19,54]. The first study by Varadarajulu et al[19] included
38 patients in whom 32 had pancreatic head or uncinate
lesions. There were no technical failures reported in this
trial, and histological samples were satisfactory in 94.7%
of patients. In another multi-center trial published in
abstract form, the needle was used in a variety of applications, with similar high technical success and histological adequacy rates[54].
Key points: Histological specimens are necessary for
the diagnosis and appropriate classification of certain
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Table 2 Quality of samples using different needle sizes as reported by recent studies
Ref.

Needle size

Lee et al[55]
Siddiqui et al[56]

Fabbri et al[57]
Imazu et al[58]

Camellini et al[59]

Sakamoto et al[18]

Song et al[61]

Number of patients

Location of lesion

Result

22-G and 25-G
22-G and 25-G

12
Pancreas and peripancreatic No difference between the two needles in terms of cellularity (P = 0.84)
131
Pancreas
No significant difference in diagnostic yield (P = 0.18)
(22-G = 64 patients)
(25-G = 67 patients)
22-G and 25-G
50
Pancreas
No significant difference in diagnostic accuracy 94% vs 86%
22-G and 25-G
43
Pancreas, lymph nodes,
Similar overall diagnostic yield
22 > 25 in submucosal lesions (80% vs 60%)
submucosal tumors
25-G > 22-G in pancreatic lesions (91.5% vs 75%)
22-G and 25-G
127
Pancreatic, lymph nodes No significant difference in sample adequacy overall (77.8% vs 78.1%)
Pancreatic lesions: 25-G > 22-G (87.8% vs 76.7%)
and subepithelial tumors
Subepithelial lesions: 22-G > 25-G (55.5% vs 20%)
Lymph nodes: 22-G > 25-G (100% vs 60%)
19-G, 22-G
24
Pancreas
19-G and 22-G > 25-G in adequacy of samples for histological diagnosis
25-G had better diagnostic accuracy in pancreatic head and uncinate
and 25-G
lesions
19-G and 22-G
117
Pancreatic and peripanSample quality and cellular material: 19-G > 22-G (P = 0.03)
creatic lesions

nical failures.
In a large prospective randomized study, Camellini
et al[59] compared 22 with 25-G needles in 127 solid lesions with salvage crossover for inadequate passes or
upon failure of puncturing the lesion. The number of
passes made and specimen adequacy was not different
between the 2 needles. More cross overs from 22 to
25-G needles were observed in uncinate process masses
due to technical failures. This study suggested superiority
of the 25-G needle in obtaining samples through transduodenal approach.
Fewer studies included 19-G needles for assessment
of specimen quality. Sakamoto et al[18] included 19-G
TCB needle in their study that compared it to 25-G and
22-G needles in 24 patients with solid pancreatic masses.
The 22-G and 19-G TCB needles were superior to the
25-G needle (P < 0.05) in providing adequate histological diagnosis in technically successful cases. However, the
25-G needle was superior in overall diagnostic accuracy
particularly in lesions in the pancreatic head and uncinate process. In another randomized study including 117
patients with pancreatic and peripancreatic masses[61], the
traditional 19-G and 22-G needles were compared. Technical failure occurred in 5 out of 60 patients who were
randomized to the 19-G needle, all of which arose when
sampling pancreatic head or uncinate process lesions.
Those masses were successfully sampled once crossed
over to 22-G needles. Excluding those with technical
failures, the overall diagnostic accuracy was higher in the
19-G group (94.5% vs 78.9% P = 0.02). Sample quality
was also superior in 19-G needle group (P = 0.03).

conditions such as lymphoma, stromal cell tumors and
well-differentiated cancers. New generation of fine
needle core biopsy devices of various sizes facilitate
transduodenal sampling and have been associated with
high technical success rates and adequate histological
sampling.
Quality of sample
Sample quality depends on several variables, including
experience of the endosonographer, the availability of
onsite cytopathology review, the method of cytopathology preparation, the location and physical characteristics
of the lesion, and size of the needle[9-13]. Among all these
factors, needle size continues to receive most attention
as an independent factor that could impact the diagnostic yield of EUS-FNA. Comparing the quality of
samples and diagnostic yield of the different needle sizes
have been the focus of recent studies, most of which
compared 22-G with 25-G needles[55-60] with fewer studies including 19-G needles[56,57] (Table 2).
Lee et al[55] (12 patients), Siddiqui et al [56] (131 patients)
and Fabbri et al[57] (50 patients) compared the quality of
samples and the diagnostic yield of the 22-G and 25-G
needles in pancreatic lesions [55-57] and peri-pancreatic
lesions[55]. The studies by Lee et al[55] and Fabbri et al[57]
provided a comparison of the two needles in the same
lesion. In all three studies, there was no significant difference in diagnostic yield between the two needles.
On the other hand, Imazu et al [58] found that the
quantity of specimens obtained by the 22-G needle was
overall higher than the 25-G needle, which resulted in
a higher diagnostic yield in patients with submucosal
tumors, where histological sample is essential for diagnosis. However, in patents with pancreatic lesions, the
diagnostic yield of the 25-G needle was higher. This
was believed to be the result of the tissue characteristics
of solid pancreatic lesions which are typically hard in
consistency and a smaller needle may provide an easier
puncture and lead to better sample quality and less tech-
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Key points: Needle size can influence the quality of
samples of EUS-FNA. 22-G and 25-G needles appear
to be equivalent in sampling capabilities. 19-G needles
appear to be capable of providing superior tissue quantity and quality compared to 22 and 25-G needles, but
carry a higher chance of technical failure when utilized
for transduodenal sampling.
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cer remains strong[71-75]. Other recent advances such as
tridimensional (3D) EUS, contrast-enhanced EUS and
EUS spectrum analysis have minimal or no role in tissue
acquisition but can provide better visualization of pancreatic masses. This can positively impact the FNA outcome due to better differentiation of malignancies from
other inflammatory conditions.
Genetic mutations have been studied as adjunct
markers to aid in the diagnosis of pancreatic cancers.
The most practical example in relation to FNA of pancreatic cancer is K-ras mutation, which has been the
focus of several studies to evaluate its impact on the
diagnostic yield of FNA[76-78]. K-ras oncogene is activated
by somatic point substitution and considered as an initial
event in pancreatic carcinogenesis[79], and K-ras mutation can be found in 90% of patients with this disease.
In a recent prospective series including 394 pancreatic
masses, Ogura et al[76] found that combining K-ras mutation analysis with cytopathology increased the sensitivity
of EUS-FNA from 87% to 93% (P < 0.001) and the
accuracy from 89% to 94% (P < 0.001) for the diagnosis
of pancreatic ductal adenocarcinoma. In this study, out
of the 39 patients who were undiagnosed using cytology, K-ras was detected in 18 patients (46%). In a recent
meta-analysis[77]. which included 8 studies with 931 patients undergoing EUS-FNA of pancreatic masses, the
pooled sensitivity and specificity of EUS-FNA were 80
and 97% respectively; the estimated sensitivity and specificity of K-ras mutation analysis were 76.8% and 93.3%
respectively, and 88.7% and 92% when cytology and
K-ras mutation analysis were combined. Overall, K-ras
mutation testing applied to cases that were inconclusive
by EUS-FNA reduced the false-negative rate by 55.6%,
with a false-positive rate of 10.7%. In addition to K-ras
oncogene, a number of tumor suppressor genes were
found to be affected by genetic alteration in pancreatic
cancer such as p53, p16 and DPC4. Those, in addition
to K-ras have been shown to increase the sensitivity of
pancreatic cancer detection to up to 90%-100% in cases
where FNA was inconclusive[78,79]. Due to the relative
high diagnostic accuracy of standard EUS-FNA as well
as the relatively high cost and limited availability of these
genetic tests, the use of genetic testing of EUS-FNA
samples has been limited to research protocols and inconclusive cytopathology specimens.

COMPLICATIONS OF EUS-GUIDED
TISSUE ACQUISITION
Complications of EUS-FNA are rare and include bleeding, infection, and acute pancreatitis, which collectively
occurs in about 2%-3% or less of procedures[62-63]. Additionally, there have been few case reports of tumor
seeding after FNA although this remains very rare[63-67].
Theoretically, the larger the needle size and the higher
the number of passes made, the higher the likelihood
of complications. Nevertheless, a recent meta-analysis[68]
that included 51 studies failed to demonstrate a statistical
difference in rate of adverse events associated with 19-G
needle as compared to 22 and 25-G needles.
To date, few studies have evaluated the specific factors associated with increased incidence of adverse
events. One study of 316 patients[65] found that postprocedural adverse events are higher when accessing
pancreatic lesions smaller than 20 mm in size. This can
be explained by the fact that smaller lesions can be more
difficult to access, and require longer time of penetration and higher number of passes, all of which can
increase the risk of damaging the normal surrounding
tissues. The same study showed that certain cancers such
as neuroendocrine tumors are associated with higher incidence of complications after EUS-FNA, probably due
to the highly vascular nature of such lesions. Other variables such as patients’ age, needle size, lesion location
and number of passes did not have an impact on the
incidence of adverse events. It should be noted that due
to the very low overall rate of EUS-FNA related complications, a rather large sample size is required to demonstrate any potential increase in complication rates when
using larger size needles. In addition, certain complications like bleeding following FNA remain subclinical and
rarely result in hospitalizations or further interventions.
In general, it is always recommended that the diagnosis
be made with smaller needles and minimal number of
passes in order to avoid any unnecessary risks.

RECENT ADVANCES IN EUS-GUIDED
TISSUE ACQUISITION
The recent technological developments in EUS equipment employ physical concepts of ultrasound in an attempt to improve the diagnostic yield of this procedure
while maintaining its high safety profile. One glaring
example is the use of real-time sono-elastography, which
is a technique that measures tissue elasticity through
calculation of tissue strain[69]. Due to the fact that tissue
elasticity is often altered when replaced by cancer, EUS
elastography can detect small tumors and malignant
lymph nodes and this can direct FNA to high yield sites.
This can be particularly useful in the setting of chronic
pancreatitis, which is estimated to be present in up to
20%-35% of patients undergoing FNA for pancreatic
lesions[13,70,71]. This also can be of value when EUS-FNA
is negative for malignancy when the suspicion of can-
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CONCLUSION
EUS-guided tissue acquisition has evolved to become an
indispensible tool for the diagnostic work up of gastrointestinal malignancies and other non-malignant disorders. High sensitivity, specificity and diagnostic accuracy
coupled with low rates of adverse events have made this
procedure more suitable than other invasive ones such as
CT-guided biopsies. The quality of sample acquired by
EUS is influenced by numerous factors, including needle
size and sampling techniques. Recent studies have demonstrated the adequacy of FNA specimens provided by
25-G needle compared to other needles and this should
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be strongly considered in transduodenal sampling.
Larger size needles like 19-G appear to provide better
sample quality overall, but can be associated with technical failures in the transduodenal approach and potentially
higher rates of complications. New flexible 19-G needles
and newly designed core biopsy devices appear capable
of delivering adequate histopathology samples when this
is needed for the diagnosis.
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Core tip: The efficacy of salvage celiac plexus neurolysis (CPN) either by percutaneous or endoscopic ultrasound (EUS) guided technique has been modest in
its ability to reduce pain and narcotic requirements in
patients with unresectable pancreatic cancer, and few
studies with rigorous methodology exist. Data for early
EUS-CPN at time of diagnosis appears to prevent pain
escalation while moderating narcotic use and future
studies should explore CPN for patients before rescue
therapy is needed. Reports of serious and fatal complications of CPN have surfaced in recent years.

Abstract

Wyse JM, Chen YI, Sahai AV. Celiac plexus neurolysis in the
management of unresectable pancreatic cancer: When and how?
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URL: http://www.wjgnet.com/1007-9327/full/v20/i9/2186.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i9.2186

Pancreatic cancer is the second most common abdominal cancer in North America with an estimated 20%
resectability at diagnosis, and overall 5-year survival
of 5%. Pain is common in pancreatic cancer patients
with 70%-80% suffering substantial pain. Celiac plexus
neurolysis (CPN) is a technique that can potentially improve pain control in pancreatic cancer while preventing further escalation of opioid consumption. CPN is
performed by injecting absolute alcohol into the celiac
plexus neural network of ganglia. This review sets out
to explore the current status of CPN in non-resectable
pancreatic cancer. We will examine: (1) the efficacy
and safety of percutaneous-CPN and endoscopic ultrasound guided-CPN; (2) specific technique modifications
including bilateral (vs central) injections and celiac
ganglia neurolysis; and (3) the issue of CPN timing,
early at pancreatic cancer diagnosis vs traditional late
use as salvage therapy.

WJG|www.wjgnet.com

INTRODUCTION
Pancreatic cancer is the second most common abdominal cancer in North America with an estimated number
of 45220 new diagnoses and 38460 deaths in the United
States in 2013[1]. The high mortality rate is due in part to
the aggressive nature of the tumor and its asymptomatic
disease progression leading to delayed diagnosis with
an estimated 20% resectability at diagnosis, and overall
5-year survival of 5%[2,3]. Pain is common in pancreatic
cancer patients with 70%-80% suffering substantial
pain[4-6]. As a result, systemic analgesic therapy (SAT)
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lap with Nagels et al[18]) including one intra-operative neurolysis[5,6,16,17,20,21]. This analysis found pain improvement
at 2, 4 and 8 wk of -0.34 (95%CI: -1.03-0.34, P = 0.33),
-0.50 [95%CI: -0.85-(-0.15), P = 0.005], and -0.60 [95%CI:
-0.82-(-0.37), P < 0.00001] respectively[6].
Regardless of the statistical significance found at different time points between these often heterogeneous
studies within 2 meta-analyses, it is striking that all of
the point estimates are less than one. A decrease of less
than one point on a pain scale is unlikely to be clinically
significant and questions whether the procedure is beneficial at all. The difficulty in interpreting the true clinical
significance lies in the fact that opioid consumption (see
below) is a direct confounder of pain and both pain and
opioid use are routinely analyzed with univariate statistical models. If opioid consumption were to simultaneously decrease or even remain unchanged relative to the
SAT groups then the difference in pain corrected for
opioid use may become clinically significant (data unavailable).

usually including opioid medication is central to the
management of unresectable pancreatic cancer. However, pain can often become intractable and refractory
to narcotics leading to dose escalation and opioid associated side effects[7-9].
Celiac plexus neurolysis (CPN) is a technique that
can potentially improve pain control in pancreatic cancer
while preventing further escalation of opioid consumption[6,10]. CPN is most often performed by injecting local
anesthetic followed by absolute alcohol into the celiac
plexus neural network of ganglia with intention to ablate
the tissue transmitting pain from the pancreas and adjacent visceral organs. In current clinical practice, it has
been used almost exclusively as salvage therapy when
pain control is inadequate with SAT[11]. CPN modalities
include surgical splanchnectomy, percutaneous (PQ)CPN, and endoscopic ultrasound guided (EUS)-CPN.
Surgical splanchnectomy/intra-operative celiac plexus
neurolysis can be performed on those not deemed inoperable preoperatively but will not be reviewed in this
paper. The two most commonly practiced routes are the
posterior PQ-CPN usually under CT or fluoroscopic
guidance and EUS-CPN. There has been much controversy as to which route and which specific techniques
should be the gold standard based on efficacy and safety.
This is partially due to a lack of well-designed randomized controlled trials and lack of studies directly comparing the two modalities. Furthermore, there is recent data
to suggest that using CPN as salvage therapy may not be
the only or best option and that early CPN, performed
at the time of diagnosis, may prevent or slow the spiral
of increasing pain and opioid consumption[12].
This review sets out to explore the current status of
CPN in non-resectable pancreatic cancer. We will examine: (1) the efficacy and safety of PQ-CPN and EUSCPN; (2) specific technique modifications including bilateral (vs central) injections and celiac ganglia neurolysis
(CGN); and (3) the issue of CPN timing; early at pancreatic cancer diagnosis vs traditional late use as salvage
therapy.

Opioid consumption
To allow for some comparison, data from the 2 above
meta-analyses will be used. Nagels et al[18] found an absolute reduction in opioid use compared to SAT at 2 wk
of -44.64 mg [95%CI: -72.74-(-16.54), P = 0.002], 4 wk
-72.41 mg [95%CI: -86.14-(-58.68), P < 0.00001], 8 wk
-70.02 mg [95%CI: -104.05-(-36.00), P < 0.0001] and
one study at 12 wk (105 ± 65 mg vs 169 ± 71 mg, P <
0.01)[18]. Yan et al[6] found similar findings of decreased
opioid use with PQ-CPN at 2 wk -39.99 mg [95%CI:
-60.08-(-19.91), P < 0.0001], 4 wk -53.69 mg [95%CI:
-79.65-(-27.73), P < 0.0001] and 8 wk -80.45 mg [95%CI:
-134.66-(-26.24), P = 0.004].
Some of the above differences in opioid requirements do seem clinically significant, but as mentioned,
to measure their true benefit a bivariate or multi-variate
analysis would be necessary. These studies also did not
convincingly show a decrease benefit in opioid related
side effects. However, as discussed below this patient
population has symptoms impacted by numerous factors
including multiple medications, psycho-social stressors,
and mobility. Therefore, to isolate constipation (for example) as strictly a narcotic induced side-effect is likely
inappropriate.

PQ-CPN
Pain control
Initial meta-analyses regarding the use of PQ-CPN in
controlling pain due pancreatic cancer showed conflicting results and are limited to mostly retrospective and
uncontrolled studies [10,13,14]. Since then, several RCTs
have been published of which 5 (265 patients) from
1993-2008 were analyzed in a recent systematic review[5,15-19]. They demonstrated statistically significant
improved pain level in the PQ-CPN group compared to
SAT at 1-2 wk by -0.87 [95%CI: -1.47-(-0.28), P = 0.004],
and at 4 wk by -0.47 [95%CI: -0.71-(-0.23), P = 0.0001].
At 8 wk however, the statistical difference was lost -0.31
(95%CI: -0.74-0.12) and similarly no study showed benefit at 12 wk[18]. A previous meta-analysis, by Yan et al[6],
also comprised of 5 RCTs (302 patients, 3 studies over-
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Quality of life
Finally, when assessing the effect of PQ-CPN on quality
of life (QOL), the data is inconclusive with some studies
suggesting an improvement while others failing to demonstrate a significant difference[5,6,15,16,18,19].
It is important to note that the patient population
being dealt with are palliative patients at the end of their
life. Pain is an extremely complex entity at baseline,
and its complexity is only enhanced in patients with a
growing and spreading tumor who are facing their own
mortality. Although the overall impact on QOL remains
controversial, a modest pain reduction in the context of
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hematuria; and are estimated to occur at 2%[10]. Paraplegia itself is believed to occur secondary to needle trauma
or vasospasm induced by the injection of alcohol into
the artery of Adamkiewicz leading to ischemic cord
injury via the anterior spinal artery. Paraplegia has been
reported in the literature and is estimated to occur in less
than 0.15% of the cases[28].

clinically significant opioid reduction may still be very
meaningful. Furthermore, the QOL scales used varied
widely and could not be easily combined in any metaanalysis, and the QOL categories themselves within
these scales would not be expected to improve by better
pain control alone. A simple question such as “did this
procedure improve your life in a meaningful way?” may
have more appropriately assessed its worthiness. Nevertheless, these concepts and issues still bring into question whether PQ-CPN as a last resort in salvage therapy
should be recommended to these patients.

EUS-CPN
Data on adverse events of EUS-CPN are limited to small
retrospective studies and case reports. Similar minor periprocedural events such as transient hypotension were
described in 3 case series and estimated at 11%[23,25,26]. Diarrhea was noted in 4 studies in approximately 18%[23,24,26,29].
Transient abdominal pain was described in case series at
rates varying from 1.5% to 8%[22,23,25,26]. Theoretically,
EUS might be the safer modality. Its anterior approach
through the gastric wall allows for direct passage of the
needle into the target area while visualizing and avoiding vascular structures, without having to traverse the
retrocrural space near other vital organs. Although initial
reports (prior to 2012) of serious adverse events were
lacking, there have been a number of severe complications recently reported in the literature. Gimeno-Garcia
et al[30] reported the first fatal complication with EUSCPN in the context of chronic pancreatitis leading to
celiac artery thrombosis and vasospasm resulting in
multi-organ ischemic injury and death. Subsequently, 2
additional reports of ischemic injury and death following
EUS-CPN, were also believed to be due to injection of
ethanol into the celiac artery leading to vasospasm[31,32].
Other reported complications include retroperitoneal
bleeding, and 2 cases of paraplegia[30,33,34].
Overall, although EUS may potentially enhance precision of injections, no conclusions can be made regarding
the safer modality without head to head studies with PQCPN. Furthermore, serious fatal complications although
rare are not unavoidable with EUS-guided therapy.

EUS-CPN
EUS-CPN has emerged as a promising approach to
CPN that has the potential for better visualization of the
celiac plexus through close proximity and real-time highresolution ultrasound, possibly allowing for more precise
and safer injections. However, the data supporting this
approach once again in the context of salvage therapy
are limited to uncontrolled retrospective studies. Wiersema and Wiersema[22] were the first to describe EUS-CPN
in 58 patients and showed modest improvement in pain
control up to 12 wk following therapy. More specifically,
45 patients (78%) experienced a decrease in pain score
independently of narcotic use. Since then, there have
been several other observational studies (with no control
group) examining EUS-CPN in relieving pain due to
pancreatic cancer[23-26]. In a systematic review of these
studies, a significant pain reduction was noted at weeks
2, 4, 8, and 12 with a mean difference in pain score of
-4.26 [95%CI: -5.53-(-3.00)], -4.21 [95%CI: -5.29-(-3.13)],
-4.13 [95%CI: -4.84-(-3.43)], -4.28 [95%CI: -5.63-(-2.94)]
respectively[18]. This is consistent with a meta-analysis,
which showed a pain reduction in 80% of the patients
following EUS-CPN for pancreatic cancer[27]. EUS-CPN
studies showed relatively stable or slightly lower opioid
requirements that paralleled this pain reduction[16,17,19];
however, there is no randomized controlled study for
EUS-CPN used specifically as salvage therapy despite
these promising data.

PQ-CPN VS EUS-GUIDED CPN
There are no studies directly comparing EUS-CPN and
PQ-CPN in the management of pancreatic cancer. Efficacy of celiac plexus block (CPB) for chronic pancreatitis pain (using an anesthetic agent ± steroids as opposed
to ethanol in neurolysis for pancreas cancer) remains
controversial. However, two RCTs comparing EUS and
PQ-CPN in CPB for chronic pancreatitis have suggested
greater efficacy with EUS-CPB than PQ-CPB[35,36]. Gress
et al[35] studied 20 patients showing greater and more persistent pain relief up to 12 wk post-treatment favoring
EUS-CPB. Major weaknesses in this study; however, include its small sample size and unblinded methodology.
Santosh et al[36] performed a larger, single-blinded RCT
involving 56 patients favoring EUS-CPB over PQ-CPB
for initial pain relief with 70% vs 30% responding to
treatment respectively. Pain relief was also shown to be

ADVERSE EVENTS ASSOCIATED WITH
CPN
PQ-CPN
It is important to distinguish common or even expected
side effects from CPN complications. Frequent minor
adverse events associated with PQ-CPN are believed to
be due to disturbances of the autonomic system resulting from ablation of the celiac plexus and sympathetic
blockade leading to unopposed parasympathetic activity.
One study estimated diarrhea (9%), hypotension (8%),
constipation (40%), nausea and vomiting (41%), and
lethargy (49%)[6]. Pain at the site of injection (96%) has
also been frequently reported[10]. Rare complications are
described in case reports and include lower neurological
deficit (weakness and paresthesia), pneumothorax, and
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Central ganglia neurolysis
Recent developments in EUS equipment have improved
resolution such that injection directly into celiac ganglia is
possible in certain patients. One prospective study in 200
patients undergoing diagnostic EUS demonstrated a rate
of celiac ganglia detection of 81%, Figure 1[42]. Another
study demonstrated a ganglia visualization rate of 89%
in 57 patients[43]. These percentages seem high in our
experience nevertheless exemplify the real possibility of
visualizing ganglia. Since ganglia are collections of nerve
bodies and glial cells, injections into these structures have
the potential to obliterate more neurons successfully,
possibly leading to greater pain suppression. Levy et al[44]
provided preliminary data on EUS-CGN demonstrating
its safety and effectiveness in achieving significant pain
relief in 94% of the subjects with pancreatic cancer. In
addition, a retrospective analysis of EUS-CPN and CGN
found that visualization of celiac ganglia was the best
predictor of response to therapy[26]. Recently, an RCT
comparing EUS-CGN vs EUS unilateral CPN showed
substantial greater pain relief in the CGN group (73.5%
vs 45.5%, P = 0.026) with similar adverse events [37].
However, the comparison was not against bilateral injection and the response rate with CGN vs unilateral was
remarkably similar to the bilateral vs unilateral technique
referenced above 70.4% (61.0, 80.0) vs 45.9% (32.7, 57.4),
P = 0.0016[38].
Overall, superior efficacy of EUS-CGN is possible
but unproven, especially compared to bilateral injection.
This also lends biologic plausibility to bilateral injection
being more efficacious than central since the ganglia
frequently “and remove” as very are located lateral to
the celiac artery and may be injected with the bilateral
technique even when not visualized. CGN is also not
possible via PQ-CPN. With EUS-guided CGN, although
the drug is injected into the ganglia, it is conceivable
that drug also diffuses beyond the targeted ganglia and
destroys adjacent, invisible ganglia. Also, variation in
equipment, make and model significantly impact ability to visualize ganglia and so success rates cannot be
generalized. At this time we do not recommend CGN as
a standard for CPN technique as it does not provide a
wider distribution of the ethanol over the bilateral technique, but does add a degree of technical complexity
and dependence on quality of equipment.

more persistent with 38% vs 10% having significant pain
relief at 12 wk. Although data from these RCTs of CPB
in chronic pancreatitis are not directly applicable to CPN
in pancreatic cancer, they do suggest a potential superior
efficacy with they do suggest a potential superior efficacy
with EUS in terms of drug delivery. Trials comparing
PQ and EUS-CPN are certainly needed.

BILATERAL OR UNILATERAL CPN AND
CGN
Bilateral vs unilateral/central neurolysis
Unilateral neurolysis is accomplished by a single injection
into the base of the celiac artery takeoff. This technique
may not adequately expose celiac ganglia to ethanol as it
is now appreciated that the majority of ganglia are between the celiac artery and left adrenal gland[37].
Bilateral injection, is performed by injecting into both
sides of the celiac plexus by torqueing the echoendoscope to each side of the celiac artery and advancing the
injection needle parallel to its trajectory. Although there
is potential for more adverse events due to greater needle
movement, the bilateral approach has been shown by
some to be more effective in providing pain relief. In a
prospective cohort study comparing unilateral vs bilateral
CPN or CPB, the bilateral technique achieved significantly more pain relief vs unilateral (mean percent pain
reduction) 70.4% (61.0, 80.0) vs 45.9% (32.7, 57.4), P =
0.0016, at day 7 post treatment. Although this is a shortterm study the onset of neurolysis effect begins soon
after the nerve ablation, therefore a comparison between
two techniques at 7 d can still be revealing. The only predictor of a > 50% pain reduction was bilateral injection
[odds ratio 3.55, (95%CI: 1.72-7.34)][38]. Furthermore a
meta-analysis also suggested superiority of pain reduction with bilateral injection over central injection, 85.54%
vs 45.99% respectively[27]. A subsequent RCT comparing
the two approaches in pancreatic cancer in 50 patients
did not suggest a significant difference in terms of pain
control or adverse events. However, there was a trend to
nearly a 30% increase in duration of effect (11 wk vs 14
wk) in favor of bilateral, a result, which may have been
limited by sample size[39]. Furthermore, the point estimate
for central/unilateral seemed high at 69% (compared to
approximately 45% in other studies) and may have prevented a difference from being detected. One must keep
in mind that meta-analyses of the highest quality studies
for both PQ-CPN and EUS-CPN included almost only
the bilateral technique[6,27]. The bilateral technique also requires significant advancement on either side of the celiac
artery and may be operator dependent. Finally, two other
studies also support the notion that injection deeper[40]
and along both sides of the celiac axis provide better pain
relief[41]. Although there is no definitively proven superior
technique, we favor the bilateral technique given the sum
of the above evidence as well as the concept of wider
distribution of the ethanol near areas where ganglia are
most commonly found.
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TIMING OF CPN: EARLY (NEAR TIME OF
DIAGNOSIS) VS TRADITIONAL SALVAGE
THERAPY
We hypothesize that one of the primary reasons why
the magnitude of effect shown for salvage CPN is often
seen as marginal and not clearly clinically meaningful
is that it is offered “too late”. Once pancreatic cancer
has progressed causing increasing pain and tolerance to
narcotics, a true rescue is unlikely to occur. The postulated advantage of early therapy therefore is to prevent
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SMA

Aorta

Figure 1 Three celiac ganglia are demonstrated in each image (arrows). SMA: Superior mesenteric artery.

or minimize both pain progression and narcotic dose
escalation and tolerance. We addressed this issue in the
first sham controlled RCT comparing early EUS-CPN
(at the time of diagnosis) for unresectable pancreatic
cancer vs standard SAT[12]. The difference in absolute
mean change in pain between the early and salvage
therapies were -1.0 [95%CI: -1.7-(-0.1)] at 1 mo and
-2.2 [95%CI: -3.1-(-1.4)] at 3 mo favoring the early CPN
group. Despite starting with a lower pain level than
salvage therapy trials the absolute decrease in pain was
greater than those found in the PQ-CPN RCTs above,
and statistically significant at 3 mo. For difference in
mean percent change in pain score the EUS-CPN group
trended at 1 mo and was significantly greater at 3 mo as
well, -28.9% (95%CI: -67.0-2.8, P = 0.09), and -60.7%
[95%CI: -86.6-(-25.5), P = 0.01] respectively. In the SAT
group, morphine use increased compared with baseline
at both 1 mo (mean absolute change in MEQ consumption +54 mg [95%CI: +20-(+96)] and particularly at 3
mo (mean absolute change in MEQ consumption +100
mg [95%CI: +49-(+180)]. In the EUS-CPN group,
morphine use also increased at 1 mo (mean change in
MEQ consumption +53 mg [95%CI: +28-(+89)], but
plateaued by 3 mo (mean change in MEQ consumption
+50 mg [95%CI: +28-(+79)]. Comparing groups, EUSCPN did not significantly reduce narcotic use at 1 mo,
however, at 3 mo post-procedure there was a strong
trend towards lower opioid consumption in the CPN
group -49.5 mg (95%CI: -127.5-7.0, P = 0.10). Importantly, patients who did not receive subsequent radiation or chemotherapy demonstrated greater difference
between groups. For example, a significant reduction
in narcotic consumption was noted at 3 mo -144.5 mg
[95%CI: -290.0-(-30.0)] (Table 1). The stronger results
in patients who did not undergo adjuvant therapy underlies that this therapy with its inherent benefit to the
patient, diluted the magnitude of effect of CPN alone.
Therefore, data from this RCT suggest that early EUSCPN prevents pain escalation while moderating narcotic
use. Compared to all of the studies using salvage therapy, both PQ and EUS-CPN, these results seem very
favorable.
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CONCLUSION
Severe and intractable pain refractory to traditional SAT
is a common occurrence of non-resectable pancreatic
cancer. Pain control is crucial in the management of
this population with several retrospective studies and a
handful of RCTs demonstrating greater pain relief with
equal and/or decreased opioid requirements with CPN
(PQ or EUS). Although there are no head to head trials
comparing EUS to PQ-CPN, data comparing the two
modalities for CPB in chronic pancreatitis suggests EUS
may be superior. Despite no conclusive data suggesting
superiority, EUS does offer the potential for enhanced
visualization of important vital structures and of celiac
ganglia should CGN studies become more robust. Given
the sum of the evidence and with wider distribution of
ethanol in areas where ganglia are known to reside, we
favor bilateral CPN over central injection. However this
superiority is still controversial and central injections
are certainly acceptable if the echoendoscopist is more
comfortable with the latter. CGN cannot yet be recommended given inconsistent visualization of ganglia and
the lack of trials compared to the bilateral technique
which itself can be reproduced consistently in patients
using only the celiac artery as a landmark. Perhaps most
importantly, we feel there should be an emphasis of
future studies on performing CPN early (at or near diagnosis) and the only existing EUS-CPN RCT did examine
this approach with results comparable and seemingly
superior to existing PQ-CPN RCTs done exclusively for
salvage therapy. Preventing the escalation of pain and
narcotic use should be the purpose of CPN in patients
with unresectable pancreatic cancer. One must note,
however, that pain due to pancreatic cancer is multifactorial not only including celiac plexus pathways but
also from, for example, intestinal obstruction and liver
capsule distention from metastases. CPN will only target
some of these pain mechanisms and may play less of a
role as disease progresses and other pain etiologies become more pronounced.
Given the totality of existing evidence, it appears that
in 2013, the optimal patient for successful and meaningful CPN would be undergoing diagnostic and staging
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Table 1 Early endoscopic ultrasound-celiac plexus neurolysis vs systemic analgesic therapy: Pain relief and narcotic consumption
[12]
with or without chemo-XRT
EUS-CPN vs control
Difference in mean % change in pain relief:
No chemo-XRT1
Chemo-XRT
Difference in mean change in MEQ consumption:
No chemo-XRT
Chemo-XRT

After 1 mo (95%CI)

After 3 mo (95%CI)

-59.6% (-95.4 to -27.6)1
31.0% (-34.3 to 106.2)

-85.8% (-127.6 to -51.3)1
-45.6% (-72.6 to -23.3)1

-2.4 mg (-58.4 to 60.8)
11.4 mg (-23.7 to 39.4)

-144.5 mg (-291 to -30)1
26.1 mg (-12.2 to 56.5)

1

Statistically significant P < 0.05. EUS-CPN: Endoscopic ultrasound-celiac plexus neurolysis; Chemo-XRT: Chemotherapy and radiation therapy; MEQ:
Morphine equivalent.

EUS for pancreas cancer. CPN in this instance may be
more impactful if the patient happens to not undergo
subsequent chemotherapy/radiotherapy. Rare, serious,
and even life threatening complications regardless of
timing and route have to be disclosed and discussed with
the patient in detail. Future studies should focus on early
CPN in this unfortunate patient population.
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Core tip: With the increasing use of gastrointestinal endoscopy, especially for screening in an asymptomatic
population, increasing the tolerability of the procedure
is of paramount importance. Our review summarizes
evidence that carbon dioxide (CO2) insufflation can reduce both pain and bloating in colonoscopy and endoscopic retrograde cholangiopancreatography although
the evidence in gastroscopy is still lacking. Despite
established safety concerns about hypercapnia, significant harm has never been demonstrated in the literature. Patients thought to be at higher risk of hypercapnia need to be included in more studies to demonstrate
that CO2 insufflation is safe in an unselected screening
population but early evidence is encouraging.

Abstract
Endoscopic procedures continue to play an emerging
role in diagnosing and treating upper and lower gastrointestinal (GI) disorders. In particular, the introduction of colonoscopy in bowel cancer screening has underlined its promising role in decreasing the incidence
of colorectal cancer and reducing tumour related mortality. To achieve these goals patients need to contemplate endoscopic examinations as painless and fearless
procedures. The use of carbon dioxide (CO2) as an alternative insufflation gas in comparison to air has been
considered as an essential key to improving patients’
acceptance in undergoing endoscopic procedures. CO2
is absorbed quickly through the bowel mucosa causing
less luminal distension and potentially less abdominal
pain. However, its exact role has not been defined
completely. In particular, the beneficial use of CO2 in
upper GI endoscopy and in sedated patients is still
conflicting. In the present review, we aimed to assess
the current evidence for using CO2 in endoscopy and
to evaluate its potential role in the future.
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INTRODUCTION
In the last decade, endoscopy has become an essential
diagnostic and therapeutic instrument in daily clinical
practice. As a consequence, the number of endoscopic
examinations has increased continuously, in particular,
as a result of constant efforts to improve patient’s acceptance and compliance to participate in bowel cancer
screening programs. However, some patients still have a
fear of undergoing colonoscopy, as they associate it with
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considerable pain and discomfort.
A number of studies aimed to investigate how to
ease abdominal symptoms in lower and upper gastrointestinal (GI) endoscopy[1]. The introduction of moderate
or deep sedation has certainly been an essential step to
increase its attractiveness and to reduce the anxiety and
concerns of the patients [2]. Recent evidence demonstrates that sedation can be safely administered in colonoscopy without increasing the risk of respiratory or
abdominal complications[3].
Another technique that has emerged in the last few
years is the use of carbon dioxide (CO2) as an alternative
insufflation gas. CO2 is rapidly absorbed by the intestinal
mucosa and easily expired through the respiratory tract,
with the potential advantage of reducing the duration of
large bowel distension. However, there have also been
concerns as whether CO2 results in a raise in arterial
pressure of CO2 (pCO2) leading to cardiac or respiratory
compromise[4].
Notably, several studies revealed promising results
with significantly less abdominal pain during and after
endoscopic procedures by using CO2 compared to air
insufflation, which is still considered the standard gas
to insufflate the bowel[5-7]. In addition, in upper GI endoscopy the use of CO2 gas remains conflicting in the
current literature and convincing evidence is still missing
to warrants its routine use[8]. It is also debatable whether
the use of CO2 is still beneficial in patients, who are
deeply sedated during the procedure.
In the present review, we aimed to assess the current
evidence for the use of CO2 insufflation during diagnostic and therapeutic endoscopic procedures and to define
its role in the future.

sessing either the degree of colonic distension present
on abdominal radiograph or the changes in waist circumference post procedure[7,11,13,14]. Findings have consistently demonstrated less distension in the group undergoing
CO2 insufflation. The differences were marked with very
little overlap between groups. For example Sumanac
found that 71% of patients had large bowel dilatation of
> 6 cm 1 h after colonoscopy with air insufflation compared with only 4% in the CO2 group[7].
Iida et al[15] investigated patients having CO2 compared to air insufflation colonoscopies and measured
their levels of salivary alpha-amylase (SAA) as an objective maker of stress[15]. SAA levels increased as a result
of colonoscopy in both groups as expected but the rise
was significantly higher in the air group than the CO2
group. VAS scores were also measured however and
there was no significant difference between the groups.
Sedation
Available studies used a wide range of sedation methods
from no sedation to deep sedation with agents such as
propofol. There has been some question as to whether
the potential benefits of reduced pain with CO2 insufflation may be lost when deep sedation is used. The
evidence would point to the contrary however with the
majority of studies showing benefits lasting beyond the
time that the sedation would have worn off[5,7,11,16,17]. Riss
et al[5] used deep sedation and observed the greatest improvement in pain scores between 15 min and 6 h postprocedure showing that there is still a potential benefit.
Effects on screening
Making colonoscopy more comfortable is an issue of particular concern when considering bowel cancer screening
programmes where asymptomatic patients are voluntarily undergoing the procedure with no guaranteed benefit.
Several studies have addressed patients’ feelings about
undergoing further colonoscopies when comparing
air and CO2 insufflation to determine whether a more
comfortable procedure would increase compliance with
ongoing screening. The results showed a high level of
satisfaction with the procedure, with the vast majority of
patients reporting that they would be happy to go ahead
with a repeat colonoscopy if necessary and would recommend it to others[5,12]. Geyer et al[17] found that overall
satisfaction was slightly higher in the CO2 group (9.6 vs
9.3 on a VAS) however other studies have found no significant difference between the air and CO2 groups[5,12,17].
This does not strongly support the hypothesis that the
use of CO2 could improve compliance with screening
programmes.

LOWER GI ENDOSCOPY
A high number randomised controlled trials comparing endoscopic insufflation with either CO2 or air were
conducted in the last decade (Table 1). Interestingly, no
studies to date have noted any technical disadvantages
when using CO2 insufflation; insertion and withdrawal
times, caecal intubation rates and complication rates are
comparable or even superior in favour of CO2[9]. The
volume of gas used has also been compared in several
studies and no difference has been found when using
CO2 compared to air[10].
The primary outcome measure in the majority of
studies was pain, as measured using a visual analogue
scale (VAS). Findings have consistently shown lower
pain scores when CO2 insufflation was used in contrast
to air, although some studies have shown a peak difference in pain score during the procedure or shortly after
whereas others have shown evidence of a more delayed
effect several hours after the procedure[7,11,12]. There is
considerable heterogeneity between studies in the time
intervals at which pain was measured.
Several studies have attempted to assess the degree
of abdominal bloating objectively post procedure by as-

WJG|www.wjgnet.com

CO2 insufflation only during scope withdrawal
There has been recent interest in whether using CO2 insufflation only for the withdrawal phase of colonoscopy
retains the same benefits of reduced pain and distension
as when CO2 is used for the entire procedure. Chen et al[18]
and Hsu et al[19] both found that there was no difference in
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Table 1 Studies comparing carbon dioxide and air insufflation in colonoscopy
Patients (n )

Exclusion criteria

Sedation

Findings

Stevenson et al[11], 1992

56

Previous colonic resections, children

Moderate

Sumanac et al[7], 2002

100

GI bleed, IBD, colectomy

Moderate

Bretthauer et al[16], 2002

240

None

Church et al[33], 2003

247

Previous resection, malignancy, severe cardiac or respiratory disease
None

Bretthauer et al[34], 2005

103

Severe COPD, children

Wong et al[12], 2008

96

COPD, colectomy, bleeding, obstruction

Liu et al[35], 2009

349

None

None

Riss et al[5], 2009

300

Severe COPD, children

Deep

Geyer et al[17], 2011

109

None

Yamano et al[27], 2010

120

Mayr et al[36], 2012

156

Previous resection, malignancy, severe cardiac or respiratory disease,
active bleeding, obstuction
None

Moderate/
deep
None

No difference in pain during procedure but better in
CO2 group at 6 and 24 h post
AXR at 1 h - 94% trace/v little gas in CO2 group, air
18% > 10 cm, 57% > 6 cm
AXR at 1 h - 71% > 6 cm in air vs 4% in CO2 group
Reduced pain score at 1 and 6 h in CO2 group
Lower pain score at all time points in CO2 group
No difference in ETCO2
Lower pain score 10 min post procedure in CO2
group but no difference during
Lower pain in CO2 group at 1, 3, and 6 h
Higher ETCO2 in both groups when sedated
Lower pain score in CO2 group during procedure
and in first 30 min then no difference
93% CO2 vs 98% air would have procedure again 89%
CO2 vs 96% air would recommend to others
Lower pain score in CO2 group
No difference in ETCO2
Lower pain score in CO2 group at 15 m, 30 m and 6 h
but not during procedure
98% overall would have procedure again, no difference between groups
Less pain and bloating (peak at 1 h) in CO2 group
No change in TCCO2
Lower pain score in CO2 group

Singh et al[6], 2012

142

Previous resection

Deep

Díez-Redondo et al[37], 2012

282

None

Chen et al[18], 2013
Iida et al[15], 2013

193
100

None
None

Moderate/
deep
None
Moderate

Uraoka et al[38], 2009

114

Easy colonoscopies

None

Fernández-Calderón et al[13], 2012

214

None

Deep

Seo et al[14], 2013

94

None

Moderate

Ref.

Moderate
Moderate
/none
Moderate

Moderate

No rise in TCCO2
No pain in 84% of CO2 group vs 65% of air group
Higher caecal intubation rate and faster in CO2 group
Less discomfort in CO2 group
Reduced pain scores in CO2 group for first 6 h
No difference in VAS
Reduced salivary stress hormones in CO2 group
No difference in VAS score
Overall lower pain in CO2 group, particularly when
done by less experienced endoscopists
Lower pain in CO2 group
Greater increase in waist circumference in air group
Less pain in CO2 group
Greater increase in waist circumference in air group

CO2: Carbon dioxide; AXR: Abdominal radiograph; GI: Gastrointestinal; IBD: Inflammatory bowel disease; ETCO2: End-tidal carbon dioxide; COPD:
Chronic obstructive pulmonary disease; TCCO2: Transcutaneous carbon dioxide; VAS: Visual analogue score.

pain score when CO2 was used only for withdrawal[18,19].
Given that there seem to be no proven disadvantages
in using CO2 for the entire procedure it is unclear what
advantage would be offered by using air for insertion
then changing to CO2 mid-procedure. One would assume that using two insufflation systems for each patient
would have negative implications in terms of both time
and cost.

tion in gastric and oesophageal endoscopic submucosal
resection procedures as well as endoscopic retrograde
cholangiopancreatography (ERCP) where lengthy procedures may be necessary and abdominal pain from small
bowel distension may be significant. There have been no
studies looking at CO2 insufflation solely for gastroscopy
without endoscopic surgery, ERCP or consecutive colonoscopy, presumably because post procedural pain is less
of a problem than with colonoscopy.
A meta-analysis of 7 high quality RCTs (including
a total of 756 patients) comparing CO2 to air insufflation in ERCP was carried out by Shi et al[20]. The authors
found that there was a significant reduction in abdominal pain at 1, 3 and 6 h post procedure when CO2 was
used although at 24 h there was no significant difference.
There was no difference in the procedure time but a

UPPER GI ENDOSCOPY,
ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY AND
ENDOSCOPIC RESECTION PROCEDURES
There is increasing interest in the use of CO2 insuffla-
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Table 2 Summary of studies comparing the type of insufflation in endoscopic retrograde cholangiopancreatography
Patients (n )

Exclusion criteria

Sedation

Findings

Bretthauer et al[29], 2007

118

COPD with known CO2 retention

Moderate

Maple et al[39], 2009
Dellon et al[30], 2010

105
78

COPD, pre-procedure abdominal pain
COPD on home O2, known CO2 retention
or opiate use

Deep
Moderate

Kuwatani et al[40], 2011
Luigiano et al[31], 2011

80
110

COPD, pre-procedure abdominal pain
COPD, pre-procedure abdominal pain

Deep
General anaesthesia

Muraki et al[23], 2012

208

COPD

Deep

Less pain up to 24 h in CO2 group
Increased TCCO2 equally in both groups while under
sedation
Less pain at 1 h CO2 group, no difference at 24 h
Fewer adverse events in CO2 group
No difference in pain scores
Increased TCCO2 equally in both groups while under
sedation
No difference in pain scores
Less pain at 1, 3 and 6 h in CO2 group, no difference at
24 h
Higher TCCO2 in CO2 group but easily compensated
for with hyperventilation
Less evidence of physiological stress in CO2 group
Borderline lower complications in CO2 group

Ref.

COPD: Chronic obstructive pulmonary disease; CO2: Carbon dioxide; TCCO2: Transcutaneous carbon dioxide.

borderline reduction in complications was found in the
CO2 group (pooled OR = 0.51; 95%CI: 0.27-0.97, P =
0.04). Further similar meta-analyses have been carried
out by Cheng et al[21] and Wu et al[22] (Table 2) with similar
findings[21,22]. There may be particular advantages for less
experienced endoscopists when using CO2 insufflation as
small bowel distension can make the procedure technically more difficult: Muraki et al[23] used physiological parameters and complications as outcome measures when
ERCP was being carried out by non-expert endoscopists
and found CO2 insufflation resulted in less physiological
stress and borderline lower complications when compared to air.
Only a small number of studies have investigated the
use of CO2 insufflation for endoscopic resection procedures so far. The majority have concentrated on safety
rather than pain scores[24,25]. Maeda et al[26] found that
there was less gas present in the GI tract (assessed on
CT scan) after CO2 insufflation but no difference in VAS
scores or complication rates.

Bretthauer found no difference in ETCO2 in unsedated patient undergoing colonoscopy, in fact CO2 levels
fell during the procedure in both groups[16]. In patients
undergoing sedated colonoscopy, particularly in deep
sedation, an increase in CO2 has been found during the
procedure but this was equally true for both air and CO2
groups and was likely to be due to respiratory depression
due to sedation rather than the reabsorption of CO2
from the colon[28]. One potential limitation of many of
these studies is the unreliability of indirect CO2 measurement with transcutaneous or end tidal CO2 measurement. Serial arterial blood gases may be more accurate
but it was felt that this would be unacceptable to patients
and therefore has not been widely used in studies so far.
For ERCP, safety data was analyzed in three of the
RCTs. In two studies using sedation there was no difference in pCO2 between the two groups but in a single
study which carried out ERCP under general anaesthetic
with endotracheal intubation there were significantly
higher pCO2 levels in the CO2 insufflation group, although this was easily compensated for by hyperventilation[29-31]. All RCTs excluded patients with COPD although some only excluded patients with severe COPD
evidenced by known CO 2 retention or use of home
oxygen. The rise in CO2 in patients having ERCP under
general anaesthetic may be of concern as it implies that
patients probably hyperventilate to some degree to remove the extra CO2. When they were anaesthetized this
didn’t happen and CO2 rose. In patients with significant
respiratory disease it may be that they are not able to
cope with this compensation but only small numbers of
patients have been studied so far.
Suzuki et al[24] monitored the arterial pCO2 in 100 patients undergoing prolonged CO2 insufflation for endoscopic submucosal dissection under general anaesthesia
and found that although pCO2 rose to a median peak of
39 mmHg, this was acceptable and easily controllable
and there was little correlation with procedure time.
There was no air group for comparison. Takano et al[25]

SAFETY CONCERNS
There have been established concerns that the use of
CO2 insufflation may increase the systemic partial pCO2
and put strain on the respiratory system in trying to
eliminate this. Hypercapnia can have a range of physiological effects in addition to respiratory stimulation including direct and indirect effects (via stimulation of the
sympathetic nervous system). Predominantly the effects
are cardiovascular, including peripheral vasoconstriction
and tachycardia, and neurological, including confusion
and reduced consciousness. For this reason the majority
of RCTs have excluded large groups of patients such as
those with cardiac or respiratory disease, those taking
opiate analgesia and those known to have high baseline
pCO2 levels. Several studies have attempted to quantify
the effects on blood CO2 by measuring this either transcutaneously, with end-tidal CO2 or blood sampling[16,27].
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carried out a crossover trial and found no difference in
pCO2 when air or CO2 insufflation was being used.
So far the majority of studies have found no significant increase in pCO2 in patients undergoing endoscopy
with CO2 insufflation compared to air insufflation. Although CO2 insufflation has been shown to be safe in all
studies to date, the exclusion of patients with respiratory
disease in many studies means that these results cannot be applied to all patient groups and the participants
are not representative of a screening population. Later
studies have addressed this by removing any exclusion
criteria. Geyer found that there was no significant rise
above normal CO2 levels in an unselected population[17].
Changing over to use CO2 as standard for endoscopy
would mean using this in high risk groups where less
safety data is available but there is no evidence so far
to suggest that exclusion of particular patient groups is
necessary.
Current sedation and monitoring guidelines are summarized by Lichtenstein et al[32]. They advocate the use
of opiates and benzodiazepine for moderate sedation
and monitoring with clinical observation, pulse oximetry
and non-invasive blood pressure measurement. The use
of capnography or other advanced monitoring was not
advocated for patients undergoing moderate sedation. In
‘‘low risk’’ patients as included in most studies there were
not significant problems with hypercapnia therefore this
level of monitoring is likely to be adequate. In ‘‘high risk’’
patients more at risk of hypercapnia or respiratory complications further monitoring could be considered due to
the current paucity of evidence in this population.

this positive effect was also detectable in patients, who
were deeply sedated during endoscopy. The question
of whether CO2 insufflation results in improved patient
satisfaction was found to be controversial, however, it is
assumable that patients with less pain also tend to repeat
or recommend colonoscopy more likely. The concern
that CO2 increases the risk of complications due to elevated systemic partial pressure of CO2 has not been
studied intensively, but recent data support its widespread use in an unselected population.
In contrast, the use of CO2 in upper GI endoscopy is
not clearly defined and further well designed studies are
mandatory to assess it exact role in this field.
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Endoscopic innovations to increase the adenoma detection
rate during colonoscopy
Vincent K Dik, Leon MG Moons, Peter D Siersema
risk of perforation. In contrast, colonoscopy with the
Third-Eye Retroscope® may result in considerable lower
miss rates compared to standard colonoscopy, but this
technique is not practical in case of polypectomy and
is more time consuming. The recently introduced Full
Spectrum Endoscopy™ colonoscopes maintains the
technical capabilities of standard colonoscopes and provides a much wider view of 330 degrees compared to
the 170 degrees with standard colonoscopes. Remarkable lower adenoma miss rates with this new technique
were recently demonstrated in the first randomized
study. Nonetheless, more studies are required to determine the exact additional diagnostic yield in clinical
practice. Optimizing the efficacy of colorectal cancer
screening and surveillance requires high definition
colonoscopes with improved virtual chromoendoscopy
technology that visualize the whole colon mucosa while
maintaining optimal washing, suction and therapeutic
capabilities, and keeping the procedural time as low
and patient discomfort as optimal as possible.
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Abstract
Up to a quarter of polyps and adenomas are missed
during colonoscopy due to poor visualization behind
folds and the inner curves of flexures, and the presence of flat lesions that are difficult to detect. These
numbers may however be conservative because they
mainly come from back-to-back studies performed with
standard colonoscopes, which are unable to visualize
the entire mucosal surface. In the past several years,
new endoscopic techniques have been introduced to
improve the detection of polyps and adenomas. The
introduction of high definition colonoscopes and visual
image enhancement technologies have been suggested
to lead to better recognition of flat and small lesions,
but the absolute increase in diagnostic yield seems
limited. Cap assisted colonoscopy and water-exchange
colonoscopy are methods to facilitate cecal intubation
and increase patients comfort, but show only a marginal or no benefit on polyp and adenoma detection. Retroflexion is routinely used in the rectum for the inspection of the dentate line, but withdrawal in retroflexion
in the colon is in general not recommended due to the

WJG|www.wjgnet.com

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

Key words: Colonoscopy; Endoscopic innovations; Adenoma detection; Polyp detection; Gastrointestinal endoscopy
Core tip: Up to a quarter of polyps and adenomas are
missed during colonoscopy due to poor visualization
behind folds and the inner curves of flexures, and the
presence of flat lesions that are difficult to detect. In
the past several years, new endoscopic techniques
have been introduced to improve the detection of polyps and adenomas. Optimizing the efficacy of colorectal cancer screening and surveillance requires high
definition colonoscopes with improved virtual chromoendoscopy technology that visualize the whole colon
mucosa while maintaining optimal washing, suction
and therapeutic capabilities, and keeping the proce-
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itor that enables more images per second to be shown.
Moreover, the images have a higher resolution as compared to standard definition colonoscopy. Although high
definition colonoscopy provides much better imaging,
studies evaluating polyp detection with high definition
as compared to standard definition colonoscopes are
scarce and show conflicting results[14]. Two randomized
trials[15,16] found no significant differences in ADR and
PDR between both techniques. In contrast, one randomized study reported a higher PDR (64% vs 53%, P
= 0.03) and mean number of small hyperplastic polyps
per subject (0.10 vs 0.25, P = 0.003) with high definition
colonoscopy[17], while in another randomized multicenter
study[18] high definition colonoscopy yielded more adenomas per subject (1.12 vs 0.69, P = 0.02) and especially
flat adenomas and right-sided adenomas (both p < 0.01).
Furthermore, East et al[19] reported in a prospective nonrandomized study more diminutive (< 6 mm), non-flat
adenomas with high definition colonoscopy, although
no significant differences in ADR and PDR could be
demonstrated. Similar results were found in a retrospective study by Buchner et al[20] including 1226 patients
undergoing standard definition colonoscopy and 1204
patients undergoing high definition colonoscopy. Both
ADR (28.8% vs 24.3%) and PDR (42.2% vs 37.8%) were
statistically significantly higher with high definition colonoscopy but this mainly concerned smaller lesions.
Hence, the use of high definition colonoscopy leads
to high quality images and a marginal increase in ADR
and PDR compared to standard definition colonoscopy.
The absolute increase in ADR is however small and is
estimated to be approximately 3.5% according to a metaanalysis with pooled data of five studies in 4422 patients[21]. The additional value of high definition colonoscopy seems mainly limited to small lesions and, according to one study, flat lesions in the right colon. However,
caution is required when interpreting the results because
marked heterogeneity exists with differences in study design and the type of population included.

dural time as low and patient discomfort as optimal as
possible.
Dik VK, Moons LMG, Siersema PD. Endoscopic innovations to
increase the adenoma detection rate during colonoscopy. World
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http://www.wjgnet.com/1007-9327/full/v20/i9/2200.htm DOI:
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INTRODUCTION
Colonoscopy is considered the gold standard for the
detection and removal of polyps and adenomas in the
colorectum. There is strong evidence that the removal
of polyps and adenomas by colonoscopy lowers colorectal cancer (CRC) incidence and mortality[1,2]. However,
in recent years there has been an increasing concern
about the effectiveness of colonoscopy the detection
of adenomas, early-stage CRC and especially right-sided
cancers[3]. Population-based studies have reported that
3%-8% of patients with CRC had a colonoscopy within
3-5 years prior to CRC diagnosis[4-6]. Retrospective studies revealed that these so-called interval or post-colonoscopy cancers can mainly be attributed to missed lesions
or inadequate examination[5]. Indeed, a considerable proportion of polyps and adenomas are being missed with
colonoscopy, with overall polyp and adenoma miss rates
being estimated between 20%-25% in most back-to-back
colonoscopy studies[7].
The main factors thought to be responsible for missing lesions, besides endoscopist dependent factors, include
the relative difficulty to visualize polyps at the proximal
side of haustral folds and internal curves of flexures[8,9],
the presence of flat lesions[10] and poor bowel preparation[11]. In addition, especially right-sided advanced adenomas are more often diminutive in size or non-polypoid in
appearance compared to left-sided advanced adenomas
and may therefore be more easily overlooked[10,12]. Surface
visualization with standard 140 and 170 degrees colonoscopes is approximately between 87% and 92% in a clean
colon, which illustrates the limitation of standard colonoscopes to adequately visualize the entire mucosa[13]. As
a result, premalignant lesions can be missed and it been
shown that two-thirds of the non-rectal ≥ 6 mm lesions
that are missed during colonoscopy are located on the
proximal side of folds[9].
In more recent years, new endoscopic technologies
aimed to increase polyp detection rates (PDR) and adenoma detection rate (ADR) have been developed. In this
review we will discuss these endoscopic innovations and
their potential to improve the detection of premalignant
lesions during colonoscopy (table 1).

Virtual chromoendoscopy
Virtual chromoendoscopy uses a narrow spectrum of
wavelengths with a decreased penetration depth to enhance visualization of the colon mucosa and has been
developed as an alternative to dye assisted chromoendoscopy. Light of short wavelengths increases the vascular
contrast of the mucosa, allowing improved visualization
of the colonic mucosal surface. Manufactures have developed multiple techniques including Narrow Band Imaging (NBI), Fuji Intelligent Color Enhancement (FICE)
and Autofluorescence Imaging (AFI), which can easily
be switched on during colonoscopy. These techniques
have been suggested to improve the detection of (subtle)
mucosal lesions[22-24].

High-definition colonoscopy

Narrow band imaging
NBI (Figure 1) is one of the most widely used and ex-

High-definition colonoscopy uses a high definition mon-
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Table 1 Endoscopic innovations to improve the adenoma detection during colonoscopy
Technique

Colonoscopy technology

Diagnostic yield

High definition

High definition monitor with more images Marginal increase in number of polyps
per second and high resolution
and adenomas, mostly small, flat, rightsided lesions. approximation 3.5%
increase in ADR
Narrow band imaging
Narrow band filters increase blue (415
Small increase in flat and small serrated
(NBI)
nm) and green (540 nm) wavelengths and lesions, but higher detection rates when
enhance the visualization of mucosal blood
combined with high definition
vessels
Fujinon intelligent
Computed spectral estimation technology Very few randomized studies but polyp
color enhancement
enhances the visibility of mucosal and vas- and adenoma detection seems similar
cular details by narrowing the bandwidth
compared to white light colonoscopy
of light
Autofluorescence
Tissue is exposured to light of short wave- AFI has lower adenoma miss rates (abimaging (AFI)
length, which leads to the excitation of
solute difference of approximation 20%)
endogenous substances and the emission of when compared to white light colonosautofluorescent light
copy, especially for flat and depressed
lesions
Water-immersion
Infusion of water, combinated with airNo difference in ADR between watercolonoscopy
insufflation, during insertion of the colono- immersion and air-insufflated colonosscope. Water and remaining fecal content
copy
are removed during withdrawal
Water-exchange colo- Water containing residual feces is removed
ADR is reported to be approximanoscopy
and “exchanged” for clean water during
tion 10% higher with water-exchange
insertion in lieu of air-insufflation
colonoscopy compared to standard airinsufflated colonoscopy
Cap-assisted colonos- Can be used to depress colonic folds to im- Contradicting results with approximacopy
prove the visualization of proximal aspects tion 10% higher detection rates for small
of these folds
polyps and adenomas in some studies,
but no beneficial results in others
Retroflexion
Withdrawal in retroflexion is possible in the No additional diagnostic yield in the
proximal colon due to the large diameter of proximal colon and questionable in the
this segment and may improve the visualrectum
ization of the proximal aspects of folds
Third-eye retroscope
The retroscope is retroflexed 180 degrees
Limited number of studies, but polyp
after being advanced through the working
and adenoma detection are reported
channel and enhances the visualization to be 15%-25% higher compared to stanbehind folds
dard colonoscopy
Full spectrum endosThree imagers positioned at the front and
One randomized tandem study thus
copy (FUSE)
both sides of the tip provide a 330 degrees far, which showed considerably lower
view, which improve the visualization of miss rates for polyps (9.7% vs 43.%) and
the internal lining of flexures and proximal adenomas (7.5% vs 40.8%) compared to
aspects of folds
standard colonoscopy

Clinical applicability
High quality images with reduced artifacts
and more natural appearance

Possibly improving the detection of subtle
lesions, but insufficient brightness and
dark appearing bile and stool prohibit
optimal pan-colonic use
Like with NBI, images are to dark to
advice routine pan-colonic use

Not advised for routine practice in colonoscopy due to low resolution images,
few images per second and artifacts due to
residual fecal fluids
Reduces pain scores, need for sedation
and general intolerability, but only studied in highly experienced hands
Provides extra cleansing of the mucosa but
is more time consuming and is thus far
only studied in highly experienced hands
Easy to use, can assist during mucosectomies and facilitates introduction of the
colonoscope, but probably has a limited
effect on diagnostic yield
Routine withdrawal in retroflexion is
not recommended but may facilitate the
removal of large sessile polyps
Increases diagnostic yield, but reduces
suctioning capacity when in position and
needs to be removed from working channel in case of polypectomy
Provides a comprehensive view while
maintaining technical capabilities of standard colonoscopes. Requires little training

ADR: Adenoma detection rate.

randomized study by Chung et al[25]. In contrast, studies
in which high definition NBI was compared to standard
definition colonoscopy have shown differences in detection and miss rates of polyps and adenomas[18,26,27].
In a randomized back-to-back study by Gross et al[27]
comparing high definition NBI and standard definition
colonoscopy, significant lower miss rates for polyps
(31% vs 57%, P = 0.005) and adenomas (27% vs 49%, P
= 0.036) were observed. However, the same group reported similar results in a retrospective study comparing
high definition white light to standard definition white
light colonoscopy, which suggests that the additional
yield obtained with high definition NBI may be related
to the high definition component and not to the use of
NBI[20]. This is further supported by a study of Rastogi
et al[18] in which more adenomas per subjects were found
with high definition NBI (1.13) compared to standard

tensively studied image enhancement technologies and
is aimed to improve adenoma detection and differentiation. Narrow band filters placed behind the light source
eliminate red light and increase the contribution of blue
(415 nm) and green (540 nm) wavelengths. The 415 nm
light enhances the visualization of superficial mucosal
capillaries while the 540 nm light increases the visibility
of submucosal and deeper mucosal vessels.
Studies investigating the additional yield of pancolonic NBI are somewhat conflicting. A meta-analysis
including six randomized trials with a total of 2284 patients[23] reported no significant differences between high
definition NBI and high definition white light colonoscopy for the detection of total, flat and < 10 mm adenomas or polyps. Furthermore, no differences in adenoma
or polyp miss rates were observed between both techniques. These findings were recently confirmed in a large
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A

B

Figure 1 View of adenomatous polyp with white light and narrow band imaging. A: Adenoma view with white light; B: Adenoma view with narrow band imaging.

definition white light (1.13 vs 0.69, P = 0.01) but not to
high definition white light colonoscopy (1.13 vs 1.12, P
> 0.05). In the latter study, high definition NBI detected
significantly more flat and right sided lesions compared
to standard definition colonoscopy but a similar number
compared to high definition colonoscopy. A back-toback study including patients with hyperplastic polyposis syndrome also reported a lower polyp miss rate, in
particular for flat polyps and sessile serrated adenomas,
when high resolution NBI colonoscopy was compared
to white light colonoscopy[28]. Two randomized studies
that compared high definition NBI with high definition white light colonoscopy[29,30] reported no difference
in adenoma detection, but high definition NBI yielded
more flat adenomas[29,30] and hyperplastic polyps[29].
In summary, polyp and adenoma detection seem to
be higher with high definition NBI compared to standard definition white light colonoscopy, but the additional value of high definition NBI over high definition
white light colonoscopy may be limited to the detection
of subtle lesions such as small serrated lesions and flat
adenomas. It has been suggested that the limited value
of high definition NBI over high definition white light
colonoscopy may be related to the potential learning effect that is induced by NBI during colonoscopy, i.e., the
introduction of NBI may have improved the recognition
of polyps and adenomas with white light colonoscopy[23].
In this regard, it is of interest that East et al[31-33] showed
that the improvement in adenoma detection rate by high
definition NBI colonoscopy over high definition white
light colonoscopy declined from 61% in the first 52 patients to 45% and only 8% in a second and third group
of 91 and 214 patients. A similar effect was observed in
a study by Adler et al[34] with consecutive groups of 100
patients undergoing white light colonoscopy; the ADR
of 8% in the first group increased to 26% in the last
group of patients, compared to an ADR of 25% with
NBI which remained unchanged during the course of
the study.

by narrowing the bandwidth of light. FICE enables the
endoscopist to choose between different wavelengths
for optimal examination of the colon mucosa[24]. Only
a limited number of studies have evaluated FICE colonoscopy for its proposed increased capability to detect
of adenomas and polyps. In the reported randomized
back-to-back studies that compared FICE with white
light colonoscopy[25,35] or NBI[36] no significant benefit
of FICE was demonstrated. Furthermore, in an earlier
randomized study [37] the ADR and mean number of
adenomas were similar with FICE compared to targeted
indigocarmine chromoendoscopy.
AFI
Real-time pseudo-color images produced with AFI are
created by a rotating filter producing a short wavelength
light. The exposure of tissue to this specific light leads
to the excitation of some endogenous substances and
subsequently the emission of fluorescent light. The autofluorescent image produced with AFI is created by a
green filter, which exposes the tissue to the remaining
blue and red light. The reflected blue light is blocked
by a second filter while the reflected red light and the
emitted green autofluorescence from the tissue are used
to obtain a pseudo-color image[22,38]. AFI colonoscopy
colors neoplastic lesions red-purple while non-neoplastic
mucosa appears green.
Three back-to-back studies reported lower adenoma
miss rates with AFI colonoscopy compared to white
light colonoscopy with an absolute difference of approximately 20%[39-41]. In one of these studies[39], the location,
size, macroscopic appearance and histopathology of the
lesions detected with AFI and white light colonoscopy
were not different, but the lesions that were histologically graded as dysplastic were less frequently missed with
AFI (30% vs 49%, P = 0.01). Another study by Moriichi
et al[40] compared AFI with high resolution white light
colonoscopy and reported a higher ADR (26.1% vs
18.2%, p < 0.05) and more specifically a higher detection rate of flat and depressed adenomas (9.1% vs 3.4%,
p < 0.05). In the same study, an increased ADR with
AFI was only observed when used by less experienced
endoscopists. One study investigated the diagnostic

FICE
FICE is a computed spectral estimation technology that
enhances the visibility of mucosal and vascular details
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yield of high resolution colonoscopy using Endoscopic
Trimodal Imaging technology[42]. These colonoscopes
have both AFI and NBI technology incorporated in the
endoscope. The high resolution and AFI technology in
these colonoscopes can be used to detect lesions (“red
flag”), whereas NBI can be used to differentiate between
different types of lesions. The study was performed in
six non-academic centers and showed no differences in
ADR or adenoma miss rate compared to standard white
light colonoscopy.
In summary, the effect of pan-colonic virtual chromoendoscopy on adenoma and polyp detection seems
limited and virtual chromoendoscopy probably only has
a minor benefit on the detection of small and flat lesions. These somewhat disappointing results are most
likely due to technical issues inherent to virtual chromoendoscopy, in that the brightness of the virtual image
with high-definition technology remains insufficient to
allow optimal visualization of the colonic mucosa in a
large diameter colon lumen. In addition, a good inspection of the colon mucosa with virtual chromoendoscopy
is only possible in a colon that is really optimally prepared because remaining bile fluid and stool appear red
and dark in virtual images, hindering an optimal view of
the mucosa[43]. In our opinion, virtual chromoendoscopy
is most optimally used as an add-on technology to differentiate between neoplastic and non-neoplastic lesions.
This could allow a “resect-and-discard” or “leave-insitu” approach to reduce the risk of complications and
costs associated with unnecessary removal of polyps.
However, accuracy rates should exceed well above 90%
to consider such an approach. In experienced hands,
high accuracy rates for a “resect-and-discard” policy
have been reported for NBI[44-46], FICE[47,48] and AFI[49],
ranging between 85%-92% when used with high magnification, but these rates are lower when used by nonexperts[42,44,50]. Good training may improve the detection
and differentiation of lesions, but before the routine use
of pan-colonic virtual chromoendoscopy can be justified, new generation devices with higher light intensity
are required.

and remaining fecal contents are mainly removed during
withdrawal of the colonoscope.
This method has been shown to reduce pain scores[55-61],
need for sedation[55,59,62] and general intolerability[55,59,60] in
most studies, but concerns have been raised about an impaired ability to detect lesions due to contaminated water
impairing visibility. A recent systematic review[53] in which
the results of six studies were combined, reported no
differences in ADR between water-immersion and airinsufflated colonoscopy. In contrast, the recently developed water-exchange method was reported to increase
ADR compared to air-insufflation colonoscopy in the
first observational study (water-exchange 36.5% vs air
25.8%, P = 0.18)[63], in a subsequent retrospective cohort
study (water-exchange 34.9% vs air 26.9%, P = 0.003)[64]
and in a head-to-head comparison study (water-exchange
57.1% vs air 46.1%, P = 0.04)[65]. In two randomized
controlled trials[62,66], ADR was higher with the waterexchange method but this difference was not statistically
significant. The water-exchange method is a technique
in which water containing residual feces is removed and
“exchanged” for clean water in lieu of air-insufflation.
The exchange of large volumes of water during the
insertion of the colonoscope results in additional cleansing of the mucosa, which has been proposed to improve
the detection of adenomas[53]. An alternative hypothesis
is that the improved cleansing during colonoscope insertion allows more time for inspection during withdrawal
since less time needs to be spent on colonic cleansing.
Nonetheless, several attempts have been made to improve the efficacy of water-exchange colonoscopy. In a
group of 50 consecutive US veterans undergoing waterexchange colonoscopy, indigocarmine was added to
the infused water (concentration 0.008%)[67]. The ADR
was significantly higher in the indigocarmine group in
comparison with a historical cohort of patients who had
undergone standard water-exchange colonoscopy (62%
vs 40%, p < 0.05) or air-insufflation colonoscopy (62%
vs 36%, p < 0.05). In a pilot study by Yen et al[68], the
water-exchange method was combined with cap assisted
colonoscopy in 50 consecutive patients. The results
were compared to a control group of 101 consecutive
patients undergoing air-insufflation colonoscopy. It was
demonstrated that the mean number of adenomas was
higher with the water-exchange cap assisted colonoscopy
method compared to air-insufflated colonoscopy (3.08 vs
1.50, P = 0.002), although the ADR was not statistically
significantly higher (70.0% vs 59.4%, P = 0.22).
Although water-exchange colonoscopy improves the
detection of adenomas, the benefit of water-infusion
colonoscopy methods seems particularly be due to improving patient comfort. In addition, the majority of
studies published so far were performed by endoscopists that were highly experienced with water-infusion
colonoscopy. This raises the question whether the same
results can be achieved when performed by less experienced endoscopists. Especially when considering the

Water-infusion techniques
Colonoscopy techniques combining or replacing airinsufflation with water infusion were initially designed to
facilitate cecal intubation, reduce colonic spasms, lower
patient discomfort and need for sedation[51,52]. The infusion of water during the insertion of the colonoscope
causes the colon to distend and can be combined with airinsufflation (water-immersion method) or be performed
without air-insufflation (water-exchange method)[53,54].
Similarly to standard air-insufflated colonoscopy, air is
also insufflated during withdrawal of the colonoscope irrespective of the type of water infusion technique used.
The water-immersion technique allows the water to flow
in the direction of the lumen which may aid in finding
the correct direction for intubation. The infused water
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prolonged insertion time due to the time consuming
suction and exchange of water, it remains to be further
elucidated whether water-exchange colonoscopy will indeed be one of the preferred techniques in daily clinical
colonoscopy practice.

benefit in reducing cecal intubation time, but has limited
or no benefit on polyp detection, which is confirmed by
the results of a recent meta-analysis including 16 randomized controlled trials[74]. In this study, a marginally
higher proportion of subjects with polyps was found
with cap-assisted colonoscopy (RR = 1.08, 95%CI:
1.00-1.17) while no statistically significant difference in
ADR was found. Of note, subgroup analysis showed
that both expert and trainee endoscopists had reduced
cecal intubation times and improved polyp detection
rate, highlighting that it is unlikely that especially trainees
should benefit from cap-assisted colonoscopy.

Cap-assisted colonoscopy
Transparent caps attached to the distal tip of the colonoscope were first designed to assist during endoscopic
mucosal resection but they have also been suggested to
be of help in depressing colonic folds to improve visualization of their proximal aspects. A potential disadvantage of cap-assisted colonoscopy is that fecal debris may
accumulate in the cap, requiring removal by water irrigation and drainage through the side holes present in some
cap models. Several studies have reported reduced cecal
intubation times[69-71] and improved cecal intubation rates
for trainees using cap-assisted colonoscopy[70]. The same
accounted for procedures in patients in whom cecal intubation initially failed with standard colonoscopy[72,73].
Randomized controlled trials that evaluated the additional diagnostic yield of cap-assisted colonoscopy were
mostly performed in Asian countries and have in general
shown mixed results[74].
In a study by Kondo et al[70], 684 subjects were randomized to colonoscopy with a 4-mm transparent cap
or a 2-mm rubber cap or to colonoscopy without a cap.
PDR for colonoscopies with the transparent cap, rubber
cap and no cap were 49.3%, 44.7% and 39.1%, respectively, with only the difference between the transparent
4-mm cap and no cap being statistically significant. In a
recent study reporting on 2502 procedures performed by
trainees[75], a statistically significant higher overall PDR
was found for cap-assisted colonoscopy compared to
standard colonoscopy (47.0% vs 42.6%). Subgroup analyses showed that this difference was particularly due to
an improved detection of small (≤ 5 mm) polyps. In a
randomized controlled trial by Rastogi et al[71], ADR was
13% higher with cap-assisted colonoscopy compared
to standard colonoscopy, but similarly to the previous
study, this was only observed for small (≤ 5 mm) adenomas. Horiuchi et al[76] studied a retractable transparent
device that can be extended up to a maximum length of
7 mm by injection of air. The mean number of adenomas detected was statistically significantly higher with
the retractable extension device compared to standard
colonoscopy (0.48 vs 0.36, P = 0.04) while the ADR was
comparable between both groups. In contrast, in the
single largest randomized trial[73] published thus far (1000
patients included), a lower ADR (30.5% vs 37.5%) and
mean number of adenomas per subject was reported
with cap-assisted colonoscopy compared to standard
colonoscopy. Furthermore, three later studies, including
the largest published multicenter trial thus far, reported
no higher overall[69,77,78] and small polyp[69,77,78] detection
rates with cap-assisted colonoscopy.
Taken together, cap-assisted colonoscopy may be of
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Retroflexion
Retroflexion is commonly used in the rectum for the
inspection of the dentate line, though the additional
diagnostic yield is questionable[79]. Due to its relatively
large diameter, the retroflexion technique has also been
suggested to be useful in the proximal colon to improve
the visualization on the proximal aspects of folds and to
facilitate the removal of proximally located large sessile
polyps. This was shown in a retrospective observational
study in 59 patients[80].
Harrison et al[81] performed a randomized study in
100 patients who underwent standard forward colonoscopy from the cecum to the splenic flexure with removal
of polyps. The cecum was then reintubated and patients
were randomized to undergo a second exam of the
proximal colon in retroflexion or in forward view. Retroflexion was successfully performed in the ascending and
transverse colon in almost all patients. No statistically
significant differences were observed between forward
view and retroflexion with regard to the detection of
additional polyps and adenomas. A more recent observational study in a cohort of 1000 consecutive patients
reported an adenoma miss rate of 9.8% in patients first
undergoing careful inspection of the proximal colon in
forward view and a second inspection in retroflexion[82].
Although this was an observational study, the adenoma
miss rate was thought to be comparable to that expected
when a second inspection would have been done with
forward viewing colonoscopy.
Based on the relatively limited number of studies
which demonstrated no clear extra additional polyps being detected, in combination with a possibly increased
risk of perforation when withdrawing the colonoscope
in retroflexion, we currently do not recommend this
technique in routine colonoscopy practice.

Third-Eye Retroscope
A device specifically designed to enhance the visualization behind the proximal aspects of colonic folds is the
Third-Eye Retroscope® (Avantis Medical Systems, Inc)
(Figure 2). This device consists of a video processor, a
single-use polarizing filter cap for the colonoscope light
source, and a 3.5 mm flexible single-use catheter with a
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Figure 2 Colonoscopy with the Third-Eye Retroscope. A: Detailed view of the Third-Eye Retroscope; B, C: Colon view with the Third-Eye Retroscope.

camera and diode light source at the tip. The retroscope
is retroflexed 180 degrees after being advanced through
the working channel of the colonoscope and provides a
135 degrees retrograde view of the colon. In simulated
colonoscopies using CT-colonography software, it was
shown that the Third-Eye Retroscope improves the visualization of the colonic surface area from 87% with
standard 140 degrees view colonoscopes to 99%[13].
The efficacy of the Third-Eye Retroscope was initially studied in three colon models with simulated polyps[83]. Standard colonoscopy detected 12% of the polyps
located on the proximal aspects of folds, while 81% of
these polyps were detected with the Third-Eye Retroscope. The first pilot study[84] in 24 patients resulted in an
11.8% increase in diagnostic yield, with 34 polyps detected in the antegrade view and 4 additional polyps in the
retrograde view. In two non-randomized studies[85,86], the
additional diagnostic yield of the Third-Eye Retroscope
was investigated by evaluating whether polyps detected
with the Third-Eye Retroscope could also been seen with
the antegrade view of the colonoscope alone. In the first
study, 182 polyps in 298 subjects were found with the
antegrade view and 27 additional polyps were found with
the Third-Eye Retroscope, resulting in a 14.8% increase
in polyp detection and a 16.0% increase in adenoma detection[85]. The second study reported a similar result with
a 13.2% increase in polyp detection and a 11.0% increase
in adenoma detection [86]. Until now, one randomized
back-to-back study has been performed, the TERRACE
study[87]. In this multicenter study including 349 patients,
a net additional detection rate with the Third-Eye Retroscope of 29.8% for polyps and 23.2% for adenomas was
reported. This study was criticized by the fact that the
mean withdrawal time was almost two min longer with
the Third-Eye Retroscope compared to standard colonoscopy as this may have resulted in some bias in this
study. In a post-hoc analysis of the TERRACE study[88],
withdrawal time was not significantly associated with the
risk of missing adenomas. Interestingly, the Third-Eye
Retroscope was shown to be particularly beneficial in
patients undergoing colonoscopy for surveillance or diagnostic work-up and not in those undergoing screening
colonoscopy.
Studies that investigated the Third-Eye Retroscope
have shown a significant additional diagnostic yield when
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using this technique, but there are some limitations inherent to this device. First, thorough suctioning of colonic debris must be done during insertion of the colonoscope due to a 50% reduced suctioning capacity when
the retroscope is in position. A second disadvantage is
that the Third-Eye Retroscope needs to be removed
from the working channel in case an accessory device is
required, such as a biopsy forces or a polypectomy snare,
which is bothersome and increases the procedural time.

Full Spectrum Endoscopy
The recently developed Full Spectrum Endoscopy™
(FUSE; EndoChoice ®, Alpharetta, Georgia, United
States) (Figure 3) colonoscope allows a high resolution
330 degrees “full spectrum” viewing of the colonic lumen while maintaining the standard colonoscope technical features and capabilities of a standard 140 and 170
degrees colonoscope. The FUSE system consists of a
main control unit and a video colonoscope with three
imagers and LED groups located at the front and both
sides of the flexible tip. The video images transmitted
from the three cameras on the left-side, front and rightside of the colonoscope are displayed on three contiguous monitors corresponding with each individual camera. The two additional side cameras incorporated in the
FUSE colonoscope provide a better and comprehensive
view of the total colonic lumen. The frequently encountered blind spots, such as the internal lining of flexures
and proximal aspects of folds, should be easily visualized
with this system.
The first published study was performed with an
anatomical model of the colon with simulated polyps in
a non-randomized setting[89]. Thirty-seven endoscopists
performed colonoscopy by using the forward-viewing
camera only (160 degrees), followed by a colonoscopy
with all three cameras, which increases the field of view
to 330 degrees. In total, 85.7% of the polyps were detected with the three cameras compared to 52.9% with
only forward-viewing colonoscopy (p < 0.001). Particularly polyps that were “hidden” behind flexures and
folds were more frequently detected with FUSE colonoscopy than with forward-viewing colonoscopy (81.9%
vs 31.9%). An additional pilot study including 50 patients
showed that FUSE colonoscopy was indeed safe and
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Figure 3 Colonoscopy with the Full Spectrum Endoscopy colonoscope. A: Detailed view of the Full Spectrum Endoscopy colonoscope; B: Colon view with the
Full Spectrum Endoscopy colonoscope.

missed during colonoscopy due to poor visualization behind folds and the inner curves of flexures, and the presence of flat lesions that are known to be difficult to detect. Based on the findings of back-to-back studies with
standard colonoscopes, adenoma and polyp miss rates
are estimated to be approximately 20% to 25%. However, some recent studies that evaluated new endoscopic
technologies have reported even higher miss rates (up
to 40%) with standard colonoscopy than previously reported, which suggests that the miss rates with standard
colonoscopy may have been previously underestimated.
The introduction of high-definition technology has
considerably improved the quality of images during
colonoscopy and is likely to stay the standard in the field
of endoscopy. Visual image enhancement technologies
such as NBI, FICE and AFI have possibly resulted in
an increased recognition of flat and small lesions, but
the absolute increase in terms of numbers of adenoma
is probably limited. Besides, the quality of the images
produced with virtual chromoendoscopy technologies requires further improvement before the general
application of such technologies can be fully recommended. Cap-assisted colonoscopy and water-exchange
colonoscopy were originally designed to facilitate cecal
intubation and increase patient comfort, but studies have
generally shown a marginal or no benefit at all on polyp
and adenoma detection. Furthermore, the applicability of water-infusion methods has only been studied in
highly experienced hands and is more time consuming
compared to standard colonoscopy. Retroflexion is com-

feasible with a 100% cecal intubation rate and a mean
cecal intubation time of 3.1 ± 1.5 min. Preliminary results of a randomized, multicenter, back-to-back study
presented at the Digestive Disease Week 2013 are promising. Same-day colonoscopies with FUSE and standard
colonoscopes were performed in 185 randomized subjects. In 88 subjects undergoing standard colonoscopy
first, 50 polyps including 28 adenomas were detected
while FUSE yielded 39 additional polyps including 20
adenomas, corresponding with an increase in polyps and
adenomas detection of 78.0% and 71.4%, respectively.
In 97 subjects undergoing FUSE first, 102 polyps including 61 adenomas were detected while standard colonoscopy yielded 11 additional polyps including 5 adenomas,
corresponding with an increase in polyps and adenomas
of 10.8% and 8.2%, respectively (FUSE vs standard, p <
0.01). The adenoma miss rate with FUSE was found to
be considerably lower than with standard colonoscopy
(7.5% vs 40.8%, p < 0.0001). However, the median withdrawal time was approximately half a minute longer with
FUSE colonoscopy (5.6 min vs 6.2 min, p < 0.01) and
may have caused some bias in the results. More studies will be required before definitive conclusions can be
made, but the first results definitely show that FUSE
colonoscopy may be an important advancement to improve adenoma detection.

CONCLUSION
A considerable proportion of polyps and adenomas are
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monly used in the rectum for the inspection of the dentate line, but its use in the proximal colon has not clearly
been demonstrated to improve ADR and may be associated with an increased risk of perforation. Studies evaluating colonoscopy with the Third-Eye Retroscope have
shown considerable lower miss rates compared to standard colonoscopy, but this device is inconvenient in case
of polypectomy, it impacts suction capabilities and it
adds to total colonoscopy time. The recently introduced
FUSE colonoscope maintains the technical capabilities
of standard colonoscopes and provides a much wider
view of 330 degrees compared to 170 degrees with standard colonoscopes. A recent randomized back-to-back
study using FUSE colonoscopy has shown remarkable
lower adenoma miss rates with this technique. Although
the results look promising, more studies investigating
the diagnostic yield and the use of three monitors are
needed before this device can be recommended for routine practice.
Hence, the majority of the endoscopic innovations
that have been introduced in the past few years have
only shown little additional diagnostic yield, are more
time consuming or are not practical in use. In order to
increase the efficacy of screening and surveillance colonoscopies, colonoscopy techniques will be needed that
provide an optimal view of the whole colonic mucosa
while maintaining optimal washing, suction and therapeutic capabilities and without increasing the procedural
time or impairing patients comfort. In this perspective, a
combination of high-definition and improved virtual enhancement technologies incorporated in ultra-wide colonoscopes may be the most obvious way to enhance the
diagnostic yield of colonoscopy in the next few years.
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Core tip: The experience with the currently the only
biodegradable stents (BDSs) for endoscopic placement, made of poly-dioxanone, have shown promising
results. However some aspects should be improved
as are the fact that BDSs lose their radial force over
time due to the degradable material, and that can
cause stent-induced mucosal or parenchymal injury.
This complication rate and modest clinical efficacy has
to be carefully considered in individual patients prior
to placement of BDSs. Otherwise, the price of these
stents therefore it is nowadays an important limitation.
Lorenzo-Zúñiga V, Moreno-de-Vega V, Marín I, Boix J. Biodegradable stents in gastrointestinal endoscopy. World J Gastroenterol
2014; 20(9): 2212-2217 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i9/2212.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i9.2212

Abstract
INTRODUCTION

Biodegradable stents (BDSs) are an attractive option to avoid ongoing dilation or surgery in patients
with benign stenoses of the small and large intestines. The experience with the currently the only BDS
for endoscopic placement, made of Poly-dioxanone,
have shown promising results. However some aspects
should be improved as are the fact that BDSs lose their
radial force over time due to the degradable material,
and that can cause stent-induced mucosal or parenchymal injury. This complication rate and modest clinical efficacy has to be carefully considered in individual
patients prior to placement of BDSs. Otherwise, the
price of these stents therefore it is nowadays an important limitation.

Metal and plastic stents are an effective treatment to manage both benign and malignant strictures throughout the
gastrointestinal (GI) tract; however, the use of these stents
is associated with several common problems including
migration, tissue ingrowths and repetitive endoscopic procedures. During the last two decades, significant advances
have been made in the development of biocompatible
and biodegradable materials for medical applications, and
to overcome those shortcomings, stents made of biodegradable materials have been developed. The cardiovascular stent market is the dominant driving force for research
and development of biodegradable stents (BDSs)[1]. In the
GI tract much less is currently known about the clinical
utility and the experience with these stents.

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

BIOMATERIALS

Key words: Biodegradable stents; Strictures; Endoscopy; Endoscopic placement; Stenoses

WJG|www.wjgnet.com

Biomaterial is a non-living material used in a medical
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by another group[7].
BDSs made of PDX have improved the results because stent integrity and radial force can be maintained
for 6-8 wk after implantation[8]. In this pilot study with
three patients with benign tight small and large intestinal
stenoses, the authors confirmed that stent degradation
and fragmentation occurs 11-12 wk after its insertion;
otherwise, the speed of degradation is pH-dependent
(faster in lower pH).
The prolonged dilatory effect before stent absorption
and the progressive stent degradation could represent a
more favorable solution for patients with benign strictures refractory to standard dilation therapy compared
with self-expandable metal and plastic stents. These
newly stents allow for constant radial dilation, similar to
date achieved by a metallic stent, but with the advantage
that they do not have to be removed. To date, PDXBDSs could be an alternative for benign refractory strictures in the GI tract.

device and designed to interact with biological systems.
Biomaterial can be (1) inert, do not trigger any reaction
in the host; (2) bioactive, ensure a more stable performance in a long time or for the period you want; or (3)
biodegradable, it can be chemically degraded or decomposed by natural effectors as bacteria. The mean features
of these materials for medical applications are absence
of carcinogenicity, immunogenicity, teratogenicity and
toxicity.
More used biomaterials are magnesium alloys based
and synthetic polymers: poly-lactic acid (PLA), polyglycolic acid (PGA), poly-caprolactone (PCL), polydioxanone (PDX) and poly-lactide-co-glycolide.
Main advantages of magnesium alloys based are high
biocompatibility and property to be dissolved into human body during the degradation process; however, due
to this high corrosion rate, degradation occurs before
the end of healing process.
Polymers degrade slower than magnesium alloys.
Most polymers used in medical devices allow the spread
of water within molecular structure and can therefore
result in processes hydrolysis. The ideal polymer should
be: (1) sufficiently strong until surrounding tissue has
healed; (2) does not invoke inflammatory or toxic response; (3) to be metabolized in the body after fulfilling
its purpose; (4) leaving no trace to be easily processable
into the final product form; (5) must demonstrates acceptable shelf life; and (6) to be easily sterilized. With
these characteristics; the main advantages of synthetic
polymers are: (1) good biocompatibility; (2) possibility
of changing in composition and in physical-mechanical
properties; (3) low coefficients of friction; (4) easy processing and workability; (5) ability to change surface
chemically and physically; and (6) ability to immobilize
cells or biomolecules within them or on the surface (Drug
Eluting Stent). Biodegradable polymers used for drug
release represent the next technological modification and
preliminary results are favorable in vascular system and
clinical efficacy as first-generation drug eluting stent, but
gastrointestinal application has not been reported yet[2].
According to these features, BDS can be made of
different synthetic polymers (PLA, PGA) or their copolymers (PDX). Their degradation is hydrolytic and the
speed of biodegradation is dependent not only on the
size and structure, but also influenced by temperature,
pH and type of body tissue/fluid[3,4].

Esophagus
Placement of BDS is an emerging and promising treatment alternative for benign esophageal strictures and
achalasia. These strictures are often caused by esophageal
reflux, the ingestion of caustic substances, esophageal
surgery and radiation therapy[9]. Endoscopic dilation
using bougies or balloons has been established as a
standard therapy, and it is associated with an immediate
80%-90% success rate of relieving dysphagia[10]. However, 30%-60% of benign strictures will recur during longterm follow-up; thus, an alternative treatment strategy
should be considered[11].
BDSs have recently been developed. Initially, these
stents were made of PLA, with a configuration and mechanical radial force similar to those commercially available esophageal stents[12]. Saito et al[13,14] reported results
from two series of patients who received this type of
PLA esophageal stents, but the majority (77%) of stents
had migrated out of the esophagus within 10-21 d of
insertion, although clinical success was observed in all
cases within the follow-up period of 7 mo to 2 years.
Another novel stent (Ella esophageal stent) composed of the biodegradable polymer PDX has become
to be used from 2007 (and currently the only). This stent
is assembled onto a 9.4-mm (28 F) delivery system, and
comes in several sizes, with stent body diameters ranging
from 18 to 25 mm and fully deployed lengths of 60-135
mm. Integrity and radial force are completely maintained
for approximately 6 wk following implantation. From
7-9 wk is 2/3 of the initial, after the 9 wk is 1/3, and
the average time to complete degradation of the stent is
reported to be 11-12 wk[8]. Acid-suppressing therapy is
recommended, because more rapid degradation occurs
with acid exposure.
Published experience has been reported with the
SX-ELLA-BD stent for treatment of refractory benign
esophageal strictures (RBES)[9,15-29] as well as achalasia[30]
(Table 1). Technical success, clinical responses and out-

CLINICAL EXPERIENCE
The first report was published in 1993[5] in an experimental model of urethral stenosis with rabbits treated
with a stent made of PLA. In gastrointestinal endoscopy,
BDSs made of PLA were developed by Goldin et al[6],
who reported their experience with five patients with benign esophageal strictures. These authors described that
this prototype did not maintain significantly radial force
over a 3-wk period, and disintegrated 6 wk later and obstructed the esophageal lumen, data that was confirmed

WJG|www.wjgnet.com

2213

March 7, 2014|Volume 20|Issue 9|

Lorenzo-Zúñiga V et al . BD-stents in GI endoscopy
Table 1 Cases series evaluating the outcomes of biodegradable stents with polydioxanone for refractory benign esophageal strictures
n

Ref.

Year

Type of study

Follow-up
(mo)
4
4
3
7

Technical success

Complications

Clinical success

Dhar et al[23]
Vandenplas et al[15]
Orive-Calzada et al[16]
Stivaros et al[27]

2009
2009
2009
2010

CS
CR
CR
CS

4
1
1
2

100%
100%
100%
100%

Chest pain, 25%
0%
T. hyperplasia, 100%
Chest pain, 50%
Stent migration, 50%
0%
T. hyperplasia, 100%
Chest pain, 20%
Chest pain, 14%
Hemorrhage, 5%
Stent migration, 9%
Stent collapse, 100%
0%
0%
Chest pain, 10%
Hemorrhage, 10%
Stent migration, 20
T. hyperplasia, 30%
T. hyperplasia, 50%
T. hyperplasia, 100%
Chest pain, 22%
Hemorrhage, 8%
0%
T. hyperplasia, 57%

50%
100%
0%
50%

Bychkova et al[24]
Hair et al[30]
van Hooft et al[17]
Repici et al[29]

2009
2010
2011
2010

CR
CR
CS
CS

1
1
10
21

4
8
6
13.2

100%
100%
100%
100%

Nogales Rincon et al[21]
Martín Cano et al[25]
Griffiths et al[28]
Canena et al[9]

2011
2012
2012
2012

CR
CS
CS
RCT

1
3
7
10

2
4
4
12

100%
100%
96%
100%

Fischer et al[19]
Dumoulin et al[20]
Hirdes et al[22]

2012
2012
2012

CS
CR
CS

2
1
28

12
18
10

100%
100%
100%

Basha et al[18]
Karakan et al[26]

2013
2013

CR
CS

1
7

4
15

100%
100%

100%
0%
60%
45%

0%
100%
76%
30%

50%
0%
25%
0%
43%

CR: Case report; CS: Case series; RCT: Randomized clinical trial; T. hyperplasia: Tissue hyperplasia.

comes were varied. Stent implantation is not a problem,
but clinical success ranged from 0 to 100, with a mean
of 39.4%. The largest long-term follow-up series of
BDSs placement in 28 patients with RBES were reported by Hirdes et al[22], with a clinical success rate after the
first BDS placement of 25%.
To avoid complications of partially covered/uncovered stents, temporary placement of 3 different types of
expandable stents have been used for the treatment of
RBES: self-expanding plastic stents (SEPSs), BDSs and
fully covered self-expandable metal stents (FC-SEMSs).
To date there is only one published study that compares
the efficacy of these three types of stent for the treatment of RBES[9]. These authors showed that temporary
placement of BDSs or FC-SEMSs have similar utility in
the treatment of RBES, with a long-term dysphagia-free
period in 30% and 40% of patients, respectively. The use
of SEPSs were associated with the worst clinical success
rate (10%) as well as with a higher number of migrations
and reinterventions. A long stricture was the only significant fact associated with a higher recurrence rate after
stent placement. Migration rate was higher with FCSEMSs (30%) than with BDSs (20%). The implementation of balloon dilatation of the BDS stent after deployment did decrease migration rated compared to before
balloon dilation.
Thoracic pain is the most frequent complication
reported in the literature. Hyperplasic tissue reaction
occurs in conjunction with stent degradation and the
severity of the tissue response and the time to complete
degradation, both important factors when considering patients for placement of a BDS, are still well not
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understood. Cases of severe tissue hyperplasia resulting
in recurrent dysphagia have been described[16,19,20,26,30].
To alleviate symptoms in this type of stent, endoscopic
balloon dilation[26,30], or argon plasma coagulation have
been reported[20], but there are no recommendations to
guide what endoscopic approach is best. Other potential
complications of BDS that have been addressed are collapse of the biodegradable stent mesh inside the esophageal lumen[21] and tracheoesophageal fistula[31]. Finally,
fully covered BDSs could be useful in the treatment of
esophageal perforations and anastomotic leaks[32].
Small intestine and colon
BDSs are a promising therapeutic option for benign
intestinal and colonic strictures. Strictures following
colorectal surgery are the most frequent, and occur in
1.5%-8% of patients[33]. Published information is limited
to patients with anastomotic colorectal strictures following resection for colon cancer[34-37], postsurgical colonic
fistulas[35], and stricturing Crohn’s disease[38,39] (Table 2).
Intestinal insertion is technically possible and relatively
simple, except for proximal stenoses and in patients with
considerable deformity and angulations. The standard
delivery system of PDX-BDS has an active length of 75
cm that limitates proximal stent insertion, and in most
cases it may not be possible to place the stent at more
than 30 cm from the anus[35]. Technical difficulties for
more proximal stenoses are pre-empted due to the necessity of a special introduction system for stent insertion through a balloon overtube[38]. Early stent migration
is an important drawback and is the main reason of clinical failure, but can be solved using cyanoacrylate, with a
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Table 2 Cases series evaluating the outcomes of biodegradable stents with polydioxanone for benign intestinal and colonic strictures
Ref.

Year

Type of study

Indication

n

Follow-up

Technical success

Complications

Clinical success

100%
91%
100%
90%
100%
100%

0%
Stent migration, 27%
0%
Stent migration, 10%
Stent migration, 36%
0%

66%
64%
100%
50%
45%
100%

(mo)
Janík et al[37]
Rejchrt et al[8]
Toth et al[36]
Pérez Roldán et al[35]
Repici et al[34]
Rodrigues et al[39]

2011
2009
2011
2012
2013
2013

CS
CS
CR
CS
CS
CR

PS
Stricturing CD
PS
PS and fistula
PS
Stricturing CD

3
11
1
10
11
1

5
14
5
13
3
16

CR: Case report; CS: Case series; RCT: Randomized clinical trial; CD: Crohn’s disease; PS: Postsurgical strictures.

clip placement in the upper flare or by improvements in
stent design. Mucosal hyperplasic reaction after insertion
of BDS has been documented in esophageal strictures
but not in intestinal strictures.

the only BDS for endoscopic placement, made of PDX,
have shown promising results. However some aspects
should be improved as are the fact that BDSs lose their
radial force over time due to the degradable material, and
that can cause stent-induced mucosal or parenchymal injury. This complication rate and modest clinical efficacy
has to be carefully considered in individual patients prior
to placement of BDSs. Otherwise, the price of these
stents therefore it is nowadays an important limitation.

Pancreatobiliary tract
Endoscopic therapy of benign biliary strictures (BBSs)
is now first-line therapy. The paper of BDSs in clinical
practice is unknown, and is one the main targets in endoscopic research. The causes of BBSs are diverse, with
the 2 most common causes being postsurgical strictures
and chronic pancreatitis[40]. Commercially available plastic and metal stents for the bile duct and pancreatic duct
have many limitations. Endoscopic placement of BDSs
have demonstrated feasibility of implantation, relatively
safety, and potential efficacy in the biliary and pancreatic
ducts in animal models[41,42]. The use of a novel, selfexpanding, radiopaque PLA-barium sulphate BDS and a
polyethylene stent was investigated in 12 pigs with cysticduct leakage, showing that the total external output of
bile was significantly smaller with BDS compared with
the plastic stent group[42]. This group of authors investigated the degradation, patency, and toxicity of this PLABDS stent placed into the pancreatic duct of pigs, and
after six months no histological or anatomical changes
were observed[41].
Recently, other group of authors have developed
other self-expandable BDS made from a poliglecaprone,
an absorbable surgical suture. This stent was successfully
endoscopically inserted in the pancreatic and bile ducts
in 4 pigs[43]. However, future animal studies are needed
to evaluate the short-term patency, tissue reactivity and
degradation of this stent.
There is no published clinical experience with endoscopic placement of BDSs. However, percutaneously
placement of BDSs have been addressed recently[44,45]. In
this two pilot studies a total of 12 patients with refractory postsurgical BBSs have been treated with BDSsPDX in the biliary tree, with clinical success with up to
2-years of follow-up.
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Core tip: Opioid growth factor (OGF) biotherapy for
human pancreatic cancer is based on inhibition of DNA
synthesis by upregulation of cyclin-dependent inhibitory kinases. Preclinical studies using human pancreatic
cancer cell lines have demonstrated that OGF interaction with its selective receptor OGF receptor (OGFr) is
a physiological determinant of cell proliferation. Addition of OGF to standard chemotherapies enhances the
efficacy of treatment. Studies in nude mice confirm
that the OGF-OGFr axis regulates pancreatic cancer
progression. Clinical trials using OGF for treatment of
patients with unresectable pancreatic tumors reveal
that OGF is a novel endogenous opioid that is safe,
non-toxic, elicits negligible side effects and reduces
pancreatic tumor size in persons who have failed other
therapies.

Abstract
5

Opioid growth factor (OGF), chemically termed [Met ]enkephalin, and its receptor, OGF receptor (OGFr), form
a biological axis that tonically regulates cell proliferation
by delaying the G1/S interface of the cell cycle under
homeostatic conditions or in neoplasia. Modulation of
the OGF-OGFr pathway mediates the course of pancreatic cancer, with exogenous OGF or upregulation of
OGFr repressing growth of human pancreatic cancer
cells in culture and in nude mice. OGF therapy alone
or in combination with standard chemotherapies such
as gemcitabine and 5-fluorouracil results in enhanced
inhibition of DNA synthesis and tumor growth. Molecular manipulation of OGFr confirms that the receptor is
specific for OGF’s inhibitory action. Preclinical studies
have warranted Phase Ⅰ and Phase Ⅱ clinical trials
using OGF infusions as a treatment for patients with
advanced, unresectable pancreatic cancers. OGF, an
endogenous neuropeptide, is a safe, non-toxic, and effective biotherapy that utilizes the OGF-OGFr axis to
mediate pancreatic tumor progression.
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INTRODUCTION
Novel therapies for human pancreatic cancer are needed
to treat the more than 45000 people in the United States
who will be diagnosed with this cancer in 2013[1]. Death
due to this cancer approaches the same number, with
estimates of more than 38000 persons dying of pancre-

2218

March 7, 2014|Volume 20|Issue 9|

Zagon IS et al . OGF inhibits pancreatic cancer growth

atic cancer in 2013. Males have increased incidence and
death rates relative to females; black ethnic groups have
the highest incidence[1,2]. Five-year survival rates range
between 5% and 6%, and have not changed in more than
a decade of research[2]. Therapeutics based on underlying
mechanisms of disease are needed.
The standard of care for pancreatic cancer is gemcitabine. This anti-metabolite is a nucleoside analog that
blocks DNA replication, or inhibits ribonucleotide reductase, an enzyme needed to produce the deoxyribonucleotides necessary for DNA replication; both pathways
induce apoptosis and slow tumor growth[3]. However,
gemcitabine cannot be used if the patient has allergies
(e.g., dye, additives, food), other diseases (e.g., kidney, liver,
hepatitis, heart, lung, diabetes, gout), or infections. Radiation therapy cannot be combined with gemcitabine, and
women of child-bearing age are encouraged not to take
gemcitabine as it may cause birth defects[3].
New endogenous peptide pathways have been identified that provide novel targets for non-toxic therapeutic
alternatives for pancreatic cancer. Our knowledge about
the biology of pancreatic cancer supports the need for
treatments that target the biology of this cancer.

OPIOID RECEPTORS
Classical opioid receptors were discovered in 1973 by
three independent laboratories[28-30] and were identified in
brain and gastrointestinal tissues. Based on their binding
activities to radioisotopes, three classes of receptors - mu
(MOR), delta (DOR), and kappa (KOR) were characterized in membrane homogenates as 7-member transmembrane cytoplasmic receptors. The gene and protein
structures for the classical receptors are homologous, and
many of the opioid ligands cross-react with more than
one receptor. OGF binds to DOR and MOR receptors.
However, a series of biochemical and pharmacological studies demonstrated that OGF also binds to a new
opioid receptor, OGFr, that is located on the nuclear
membrane[31-33]. Sequencing of OGFr reveals little or
no homology with classical opioid receptors. However,
OGFr does display pharmacological characteristics of
opioid receptors such as stereospecificity of ligands and
opioid antagonist blockade[34]. Subcellular fractionation
studies of OGFr in developing rat brain and neuroblastoma cells reveal that OGFr is associated with the nuclear
membrane, and immunoelectron microscopy studies have
shown that OGF co-localizes with OGFr on the outer
nuclear membrane and within the nucleus[35].

ENDOGENOUS OPIOIDS
OGF-OGFR AXIS: PRECLINICAL IN VITRO
STUDIES

An endogenous opioid peptide and its receptor were first
identified more than 3 decades ago as being an important
inhibitor of human cancer cell proliferation[4,5]. Ongoing studies on the opioid growth factor (OGF)-OGF
receptor (OGFr) axis have characterized this pathway
and defined mechanistic approaches for the treatment
of neoplasia[6]. The peptide is chemically termed [Met5]enkephalin, and is a 5-amino acid neuropeptide secreted
by the brain and originally identified as an endogenous
opioid by scientists in the mid-1970s[7-9]. This peptide was
renamed OGF after discoveries of its growth modulating
characteristics in mouse neuroblastoma cells and developing rat brain[4,5,10], and to distinguish its pharmacological function from neurotransmission. OGF is derived
from both preproenkephalin and pro-opiomelanocortin
genes[11], and is rapidly translated and degraded in human
blood. Studies have shown that OGF is autocrine and
paracrine produced in tissues originating from dermal
derivatives, with brain and gut tissues having the greatest
levels of the peptide[12,13].
The inhibitory effects of OGF on cell replication
were first recorded in developing rat brain[14,15] and in
tissue culture studies on mouse and human neuroblastoma[16-19]. OGF inhibits DNA synthesis and cell replication of normal cells and tissues[20,21], human neoplasia[22],
and bacteria[23]. The main action of OGF is to upregulate
inhibitory kinases in the cell cycle process. OGF’s activity is receptor-mediated, dose-related, time-dependent,
and reversible. The peptide is present in developing and
renewing tissues, and has been localized in embryonic tissues and many human cancers[24-27].

WJG|www.wjgnet.com

OGF and OGFr are present in human pancreatic cells
(PANC-1, MIA PaCa-2, BxPC-3 and Capan-1) grown in
culture, xenografted to nude mice, or surgical specimens
obtained during tumor resection[36-39]. In vitro studies using PANC-1 cells reveal that the receptor has specific
and saturable binding affinity to radiolabeled [Met5]enkephalin, with enriched binding in the nuclear fraction
of cells[38]. Competition experiments using ligands for
classical opioid receptors [e.g., [D-Ala2, NMe-Phe4, Glyol5]-enkephalin] (DAMGO), [D-Pen2,5]-enkephalin (DPDPE), dynorphin A1-8, morphine] do not displace the
affinity of [Met5]-enkephalin for OGFr[38] supporting the
selectivity of peptide and receptor.
The efficacy of OGF has been characterized in a
series of tissue culture studies[37]. OGF inhibits DNA
synthesis and the growth of PANC-1 cells in a dosedependent (42% reductions) and temporal manner (up to
48% reductions at 120 h) relative to control cultures, with
its action being receptor-mediated and reversible. Absorption of endogenous ligand using OGF antibodies negated
growth inhibition associated with exogenous peptide administration. OGF has a ubiquitous effect on pancreatic
cancer cells derived from tumors at different stages of
differentiation. Administration of OGF for 72 h inhibits
growth (up to 37%) of Capan-1 and MIA PaCa-2 cells,
well-differentiated cancer cell lines[40,41], BxPC-3, a moderately well to poorly differentiated cell line[42], as well as
PANC-1, an undifferentiated pancreatic cancer cell line[43].
Combinatorial therapeutic regimens are often more
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Transplantation of BxPC-3 human pancreatic cancer cell
lines into nude mice has established a model to study
how OGF inhibits tumor incidence and growth[36]. Athymic mice were inoculated subcutaneously with BxPC-3
cells and injected intraperitoneally 3 times daily with 5
mg/kg OGF or sterile saline. OGF-treated mice exhibited a delay of 43% in the time of initial tumor appearance relative to controls (10.6 d). Importantly, 62% of
the OGF-treated mice did not have tumors on the day
when 100% of all saline-injected mice had visible tumors,
suggesting that OGF inhibits proliferation of tumor cells
in such a way as to prevent tumor appearance. For those
mice receiving OGF that did develop tumors, growth was
markedly slower relative to mice injected with saline.
Studies utilizing MIA PaCa-2 cells were conducted in
nude mice receiving combination therapy of OGF and/
or gemcitabine[39]. Measurement of human pancreatic tumor growth (MIA PaCa-2) in nude mice revealed marked
reductions in tumor progression under all treatment modalities, but combination therapy resulted in tumors with
marked reductions in size relative to control mice, as well
as mice receiving either OGF alone (10 mg/kg daily) or
gemcitabine alone (120 mg/kg every 3rd day) (Figure 2).
Tumor volumes after 45 d of treatment were reduced approximately 83% in the combination therapy group relative to controls (8900 mm3), whereas reductions in tumor
volume were 45% and 56% for mice receiving OGF alone
or gemcitabine alone, respectively, relative to controls.
The relationship between OGFr levels and the progression of human pancreatic tumors in nude mice was
investigated by assaying OGFr binding activity and OGFr
gene expression in tumors of small, medium, or large
volume[45]. Binding capacity of OGFr, and transcriptional
activity of OGFr, were not dependent on the size of tumor and were unaltered between small and large tumors.
Interestingly, OGF plasma levels were decreased up to
7.9-fold in untreated mice with tumors relative to normal,
non-tumorigenic mice suggesting that production of the
inhibitory peptide, but not the receptor, may be deficient
as cancer progresses[45]. These data support that exogenous administration of OGF is important as a therapy
because the receptor is present and functioning in latestage mouse tumors.
Overexpression of OGFr in tumor cells transplanted
into nude mice confirmed that the OGF-OGFr axis provides tonic, homeostatic regulatory control of pancreatic
neoplasia[46,47]. MIA PaCa-2 cells were stably transfected
to overexpress OGFr, selectively cloned and expanded,
and inoculated into nude mice; phenotypic changes in
tumorigenicity were monitored. Analysis of receptor
number showed that transfected tumor tissue had more

0
Scrambled siRNA
OGFr siRNA
OGF
NTX

Figure 1 Opioid growth factor receptor is required for the inhibitory action of opioid growth factor and the stimulatory action of NTX on growth
of MIA PaCa-2 human pancreatic cell cultures. Cells were transfected with
opioid growth factor receptor (OGFr) siRNA or scrambled siRNA for 24 h and
then treated with 10-6 mol/L. Opioid growth factor (OGF) or NTX, or 100 μL of
sterile water for 72 h; compounds and media were replaced daily. Values are
expressed as mean ± SE for cell counts from 2 aliquots/well and at least 2
wells/treatment. bP < 0.001 vs untransfected cultures.

effective than single agent therapy. Gemcitabine is the
standard of care for advanced pancreatic neoplasia, and
also acts through inhibition of DNA synthesis[3]. Utilizing MIA PaCa-2 cells grown in log phase conditions, the
combination of OGF (10-6 mol/L) and gemcitabine (10-8
mol/L) reduces cell number from control levels by more
than 45% over 48 h, whereas each compound alone inhibits growth by less than 22% in the same time period.
The action of OGF, but not gemcitabine, is mediated by
a naloxone-sensitive receptor and is reversible. Combining OGF with 5-fluorouracil (5-FU; 10-6 mol/L) also
increases inhibitory action. Over a 96 h period, OGF and
5-FU reduce cell number up to 30%, whereas each compound alone reduces cell number by up to 18%[39].
The specificity of OGF and OGFr has been documented in a variety of experiments using different human pancreatic cancer cell lines. The specificity of OGF
has been confirmed by addition of multiple ligands that
are specific for classical opioid receptors yet have no
effect on cell proliferation and/or growth of cells or
tumors[37-39]. Absorption of OGF by antibodies to the
endogenous peptide depresses growth, demonstrating
the specificity of this peptide. Competition binding assays using classical ligands such as DAMGO, DPDPE,
morphine, ethylketocyclazocine and others results in no
loss of binding of OGF to OGFr, suggesting little or no
affinity of other ligands for OGFr[38].
OGFr selectivity and specificity for the ligand OGF
have been shown in several experiments. In tissue culture,
siRNA knockdown of RNA and protein expression of
OGFr results in cultures that grow faster than controls
because there is no receptor available for interaction with
endogenous inhibitory OGF. Addition of exogenous
OGF to cultures lacking OGFr has no inhibitory action
(Figure 1). Finally, transient transfection experiments
that knockdown classical opioid receptors using siRNAs
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increased in the G0 /G1 phase[48]. Further studies utilizing
synchronized cultures of BxPC-3 pancreatic cells were
directed at deciphering the specific pathway in the cell
cycle that is targeted by OGF and focused on the retinoblastoma pathway[49]. It was found that OGF decreased
phosphorylation of retinoblastoma protein, but did not
change the overall level of retinoblastoma protein. The
change was correlated with a reduction in cyclin dependent kinase activity (cdk-2), and increased p21 expression[49]. In general, human pancreatic cancer cells express
p21 cyclin-dependent inhibitory kinase pathways, whereas
many other cancers (e.g., squamous cell carcinoma of the
head and neck) utilize p16 cyclin-dependent inhibitory
kinase pathways because of deletions or mutations in
the p21 pathway. The presence of one intact pathway is
important to maintain a homeostatic balance of cellular
replication, allowing for one pathway to be mutated as is
often the case in neoplasia. The requirement of an intact
OGF-OGFr axis for regulation of pancreatic neoplasia
was corroborated in a study[44] whereby more than 30 human cancer cell lines were transfected to repress OGFr
cDNA and OGFr expression. The lack of OGFr rendered OGF ineffective in inhibiting proliferation.
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Figure 2 Tumor growth of MIA PaCa-2 tumors xenografted into nude mice.
Animals were injected with 10 mg/kg opioid growth factor (OGF) daily, 120
mg/kg gemcitabine every 3 d (gemzar), both OGF and Gemzar, or 0.1 mL of
sterile saline daily (control). Tumor volumes were monitored with calipers over a
45-d period of time. Values represent mean ± SE for all mice in the group. See
original manuscript[39] for statistical comparisons.

than 4 times the binding capacity compared to wildtype
tumors. Tumor incidence in mice receiving the molecularly manipulated cells was reduced up to 50% from animals inoculated with wildtype or empty vector transfected cell lines. Latency for the appearance of a measurable
tumor was increased 30%, whereas tumor volumes were
decreased 70% in comparison to measurements in mice
receiving cells transfected with empty vector cDNA
constructs. Treatment of mice with an overexpression
of OGFr reduced tumor volumes even more with reductions up to 55% recorded[47]. Therefore, OGFr is a
regulator of neoplastic cell proliferation that impacts
human pancreatic tumorigenic expression. Modification
of receptor number alone may prevent or delay human
pancreatic cancer.

CLINICAL STUDIES ON THE SAFETY AND
EFFICACY OF OGF FOR TREATMENT OF
HUMAN PANCREATIC CANCER
Preclinical studies on OGF have shown no toxicity and
significant efficacy toward repressing pancreatic cancer
progression. Clinical trials to assess OGF treatment of advanced pancreatic cancer were conducted by Zagon et al[52]
and Smith et al[53] at The Pennsylvania State University College of Medicine. The maximum tolerated dose (MTD)
was established at 250 μg/kg infused over a period of 30
min[52]. Patients with unresectable advanced pancreatic
adenocarcinoma were treated with the MTD to establish
safety and toxicity. No adverse effects related to cardiac
rhythm, blood values, neurological status or other laboratory tests were reported; hypotension was the dose-limiting toxicity. Of interest were the signs of efficacy shown
by the small number of patients in this phase Ⅰ trial.
Mean survival time for the patients in the study, including those receiving only one dosage of OGF, was over
8.5 mo, and two patients had resolution of liver metastases. These observations support further clinical trials on
OGF as a treatment of advanced pancreatic cancer.
A prospective phase Ⅱ open-labeled clinical trial
with 24 patients who failed standard chemotherapy for
advanced pancreatic cancer was conducted whereby patients were treated weekly with 250 μg/kg OGF by intravenous infusion[54]. Outcomes were tumor size measured
by computer tomography, survival time, and quality of
life. Blood samples were evaluated for levels of OGF after 4 and 8 wk of infusion. Data on the OGF treatment
were compared to results obtained from a control group
(n-166) of patients of equivalent age who failed therapy

OGF-OGFR AXIS: MECHANISM OF
ACTION
The mechanism of action of OGF is targeted to DNA
synthesis and is directed to the p21 cyclin-dependent inhibitory kinase pathway in human pancreatic cancer[37,48,49].
OGF action is mediated by the receptor OGFr. Unlike
the mechanistic pathways of many of the standard chemotherapies, investigations have shown that OGF is nontoxic and does not induce apoptosis[50]. Using a variety
of human cancer cell lines, studies have demonstrated
that OGF does not reduce cell number by changing
other biological pathways associated with migration, differentiation, or cell death[50-52]. Flow cytometric analyses
of BxPC-3 cell lines treated with OGF reveal a notable
increase in cell number in the G0 /G1 phase and compensatory reduction in the proportion of cells in the S and
G2/M phases. The percentage of labeled mitotic cells was
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and were discharged to hospice care. OGF-treated patients had a three-fold increase in median survival time in
comparison to untreated patients. Tumor size was stabilized or reduced in 62% of the cancer patients receiving
OGF and surviving more than 8 wk in order to conduct
the tomography. Plasma enkephalin levels were significantly increased at 4 and 8 wk with blood levels reaching approximate 55 pg/ml in comparison to baseline
values of 8 pg/ml. Finally, no adverse effects on blood
chemistry were noted, confirming the safety and lack of
toxicity of OGF. Feedback from patients receiving OGF
and their caregivers on quality of life indicated that OGF
infusion did not indicate any stress or pain.

4
5
6

7
8

OGF BIOTHERAPY

9

Preclinical studies using a variety of human pancreatic
adenocarcinoma cell lines that represent undifferentiated
to well differentiated pancreatic neoplasms have demonstrated that OGF inhibits DNA synthesis and cell proliferation in vitro. The action of OGF is mediated by OGFr,
is reversible, and does not involve apoptotic pathways.
OGF is an endogenous peptide that is readily degraded,
without alteration of cell migration, differentiation, or
survival and thus can be considered a biotherapy. The
specificity and selectivity of the OGF-OGFr axis substantiate that this axis is a determinant of cell proliferation in a variety of human cancers.
Investigations of the OGF-OGFr axis in mouse
models of cancer with human cell lines transplanted into
nude mice confirmed and extended tissue culture studies.
Exogenous OGF repressed tumor progression under all
situations, and tumors grown from cells overexpressing
OGFr were inhibited in their growth. Combination OGF
and chemotherapy provided enhanced efficacy at reducing tumor size.
Clinically, OGF is a safe, non-toxic biotherapy that
extends survival and reduces tumor burden in patients
with unresectable pancreatic cancer. In summary, the
OGF-OGFr axis should be explored both as a primary
therapy for pancreatic cancer, and as an adjuvant pathway
with other chemotherapies.
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Core tip: No standard of care exists for patients with
advanced pancreatic cancer who have progressed on
front-line chemotherapy. To date, most available evidence has come from small non-randomized studies,
with efficacy results that have been fairly dismal. In this
review, we discuss both traditional and novel cytotoxic
and targeted therapies that have been evaluated in this
refractory setting and how they may (or may not) be
applicable to clinical practice; and raise considerations
for clinical trial design in the future, particularly in this
current era of both expanding chemotherapeutic options and molecular/“precision” medicine.

Abstract
While an increasing number of therapeutic options
are now available for the first-line treatment of locally
advanced or metastatic pancreatic cancer, the optimal
choice for treatment in the second-line setting and beyond is less well defined. A variety of cytotoxic agents,
either alone or in combination, have been evaluated,
although primarily in the context of small single-arm or
retrospective studies. Most regimens have been associated with median progression-free survival rates in the
range of 2-4 mo and overall survival rates between 4-8
mo, highlighting the very poor prognosis of patients
who are candidates for such treatment. Targeted therapies studied in this chemotherapy-refractory setting,
meanwhile, have produced even worse efficacy results.
In the current article, we review the clinical evidence
for treatment of refractory disease, primarily in patients
who have progressed on front-line gemcitabine-based
chemotherapy. In the process, we highlight the limitations of the available data to date as well as some
of the challenges in designing appropriate clinical trials in this salvage setting, including how to select an
appropriate control arm given the absence of a wellestablished reference standard, and the importance of
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INTRODUCTION
More than 80% of patients diagnosed with pancreatic
adenocarcinoma have metastatic or locally advanced inoperable disease at the time of initial presentation[1], at
which point systemic therapy becomes the mainstay of
care. Over the past decade-plus, gemcitabine alone or in
combination with other drugs (most commonly a fluoropyrimidine, a platinum analogue, or the epidermal growth
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factor receptor inhibitor erlotinib) have represented the
most commonly used front-line treatment options. The
treatment landscape is gradually shifting, however, with
recent positive results from a couple of phase Ⅲ studies establishing two new standards of care for first-line
treatment, FOLFIRINOX [infusional 5-fluorouracil (FU),
leucovorin, irinotecan, oxaliplatin] and the doublet of
gemcitabine plus nab-paclitaxel.
Invariably, regardless of choice of front-line therapy,
patients with advanced/metastatic disease will progress,
and at that point the choice of treatment becomes considerably murkier. According to results from one United
States cooperative group trial (CALGB 80303), fewer
than half of patients with advanced pancreatic cancer
went on to receive any additional therapy after progressing on front-line study treatment[2]. This reflects, in part,
the fact that patients in this setting frequently demonstrate significant clinical deterioration and a decline in
performance status, and are no longer deemed appropriate candidates for further anti-cancer therapy. However, it
also highlights the fact that no second-line regimen(s) has
consistently and unequivocally been shown to confer a
survival benefit for patients, and as such providers are left
grasping for best available evidence to inform treatment
decisions, especially for patients who wish to remain proactive with some form of therapy.
In this review, we summarize the various therapeutic
options that have been evaluated to date in the secondline (and beyond) setting for advanced pancreatic cancer. In so doing, we raise a number of important issues
regarding appropriate clinical trial design, what (if any)
should be considered a correct reference standard and
benchmark of success in this setting, and how the expanding armamentarium of available agents and established regimens for this disease both expands our array
of therapeutic options and adds to the complexity in
decision-making.

(23%) achieved stable disease (SD). Notably, 8 of these
14 patients demonstrating disease control had previously
experienced progressive disease as a best response to
GFP alone. Median progression-free and overall survival
(OS) for all 34 patients receiving second-line G-FLIP was
3.9 and 10.3 mo, respectively.
Another multidrug regimen that has been evaluated
in the refractory setting is cisplatin/epirubicin/5-FU/
gemcitabine (PEFG). This combination was initially tested in the front-line setting in an Italian phase Ⅲ trial by
Reni et al[5], and showed improved 4-mo PFS and 2-year
survival rates compared to gemcitabine monotherapy, albeit with significant rates of hematologic toxicity. PEFG
was subsequently studied by the same research group as
second-line therapy in patients with progressive or metastatic disease refractory to gemcitabine-based treatment.
In this 46-patient study, subjects receiving either classic
or dose-intense PEFG had a median OS of 8.3 mo, with
no significant difference between the different doses of
PEFG tested[6]. Again, marked toxicities were noted, including Grade 3-4 neutropenia and thrombocytopenia in
26 (56%) and 10 (22%) patients, respectively.
Building upon observations from prior phase Ⅲ trials
demonstrating improvements in response rate (RR), progression free survival (PFS), and clinical benefit response
(CBR) of gemcitabine/platinum doublets compared to
gemcitabine monotherapy in the front-line setting[7,8], a
similar strategy has also been explored in the gemcitabinerefractory setting in a variety of contexts. Demols et al[9]
investigated the combination of gemcitabine plus oxaliplatin (GemOx) in a single-arm phase Ⅱ study involving 33
patients with gemcitabine-refractory advanced pancreatic
cancer. A partial response was observed in 7 patients (21%)
with an additional 12 patients (36%) achieving SD. Median
OS was 6 mo. Importantly, 17 patients (52%) were reported as having a clinical benefit response. One more recent
approach has involved testing the potential for enhanced
chemotherapeutic efficacy at higher temperatures[10], by
which basis Tschoep-Lechner et al[11] conducted a study of
gemcitabine and cisplatin combined with regional hyperthermia (RHT) in the second-line setting. Median time to
progression for the 23 patients treated with this strategy
was 4.3 mo, with a median overall survival of 12.9 mo.
These results have spurred an ongoing prospective phase
Ⅱ trial offering second-line Gem/Cis/RHT (EudraCT:
2005-003855-11).
Other doublet regimens that have been evaluated in
the salvage setting include gemcitabine plus the oral fluoropyrimidine S-1[12] and gemcitabine plus nab-paclitaxel[13]
with median times to progression of 2.8 and 3.2 mo, respectively. More details of these and other gemcitabinebased combinations are summarized in Table 1.

GEMCITABINE-CONTAINING REGIMENS
Gemcitabine emerged as the standard of care for firstline treatment of advanced pancreatic cancer following
its FDA approval in 1996[3]. Once patients develop resistance following front-line gemcitabine-based therapy,
the natural question arises as to whether continuing with
this same drug while adding novel agents can confer,
or restore, clinical activity by overcoming drug-specific
chemotherapeutic resistance and/or through synergistic
effects.
Kozuch et al[4] first demonstrated the feasibility of
this approach in a retrospective analysis of 34 consecutive patients with metastatic pancreatic cancer receiving irinotecan/gemcitabine/5-FU/leucovorin/cisplatin
(G-FLIP), 32 of whom had previously progressed on
gemcitabine and 31 who had progressed specifically on
gemcitabine/5-FU/cisplatin (GFP). Of these 31 patients,
whose regimen was altered only by the addition of irinotecan, 7 (23%) achieved partial responses (PR) and 7
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NOVEL MONOTHERAPEUTIC REGIMENS
An alternative approach to second-line therapy involves
administration of a completely non-cross-resistant regimen; using such a strategy, previous agents (such as
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Table 1 Clinical studies of second-line gemcitabine-containing regimens
Ref.
[4]

Kozuch et al , 2001
Reni et al[6], 2008
Demols et al[9], 2006
Fortune et al[76], 2009
Stathopoulos et al[77], 2006
Tschoep et al[11], 2013
Morizane et al[12], 2012
Ernani et al[13], 2012

Regimen

Sample size

G-FLIP
PEFG
GEMOX
GEMOX
Gem, Lipoplatin
Gem, Cisplatin, RHT
Gem, S-1
Gem, nab-Paclitaxel

34
46
33
17
24
23
40
10

RR

1

24%
24%
21%
24%
8.3%
4.3%
18%
20%

PFS/TTP (mo)

Med OS (mo)

1 yr survival

3.9
5.0
4.2
2.6
NR
4.3
2.8
3.2

10.3
8.3
6.0
6.4
4.0
NR
7.0
NR

47%
26%
NR
29%
NR
NR
18%
NR

1

Intent-to-treat analysis. G-FLIP: Gemcitabine, 5-fluorouracil, leucovorin, cisplatin; PEFG: Cisplatin, epirubicin, 5-fluorouracil, gemcitabine; GEMOX:
Gemcitabine, oxaliplatin; Gem: Gemcitabine; RHT: Regional hyperthermia; Nab-paclitaxel: Albumin-bound nanoparticle paclitaxel; NR: Not reported; PFS:
progression free survival; OS: Overall survival; TTP: Time to progression.

tablishing the combination of nab-paclitaxel/gemcitabine
as a viable option for first-line therapy[23], there has been
natural interest in evaluating this agent in the salvage setting. To date, we only have results from a small phase Ⅱ
study of nab-paclitaxel as a single agent for refractory
pancreatic cancer, in which there was a single objective
response (with an additional 6 achieving disease stabilization) amongst 19 patients, with a median PFS of 1.7 mo.
Estimated median OS in this cohort was 7.3 mo[22].
Fluoropyrimidines have also been studied in the advanced refractory disease setting. Boeck et al[24] studied second-line capecitabine monotherapy after gemcitabine failure and observed disease stabilization in 39% of patients
(no objective responses), with a median time to progression
and overall survival of 2.3 mo and 7.6 mo, respectively.
Another oral fluoropyrimidine, S-1, widely used in Asia
and other parts of the world for gastric and pancreatic cancer, has also been evaluated in several phase Ⅱ studies as
monotherapy for gemcitabine-refractory patients; response
rates associated with this agent range from 4%-15%, with
a median PFS almost uniformly in the 2 mo range[25-28]. See
Table 2 for additional data from these studies.

gemcitabine) are discontinued and an entirely new drug
or drug combination is given. In terms of monotherapy,
several topoisomerase inhibitors have been investigated
in patients refractory to gemcitabine-based front-line
treatment. The orally active camptothecin rubitecan, for
example, showed sufficient single-agent activity in two
separate studies of gemcitabine-refractory disease[14,15] to
warrant a randomized phase Ⅲ trial in which 409 pretreated patients (70% of whom had received two or
more prior regimens) were randomized to receive either
rubitecan monotherapy or “best choice (BC)” alternative
therapy as determined by treating physicians (most commonly gemcitabine, 5-FU, mitomycin C, capecitabine, or
docetaxel). Presented as an abstract at the 2004 ASCO
annual meeting but never subsequently published, the
trial did not show a statistically significant difference in
overall survival between groups (108 d vs 94 d, respectively, P = 0.63), although significant improvements were
observed with rubitecan in terms of progression-free
survival (58 d vs 48 d, P = 0.01) and response rate (6.1%
vs 0.5%, P = 0.01)[16].
More recently, a phase Ⅱ study of liposomal irinotecan sucrosofate (PEP02, MM-398), a drug formulation
with improved pharmacokinetics and tumor bioavailability relative to free irinotecan, was performed in patients
with metastatic pancreatic cancer refractory to frontline gemcitabine-based therapy[17]. Ko et al[17] reported
a disease control rate of 50% (including 7.5% with an
objective response) as well as a 50% or greater CA19-9
decline in 31% of evaluable subjects, with a median
overall survival of 5.2 mo. Toxicities were manageable,
with cytopenias, asthenia, and diarrhea representing the
most common grade 3/4 adverse events. These results
prompted the launch of an international randomized
phase Ⅲ trial (NAPOLI-1, NCT01494506) that has been
recently completed, comparing MM-398 with or without
5-FU/leucovorin to 5-FU/leucovorin alone.
Inhibitors of microtubule dynamics, including taxanes
(docetaxel, paclitaxel, nab-paclitaxel) and eribulin mesylate, have also been investigated in small retrospective
and single-arm phase Ⅱ studies[18-22]. Given the unique
formulation of nab-paclitaxel that may allow it to more
successfully traverse the blood-stroma barrier, in addition
to the positive results from the phase Ⅲ MPACT trial es-
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CYTOTOXIC COMBINATION REGIMENS
(NON-GEMCITABINE-BASED)
Patients who maintain a good performance status after
progressing on front-line therapy may also be candidates
for non-gemcitabine-based combination chemotherapy
regimens.
Platinum-based combinations
To date, the majority of studies have concentrated on
the combination of a fluoropyrimidine plus a platinum
analogue, most notably 5-FU, leucovorin, and oxaliplatin
administered in various dosing schedules. One of the earliest studies, a non-randomized phase Ⅱ trial conducted
in Greece by Tsavaris et al[29], showed encouraging clinical
activity of these drugs when administered weekly in bolus
fashion, with the best response including partial responses in 7 of 30 patients (23%) and stable disease in an additional 9 (30%). More traditional FOLFOX regimens, with
biweekly dosing schedules and prolonged 5-FU infusion
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Table 2 Clinical studies of second-line monotherapeutic regimens
Ref.
[16]

Jacobs et al , 2004
Burris et al[15], 2005
Yi et al[78], 2009
Takahara et al[79], 2013
Ko et al[17], 2013
Oettle et al[18], 2000
Maeda et al[19], 2011
Cereda et al[20], 2008
Hosein et al[22], 2013
Boeck et al[24], 2007
Bodoky et al[59], 2012
Morizane et al[25], 2009
Todaka et al[26], 2010
Mizuno et al[28], 2013
Ioka et al[27], 2013
Fukahori et al[80], 2012
Androulakis et al[81], 2005
Boeck et al[82], 2007
Ulrich-Pur et al[48], 2003
Kindler et al[83], 2008

Regimen

Sample size

Rubitecan
Rubitecan
Irinotecan
Irinotecan
Nanoliposomal irinotecan
Paclitaxel
Paclitaxel
Docetaxel
Nab-Paclitaxel
Capecitabine
Capecitabine
S-1
S-1
S-1
Best fluoropyrimidine2
Gemcitabine3
Oxaliplatin
Pemetrexed
Raltitrexed
Arsenic trioxide

198
58
33
56
40
18
30
10
19
39
38
40
52
67
40
27
18
52
19
13

RR

1

11%
5.2%
9%
3.6%
7.5%
5.6%
10%
0%
5%
0%
7.9%
15%
3.8%
6%
10%
14%
0%
3.8%
0%
0%

PFS/TTP (mo) Med OS (mo)
1.9
2.0
2.0
2.9
2.4
NR
NR
1.5
1.7
2.3
2.2
2.0
2.1
1.9
3.8
2.6
NR
1.6
2.5
1.6

3.5
3.1
6.6
5.3
5.2
4.1
6.7
4.0
7.3
7.6
5.0
4.5
5.8
5.9
7.5
8.0
3.5
4.7
4.3
3.8

1 yr survival
NR
9%
NR
NR
25%
NR
NR
0%
37%
NR
NR
14%
12%
NR
NR
NR
NR
NR
0%
0%

1

Intent-to-treat analysis; 2S-1 (67.5%), uracil-tegafur (20%), or 5-fluorouracil (12.5%); 3S-1 refractory disease. Nab-paclitaxel: Albumin-bound nanoparticle
paclitaxel; NR: Not reported; PFS: Progression free survival; OS: Overall survival; TTP: Time to progression.

times similar to that given in colorectal cancer, have also
been examined with demonstrable evidence of activity
in this setting. Yoo et al[30] conducted a randomized phase
Ⅱ trial comparing modified versions of FOLFOX and
FOLFIRI (5-FU, leucovorin, irinotecan) for gemcitabinerefractory advanced pancreatic cancer. However, in this
study, response rates to both regimens were low (7% and
0%) with associated PFS times of 6.0 and 8.3 wk, respectively. A more recent phase Ⅱ trial of FOLFOX4 from
Korea reported modestly better results, with an objective
response rate of 11%, a tumor stabilization rate of 41%,
and a median time to progression of 9.9 wk[31]. Singlearm studies of capecitabine plus oxaliplatin (CapOx)
have also been performed by several Asian groups, with
fairly comparable results[32-35].
The most convincing evidence supporting a fluoropyrimidine/platinum-based combination comes from Germany, using a regimen termed OFF, in which 5-FU (given
as a 24-h infusion) plus folinic acid are given weekly x
4 in 6-wk cycles, with the addition of oxaliplatin during weeks 2 and 4. Prompted by promising results from
a phase Ⅱ trial using this regimen (disease control rate
lasting 12 wk or better in 43% of study patients), a phase
Ⅲ randomized trial was designed by Charité Onkologie
(CONKO-003) in which patients were randomized to
receive either the OFF regimen or best supportive care
(BSC). A sample size of 165 was planned, but the study
was stopped due to poor accrual (likely from the possibility of randomization to a BSC arm) after enrolling
46 patients[36]. Even with the limited sample size, overall
survival in patients receiving OFF was 4.8 mo compared to 2.3 mo in those receiving BSC (P = 0.008)[37].
The investigators sought to build on these results with
another randomized phase Ⅲ trial comparing OFF to
weekly 5-FU/folinic acid (FF) alone. The results of this
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168-patient trial were presented in abstract form at the
2008 ASCO meeting[38]. As compared to the FF regimen,
patients receiving OFF demonstrated improved PFS (13
wk vs 9 wk, P = 0.012) and median OS (26 wk vs 13 wk,
P = 0.014). This trial marks the largest phase Ⅲ study to
date showing a survival benefit of second-line therapy
for pancreatic cancer; as such, the OFF regimen (or iterations thereof) has become accepted as the de facto standard treatment of refractory disease.
With the emergence of FOLFIRINOX (5-FU, leucovorin, irinotecan, and oxaliplatin) as a front-line standard for patients with advanced pancreatic cancer and
good performance status[39], there has naturally been
interest in investigating this regimen in the second-line
setting. To date, we only have data from one small retrospective series that included 27 patients[40]. Seventeen
(63%) demonstrated stable disease or better, including 5
with partial responses, with an associated median TTP of
5.4 mo. Importantly, treatment was generally well-tolerated with manageable and predictable toxicities. Further
evaluation of this regimen clearly needs to be performed
in prospectively designed studies.
While fluoropyrimidine/platinum combinations have
been studied most extensively, single-arm studies of platinum-based agents partnered with other classes of agents,
including oxaliplatin in combination with irinotecan[41,42],
raltitrexed[43], and pemetrexed[44], have also been examined. Results of these small series are shown in Table 3.
Non-platinum-based combinations
In addition to the previously described phase Ⅱ trial
by Yoo et al[30] in which gemcitabine-refractory patients
were randomized to receive modified versions of either
FOLFOX or FOLFIRI, other smaller prospective and
retrospective studies of FOLFIRI have been conducted,
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Table 3 Clinical studies of second-line cytotoxic combination regimens
Ref.

Regimen

Tsavaris et al[29], 2005
Mitry et al[84], 2006
Gebbia et al[85], 2007
Novarino et al[86], 2009
Yoo et al[30], 2009
Chung et al[31], 2013
Berk et al[35], 2012
Sancho et al[32], 2008
Xiong et al[33], 2008
Gasent-Blesa et al[34], 2009
Berk et al[35], 2012
Pelzer et al[87], 2009
Pelzer et al[37], 2011
Pelzer et al[38], 2008
Assaf et al[40], 2011
Togawa et al[88], 2007
Kim et al[89], 2012
Takahara et al[90], 2013
Cantore et al[41], 2004
Oh et al[42], 2010
Reni et al[43], 2006
Mazzer et al[44], 2009
Yoo et al[30], 2009
Gebbia et al[45], 2010
Cereda et al[91], 2010
Zaniboni et al[46], 2012
Neuzillet et al[47], 2012
Mizuno et al[28], 2013
Blaya et al[49], 2007
Katopodis et al[50], 2011
Kim et al[51], 2009
Lee et al[92], 2009
Shi et al[93], 2012
Saif et al[94], 2009
Ulrich-Pur et al[48], 2003
Reni et al[95], 2004
Cereda et al[96], 2011
Ko et al[52], 2008

Platinum based regimens
FOLFOX
FOLFOX
FOLFOX
FOLFOX
FOLFOX
FOLFOX
FOLFOX
CapOx2
CapOx
CapOx
CapOx
OFF
OFF
OFF
FOLFIRINOX
Cisplatin, S-1
Cisplatin, S-1
Oxaliplatin, S-1
Oxaliplatin, irinotecan
Oxaliplatin, irinotecan
Oxaliplatin, raltitrexed
Oxaliplatin, pemetrexed
Non-platinum based regimens
FOLFIRI
FOLFIRI
FOLFIRI or XELIRI
FOLFIRI
FOLFIRI
S-1, irinotecan
Capecitabine, docetaxel
Capecitabine, docetaxel
5-FU, paclitaxel
Conti-FAM3
Capecitabine, thalidomide
Capecitabine, PHY906
Irinotecan, raltitrexed
MDI
Mitomycin, ifosfamide
Irinotecan, docetaxel

Sample size

RR

1

PFS/TTP (mo) Med OS (mo) 1 yr survival

30
18
42
23
30
44
46
18
41
15
39
37
23
76
27
17
11
30
30
14
41
16

23%
0%
14%
0%
6.7%
11%
17%
5.6%
2.4%
6.7%
18%
5.4%
0%
NR
19%
29%
0%
10%
10%
21%
24%
56%

5.1
0.9
4
2.7
1.4
2.3
3.7
3.9
2.3
NR
3.7
2.8
NR
3
5.4
NR
1.5
3.4
4.1
1.4
1.8
3.3

5.8
1.3
6.7
4.0
3.5
7.3
5.8
5.8
5.4
5.3
4.9
5.1
4.8
6.1
8.5
10
2.7
5.0
5.9
4.1
5.2
NR

NR
NR
NR
NR
NR
NR
NR
NR
21%
NR
NR
NR
NR
NR
NR
32%
NR
NR
23%
7.1%
12%
NR

31
40
34
50
63
60
24
31
28
31
31
25
19
15
21
14

0%
15%
0%
8%
7.9%
18%
13%
9.7%
10%
12%
6.5%
5.3%
16%
0%
4.8%
0%

1.9
3.7
2.0
3.2
3.0
3.6
NR
2.4
2.5
2.3
2.7
NR
4.0
1.7
1.7
1.2

3.9
6.0
4.2
5.0
6.6
6.9
NR
6.4
7.6
6.7
6.1
NR
6.5
6.1
3.7
4.5

NR
0%
5.6%
NR
NR
NR
NR
15%
NR
NR
NR
NR
NR
0%
9.5%
21%

1

Intent-to-treat analysis; 2Pooled analysis of pancreatic (50%), biliary (22%), gallbladder (22%) and ampullary (6%) cancer; 3Pooled analysis of pancreatic
(48%), biliary (35%) and gallbladder (16%) cancer. FOLFOX: Oxaliplatin, 5-fluorouracil, folinic acid, biweekly; CapOx: Capecitabine, oxaliplatin; OFF:
Oxaliplatin, 5-fluorouracil, leucovorin, in 6-wk cycles; FOLFIRINOX: Oxaliplatin, leucovorin, 5-fluorouracil, irinotecan; FOLFIRI: 5-Fluorouracil, leucovorin,
irinotecan; XELIRI: Capecitabine, irinotecan; 5-FU: 5-Fluorouracil; Conti-FAM: 5-Fluorouracil, doxorubicin, mitomycin-c; MDI: Mitomycin, docetaxel,
irinotecan; NR: Not reported; PFS: Progression free survival; OS: Overall survival; TTP: Time to progression.

mo) and OS (6.5 mo vs 4.3 mo), albeit with higher rates
of clinically relevant toxicities including gastrointestinal
symptoms and alopecia.
Taxanes represent the other most frequently studied class of agents evaluated in the salvage setting for
pancreatic cancer. Combination regimens including
capecitabine/docetaxel[49,50] and 5-FU/paclitaxel[51] have
been studied in small phase Ⅱ trials, with response rates
in the 10% range and median PFS centered around 2 mo.
A small phase Ⅱ study looking at the combination of
irinotecan/docetaxel was discontinued early due to excess toxicity, with no responses observed in 14 evaluable
patients[52]. Table 3 highlights other non-platinum-based
combinations that have been explored, mostly in the context of single-arm phase Ⅱ studies.

with response rates ranging between 8%-15% and median progression-free survival in the 3-4 mo range[45-47]. Another fluoropyrimidine/irinotecan combination termed
IRIS (irinotecan plus S-1) was compared to S-1 alone in
a randomized phase Ⅱ trial from Japan of 127 patients
who had progressed on gemcitabine[28]. The combination
produced a response rate of 18%, compared to 6% with
S-1 alone (P = 0.03). Median PFS and OS also favored
the IRIS combination, although these improvements did
not reach statistical significance (107 and 208 d, compared to 58 and 176 d for S-1, respectively). Irinotecan
has also been tested in combination with the folate antimetabolite raltitrexed in a randomized phase Ⅱ trial vs
raltitrexed monotherapy[48]. In this 38-patient study, the
doublet was associated with a higher rate of objective
response (16% vs 0%) and prolonged PFS (4.0 mo vs 2.5
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Table 4 Ongoing randomized phase Ⅱ/Ⅲ trials of refractory pancreatic cancer chemotherapy
Clinical trial

Design

Study arms

Goal enrollment Primary measure

NCT00674973 Phase Ⅱ
Erlotinib vs placebo
NCT01074996 Phase Ⅱ
S-1 vs S-1, leucovorin
NCT01417000 Phase Ⅱ GVAX pancreas, cyclophosphamide, CRS-207
vs GVAX pancreas, cyclophosphamide
NCT01423604 Phase Ⅱ
Capecitabine, ruxolitinib vs capecitabine,
placebo
NCT01658943 Phase Ⅱ
Selumetinib, MK2206 vs FOLFOX
NCT01796782 Phase Ⅱ
QYHJ granules vs Capecitabine

207
96
90

NCT01121848 Phase Ⅲ Capecitabine or 5-FU, leucovorin vs XELOX
or mFOLFOX-6
NCT01494506 Phase Ⅲ
MM-398 vs MM-398, 5-FU, leucovorin vs
5-FU, leucovorin
NCT01954992 Phase Ⅲ
Glufosfamide vs 5-FU
NCT01956812 Phase Ⅲ
Gemcitabine, IMMU-107 vs Gemcitabine,
placebo

Previous therapy

Status

PFS, biomarkers 1 prior CT regimen Active, not recruiting
OS
Gem-based
Recruiting
≥ 1 prior CT regimen Active, not recruiting
OS

138

OS

Gem-based

Active, not recruiting

133
60

OS, PFS
OS

Recruiting
Active, not recruiting

128

PFS

Gem-based
Non-capecitabine
containing CT
Gem-based

405

OS

Gem-based

Active, not recruiting

480
440

OS
OS

Gem-based
2 prior CT regimens,
≥ 1 Gem-based

Recruiting
Not yet open for
recruitment

Active, not recruiting

GVAX pancreas: Allogeneic pancreatic cancer cell vaccine, induces GM-CSF production; CRS-207: Attenuated listeria monocytogenes vaccine, induces
immune response to mesothelin; MK2206: Akt inhibitor; FOLFOX: 5-Fluorouracil, leucovorin, oxaliplatin; QYHJ: Qingyihuaji formulation; 5-FU:
5-Fluorouracil; XELOX: Capecitabine, oxaliplatin; mFOLFOX-6: Modified schedule 5-fluorouracil, leucovorin, oxaliplatin; MM-398: Liposomal irinotecan;
IMMU-07: Yttrium-90 radiolabeled humanized monoclonal antibody against mucin1 (CD227); PFS: Progression free survival; OS: Overall survival; CT:
Chemotherapy; Gem-based: Gemcitabine-containing chemotherapy regimen.

duced somewhat better results, including a 10% objective
response rate, a median PFS of 3.4 mo, and a median OS
of 6.5 mo, with no associated grade 4 toxicities[55].
Downstream of EGFR is the protein encoded by
the KRAS oncogene, which is mutated and hence constitutively activated in the vast majority of pancreatic
cancers[56-58]. While KRAS itself has proved to be challenging as a druggable target, KRAS effector pathways
such as the MAP (RAF/MEK/ERK) signaling cascade
may be more amenable to pharmacologic inhibition. Bodoky et al[59] investigated selumetinib, a selective MEK1/2
inhibitor, in a randomized phase Ⅱ trial vs capecitabine
for gemcitabine-resistant pancreatic cancer. Selumetinib,
though well tolerated, did not improve survival relative
to capecitabine monotherapy, with median PFS and OS
times of 2.1 and 5.4 mo compared to 2.2 and 5.0 mo,
respectively. Two of 32 patients on the selumetinib arm
(6.3%) did achieve a (unconfirmed) partial response.
Several lines of preclinical evidence indicate that inhibition of MEK induces compensatory hyperactivation
of a semi-parallel EGFR signaling pathway, the PI3K/
AKT cascade[60], and that simultaneous blockade of multiple nodes leads to better anti-tumor activity. Ko et al[61]
tested this approach of dual inhibition for refractory
pancreatic cancer in a multicenter phase Ⅱ study, using
the combination of selumetinib plus erlotinib. Although
no objective responses were observed, 12 of 46 patients
(26%) achieved stable disease for a minimum of 12 wk,
and 38% of evaluable patients had a biomarker response
(CA19-9 decline > 50%). Median OS on this study was
7.5 mo. An ongoing randomized phase Ⅱ study led by
the Southwest Oncology Group (SWOG 1115) is comparing the combination of selumetinib plus the AKT inhibitor MK2206 to standard FOLFOX chemotherapy in
patients who have progressed on front-line gemcitabinebased treatment (NCT01658943) (Table 4).

TARGETED THERAPIES
In recent years, an improved understanding of cancer
biology has led to the development of targeted therapies
intended to inhibit tumor-specific proteins or pathways
instrumental in cellular proliferation and survival. These
include small molecule inhibitors, which inhibit a specific
intracellular protein or pathway; or engineered antibodies, designed to target proteins expressed preferentially
on the tumor cell surface. In pancreatic cancer, a number
of potentially actionable oncogenic pathways have been
identified for which such targeted therapies have been
developed and tested, many in the chemo-refractory setting, either alone or in combination with other targeted
or cytotoxic agents.
Small molecule inhibitors that bind the intracellular
tyrosine kinase (TK) domain of the human epidermal
growth factor receptor (HER1/EGFR) block signaling through this pathway that controls aspects of DNA
synthesis, cell proliferation, adhesion, and migration.
Erlotinib, one such anti-EGFR TK inhibitor (TKI), was
approved in the front-line setting for advanced pancreatic
cancer based on a small but statistically significant improvement in median survival when added to gemcitabine
in a randomized phase Ⅲ trial led by the National Cancer
Institute of Canada[53]. When tested as monotherapy in
the setting of gemcitabine-refractory disease in a (nonpublished) phase Ⅱ trial, erlotinib produced prolonged
disease control (greater than 8 wk) in 10/40 evaluable
patients, with a median time to progression of 1.6 mo
and a median survival of 4.1 mo[54]. A randomized trial
of erlotinib vs placebo (NCT00674973) has completed
accrual with the goal of identifying biomarkers predictive
of benefit to this agent (Table 4); data are not yet available. Another phase Ⅱ study tested erlotinib in combination with capecitabine in the refractory setting and pro-
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Table 5 Clinical studies of second-line targeted therapies
Ref.

Regimen
[97]

Ignatiadis et al , 2006
Brell et al[98], 2009
Kulke et al[55], 2007
Tang et al[54], 2009
Iyer et al[99], 2010
Bodoky et al[59], 2012
Ko et al[61], 2013
Wolpin et al[62], 2009
Garrido-Laguna et al[63], 2010
Javle et al[64], 2010
Javle et al[64], 2010
Dragovich et al[68], 2008
O’Reilly et al[69], 2010
Ko et al[67], 2010
Astsaturov et al[100], 2011
Astsaturov et al[100], 2011
Milella et al[73], 2004
Pino et al[74], 2009
Starling et al[101], 2012
Carvajal et al[102], 2009
Nallapareddy et al[103], 2010

Sample size

Gefitinib, docetaxel
Gefitinib, docetaxel
Erlotinib, capecitabine
Erlotinib
Erlotinib
Selumetinib
Selumetinib, erlotinib
Everolimus
Sirolimus
Everolimus, erlotinib
Temsirolimus
Vatalinib
Sunitinib
Bevacizumab, erlotinib
Bevacizumab
Bevacizumab, docetaxel
Celecoxib, 5-FU
Celecoxib, capecitabine2
Imatinib, gem, oxaliplatin
Flavopiridol, docetaxel
Sarcatinib

26
41
30
50
18
32
46
33
31
16
5
65
77
36
16
16
17
35
27
10
19

RR

1

0%
2.4%
10%
0%
0%
6.3%
0%
0%
0%
0%
0%
NR%
1.4%
2.8%
0%
0%
12%
8.6%
7.4%
0%
0%

PFS/TTP (mo) Med OS (mo)
2.1
1.8
3.4
1.6
1.4
2.1
2.6
1.8
NR
1.6
0.6
6 m = 14%3
1.3
1.3
1.4
1.6
1.9
4.0
4.6
1.9
1.6

2.9
4.5
6.5
4.1
3.1
5.4
7.5
4.5
NR
2.9
1.5
6 m = 31%3
3.7
3.4
5.5
4.2
3.5
4.4
5.6
4.2
2.5

1 yr survival
NR
0%
26%
6 m = 39%3
NR
NR
NR
NR
6 m = 26%3
NR
NR
NR
NR
6 m = 22%3
NR
NR
NR
NR
28%
0%
NR

1

Intent-to-treat analysis; 2Pooled analysis of pancreatic (86%) and biliary (14%) cancer; 36 m: 6 mo survival rate. 5-FU: 5-Fluorouracil; Gem: Gemcitabine;
NR: Not reported; PFS: Progression free survival; OS: Overall survival; TTP: Time to progression.

Among other effects, the EGFR/PI3K/AKT signaling cascade results in activation of the mammalian target
of rapamycin (mTOR) protein kinase. mTOR plays a
central role in cell growth and cell-cycle control, integrating mitogenic signals from various extracellular ligands
including EGF, insulin, and insulin-like growth factor
(IGF-1/2). Wolpin et al[62] tested the direct mTOR inhibitor everolimus in gemcitabine-resistant disease, but observed no objective responses and a disease control rate
of only 21%, with a median PFS of 1.8 mo. A trial of
sirolimus monotherapy, in which 75% of patients had received prior chemotherapy, similarly revealed minimal to
no clinical activity[63]. Javle et al[64] tested a dual inhibition
strategy of everolimus in combination with erlotinib in a
small phase Ⅱ study, but this study was closed early due
to futility.
In a separate (but not unrelated) category, anti-angiogenic strategies, primarily targeting vascular endothelial
growth factor (VEGF) and its corresponding receptor
(VEGFR), have been extensively studied in pancreatic cancer in both the front-line and salvage settings.
The anti-VEGF monoclonal antibody bevacizumab,
which did not improve survival when added to either
gemcitabine[65] or erlotinib/gemcitabine[66] as first-line
therapy in two large randomized phase Ⅲ studies, has
also been explored in the refractory setting, with fairly
minimal activity. A phase Ⅱ trial by Ko et al[67] examined
the combination of bevacizumab and erlotinib in gemcitabine-refractory patients and reported a progressionfree survival rate of 1.3 mo, with a median OS of only
3.4 mo. Oral TKIs directed against VEGFR have also
been explored, including fairly large single-arm phase Ⅱ
studies of vatalinib[68] and sunitinib[69]. Sunitinib, tested
in the context of a cooperative group study (CALGB

WJG|www.wjgnet.com

80603), reported a single objective response amongst
77 patients (1.3%), a disease control rate of 22%, and
progression-free and overall survival times of 1.3 and 3.7
mo, respectively. Interestingly, recent evidence suggests
that pancreatic cancer, despite VEGF/VEGFR upregulation, is poorly vascularized relative to other tumors[70].
These data may help explain the minimal efficacy of
anti-angiogenic therapy in pancreatic cancer.
Several other potential oncogenic pathways have been
targeted in the second-line setting. Cyclooxygenase-2
(COX-2) is upregulated in pancreatic cancer[71], and its
product prostaglandin-E can transactivate EGFR and
promote tumor survival[72]. Celecoxib, a selective COX-2
inhibitor, has been tested in combination with fluoropyrimidines (5-FU or capecitabine) in second-line regimens and found to produce response rates of 9%-12%
with very mild side effect profiles[73,74]. Ruxolitinib, an
oral inhibitor of Janus kinase (JAK) signaling that is approved for use in myelofibrosis, has been evaluated as
second-line therapy in combination with capecitabine in a
randomized phase Ⅱ trial in patients with refractory pancreatic cancer (NCT01423604); this study has completed
accrual as of mid-2013 and results are currently being
awaited (Table 4). Data from other studies of targeted
therapies are shown in Table 5.

DISCUSSION
There is presently no universally accepted standard of
care for patients with advanced pancreatic cancer who
have progressed on front-line therapy. As described
above, with a few notable exceptions, the vast majority
of studies conducted in this setting have been singlearm, single-institution trials with relatively modest sam-
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ple sizes. Such non-randomized trials need to be carefully interpreted in light of their inherent selection bias;
certainly, those patients who are well enough to consider
salvage treatment may already have more favorable tumor biology that influences patient outcomes, including
survival rates, independent of the specific choice of
therapy.
This argument certainly lends itself in support of
randomized phase Ⅱ/Ⅲ trials; studies that fit this category and remain open or are still actively recruiting (as
of December 2013) are presented in Table 4. However,
it should be recognized that the design and performance
of randomized studies in this setting is particularly challenging. As the CONKO investigators observed, a control arm of best supportive care alone, while perhaps
appropriate in many cases, is not a particularly attractive
option to patients and may hinder study enrollment. But
deciding on what the appropriate reference standard
should be in a randomized study design, absent compelling evidence to support one regimen over another, is
not a straightforward issue. For example, can a fluoropyrimidine alone (capecitabine, S-1, or 5-FU) be considered
adequate as a control arm? Some might argue that there
are adequate data indicating that a (fluoropyrimidine plus
oxaliplatin) combination is clearly superior, and thus represents a more appropriate (and ethical) comparator for a
randomized trial. But for a novel agent being evaluated in
this setting, does comparing it alone to a reference standard of, for example, FOLFOX, provide adequate study
equipoise?
It should also be noted that almost all of the studies
detailed above were conducted in the pre-FOLFIRINOX
era; as such, they primarily included patients who received
a gemcitabine-based regimen as front-line therapy. It
would seem logical that for a patient in the present time
who receives FOLFIRINOX as first-line therapy, the
next step would be to try a gemcitabine-based regimen
(monotherapy, gemcitabine/nab-paclitaxel, or perhaps
another gemcitabine-based combination). However, prospective randomized studies are still required to support
this recommendation. Moreover, such FOLFIRINOXtreated patients would obviously not be appropriate for
enrollment onto a study in which (s)he might be randomized to receive any of these same drugs, alone or in combination, as part of the control arm. Thus, looking ahead,
one must consider the possibility that separate clinical
trials should be developed in the second-line setting depending on patients’ first-line treatment exposure.
These conundrums highlight only some of the challenges in designing clinical trials in this refractory setting
for pancreatic cancer. The other major obstacle hindering
progress is the lack of validated predictive biomarkers
for this disease that could help inform treatment decisions, whether for conventional cytotoxics or for targeted
agents. The track record for targeted agents in chemorefractory pancreatic cancer is particularly dismal, bringing to light the fact that, in the future, we need to be
superselective in identifying the patients most likely to
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benefit from a particular novel therapy, and to develop
patient enrichment schemes in clinical trial design accordingly. However, obtaining adequate tumor tissue in this
patient population for identifying and validating predictive molecular markers represents a substantial ongoing
challenge.
We also propose that certain uniform study benchmarks be established to define “success” for a particular
regimen and justify moving on to a larger phase Ⅲ study.
A recent systematic review of 34 studies found a median
survival for any second line regimen of 6 mo, compared
to 2.8 mo for best supportive care alone[75]. With this in
mind, thresholds of at least 6 mo for median OS, at a
bare minimum, and 4 mo for median PFS, represent reasonable starting points that could be considered clinically
meaningful and reflect treatment efficacy that matches or
is superior to most historic data reported to date.
Additionally, cost-effectiveness analysis represents an
important element to consider embedding within trial
design, especially in larger studies, to help inform broader
health care decisions in this clinical context in which
the magnitude of survival benefit of any novel agent or
regimen is likely to be measurable in extra months, if
not only weeks. Finally, and perhaps even more importantly, we recommend that every effort should be made
to incorporate quality of life (QoL) endpoints/patientreported outcomes into study design, as these measures
are of paramount importance for patients in this latestage setting.
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Pancreatic cancer stroma: understanding biology leads to
new therapeutic strategies
Agnieszka Anna Rucki, Lei Zheng
the tumor volume is not made of malignant epithelial
cells but of stroma. In recent years, it has become evident that there is an important interaction between the
stromal compartment and the less prevalent malignant
cells, leading to cancer progression. The stroma not
only serves as a growth promoting source of signals
but it is also a physical barrier to drug delivery. Understanding the tumor-stroma signaling leading to development of desmoplastic reaction and tumor progression
can lead to the development of therapies to decrease
stromal activity and improve drug delivery. In this review, we focus on how the current understanding of
biology of the pancreatic tumor microenvironment can
be translated into the development of targeted therapy.
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Core tip: This is a comprehensive review and an update on recent progresses in understanding the role of
tumor microenvironment in the growth, invasion and
metastasis of pancreatic cancer. The role of tumor microenvironment in anti-tumor immune response and
treatment of pancreatic cancer is also reviewed. How
our knowledge in tumor microenvironment is translated
into the development of pancreatic cancer therapy is
discussed.

Abstract
Pancreatic ductal adenocarcinoma (PDA) is among the
deadliest cancers in the United States and in the world.
Late diagnosis, early metastasis and lack of effective
therapy are among the reasons why only 6% of patients diagnosed with PDA survive past 5 years. Despite
development of targeted therapy against other cancers,
little progression has been made in the treatment of
PDA. Therefore, there is an urgent need for the development of new treatments. However, in order to proceed with treatments, the complicated biology of PDA
needs to be understood first. Interestingly, majority of
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late cells (PSCs), have been given much attention in the
past years. PSCs in their quiescent form are found in
minimal numbers in normal, healthy pancreas[12]. Their
homeostatic role is still poorly understood, however they
have been shown to contain fat droplets in their cytoplasm; indicating potential role in lipid metabolism; have
low mitotic index and low capability of ECM synthesis[13].
In PDA, on the other hand, PSCs become activated, as
determined by their myofibroblastic phenotype and expression of alpha smooth muscle actin[14]. Activated PSCs
have been shown to be a source of ECM, growth factors
and immune modulatory signals[15-17]. Molecular signals
originating from PSCs are conveyed to neoplastic cell
promoting tumor proliferation and invasion, cancer stem
cell maintenance and generation of immunosuppressive
environment[13,16-21]. Similarly, neoplastic cells send stimulatory signals to PSCs providing a positive feedback loop
that promotes cancer progression[22]. The population of
stromal fibroblasts is very heterogeneous and numerous
markers have been utilized to characterize stromal cells[23].
PSCs, which are regarded as alpha smooth muscle actin
expressing cells are phenotypically similar to a broader
population of fibroblasts marked by the surface glycoprotein expression of fibroblast activation protein (FAP)[14].
This similarity is based on the ability of both cell types to
promote tumor proliferation and invasion, secretion of
collagen types Ⅰ, Ⅲ, and Ⅳ, fibronectin, laminin, hyaluronan, and various growth factors[14,24]. Pro-tumorigenic
properties of FAP expressing fibroblasts have made them
an attractive target for PDA therapy (discussed later).

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDA) is a devastating
disease. It is the 4th leading cause of cancer related deaths
in the United States and according to latest statistics the
incidence rate is on a rise. The high mortality rates are
founded on the fact that PDA is very resistant to chemotherapy and radiation. Most patients are diagnosed
at late/metastatic stages of the disease. Less than 20%
of patients diagnosed with PDA are eligible for surgical
resection, and out of those most present with high incidence of metastasis after resection[1]. This aggressiveness
contradicts the finding that majority of the tumor volume
is not composed of neoplastic cells, but consists of the
stroma/desmoplastic reaction to the cancer[2,3]. In recent
years, it has become evident that the desmoplastic reaction is not only a bystander, but it is a source of cellular
and molecular components that promote tumor progression and metastasis[4,5]. Importantly, increased levels of
stroma correlate with poor prognosis[6] and depletion of
the stromal compartment has been associated with improved prognosis in both preclinical and clinical trials[7-9]
making pancreatic tumor stroma a valid therapeutic target. Despite the broader understanding of PDA biology
very little progress has been made in terms of treatment
development. Gemcitabine was approved for PDA treatment over a decade ago, however it still remains the standard of care[10]. The recent breakthrough phase Ⅲ clinical
trial evaluating combination therapy FOLFIRINOX (oxaliplatin/irinotecan/5-FU/leucovorin) showed increase
in overall survival by 4.3 mo when compared to gemcitabine but it also resulted in increased toxicity. Results
of the study led to approval of this drug combination
for patients with metastatic PDA and good performance
status[11]. The development of new therapeutics for PDA
has been progressing very slowly, nevertheless the devastating PDA statistics call for an urgent advance in effective treatment strategy. In this review, we will discuss
the current understanding of PDA biology and how this
knowledge is being translated into development of novel,
targeted therapies for PDA patients.

Extracellular matrix
Another component of the tumor microenvironment is
the ECM. This acellular part of pancreatic tumor stroma
is composed of variety of fibrous proteins (i.e., collagen),
polysaccharides (i.e., hyaluronan) and glycoproteins (i.e.,
fibronectin). Additionally, diversity of growth factors and
other proteins are found in the ECM of PDA. This mesh
of fibrous molecules not only provides support to the
surrounding tissues but it also plays a role in differentiation, remodeling and homeostasis, in healthy organs[25].
Not surprisingly, different components of pancreatic
stroma ECM have been shown to have tumorigenic
properties. In particular, collagen Ⅰ has been associated
with higher expression of transgelin (gene used in this
study to determine PSCs activation) when compared
to other non-activating matrices [26]. In other studies,
collagen Ⅰ was linked to resistance to gemcitabine, a
standard cytotoxic drug used for pancreatic cancer treatment[27,28]. Hyaluronan (HA), a non-typical glycosaminoglycan with high capacity of water retention, has recently
become an attractive target for pancreatic cancer therapy.
HA is expressed in high levels in PDA and its abundance
has been connected to increased intratumoral fluid pressure and consequent vascular collapse[29,30]. PDA, unlike
many solid tumors is hypovascular, moreover, the blood
vessels that are present in the intratumoral space have
been reported to be mostly nonfunctional[30]. The lim-

STROMAL COMPONENTS OF
PANCREATIC CANCER
The histological hallmark of PDA is the dense stroma
surrounding malignant epithelial cells. The stroma, also
referred to as desmoplastic reaction consist of numerous cellular as well as acellular constituents. The cellular
components include fibroblasts, stellate cells, immune
cells, endothelial cells, and nerve cells. The acellular compartment is comprised of extracellular matrix (ECM) (i.e.,
collagen, fibrinogen, hyaluronan, and fibrin) as well as
variety of other proteins, enzymes, and growth factors
(Figure 1).
Fibroblasts
Activated fibroblasts, also referred to as pancreatic stel-
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Figure 1 Graphical representation of the stromal components and their interactions in pancreatic ductal adenocarcinoma. FAP: Fibroblast activation protein;
Smo: Smoothened; SHh: Sonic hedgehog; HGF: Hepatocyte growth factor; PD-L1: Programmed death ligand-1; PD1: Programmed death-1 (receptor); AnxA2: AnnexinA2; TGFβ: Transforming growth factor β; IL-10: Interleukin 10; MDSC: Myeloid derived suppressor cell; Treg: T regulatory cell; TAM: Tumor associated macrophage.

ited numbers of functional blood vessels in PDA and
the dense stroma are believed to be among the reasons
why intravenous chemotherapeutic agents as well as the
recently tested antiangiogenic drugs[31] do not elicit great
effect on the tumor cells.

be cell contact dependent where proteins like CTLA-4
and PD-1 are involved[39]. TAMs can be divided into two
functional subtypes: M1 (pro-inflammatory) and M2 (immunosuppressive). The M2 subtype cells are a source
of anti-inflammatory cytokines such as IL-10 and have
been shown to induce Th2 responses (also found to be
immunosuppressive in PDA)[40]. In addition to the presence of immunosuppressive cell populations in the PDA
microenvironment, the numbers of effector cells such as
CD4+, CD8+ T cells and NK cells are minimal. More importantly, infiltrating CD8+ and CD4+ T cells have either
naïve phenotype or are nonfunctional, antigen experienced effectors[32]. There are numerous mechanisms that
have been implicated in the non-functionality of antigen
experienced T cells. Checkpoints and inhibitory receptors like PD-1 are examples of proteins that transduce
inhibitory signals during lymphocyte activation[41]. Tumor
cells can also express ligands such as the PD-L1 protein
that have been shown to dampen immune anti-tumor
responses. Upregulation of those inhibitory molecules,
PD-L1 in particular, has been associated with poor prognosis[42,43]. Lastly, TGFβ has been shown to play a role in
Th17 subtype differentiation[44]. Interestingly, TGFβ dependent differentiation of Th17 cells has been implicated
with increased immunosuppressive abilities[45]. Both tumor cells and cancer associated fibroblast secrete TGFβ
and increased levels of IL-17 secreting CD4+ cells (Th17)
have been found in PDA tumor microenvironment[46]. To
date, the role of Th17 subtype of immune cells remains
controversial in cancer biology, as it has been shown to
have both pro- and anti-tumorigenic properties[47-49]. It is
important to mention, that the role of Th17 cells is well
documented in promoting fibrosis[50,51]. Hepatic stellate
cells (HSCs) have been shown to become activated in

Immune cells
Broad repertoire of immune cells including both adaptive
and innate cell types are also present in the PDA tumor
microenvironment. Tumor infiltrating immune cells have
been implicated in tumor progression, chemotherapy
resistance and metastasis[32-34]. Additionally, the immune
infiltration is evident in early premalignant lesions and
increases with PDA progression[32]. Immune suppression and immune tolerance to tumor associated antigens
is one of the characteristics of PDA and it is associated
with poor prognosis[33,35]. The abundance of suppressive
cells leads to low numbers of effector CD8+ T cells in
the PDA stroma and consequently limited anti-tumor
cytotoxicity[32]. Among the most plentiful tumor infiltrating immune cells characterized by their suppressive
phenotype are myeloid derived suppressive cells (MDSCs), T regulatory cells (Tregs), and tumor associated
macrophages (TAMs). The suppressive cell population is
characterized by its ability to prevent activation and functionality of effector cells leading to diminished tumor
cytotoxicity[36]. The immune modulatory cell population
regulates effector cells anti-tumor responses by variety
of mechanisms. MDSC inhibit CD8+ T cell function via
arginase, and reactive oxygen species secretion, which
requires direct cell contact[37,38]. Tregs ability to decrease
effectors function is partially due to their ability to secrete suppressive cytokines such as interleukin 10 (IL-10)
and tumor growth factor β (TGFβ) but they can also
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TGFβ
The notion that depletion of stromal compartment allows for better drug delivery in PDA brought upon reexamination of another signaling pathway that has been
linked to regulation of desmoplastic reaction, the TGFβ
signaling pathway. This signaling cascade involves three
TGFβ ligands and three receptors. In short, binding of
ligand to its receptor (type Ⅱ) results in recruitment and
phosphorylation of type Ⅰ receptor and downstream
propagation of molecular signals. The effector molecules
in this cascade are the proteins of SMAD family, which
upon phosphorylation, dimerize, translocate to the nucleus and regulate expression of TGFβ associated genes[59].
TGFβ is overexpressed in PDA and its overexpression
correlates with poor survival[60]. TGFβ’s involvement in
pancreatic cancer is complicated as it has been shown to
affect both the stromal and the neoplastic compartments.
Elevated levels of TGFβ have been shown to impact
cell proliferation, immunosuppression and activation of
PSCs[61-64]. In mouse models, overexpression of SMAD 7
(TGFβ inactivator) showed decreased ECM production,
less fibrosis and more importantly diminished PSCs activation[65]. Additionally, TGFβ has been demonstrated to
drive epithelial to mesenchymal transition (EMT) process,
believed to be the initial step of metastasis[66]. EMT was
first characterized in development, in which the process
is vital for embryogenesis and organogenesis. The cellular characteristics of EMT include the loss of epithelial
cells polarity, cell adhesion, gain of mobility and invasive
properties resulting in phenotypical changes that resemble mesenchymal cells[67]. On a molecular level, EMT is
described by the changes in gene/protein expression that
occur in this process. Specifically, upregulation of mesenchymal markers (vimentin, fibronectin, N-cadherin, Snail
and Slug) and downregulation of epithelial markers (Ecadherin, zonula-occludens and nuclear translocation of
β-catenin) are routinely used to determine the presence
of EMT[67,68]. In recent years, many different pathways
have been implicated in the initiation of EMT and consequent cancer invasion and metastasis, of which TGFβ
is an example[66,69-74]. EMT has also been linked to induction and maintenance of cancer stem cell population in
PDA[75]. Importantly, the presence of EMT markers (as
discussed above) has been shown to correlate with higher
lymph node metastasis and decreased survival in PDA
patients[76]. Taken together, the pleotropic functionality
of TGFβ in cancer makes it a valid target for patients
with PDA.

response to Th17 secreted factors[50,52], and because PSCs
resemble HSCs, it would be interesting to investigate the
role of Th17 immune subtype on PSCs activation and
desmoplastic reaction.
Subsequently, modulation of the pro-tumorigenic immune infiltration by either depletion of suppressive cells,
polarization of the cell population to more anti-tumor
phenotype, checkpoint blockade or increase of activity
of the effector cells can be exploited in cancer therapy.

SIGNALING NETWORKS IN THE TUMOR
MICROENVIRONMENT
Tumor-stroma interactions create a very complicated
signaling network that drives tumor progression. Many
signaling pathways have been associated with PDA tumorigenesis, in this review we will focus on paracrine
pathways that originate in the neoplasm and contribute to
the development of desmoplastic reaction (Figure 1).
Sonic hedgehog
Sonic hedgehog (SHh) is a developmental signaling pathway that is crucial for organ development during embryogenesis. Briefly, in the absence of ligand (SHh) the
signaling pathway is inactive and the cell surface receptor
Patched (Ptch) inhibits translocation of smoothened (Smo)
to the cell surface. Upon ligand binding, Ptch relives the
repression on Smo allowing it to translocate to cell surface. The translocation of Smo is a key activating step
in downstream signaling. Gli1/2/3, which belong to the
zinc-finger transcription factor family are the downstream
effectors of Smo activation. Ligand binding to Ptch, results in the translocation of Gli1 (activator) to the nucleus
allowing expression of SHh associated genes. During activation of the pathway, Gli2/3 (repressors) are nonfunctional. In the absence of ligand binding, Gli2/3, undergo
proteolytic cleavage, move to nucleus and repress transcription of SHh dependent genes. In the inactive state,
Gli1 is rendered nonfunctional[53]. SHh is overexpressed
by PDA tumor cells, however its function is restricted to
the stromal compartment forming a paracrine signaling
network that promotes and maintains desmoplasia[54-56]. It
has been also noted that only cancer associated fibroblasts
and not the neoplastic cells show SHh pathway activation
and Smo receptor overexpression[57]. Importantly, Olive
et al[7] demonstrated that the use of a SHh inhibitor in
preclinical mouse model of pancreatic cancer, resulted
in better delivery of gemcitabine through reduction of
stroma and increase of vascular density. It is important to
mention that even though cancer associated fibroblasts
(CAFs) are an established target of SHh pathway activation, recent study of pancreatic cancer stem cells (cancer
initiating cells) showed that Smo is overexpressed in this
population of tumor cells. Pancreatic cancer stem cells
alike CAFs have been shown to be susceptible to SHh inhibition and should be considered a target[58].

WJG|www.wjgnet.com

Others
There are many other signaling pathways that have been
associated with PDA development, progression and
metastasis. We will discuss them briefly. Expression of
Delta-like ligand 4, a protein involved in the developmental Notch pathway has been linked to worst prognosis in
patients who underwent surgical resection of pancreatic
tumor[77]. Moreover, inhibition of γ-secretase, a protein
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that allows Notch signaling propagation to take place and
that is often constitutively active in PDA, showed regression of primary tumors, reduced metastasis and decrease
of pancreatic stem cell population when combined with
gemcitabine[78]. Another pathway that recently gained attention is the c-met pathway. It is well documented that
c-met receptor and its ligand HGF are upregulated in
PDA. C-met and HGF are detected early in PDA development but are not sufficient to promote tumorigenesis
without other oncogenic changes[79]. Recently the expression of c-met has been linked to the stem cell population
and because HGF is exclusively secreted by stromal fibroblasts, paracrine relationship between the stroma and
neoplasm to promote cancer progression has been suggested. Importantly, studies with c-met inhibitors showed
increase of apoptosis and sensitivity to gemcitabine in
malignant cells[80]. Moreover, stromal expression of HGF
was correlated with decreased disease free survival[81]
proposing that HGF/c-met targeting can be beneficial
to patients with PDA. Another attractive target is the
annexinA2 pathway shown to play an important role in
pancreatic tumor metastasis and EMT. Inhibition of tyrosine 23 phosphorylation of annexinA2 was shown to
reduce invasion in vitro, and metastasis in vivo. Although,
the kinases responsible for annexinA2 phosphorylation
in PDA remain to be confirmed, IGF-1R and Src have
been proposed to be involved[74].
Nuclear factor kappa-B (NF-κB), a transcription factor, regulates genes involved in inflammation, cell proliferation and survival[82]. NF-κB signaling pathway activity
has been documented to be upregulated in PDA but
not in normal pancreatic tissue[83,84]. Activation of this
signaling cascade has also been linked to early processes
in PDA development. Liou et al[85], recently reported that
macrophage secreted cytokines initiate acinar to ductal
metaplasia via activation of NF-κB and consequent upregulation of matrix metalloprotinases (MMPs). To date,
direct targeting of NF-κB has been shown to be challenging[86,87]. As an alternative to the direct NF-κB inhibition, upstream activators and downstream effectors of
the signaling pathway should be evaluated.
Numerous signaling pathways have been explored
as potential targets for pancreatic cancer therapy, however review of all of them goes beyond the scope of
this article.

above described targets that show encouraging results.
In this part of the review we will briefly discuss the most
promising ones (Table 1).
SHh
SHh pathway inhibition shows beneficial effect in patients with other cancers such as basal cell carcinoma for
which Vismodegib (GDC-0449) has been FDA approved
in 2012[88]. Inhibition of SHh in preclinical mouse models
showed better gemcitabine delivery, stromal depletion and
increased vascularization of PDA tumors[7]. Thus, different SHh inhibitors have recently been tested in clinical
trials in combination with gemcitabine or FOLFIRINOX
for metastatic PDAs[89]. Additionally, GDC-0449 is now
being tested in combination with nab-paclitaxel (humanalbumin-bound paclitaxel, Abraxane) and gemcitabine in
phase Ⅱ clinical trial in patients with previously untreated
metastatic PDA (clinical trial # NCT01088815) to evaluate disease free survival and toxicity. Although IPI-926
(Smo inhibitor) given in combination with gemcitabine
showed partial responses in 3 out of 9 patients, the
combination of IPI-926 and gemcitabine did not yield
any survival benefit comparing to gemcitabine alone[90].
Therefore, targeting the stroma of PDA through SHh
inhibition and simultaneous modulation of other stromal
signaling should be explored.
Hyaluronidase
Another stromal target showing encouraging results in
phase Ib clinical trials is hyaluronan. As shown in mouse
models of PDA, enzymatic degradation of hyaluronan
resulted in increased gemcitabine tumor cytotoxicity due
to relief of vascular collapse[30]. Those prove of principle
experiments lead to the development of PEGPH20 (pegylated recombinant human hyaluronidase- an enzyme
that degrades hyaluronan). Administration of PEGPH20
to PDA patients with advanced disease (stage Ⅳ ) in
combination with gemcitabine revealed partial response
in 43% of patients and stable disease in additional 30%
patients in phase Ⅰb clinical trials. More impressively, the
partial response rate was 64% in those patients whose
PDAs expressed high level of hyaluronan[91]. This high
response rate has led to further testing of PEGPH20 in
combination with gemcitabine and nab-paclitaxel in a randomized phase Ⅱ clinical trial.

TARGETING OF STROMAL
COMPARTMENTS AND CLINICAL
APPLICATIONS

TGFβ
Trabedersen, a type Ⅱ TGFβ antisense inhibitor is also
being tested in clinical trials in patients with advanced
pancreatic adenocarcinoma and malignant melanoma.
Although phase Ⅱ clinical trial results have not been released yet, phase Ⅰ reports revealed that trabedersen was
well tolerated and showed median overall survival to be
13.2 mo. In addition, one patient presented with a stable
disease after 14.8 mo of last treatment[92].

Understanding complex stromal constituents and involvement of numerous signaling pathways in PDA progression and desmoplastic reaction is crucial to the development of novel therapies. It has become evident that
targeting the stromal components has undeniable benefit
for preclinical mouse models of PDA. However, translating those findings to the patients care can be challenging.
There are numerous ongoing clinical trials utilizing the
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Immune system modulation/activation
Immunotherapy approaches are being tested in clinical
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Table 1 Recent and ongoing preclinical and clinical studies of experimental therapies targeting tumor microenvironment of
pancreatic ductal adenocarcinoma
Stromal component

Therapeutic target

Treatments in preclinical and clinical trials

Up to date preclinical/
clinical trial results

PSCs/fibroblasts
ECM

FAP
Hyaluronan
MMPs

Immune cells

PD-L1
CTLA-4
CD8+ T cells

Sibrotuzumab (colorectal cancer)
PEGPH20
BAY 12-9566
Marimastat
BMS-936559
Ipilimumab
GVAX

Hofheinz et al[99], 2003
Strimpakos et al[91], 2013
Moore et al[100], 2003
Bramhall et al[101], 2002
Brahmer et al[102], 2012
Le et al[95], 2013
Lutz et al[93], 2011
Laheru et al[94], 2008
Beatty et al[103], 2013
Stephenson et al[90], 2011

Signaling pathways
mediating tumorstroma interactions

CD40
Smo/SHh

CP-870,893
Vismodegib (GDC-0449)
IPI-926
Trabedersen
PF-03084014 (preclinical)

Oettle et al[92], 2009
Yabuuchi et al[78], 2013
(preclinical)
HGF/c-met
Many different compounds (solid cancers)
Venepalli et al[104], 2013
(solid cancers)
Different molecules in NF-κB cascade Many different compounds (i.e., curcumin, proteasome inhibitor) Arlt et al[105], 2012
Type Ⅱ TGFβ receptor
γ-secretase (Notch pathway)

ECM: Extracellular matrix; MMP: Matrix metalloproteinase; PD-L1: Programmed death receptor ligand 1; CTLA-4: Cytotoxic T-lymphocyte antigen 4; SHh:
Sonic hedgehog; Smo: Smoothened; TGFβ: Transforming growth factor β; HGF: Hepatocyte growth factor; NF-κB: Nuclear factor κ-B; PSC: Pancreatic stellate cell; FAP: Fibroblast activation protein.

trials for PDA with a goal to induce tumor infiltration
and activation of effector cells (i.e., CD8+ T cells) and
consequent CD8+ T cell dependent tumor lysis.
Multiple clinical trials of a lethally irradiated allogeneic GM-CSF secreting whole cell vaccine (GVAX) administered to patients with resected PDA or metastatic PDA
demonstrated that enhanced response of interferon-γ
secreting mesothelin-specific CD8+ T cells in peripheral
lymphocytes correlates with better survival[93,94]. A pilot
study testing the combination of GVAX and ipilimumab
(an anti-CTLA-4 therapeutic antibody) comparing to ipilimumab alone showed a trend of increase in overall survival in metastatic PDA patients that have been previously treated with multiple lines of chemotherapy and thus
supported the role of CTLA-4 blockade in enhancing
anti-tumor response of GVAX[95]. However, it remains to
be explored how vaccine-based immunotherapy activates
anti-tumor effector cells within tumor microenvironment.
Identification of new targets in tumor microenvironment
may enhance the development of immune modulatory
therapies.
A potential immune modulatory target in tumor microenvironment is CD40. CD40 is a costimulatory molecule
found on antigen presenting cells (APCs) that is required
for their activation by CD4+ helper cells. Only activated
APCs can in turn activate naïve CD8+ T cells into cytotoxic effector cells. Key studies showed that using CD40
activating antibody can effectively stimulate APCs in the
absence of CD4+ helper cells, which then can successfully prime and activate CD8+ T cells[96]. Those preclinical
studies led to development of activating CD40 antibodies, which have been tested in clinical trials. One study
showed that combination of CD40 agonist with gemcitabine resulted in tumor regression in patients not eli-
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gible for tumor resection. Interestingly, it was noted that
the tumoricidal cells were CD40 activated macrophages
and not CD8+ T cells as originally expected. The treatment with CD40 agonist resulted in stroma depletion
and increased numbers of tumor infiltrating activated
macrophages[8].
How stromal fibroblast cells can modulate anti-tumor
immune response has been investigated in preclinical
studies. One study demonstrated that depletion of fibroblast activation protein-α (FAP)-expressing stromal
cells in PDA resulted in an immune-mediated hypoxic
necrosis of both tumor and stroma cells[97]. Additionally,
targeting of cancer stroma fibroblasts with FAP-activated
promelittin protoxin, showed increased tumor lysis and
growth inhibition in xenograft mouse models of breast
and prostate cancer[98]. However, targeting FAP positive stromal cells with humanized anti-FAP antibodies
tested in phase Ⅱ clinical trials in patients with metastatic
colorectal cancer did not report encouraging results[99].
Taking into consideration the outcomes from both preclinical and clinical studies, it is reasonable to propose
that FAP-targeted stromal depletion shows immune
activating effect, but requires additional immune modulation to be effective. It is plausible that simultaneous FAPtargeted stromal depletion and immune activation, by
either vaccination or immune checkpoint blockade would
result in increased benefits for PDA patients.

CONCLUSION
Despite the broad number of clinical trials, there is still
a lack of groundbreaking therapies for patients affected
by pancreatic cancer. Thus, targeting only the neoplastic
cells has not resulted in a substantially improved PDA
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treatment. It is now well established that the desmoplastic reaction present in PDA is not just a bystander but it
is a source of different cellular and acellular factors that
promote tumor progression, immunosuppression and
metastasis. Targeted therapies to deplete stromal compartments have shown improved chemotherapy delivery
and reduction of immunosuppression in preclinical models. There is still much work to be done in order to decipher the complicated interactions between stroma and
neoplastic cells in PDA. It is clear, however, that future
studies should not be limited to one component of PDA.
Application of targeted therapy to deplete the tumorigenic stromal compartment along with inhibition of cancer promoting signaling pathways should be evaluated.
Moreover, future studies ought to test the combination
of agents that target the stroma and those that activate
anti-tumor immune responses. Treatments that can reduce desmoplastic reaction, overcome immune suppression and inhibit tumorigenic signaling pathways may lead
to more successful patient care.
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Embryonic stem cell factors and pancreatic cancer
Marta Herreros-Villanueva, Luis Bujanda, Daniel D Billadeau, Jin-San Zhang
treatment options. Interestingly, pancreatic CSCs are
subject to regulation by some of key embryonic stem
cell (ESC) transctiption factors abberently expressed in
PDAC, such as SOX2, OCT4 and NANOG. ESC transcription factors are important DNA-binding proteins present
in both embryonic and adult somatic cells. The critical
role of these factors in reprogramming processes makes
them essential not only for embryonic development but
also tumorigenesis. Here we provide an overview of
stem cell transcription factors, particularly SOX2, OCT4,
and NANOG, on their expression and function in pancreatic cancer. In contrast to embryonic stem cells, in
which OCT4 and SOX2 are tightly regulated and physically interact to regulate a wide spectrum of target
genes, de novo SOX2 expression alone in pancreatic
cancer cells is sufficient to promote self-renewal, dedifferentiation and imparting stemness characteristics
via impacting specific cell cycle regulatory genes and
epithelial-mesnechymal transtion driver genes. Thus,
targeting ESC factors, particularly SOX2, could be a
worthy strategy for pancreatic cancer therapy.
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Core tip: Pancreatic ductal adenocarcinoma (PDAC) is
one of the most lethal human cancer due to its early
metastasis and lack of response to chemoradiotherapy.
Pancreatic cancer stem cells (CSCs) are implicated in
tumorigenesis and metastasis as well as therapy resistance, therefore represent a potential target for effective therapeutic options. Recent publications including
our own research demonstrate that key embryonic
stem cell (ESC) factors, such as OCT4, NANOG and
SOX2, are abbrently expressed in PDAC and contribute to pancreatic CSC-like characteristics, such as selfrenewal and de-differentiation. This review aims to
summarize our current knowledge on the role of ESC

Abstract
Pancreatic ductal adenocarcinoma (PDAC), the most
common type of pancreatic tumor, is a highly aggressive human cancer with the lowest five-year survival
rate of any human maligancy primarily due to its earlymetastasis and lack of response to chemotherapy and
radiation. Recent research suggests that PDAC cells
comprise a hierarchy of tumor cells that develop around
a population of cancer stem cells (CSCs), a small and
distinct population of cancer cells that mediates tumoregenesis, metastasis and resistance to standard treatments. Thus, CSCs could be a target for more effective
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pluripotent stem cells (iPSCs), which are artificially engineered from a non-pluripotent cell, such as via somatic
cell nuclear transfer or reprograming with gene transfer.
The generation of iPSCs represents a milestone achievement in SC research, which not only breaks the dogma
that somatic cell differentiation is an irreversible process,
but also makes possible a new approach for regenerative medicine without controversial use of embryos.
The fourth SC type is CSCs, also referred to as cancer
initiating cells (CICs), which are defined as those cells
within a tumor that can self-renew, produce differentiated
progeny, and drive tumorigenesis. The ability of cancer
cells to form nonadherent spheroids in vitro culture is
frequently used as a surrogate of stemness. Unlike ESCs,
CSCs are highly heterogenous with great variation among
the markers for each tumor type.

factors particulary SOX2 in regulating pancreatic CSClike feature and implication for therapy.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer
death in men and women in the United States. In 2012
alone, an estimated 43920 adults in the United States
were diagnosed with pancreatic cancer and 37390 deaths
from this disease ocurred[1]. About 280000 new cases of
pancreatic cancer were recorded in 2008 worldwide. Pancreatic ductal adenocarcinoma (PDAC), the most common type of pancreatic cancer, is also the most lethal
among the human solid tumors with a 5-year survival
rate of less than 5 percent[2]. The main reasons for this
outcome include lack of early detection, invasive behavior and intrinsic resistance to most chemo-/radio- and
immuno-therapy strategies[3,4]. Recently, several studies
have identified PDAC cancer stem cells (CSCs), which
are highly tumorigenic and have the capacity to not only
self-renew, but also generate differentiated progeny[3,5-7].
Pancreatic CSCs are also resistant to chemotherapies
commonly used to treat patients with PDAC[8-10]. Thus,
studies identifying key determinants in pancreatic cancer
and pancreatic CSCs can provide both biomarkers of
PDAC aggressiveness and potentially optimal targets to
overcome chemoresistance (Table 1). Here we review
how embryonic stem factors contributes to the agressiveness of this disease and the potential for targeted
therapy.

ESCs AND ESC TRANSCRIPTION
FACTORS
ESCs are derived from the inner cell mass (ICM) of the
preimplantation mammalian embryo and can be maintained indefinitely in culture[13]. By definition, ESCs are
pluripotent. They are able to give rise to all somatic and
the three germ cell lineages of the developing embryo.
Pluripotency is maintained through self-renewal, which
allows ESCs to duplicate themselves without losing the
ability to differentiate. This can be achieved via both symmetric and asymmetric cell divisions[14].
Over the last decade, there has been accumulating
evidence indicating that the maintenance of pluripotency
in ESCs is governed by core genetic and epigenetic regulators, which allow self-renewal and prevents specific
differentiation pathways. Recent progress on the molecular mechanism(s) governing stem cells pluripotency
has provided critical insights into the role of nine core
transcription factors OCT4 (POU5F1), NANOG, SOX2,
Dppa4, Dppa5, Sall4, Utf1, Rex2, and Rif1 in maintaining mouse cells in the undifferentiated stage[15-18]. Among
these genes, OCT4, NANOG, and SOX2, referred to as
pluripotency genes, are highly expressed in the ICM. The
perfect balance of these proteins maintains pluripotency
and self-renew in ESC during the first days of embryonic
development[18]. Broadly, the pluripotency genes have
been shown to be common to all SC types (Figure 1). In
contrast to OCT4, NANOG and SOX2, c-MYC, an important oncogene as well as a reprogramming factor for
pluripotency[17], is highly heterogeneous in cells from the
ICM. However, it is not always considered a pluripotency
gene in ESCs. The activity of these three core pluripotency genes regulates and coordinates the expression of a
second set of core genes, which include transcription factos, cell surface markers, ABC transporters, and enzymes.
Together, these proteins orchestrate the specific stem
cells properties[19].
SOX2 and OCT4 form a protein complex in the nucleus of ESCs. This complex is auto-regulated in a loop

STEM CELL DEFINITION AND TYPES
Stem cells (SCs) are traditionally defined as cells that
can both self-renew and generate a progeny that are
capable of following more than a single differentiation
pathway[11]. Currently, four types of SCs have been described[12]. The first two are physiologically present at
different stages of life, namely, the embryonic stem cells
(ESCs) and the somatic or adult stem cells (ASCs). The
ESCs are the best studied SCs and knowledge derived
from ESCs research has guided the investigations of other types of SCs. ASCs are postnatal derivatives of ESCs
located throughout the body. ASCs have been shown to
retain co-expression of at least three of the core transcription factors characteristic of ESCs (OCT4, KLF4,
and SOX2). Similar to ESCs, the presence of a balanced
network of core stem markers, rather than the overt expression of a single factor, contributes to maintainenance
of ASC characteristics. The third SC type is induced
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Table 1 Biological role and clinical implications for embryonic stem cell factors in pancreatic cancer
Gene

Biological role/behaviour

PDAC implications

Ref.

OCT4

Overexpressed in 69% of PDAC. Pro-oncogenic role

Correlation with N1/M1 status and indicative of worse
prognosis
Contribution to metastasis and drug resistance

Polvani et al[47], 2013

Overexpressed in 48.8% of PDAC. Induces cell
proliferation, migration and invasion
Overexpressed in human cell lines
Multidrug resistance and metastasis
Induction of tumorigenic capacity
Chemo-resistance
Overexpressed in 79.2% metaplastic ducts
Early carcinogenesis and worse prognosis
SOX2
Overexpressed in poorly differentiated human tumors
Correlation to aggressiveness
Ectopic expression in 19.3% of PDAC. Promotes cancer
Rapid tumor progression and poor differentiation
cell proliferation/dedifferentiation
Induction of tumorigenic capacity
Chemo-resistance
NANOG
Overexpressed in 53.5% of PDAC. Induces
Associated with eraly stage carcinogenesis and worse
proliferation, migration and invasion
overall survival
Overexpressed in cells capable of initiating spheres
Resistance to 5-FU treatment
Overexpressed in pancreatic tumors
Contribution to carcinogenesis and correlates to worse
prognosis

Lu et al[50], 2013
Wang et al[52], 2013
Wang et al[53], 2013
Wen et al[49], 2010
Sanada et al[54], 2006
Herreros-Villanueva et al[38],
2013
Wang et al[53], 2013
Lu et al[50], 2013
Lonardo et al[68], 2013
Wen et al[49], 2010

PDAC: Pancreatic ductal adenocarcinoma.

and extraembryonic markers (Cdx2 and Tpbpa).
ASCs

KEY ESC FACTORS IN IPSCs

ESCs

iPSCs were first derived by the transduction of mouse
and human fibroblasts through integrating viruses carrying four transcription factors: OCT4, SOX2, MYC and
Krupple-like factor 4 (KLF4)[21], also referred as the Yamanaka factors. Takhashi and Yamanaka[21] broke a dogma in developmental biology by showing that mammalian
somatic cell differentiation is a reversible process[17,21]. By
transfecting human somatic cells with the four Yamanaka
factors, they were able to revert the differentiated cells to
an embryonic-like state. Because these newly generated
cells showed the morphology, pluripotency, and capacity to form teratomas similar to ESCs, they named these
cells iPSCs. Later, Yu et al[22] further demonstrated that
the combination of OCT4, NANOG, SOX2 and Lin28,
also called Thomson Factors, was able to produce iPSCs.
Both, Yamanaka and Thomson Factors are Reprogramming Factors as Reprogramming is the process that converts differentiated cells back to pluripotent cells, namely
the reversal of differentiation.
Recently, new methods have been developed to reprogram human somatic cells with or without MYC[22,23] and
to combine only some of the reprogramming transcription factors with chemical inhibitors[24-26]. However, the
fact remains that OCT4, SOX2, MYC, and KLF4 reside
at the heart of the reprogramming process. Given that
the transcription factors in this network not only associate with one another, but also associate with many of
the same proteins in the network, there is a high degree
of interdependence between these transcription factors.
Thus, it is not surprising that the levels of SOX2 and
OCT4 need to be controlled carefully for optimal production of iPSC, or that small changes in the levels of
these master regulators can lead to dramatically altered
cell fates. However, it remains to be determined how

OCT4
SOX2
NANOG

iPSCs

CSCs

Figure 1 Overlapping expression of SOX2, NANOG, and OCT4 in all four
types of stem cells: embryonic stem cells, adult stem cells, induced pluripotent stem cells, and cancer stem cells. ASCs: Adult stem cells; ESCs:
Embryonic stem cells; iPSCs: Induced pluripotent stem cells; CSCs: Cancer
stem cells.

that, transcriptionally, also induces the expresion of pluripotency genes (most importantly NANOG), cell cycle,
apoptosis, DNA repair, chromatin structure genes, and
genes regulating endoderm, mesoderm, and ectoderm
differentiation. Thus, tight control of all these genes
may allow ICM cells to exit from their inherent developmental program, as they acquire the ability to self-renew,
while retaining pluripotency as ESCs[20]. Finally, when
the expression of these pluripotency genes decreases in
a properly regulated way, an induction in the expression
of early differentiation markers occurs. These markers
include ectoderm markers (Pax6, Otx1, Neurod1, Nes,
Lhx5, and Hoxb1), mesoderm markers (Tbx2, T, Nkx2-5,
Myod1, Myf5, Mesdc1, Mesdc2, Kdr, Isl1, Hand1 and Eomes),
endoderm markers (Onecut1, Gata4, Gata5, and Gata6),
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to tumor transformation, tumorigenicity, tumor metastasis, and even distant recurrence after chemoradiotherapy[42]. It is well known that these transcription factors are
more frequently overexpressed in poorly differentiated
tumors (compared to well differentiated tumors) and, in
theory, that the expression level of the pluripotent transcription factors should decrease with the differentiation
of cells[43]. In this regard, how these genes contribute to
specific CSC properties has not been fully elucidated.
Based on data obtained from iPSCs, several mechanisms
have been proposed to explain the properties that these
transcription factors could be imparting on CSCs. For example, once these transcription factors are overexpressed,
they might activate several genes whose promoters are
accessible to them. These “first responders” must then
engage the epigenetic machinery to remodel the chromatin through histone modification and DNA methylation.
In this process, genes critical for pluripotency must be
switched on, while genes responsible for differentiation
must be turned off and kept off[44]. From this data, it is
clear that OCT4, NANOG and SOX2 are master regulators, which together drive the transition from a somatic
cell to either a CSC or iPSC (Figure 2).

SOX2

p27

Snail
Slug
Twist

p21
CDK6
Cyclin D3

Figure 2 Diagram depicting the molecular mechanism underlying SOX2
expression-induced self-renewal and pluripotency in pancreatic cancer
stem cells.

their levels affect the molecular efficiency of reprogramming. Given the strict requirement for SOX2 and OCT4
during development, their key roles in ESC differentiation, and the pronounced differences in reprogramming
when their levels are not optimized, additional efforts
should be made to determine why small changes in the
levels of these two master regulators alters the behavior
of pluripotent stem cells.

ESC FACTORS AND PANCREATIC
CANCER

ESC FACTORS AND CSCs
Although initially discovered in hematopoietic malignancies, such as acute myelogenous leukemia and chronic
myelogenous leukemia[27,28], CSCs were later described
in various solid tumors, including glioblastoma[29], melanom[30], prostate[31], colon[32] head and neck squamous cell
carcinoma[33], breast[34], ovarian[35], bladder[36], lung[37] and
pancreatic cancer[6,7,38,39]. In these malignancies, a small
population of CSCs can self-renew and differentiate
into all of the other cell types forming the bulk tumoral
population. However, the bulk of tumor cells lack the
ability to differentiate into other subpopulations of cancer cells and thus possess limited self-renewal capacity. In
addition, it has been shown that CSCs have tumor initiation capacity, forming xenograph tumors in mice and are
radio- and chemo-resistant, contributing to lack of therapeutic response in patients[39].
Although several proteins have been proposed as
CSC markers, there is great variation between tumor
types[40,41]. This variation might be the result of the lack
of standardized techniques to obtain and analyze CSCs,
as well as the intrinsic plasticity of these cells[40]. Since
CSCs express many genes in common with early ESCs,
primarily OCT4, NANOG, and SOX2, the picture that
emerged was that these transcription factors could also
work together as part of a highly integrated network to
regulate pluripotency and self-renewal in tumors. Nevertheless, the heterogeneity of tumors and the plasticity
that characterize CSCs render the expression pattern of
these transcription factors highly heterogeneous in different tumors and even within the same tumor.
Several publications show that overexpression of
OCT4, SOX2 and NANOG, together or separately, led
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As mentioned above, CSCs have also been described
in PDAC (Table 1). Originally Li et al[6] identified human pancreatic CSCs as CD44+/CD24+/ESA+. A few
months later, Hermann et al[7] showed that CD133 and
CXCR4 are also expressed in cells with CSC properties.
In addition, some other markers such as c-Met[5] and aldehyde dehydrogenase 1 activity (ALDH1)[45] have been
demonstrated in pancreatic CSCs. Recently, some reports
describe the presence of a side population (SP) of cells
in pancreatic cancer, a chemoresistant population of
cells that could be enriched in CSCs. Additionally, this
data indicates that SP cells express pancreatic CSC markers (CXCR4, CD133) and multidrug resistance genes
(ABCB1), associating these cells with candidate therapeutic targets and potential prognostic value[46].
The regulation and characterization of CSCs in various types of human cancer, in which SOX2, OCT4 and
NANOG are important players, is currently a hot topic.
However, the number of specific publications analyzing
their role in pancreatic cancer is very limited. In particular, a literature search on PUBMED database using the
terms ‘‘OCT4’’, ‘‘NANOG’’ and ‘‘SOX2’’ together with
‘‘pancreatic cancer’’, showed 24, 27, and 20 published
articles, respectively. Furthermore, only a few of these
articles discuss these factors in the context of CSCs
(Table 1). Polvani et al[47] found that OCT4 is expressed
in 69% of PDAC and that this expression correlates with
N1/M1 status and clinical stage, being an independent
prognostic factor for worst outcomes. In agreement with
several breast cancer publications[48], patients with OCT4+
PDAC have a shorter survival, suggesting this ESC factor

2250

March 7, 2014|Volume 20|Issue 9|

Herreros-Villanueva M et al . Stem cell factors and pancreatic cancer

liferation, survival, and/or de-differentiation[38]. Recent
work by Polvani et al[47] further supports this statement
demonstrating that OCT4 silencing reduces OCT4 and
increases NANOG, but does not alter SOX2 expression.

as a marker of poor prognosis. Importantly, high levels
of OCT4 and NANOG in human pancreatic cancer
tissues were found to be associated with early stages of
carcinogenesis[49] and correlate with worse prognosis[50].
Additionally OCT4 seems to contribute to multidrugresistance and metastasis[51,52]. Wang et al[53] recently demonstrated that SP cells positive for NANOG, OCT4 and
SOX2 possessed aggressive growth, invasion, migration
and drug-resistance properties.
To date, very little is known regarding how OCT4
and NANOG contribute to pancreatic CSC properties
at the molecular level. Interestingly, recent studies suggest that SOX2 is aberrantly expressed in a significant
fraction of pancreatic tumors. Initially, Sanada et al[54] analyzed 14 cases of human PDAC immunohistochemically,
and observed weak expression of SOX2 in pancreatic
intraepithelial neoplasia (PanIN-3) lesions. They also observed relatively high and frequent expression in invasive
and poorly differentiated PDAC. Later, it was shown that
at the mRNA level, SOX2 expression driven by hedgehog-EGFR signaling is necessary for tumor-initiating
pancreatic cancer cells[55]. Very recently, the molecular
mechanism underlying SOX2 regulation of pancreatic
cancer stemness has been elucidated. Using primary human cancer tissues and cell lines (L3.6, Bxpc3, CFPAC-1,
Panc1 and Panc04.03), our group demonstrated a critical
role for SOX2 in promoting cell proliferation, dedifferentiation and impartment of stem cell-like features to pancreatic cancer cells[38]. In particular, SOX2 gene suppression arrested cells at the G1 phase and its overexpression
alone was sufficient to drive cell proliferation by facilitating G1/S transition. Mechanistically, G1 arrest in SOX2
knockdown cells is associated with a marked induction
of p21Cip1 and p27Kip1, two key cyclin/CDK inhibitors,
whereas SOX2 overexpression induces G1/S-specific cyclin D3 expression. All of three cell cycle regulators were
identified as bona fide SOX2 regulatory targets. SOX2 also
confers pancreatic cancer cell stemness and its overexpression alone is sufficient to drive sphere-formation
and expression of CSC markers[7,38,45,56], as well as induce
EMT drivers such as Snail, Slug and Twist (Figure 2).
Consistently, loss of miR-145 elevates SOX2 and impairs
differentiation in pancreatic tumors[57].
It is now evident that the core stem cell factors
OCT4[16], SOX2[58], and NANOG[59] play essential roles
in the maintenance of pluripotency and self-renewal of
ESCs, ASCs, iPSCs and CSCs. These stem cell factors
promote self-renewal by interacting with other transcription factors (Stat3, Hesx1, Zic3), critical cell signaling
molecules (Hedgehog, TCF3, FGF2, LEFTY2)[60], and
have been found aberrantly expressed in several types of
human tumors including pancreatic cancer[61-63]. Although
ESCs and CSCs share the property of self-renewal, they
also reveal distinct features in that ESCs favor differentiation, whereas CSCs are more biased toward proliferation and inhibition of apoptosis. In particular, SOX2
has demonstrated OCT4 and/or NANOG independent
activity in pancreatic cancer cells in promoting cell pro-
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CSCs AS TARGET FOR CANCER
THERAPY
SOX2 immunoreactivity has been demonstrated in
PanIN lesions, as well as moderately and poorly differentiated tumors, which is consistent with previous
reports showing an enrichment of SOX2 in pancreatic
CSCs[64], as well as a decreased expression after anti-ESCs
therapies[55,65]. Since SOX2 appears to be a key factor
aberrantly expressed in PDAC and confers CSCs-like
properties[38], targeting SOX2 or its upstream regulator(s)
may be exploited for therapeutic purposes. Recent reports demonstrate that using poly (lactide-co-glucolide)
to knockdown DCLK1 results in an increase in miR-145
associated with decreased puripotency factors including
SOX2, and consequently, tumor growth arrest in xenografts[57,66]. Lastly, data from Sobrevals et al[67] elucidates
the relevance of uPAR-controlled oncolytic adenoviruses
in the elimination of pancreatic CSCs. Along these lines,
C-Met inhibitors have been demonstrated to overcome
gemcitabine resistance and stem cell signaling through
downregulation of CSC markers including SOX2 [65].
Strategies to target CSCs for cancer therapy have been
proposed and are under investigation. For instance, metformin directed against pancreatic CSC has been shown
to reduce tumor burden and prevent disease progression[68]. Disulfiram, an ALDH inhibitor, was tested in vitro
and in vivo demonstrated a capacity to suppress pancreatic
CSCs[69]. Promising results suggest that HAb18G/CD47
or Phospho-valproic acid (MDC-1112) could also be a
promising target in pancreatic cancer surrogating antiSTAT3 therapies[70,71]. More recently, HAb18G/CD147
has been identified as another promising therapeutic
target for highly aggressive pancreatic cancer and a surrogate marker in the STAT3-targeted molecular therapies,
such as by phospho-valproic acid (MDC-1112), a novel
valproic acid derivative. Since targeting CSCs has been
demonstrated to be a viable therapeutic strategy against
pancreatic cancer, a better undertanding of OCT4,
NANOG and particularly SOX2 on their expression and
regulatory circuitry in PDAC will facilitate the design of
individualized therapies for PDAC patients.
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Core tip: While the management of resectable patients
is surgery (with or without neoadjuvant therapy), and
the management of grossly metastatic patients is palliative with systemic chemotherapy with or without radiation, there is an intermediate subset of patients with
locally advanced disease which is less straightforward.
This review focuses on this unique population of patients with locally advanced pancreatic adenocarcinoma
and addresses recent advances and controversies in
this field.

Abstract
Many patients with pancreas cancer present with locally advanced pancreatic cancer (LAPC). The principle
tools used for diagnosis and staging of LAPC include
endoscopic ultrasound, axial imaging with computed
tomography and magnetic resonance imaging, and diagnostic laparoscopy. The definition of resectability has
historically been vague, as there is considerable debate
and controversy as to the definition of LAPC. For the
patient with LAPC, there is some level of involvement of
the surrounding vascular structures, which include the
superior mesenteric artery, celiac axis, hepatic artery,
superior mesenteric vein, or portal vein. When feasible,
most surgeons would recommend possible surgical
resection for patients with borderline LAPC, with the
goal of an R0 resection. For initially unresectable LAPC,
neoadjuvant should be strongly considered. Specifically,
these patients should be offered neoadjuvant therapy,
and the tumor should be assessed for possible response and eventual resection. The efficacy of neoadjuvant therapy with this approach as a bridge to potential
curative resection is broad, ranging from 3%-79%. The
different modalities of neoadjuvant therapy include sin-

WJG|www.wjgnet.com

He J, Page AJ, Weiss M, Wolfgang CL, Herman JM, Pawlik
TM. Management of borderline and locally advanced pancreatic cancer: Where do we stand? World J Gastroenterol 2014;
20(9): 2255-2266 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i9/2255.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i9.2255

INTRODUCTION
Pancreatic adenocarcinoma is a lethal disease with a high
metastatic potential. In 2012, there were an estimated
43920 patients diagnosed with pancreas cancer, and
37390 were expected to die from their disease[1]. The only
available potential cure for pancreas cancer is surgical re-
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section, with only 15%-20% of patients presenting with
pancreas cancer being candidates for resection. For those
patients that go onto resection, the 5-year survival ranges
from 15%-20%, whereas the 5-year survival for all pancreas cancer patients combined is 3%[1,2].
The factors that lead to the overall dismal prognosis
of pancreatic cancer are multiple and varied, making
management a challenge. These factors include absence
of nonspecific symptoms that leads to delayed diagnosis,
biological aggressiveness which is resistant to chemotherapy, and surgical considerations which can be technically demanding[3,4]. While the management of resectable
patients is surgery (with or without neoadjuvant therapy),
and the management of grossly metastatic patients is palliative with systemic chemotherapy with or without radiation, there is an intermediate subset of patients with locally advanced disease which is less straightforward. This
review focuses on this unique population of patients
with locally advanced pancreatic adenocarcinoma and addresses recent advances and controversies in this field.

have the same dismal prognosis as those with metastatic
disease, and these patients should not be put at risk from
a potentially morbid laparotomy or pancreatectomy. This
problem can be addressed using diagnostic laparoscopy
to directly visualize the intra-abdominal contents, in
particular the liver and peritoneum. Patients who should
be considered for diagnostic laparoscopy prior to laparotomy are those patients with possible undetectable
metastatic disease, i.e., primary tumors > 3 cm, marked
weight loss, equivocal radiological findings, and elevated
levels of carbohydrate antigen 19-9 (CA19-9)[10].
Definition and ambiguity of LAPC
The biology of LAPC is unique in that the tumor is
confined locoregionally, without evidence of distant macrometastatic disease. The precise molecular mechanisms
responsible for this behavior are unclear, but involve a
preservation of the epithelial cell type vs de-differentiating into the mesenchymal phenotype responsible for
distant spread[11]. Specific signals involved in this cell-type
transformation include transforming growth factor beta
(TGFβ), E-cadherin, N-cadherin, K-ras, and Snail, along
with the chemokine CXCL12[12-14]. On a macroscopic level, LAPC has an anatomic definition and is represented
by two subclasses of aggressive pancreas cancer - borderline resectable LAPC and unresectable LAPC. For the
patient with LAPC, there is some level of involvement
of the surrounding vascular structures, which include the
superior mesenteric artery (SMA), celiac axis, hepatic artery, superior mesenteric vein (SMV), or portal vein (PV).
Depending on the extent of vessel involvement, and
whether the associated vascular structures are amenable
to reconstruction in conjunction with resection of the
tumor, defines whether the LAPC is deemed borderline
resectable or unresectable (Figures 1 and 2).
Unfortunately, this definition of resectability has historically been vague, as there is considerable debate and
controversy as to which patients are truly deemed resectable. Factors that contribute to this confusion are multiple,
and include subjective interpretation of cross-sectional
imaging, technical/surgical ability, and overall institutional
experience. Because of the lack of consensus of a true
definition of LAPC, the literature available for LAPC is
not standardized, and generalizations and conclusions
about the management of LAPC have suffered[5,8].
To address the lack of general consensus on a definition of LAPC, three guideline statements have recently
been proposed. These include guideline proposals by
the National Comprehensive Cancer Network (NCCN),
The University of Texas M.D. Anderson Cancer Center (MDACC), and Americas Hepato-Pancreato-Biliary
Association (AHPBA). All three guidelines include the
aforementioned tumor relationships to vascular structures, however there is variability in the definition of the
tumor-vascular involvement. Further, some guidelines
have added additional subset criteria to more specifically define the population of patients with LAPC. The
MDACC guidelines were supplemented with three sub-

DIAGNOSIS OF LOCALLY ADVANCED
PANCREAS CANCER
As technology has evolved, the tools available to evaluate
locally advanced pancreas cancer (LAPC) have become
more accurate. The principle tools used for diagnosis
and staging of LAPC include endoscopic ultrasound
(EUS), axial imaging with computed tomography (CT)
and magnetic resonance imaging (MRI), and diagnostic
laparoscopy[5]. Endoscopic ultrasound provides images
of the pancreas and surrounding vessels, and in particular allows for tissue diagnosis with the capability to biopsy. Endoscopic retrograde cholangiopancreatography
(ERCP) can be performed at the same time if there is
an indication to stent the common bile duct. Therefore,
EUS can diagnose the tumor with biopsy, stage the tumor by size and vascular involvement, and use ERCP to
therapeutically stent the common bile duct, should it be
necessary.
CT with intravenous contrast provides multiplanar,
high-resolution, three-dimensional images of the pancreatic tumor, its surrounding vascular structures, and
possible lymphadenopathy and liver metastases. Warshaw
et al[6] demonstrated that more than 90% of patients
deemed unresectable by CT are actually unresectable
at operation. MRI can also be used to assess extent of
tumor involvement and has shown to be equivalent to
CT[7]. Difficulties with CT and MRI include measuring
response to treatment, particularly in patients who have
undergone treatment with radiation therapy[8]. However,
with developments in imaging technology, assessment of
staging and tumor response is likely to only improve for
the patient with pancreatic cancer.
Another pitfall for current axial imaging is the limitation to incompletely visualize potentially small (1-2 mm)
tumor deposits[9]. This is critical to the management of
pancreas cancer, as patients with extra-pancreatic disease

WJG|www.wjgnet.com

2256

March 7, 2014|Volume 20|Issue 9|

He J et al . Management of advance pancreatic cancer

A

B

C

Figure 1 Computed tomography of locally advanced pancreatic cancer. Encasement is defined as greater than 180-degree involvement of the major vessels. A:
Celiac axis is encased by locally advanced pancreatic cancer (arrow); B: Superior mesenteric artery and the replaced right hepatic artery are encased by pancreatic
cancer (arrow); C: The portal vein and its confluence with splenic vein are encased by pancreatic cancer (arrow).

LAPC

in the treatment of patients with LAPC, and can assist
with arriving at a consensus recommendation for the
treatment of patients with advanced disease. By bringing
together medical oncologists, surgeons, radiologists, radiation oncologists, and other patient advocates, treatment
plans for the patient with LAPC can be discussed and
planned[17]. The complexity of LAPC is best managed by
this multidisciplinary team of physicians working in concert to deliver individualized care for each patient[18]. The
importance of a multi-modal, inter-disciplinary approach
has been demonstrated in our own multidisciplinary pancreatic cancer clinic at Johns Hopkins, where we noted
that 25% of patients seen in this setting had a significant
change in their diagnosis or treatment[18].

Dilated pancreatic duct

Significant narrowing at confluence

Figure 2 Magnetic resonance imaging of locally advanced pancreas
cancer with vascular invasion and dilated pancreatic duct. LAPC: Locally
advanced pancreatic cancer.

BORDERLINE LAPC

classifications of borderline resectable-types A, B and
C. MDACC type A patients are only those patients with
local, tumor-artery abutment. Type B patients are those
with questionable extrapancreatic metastatic disease.
Further defined, these type B patients are considered
“oncologically borderline resectable” secondary to prior
exploration which the original tumor was considered unresectable, a prior biopsy confirmed regional lymph node
metastasis, or there is imaging concerning for liver metastases or high CA19-9. Type C patients are those defined
as having a marginal pretreatment performance status[15].
The Alliance for Clinical Trials in Oncology (Alliance)
recently initiated a multi-institutional trial to examine
the use of neoadjuvant for LAPC in a single arm pilot
study[16]. This study also seeks to address the lack of standardization in the definition of LAPC and to establish a
research infrastructure that will create consensus around
what constitutes borderline and unresectable LAPC. In
the Alliance proposal, the definition of a borderline resectable pancreas cancer has an objective description of
the tumor-vascular relationships, while omitting more
subjective terms like abutment and encasement. These
guidelines should create uniformity in how investigators
define LAPC both for protocol and non-protocol based
therapies[16] (Table 1).
A multi-disciplinary approach is highly recommended
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Surgical resection of LAPC
Resection of the surrounding vascular structures for
LAPC has been described since the 1970s. Fortner et al[19]
described these “regional pancreatectomies” as type 1 (venous resection) and type 2 (arterial resection). These early
reports demonstrated significant morbidity and mortality,
and given the potential for likely systemic disease, combined tumor and vascular resection fell out of favor[20].
Despite early hesitation with combined resection of tumor
and surrounding vascular structures, there is now growing
enthusiasm for these more aggressive surgeries. One of the
most controversial topics for these patients is the role of
margin status after resection. This is particularly relevant
for the patient with borderline LAPC, as vascular involvement of surrounding structures, even when technically
achievable, may predispose to a positive resection margin.
Multiple reports suggest that margin status after
resection of pancreas cancer influences survival [21,22].
However, other data demonstrate that margin status does
not correlate with survival[23,24]. There are a variety of factors that have led to this ambiguity. One of the strongest
influences fueling this discrepancy has been the lack of
standardization of pathologic technique, i.e., truly defining a “positive microscopic margin.”[25]. This is evident
from multiple large studies which demonstrate the rate
of R1 involvement for pancreas cancer varies between
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Table 1 Difference of definitions of anatomic borderline resectable pancreatic cancers from different sources
Tumor-vessel relationship on
computed tomography
Superior mesenteric vein/
portal vein
SMA
Celiac axis
Common hepatic artery

NCCN

MDACC

AHPBA/SSO/SSAT

Alliance

Severely narrowed or occluded with possibility of
reconstruction
Abutment

Occluded with possibility of
reconstruction

Abutment or encasement or occlusion with possibility of reconstruction
Abutment

Interface between tumor
and vessel > 180°, and or
reconstructable
Interface between tumor
and vessel < 180°
Reconstructable interface

Abutment

No abutment or encaseAbutment
No abutment or encasement
ment
Abutment or short segment Abutment or short segment Abutment or short segment encaseencasement
encasement
ment

Interface between tumor
and vessel < 180°

Abutment, ≤ 180° or ≤ 50% of the vessel circumference; encasement, ≥ 180° or ≥ 50% of the vessel circumference. MDACC: Anderson Cancer Center;
NCCN: National Comprehensive Cancer Network; AHPBA: Hepato-Pancreato-Biliary Association; SMA: Superior mesenteric artery.

thors found no difference in overall disease specific survival for patients who underwent arterial reconstruction
vs those patients that had pancreatectomy alone (14.0 mo
vs 15.8 mo respectively, P = 0.152). Both resection groups
independently had better survival than the non-resected
patients who only underwent palliative bypass (7.5 mo, P
< 0.05 for both groups)[34].
Therefore, if feasible, most surgeons would recommend possible surgical resection for patients with borderline LAPC, with the goal of an R0 resection for all
cases. While vascular resection with reconstruction is
safe, patient selection is paramount. Those patients who
cannot tolerate combined pancreatectomy and vascular
reconstruction would benefit more from palliative bypass
or no surgery at all.

20% and 80%, despite other clinicopathological variables
being similar[26,27]. Fortunately, there have been improvements in standardization, and consensus is growing in
the pathology community regarding how to examine the
pathology specimen[28].
Other groups have also examined the effect of margin status from the surgical perspectives. Butturini et al[29]
pooled hazard ratios of the effects of adjuvant therapy
for resected patients, and compared the disease specific
survival with their margin status. As part of their subset
analysis, the authors concluded that resection margin
(R0 vs R1) involvement was not a statistically significant
prognostic factor, with a median survival of 14.1 mo for
patients with an R1 resection compared with 15.9 mo for
patients with R0 resections (P = 0.24).
From a technical standpoint, superior mesenteric
vein and portal vein involvement by LAPC can be performed safely if resected and reconstructed at highvolume centers[30]. Reconstruction of the SMV/PV can
be performed in a variety of ways depending on the
degree of involvement. Patch or primary closure can be
done for partial involvement, with patch reconstruction
often done using the greater saphenous vein. Segmental
reconstruction of the SMV can be performed with an interposition vein graft using the internal jugular, renal vein
or superficial femoral vein[31,32]. Raut et al[24] examined 360
patients after pancreatectomy, of which 130 underwent
SMV/PV reconstruction. Those patients who underwent
vascular reconstruction had more R1 than R0 resections
compared with those that did not have vascular reconstruction (HR = 2.00, P = 0.015). However, on multivariate analysis, there was no difference in survival between
the R1 and R0 groups, leading the authors to conclude
that not only was there no difference in patient survival
based on R status, but venous reconstruction also did not
predispose to worse disease-specific survival.
Compared with venous reconstruction, arterial involvement is probably more technically demanding. If
an interposition graft is required, this can be done with
polytetrafluoroethylene (PTFE) graft or saphenous
vein[33]. Bockhorn et al[34] has reported one of the largest
series to examine pancreatic resection with simultaneous
arterial resection and reconstruction (n = 29); these au-
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BORDERLINE LAPC AND NEOADJUVANT
THERAPY
Because of the dismal prognosis of pancreatic cancer, in
particular those with borderline LAPC which may have a
more aggressive biology, there is a growing body of literature to suggest that there is a potential role for neoadjuvant therapy to treat micrometastatic disease with chemotherapy, as well as treat local disease with radiation[35,36].
The rationale for neoadjuvant therapy for patients with
borderline and LAPC is multifold. First, the chance of
delivering full-dose chemotherapy with or without radiation is much better if given prior to surgery because of
the potential delay in getting to treatment after a complex pancreatic resection. Second, neoadjuvant therapies
provide insight into the biology of the disease, and can
spare patients who progress or develop distant metastasis
during treatment from undergoing a major surgery that
would not be curative. Next, neoadjuvant therapies have
the potential to downstage borderline resectable disease
to the point of not requiring vascular reconstruction
and/or increasing R0 resection. Lastly, preoperative therapy could be more effective than post resection therapy
because the resected tumor bed may have decreased oxygenation and decreased drug delivery[37]. While there are
benefits of neoadjuvant therapy for borderline LAPC,
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these benefits must be weighed against the risks, which
include delaying time to potentially curative surgery and
significant time and side-effects for patients with limited
life expectancies.
There are only retrospective studies with subsets of
borderline LAPC, and a few smaller prospective studies
examining the role of neoadjuvant therapies for borderline LAPC[15,38-40]. Patel et al[41] prospectively examined
17 patients with borderline LAPC for patients that were
treated with combined chemoradiation, with 64% proceeding to surgery with 89% achieving an R0 resection.
Stokes et al[40] also prospectively examined 40 borderline
LAPC, also with combined chemoradiation, with 40%
of patients proceeding to surgery, with 88% with an R0
resection, and median survival at 23 mo.

In an effort to capitalize on the benefits of combined
5-FU and radiation therapies, yet avoid the toxic side
effects of 5-FU therapy, the oral formulation of 5-FU,
capecitabine, has been introduced into many trials. To
date there are multiple studies, albeit only a few prospective trials, that demonstrate that capecitabine can effectively replace infusional 5-FU in the setting of LAPC[52-54].
As the potential utility of combined 5-FU/radiation
therapies was being recognized for LAPC, gemcitabine
based regimens were gaining acceptance in the management of metastatic pancreas cancer[55]. Therefore,
gemcitabine combined with radiation gained interest as
a potential agent to study in the management of LAPC.
Unfortunately, early phase Ⅰ trials using gemcitabine with
radiation were fraught with toxicities unlike the 5-FU
based therapies, and required improvements in delivery
of radiation[56-58]. As the toxicities of combined gemcitabine and radiation therapy became more manageable,
studies were designed to compare the established 5-FU
and radiation therapy with gemcitabine combined with
radiation for LAPC.
Three large prospective studies were designed with
this hypothesis in mind. The Federation Francophone de
Cancerologie Digestive and Societie Francaise de Radiotherapie Oncologique (FFCD-SFRO) trial published in
2008 showed improved survival for those patients treated
with gemcitabine alone vs combined radiotherapy with
5-FU (13.0 mo vs 8.6 mo, P = 0.03)[59]. The ECOG E4201
study, published 3 years after the FFCD-SFRO study,
compared gemcitabine plus radiation with gemcitabine
alone, and found improved survival in the combined
group (11.1 mo vs 9.2 mo, P = 0.017), although there was
more toxic side effects in the combined group[60]. The
Taipei trial, which compared combined gemcitabine and
radiation with combined 5-FU and radiation, concluded
that combined gemcitabine and radiation therapy had improved overall survival (14.5 mo vs 6.7 mo, P = 0.027)[48].
These large series solidified the utility of gemcitabine
based chemoradiation as an acceptable option for patients with LAPC.
A recent trial has further examined 5-FU combined
therapies using capecitabine, and compared efficacy with
gemcitabine-based chemoradiotherapy. Mukherjee et al[61]
in the Selective Chemoradiation in Advanced Localized
Pancreatic Cancer (SCALOP) study, examined 74 patients
with LAPC who were randomly assigned gemcitabine or
capecitabine. These authors found that the capecitabine
treated patients had improved survival over the gemcitabine treated patients (15.2 mo vs 13.4 mo, P = 0.012).
Furthermore, the gemcitabine treated patients had more
toxic non-hematologic (10 vs 4, P = 0.12) and hematologic side effects (7 vs 0, P = 0.008).
Just as the combined chemotherapy and radiation
algorithm has focused on changing the chemotherapeutic agent in an attempt to maximize survival benefit and
minimize toxicity, other studies have examined the different radiation delivery modalities. The earlier combined
chemoradiation treatments incorporated external beam

INITIALLY UNRESECTABLE LAPC AND
NEOADJUVANT THERAPY
For initially unresectable LAPC, i.e., those tumors with
significant vascular involvement that involves a significant
portion of the SMV or SMA, neoadjuvant therapy should
be offered, and the tumor should be assessed for possible
response and eventual resection. The efficacy of neoadjuvant therapy with this approach as a bridge to potential
curative resection is broad, ranging from 3%-79%[42-44].
The different modalities of neoadjuvant therapy include
single or multi-agent chemotherapy combined with radiation, chemotherapy alone, and chemotherapy followed by
chemotherapy with radiation.
Combined chemotherapy with radiation
5-flourouracil (5-FU) infusion with radiation therapy has
shown utility in many gastrointestinal cancers, and is used
in the management of unresectable LAPC. One of the
first studies to demonstrate the synergistic effects of 5-FU
with radiation was the Gastrointestinal Study Group
(GITSG) trial in 1981 that prospectively examined unresectable LAPC patients, randomly assigning 106 patients
to three different treatments: radiation (60 Gy) alone, vs
concurrent radiation (40 Gy) plus bolus 5-FU, vs higher
dose concurrent radiation (60 Gy) plus bolus 5-FU[45].
The radiation alone group demonstrated poor 1-year
survival (11%) vs 36% in the higher dose concurrent radiation group, and 38% in the concurrent lower radiation
group. Other trials have demonstrated this synergistic
and radiosensitizing effect of combined 5-FU with radiation[46-48]. Contrary to successes of these groups and the
GITSG trials using combined 5-FU with radiation, a trial
from the Eastern Cooperative Oncology Group (ECOG)
randomized 91 patients with unresectable LAPC to either
radiation (40 Gy) plus concurrent bolus 5-FU, followed
by weekly maintenance 5-FU, vs 5-FU alone, and found
no differences in survival (8.2 mo vs 8.3 mo)[49,50]. Despite
the conflicting success of combined 5-FU/radiation
therapy, this radiosensitization treatment modality has
become an established approach to management of the
patient with LAPC[51].
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Figure 3 Depiction of stereotactic body radiation plan using computed tomography. Typically the tumor is expanded 2-3 mm to account for set up error microscopic extension and set-up error planning treatment volume. In the lower panel, (patient b) this represents a plan integrating intensity modulated radiation therapy
(IMRT) where the tumor is expanded 1-3 cm to cover the tumor and peripancreatic lymph nodes. Stereotactic body radiation is often delivered over 1-5 d without chemotherapy. IMRT is delivered over 5-6 wk with concurrent chemotherapy.

radiation (EBRT). Since the 1980s, other delivery systems
have developed with the integration of 3-D conformal
radiation and subsequently intensity modulated radiation
therapy (IMRT) and stereotactic body radiation (SBRT).
Conventional EBRT has limitations in the amount of
radiation that can be delivered to the pancreas tumor secondary to damage to the surrounding GI tract and other
healthy tissues. In addition, EBRT also usually requires a
large number of treatments given over 5-6 wk. SBRT and
IMRT can deliver more focused radiation therapy to the
tumor plus a margin, and thus limit dose to normal bowel
resulting in less toxicity and dose escalation to the tumor.
IMRT represents a further advancement from conformal
EBRT. By utilizing 3-D conformations of a tumor target,
radiation via IMRT can be delivered in smaller divisions
of beams (beamlets), while both sparing healthy tissue
and having the capacity to up or down regulate the intensity of the target directed beamlets[62]. SBRT enables
delivery of even more precise and large doses of radiation to the pancreas tumor plus a small margin (usually
2-3 mm) because of the rapid dose fall-off beyond the
treated volumes. SBRT is also usually given in 1-5 fractions, far fewer than EBRT (10-30)[63] (Figure 3).
Because of the toxicities which may arise during
chemoradiation, combined with the overall poor survival
of LAPC, it is critical in the multidisciplinary management of LAPC to identify which patients may experience
worse outcomes. Rudra et al[64] identified pretreatment
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performance status and CA19-9 levels, along with treatment interruption as prognostic factors for patients with
LAPC treated with chemoradiation. These authors proposed that patients should be identified with these poor
outcome features prior to treatment, and consider other
therapies such as chemotherapy alone or supportive care
for patients with poor performance status.
Chemotherapy alone
Chemotherapy alone represents another management
strategy for unresectable LAPC. The primary chemotherapy only regimens include gemcitabine alone;
gemcitabine doublet therapy with oxaliplatin, cisplatin,
erltoinib, or capecitabine; or triplet therapy with oxaliplatin and erlotinib, or oxalplatin and bevacizumab. Other
non-gemcitabine-based regimens include irinotecan with
docetaxel[65].
Multiple trials have examined patients with LAPC,
comparing gemcitabine alone with various gemcitabine
doublet therapies. Louvet et al[66], in the GERCORD and
GISCAD trials found no difference in overall survival (9.0
mo vs 7.1 mo, P = 0.13) using gemcitabine alone vs doublet therapies. Similar survival was also seen when gemcitabine was compared with and without tipifanib (193
d vs 182 d, P = 0.75)[67]. Other groups have examined
gemcitabine combined with irinotecan (IRINOGEM),
and while time-to-progression initially showed promise
for the IRINOGEM treated group vs gemcitabine alone
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Table 2 Summary of recent chemotherapy trials for locally advanced pancreatic cancer
CHEMO trials
GERCORD/GISCAD[66]
Van Cutsem et al[67]
IRINOGEM[68]
Von Hoff et al[69]
PRODIGE[70]

Component

Median survival

P value

Gem ± oxaliplatin
Gem ± tipifarnib
Gem ± irinotecan
Gem ± nab-paclitaxel
Gem vs FOLFIRINOX

9.0 mo vs 7.1 mo
193 d vs 182 d
6.3 mo vs 6.6 mo
8.5 mo vs 6.7 mo
6.8 mo vs 11.1 mo

0.13
0.75
0.79
< 0.001
< 0.001

CHEMO: Chemotherapy; Gem: Gemcitabine.

(median 7.7 mo vs 3.9 mo, P value not reported), there
was no difference in overall survival (6.3 mo vs 6.6 mo,
P = 0.789)[68]. Von Hoff et al[69] using combined gemcitabine with nab-paclitaxel vs gemcitabine monotherapy
demonstrated a survival benefit in patients with metastatic pancreas cancer (8.5 mo vs 6.7 mo, P < 0.001). The
application of this regimen for LAPC is not known. In
summary for gemcitabine-based chemotherapies, in the
setting of LAPC, there are no prospective data to suggest that gemcitabine doublet, or even triplet therapy
improves overall survival over monochemotherapy using
gemcitabine alone.
While multiple agent gemcitabine based chemotherapies have not shown direct promise in the management
of LAPC, other non-gemcitabine based regimens are
being explored. The multiple agent therapy of 5-FU/leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) has
recently shown promise in the management of metastatic
pancreas cancer in the PRODIGE trial, and is being
studied in the context of LAPC[70]. In three retrospective
reviews of FOLFIRNOX for LAPC, partial response
rates ranged from 25%-40%[71-73]. Other multiple agent
therapies like oxaliplatin, 5-FU, and folinic acid (FOLFOX-6), and agents like 5-FU plus leucovorin plus irinotecan (FOLFIRI), are also being studied as potential agents
to improve outcomes in unresectable LAPC[74,75]. While
some progress has been shown using chemotherapy
alone regimens for LAPC, the specific treatment with
best results has yet to be determined (Table 2).

received chemoradiation, with overall survival of 15.0 mo
(P < 0.01).
Another retrospective study by the University of
Texas M.D. Anderson Cancer Center examined consecutive patients with LAPC who had received treatment with
chemoradiation or induction chemotherapy followed by
chemoradiotherapy[77]. Of the 323 patients in this study,
76 received a median of 2.5 mo of gemcitabine prior to
chemoradiation. Those who underwent chemotherapy
prior to combined chemoradiation had improved median
overall survival (11.9 mo vs 8.5 mo, P < 0.001), and also
demonstrated improved progression free survival (6.4 mo
vs 4.2 mo, P < 0.001).
While the use of chemotherapy followed by chemoradiation has shown early promise in the management
of LAPC, phase Ⅱ/Ⅲ studies are needed. The ECOG
1200 phase Ⅱ trial was initially designed to evaluate the
safety of borderline resectable LAPC using the algorithm
of chemotherapy followed by chemoradiation, but was
closed early because of low recruitment[44].
In summary of the treatments modalities available
for unresectable LAPC, a recent retrospective review by
Lloyd et al[65] compared outcomes based on combined
chemotherapy with radiation, chemotherapy alone, and
chemotherapy followed by chemotherapy with radiation.
While the sample size was small (n = 115), and included
borderline and unresectable LAPC, the authors concluded on multivariate analysis that chemotherapy followed
by chemotherapy with radiation was associated with improved overall survival over chemotherapy alone or combined chemotherapy with radiation (median survival 21.5
mo vs 13.9 mo and 12.5 mo respectively, P < 0.05).

Chemotherapy followed by chemoradiotherapy
An additional treatment algorithm for LAPC is the use of
chemotherapy followed by chemoradiotherapy. The specific goal of this treatment is to select the patients treated
with chemotherapy who will benefit from chemoradiotherapy, and also to select those who have not progressed
following the initiation of chemotherapy. The earliest
and one of the largest studies to examine this mode of
therapy was the Groupe Cooperatuer Multidsisciplinaire
en Oncologie (GERCOR). This group retrospectively
reviewed 181 patients with LAPC who had been treated
with gemcitabine-based chemotherapy followed by
chemoradiotherapy using 5-FU in continuous infusion[76].
Fifty-three patients developed metastases in the first 3
mo of chemotherapy and were subsequently not eligible
for chemoradiation. In the remaining 128 patients who
did not progress, 56 continued with chemotherapy alone
with overall survival of 11.7 mo. The other 72 patients
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Locoregional therapy with irreversible electroporation
For some patients with LAPC, irreversible electroporation (IRE) has shown promise in downstaging and prolonging survival. IRE is a non-thermal modality that uses
high voltage and low energy direct current to increase cell
membrane permeability and effectively create defects in
cell membranes, resulting in loss of homeostasis and subsequent cell death. IRE has minimal effect on blood vessel scaffolding, which is crucial and particularly relevant
for LAPC, as surrounding vascular involvement may be
present[78,79].
The NanoKnife®IRE system has been commercially
available since 2009 and is FDA-approved to treat soft
tissue tumors. The safety of IRE use in the pancreas
has been shown in swine models with rapid resolution
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Figure 4 An intraoperative image of in situ irreversible electroporation
being used in a patient with locally advanced pancreatic cancer. Three
probes are placed around the tumor which is encasing the superior mesenteric
vein causing complete occlusion plus superior mesenteric artery involvement.

of pancreatitis and preservation of vascular structures.
Ablation effects can be achieved at a median size of 3 cm
with 3000 volts setting of the NanoKnife®IRE system[78].
Usually, 2-4 probes of the NanoKnife®IRE system are
used to treat LAPC. The probes are placed using intraoperative ultrasound guidance. In a retrospective series
of patients treated at a single institution, Martin et al[80].
applied this new device and demonstrated in unresectable
LAPC that IRE can improve both local (14 mo vs 6 mo,
P = 0.001) and distant progression free survival (15 mo
vs 9 mo, P = 0.02), compared with systemic therapy and
chemoradiation. Overall survival for patients treated with
IRE was also improved compared with patients treated
with chemotherapy alone or chemoradiation (20 mo vs 13
mo, P = 0.03, exact chemoradiation regimens not specified) (Figures 4 and 5).
IRE can be administered percutaneously under imaging guidance, thereby avoiding the morbidity of a laparotomy. Narayanan et al[81] reported the results of 11 patients
treated with IRE for LAPC. In this study, prior to IRE,
all patients had received some form of chemoradiation,
though the exact regimen was not specified. Patients were
selected for IRE if they were not candidates for, or were
intolerant of chemotherapy or radiation. The procedure
was performed under general anesthesia, with CT guidance, and electrodes were placed at a maximum of 2.2
cm apart. Post treatment, all patients demonstrated patent vasculature in the treatment zone and there were no
deaths related to the procedure. Two patients underwent
partial responses leading to eventual resection 4 and 5
mo post IRE, with one of these patients demonstrating
a complete response. Both patients remained disease free
at 11 and 14 mo. At our institution, we often maximize
both systemic and local therapy (radiation), then in well
selected patients, we attempt surgical resection with IRE
in an attempt to sterilize surgical margins or treat the tumor intra-operatively if found to be unresectable.

Figure 5 This is the representative base unit and generator for irreversible electroporation, manufactured by AngioDynamics, Latham, NY.

characteristics, prognosis, and management strategies that
differentiate this pancreatic tumor from resectable cancer
and metastatic disease. The only means to potentially
cure LAPC is by maximizing upfront systemic and local
therapy followed by a margin negative surgical resection.
At Johns Hopkins Hospital, we recommend tailoring
therapy to maximize the chance to offer the patient a
chance at surgical resection. In general, if LAPC is preoperatively identified as not resectable, then we proceed
down a pathway of local control with radiation therapy
combined with systemic control with chemotherapy.
After chemoradiation, we restage and re-evaluate for possible resection, with IRE as an alternative therapy for the
unresectable LAPC.
Unfortunately, surgical and chemoradiation protocols have suffered from lack of consensus on what truly
defines both a resectable LAPC and a positive resection
margin. But with growing adoption of consensus guidelines, and the incorporation of improved systemic therapies and local therapeutic options with decreased side effects, progress is being made in identifying which patients
with LAPC can truly benefit from surgical resection.
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Core tip: Unresectable locally advanced pancreatic
cancer with or without metastatic disease is associated
with a very poor prognosis. Current standard therapy
is limited to chemotherapy or chemoradiotherapy. Few
regimens have been shown to have a substantial survival advantage and novel treatment strategies are
urgently needed. Initial studies of ablation in the pancreas were associated with significant morbidity and
mortality, which limited widespread adoption. Modifications to the various applications, in particular combining
the techniques with high quality imaging such as computed tomography and intraoperative or endoscopic
ultrasound has enabled real time treatment monitoring
and significant improvements in safety.

Abstract
Unresectable locally advanced pancreatic cancer with
or without metastatic disease is associated with a very
poor prognosis. Current standard therapy is limited to
chemotherapy or chemoradiotherapy. Few regimens
have been shown to have a substantial survival advantage and novel treatment strategies are urgently
needed. Thermal and laser based ablative techniques
are widely used in many solid organ malignancies. Initial studies in the pancreas were associated with significant morbidity and mortality, which limited widespread
adoption. Modifications to the various applications, in
particular combining the techniques with high quality
imaging such as computed tomography and intraoperative or endoscopic ultrasound has enabled real time
treatment monitoring and significant improvements in
safety. We conducted a systematic review of the litera-
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BACKGROUND
Pancreatic ductal adenocarcinoma (PDAC) is the tenth
most common cancer in the UK but the fifth commonest
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cause of cancer death. At diagnosis more than 80% of
patients have locally advanced or metastatic disease and
are unsuitable for curative surgical resection. Prognosis
in pancreatic cancer is dismal; median survival for locally
advanced disease is just 6-10 mo, however in patients
with metastatic disease this falls to 3-6 mo. Overall 5 year
survival is less than 4%[1].
Standard options available for treating patients with
inoperable PDAC are limited to chemotherapy, radiotherapy, or a combination of the two. Gemcitabine is the most
commonly used chemotherapy agent in pancreatic cancer,
however recent studies have shown that in combination
with other chemotherapy agent’s further improvements in
overall survival can be gained. A recent randomised Phase
Ⅲ study (GemCap) reported a median survival in the
combination gemcitabine + capecitabine group of 7.1 mo
compared with 6.2 mo in those who received gemcitabine
alone. The 1-year overall survival (OS) rates were 24.3%
for combination therapy and 22% for gemcitabine alone
(HR = 0.86, 95%CI: 0.72-1.02, P = 0.077)[2]. A further
large European study compared gemcitabine to FOLFIRINOX (fluorouracil, leucovorin, irinotecan and oxaliplatin) and demonstrated a significant survival advantage
in the FOLFIRINOX group compared with gemcitabine
alone (median 11.1 mo vs 6.8 mo)[3]. The phase Ⅲ MPACT
study found that weekly intravenous nab-paclitaxel with
gemcitabine resulted in a significantly higher overall survival compared to gemcitabine monotherapy (8.5 mo vs 6.7
mo, HR = 0.72, P < 0.0001)[4].
Given that so few patients with PDAC are suitable for
curative surgery and most have only a limited response to
chemotherapy; tumour debulking or interstitial ablation
has been investigated as a potential additional therapy.
A recent systematic review compared R2 resections to
palliative bypass alone in the management of advanced
PDAC. A small non-significant survival advantage was
observed in the R2 resection group; 8.2 mo compared
to 6.7 mo in the palliative bypass group. However patients undergoing R2 resections had a significantly higher
morbidity (RR = 1.75, 95%CI: 1.35-2.26, P < 0.0001),
mortality (RR = 2.98, 95%CI: 1.31-6.75, P = 0.009) and
longer hospital stay (mean difference, 5 d, 95%CI: 1-9 d,
P = 0.02), hence R2 resections are not recommended as
part of the standard management of PDAC[5]. However
minimally invasive ablative therapies delivered percutaneously or endoscopically have become part of standard
therapy in many other solid organ tumours, particularly
in patients with inoperable disease or who are unfit for
surgical resection[6]. Early studies of local ablation in the
pancreas were associated with high morbidity and mortality[7]. However improvements in delivery and in particular
combining the technology with high quality real-time imaging, has reduced associated complications. The safety
and efficacy of each ablative therapy in non-operable
PDAC will be evaluated in this review.

efficacy of each ablation therapy in the treatment of locally advanced or metastatic PDAC. Secondary endpoints
included improvements in overall survival, changes in
symptoms, tumour markers or performance status where
available. A systematic literature search was performed
using the PubMed, EMBASE databases and the Cochrane Library for studies published in the English language up to 1st October 2013. MeSH terms were decided
by a consensus of the authors and were (radiofrequency
ablation, catheter ablation, photodynamic therapy, PDT,
cryoablation, cryosurgery, laser, high intensity focused
ultrasound ablation, microwave, electroporation) and
(pancreas OR pancreatic), and were restricted to the title,
abstract and keywords. Only articles, which described
ablation in unresectable PDAC, were included. Articles
that described the use of ablative therapies in premalignant pancreatic disease were excluded but outcomes are
summarised in Table 1. Similarly studies that included
non-ablative therapies were also excluded but have been
summarised in Table 2. Any study with fewer than four
patients and those reporting on tumours that did not
originate in the pancreas were excluded. In cryoablation
and high frequency focused ultrasound of the pancreas,
many of the largest case-series are published in nonEnglish language medical journals. Although articles not
published in the English language were excluded from
this systematic review, if an English language abstract
was available the results were included in the summary
tables. All references were screened for potentially relevant studies not identified in the initial literature search.
The following variables were extracted for each report
when available: number of patients, disease extent, device
used and settings, distance of probe from surrounding
structures, duration of therapy and number of ablations
applied, additional safety methods used. Thirty-two papers were included (Figure 1).

THERMAL ABLATIVE TECHNIQUES
Radiofrequency ablation
Radiofrequency ablation (RFA) causes tissue destruction
through the application of a high frequency alternating
current that generates high local temperatures leading
to a coagulative necrosis. The technique has been widely
used in many solid organ malignancies and is now part
of standard therapy in several tumours including hepatocellular carcinoma[6]. The first application of RFA in
the normal porcine pancreas was described in 1999. Although this application was performed under EUS guidance[8] it has nearly always been delivered intraoperatively
(rarely percutaneously) in combination with palliative bypass surgery[9]. Although RFA was deemed to be feasible
and safe in animal studies[8], early clinical applications
in the pancreas were associated with unacceptably high
rates of morbidity (0%-40%) and mortality (0%-25%)
(Table 3)[7,10-14]. Most RFA of pancreatic tumours has
been performed using the Cool-tip™ RF Ablation system (Radionics). Many of the complications arose as a
result of inadvertent damage to structures adjacent to

RESEARCH METHODOLOGY
The primary aim of this review was to assess safety and
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Table 1 Use of ablative therapies to treat cystic and solid premalignant lesions of the pancreas
Author

Gan et al[46]
Oh et al[73]

Oh et al[74]
DeWitt et al[75]

Oh et al[47]

Levy et al[76]

Pai et al[21]

Premalignant lesion

n

Treatment

Median area of
ablation, mm
(range)

Cystic tumours of the
pancreas
Cystic tumours of the
pancreas

25

EUS guided ethanol
lavage
EUS guided ethanol
lavage + paclitaxel

19.4 (6-30)

Cystic tumours of the
pancreas
Cystic tumours of the
pancreas

10

EUS guided ethanol
lavage + paclitaxel
Randomised double blind
study: Saline vs ethanol

29.5 (20-68)

Cystic tumours of the
pancreas

52

EUS guided ethanol
lavage + paclitaxel

31.8 (17-68)

PNET

8

16.6 (8-21)

Cystic tumours
of the pancreas +
neuroendocrine
tumours

8

EUS guided ethanol
lavage (5 patients) and
intra-operative ultrasound
guided (IOUS) ethanol
lavage (3 patients)
EUS guided RFA

14

42

25.5 (17-52)

22.4 (10-58)

Mean size pre
RFA, 38.8 mm vs
mean size post
RFA, 20 mm

Outcome

Complications

Complete
None
resolution 35%
Complete
Acute pancreatitis (n = 1)
resolution in 79% Hyperamylasaemia (n = 6) Abdominal
pain (n = 1)
Complete
Mild pancreatitis (n = 1)
resolution in 60%
Complete
Abdominal pain at 7 d (n = 5)
resolution in 33%
Pancreatitis (n = 1)
Acystic bleeding (n = 1)
Complete
Fever (1/52)
resolution in 62%
Mild abdominal discomfort (1/52)
Mild pancreatitis (1/52)
Splenic vein obliteration (1/52)
Hypoglycemia
EUS guided: No complications.
symptoms
IOUS-guided ethanol injection:
disappeared 5/8
Minor peritumoral bleeding (1/3),
and significantly
pseudocyst (1/3), pancreatitis (1/3)
improved 3/8
Complete ablation 2/8 patients had mild abdominal pain
in 25% (2/8)
that resolved in 3 d

RFA: Radiofrequency ablation; EUS: Endoscopic ultrasound; PNET: Pancreatic neuroendocrine tumour.

Table 2 Endoscopic ultrasound administered non-ablative anti-tumour therapies for pancreatic ductal adenocarcinoma
Author

Therapy

Chang et al[77]
Hecht et al[78]

Hecht et al[79]
Chang et al[80,81]

Herman et al[82]

Sun et al[83]

Jin et al[84]

Patients

Cytoimplant (mixed lymphocyte Unresectable
culture)
PDAC
ONYX-015 (55-kDa gene-deleted Unresectable
adenovirus) + Ⅳ gemcitabine
PDAC

n

Outcome and survival

8

Complications

Median survival: 13.2 mo. 2 partial
responders and 1 minor response
21
No patient showed tumour
regression at day 35. After
commencement of gemcitabine,
2/15 had a partial response
TNFerade (replication-deficient
Locally
50
Response: One complete response,
adenovector containing human
advanced
3 partial responses. Seven patients
tumour necrosis factor (TNF)-α
PDAC
eventually went to surgery, 6 had
gene)
clear margins and 3 survived > 24
mo
Phase Ⅲ study of standard
Locally
304 (187 SOC
Median survival: 10.0 mo for
care plus TNFerade (SOC +
advanced + TNFerade)
patients in both the SOC +
TNFerade) vs standard care
PDAC
TNFerade and SOC arms [hazard
alone (SOC)
ratio (HR), 0.90, 95%CI: 0.66-1.22, P
= 0.26]
EUS-guided implantation of Unresectable
15
Tumour response: "partial" in 27%
radioactive seeds (iodine-125)
PDAC
and "minimal" in 20%. Pain relief:
30%
EUS-guided implantation of Unresectable
22
Tumour response: “partial” in 3/22
radioactive seeds (iodine-125)
PDAC
(13.6%)

7/8 developed low-grade fever
3/8 required biliary stent placement
Sepsis: 2/15
Duodenal perforation: 2/15

Dose-limiting toxicities of pancreatitis
and cholangitis were observed in
3/50

No major complications. Patients in
the SOC + TNFerade arm experienced
more grade 1 to 2 fever than those in
the SOC alone arm (P < 0.001)
Local complications (pancreatitis and
pseudocyst formation) 3/15. Grade
Ⅲ hematologic toxicity in 3/15
No complications

PDAC: Pancreatic ductal adenocarcinoma; EUS: Endoscopic ultrasound.

the zone of ablation such as the normal pancreas, duodenum, biliary tree or peri-pancreatic vasculature. These
early studies applied high temperatures (> 90 ℃) and
multiple rounds of ablation to treat large tumours in the
head of the pancreas in one session[13]. An ex-vivo study
of the thermal kinetic characteristics of RFA found that
the optimal settings for RFA in the pancreas to prevent
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injury to the adjacent viscera was 90 ℃ applied for 5
min[15]. Subsequent clinical studies that reduced the RFA
temperature from 105 ℃ to 90 ℃, reported only minimal
RFA-related complications[7]. Active cooling of the major
vessels and duodenum with saline during intraoperative
RFA and observing at least a 0.5 cm area between the
zone of ablation and major structures, reduced compli-
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quiring transfusion[19]. In a further study, 7 patients with
unresectable PDAC received EUS guided RFA using
the monopolar radiofrequency (RF) catheter (1.2 mm
Habib EUS-RFA catheter, Emcision Ltd, London). The
tumour was shown to decrease in size in all cases and
only one patient developed mild pancreatitis[20]. Longterm follow up is not available on the efficacy of these
new catheters. Early clinical studies have also used the
Habib EUS RFA catheter to treat cystic tumours of the
pancreas (Table 1)[21].

PubMed, EMBASE, cochrane library
n = 10978

Duplicate articles, review articles and
non-English publications which were
excluded n = 10946

Studies included in the analysis
n = 32

Microwave ablation
Microwave (MW) current is produced by a generator
connected via a coaxial cable to 14-gauge straight MW
antennas with a 3.7 cm or 2 cm radiating section. One
or two antennae are then inserted into the tumour for 10
min. The largest case series of microwave ablation in locally advanced PDAC includes 15 patients. Although MW
ablation can be performed percutaneously or intraoperatively[22], in this series it was performed intraoperatively
at the time of palliative bypass surgery. All tumours were
located in the head or body of the pancreas and had an
average size of 6 cm (range 4-8 cm); none had distant
metastasis on imaging. Partial necrosis was achieved in
all patients and there was no major procedure-related
morbidity or mortality. However minor complications
were seen in 40% (mild pancreatitis, asymptomatic hyperamylasia, pancreatic ascites, and minor bleeding). The
longest survival of an individual patient in this series was
22 mo[23].

Figure 1 Systematic review schema.

cations[10,16,17]. Since most of the mortality resulted from
uncontrollable gastrointestinal haemorrhage from ablated
tumours in the head of the pancreas, some authors have
recommended this probe should only be employed in
body or tail tumours[10,16].
All studies have demonstrated that RFA leads to tumour necrosis and a decrease of tumour volume[9,12,17,18].
Some studies have also observed an improvement in
tumour related symptoms, in particular a reduction of
back pain and analgesia requirements. Tumour markers (carbohydrate antigen 19-9) also decrease following
effective ablation[16]. Although all patients treated with
RFA ultimately developed disease progression[9,11,12,17,18],
when compared to patients with advanced disease who
received standard therapy in a non-randomised cohort
study, patients who received combination therapy had
prolonged survival (33 mo vs 13 mo, P = 0.0048)[11].
However, this was a single centre study that only included 25 patients (12 receiving RFA). An earlier nonrandomised study did not demonstrate the same survival
advantage[12]. Spiliotis et al[11] also evaluated overall survival following RFA according to tumour stage. Patients
with stage Ⅲ disease had a significant improvement in
survival following RFA compared to patients with the
same stage of disease receiving best supportive care (P =
0.0032). In contrast, no difference in overall survival was
shown in patients with metastatic PDAC, following RFA
treatment (P = 0.1095). Larger studies, in combination
with systemic chemotherapy, would be needed to evaluate any potential role of RFA in patients with metastatic
disease.
Recently two new RFA probes have been developed
that can be placed down the working channel of an endoscope, enabling RFA to be administered under EUS
guidance. Twenty-two patients with locally advanced
PDAC were treated with the cryotherm probe (CTP)
(ERBE Elektromedizin GmbH, Tübingen, Germany)
that incorporates radiofrequency ablation with cryogenic
cooling. The probe was sited successfully in 16 patients
(72.8%); stiffness of the gastrointestinal wall and tumour
prevented placement in the others. Following the procedure three patients reported mild abdominal pain and
one experienced minor gastrointestinal bleeding, not re-
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Cryoablation
The successful use of cryoablation in the pancreas was
first reported in primate experiments in the 1970s[24].
However its potential application as a therapy in pancreatic cancer was not described for a further 20 years[25].
Cryoablation is most commonly performed intraoperatively under ultrasound guidance. Small lesions (< 3
cm) can be reliably frozen with a single, centrally placed
probe but larger tumours require the placement of multiple probes or sequential treatments. Most studies have
used the argon-gas-based cryosurgical unit (Endocare,
Inc., CA, United States) and employ a double “freeze/
thaw” cycle. The tumour is cooled to -160 ℃ and the
resulting iceball monitored with ultrasound to ensure the
frozen region encompasses the entire mass and does not
compromise local structures. The tissue is then allowed
to slowly thaw to 0 ℃ and a second cycle of freezing is
performed after any necessary repositioning of the cryoprobes. Like in many of the RFA studies, the authors advocated a 0.5 cm margin of safety from major structures
and that ideally the procedure should be performed at the
same time as palliative bypass surgery or endoscopic biliary and duodenal stenting. Ablation of liver metastases
can also be performed simultaneously[26].
The largest experience of intraoperative and percutaneous cryoablation in pancreatic cancer has been
reported from Asia. To date more than 200 patients with
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Stage Ⅲ and Ⅳ PDAC
receiving palliative
therapy
Unresectable locally
advanced PDAC

Unresectable locally
advanced PDAC
Unresectable PDAC. 47
RFA alone. 60 had RFA +
radiochemotherapy (RCT)
and/or intra-arterial
systemic chemotherapy
(IASC)
Locally advanced PDAC

Spiliotis et al[11]

Girelli et al[50]

Unresectable malignant
bile duct obstruction (7/20
due to PDAC)
Locally advanced PDAC

7

20

22

22

107

100

50

12 LA:8 M:4

16 LA:11 M:5

4

20 LA:9 M:11

n
Device

Cool-tip™ RFAblation
system
Cool-tip™ RFAblation
system

Cool-tip™ RFAblation
system

EUS-guided

RFA + SEMS placement at
ERCP

Habib EUS-RFA catheter

Habib EndoHPB wire
guided catheter

Cryotherm probe;
bipolar RFA + cryogenic
cooling
RFA + SEMS placement at Habib EndoHPB wire
ERCP
guided catheter

EUS-guided

Intraoperative (followed by
palliative bypass surgery)
Intraoperative (followed by
palliative bypass surgery)

Intraoperative (followed by
palliative bypass surgery)

At laparotomy 4 RFA
A 13.56-MHz RFA pulse
probes were inserted into
was produced by the
the tumour 2 cm apart
heating apparatus
Intraoperative (followed by Cool-tip™ RFAblation
palliative bypass surgery)
system
Intraoperative
Cool-tip™ RFAblation
system
Intraoperative (followed by Cool-tip™ RFAblation
palliative bypass surgery)
system

Route of administration

NR

NR

NR

NR

90

90

105 (25 pts)
90 (25 pts)

90

30-90

NR

50

RFA temp
(℃)

Sequential 90s
treatments - median 3
(range 2-4)

Sequential 2 min
treatments

Mortality: 10% (septic shock
and gastrointestinal bleeding)

Complications

Feasible in 16/22 (72.8%)

Median overall survival: 14.7
mo in RFA alone but 25.6 mo in
those receiving RFA + RCT and/
or IADC (P = 0.004)

SEMS occlusion at 90 d (3/22)
Bile duct diameter increased by
3.5mm post RFA (P = 0.0001)
2/7 tumours decreased in size

Minor bleeding (1/22)
Asymptomatic biochemical
pancreatitis (1/22),
percutaneous gallbladder
drainage (2/22). At 90-d, 2/22
had died, one with a patent
SEMS
Abdominal pain (5/20), mild
post-ERCP pancreatitis and
cholecystitis (1/20)
Mild pancreatitis: (1/7)

Pain (3/22)

Mortality: 1.8% (liver failure
and duodenal perforation)
Morbidity: 28%

Morbidity 40% in the first 25
patients. Probe temperature
decreased from 105°C to 90 ℃
Morbidity 8% in second cohort
of 25 patients.
30-d mortality: 2%
Median overall survival: 20 mo Morbidity: 15%. Mortality: 3%

Not reported

All patients were alive one year No complications encountered
post-RFA
Pain relief: back pain improved
Mortality: 25% (4/16)
(6/12)
Pancreatic fistula: 18.8% (3/16)
Mean survival: 33 mo
Morbidity: 16% (biliary leak)
Mortality: 0%

Survival: 3 mo

Outcome

Sequential 2 min
Median survival: 6 mo
treatments - median 2 Successful biliary decompression
(range 1-4)
(21/22)

2-15

5-10

5-10

Not reported

12 at 30 ℃ then 1 at
90 ℃
5-7

2-8

15

RFA duration (min)

PDAC: Pancreatic ductal adenocarcinoma; LA: Locally advanced PDAC; M: Metastatic PDAC; SEMS: Self-expanding metal stent; RFA: Radiofrequency ablation; EUS: Endoscopic ultrasound; ERCP: Endoscopic retrograde cholan
giopancreatography.

Pai et al[20]

Figueroa-Barojas
et al[42]

Steel et al[41]

Arcidiacono et al[19]

Giardino et al[51]

Girelli et al[7]

Unresectable malignant
bile duct obstruction
(16/22 due to PDAC)

Locally advanced and
unresectable PDAC
Unresectable PDAC

Hadjicostas et al[14]

Wu et al[10]

Unresectable PDAC

Patients

Matsui et al[12]

Study

Table 3 Studies of radiofrequency ablation in pancreatic ductal adenocarcinoma
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Table 4 Studies of cryoablation in pancreatic ductal adenocarcinoma
Study

n

Patients

Patiutko et al[25]
(non-English article)
Kovach et al[52]

30
9

Locally advanced
PDAC
Unresectable PDAC

Li et al[53]
(non-English article)

44

Unresectable PDAC

Wu et al[54]
(non-English article)
Yi et al[55]
(non-English article)
Xu et al[26]

15

Unresectable PDAC

8

Unresectable PDAC

38

Locally advanced
PDAC, 8 had liver
metastases

Xu et al[56]

49

Locally advanced
PDAC, 12 had liver
metastases

Li et al[57]

68

Unresectable PDAC
requiring palliative
bypass

Xu et al[58]

59

Unresectable PDAC

Niu et al[29]

36 (CT)
31 (CIT)

Metastatic PDAC

Study

Outcome

Complications

Combination of cryosurgery Pain relief and improvement
Not reported
and radiation
in performance status: 30/30
Phase Ⅰ study of
7/9 discharged with nonNo complications reported
intraoperative cryoablation intravenous analgesia and
under US guidance.
1/9 discharged with no
Four had concurrent
analgesia
gastrojejunostomy
Intraoperative cryoablation Median overall survival: 14 40.9% (18/44) had delayed gastric
under US guidance
mo
empting. 6.8% (3/44) had a bile and
pancreatic leak
Intraoperative cryoablation
Median overall survival:
1/15 patients developed a bile leak
under US guidance
13.4 mo
Intraoperative cryoablation
Not reported
25% (2/8) developed delayed gastric
under US guidance
emptying
Intraoperative or
Median overall survival: 12
Acute pancreatitis: 5/38 (one has
percutaneous cryoablation mo. 19/38 (50.0%) survived
severe pancreatitis)
under US or CT guidance
more than 12 mo
+ (125) iodine seed
implantation
Intraoperative or
Median survival: 16.2 mo.
Acute pancreatitis: 6/49 (one had
percutaneous cryoablation 26 patients (53.1%) survived
severe pancreatitis)
under US or CT guidance
more than 12 mo
and (125) iodine seed
implantation. Some patients
also received regional celiac
artery chemotherapy
Retrospective case-series of
Median overall survival:
Postoperative morbidity: 42.9%.
intraoperative cryoablation
30.4 mo (range 6-49 mo)
Delayed gastric emptying occurred
under US guidance, followed
in 35.7%
by palliative bypass
Intraoperative or
Median survival: 8.4 mo. Mild abdominal pain: 45/59 (76.3%)
percutaneous cryotherapy
Overall survival at 12 mo:
Major complications (bleeding,
34.5%
pancreatic leak): 3/59 (5%)
1/59 developed a tract metastasis
Intraoperative cryotherapy Median overall survival in
Not reported
(CT) or cryoimmunotherapy
CIT: 13 mo
(CIT) under US guidance
CT: 7 mo

PDAC: Pancreatic ductal adenocarcinoma.

unresectable pancreatic cancer have undergone cryoablation alone or in combination with other therapies (Table
4). Effective control of pain, normalisation of CA 19-9,
improvement in performance status and prolonged survival have all been reported following cryoablation. Rates
of significant complications appear to be lower than in
other methods of ablation. Although some patients did
encounter delayed gastric emptying following the treatment, this commonly settled with conservative management within a few days. Studies to date are summarised
in Table 5. The process has also been shown to initiate
antiangiogenesis and a systemic immunological response,
which may promote additional anti-tumour effects[27,28].
However evaluation through larger studies will be necessary to fully determine this effect.
Early clinical studies have also combined the administration of cryotherapy with immunotherapy. In a study
of 106 patients with unresectable PDAC, 31 received cryoimmunotherapy, 36 cryotherapy, 17 immunotherapy and
22 chemotherapy. Median overall survival was higher in
the cryoimmunotherapy (13 mo) and cryotherapy groups
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(7 mo) than in the chemotherapy group (3.5 mo; both
P < 0.001) and was higher in the cryoimmunotherapy
group than in the cryotherapy (P < 0.05) and immunotherapy groups (5 mo; P < 0.001)[29].

LASER BASED ABLATIVE THERAPY
Photodynamic therapy
Photodynamic therapy (PDT) results in tumour ablation
by exposure to light following an intravenous injection of
a photosensitiser [e.g., meso-tetra(hydroxyphenyl)chlorin
(mTHPC), porfimer sodium or verteporfin] which is
taken up by cells. It leads to a predictable zone of ablation within the tumour. To date, light has been delivered
via small optic fibers which have nearly always been
positioned percutaneously under image guidance (e.g.,
CT)[30-32]. However these fibers can pass through a 19G
needle, so administration under endoscopic ultrasound
guidance is feasible.
The first Phase Ⅰ trial of PDT in locally advanced
PDAC was conducted in 2002. Substantial tumour necro-
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Table 5 Studies of photodynamic therapy in pancreatic ductal adenocarcinoma
Study

n

Bown et al[30]

16

Huggett et al[31,32]

Study

CT guided percutaneous
PDT to locally advanced
but inoperable PDAC
without metastatic
disease
13 + 2 CT guided percutaneous
PDT to locally advanced
but inoperable PDAC
without metastatic
disease

Photosensitiser

Number of
fibres

Number of
ablations

mTH-PC

Single

1

Verteporfrin

Single (13)
Multiple (2)

1

Outcome and survival

Complications

Tumour necrosis:
Significant gastrointestinal
16/16.
bleeding: 2/16 (controlled
Median survival:
without surgery)
9.5 mo. 44% (7/16)
survived > 1 year
Technically feasible:
Single fibre: No
15/15. Dose dependent
complications.
necrosis occurred
Multiple fibres: CT evidence
of inflammatory change
anterior to the pancreas, no
clinical sequelae

PDAC: Pancreatic ductal adenocarcinoma; CT: Computed tomography.

sis was achieved in all 16 patients included in the study.
Median survival after PDT was 9.5 mo (range 4-30 mo).
44% (7/16) were alive one year after PDT. Two of the
patients who had a pancreatic tumor which involved the
gastroduodenal artery developed significant gastrointestinal bleeding following the procedure. However both were
managed endoscopically with transfusion, without the
need for surgery[30].
A significant drawback of the early PDT treatments
was that patients had to spend several days in subdued
lighting following the treatment to prevent complications
from skin necrosis. However, newer photosensitisers with
a shorter drug-light interval and faster drug elimination
time have been developed (e.g., verteporfrin) and have
been shown in preclinical and early clinical studies to
have a similar efficacy and safety profile to mTHPC[33].
A Phase Ⅰ study by our group evaluated verteporfinmediated PDT in 15 patients with unresectable locally
advanced pancreatic cancer (Vertpac-01) (Table 5)[31,32].
The study was designed in 2 parts: the first 13 patients
were treated with a single-fibre, with the following 2
patients being treated with light from multiple fibers. A
predictable zone of necrosis surrounding the fibers was
achieved. No instances of photosensitivity were reported
and only one patient developed cholangitis. Patient went
on to receive palliative gemcitabine chemotherapy 28 d
after ablation.

gested that cytoreduction may improve survival. However
in the initial clinical studies some of the techniques were
associated with unacceptably high rates of complications.
This has led to a search for non-thermal alternative ablative therapies for use in PDAC.
High-intensity focused ultrasound
High intensity focused ultrasound (HIFU) therapy is a
non-invasive method of ablation. Ultrasound energy
from an extracorporeal source is focused on the pancreatic tumour to induce thermal denaturation of tissue
without affecting surrounding organs[35]. Multiple nonrandomised studies and case series, largely from Asia,
have reported preliminary clinical experiences of using
HIFU in PDAC. They have demonstrated that the technique is able to achieve tumour necrosis with relatively
few side effects (Table 6). Recently a HIFU transducer
has been designed which can be attached to an EUS
scope to deliver HIFU locally to pancreatic tumours, thus
preventing occasional burns to the skin. Initial animal
studies have demonstrated that it can successfully abate
the normal pancreas and liver[36].
Irreversible electroporation
NanoKnife® (Angiodynamics, Inc., NY, United States)
or irreversible electroporation (IRE) is an emerging nonthermal ablative technique which uses electrodes, placed
in the tumour, to deliver up to 3 kV of direct current.
This induces the formation of nanoscale pores within
the cell membrane of the targeted tissue, which irreversibly damages the cell’s homeostatic mechanism, causing
apoptosis. The United States Food and Drug Administration have recently approved the technique for use in the
pancreas.
One of the major advantages of this technique is
that it can be used in tumours that are in close proximity to peri-pancreatic vessels without risk of vascular
trauma. The largest series of percutaneous IRE in PDAC
includes 14 patients who had unresectable tumours and
were not candidates for, or were intolerant of standard
therapy[37]. The procedure was performed under general
anaesthesia with complete muscle paralysis. Two patients

YAG Laser
The neodymium-doped yttrium aluminium garnet (Nd:
YAG) laser has been used to ablate pancreatic tumours in
animal models[34]. A well demarcated area of necrosis and
no complications were achieved, suggesting the potential
for this therapy, but to date there have been no clinical
studies.

NON-THERMAL, NON-LASER METHODS
OF ABLATION
Many of the studies of thermal and light ablation techniques in locally advanced and metastatic PDAC have sug-
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Table 6 Studies of high intensity focused ultrasound in pancreatic ductal adenocarcinoma
Study

n

Study

Outcome and survival

Complications

Wang et al[59]
(non-English article)
Xie et al[60]
(non-English article)
Xu et al[61]
(non-English article)
Yuan et al[62]
(non-English article)
Wu et al[63]

15

HIFU monotherapy in late stage PDAC

Pain relief: 13/13 (100%)

Mild abdominal pain (2/15)

41

Pain relief: HIFU (66.7%),
HIFU + gemcitabine (76.6%)
Pain relief: 24/30 (80%)

None

37

HIFU alone vs HIFU + gemcitabine in
locally advanced PDAC
HIFU monotherapy in advanced PDAC

40

HIFU monotherapy

Pain relief: 32/40 (80%)

None

8

HIFU in advanced PDAC

None

Xiong et al[64]

89

HIFU in unresectable PDAC

Median survival: 11.25 mo
Pain relief: 8/8
Median survival: 26.0 mo (stage Ⅱ),
11.2 mo (stage Ⅲ) and 5.4 mo (stage Ⅳ)

Zhao et al[65]

37

Phase Ⅱ study of gemcitabine + HIFU
in locally advanced PDAC

Overall survival: 12.6 mo (95%CI:
10.2-15.0 mo)
Pain relief: 78.6%

Orsi et al[66]
Sung et al[67]

6
46

HIFU in unresectable PDAC
Stage III or Ⅳ PDAC

Pain relief: 6/6 (100%)
Median survival: 12.4 mo. Overall
survival at 12 mo was 30.4%

Wang et al[68]

40

Advanced PDAC

Lee et al[69]

12

Li et al[70]

25

Wang et al[71]

Gao et al[72]

224

39

None

Median overall survival: 10 mo (stage
Ⅲ) and 6 mo (stage Ⅳ).
Pain relief: 35/40 (87.5%)
HIFU monotherapy in unresectable
Median overall survival for those
PDAC (3/12 received chemotherapy) receiving HIFU alone (9/12 patients):
10.3 mo
Unresectable PDAC
Median overall survival: 10 mo. 42%
survived more than 1 year. Performance status and pain levels improved:
23/25
Advanced PDAC
Not reported

Locally advanced PDAC

Pain relief: 79.5%
Median overall survival: 11 mo. 30.8%
survived more than one year

Superficial skin burns (3.4%),
subcutaneous fat sclerosis (6.7%),
asymptomatic pseudocyst (1.1%)
16.2% experienced grade 3 or 4
neutropenia, 5.4% developed grade
3 thrombocytopenia, 8% had nausea
vomiting
Portal vein thrombosis (1/6)
Minor complications (abdominal pain,
fever and nausea): 57.1% (28/29)
Major complications
(pancreaticoduodenal fistula, gastric
ulcer or skin burns): 10.2% (5/49)
None

Pancreatitis: 1/12

1st degree skin burn: 12%
Mortality: 0%

Abdominal distension, anorexia and
nausea: 10/ 224 (4.5%). Asymptomatic
vertebral injury: 2/224
None

HIFU: High intensity focused ultrasound; PDAC: Pancreatic ductal adenocarcinoma.

patency or to unblock a SEMS, which is already in situ.
Randomised studies comparing PDT with biliary stenting to stenting alone have had conflicting results. Initial
studies reported prolonged stent patency and improved
survival after PDT[38,39]. However, a recent UK phase Ⅲ
study closed early as overall survival was longer in those
treated with stenting alone[40]. The use of RFA in combination with SEMS placement has been reported in two
small studies to date (Table 3). The investigators showed
that the median bile duct diameter increased following
endobiliary RFA and that 86% (19/22) of the SEMS
were patent at 90 d[41,42]. Emerging evidence also suggests
that endobiliary RFA may confer some early survival
benefit in patients with malignant biliary obstruction
independent of stent blockage and chemotherapy[41]. Occasionally centres have used RFA alone to achieve biliary
drainage but results of on-going randomised controlled
trials are awaited for validation of this technique[43]. Current guidance from the National Institute for Health and
Care Excellence in the United Kingdom recommends

subsequently underwent surgery after IRE and both had
margin-negative resections; both remain disease-free after
11 and 14 mo, respectively. Complications included spontaneous pneumothorax during anaesthesia (n = 1) and
pancreatitis (n = 1); both patients recovered completely.
No deaths were related to the procedure but the three
patients with metastatic disease subsequently died from
disease progression.

COMBINING ABLATIVE THERAPIES WITH
BILIARY STENTING
Tumours of the head of the pancreas commonly cause
distal biliary obstruction, which is managed in most cases
by an endoscopically inserted self-expanding metal stent
(SEMS). However due to tumour ingrowth SEMS are
associated with a shorter patency time than bypass surgery. Hence there has been a growth in interest in using
ablative therapies such as PDT or RFA to prolong stent
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that this treatment should only be carried out in specialist
centres in the context of clinical trials[44].

ENDOSCOPIC ULTRASOUND GUIDED
NON-ABLATIVE LOCAL THERAPIES

3

Systemic chemotherapy agents are often associated with
significant side effects, which can result in patients having
to stop therapy or undergo dose reduction. Several groups
have therefore explored using local anti-tumour agents in
PDAC. The outcomes are summarised in Table 2.

4

PREMALIGNANT LESIONS OF THE
PANCREAS
Some investigators have used similar ablative methods
in PDAC to ablate premalignant solid and cystic lesions
of the pancreas. Cystic lesions of the pancreas are an
increasingly common clinical finding and some possess
premalignant potential; longterm surveillance or surgery
or pancreatic surgery is therefore recommended in accordance with international guidance[45]. Given the morbidity
of surgery and uncertainties of surveillance for essentially benign disease, minimally invasive ablative therapies are
increasingly becoming an attractive alternative treatment.
An EUS-guided injection of alcohol has been reported to have reasonable efficacy for achieving complete
ablation of pancreatic cystic tumours (35%-62%). However, total cyst ablation was rare in septated cysts and the
technique was associated with complications (pain and
pancreatitis) in between 4%-20% of cases[46,47]. Occasional case reports have described using EUS guided alcohol
injection to successfully ablate hepatic metastases[48] and
pancreatic gastrointestinal stromal tumours[49]. Small case
series have demonstrated EUS guided RFA can also be
used safely for this indication[21]. Further validation will
come from larger Phase Ⅱ studies.

5

6
7

8

9

10

11

CONCLUSION
Ablative therapies for unresectable pancreatic cancer are
an attractive emerging therapy. All studies demonstrated
that ablation is feasible and reproducible. Many of the
early concerns that surrounded safety have been addressed with device development and modification of
technique. Long-term survival data for many of the techniques is absent currently. Ultimately large prospective
randomised studies will be required to assess the efficacy
of these techniques and define their position in future
treatment algorithms for the management of locally advanced pancreatic cancer.
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Role of abnormal lipid metabolism in development,
progression, diagnosis and therapy of pancreatic cancer
Julian Swierczynski, Areta Hebanowska, Tomasz Sledzinski
adenocarcinoma (PDAC), the most common pancreatic
neoplasm, characterized by high mortality. We also addressed the influence of some oncogenic factors and
tumor suppressors on pancreatic cancer cell metabolism. Additionally the review discusses the potential role
of elevated lipid synthesis in diagnosis and treatment of
pancreatic cancer. In particular, FASN is a viable candidate for indicator of pathologic state, marker of neoplasia, as well as, pharmacological treatment target in
pancreatic cancer. Recent research showed that, in addition to lipogenesis, certain cancer cells can use fatty
acids from circulation, derived from diet (chylomicrons),
synthesized in liver, or released from adipose tissue for
their growth. Thus, the interactions between de novo
lipogenesis and uptake of fatty acids from circulation by
PDAC cells require further investigation.
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Abstract
There is growing evidence that metabolic alterations
play an important role in cancer development and
progression. The metabolism of cancer cells is reprogrammed in order to support their rapid proliferation.
Elevated fatty acid synthesis is one of the most important aberrations of cancer cell metabolism. An enhancement of fatty acids synthesis is required both for
carcinogenesis and cancer cell survival, as inhibition of
key lipogenic enzymes slows down the growth of tumor
cells and impairs their survival. Based on the data that
serum fatty acid synthase (FASN), also known as oncoantigen 519, is elevated in patients with certain types
of cancer, its serum level was proposed as a marker of
neoplasia. This review aims to demonstrate the changes in lipid metabolism and other metabolic processes
associated with lipid metabolism in pancreatic ductal

WJG|www.wjgnet.com

Core tip: Metabolic alterations associated with mutation in oncogenes and tumor suppressor genes play an
important role in cancer development and progression.
One of the most important aberrations of metabolism
in cancer cells is an elevated synthesis of lipids, which
are building blocks for cell membrane formation during
cell proliferation and signalling molecules. This review
aims to demonstrate the changes in lipid metabolism
in pancreatic ductal adenocarcinoma, the most common pancreatic neoplasm, with very high mortality.
The potential role of elevated lipid synthesis in diagnosis, prognosis and therapy of pancreatic cancer is also
discussed.
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points to the possible use of carbon source other than
glucose, for lipid synthesis[22-25].
Through conversion to fructose 6-phosphate, glucose also serves as a substrate for hexosamine phosphate
synthesis (according to reaction: fructose 6-phosphate
+ glutamine → glucosamine 6 phosphate + glutamate), required for biosynthesis of glycoproteins and
glycosaminoglycans. Glucose may also be converted to
pentose phosphate on pentose phosphate pathway (PPP),
and then to phosphoribosyl pyrophosphate (PRPP), a
precursor of purine and pyrimidine nucleotides necessary
for DNA synthesis (Figure 1). PPP generates NADPH,
which is required for many processes, including lipid biosynthesis (Figure 1). The activity of glucose 6-phosphate
dehydrogenase (G6PDH), a rate limiting enzyme of
PPP, is elevated in certain cancers, including human pancreatic cancer (PC)[19,26]. Glutamine for hexosamine and
nucleotide synthesis may originate from citrate produced
in mitochondria. Citrate is converted by Krebs cycle to
2-oxoglutarate, a precursor of glutamate (Figure 1), and
later to glutamine. However, glutamine is not synthesized
on that pathway in many cancer cells, but is rather taken
up from the circulation, where it is one of the most
abundant amino acids[27].
Glucose and glutamine are two main sources of energy and carbon for most cancer cells[28-30]. Some data
suggest that glucose accounts mainly for lipid, purine,
and pyrimidine nucleotide synthesis, whereas glutamine is
contributing to: (1) anaplerotic re-feeding of Krebs cycle;
(2) amino acid synthesis; and (3) providing nitrogen necessary for purine and pyrimidine nucleotide synthesis[14],
however, there is also evidence of glutamine participation
(as carbon donor) in lipid biosynthesis[31]. High expression of glutaminase-encoding gene was revealed during
the S phase of the cell cycle in some cancer cell lines
(i.e. HeLa cells), along with the low expression in G2/M
phase[32]. Upon cellular uptake, glutamine is transported
to mitochondria, and then converted to ammonia and
glutamate by mitochondrial glutaminase. Then glutamate
is deaminated to 2-oxoglutarate by glutamate dehydrogenase. In mitochondria, 2-oxoglutarate is further metabolized by Krebs cycle to malate (Figure 3). Part of the
malate is released to cytosol, converted to pyruvate by
NADP-linked malic enzyme (ME), and, finally, to lactate
by LDH, similarly to pyruvate formed from glucose during glycolysis (Figure 3). The conversion of glutamine
to lactate is called glutaminolysis analogically to glycolysis (Figure 3). The increased synthesis of lactic acid by
cancer cells leads to the decrease in pH of tumor microenvironment, which promotes angiogenesis, invasion,
and metastasis, and suppresses the anticancer immune
response through diminished cytotoxic T-cell function[33]
(Figure 3).
In a variety of tumors, pyruvate formed during active
glutaminolysis is converted into acetyl-CoA by PDH (instead of being converted to lactate by LDH), and later
to citrate, supplying carbons for lipid synthesis (Figure
3)[34,35]. Conversion of glutamine to citrate may be also
the result of reductive carboxylation of 2-oxoglutarate
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INTRODUCTION
Cancer development is generally attributed to the accumulation of genetic alterations, which leads to activation
of cellular oncogenes and inactivation of tumor suppressor genes. Apart from mutations, epigenetic modulation,
numerical and structural abnormalities in chromosomes,
and aneuploidy are commonly observed in cancer cells,
and may play a critical role in tumorigenesis[1]. In addition, carcinogenesis involves significant changes in cellular metabolism, especially in carbohydrate, lipid, nucleic
acid, and amino acid metabolism (Figure 1).
The metabolism of cancer cells is reprogrammed
in order to support their rapid proliferation. Nowadays,
metabolic alteration, also referred to as metabolic transformation, should be added to six classic hallmarks of
cancer cells proposed by Hanahan and Weinberg[2], Tennant et al[3] and illustrated on Figure 2. Over eight decades
ago, Warburg revealed that an elevated rate of glycolysis
under aerobic conditions, a phenomenon commonly
known as the Warburg effect, is a distinctive feature of
many human and animal tumors[4]. In the majority of
cancers, glucose is converted mostly to lactate, and, therefore, only 2 moles of ATP per 1 mole of glucose are synthesized. In contrast, most non-cancer cells containing
mitochondria, produce CO2 and H2O from glucose, and
38 moles of ATP are synthesized per 1 mole of glucose,
under aerobic conditions.
Over the last two decades, several authors reported
overexpression of genes encoding lipogenic enzymes in
many human cancers (Table 1)[5-12]. This phenomenon
is usually associated with an increased glucose carbon
incorporation into lipids [13-16]. The possible pathways
for the conversion of glucose into phospholipids and
cholesterol, required for membrane formation in cancer
cells, are illustrated on Figure 1. Pyruvate formed from
glucose during active aerobic glycolysis, is either converted to lactate by lactate dehydrogenase (LDH), or can
enter into mitochondria, where it is decarboxylated to
acetyl-CoA by pyruvate dehydrogenase (PDH). Then,
by means of reactions of citrate synthase (CS), present
in mitochondria, and ATP citrate lyase (ACLY), present
in cytosol, cytosolic acetyl-CoA, a key substrate for lipid
biosynthesis is formed (Figure 1). Elevated activities of
both enzymes (CS and ACLY) are observed in some
malignancies, and the inhibition of ACLY is known to
lead to cessation of tumor growth[17-21]. Interestingly,
some tumors display a diminished flux of glucose carbon through PDH-catalyzed reaction, due to increased
PDHK (pyruvate dehydrogenase kinase) activity, under
the influence either hypoxia or oncogenic factors. This
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derived from glutamine, catalyzed by two isoforms of
NADP+-dependent isocitrate dehydrogenase - mitochondrial (IDH2), and/or cytosolic (IDH1) (Figure 1)[36-40]. In
some cancer cell lines 10%-25% of fatty acids carbons
are derived from glutamine under normoxia, and up
to 80% under hypoxia[14,36,37]. Wise et al[38] suggest that
IDH2 is mainly contributing to conversion of glutamine
to lipids. However, other data show that in A549 (adenocarcinoma of human alveolar basal epithelial cells), and
in renal carcinoma cells (RCC) cell lines IDH1 is more
important[36]. In melanoma or osteosarcoma cell lines
both IDH isoforms equally participate in 2-oxoglutarate
reduction[37,40].
Continuous loss of citrate from mitochondria to
cytosol requires replenishment of Krebs cycle intermediates. Glutamine serves as a key substrate for Krebs cycle
intermediates in many cancer cells, and is critical for cell
WJG|www.wjgnet.com

proliferation. A proliferating cell dies upon glutamine (but
not glucose) withdrawal from the medium[41].
Fatty acid (FA) biosynthesis remains at a low level in
most non-cancerogenic tissues, except liver and adipose
tissue. The two latter lipogenic tissues convert the excess
of carbohydrates to triacylglycerols[42-49]. Conversely FAs
synthesized in cancer cells are esterified mainly to phospholipids required for membrane formation, which promotes cellular replication (Figure 1). Overall, coordinated
enhancement of glucose, lipid, and amino acid metabolism, leading to increased synthesis of membrane lipids,
nucleotides, and amino acids supports rapid proliferation
of cancer cells (Figure 1).
Proliferation and metabolism of cancer cells share
common regulatory pathways[50-53]. MYC, proto-oncogene and major regulator of transcription in growing
cells, controls several metabolic processes such as: (1)
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Table 1 Overexpression of lipogenic enzymes in human tumors
Enzyme name
Fatty acid synthase
(FASN)

ATP citrate lyase
(ACLY)

Acetyl-CoA carboxylase
(ACCA)
Stearoyl-CoA desaturase
(SCD1)
Acetyl-CoA synthetase
(ACS)
Citrate synthase
(CS)

Neoplasm type

Experimental model

Ref.

Pancreatic cancer
Breast carcinoma
Prostate cancer
Melanoma
Nephroblastoma
Renal cancer
Endometrial carcinoma
Colon cancer
Ovarian neoplasms squamous cell
Carcinoma of the lung head and neck squamous
Cell carcinoma squamous cell
Carcinoma of the tongue
Small cell lung cancer
Bladder cancer
Breast cancer
Gastric cancer
Colon cancer
Prostate cancer
Hepatocellular carcinoma
Prostate cancer
Hepatocellular carcinoma
Breast carcinoma
Pancreatic cancer
Clear cell renal cell carcinoma
Colon adenocarcinoma
Malignant glioma
Pancreatic cancer
Renal cell carcinoma

Human tumor tissue, cell line
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
Cell line
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
Cell line
Human tumor tissue
Cell line
Human tumor tissue, cell line
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
Human tumor tissue
SCD1 indices in patients serum
Human tumor tissue
Human tumor tissue
Cell line
Human tumor tissue
Human tumor tissue

[96,104,105]
[5,9,166]
[167]
[168]
[169]
[170]
[12,171]
[11,172]
[10,173]
[174]
[175]
[176]
[251]
[7]
[252]
[253]
[254]
[254]
[255]
[6]
[255]
[256]
[128]
[200]
[257]
[258]
[19]
[20]

glycolysis and glutaminolysis; (2) nucleotide biosynthesis;
and (3) lipid biosynthesis, and mitochondrial biogenesis[53]. Furthermore, MYC stimulates glutamine uptake
and metabolism[54,55]. Tumor suppressor protein, p53, is
involved in regulation of bioenergetic homeostasis and
lipid metabolism in both normal and cancer cells[51,56-58].
p53 induces the expression mitochondrial glutaminaseencoding gene, increasing energy production from
glutaminolysis[59,60]. Mutant p53 increases lipid synthesis, via sterol regulatory element-binding protein 1c
(SREBP1c), and promotes ovarian cancer metastasis[52].
Certain oncoproteins such as: Akt, Ras, and Src, also
stimulate glycolysis in transformed cells[50]. Regulation
of glutamine metabolism by Rho GTPases and Ras was
also proposed[61]. The oncogenes and tumor suppressor
genes whose products participate in regulation of carbo-

WJG|www.wjgnet.com

hydrate, lipid, nucleotide and amino acid metabolism are
presented in Table 2.
Also mutations of some genes can contribute to
abnormal cellular metabolism, which in turn can affect
oncogenic signaling pathways. For example mutation in
gene encoding IDH1/2 is associated with deregulation
of cellular metabolism, especially in glioma cells[62]. In
glioma IDH1/2 mutations are responsible for conversion
of 2-oxoglutarate to 2-hydroxyglutarate, which, by inhibition of 2-oxoglutarate-dependent dioxygenases, affects:
(1) proto-oncogene expression; (2) DNA and histone
modification; and (3) alteration of extracellular matrix
proteins (due to inhibition of collagen hydroxylation)[62].
This paper reviews the possible role of lipid metabolism
in human cancers, particularly in PC biology, prognosis,
and treatment.

2282

March 7, 2014|Volume 20|Issue 9|

Swierczynski J et al . Lipid metabolism in pancreatic cancer
Glutamine

↑ Lactate ↓ pH (about 6.5)

Glucose

Cell

Fatty acids

Glucose

Fructose 6-P

Glutamine

Acetyl-CoA

Glucosamine 6-P
Pyruvate

GPs

GAGs

Lactate

Malate

Glutamine

Pyruvate
Malate

Oxaloacetate

Acetyl-CoA
Citrate

Isocitrate

Fumarate

Succinate

Glutamine

Succinyl-CoA

2-oxoglutarate

Glutamate

Mitochondrion

Figure 3 Glutamine metabolism of cancer cells. Red arrows represent glutaminolysis; green arrows represent “reversed Krebs cycle” reactions; blue arrows
represent glycolysis; yellow arrows represent lipogenesis. Solid arrows represent single reactions; dotted arrows represent processes including numerous reactions.
Fructose 6-P: Fructose 6-phosphate; GAGs: Glycosaminoglycans; GPs: Glycoproteins.

Oxygen deprivation of both non-cancer and cancer
cells leads to the stabilization of hypoxia inducible factor
1α (HIF-1α), which dimerizes with HIF-1β, transfers
into nucleus and binds with hypoxia-responsive elements
present in DNA (Figure 4). This counteract the deleterious impact of decreased oxygen availability[68]. High
level of HIF-1α is associated with increased glucose
consumption due to activation of glucose transporter 1
(GLUT1), and glycolysis, especially hexokinase (1 and 2),
and LDH[69-73] (Figure 4). Overexpression of HIF-1α in
human PC cells makes this malignancy similar to other
cancers[74]. Interestingly, the expression of HIF-1α in the
hypoxic part of pancreatic tumor is at the same level as
in its well-oxygenated fragments[75]. Some data indicate
that phosphorylation of HIF-1α weakens the interaction
of this protein with von Hippel-Lindau tumor suppressor (VHL) which normally stimulates degradation of
HIF-1α during normoxia (Figure 4). The phosphorylation result from activation of MAPK or other protein kinase (putatively AKT) in cancer cells[76]. Both kinases are
downstream effectors in various signaling pathways, including KRAS pathway. Continuous KRAS signaling and
downstream activation of MAPK and AKT results from
the mutation of KRAS (observed in 90% of PDACs),
or can be stimulated by epidermal growth factor (EGF),
prostaglandin E 2 (PGE 2), and some oxidants [73,77,78].

ABNORMAL LIPID METABOLISM IN
PANCREATIC CANCER
Pancreatic ductal adenocarcinoma (PDAC) is the most
common pancreatic neoplasm, comprising approximately 90% of all pancreatic malignancies, and the eight
leading cause of cancer-associated death in the world[63].
The 5-year survival rate of PDAC patients is approximately about 5%[64]. Surgery is the primary treatment
modality and the only available chance for recovery,
however only approximately 10% of patients are eligible for surgical treatment. Other therapies have proven
ineffective thus far.
Similar to other cancers, both activation of oncogenes
and inactivation of tumor suppressor genes play key role
in PDAC pathogenesis. The most frequent genetic alterations documented in PCs, including PDAC, are presented
in Table 3. Other pancreatic tumors show different aberrations (Table 4).
In addition to genetic and epigenetic alterations, development of PC involves significant alterations of cellular metabolism, supporting rapid proliferation of cancer
cells. Reduced vascularity, leading to poor perfusion is
characteristic for PC. This results in low availability of
oxygen and nutrients[65,66]. The presence of hypoxia corresponds to highly aggressive character of PCs[67].
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Table 2 Oncogenes and tumor suppressor genes, whose products participate in regulation of cancer cells metabolism
Oncogene/tumor suppressor

Metabolic pathway

Enzyme

Ref.

MYC

Glucose transport
Glycolysis

GLUT1
Hexokinase 2
Phosphohexose isomerase
Phosphofructokinase 1
Aldolase A
3-phosphoglyceraldehyde dehydrogenase
Phosphoglycerate kinase
Phosphoglycerate mutase
Enolase 1
Pyruvate kinase 2
Lactate dehydrogenase A
Pyruvate dehydrogenase kinase 1
Glutamine transporters ASCT2 and SN2
Glutaminase 1

[53-55]

Regulation of PDH
Glutamine transport
Glutaminolysis
Serine hydroxymethyltransferase
Pyrimidine synthesis
Aminoacids metabolism

CAD
Ornithine decarboxylase
Fatty acid synthase
GLUT1
Hexokinase 2
Fructose-2,6-bisphosphatase
Phosphoglycerate mutase
Cyrochrome c oxidase
Glutaminase 2
Glucose-6-phosphate dehydrogenase
Pyruvate dehydrogenase kinase 1
Aconitase
GLUT1
Hexokinase 2
Phosphofructokinase 1
Lactate dehydrogenase A
Transketolase
Phosphohexose aminotransferase
Glutamate dehydrogenase
Aspartate transaminase
GLUT1
FASN

Lipogenesis
Glucose transport
Glycolysis

p53

Oxidative phosphorylation
Glutaminolysis
Pentose Phosphate Pathway
Regulation of PDH
Krebs cycle
Glucose transport
Glycolysis

KRAS

Pentose phosphate pathway
Hexosamine synthesis
Glutaminolysis
Akt/PTEN

Glucose transport
Lipogenesis

[61,73,94]

[50,113-115]

intensive growth and metastasis of pancreatic tumors[86,87].
HIF-1α is coexpressed with Nupr1 (also known as p8
or Com, i.e. candidate of metastasis) in human PDAC[88].
Nupr 1 is a chromatin protein, structurally related to the
high-mobility group (HMG) protein, it interacts with several other proteins in the regulation of cell cycle, apoptosis, autophagy, and gene transcription[89]. It is responsible
for increased resistance of stress-exposed PDAC cells[90]
and supposedly interacts and amplify the KRAS signaling
in cancer cells, in order to overcome the activity of some
tumor suppressors (such as p16) action[91].
The data presented above suggest that several proteins (mainly products of proto-oncogens or tumor
suppressor genes) might affect conversion of glucose to
pyruvate in PDAC cells.
Most of the pyruvate formed as a result of increased
glycolysis in PDAC cells, is metabolized to lactate, some
pyruvate is used to citrate, and further to FAs biosynthesis[92,93]. Accordingly, the activity of CS, one of the crucial
enzymes involved in pyruvate to FA conversion (Figure
1), is elevated in PC[19,20]. Thus, it is likely that citrate is
synthesized from glucose in PC cells, although glutamine
seems to play an important role as well.

PI3K/Akt signaling pathway leads to overexpression of
HIF-1α, and directly participates in glucose transport
and metabolism by regulating GLUT1 gene expression
in PC cells, especially when the function of PTEN,
tumor suppressor inhibiting PI3K/AKT pathway, is
lost[79-81]. Another oncogene, MYC, interacts with KRAS
and HIF-1α in PDAC metabolic switch. MYC response
elements are present in most glycolytic genes, thus, allowing MYC protein to regulate glucose metabolism[73,82].
Some data suggest that activation of HIF-1α, leading
to metabolic reprogramming of pancreatic cells during
normoxia, is also controlled by β-adrenergic receptors
through the transactivation of epidermal growth factor
receptor (EGFR, requiring PKA activity), and further
activation of AKT[83]. Also insulin, causing activation
of PI3K/AKT and MAPK pathways, can be potential
stimulator of HIF-1α activity acting independently of
oxygen availability[84].
Mucin 1 (MUC1), a transmembrane protein involved
in stabilization of HIF-1α is one of the newly discovered
activators of HIF-1α in PC. Directly interacting with
HIF-1α and DNA, MUC1 induces expression of glycolytic genes[85]. High activity of MUC1 is correlated with
WJG|www.wjgnet.com
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Table 3 Oncogenes and tumor suppressor genes whose products alter the metabolism of pancreatic cancer cells
Gene

Protein Mechanism of alteration in PDAC

Oncogenes
KRAS

KRAS

AKT
AKT
c-erbB2
HER2
Myc
MYC
Tumor suppressor genes
TP53
p53

Point mutations

Mutations, amplification
Overexpression amplification
Amplification overexpression
Mutation and second allele
deletion

Smad4/DPC4

Regulated processes in PDAC

Alteration in PDAC

Ref.

Cell proliferation and survival, motility, glucose
transport, glycolysis, hexosamine synthesis,
nonoxidative pentose phosphate pathway arm,
glutaminolysis
Signal transduction, lipogenesis, glucose transport
Proliferation, differentiation, survival
Glycolysis, glutaminolysis, PDH inhibition

> 95%

[73,94,259-261]

10%-20%
20%-80%
70%

[73,79-81,262-264]
[265-268]
[55,73,82,94,269]

50%-80%

[270-273]

55%

[274-276]

5%

[277-279]

95%

[280-282]

30%-70%

[79,283,284]

Cell cycle, apoptosis, DNA repair, glucose
transport, glycolysis, lipogenesis, ppp oxidative
arm, glutaminolysis
Cell cycle, TGF-β signaling

SMAD4 Homozygous deletion, mutation
and second allele deletion
STK/LKB1
LKB1 Homozygous deletion, mutation Apoptosis, lipogenesis, energy production, protein
and second allele deletion
synthesis
CDKN2A/p16
p16
Homozygous deletion, mutation,
Cell cycle
hypermethylation
PTEN
PTEN Hypermethylation, inhibition by
PI3K/AKT signaling pathway
miRNA
PDAC: Pancreatic ductal adenocarcinoma.

Table 4 Most common genetic alterations observed in different types of human pancreatic cancers
Type of pancreatic cancer
Pancreatic ductal adenocarcinoma (PDAC)
(90% of all pancreatic cancers)
Acinar cell carcinoma (ACCA)
(< 1% of all pancreatic cancers)
Adenosquamous carcinoma (ASC)
(< 1% of all pancreatic cancers)
Intraductal papillary mucinous neoplasm (IPNM)
(1%-3% of all pancreatic cancers)
Mucinous cystic neoplasm (MCN)
(< 1% of all pancreatic cancers)
Serous cystadenoma (SCN)
(< 1% of all pancreatic cancers)
Solid-pseudopapillary neoplasm (SPN)
(1%-2% of all pancreatic cancers)
Pancreatic neuroendocrine tumors (PanNET)
(2%-5% of all pancreatic cancers)

Gene affected

Ref.

KRAS, AKT, MYC, TP53, SMAD4, CDKN2A, PTEN

[55,63,64,73,78,79,94,269,284-287]

APC/β-catenin (CTNNB1), BRCA2, BCL10

[288-290]

TP53, CDKN2A, KRAS, E-cadherin,

[291,292]

GNAS, KRAS, RNF4, STK11/LKB1, MUC1, MUC2,
hTERT, COX2, Shh
KRAS, RNF4, TP53, CDKN2A

[278,293,294]

VHL

[296]

APC/β-catenin (CTNNB1), E-cadherin

[297,298]

DAXX, ATRX, MEN1, TSC2, PTEN, PI3KCA, CHGA,
CHGB, mTOR

[299-302]

Son et al[94] suggested that KRAS directs glutamine
carbons to Krebs cycle in PC cells, to export them to
cytosol for cytosolic ME reaction. This results in the generation of NADPH, which is used for lipid biosynthesis
and for redox state control. Deprivation of glutamine
or inhibition of glutaminase activity are reflected by decreased production of ATP and higher levels of reactive
oxygen species (ROS). Glutamine may also supply OAA,
condensed with acetyl-CoA, to citrate synthesis, or be involved in citrate formation through reductive carboxylation of 2-oxoglutarate catalyzed by reverse IDH reaction.
Although the involvement of glutamine was documented
in some malignancies, its role in PC cells is still not completely understood[14,36-40,95]. Nevertheless, de novo biosynthesis of lipids (possibly from glucose and/or glutamine)
is elevated in PDAC cells[96-98].
Gemcitabine, herceptin or irinotecan treatment has
minimal impact on survival rates in patients with adWJG|www.wjgnet.com

[295]

vanced PC[99,100]. In contrast treating PC patient with gemcitabine, α-lipoic acid, and hydroxycitrate yielded promising results[101]. Since hydroxycitrate is an inhibitor of
ACLY, the activity of the latter lipogenic enzyme (splitting
citrate to acetyl-CoA and OAA in cytosol) is likely elevated in PC cells as well, and, similar to other cancers, plays
an important role in the development of this malignancy.
The next stage of lipogenesis, leading to biosynthesis of
malonyl-CoA (fatty acid synthase substrate), is catalyzed
by acetyl-CoA carboxylase (ACCA). Phosphorylation by
AMPK, leading to ACCA activity cessation, is one of
the crucial stages of lipogenesis regulation in lipogenic
tissues[102]. The activity of AMPK in PDAC cells is lower
than in normal cells, mostly due to LKB1 tumor suppressor inhibition, leading to increased ACCA activity[103].
Fatty acid synthase (FASN) reaction constitutes the last
step in palmitate synthesis. The significant role of FASN
in cancer development was established approximately two
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decades ago, when the oncogenic antigen-519 (OA-519),
a molecular marker, was identified in breast cancer patients[9]. FASN utilizes acetyl-CoA (supplied by ACLY),
malonyl-CoA (supplied by ACCA) and NADPH as a
reducing equivalent. In the case of PC cells, NADPH is a
product of PPP or reaction catalyzed by ME during oxidative decarboxylation of malate formed from glutamine
(i.e. during glutaminolysis)[94]. FASN is the most extensively studied lipogenic enzyme in PDAC cells. Elevated
expression of FASN-encoding gene was documented in
human PC[96,104,105] and high level of FASN protein, both
in tumor cells and in serum is associated with poor prognosis[96,98]. Furthermore inhibition of FASN activity was
revealed to induce apoptosis in several tumors[106-110]. Indeed, FASN is an oncogenic protein and its overexpression in non-transformed human breast epithelial cells,
can produce their cancer-like phenotype, in a HER1/2
dependent process[111]. Similar phenomenon was reported
in the case of colorectal cancer cells[112]. The expression
of FASN is strongly induced in hypoxia, by MAPK or
PI3K/AKT signaling pathways. This results in activation
of SREBP1c transcription factor, which directly binds
to FASN promoter (and promoters of other lipogenic
genes)[113,114]. Similar effect can be observed in the absence of PTEN tumor suppressor, which normally inhibits PI3K/AKT signaling[114,115]. Moreover, SREBP1cindependent regulation of FASN, mediated by HER2
with PI3K or mTOR involvement was observed in breast
cancer cells[116]. Furthermore strong acidic environment
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of breast cancer may promote epigenetic modification
of FASN promoter, leading to increased expression of
this gene[117]. As all those events take place in PC cells, the
mechanism of FASN regulation in PDAC is probably
similar as in the case of other malignancies.
Inhibited activity of FASN (or other lipogenic enzymes) is reflected by decreased tumor growth and may
lead to apoptosis of some cancer cells. The inhibition of
FASN was revealed to diminish proliferation of osteosarcoma and colorectal cancer cells, through decrease of
HER2 activity, leading to down-regulation of PI3K/Akt
signaling pathway[112,118]. Induction of apoptosis is likely to
result from elevated concentration of malonyl-CoA, that
is reflected by decreased oxidation of FA and increased
ceramide concentration. Ceramide is a well-known activator of apoptosis, and its enhanced biosynthesis (along
with inhibited ceramidase activity) leads to the death of
PC cells[106,119]. Furthermore the altered composition of
FAs in phospholipid structure (predominance of polyunsaturated acids over saturated and monounsaturated acids)
increases the oxidative stress yielding the same result[120].
Glycolytic synthesis of ATP seems the most important pathway in hypoxic cancer cells. In the cases of
normoxia, glucose is rather directed to PPP for NADPH
and pentose synthesis, and KRAS acts as the main controlling factor supporting tumor cell proliferation[121,122].
Both oxidative and non-oxidative phases of PPP are upregulated in PC cells. The non-oxidative phase is upregulated by KRAS[73,123], whereas G6PDH activity (main
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enzyme of oxidative phase, controlling NADPH production) is increased putatively, due to p53 deficiency[19]. p53
inhibits G6PDH through direct binding, and its loss leads
to the up-regulation of the oxidative PPP phase in cancer
cells[73,124]. Taken together, these data suggest that similar
to other malignancies, the increased glucose flux (both by
glycolytic and pentose phosphate pathway) is integrated
with the enhanced biosynthesis of lipids in PC cells.
Pathways involved in the conversion of glucose to lipids
in PC cells are presented in Figure 5.
The lipids formed in cancer cells play two important
roles. Firstly, they are building blocks for cell membrane
formation during cell proliferation (mainly cholesterol,
phosphatidylcholine, phsphatidylserine, phosphatidylethanolamine). Secondly, they play an important role as signaling molecules (phosphatidylinositol, phosphatidic acid,
diacylglycerol), or substrates for posttranslational protein
modification, including palmitoylation and prenylation[125].
Mammalian cancer cells rely mostly on saturated (SFAs)
or monounsaturated FAs (MUFAs). MUFAs are less susceptible to peroxidation, thus increasing the resistance
of cancer cells to oxidative stress[126]. Elevated level of
MUFAs is maintained mostly by stearoyl-CoA desaturase
1 (SCD1). Inhibition of SCD1 activity in some tumors
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(e.g., in prostate cancer) leads to inhibition of cancer cell
growth. Diminished SCD1 activity is reflected by lower
synthesis of phosphatidylinositol, which participates
in AKT activation, crucial for cancer development and
growth. Additionally inhibition of SCD1 blocks oncogenic transformation of KRAS necessary for activation
of this gene and further tumor growth[127]. As SCD1
is very active in PDAC cells[128], and KRAS and AKT
signaling pathway are important for their development
and growth, SCD1 supposedly plays an essential role in
pathogenesis of that malignancy via the same mechanism
as in case of other tumors.
In the context of lipid synthesis, especially FASN activity, special attention should be paid to lipid rafts. Lipid
rafts are cholesterol- and sphingolipid-rich membranous
lipid domains, which contain several signaling and transport proteins. According to some authors, lipid rafts play
an important role in health and disease, including carcinogenesis[129]. Lipid rafts rich in proteins of the caveolin
family are referred to as caveolae. Caveolin-1 encoding
gene expression is altered in some cancers including
colon cancer[130,131], breast cancer [132], urothelial carcinoma[133], esophageal squamous cell carcinoma[134], and
prostate cancer[135]. The overexpression of caveolin -1 in
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seem necessary for the control of cancer growth[139].
Recently, overexpression and oncogenic function of
aldo-keto reductase family 1B10 (AKR1B10; A-aldo,
K-keto, R-reductase), tightly associated with lipid metabolism in human PC cell lines, has been reported[142].
AKR protein family consists of enzymes which catalyze
the reaction: alcohol + NADP+ → aldehyde (or ketone)
+ NADPH + H+. These enzymes are expressed in numerous human organs/tissues. AKR1B10, the enzyme
specific to such substrates as farnesal, geranylgeranial,
retinal, and carbonyls[143-146], is overexpressed in certain
malignancies, especially in tobacco-related cancers, including non-small cell lung carcinoma[147] and PC[142]. Oncogenic function of AKR1B10 is associated with protein
farnesylation and up-regulation of FA synthesis by stabilization of ACCA[142,148]. Farnesyl diphosphate is a precursor of cholesterol biosynthesis and a substrate for protein
farnesylation, which plays an important role in carcinogenesis[149]. Conversion of farnesyl diphosphate to farnesol diminishes its intracellular level, and, consequently,
protein farnesylation. Farnesol can be further converted
to farnesal, then oxidized to farnesoic acid. If the activity
of AKR1B10 is high (as in the case of PC cells), farnesal
is reduced to farnesol, following the reaction pattern:
farnesal + NADPH + H+ → farnesol + NADP+. Farnesol can be re-phosphorylated to farnesyl diphosphate,
increasing the ability for protein farnesylation (Figure
6). Farnesyl diphosphate, together with isopentenyl di-

colon cancer cells is associated with elevated saturated to
unsaturated FA ratio in cellular membrane[136]. Deregulation of caveolin-1 is also observed in PC cells[137]. Moreover, caveolin-1 and FASN are co-expressed in the cells of
this malignancy. This phenomenon is consistent with histological grade and stage of the tumor (high expression
of ceveolin-1 and FASN genes correspond with poor
differentiation status)[104]. Thus, FASN and caveolin-1
were suggested as potential diagnostic and prognostic
markers of PC and possible therapeutic targets[104].
Recently published data suggest that cancer cells do
not rely solely on the de novo lipogenesis, but also utilize
food-derived FAs for synthesis of phospholipids required
for cell proliferation and lipid signaling[138,139]. This corroborates well with the evidence that a high dietary intake
of fat constitutes potential risk factor of some malignancies[140]. Moreover, there is growing evidence that obesity,
associated with elevated blood concentrations of FAs,
modulates the risk and prognosis of certain cancers[141].
These findings suggest that, apart from lipogenesis, cancer cells can utilize FAs present in blood (derived from
VLDL and chylomicrons or from adipose tissue) for their
growth. This fact may partly explain why many promising
lipogenic enzymes inhibitors tested succesfully in preclinical studies did not confirm their efficacy in further
clinical trials. Furthermore, apart from inhibition of lipogenesis, also reduced dietary lipid digestion and absorption, and decreased lipoprotein lipase and FAs uptake

WJG|www.wjgnet.com

2288

March 7, 2014|Volume 20|Issue 9|

Swierczynski J et al . Lipid metabolism in pancreatic cancer

phosphate, is converted to geranylgeranyl diphosphate,
a substrate for protein geranylation. A geranylgeranyl diphosphate, e.g., farnesyl diphosphate, can be converted to
geranylgeranoic acid (via geranylgeraniol and geranylgeranial) (Figure 6). Similarly, high activity of AKR1B10 may
cause the reversed conversion of geranylgeranial to geranylgeranyl diphospate, a substrate for protein geranylation (Figure 6). siRNA-mediated silencing of AKR1B10,
knockdown of AKR1B10, or inhibition of the enzyme
activity lead to decrease in protein prenylation[142]. Membrane-bound KRAS protein of PC cells, a product of
point mutation in KRAS is activated by prenylation. If
the expression of AKR1B10 is diminished, the activity
of membrane-bound KRAS protein decreases in pancreatic cell lines[142]. Thus, the deactivation of AKR1B10 and
resultant inhibition of the prenylation (fanezylation, geranylgeranylation) of protein (e.g., KRAS), may constitute a
promising target for PC treatment.
3-hydroxy-methylglutaryl-CoA reductase (HMG-CoA
reductase) is a key enzyme of cholesterol synthesis pathway (Figure 6), which is inhibited by statins, prescribed to
treat hypercholesterolemia. Since the reaction catalysed
by HMG-CoA reductase provides substrate for cholesterol synthesis (that is of great importance in rapidly proliferating cancer cells), and also for isoprenoids necessary
for prenylation of proteins, the application of statins as
an antiproliferative drugs have been studied. Numerous
in vitro studies, also with the use of PC cancer cells, provided promising results[150].
Cyclooxygenase-2 (COX-2) is another enzyme which
plays an important role in lipid metabolism, namely in the
conversion of arachidonic acid (released from membrane
phospholipids by phospholipase A2) to prostaglandins.
COX-2 is overexpressed in many malignancies, including
45%-75% PCs[151-155]. This suggests, that this enzyme plays
an important role in pancreatic carcinogenesis and chemoresistance of PC cells. Moreover, the overexpression of
COX-2 in PC cells was postulated to be associated with
greater invasiveness of this malignancy and promotion
of angiogenesis. Recent data suggest that combination
of COX-2 inhibitor (Celecoxib) with gemcitabine and
irinotecan could be an active treatment for non-operable
PC[152]. These clinical observations have been supported
by the results of in vitro studies. Inhibition of COX-2
by non-steroidal anti-inflammatory drugs causes a dosedependent block of pancreatic cell line proliferation[156].
According to recent reports, the anti-tumor activity of
class Ⅰ histone deacetylase (HDAC) inhibitors in human
PC model is significantly improved by the simultaneous
inhibition of COX-2[157]. Taken together, the results of
clinical and in vitro observations suggest that COX-2 plays
an important role in PC development. The up-regulation
of COX-2 in PC cells and its role in carcinogenesis are
probably related to inflammation. The anti-cancer action of COX-2 inhibitors is most likely associated with
the reduction of inflammation that can contribute to
cell proliferation. Several authors revealed that many
malignancies, including PC, result from a chronic inflammatory process[158]. According to Jackson and Evers[151],
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several signaling pathways involving COX-2, NF-kappa B
and phosphatidyl inositol 3-kinase may constitute a link
between inflammation and carcinogenesis.

ABNORMAL LIPID METABOLISM
AND CANCER PROGRESSION AND
PROGNOSIS
Overexpression of FASN is associated with significantly
enhanced proliferation of non-tumorigenic mammary[111]
and prostate[159] epithelial cells. On the other hand, siRNA-mediated silencing of FASN gene expression or inhibition of FASN activity by pharmacological (synthetic
or natural) agents leads to growth arrest of some cancer
and normal cells[160-162]. Moreover, FASN inhibitors suppress the synthesis of DNA and induce apoptosis in
cancer cell lines[163]. Previous studies confirmed the association between FASN activity and cell cycle progression[161,164]. However, activity of FASN was not reflected
by cell cycle progression in some experimental models,
e.g. MCF7 cell line[165]. Also siRNA-mediated knockdown
of FASN gene expression did not cause a significant
growth arrest in PC cell line (Panc-1)[105]. Therefore, the
results published thus far do not present sufficient evidence for the role of FASN in cell cycle regulation, especially in PC cells. Nevertheless, the FASN knockdown
in Panc-1 cells were revealed to show reduced resistance
to gemcitabine[105].
The results of in vitro studies and clinical observations
suggest that elevated expression of FASN gene in cancer
cells is related to markedly worse prognosis. Overexpression of FASN gene was proved to be associated with
cancer progression, higher risk of recurrence and shorter
survival of patients with breast cancer [5,166], prostate
cancer[167], melanoma[168], nephroblastoma[169], renal cell
carcinoma[170], endometrial carcinoma[171], colorectal carcinoma[172], ovarian cancer[173], squamous cell carcinoma of
the lung[174], head and neck squamous cell carcinoma[175],
and squamous cell carcinoma of the tongue[176]. CD44 is
a transmembrane glycoprotein which is involved in tumor
progression and metastasis[177]. Interaction between CD44
and c-MET (tyrosine kinase), a proto-oncogene involved
in several processes (including tumor growth, invasion,
and metastasis)[178], is essential for activation of the latter and down-stream signaling in some malignancies[179].
Interestingly, inhibition of FASN and ACLY in human
colorectal cancer cell lines (KM20, HCT116) is associated
with reduced expression of CD44. This is attributed to
attenuated activation of c-MET, AKT, FAK, and paxillin, factors affecting adhesion, migration and invasion
of cancer cells[180]. The abovementioned phenomenon
was reflected by lower metastatic potential of colorectal cancer cells. The data suggest a direct link between
lipogenic enzyme activity (FASN and ACLY) and tumor
progression to a metastatic phenotype. As the inhibition
of FASN is related to decreased phosphorylation of
c-Met in diffuse large B-cell lymphoma[181] and prostate
cancer[182], one can surmise that lipogenesis is feature of
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metastatic cancers, including PC. However, to date there
are no evidence confirming this hypothesis.
Overexpression of FASN gene is associated with
poor prognosis in PC patients[96,104,105]. As previously
mentioned, the overexpression of FASN gene may be associated with gemcitabine resistance of PC cells[105], and
the inhibition of FASN enhances the cytotoxicity of this
agent[105]. Similar phenomenon was observed in the case
of human breast cancer cells and ovarian cancer cells.
According to Menendez group, the inhibition of FASN
is associated with enhanced cytotoxicity of docetaxel,
vinorelbine, paclitaxel, 5-fluorouracil, and herceptin in the
Her-2 positive breast cancer cell lines and ovarian cancer
cells[183-187].

cells. However, increased levels of FASN were also found
in sera of patients with chronic pancreatitis[98]. This suggests that this parameter is not a PC-specific biomarker.
Nevertheless, the serum levels of FASN could potentially
add to the panel of markers used in the monitoring of
individuals at high risk of PC.
According to some authors, PC patients show increased proportion of total MUFA in all plasma lipid
classes, a feature which is associated with increased delta
9 desaturase (SCD1) and delta 5 desaturase indices[128].
Moreover, the association between longer survival of
PC patients and higher level of eicosapentaenoic acid
(EPA), docosahexaenoic acid (DHA) and with lower
SCD1 index was demonstrated[128]. Recently, Yabushita
et al[199] documented a significant decrease in serum (and
pancreatic) level of palmitoleic acid in an experimental model of PDAC, and suggested that this FA could
serve as a biomarker of human PC. Palmitoleic acid is
a monounsaturated FA (16:1 n-9). It can be synthesized
from palmitic acid, the main product of FASN, or may
originate from diet. Conversion of palmitic acid to palmitoleic acid is catalyzed by SCD1, which is up-regulated
in some malignancies including PC[128,200]. The reason for
decrease in palmitoleic acid in patients with PC is not
clear, as due to higher activity of SCD1, elevated level of
this FA should be rather anticipated. Despite unknown
molecular basis for the decreased serum and tissue concentration of palmitoleic acid the diagnostic value of this
finding should be verified in patients with PC. Chavarro
et al[201] showed that blood levels of some MUFAs including myristoleic acid (14:1 n-5), palmitoleic acid, and oleic
acid (18:1 n-9), were associated with higher incidence of
prostate cancer. This relationship was the strongest in the
case of palmitoleic acid.
Recently Zhang et al[202] reported that PC can be diagnosed by means of 1H nuclear magnetic resonance
(NMR)-based metabonomic profiles. These authors
showed that numerous plasma metabolites, including
lipids, are either elevated (e.g., VLDL) or decreased (e.g.,
HDL, LDL and 3-hydroxybutyrate) in patients with this
malignancy.
Yabushita et al[199] revealed that serum chenodeoxycholic acid, a major constituent of bile acids (which play
a key role in lipid digestion in the alimentary tract), is elevated in the experimental model of PDAC. Also Urayama et al[203] claimed on elevated serum levels of some bile
acids (taurocholic acid and tauroursodeoxycholic acid) in
PC patients.
Overall, several PC-characteristic features of lipids
metabolism have been found: (1) elevated serum level
of FASN; (2) elevated serum levels of EPA, DHA and
VLDL; (3) decreased serum levels of palmitoleic acid,
HDL, LDL and 3-hydroxybutyrate, and (4) elevated serum levels of bile acids. All these parameters could serve
as additional markers of PC.
Up-regulation of lipogenic enzymes in PC cells and
resultant enhanced synthesis of lipids[19,96,104,105] seem to
occur early in tumorigenesis and can be associated with

SERUM FATTY ACID SYNTHASE
LEVEL AND SERUM FATTY ACID
PROFILE-POTENTIAL BIOMARKERS FOR
PANCREATIC CANCER
At present there is no sufficiently specific and sensitive
serum (plasma) marker of PC. Ca19-9, the most widely
used marker of this malignancy (the sensitivity up to
80%), is also elevated in other conditions, including
chronic pancreatitis and cholangitis, as well as in other
tumors[188,189]. Moreover, Ca19-9 is not useful in detecting
early stages of PC[190]. According to some authors, circulating micro-RNA (miR-21, mir-210, mir155, mir196a)
could constitute novel diagnostic biomarkers of PC[191,192].
Proteomic analyses of human PCs revealed numerous
differentially regulated proteins, which could be involved
in the progression of this malignancy, and, consequently,
could act as its biomarkers, determined in pancreatic juice
and in serum[193]. Also up-regulation of numerous proteins, which can be used as biomarkers of PC, has been
reported recently[194]. However, despite extensive studies,
we still lack a valid approach for detection of PC, especially its early stages, and sufficiently specific and sensitive
biomarkers of this malignancy.
The fact that cancer cells and the normal cells of
surrounding tissues are characterized by differential expression patterns of FASN suggests that serum levels of
FASN may constitute a good biomarker of malignancy.
Indeed, up-regulation of FASN in cancer cells was
proved to be associated with increased serum levels of
this enzyme in patients with some malignancies. The serum FASN level measured by ELISA in breast, prostate,
colon, and ovarian cancer patients was significantly higher than in healthy controls[195-197]. Moreover, an increase
in the serum levels of FASN proved to be proportional
to the clinical stage of colorectal cancer and breast cancer[196,198]. The ELISA-determined serum levels of FASN
were also elevated in patients with PC and intraductal
papillary mucinous neoplasm[98]. Interestingly, the serum
FASN levels of most PC patients decreased after resection of this malignancy[98]. This suggests that the elevated
serum level of FASN reflects its up-regulation in PC
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Table 5 Lipogenic enzyme inhibitors that can be used as potential antitumor drugs
Enzyme name

Inhibitor

Type of neoplasm

Ref.

Fatty acid synthase
(FASN)

Cerulenin

Breast cancer,
ovarian cancer
Breast cancer
Pancreatic cancer
Prostate cancer
Lung cancer
Ovarian cancer
Breast cancer, ovarian cancer
Pancreatic cancer
Prostate cancer
Lung cancer
Brest cancer
Pancreatic cancer
Prostate cancer
Lung cancer, colon cancer
Lung cancer
Colon cancer
Various cancers cell lines

[303]
[304]
[216]
[232]
[228]
[305]
[306]
[228]
[232]
[307]
[308]
[18]
[101]
[309]
[310]
[222]
[225]
[311]

C75
Epigallocatechin-3-gallate (EGG)
C93
Luteolin

ATP citrate lyase
(ACLY)
Acetyl-CoA carboxylase
(ACCA)
Stearoyl-CoA desaturase
(SCD1)
Acetyl-CoA synthetase (ACS)

Orlistat
SB-204990
hydroxycitrate
Soraphen A
TOFA
CVT-11127
TOFA
Triacsin c

the progression of the disease. Therefore, metabolic imaging with lipid precursor tracers: 11C-acetate, 18F-fluoroacetate (as a substrates for FA synthesis), and 11C-choline,
18
F-fluorocholine (as a substrate for phosphatidylcholine
synthesis), may constitute a novel imaging technique
for diagnosis of PC, even at the very early stages of
this malignancy. It is of note that 11C-acetate and 11Ccholine have been successfully used for detecting primary
prostate cancer, as well as metastases and recurrence
of this malignancy[204]. However, both 11C-acetate and
11
C-choline cannot be used in case of small metastatic
foci[205]. Moreover, the sensitivity of 11C-acetate in the detection of prostate cancer is decreased in patients whose
PSA level is lower than 3 ng/mL[204]. Finally it should be
remembered that the incorporation of 11C-acetate (or its
analogue 18F-fluoroacetate) to lipids is determined not
only by FASN activity, but also by the activity of acetylCoA synthetase[206].

other enzymes involved in lipogenic pathway such as
ACLY[18,209,217,218], ACCA[219-221], SCD1[222-225], and acyl-CoA
synthetase[209], could also be an effective strategy for cancer treatment. Table 5 lists lipogenic enzymes inhibitor
which can be potential antitumor drugs.
Similar to other malignancies, the overexpression
of FASN observed in PC cells is associated with poor
prognosis[96,104]. This suggest that FASN is involved in
PC cell survival and its inhibition could constitute an effective strategy for PC treatment. Irresponsiveness to
chemotherapy and radiotherapy is an important feature
of PC. According to Yang et al[105], overexpression of
FASN can be associated with resistance to gemcitabine
and radiotherapy in PC patients. The exact molecular
mechanism by which FASN induce gemcitabine resistance of PC cells is unknown. As the elevated expression
of this molecule was proved to protect breast cancer
cells from drug-induced apoptosis[165], also the FASNinduced resistance of PC cells to gemcitabine can result
from similar mechanism. C75 (trans-4-carboxy-5-octyl3-methylenebutyrolactone), a synthetic analog of natural
cerulenin (isolated from Cephalosporum caerulens), is an
inhibitor of FASN most often used in experimental models. This antitumor activity of this agent was documented
in the case of human breast cancer[109], prostate cancer[226],
ovary cancer[227] and mesothelioma[215] cell lines. Also
many green tea polyphenols (e.g., EGCG-epigallocatechin
gallate or ECG-epicatechin gallate) and plant-derived
flavonoids (such as luteoin) showed inhibitory effect to
FASN[208]. Green tea polyphenols down-regulate FASN
gene expression and induce apoptosis in human prostate
cancer[228-230]. Luteolin (natural flavonoid) inhibits FASN
in vitro and induces cytotoxic effects in breast, prostate
cancer and hepatocellular carcinoma cells[231]. Moreover,
the consumption of flavonoid rich foods was revealed to
decrease the incidence of some malignancies[105]. Harris
et al[232] studied the effect of FASN inhibitors (C75 and
some phytochemicals) on the in vitro proliferation of PC

ABNORMAL LIPID METABOLISM AS A
PROMISING TARGET OF PANCREATIC
CANCER TREATMENT
Chemotherapy provides only modest improvement in
pancreatic cancer patients. Effective molecular therapeutic strategy requires characteristic features of the disease
to be identified. As previously mentioned the values of
some parameters of lipids synthesis, namely the expression of FASN gene and resultant activity of FASN, are
significantly higher in cancer cells than in adjacent normal cells. This suggests that inhibition of FASN could
constitute a selective therapeutic approach in cancer
patients. Possible application of FASN as a therapeutic
target is sustained by the results of many studies which
showed that pharmacological blockade of this enzyme
exerted cytostatic and cytotoxic effects to several tumor cells [97,109,125,207-216]. Pharmacological blockade of
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cells (MIA PaCa-2). They found that C75 and luteolin decreased proliferation of these cells at a similar dose. Also
other tested phytochemicals, quercetin (flavonoid) and
resveratrol (stilbenoid), inhibited the proliferation albeit,
at significantly higher concentrations. The same authors
revealed that the inhibitory effect of luteolin against PC
cells results from three mechanisms: decreased synthesis
of FA, and nucleic acids and decreased energy production. In contrast quercetin and resveratrol (natural inhibitors of FASN), which showed weaker inhibitory potential
affect mainly glycogen metabolism. Collectively, the
results published by Harris et al[232] suggest that the blockade of FASN by some flavonoids could lead to inhibition
of pancreatic cells proliferation, similarly as in other cancer cells.
The results of clinical observations suggests that the
incidence of cancer in diabetic patients, treated with metformin (an oral hypoglycemic drug, N,N’-dimethyl biguanide) is lower than in individuals with diabetes who do
not receive this drug[233-236]. The anticancer properties of
metformin were also confirmed by in vitro studies[237,238].
Recently, Nair et al[239] reported that metformin inhibits
PC cell proliferation and tumor growth via down-regulation of Sp transcription factors and Sp regulated genes.
Noticeably, FASN is one of the Sp regulated genes[240].
Thus, one can assume that the metformin induced blockade of PC cell proliferation and tumor growth is at least
partially associated with indirect inhibition of FASN activity and lipid synthesis.
The anticancer potential of statins, inhibitors of
HMG-CoA reductase also have been studied in vitro
with various cancers cells lines. The antitumor effects
of lipophilic statins (e.g., lovastatin, simvastatin) resulted
mainly from suppression of proliferation and promotion of apoptosis[150]. The chemopreventive effects of
statins have been also reported in PC cell lines[241-243],
and in mouse model of PC[244]. Available data from analyses on large human populations show, that daily intake
of statins, in doses for cardiovascular event prevention,
is not associated with the risk of PC[245-247]. However
some recent data suggests that in subgroup of male
smokers statins use may reduce the odds of PC[248], and
is associated with better survival in diabetic patients[249].
The combination of statins and a FASN inhibitors used
in an anticancer therapy would be of particular interest, but until now there are no data published regarding
such approach.
In summary, the results presented above suggest that
inhibitors of FASN (and inhibitors of other lipogenic
enzymes) constitute promising anticancer agents. However, most of the known FASN inhibitors which can be
potentially used as anticancer drugs displayed some side
effects[250]. Nevertheless, the evidence of PC cells proliferation blockade resulting from direct or indirect inhibition of FASN, and potential involvement of FASN in
gemcitabine (chemotherapeutic) resistance, substantiate
further research on the role of this molecule in the biology and therapy of pancreatic malignancies. Moreover,
there is an urgent need for specific/selective, side effect
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free inhibitors of FASN, which can be used in treatment
of PC.

CONCLUSION
Similar to other malignancies, the reprogramming of lipid
metabolism in PDAC, is closely connected with tumor
development, growth, and progression. Hypoxia, activity
of oncogenic factors, or the loss of tumor suppressors
lead to significant changes in lipid biosynthesis and metabolism. KRAS, together with MYC and HIF1α, either
increase the use of glucose and glutamine as substrates
for FA synthesis, or regulate the lipogenesis directly. SFA
and MUFA, (produced by FASN and SCD1 or taken up
from blood), enhance the tumor growth by up-regulation
of some oncogenic factors. FA built into phospholipids
(together with caveolin-1) participate in the remodeling
of cancer cell membrane structure. Other products of
altered lipid metabolism, such as isoprene derivatives
(farnesyl diphosphate or geranylgeranyl diphosphate), influence the activity of some proteins involved in tumorigenesis (enzymes and regulatory proteins) through their
prenylation. Up-regulation of prostaglandin biosynthesis
(from arachidonic acids) by COX2 links inflammation to
PC development.
FASN is the most extensively studied enzyme involved in the lipid metabolism of PDAC cells. Its high
activity in PC cells is associated with poor prognosis and
increased resistance to chemo- or radiotherapy. Elevated
serum levels of FASN, EPA, DHA or VLDL, and decreased serum levels of palmitoleic acid, HDL, LDL, or
3-hydroxybutyrate could serve as additional markers of
PDAC. As the lipogenic activity of PDAC cells is higher
than in normal cells, pharmacological inhibition of
FASN and other lipogenic enzymes seems a promising
therapeutic target. C75, some flavonoids, and metformin
are good candidates for anticancer agents, but further research is required prior to their implementation to PDAC
treatment.
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performance of major gastrointestinal surgeries with
acceptable morbidity and mortality rates. In this review,
we sought to provide simple daily recommendations to
the clinicians who manage pancreatic surgery patients
to make their work easier and suggest a joint approach
between surgeons and anaesthesiologists in daily decision making.
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Core tip: Currently, the only curative treatment for pancreatic cancer is surgical resection. However, this type
of surgery is still burdened by considerable morbidity
due to its complexity and to the type of referred patients (elderly and with many co-morbidities). We believe that anaesthetic management with proper surgical
approaches can play a key role in the outcome of the
patient. Simple perioperative precautions in anaesthetic
management (patient risk assessment, fluids management, prevention of surgical site infection, thromboprophylaxis, intraoperative ventilation, and intensive
postoperative management) can help to ensure that
these surgical operations are performed with reasonable assurance.

Abstract
Pancreatic cancer remains a significant and unresolved
therapeutic challenge. Currently, the only curative
treatment for pancreatic cancer is surgical resection.
Pancreatic surgery represents a technically demanding major abdominal procedure that can occasionally
lead to a number of pathophysiological alterations resulting in increased morbidity and mortality. Systemic,
rather than surgical complications, cause the majority
of deaths. Because patients are increasingly referred to
surgery with at advanced ages and because pancreatic
surgery is extremely complex, anaesthesiologists and
surgeons play a crucial role in preoperative evaluations
and diagnoses for surgical intervention. The anaesthetist plays a key role in perioperative management and
can significantly influence patient outcome. To optimise
overall care, patients should be appropriately referred
to tertiary centres, where multidisciplinary teams (surgical, medical, radiation oncologists, gastroenterologists, interventional radiologists and anaesthetists)
work together and where close cooperation between
surgeons and anaesthesiologists promotes the safe
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INTRODUCTION
Pancreatic cancer (PC) is the fourth leading cause of
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Table 1 A schematic representation of the integrated management of perioperative patients undergoing surgery for pancreatic cancer
Preoperative

Intraoperative

Informed patient consent

Combined general and epidural analgesia

Preoperative risk assessment

Prevention of surgical site infection:
Antimicrobial prophylaxis
Avoid hypothermia
Glucose control
Blood transfusion management

Evaluation and optimisation of preoperative physical
conditions and medications
Nutritional status
Risk stratification, rationale for thromboprophylaxis, and
recommendations

Intraoperative fluid management
Optimisation of intraoperative ventilation
Intraoperative thromboprophylaxis

Postoperative
Early nasogastric tube, catheter and drain
removal
Early oral nutrition/glycaemic control/goaldirected fluid therapy
Pain relief/non-opioid oral analgesia
Intensive postoperative ambulation and
prevention of venous thromboembolism
Intensive respiratory rehabilitation
Intensive postoperative management

Modified from Grade et al[10].

cancer-related death in the United States and the sixth in
Europe, with the lowest survival rate for any solid cancer
worldwide[1]. It is the most lethal type of digestive cancer
and exhibits a five year survival rate of 5% with a range
that is correlated with staging and location. The main
reason for this extremely poor prognosis is that less than
15% of patients are diagnosed with resectable tumours[2].
Currently, the only curative treatment for PC is surgical resection, although even for resectable tumours, cure is still
rare (5-year survival rate of approximately 15%-20%)[3].
Pancreatic surgery represents a challenging and technically demanding major abdominal procedure that occasionally results in a number of pathophysiological alterations during the early postoperative period that account
for increased rates of morbidity and mortality.
Systemic, rather than surgical complications, cause
the majority of PC-related deaths[4]. More than 80% of
PCs are diagnosed in patients older than 65 years. Many
PC patients are or have been heavy smokers [5,6], and
nearly 80% of PC patients have either frank diabetes or
impaired glucose tolerance[7]; venous thromboembolism
remains a major complication of PC[8]. For these reasons,
PC patients who undergo a major abdominal surgery are
at increased anaesthesiological risk. In the light of these
issues, it is important to refer these patients to centres
with a high volume of operations where a multidisciplinary approach is applied to improve the overall outcome. Moreover, careful patient selection is fundamental.
In this setting, the anaesthesiologist plays a crucial
role during preoperative evaluation, which together with
a proper surgical approach and a concerted effort with
medical physicians, radiation oncologists, gastroenterologists and interventional radiologists is crucial for a
favourable perioperative outcome[9]. Patient outcome can
be significantly influenced by anaesthesiological management (Table 1), starting with patient stratification and
selection, continuing throughout the surgical operation
and finishing with postoperative care [intensive care unit
(ICU), recommendations for the ward][10].

postoperative care, pancreatic surgery remains associated
with high morbidity and mortality. Postoperative complications such as primarily pancreatic fistula, haemorrhage,
abscess, and delayed gastric emptying still occur at a frequency of 30% to 60%, resulting in a mortality rate of 1%
to 5%[11]. For this reason and due to the lethality of the
pancreatic cancer despite surgical treatment, the patient
should be informed about the therapeutic procedure and
any potential complications or disabilities to facilitate a
conscious involvement in the decision-making process.
In the case of patients of advanced age who require
pancreatic surgery, formal mental status testing can help
determine whether a patient can be considered capable
of making this type of decision.
Dementia is an extreme predictor of poor outcome,
exhibiting surgical mortality rates that are increased by
52%[12]. The decision to classify an elderly patient eligible
for surgery cannot exclude preoperative mental status.
Preoperative risk assessment
A complete history, physical, laboratory examinations,
and an assessment of the surgical risks should be included in the preoperative evaluation of an elective surgery.
Currently, the definition of preoperative risk remains
vague and difficult to standardise, as it is influenced by
many variables attributed to patient- and surgery-specific
variability[13]. Recently, a variety of scoring systems has
been developed, and the Physiologic and Operative Severity Score for the Enumeration of Mortality and morbidity (POSSUM) model by Copeland et al[14] was recognised as the most effective for general surgery[15]. This
model, which uses scores relating to 12 physiological and
6 operative variables, was developed to postoperatively
predict 30-d mortality and morbidity. The application of
the predictive POSSUM and P-POSSUM (Portsmouth
modification of POSSUM)[16] models to cases of pancreatic surgery has generated conflicting results. The implementation of this scoring system in the routine practice has
proven to be difficult, and a recent review by Wang et al[17]
has found POSSUM to overpredict postoperative mortality. Despite these limitations, there is still a role for POSSUM as a useful tool in pancreatic surgery. Individual
POSSUM scores should not preclude pancreatic resec-

PREOPERATIVE MANAGEMENT
Informed patient consent
Despite recent developments in operative technique and
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Prophylactic perioperative β-blockade: In general, cardiovascular medication should not be discontinued prior
to surgery. In the perioperative setting, β-blockers are not
contraindicated in patients with diastolic heart failure and
should be continued in patients with systolic heart failure.
However, caution is warranted with the acute administration of β-blockers in situations of decompensating
systolic heart failure. Nonetheless, given the risk of acute
withdrawal, β-blockade in patients with coronary artery
diseases or coronary artery disease risk factors should not
be discontinued preoperatively. Rather, perioperatively
increasing the dosage of the patient’s β-blockade regimen
would most likely be beneficial[28-30].
If a patient who is scheduled for elective pancreatic
surgery requires a new prescription, it should be started
at least 1 mo prior to the procedure to allow for dose adjustment[31,32].

tion in clinical practice but might help surgeons modify
expectations of postoperative outcomes[18].
Due to the limitations of the POSSUM model, more
trials are needed to adequately evaluate this scoring system in predicting postoperative mortality for pancreatic
surgery.
Evaluation and optimisation of preoperative physical
conditions and medications
A growing number of old patients benefits from a surgical procedure[19]. Age is an independent risk factor of
postoperative mortality and postoperative complications
and can cause a gradual progressive loss in the biological
reserves for maintaining physiological homeostasis under stress. In addition, an increasing number of patients
present with one or more age-related chronic conditions,
which further decrease their ability to respond to stress.
Cardiac and pulmonary diseases are the most frequently
observed co-morbidities that anaesthetists and surgeons
must manage during this complex surgery.
A complete history of prior medical and surgical
conditions and a full medication list are particularly
important[20,21].

Pulmonary risk evaluation: Pulmonary complications
such as pneumonia, failure to wean, and postextubation
respiratory failure represent the second most frequent
types of postoperative complication following wound
infection, with an estimated incidence rate ranging from
2.0% to 5.6% following surgery[33,34]. Pulmonary disease
increases the risk of postoperative complications, accounting for 40% of postoperative complications and
20% of deaths[35]. Age-related changes, such as increased
closing volumes and decreased expiratory flow rates can
predispose older patients to pulmonary complications.
Some postoperative pulmonary complication (PPC)
predictors after pancreatic surgery are summarised in
Table 2 (modified from Canet et al[36]).
Identifying the patients who are at high risk for PPCs,
can help the anaesthetist to design individually tailored
management approaches[37-39]. Pharmacologic measures
for managing these complications are either unavailable
or limited, and as a result, treatments must be based on
physical therapy and respiratory support ventilation.
Finally, the ability to predict PPCs would enable clinicians to give patients more precise risk assessments,
thereby facilitating their decision making.

Cardiovascular risk evaluation: Cardiovascular complications are among the most common and significant
postoperative problems in elderly patients. A practical
guideline for perioperative cardiovascular evaluation for
non-cardiac surgery has been proposed by the American
College of Cardiology and American Heart Association
Task Force[22]. Patients should be assessed using an approach that considers clinical predictors, the risk of the
proposed operation and the functional capacity.
Ageing is accompanied by increased vascular and ventricular stiffness, diastolic dysfunction and an increased
risk of heart failure[23]. Diastolic dysfunction even with
a normal or supranormal ejection fraction might elicit
a significant effect on the perioperative outcome and
management of elderly patients[12]. Diastolic dysfunction
might significantly affect perioperative haemodynamics,
response to fluid shifts, anaesthetic drugs and other perioperative medications.
Patients with cardiovascular diseases are sensitive to
haemodynamic instability and often require increased
filling pressures to generate an adequate cardiac output.
The anaesthetist must carefully manage fluids during the
operation to avoid overload or rapid volume administration. Moreover, the anaesthetist must maintain a normal
haemoglobin value (Nair et al[24] demonstrated that anaemia was strongly associated with diastolic dysfunction in
patients with coronary artery disease) and, if possible,
must choose volatile anaesthetics that appear to improve
diastolic parameters (in contrast to propofol, which elicits
the opposite effect) as measured by echocardiography[25].
Thoracic epidural analgesia should be strongly suggested,
not only for pain management and for decreasing respiratory complications but also because its use appears to
improve cardiac function by improving the diastolic characteristics of the left ventricle[26,27].
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Nutritional status and mechanical bowel preparation
The prevalence of malnutrition is high in patients who
are submitted for surgery and ranges from 35% to almost
60%[40]. Malnutrition has been consistently associated
with impaired immunity[41] and can lead to increased
complications, such as pressure ulcers, delayed wound
healing, increased risk of infections, impaired muscular
and respiratory functions[42], as well as increased mortality
and poor clinical outcomes.
Nutritional status should be determined because nutritional deficiencies are common in patients who have
undergone pancreatic resection for malignant tumours.
Because malnutrition is potentially reversible with appropriate nutritional support, the early identification of
high-risk patients is crucial, and preoperative malnutrition
screening is required to identify and to treat the malnutrition[43]. Recently, the routine screening of patients to iden-
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from clinical practice in pancreatic surgery. A recent
review examined and compared the application of FT
protocols with standard care in elective liver and pancreatic surgeries, showing that FT programmes can enhance
post-operative recovery and reduce the length of hospital
stays with no increase in adverse events, such as re-admissions, morbidity or mortality[53,54]. The avoidance of MBP,
together with other measures including the application
of epidural analgesia, the prevention of intra-operative
hypothermia, fluid restriction, post-operative nutritional
care and early mobilisation, collectively represent essential
elements of a FT programme that is warranted for complex surgical operations such as pancreatic resection[55,56].
In our experience FT programmes for hepatopancreatic
resections appear to be safe and associated with a reduction in the length of hospital stays.

Table 2 Perioperative clinical predictors of postoperative
pulmonary complication in pancreatic oncological surgery
Patient-related factors

Surgery-related factors

Preoperative testingrelated factors

Congestive heart failure

Abdominal surgery

Serum albumin
concentration
< 2.5 g/dL
Anaemia
(Hb < 10 g/dL)
Low SpO2
Chest X ray

ASA score > 2

Surgery duration > 3 h

Age > 65 yr
General anaesthesia
Chronic obstructive
Transfusions
pulmonary disease
Functional dependence Prolonged hospitalisation
Weight loss
Impaired sensorium
Cigarette smoking
Respiratory infections
within the past month

Risk stratification, rationale for thromboprophylaxis,
and recommendations
In patients undergoing general and abdominal-pelvic
surgery, the risk of venous thromboembolism (VTE)
varies depending on both patient- and procedure-specific
factors[57]. Pancreatic cancer is among the most common
malignancies associated with thrombosis, as it occurs in
50% of total patients[58]. Prophylaxis against postoperative venous thromboembolism should be tailored to the
patient’s level of risk. A model (the Caprini score) that
can potentially be used for such purposes estimates VTE
risk by adding points for various VTE risk factors[59].
Pharmacological prophylaxis reduces the risk of pulmonary embolism by 75% in general surgical patients and
by 57% in medical patients[60]. The use of low-molecularweight heparins (LMWHs) to prevent thrombotic events in
these patients is a common and well-documented practice.
Current recommendations strongly advise effective
and preventive strategies for all hospitalised patients who
are defined as moderate to high risk for VTE and are
awaiting pancreatic surgery.
LMWHs appear to be effective and are potentially
associated with a lower risk of bleeding when the first
dose is administered 12 h preoperatively[57,61]. We recommend the administration of LMWH from the day prior
to surgery to all patients scheduled for pancreatic cancer
surgery.
In the case of patients who are receiving anticoagulants or antiplatelet therapy and require an elective surgery or procedure, the actual guidelines addressing their
management are underlined in Table 3 and are modified
from Douketis et al[62].

Modified from Canet et al[36]. ASA: American Society of Anesthesiologists.

tify risk of malnutrition has been recommended by many
national, international, and specialist organisations[44,45].
The malnutrition universal screening tool (MUST) for
adults was recently validated by several studies, which
have demonstrated that as a screening procedure, MUST
is rapid and easy to use[46,47].
The MUST appears to be a valid and easy screening
tool for pancreatic surgery[20], which can identify patients
at high risk for major complications and death. Furthermore, the MUST can prompt the implementation of effective nutritional interventions to reduce poor outcomes
and thereby optimise the use of postoperative critical
care beds and hospital resources.
As soon as malnutrition is recognised, preoperative
nutritional supplements should be provided when possible. This supplementation can include high-energy foods,
vitamins, enteral feedings, or, if necessary, total parenteral
nutrition.
Mechanical bowel preparation
“Enhanced recovery” or “fast-track” (FT) programmes,
which were first developed by Kehlet[48], are structured
interdisciplinary strategies that have been introduced
to optimise peri-operative care and to accelerate postoperative recovery[49]. A major intervention principle of
this approach is the avoidance of preoperative mechanical bowel preparation (MBP), which has been employed
as a preventative measure in gastrointestinal surgery for
more than a century as an essential factor for avoiding
infectious complications and anastomotic dehiscence. FT
programmes, which exclude MBP, have been proposed
more often in other surgical fields (elective colorectal,
gastro-oesophageal and aortic surgery) and rarely have
been applied to liver and pancreatic surgery[50]. The application of MBP in this type of surgery has been evaluated
by limited studies (a retrospective case-control study by
the Jefferson University[51] and a review by Salvia et al[52]),
which have shown that it did not improve perioperative
outcomes. At our institution, MBP has been excluded
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INTRAOPERATIVE MANAGEMENT
Combined general and epidural anaesthesia
The use of thoracic epidurals is widespread for intraoperative and postoperative analgesia. Thoracic epidural
anaesthesia (TEA) reduces sympathetic activity, thereby
influencing the perioperative function of vital organ systems. Thoracic epidural anaesthesia has been used widely
to provide excellent pain relief, to attenuate the catabolic
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Table 3 Guidelines on the prophylaxis of venous thromboembolism and antiplatelet and anticoagulant management adjusted
according to recent guidelines
In patients receiving bridging anticoagulation with a therapeutic-dose Ⅳ of unfractionated heparin, treatment is recommended to be stopped no later
than at 4 to 6 h prior to surgery
In patients receiving bridging anticoagulation with a therapeutic-dose of LMWH, the last preoperative dose of LMWH is recommended to be
administered at approximately 24 h prior to surgery instead of at 12 h prior to surgery
In patients receiving bridging anticoagulation with a therapeutic-dose of LMWH and are undergoing high-bleeding-risk surgery, resumption of the
therapeutic dose of LMWH is recommended at 48 to 72 h after surgery instead of within 24 h following surgery
In moderate-to-high-risk patients receiving acetylsalicylic acid who require non-cardiac surgery, treatment with acetylsalicylic acid is recommended to be
continued around the time of surgery instead of discontinued at 7 to 10 d prior to surgery
In patients with a coronary stent who require surgery, deferment of surgery is recommended at 6 wk or 6 mo after the placement of a bare-metal or drugeluting stent, respectively, instead of initiating surgery during these time periods
In patients requiring surgery within 6 wk or 6 mo of the placement of a bare-metal or drug-eluting stent, respectively, continuing perioperative
antiplatelet therapy is recommended instead of stopping therapy at 7 to 10 d prior to surgery
Modified from Douketis et al[62]. LMWHs: Low-molecular-weight heparins.

response to abdominal surgery, to lower the incidence of
pulmonary morbidity, to decrease the cardiac metabolic
demand, to reduce the risk of thromboembolic complications, to promote the recovery of intestinal function
and to minimise motor blockade[63,64]. Moreover, epidural
anaesthesia and mild hypercapnia have been shown to
increase subcutaneous tissue oxygenation[65].
The combination of general anaesthesia and thoracic
epidural anaesthesia has become the technique of choice
at many institutions for major abdominal surgery[66,67].
Recent studies have suggested that for some types of
cancer, TEA might also reduce the rate of recurrence after surgical resection. The possibility of reducing tumour
recurrence makes the combination of general anaesthesia
and TEA even more appealing, despite the existence of
certain contraindications[68,69].
TEA represents a powerful tool that is available to
anaesthesiologists for perioperative intervention in pancreatic surgery. At our University Medical Centre, we
strongly address its use in the context of multimodal
intervention.

role in the prevention of surgical site infections by ensuring the administration of appropriate antimicrobial
prophylaxis[73,74].
Current recommendations state that the infusion of
the first dose of drug should begin within 30-60 min of
incision. This period can be lengthened to 120 min for
drugs such as vancomycin, where high infusion rates
have been associated with complications[75]. The drugs
used should be defined in advance for each intervention, including alternatives in the event that the patient
presents with any contraindication for the frontline antibiotics. The determination of the ideal preoperative antibiotic therapy for a patient who is awaiting pancreatic
surgery requires efforts by a multidisciplinary team (anaesthesiologist, surgeon and microbiologist). A proper
and effective antimicrobial prophylaxis should be based
upon the application of a standard protocol and quality
management[76].
Concerning the duration and dosage of prophylaxis,
the guidelines generally recommended a single standard
intravenous therapeutic dose of antibiotic in the majority
of procedures. Repeated doses have only been indicated
in special circumstances such as prolonged surgery with a
duration longer than the half-life of the antibiotic used or
cases of major blood loss. This recommendation is based
on published evidence, which suggested that the administration of short-duration prophylaxis is equally effective
as longer-duration prophylaxis in the prevention of surgical site infections[77,78]. It is advisable to administer at least
two antibiotic doses during pancreatic surgery.

Prevention of surgical site infection
Surgical site infections continue to represent a substantial
source of morbidity and mortality in the surgical patient
population. They are the second most common cause of
nosocomial infection after urinary tract infections and
account for approximately 17% of all hospital-acquired
infections[70].
Increasing evidence indicates that anaesthesiologists
play a prominent role in the prevention of surgical site
infections. Anaesthesiologists are involved in the administration of antibiotics, in the use of supplemental oxygen,
in the maintenance of normothermia and normoglycaemia, in the perioperative fluid management and in the
administration of blood transfusions[71,72]. Therefore,
decreasing surgical site infections depends on the optimisation of some perioperative conditions, which are generally controlled by anaesthesiologists.

Avoid hypothermia
Mild perioperative hypothermia (core body temperature
34-36 ℃) is commonly observed in surgical patients. The
complications of mild perioperative hypothermia have
been studied extensively and include increased duration
of hospitalisation, increased intraoperative blood loss
and transfusion requirements, increased adverse cardiac
events, and an increase in patient thermal discomfort in
the recovery room[79,80]. The effects of mild hypothermia
on surgical site infections have also been studied. The
major relation between hypothermia and increased surgi-

Antimicrobial prophylaxis
The anaesthesiologist can play a simple but effective
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cal site infections is thought to be a decrease in subcutaneous tissue perfusion mediated by vasoconstriction[81,82].
The reduced oxygenation of the wound is responsible
for reduced oxidative killing elicited by neutrophils and
for the reduced production of superoxide radicals for any
given oxygen tension[80].
Intraoperative core temperature monitoring (oesophageal temperature probe) and adequate control of
body temperature are essential during pancreatic cancer
surgery[83]. Heat loss during the first hour of anaesthesia
is generally a result of the redistribution of core-to-peripheral temperature gradients caused by an anaestheticinduced decrease in vasoconstriction. The exposure of
the large bowel, significant amounts of fluids administered, and long surgical procedures represent other causes
of intraoperative hypothermia. Actively pre-warming
patients for 2 h prior to the induction of either general or
regional anaesthesia[80] using forced-air warming blankets
together with fluid-warming systems represents an important way to keep patients normothermic[84].

concentrations are greater than 100 g/L, they confer
benefit when the haemoglobin concentrations are less
than 60-70 g/L. Studies that have described transfusion
management in Jehovah’s witnesses have shown that
morbidity and mortality only increase postoperatively for
each gram of decrement when the haemoglobin concentration is less than 70 g/L[93]. Patients with cardiovascular
diseases exhibit a significantly increased rate of postoperative mortality, and for this reason, the transfusion
trigger should be different for patients with or without
cardiovascular disease[94,95]. Although multiple trials have
assessed the effects of transfusion thresholds on patient outcome, the literature is insufficient for defining
a transfusion trigger in surgical patients with substantial
blood loss. In the light of recent findings, the transfusion management of surgical patients should be patient
specific and should not be based on arbitrary laboratory
values but guided by patient covariables[96-99]. As underlined by the recent guidelines on perioperative bleeding
management of the European Society of Anaesthesiology, we suggest a target haemoglobin concentration of 7-9
g/dL and the guidance of transfusions based on levels
of serum lactate, base deficit, and central venous oxygen
saturation[100].

Glucose control
Hyperglycaemia is associated with an increased risk of
morbidity and mortality[85]. Several studies have shown
the negative effects of hyperglycaemic phases during
hospitalisation on the rate of nosocomial infections,
length of hospital stay and mortality[71,86]. In a recent trial,
the use of insulin infusions to maintain serum glucose at
less than 110 mg/dL in critically ill patients decreased the
mortality rate from 8.0% to 4.6%, regardless of diabetic
status[87]. In subsequent studies, the concept of intensive
glucose control was modified towards less-extreme blood
glucose levels because of dangerous hypoglycaemic episodes that were attributable for worse patients outcomes
than that originally reported[88,89]. Intraoperative glucose
control should be a standard practice during long and
complex surgical procedures to reduce perioperative
complications.
The optimal glucose level during the perioperative period has not been prospectively investigated, and
the available data from recent reports do not indicate a
specific threshold for the treatment of hyperglycaemia.
There is some evidence that keeping glucose levels within
a range of 110-180 mg/dL and not limiting the treatment
to values higher than 200 mg/dL is safe and appropriate.
It is important not only to limit glucose control during the intraoperative period but also to continue insulin
infusion during the postoperative period. The frequent
and precise measurement of glycaemia must become a
standard of pancreatic cancer patient management both
during surgical procedures as well as during the postoperative period[90].

Intraoperative fluid management
Optimal perioperative fluid management remains highly
challenging, particularly in patients undergoing major abdominal surgery[101-103]. Perioperative physicians generally
administer intravenous fluids to replace fasting deficits,
third space losses, and blood loss to maintain adequate
cardiac output, blood pressure, and urine output.
Fluid excess can have a negative impact on cardiac,
pulmonary, bowel function and wound healing, predisposing the patient to tissue oedema and anastomotic
breakdown[104,105]. In contrast, excessive fluid restriction
can expose the patient to hypovolaemia and hypoperfusion[106]. Surgery causes inflammation and a corresponding release of mediators that can induce local tissue oedema[107]. Anaesthetists generally manage perioperative fluid
administration by using unmonitored fixed fluid regimens
and estimating fluid loss.
In recent years, restrictive fluid management has replaced this approach, and the concept of fast-track surgery has challenged the traditional administration of large
amounts of fluids during surgery[108,109].
These findings have prompted fervent discussion on
how liberal or restrictive perioperative fluid management
should be applied, and several randomised controlled trial
have attempted to settle this issue[104,108,110,111].
Due to the lack of consensus on the optimal implementation of fluid management, a new and more precise
approach based on goal-directed fluid therapy and individualised fluid administration has been developed[103].
Goal-directed fluid optimisation has markedly increased
tissue oxygen tension and microcirculatory perfusion in
both healthy and perianastomotic tissues compared to
the restricted fluid strategy[106,112,113].
Central venous pressure (CVP) remains the most

Blood transfusion management
Several published studies have demonstrated how blood
product transfusions increase the postoperative risk of
infection[91,92].
Published guidelines generally concur that although
transfusions are not beneficial when the haemoglobin
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widely used clinical marker of volume status, despite numerous studies indicating no association between CVP
and circulating blood volume[114]. Because of this limitation, central venous and pulmonary artery occlusion
pressures, which are the only variables for guided fluid
therapy and optimised preload, are not recommended.
Dynamic parameters such as stroke volume variation
or pulse pressure variation provide a more favourable
prediction of fluid responsiveness. Individualised goaldirected fluid therapy, particularly oesophageal Dopplerguided fluid optimisation, has been shown to improve
patient outcomes and to reduce the length of hospital
stays compared with conventional fluid replacement[115].
Doppler-guided fluid boluses appear to improve clinical
outcomes, particularly in elderly and frail patients[116,117].
This method, however, cannot be universally performed
for practical and financial reasons[118].
Using a “goal-directed” approach, it is generally possible to replace lost plasma, whereas the extracellular
compartment cannot currently be monitored. Therefore,
losses from the latter should be replaced based on the
protocol suggested by Chappell et al[101], which involves
the substitution of insensible perspiration with 1 mL/kg
per hour during abdominal surgery and does not include
the possibility of primary fluid consumption by the third
space, the existence of which is denied[119].
The optimal solution for volume replacement and
optimisation remains an ongoing issue of heated debate.
The goal of perioperative fluid management is to maintain fluid balance and to minimise the possible risks by
choosing the right fluid at the right time.
Colloids are criticised because of their ability to diffuse into the interstitium, making further extravasation
more likely[120], because of the cumulative and persistent
effects related to their infusion[121] and, finally, because of
safety concerns. Recent studies of the potential increase
in the risk of bleeding and acute kidney injury following
the application of various colloids have shown that the
use of hydroxyethyl starch appears to be associated with
an increased need for dialysis[122] and might even increase
mortality in patients with sepsis[123].
Current evidence suggests that beyond fluid composition, the timing and volume of the administered fluid
represent two additional factors that are likely to influence perioperative patient outcome. For patients with
mild-to-moderate volume deficits, crystalloids are still the
first choice. In the case of severe volume depletion, we
recommend starting fluid resuscitation with a colloid to
rapidly reverse volume deficits and ensure oxygenation
and then to switch to crystalloids once the patient approaches euvolaemia.
Goal-directed fluid management enables appropriate
use of fluids, vasopressors, and inotropes, and results in
improved outcomes. The vasodilatatory effect of anaesthetic cannot be ignored and must be expected to terminate at the end of surgery. Treating vasodilatation with
crystalloids or colloids can be a mistake in all euvolaemic
patient, whereas vasopressor infusion during surgical operation can help in avoiding excessive fluid overload[124,125].
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Optimisation of intraoperative ventilation
Postoperative pulmonary complications following major
upper abdominal surgery increase morbidity, mortality,
the length of hospital stay and costs[33]. Reduced lung inflation represents one of the basic mechanisms of postoperative pulmonary complications. The adjustment of
the body positioning from upright to supine itself can reduce the resting lung volume by approximately 0.8-1.0[126].
The additive effect of supine positioning, general anaesthesia, and abdominal incisions significantly reduces functional residual capacity and increases airway resistance.
In addition, during the induction of anaesthesia, most of
the general anaesthetics further reduce functional residual
capacity. The combination of these effects predisposes
patients to atelectasis with the risks of hypoxemia and
infection. Additionally, postoperative pain and the use of
analgesics can contribute to a reduced tidal volume and
impaired clearing of secretions, depending on adequate
coughing and deep breathing[126,127].
Mechanical ventilation is mandatory in patients undergoing general anaesthesia. High tidal volumes can
overdistend non-injured lungs, particularly in non-dependent lung tissues. The non-aerated atelectatic lung regions are prone to repeated collapse and re-expansion of
the alveoli, causing shear stress and diffuse mechanical
damage of the alveoli. During surgical procedures, both
phenomena can induce stress in non-injured lung tissues,
triggering local inflammation[128,129]. Retrospective and
prospective studies have shown the potential beneficial
effects of reduced tidal volumes in patients who are on
short-term mechanical ventilation following surgery[130].
Protective mechanical ventilation using reduced tidal
volumes can accordingly reduce ventilator-associated
lung injury. The application of positive end expiratory
pressure (PEEP) can prevent alveolar collapse and atelectasis formation, and recruitment manoeuvres can support the beneficial effects of PEEP during short-term
ventilation[131]. Effective anaesthesiological management
during pancreatic surgery should involve the application
of a protective ventilation strategy (lower tidal volumes
< 8 mL/kg, PEEP = 6-12 mmHg and recruitment manoeuvres) to improve respiratory function during the
postoperative period following abdominal surgery and to
reduce the clinical signs of pulmonary infection during
the postoperative period[132].
Intraoperative thromboprophylaxis
The use of LMWHs to prevent thrombotic events in
these patients represents a common and well-documented practice. Effective pharmacological thromboprophylaxis includes the administration of LMWH from the day
prior to the surgery. In addition to this useful approach
mechanical prophylaxis including graduated compression stockings and intermittent pneumatic compression
is highly recommended during the surgical operation and
during the postoperative period until the risk of bleeding
has diminished and the application of new pharmacological prophylaxis might be initiated[57,60].
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Thromboelastography can play a potential role, despite its limitations, as a valuable tool for the evaluation
of the entire perioperative coagulation process and hypercoagulability changes, as well as for increasing patient
safety through more effective management of antithrombotic therapy[133,134].

of delayed gastric emptying and earlier bowel activity.
Given the risk of pulmonary complications, significant
patient discomfort and lack of benefit associated with
prophylactic nasogastric tube aspiration, this practice
should not be routinely used[139,140].
Consistent with a recent study, in our daily practice,
we remove nasogastric tubes on postoperative day 1 only
if the tube drainage amount is less than 300 mL or at the
end of surgery in cases of distal pancreatectomy which
makes delayed gastric emptying less frequent[52].

POSTOPERATIVE MANAGEMENT
Over the past 20 years, surgery and anaesthesia for patients undergoing abdominal surgery have undergone
immense development. A novel concept of perioperative patient care following surgical abdominal procedures
has emerged. Fast track programmes, a new concept of
enhanced recovery after surgery and the implementation
of multimodal rehabilitation, have heavily influenced this
modern change, optimising perioperative care, accelerating recovery and reducing hospital stays and costs. The
objective of this integrated approach between surgeon,
anaesthetist, nurses and physiotherapist is to reduce the
impact of surgery on patient homeostasis. The main pillars of this new management are those shared by fast
track surgery and can be summarised as follows: (1) reduction of surgical invasiveness (early removal of drains,
nasogastric tube, small incisions, pharmacological stimulation of the gut); (2) pain relief/non-opioid oral analgesia; (3) early oral nutrition/goal-directed fluid therapy;
(4) intensive postoperative ambulation and prevention of
venous thromboembolism; and (5) intensive respiratory
rehabilitation.
All of these basic points, combined with the prevention of intraoperative hypothermia, neural blockades[135],
maintenance of euglycaemia, and the development of
goal-directed fluid therapy contribute to the reduction of
surgical stress.
A systematic review of the literature regarding perioperative care in pancreatic cancer surgery has revealed
a limited number of studies providing low levels of evidence[50,54,136]. Despite their potential weaknesses, the studies detailed above have demonstrated that implementation of fast-track peri-operative care pathways is feasible
in pancreatic surgery and can be associated with reduced
length of stay, reduced relevant hospital costs and no increase in morbidity, 30-d mortality or re-admission rates.

Abdominal drains: The presence of an abdominal drain
represents a significant impediment to achieving early and
appropriate levels of mobilisation. Several randomised
trials have not found any benefit of prophylactic drains
after surgical operations, such as cholecystectomy[141],
colorectal surgery[142] or hepatectomy[143]. Rather, these
prospective randomised studies found that routine drainage resulted in an increased frequency of complications
and no difference in outcome.
Because pancreatic surgery is associated with high
rates of morbidity, the purpose of prophylactic drainage
is to prevent fluid collection and to aid in the early detection of anastomotic leak and associated haemorrhage.
Following pancreatectomy, the use of a prophylactic
drain is supported by the belief that the early detection
of pancreatic fistulae through the measurement of amylase in the draining fluid will allow for the efficient management and the avoidance of major complications[144].
Despite reports of randomised, control trials and cohort
studies that do not support the use of drains, most surgeons routinely place prophylactic intraperitoneal drains
at the time of pancreatic resections[145,146]. Evidencebased practice guidelines for drain management during
pancreatectomy remain to be established despite the
remarkable number of studies that are available to help
guide practice.
At our University Hospital, abandoning drainage during pancreatic surgery is believed to be unsafe, and according to Kaminsky et al[146], it is reasonable to suggest
a practice of selective drainage based on the presence
of risk factors. The presence of soft pancreas texture, a
small pancreatic duct diameter, increased intraoperative
blood loss (> 200 mL) and prolonged operative time
are risk factors that reflect abdominal drains. In the case
that patient is doing well and the drain amylase levels are
below 5000 U/L, drains [on postoperative day 1 (POD
1)] can be safely removed on POD 3 in patients with low
risk of pancreatic fistulae.

Early nasogastric tube, catheter and drain removal
Nasogastric tube: Nasogastric tubes have been routinely used following abdominal surgery until normal
bowel function is restored, following the notion that gastric decompression resulting from decreased air and fluid
accumulation can prevent abdominal distension, nausea
and vomiting. Many studies have subsequently questioned this practice, advising against its routine use. In
fact, prophylactic nasogastric tube aspiration is associated
with pulmonary complications[137] and significant patient
discomfort. A recent study on the implementation of
fast-track recovery pathways in pancreatic surgery[138] has
underlined the advantages of the early removal of nasogastric tubes and early oral feeding in terms of incidence
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Early oral nutrition
The restoration of normal gastrointestinal function to allow adequate food intake and rapid recovery is one of the
primary objectives of postoperative care. A meta-analysis
of controlled trials of early enteral or oral versus ‘nil by
mouth’ feeding after gastrointestinal surgery indicated no
clear advantage to continued patient fasting after the elective gastrointestinal resection[147].
Concerning nutrition, studies have clearly found that
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method[158], whereas the perioperative use of an artificial
endocrine pancreas enables strict glycaemic control of
euglycaemia without severe hypoglycaemia[159,160].
Modern pancreatic enzyme formulations have improved exocrine insufficiency, facilitating glycaemic control due to the avoidance of malabsorption[155].
The enhanced patient understanding of the consequences of total pancreatectomy, early education on diabetes (all patients should consult an endocrinologist immediately following their operation), advances in medical
therapies, and blood glucose monitoring might all have
contributed to enhanced glycaemic control[161].

allowing eating/drinking until late the day prior to surgery and commencement of eating/drinking soon after
surgery has many advantages[148,149]. Through the earlier
intake of fluids and solids, the gastrointestinal system is
less affected with an earlier initiation of normal intestinal
activity.
An interesting review analysing which feeding routine
was more favourable following pancreatoduodenectomy
revealed no consensus in terms of postoperative nutrition of patients who had undergone pancreatic surgery.
Current European guidelines recommend routine enteral feeding after pancreatoduodenectomy, whereas the
American guidelines do not. Gerritsen et al[150] concluded
that there is no evidence to support routine enteral or
parenteral feeding after pancreatoduodenectomy, whereas
the oral diet appears to be the best feeding strategy.
At our University Hospital, it is common to allow
the patient to take clear liquids from POD 1 but not before 6 h postoperatively and a light diet from POD 2, in
the absence of any complications. In patients at risk of
postoperative complications such as pancreatic fistulae or
abdominal collections, we advocate the use of combined
parenteral and enteral nutrition[52].

Goal-directed fluid therapy
Early oral nutrition has to be associated to the individualised postoperative fluid therapy that is administered in
accordance to the optimisation of stroke volume. Dynamic parameters such as stroke volume or pulse pressure variation can provide a more favourable prediction
of fluid responsiveness. Oesophageal Doppler-guided
fluid optimisation has been shown to improve patient
outcomes, although this method cannot be performed
on conscious patients[116,117]. Fluid challenges and the legraising test can represent simple and valid alternatives[118].
Thus, oral nutrition has clearly be associated with a progressive decrease of intravenous fluids.

Total pancreatectomy and postoperative glycaemic
control
Total pancreatectomy, usually performed for the treatment of multifocal disease or in case of atrophic, soft,
friable remnant pancreatic tissue is responsible of endocrine and exocrine insufficiency. In addition to the
absence of insulin, the endocrine abnormalities accompanying total pancreatectomy include both glucagon and
pancreatic polypeptide deficiencies, which appears to
play a key role in the increased hepatic insulin resistance
observed in pancreatogenic diabetes[151]. Moreover, following pancreatectomy, insulin receptors are upregulated
peripherally, rendering patients uniquely sensitive to hormone replacement[152].
This type of diabetic condition is defined “pancreatogenetic” diabetes and is often considered to be different from type 1 and 2 diabetes. This diabetic state is
commonly described as “brittle”, as a result of enhanced
peripheral insulin sensitivity, decreased hepatic insulin
sensitivity and reduction of glucagon secretion. The
resulting labile glycaemic control is characterized by periodic episodes of both hyper and hypoglycaemia[153,154].
In recent years, studies have shown that diabetes following total pancreatectomy is not necessarily associated
with poor glycaemic control, and the majority of cases
exhibit equivalent biochemical controls compared to the
normal type 1 diabetic population[155,156].
Recently, the development of accurate, continuous
blood glucose monitoring devices, particularly closedloop systems, for computer-assisted blood glucose control in the intensive care unit have been reported to assist
in obtaining favourable glycaemic control in patients with
pancreatogenic diabetes following pancreatic resection[157].
The hyperglycaemia induced by surgical stress cannot be controlled using the conventional sliding scale
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Pain relief/non opioid oral analgesia
One aim of fast track surgery is to obtain favourable pain
control, which is intended to enable patient mobilisation,
coughing and early nutrition. One of the modern principles for analgesia is the concept of opioid-sparing, which
enhances recovery by avoiding the opioid-related side effects. In major abdominal procedures, the administration
of continuous thoracic epidural analgesia with local anaesthetics has been demonstrated to be the most efficient
technique to obtain optimal analgesia, allowing for early
mobilisation, reducing postoperative ileus and pulmonary
morbidity[162], and therefore acting as an important component of multimodal recovery strategies[163,164]. A midthoracic epidural activated prior to the initiation of surgery also blocks stress hormone release[165] and attenuates
postoperative insulin resistance[166,167].
Fast-track clinical pathways in the peri-operative care
of patients undergoing pancreatic resection provide for
a catheter placed in the midthoracic level at T8/9 to
achieve both analgesic and sympathetic blocks[168].
Small doses of epidural opioids have been shown
to act in synergy with epidural local anaesthetics in
providing analgesia, allowing reduced dosages of both
agents[169].
For break-through pain, non-steroidal anti-inflammatory drugs and bolus epidural bupivacaine should be
administered whilst the epidural is running. Non-steroidal
anti-inflammatory drugs should be administered just
prior to the removal of the epidural and continued until
and/or after discharge.
As the optimal duration of continuous postoperative
mid-thoracic epidural analgesia has not been established
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in well-designed randomised trials, we suggest that twoto-three days might be a sufficient period for pancreatic
surgery.
Patient-controlled analgesia using intravenous opioids
does not provide the same efficient analgesia and elicits
less beneficial physiological effects on surgical stress
responses compared to local epidural anaesthetic techniques. However, it is performed whenever contraindications prevent the execution of peridural analgesia.

A systematic review showed that postoperative noninvasive ventilation, specifically continuous positive airway pressure (CPAP), improves hypoxaemia and reduces
both postoperative complications and the requirement
for intubation in patients undergoing abdominal surgery[170]. Furthermore, there is no specific study focusing
on the role of chest physiotherapy after pancreatic resection; it is nonetheless included in the care plan at our
institution. Every patient who has undergone pancreatic
surgery is instructed to use a blow bottle (5 min/h) and
undergoes an individualised exercise schedule that is designed by physiotherapists. Further, certain short courses
of non-invasive mechanical ventilation (CPAP) can be
performed as needed.

Intensive postoperative ambulation and prevention of
venous thromboembolism
Among the standardised clinical pathways, which represent the basis of the fast-track programme, early mobilisation is a cornerstone. It has been shown to play a major
role in postoperative functional recovery. Improved early
ambulation can elicit beneficial effects in the resolution
of postoperative ileus and can reduce the risk of lower
extremity deep venous thrombosis. Furthermore, mobilisation might reduce pulmonary complications[170]. The
risk for VTE, which is particularly high in this patient
population, must be managed from the beginning of the
preoperative period and continue during the entire surgical operation until the postoperative period as a result of
early mobilisation and proper pharmacological thromboprophylaxis. At our University Hospital, we generally
mobilise patients out of their beds for more than one
hour from POD 1 and progressively increase the hours
of mobilisation from POD 2. Patients who had undergone major abdominal surgery for gastrointestinal malignancies should be considered for post-discharge VTE
prophylaxis for up to 4 wk following surgery during the
following situations: residual or metastatic disease, obesity or previous history of VTE.

Intensive postoperative management
Despite continuous improvements in operative technique and perioperative management, the increasing age
of patients undergoing major abdominal surgery exposes patients to an increasing number of postoperative
complications, leading to increased morbidity, mortality,
length of hospital stay, and hospital costs. Although the
concept of fast-track surgery has questioned the traditional use of intensive care units, there is increasing
evidence indicating that access to ICUs results in a more
favourable impact on the outcomes of major abdominal
surgeries.
In the case of pancreaticoduodenectomy, even highvolume centres report a major postoperative complication rate of approximately 20%[175]. Because of these
observations, patients who undergo pancreatic cancer
surgeries might benefit from admission to the ICU.
An ideal ICU model should involve the cooperation
of the intensivists who primarily care for the patients
with the primary physician and surgeon[176].
Current general concepts of fast track surgery have
been implemented in intensive care units. Early mobilisation, early enteral feeding, and restrictive perioperative
fluid management are generally performed at the ICUs
of our institution. In addition to these programmes, ICU
stays can offer extended haemodynamic monitoring,
which is useful in goal-directed fluid therapy, the possibility of invasive and non-invasive ventilation, the continuous application of intravenous drugs or subsequently
required extracorporeal procedures.
In summary, most patients who undergo elective
pancreatic surgery for cancer do not necessary require
intensive care admission, whereas high-risk patients
might benefit from postoperative care in the ICUs. We
suggest that surgical intensive care units play a pivotal
role in the perioperative care of patients undergoing major abdominal surgeries, and patients with co-morbidities
or elderly patients should be scheduled for intensive care
treatment[177,178].

Intensive respiratory rehabilitation
Pulmonary complications following pancreatic resection
occur in approximately one quarter of all patients[171].
Many pathophysiological modifications that occur under
anaesthesia and/or following surgery can interact with
each other, resulting in respiratory complications.
Reduced lung inflation is one of the basic causes of
postoperative pulmonary dysfunction[172].
After upper abdominal and thoracic surgery, postoperative diaphragmatic dysfunction[173], which is the most
important determinant of respiratory complications and
atelectasis, is commonly observed and is caused by the
mechanical compression of alveoli and the resorption of
alveolar gases, which are the factors most commonly implicated in respiratory complications[174].
In recent years, breathing (deep breathing and directed cough) and chest wall physiotherapy have been
introduced into clinical practice to prevent pulmonary
complications. Physiotherapy includes a variety of manual treatments (postural drainage, percussion, clapping,
vibration, or shaking) as well as the use of mechanical
breathing devices (incentive spirometry, blow bottles,
intermittent positive pressure breathing, and continuous
positive airway pressure).
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CONCLUSION
In recent decades, diagnostic modalities and the surgical treatments of PC have significantly progressed, de-
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spite the fact that overall prognosis has only marginally
changed. The management of patients affected by PC is
complex and requires expertise in many fields. Multidisciplinary teams are necessary to optimise and improve the
overall care and outcomes of patients. Because more patients are referred to surgery at an advanced age, a coordinated effort between surgeon and anaesthetist in terms
of risk assessment is necessary, particularly for borderline
resectable or unresectable disease cases (to spare the
risk and cost of surgery for patients who are affected by
advance disease and whose life expectancy might be potentially shortened by an unuseful and dangerous surgical
operation)[179]. More favourable outcomes are attained if
PC patients are appropriately referred to tertiary centres
for assessment by surgical, medical and radiation oncologists, gastroenterologists, anaesthetists and other dedicated health care providers. The anaesthetist plays a key
role in the preoperative assessment, intraoperative management and during the postoperative period assessment.
For this reason, close cooperation between surgeons and
anaesthesiologists is crucial for ensuring the safe performance of major gastrointestinal surgery with acceptable
morbidity and mortality rates.
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ated through the NK-1 receptor, and tumor cells die by
apoptosis; and (6) NK-1 receptor antagonists inhibit
angiogenesis in pancreatic cancer xenografts. All these
data suggest that the SP/NK-1 receptor system could
play an important role in the development of pancreatic
cancer; that the NK-1 receptor could be a new promising therapeutic target in pancreatic cancer, and that
NK-1 receptor antagonists could improve the treatment
of pancreatic cancer.
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Abstract

Core tip: The substance P (SP)/neurokinin-1 (NK-1)
receptor system plays an important role in pancreatic
cancer progression. Pancreatic cancer cells overexpress NK-1 receptors and SP promotes angiogenesis
and the proliferation and the migration of pancreatic
tumor cells. By contrast, NK-1 receptor antagonists, in
a concentration-dependent manner, inhibit pancreatic
cell proliferation (tumor cells die by apoptosis), have
antiangiogenic properties in pancreatic cancer and
block the migratory activity of pancreatic tumor cells.
The antitumor action is mediated through the NK-1 receptor. Thus, the NK-1 receptor could be a new promising therapeutic target in pancreatic cancer and NK-1
receptor antagonists could improve pancreatic cancer
treatment.

Pancreatic cancer is the fourth leading cause of cancer
related-death for both men and women and the 1- and
5-year relative survival rates are 25% and 6%, respectively. Thus, it is urgent to investigate new antitumor
drugs to improve the survival of pancreatic cancer patients. The peptide substance P (SP) has a widespread
distribution throughout the body. After binding to the
neurokinin-1 (NK-1) receptor, SP regulates biological
functions related to cancer, such as tumor cell proliferation, neoangiogenesis, the migration of tumor cells for
invasion, infiltration and metastasis, and it exerts an
antiapoptotic effects on tumor cells. It is known that
the SP/NK-1 receptor system is involved in pancreatic
cancer progression: (1) pancreatic cancer cells and
samples express NK-1 receptors; (2) the NK-1 receptor
is overexpressed in pancreatic cancer cells in comparison with non-tumor cells; (3) nanomolar concentrations of SP induce pancreatic cancer cell proliferation;
(4) NK-1 receptor antagonists inhibit pancreatic cell
proliferation in a concentration-dependent manner,
at a certain concentration, these antagonists inhibit
100% of tumor cells; (5) this antitumor action is medi-
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INTRODUCTION

Table 1 Technical features of NK-1 receptor antagonists

Pancreatic cancer is the fourth leading cause of cancer
related-death for both men and women, with less than 5%
survival at 5 years after diagnosis. In 2013, the American
Cancer Society estimated 45220 new cases of pancreatic cancer in the United States and 38460 deaths from
the disease. Treatment strategies have not succeeded in
significantly extending patient survival, and neither have
clinical outcomes improved substantially over the past 35
years; the overall 5-year survival rate remains dismal, at
around 5%[1]. Pancreatic cancer remains a major unsolved
health problem and conventional treatments having little
impact on the course of the disease. Moreover, almost all
patients with pancreatic cancer develop metastases, this
being the primary reason for its lethality[2]. Accordingly,
there is an urgent need to improve current therapies.
Cytostatic drugs show a low safety profile and severe
side effects, since they are not specific to tumor cells.
Research should focus on drugs with the same or greater
antitumor action but with fewer side effects. This can
only be achieved if the drug is specific against pancreatic cancer cells and researchers are therefore seeking to
identify novel molecular targets for blocking pancreatic
cancer growth.
For some years, the expression and secretion of
peptides by tumors has attracted increasing interest[3].
Substance P (SP) is an undecapeptide that is widely distributed throughout the body. It is derived from the preprotachykinin A gene and belongs to the tachykinin family of peptides. The biological actions of tachykinins (SP,
neurokinin A, neurokinin B...) are mediated through the
neurokinin-1 (NK-1), NK-2 and NK-3 receptors. SP has
the highest affinity for the NK-1 receptor, which shows a
widespread distribution throughout the body. This means
that the biological actions (e.g., pain, neurogenic inflammation, regulation of the cardiovascular system, mitogenesis...) exerted by the SP are mainly mediated by the
NK-1 receptor[4,5]. Moreover, there are many data suggesting the involvement of the SP/NK-1 receptor system
in cancer[5] (Figure 1 and Table 1). SP and NK-1 receptors have been detected in tumor cells and in intra- and
peri-tumoral blood vessels[4-6]. SP induces mitogenesis in
normal and tumor cells, protecting the latter from apoptosis, and controls the migration of tumor cells[4,7,8]. This
is extremely important since the prevention of metastasis
is a major goal in the treatment of tumors because over
90% of cancer deaths are derived not from the primary
tumor but from the development of metastases. Moreover, it has recently been reported that the extravasation
of tumor cells into the brain to form cerebral metastases
may be an SP-mediated process[9]. More specifically, it has
been reported that the SP/NK-1 receptor system is involved in pancreatic cancer by inducing pancreatic cancer
proliferation, neoangiogenesis, and migration of pancreatic cancer cells (invasion, infiltration and metastasis). By
contrast, NK-1 receptor antagonists inhibit pancreatic
cancer cell proliferation (tumor cells die by apoptosis),
angiogenesis and the migration of pancreatic cancer
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NK-1 receptor antagonists
Therapeutic action
Cell specificity
Antitumor action

Beneficial effects

Side-effects
Synergistic effect with
cytostatic and radiation
therapy
Decrease cytostatic
and radiation
therapy side-effects
Block multiple
intracellular
signaling pathways

Dosage

Feature
Linked to stereochemical features (receptor
affinity) and not to chemical composition
Specific cytotoxicity against pancreatic
cancer cells via the NK-1 receptor
Mitogenesis inhibition
Cell death by apoptosis
Angiogenesis inhibition
Inhibition of the migration of cancer cells:
Inhibit invasion, infiltration and metastasis
Central nervous system:
Antiemetic
Anxiolytic
Antimigraine
Anticonvulsant
Neuroprotector
Peripheral nervous system:
Neuroprotector
Liver:
Hepatoprotector
Kidney:
Nephroprotector
Systemic:
Analgesic
Antiinflammatory
Antiviral
Headaches, hiccupping, vertigo and
drowsiness
Vinblastine, adriamycin, mitomycin,
ifosfamide, cisplatin
Cisplatin, cyclophosphamide

NK-1 receptor (G protein-coupled receptor):
Rho-Rock-pMLC: Cell migration
inhibition
PLC-IP3-Akt: Apoptotic effect
PLC-DAG-TK-MAPKs: Inhibition of tumor
cell proliferation
PLC-DAG-PKC-MAPKs: Inhibition of
tumor cell proliferation
ATP-cAMP-PKA-Phosphorylation
PLA-Arachidonic acid-PGs
TXAs
LXs
Glycogen breakdown inhibition
(counteract the Warburg effect)
Act at μmol/L in a concentration-dependent
manner

Akt: Protein kinase B; ATP: Adenosine triphosphate; cAMP: Cyclic adenosine monophosphate; DAG: Diacilglicerol; IP3: Inositol triphosphate;
LXs: Leukotrienes; MAPKs: Mitogen-activated protein kinase; PGs: Prostacyclin; PKA: Protein kinase A; PKC: Protein kinase C; PLA: Phospholipase
A; PLC: Phospholipase C; pMLC: Myosin regulatory light chain phosphorylation; TK: Tyrosine-kinase; TXAs: Thromboxanes.

cells[10-14] (Figure 1 and Table 1).
In sum, all the data reported above suggest that novel
possibilities for translational research are emerging to
improve the diagnosis and treatment of pancreatic cancer. Here, we review the involvement of the SP/NK-1
receptor system in pancreatic cancer and, specifically, the
use of NK-1 receptor antagonists as antitumor drugs in
pancreatic cancer (Figure 1 and Table 1).
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Figure 1 Substance P and neurokinin-1 receptor antagonists bind to different sites of the neurokinin-1 receptor. Substance P (SP) binds to the extracellular
loops of the receptor, whereas neurokinin-1 (NK-1) antagonists (e.g., L-733.060, aprepitant, L-732.138) bind more deeply, between the transmembrane segments.

consists of 407 amino acid residues; it has a molecular
weight of 58 kDa, and it is made of seven hydrophobic
transmembrane domains with three extracellular and
three intracellular loops, an amino-terminus and a cytoplasmic carboxy-terminus[17,18] (Figure 1). The loops have
functional sites, including two cysteines amino acids for
a disulfide bridge, Asp-Arg-Tyr, which is responsible for

PANCREATIC CANCER CELLS AND
SAMPLES EXPRESS NK-1 RECEPTORS
The NK-1 receptor is synonymous with the SP receptor and tachykinin receptor 1. The NK-1 receptor is a G
protein-coupled receptor (GPCR) that mediates the action of SP and other tachykinins[15,16]. The NK-1 receptor
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cells and the second enhances the growth of these cells
to a considerable extent and stimulates the production of
cytokines with growth-promoting functions[39]. It seems
that these cytokines activate a transcription factor (NFκB) that upregulates the truncated NK-1 receptor form
and slightly increases the full-length form[40,41]. It is also
known that the truncated form, an oncogenic isoform of
the NK-1 receptor, mediates malignancy in tumor cells[39]
and that the truncated NK-1 receptor is increased in colonic epithelial cells from patients with colitis-associated
cancer[42].
In the first study in which NK-1 receptors were
reported in pancreatic cancer (1 of 9 samples)[6], the
authors applied an autoradiographic method. Later, in
another study, NK-1 receptor expression was reported
in 27% of the samples[43]. However, a third study compared 50-pancreatic human cancer samples obtained
from pancreatoduodenoctomy (Whipple operation) with
normal controls[10]. In these cases, the authors found the
expression of NK-1 receptors in all the pancreatic cancer
samples. Thus, by using in situ hybridization and immunohistochemistry techniques, in normal pancreas NK-1
receptor mRNA and NK-1 receptor immunoreactivity
were occasionally weakly observed in acinar and ductal
cells, but a moderate to strong NK-1 receptor mRNA
signal and NK-1 receptor immunoreactivity were present
in most of the cancer cells[10]. Moreover, the growth of
the tumor mass, peritumoral infiltration and metastasis
could be regulated by the SP/NK-1 receptor system,
overexpressed in tumor cells and in tumoral and peritumoral tissue in pancreatic cancer (inflammatory cells,
fibroblasts, blood vessels, nerves, ganglia, islet)[10].
The NK-1 receptor is also known to be involved in
the viability of tumor cells. It has been reported that after
a knockdown gene-silencing method (siRNA), the NK-1
receptor is involved in the viability of such cells[33,34,37].
Following the administration of the siRNA TACR1
(tachykinin 1 receptor gene) to cultured tumor cells, more
apoptotic cells were found in siRNA cells than in cells
not transfected, and hence the number of siRNA tumor
cells was significantly decreased in comparison with the
number of non-transfected cells[33,34,37].

the association with arrestin and, Lys/Arg-Lys/Arg-X-XLys/Arg, which interacts with G-proteins[18,19]. The NK-1
receptor is coupled to the Gq family of G proteins and
its activation leads to the hydrolysis of membrane phosphoinositides, resulting in the formation of two-second
messengers: inositol 1,4,5-triphosphate (IP3) and diacylglycerol (DAG)[20,21]. The formation of IP3 triggers the
release of calcium from intracellular stores and the formation of DAG leads to the activation of protein kinase
C. Together, these messengers cause a cascade of protein
phosphorylation/dephosphorylation reactions, culminating in altered gene expression and cell function.
SP is an undecapeptide widely distributed throughout
the body and it is the natural ligand showing the highest affinity for the NK-1 receptor (Figure 1). In fact, the
NK-1 receptor has been defined as a mediator of the biological activities encoded by the C-terminal sequence of
tachykinins, for which SP is a more potent agonist than
neurokinin A or neurokinin B[22]. After binding to the
NK-1 receptor, SP regulates many biological functions
(e.g., pain, neurogenic inflammation, mitogenesis...)[4,5],
although other NK receptors could also be involved (e.g.,
NK-2) in these actions. After the binding of SP to the
NK-1 receptor, both are internalized into endosomes;
the undecapeptide induces a clathrin-dependent internalization of the receptor, after which SP is degraded and
the NK-1 receptor is recycled to the cell surface[23-26]. SPNK-1 receptor binding can generate second messengers
[cyclic adenosine monophosphate (cAMP) accumulation
via stimulation of adenylate cyclase; stimulation, via phospholipase C, of phosphatidyl inositol turnover, leading to
calcium mobilization; arachidonic acid mobilization via
phospholipase A2], triggering numerous effectors mechanisms involved in cellular excitability and in the regulation
of cell function[4,5,27].
It is known that pancreatic cancer cells and samples
express the NK-1 receptor[10,13,14]. This receptor has been
also demonstrated in human cancer cell lines and/or in
primary tumors (e.g., glioma, astrocytoma, retinoblastoma,
ganglioneuroblastoma, leukemia, neuroblastoma, carcinomas (larynx, gastric, colon, medullary thyroid, breast,
oral...)[4-6,10,28-37]. In addition, in most tumors investigated
NK-1 receptors have been found in intra- and peritumoral blood vessels. This is quite important regarding
the involvement of the NK-1 receptor in angiogenesis[6].
NK-1 receptors have been located in both the plasma
membrane and the cytoplasm of tumor cells and, occasionally, in the nucleus of these cells[31,34,38]. Moreover,
several isoforms (33-38, 46, 54-58 and 75 kDa) of the
NK-1 receptor have been reported in human cancer cells
(e.g., neuroblastoma, retinoblastoma, larynx carcinoma,
gastric adenocarcinoma, leukemia, etc.)[33-36,38]. Regarding the pancreatic cancer, it has been reported that its
tumor cells express several isoforms (36, 46, 58 and 75
kDa)[10,13,14]. However, in order to clarify the functional
roles of these isoforms, further research is needed. In humans, the presence of two subtypes of the NK-1 receptor has been reported: the full-length one and the truncated one. The former mediates a slow growth of tumor
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NK-1 RECEPTOR IS OVEREXPRESSED
IN PANCREATIC CANCER CELLS IN
COMPARISON WITH NON-TUMOR CELLS
It is known not only that the NK-1 receptor is expressed
in tumor cells, but also that this receptor is overexpressed
in such cells (e.g., glioblastoma, breast cancer, retinoblastoma, larynx, pancreatic, gastric and colon carcinomas...)[4,5,10,30,33,34,37]. This is important, since the visualization of NK-1 receptors by immunohistochemistry for
diagnostic or therapeutic purposes would facilitate the
identification of tumors overexpressing this receptor[44].
It is known that normal cells express a lower number of
NK-1 receptors than tumor cells (e.g., human pancreatic cancer cell lines express more NK-1 receptors than
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control cells)[10]; that tumor samples from patients with
advanced tumor stages exhibit significantly higher NK-1
receptor levels[10]; that TACR1 mRNA is present in human acute lymphoblastic leukemia cell lines, with the
highest levels in these cells and the lowest ones in normal cells[33]; that astrocytoma/glioma cell lines in culture
shows a lower number of NK-1 receptors than astrocytoma/glioma primary tumors; that glioblastomas express
more NK-1 receptors than astrocytomas, and that the
most malignant phenotypes of tumors show a higher
rate of NK-1 receptor expression and are associated with
advanced tumor stages and a poorer prognosis[6,10,45]. The
data suggest that the number of NK-1 receptors could
be correlated with the degree of malignancy. Thus, the
overexpression of the NK-1 receptor in tumor cells suggests the possibility of finding a specific treatment against
cancer using NK-1 receptor antagonists and, in this way,
the side effects of the treatment could be decreased
considerably. This strategy opens up new approaches for
cancer treatment. Moreover, following the use of realtime quantitative reverse transcription-polymerase chain
reaction (RT-PCR) methodology in 50 pancreatic human
cancer samples obtained from pancreatoduodenoctomy
(Whipple operation), NK-1 receptor mRNA levels were
increased 36.7-fold in these samples in comparison with
normal controls. Enhanced NK-1 receptor expression
levels were not related to tumor grade but were associated with advanced tumor stage and a poorer prognosis. As
reported above, NK-1 receptor mRNA levels and NK-1
receptor immunoreactivity are higher in human pancreatic cancer samples than in normal pancreas[10]. Moreover, using a Western blot analysis, the NK-1 receptor
was found to be increased 26-fold in pancreatic cancer
samples in comparison with normal controls. NK-1 receptor mRNA was detected in five pancreatic cancer cell
lines by real-time quantitative RT-PCR, the highest levels
being observed in CAPAN-1 cells and the lowest ones in
ASPC-1 cells. SP and SP analog agonists stimulated pancreatic cancer cell growth, depending on the NK-1 receptor expression level, and this effect could be blocked by
a selective NK-1 receptor antagonist in a concentrationdependent manner[10,13].
It has been suggested that chronic inflammation could
be correlated with an increased risk of developing cancer.
It is known that the risk of pancreatic cancer is very high
in subjects with chronic pancreatitis and appears to be independent of sex, country, or type of pancreatitis[46] and
that the up-regulation of the NK-1 receptor mRNA expression in chronic pancreatitis has a strong relationship
with the pain syndrome that these patients experience[47].
Thus, overexpression of the NK-1 receptor could be
involved in chronic pancreatitis-associated cancer. It has
also been reported recently that the truncated NK-1 receptor is overexpressed in colonic epithelial cells from
patients with colitis-associated cancer, whereas the fulllength is not affected[42]. Thus, the overexpression of
NK-1 receptors could be used as a diagnostic marker to
identify patients at risk of neoplasms and may serve as
a useful therapeutic target in the treatment of chronic
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inflammation-associated cancer.

NANOMOLAR CONCENTRATIONS OF
SP INDUCE PANCREATIC CANCER CELL
PROLIFERATION AND THE MIGRATION
OF TUMOR CELLS
SP acts as a mitogen in normal and tumor cells (e.g.,
neuroblastoma, astrocytoma, melanoma, retinoblastoma, glioma, melanoma, larynx carcinoma, gastric and
colon carcinoma, lymphoblastic leukemia) via the NK-1
receptor, since the growth inhibition of many human
tumor cells after the administration of NK-1 receptor
antagonists is partially reversed by the administration of
SP[4,5,33-38,48]. Regarding pancreatic cancer cells, nanomolar
SP concentrations elicit the proliferation of the pancreatic cancer CAPAN-1, PA-TU 8902, BxPC-3 and MIA
PaCa-2 cell lines[13,14]. By contrast, the mitogenic action of
SP on these cell lines could be partially reversed by using
NK-1 receptor antagonists such as L-733.060, L-732.138
or the drug aprepitant[12-14]. Many data indicate that SP in
a universal mitogen in NK-1 receptor-expressing tumor
cells. The undecapeptide can be synthesized and secreted
by tumor and non-tumor cells and SP can be released
from nerve terminal, and/or it can be released into blood
vessels[4,5]. Through these paths, the peptide can exert a
mitogenic action on tumor cells. The regulation of local tumor activity through sensory nerves containing SP
is relevant, since the undecapeptide could modulate the
growth of tumor cells, exerting a direct interaction between the nervous system and the tumor cells. Thus, SP
could induce mitogenesis via the following mechanisms:
(1) autocrine (SP is secreted from tumor cells); (2) paracrine (SP exerts a mitogenic action in endothelial cells); (3)
SP is released from nerve terminals; (4) SP reaches the
whole body through the bloodstream; this is regulated by
the limbic system; and (5) endocrine (SP is released from
the tumor mass into the blood vessels)[3-5].
There are multiple cell signaling pathways regulated
by SP. After the activation of the NK-1 receptor by SP,
an increase in DNA synthesis has been reported in tumor
cells, and it seems that via the NK-1 receptor the undecapeptide activates members of the mitogen-activated protein kinase (MAPK) family, including extracellular signalregulated kinases 1 and 2 (ERK1/2) and p38MAPK[45]
(Table 1). Once activated, ERK1/2 is translocated into
the nucleus, inducing proliferation and protecting the cell
from apoptosis[5,7]. In tumor cells, SP increases the phosphorylation and activity of Akt or protein kinase B, a
serine-threonine protein kinase that becomes activated via
phosphatidyl-3-kinase (PI3K); the activation of Akt suppresses apoptosis[49,50]. By contrast, NK-1 receptor antagonists inhibit the basal activity of Akt[51] (Table 1). After
it has bound to the NK-1 receptor, other effects are also
exerted by SP in tumor cells: it activates phospholipase D
and enhances forskolin-stimulated cyclic AMP-production; SP induces the release of interleukins, taurine and
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glutamate; it mobilizes intracellular calcium; it induces the
formation of inositol phosphate; it stimulates glycogen
breakdown; and it influences glutamate and K+ transport[5,52-56]. The release of interleukins, taurine and glutamate by tumor cells induces an inflammatory process,
increasing the levels of SP and hence increasing tumor
cell proliferation. Moreover, it has been reported that after binding to the NK-1 receptor SP stimulates glycogen
breakdown and increases the intracellular Ca2+ concentration in astrocytoma cells. Both effects occur in a concentration-dependent manner. These effects are completely
blocked by the NK-1 receptor antagonist CP-96345[55].
In addition, one of the most prominent metabolic alterations in cancer cells is the increase in aerobic glycolysis
and the dependency on the glycolytic pathway for adenosine triphosphate generation, known as the Warburg
effect, because most cancer cells predominantly produce
energy by means of a high rate of glycolysis followed by
lactic acid fermentation[57]. Growing tumor cells typically
have glycolytic rates up to 200 times higher than those of
their normal tissues of origin; this occurs even if oxygen
is plentiful. Thus, after binding to the NK-1 receptors located in tumor cells, SP causes glycogen breakdown and
the glucose obtained would be used by tumor cells to increase their metabolism[55]. This mechanism could partly
explain the Warburg effect. By contrast, NK-1 receptor
antagonists block glycogen breakdown in tumor cells[55],
and hence can counteract the Warburg effect[3] (Table 1).
This new approach to the NK-1 receptor is very interesting because until now the main goal has been the inhibition of the glycolytic enzymes. However, this strategy has
not provided any practical results. In cancer treatment,
a reduction in glucose formation by blocking the NK-1
receptor may be possible and indeed easier using NK-1
receptor antagonists. Accordingly, without glucose the
Warburg effect is not possible in cancer cells.
The migration of tumor cells is a crucial requirement
for the development of metastasis and the progression
of cancer. At present, over 90% of cancer deaths are
derived not from the primary tumor but from the development of metastases[58]. Thus, a major goal in the
treatment of cancer should be to inhibit the development of metastases. In this sense, it is known that tumor
cell migration is induced by classical neurotransmitters
(dopamine, noradrenalin) and peptides (e.g., SP) and that
such migration is inhibited after the administration of D2
receptor, adrenoceptor or NK-1 receptor antagonists[5,59].
It is also known that after binding to the NK-1 receptor
SP induces a rapid change in cellular shape (including
blebbing) and that membrane blebbing is important in
cell movement, cell spreading, and cancer cell infiltration[60,61]. It has recently been reported that SP is involved
in pancreatic cancer perineural invasion and that in pancreatic cancer cells SP induces cancer cell proliferation
and invasion as well as the expression of matrix metalloproteinase (MMP)-2. SP also promotes neurite outgrowth
and the migration of pancreatic cancer cell clusters to the
dorsal root ganglia of newborns[14].
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NK-1 RECEPTOR ANTAGONISTS INHIBIT
PANCREATIC CELL PROLIFERATION IN A
CONCENTRATION-DEPENDENT MANNER
At a certain concentration, these antagonists inhibit
100% of tumor cells. NK-1 receptors antagonists are
a broad group of heterogeneous chemical compounds
(Figure 1 and Table 1). There are two groups: peptide
NK-1 receptor antagonists and non-peptide NK-1 receptor antagonists.
Peptide NK-1 receptor antagonists
Most of the work carried out on the design and preparation of antagonists of the NK-1 receptor has focused
on the introduction of D-amino acids[18]. However, their
affinity is several orders of magnitude lower than that of
natural agonists, and the metabolic instability of peptide
NK-1 receptor antagonists and their inability to gain access to the central nervous system through the bloodbrain barrier limit their usefulness for in vivo studies. In
addition, these substances generally have a number of
drawbacks, such as poor potency and a lack of the ability
to discriminate between tachykinin receptors, partial residual agonist activity, mast cell degranulating activity, and
neurotoxicity after administration in the central nervous
system[22]. Some of these peptide NK-1 antagonists are[18]:
[D-Arg1, D-Trp 7,9, Leu11] SP (Spantide I). This antagonist is neurotoxic and a potent histamine releaser from
mast cells; H-D-Lys (Nicotinoyl)-Pro-[3-(3-pyridyl)-Ala]pro-D-Phe83,4-Cl2)-Asn-DTrp-Phe-D-Trp-LeuNle-NH2 (Spantide Ⅱ). This antagonist is devoid of
neurotoxicity; [D-Arg1, D-Trp5, 7, 9, Leu11] SP. This
antagonist has anticancer effects in a variety of in vitro
and in vivo models (e.g., pancreatic cancer)[11, 62-65]; (D-Arg1,
D-Phe5, D-Trp7, 9, Leu11) SP; (D-Arg1, D-Pro2, D-Trp
7,9, Leu11) SP; [Arg6, D-Trp7,9, MePhe8] SP (6-11);
[D-Pro2- Trp7, 9] SP; [D-Pro4, D-Trp7, 9, 10, Phe11]
SP (4-11); p-HOPA-DTrp-Phe-DTrp-Leu-Leu-NH2:
NY-3238; DMePhe-DTrp-Phe-DTrp-Leu(CH2NH)LeuNH2: NY-3460.
Non-peptide NK-1 receptor antagonists
Since non-peptide NK-1 receptor antagonists became
available[66-68], an increasing number of papers describing new non-peptide antagonists have been published[69].
Thus, steroids (WIN- 51708, etc.), perhydroisoindolones
(RP-67580, RP-73467, RPR-100.893, etc.), benzylamino
and benzylether quinuclidine (CP-96345, L-709.210,
etc.), benzylamino piperidines (CP-99,994, GR-203040,
GR-205.171, CP-122.721, etc.), benzylether piperidines
(L-733.060, L-741.671, L-742.694, etc.) and tryptophan
based (L-732.138, L-737.488, etc.) NK-1 receptor antagonists have been reported[22]. Investigation into nonpeptide NK-1 receptor antagonists is a fast-developing
field. Some of these peptide NK-1 antagonists have been
used in clinical trials and found to be safe. Examples are
the drug aprepitant (Figure 1) and its prodrug fosaprepitant, casopitant (GW-679769), vofopitant (GR-205171),
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drug[12]. Moreover, the antitumor action of the drug aprepitant against pancreatic cancer cells has been reported.
In fact, aprepitant inhibits 100% of pancreatic cancer
cells in a concentration-dependent manner[12].
The NK-1 receptor antagonist L-732.138 (N-acetylL-tryptophan 3,5-bis (trifluoromethyl) benzyl ester) (Figure 1) shows a competitive and selective antagonism for
the NK-1 receptor. It is approximately 1000-fold more
potent in cloned human NK-1 receptors than in cloned
human NK-2 and NK-3 receptors, and approximately
200-fold more potent in human NK-1 receptors than
in rat NK-1 receptors[85]. The IC50 for the human NK-1
receptor expressed in Chinese Hamster Ovary cells is
approximately 2.3 nmol[86]. It is known that the administration of L-732.138 produces an attenuation of hyperalgesia[87] and that L-732.138 is able to antagonize H(3)
antagonist-induced skin vascular permeability. The antitumor action of the tryptophan-based antagonist L-732.138
against glioma, neuroblastoma and a larynx carcinoma
cell lines has been also reported[80], as well as its antitumor action against pancreatic cancer cell lines[13,14].
The immunosuppressive cyclic undecapeptide cyclosporin A (CsA) is a naturally occurring fungal metabolite
from Tolypocladium inflatum Gams. This molecule has been
proposed to play a role in the treatment of human malignancies as an effective modifier of multidrug resistance.
It is known that CsA has the pharmacological profile of
an NK-1 receptor antagonist[88] and that CsA exerts an
antitumor action due to its NK-1 receptor antagonist
pharmacological profile in competition assay with SP.
The antitumor action of CsA against pancreatic cancer
cells occurs in a concentration-dependent manner and
pancreatic tumor cells die by apoptosis[89]. However, in
clinical practice this interesting therapeutic action of CsA
is not possible because the high doses necessary to exert
an antitumor action are associated with dangerous side
effects, such as kidney failure.
Taking the above data together, it seems that the
antitumor action of NK-1 receptor antagonists against
pancreatic cancer cells would be due to stereochemical
features and that it is not linked to the chemical composition of the antagonists[71] (Table 1), since different compounds (L-733.060, a piperidine derivative; aprepitant, a
morpholine derivative; L-732.138, a tryptophane derivative ; CsA, a cyclic undecapeptide) exert an antitumor action (Figure 1). These compounds have only one thing in
common: their affinity for the NK-1 receptor.

L-759.274, CP-122.721, Ezlopitant (CJ-11.974), Rolapitant, L-754.030, Serlopitant and CJ-11.974[70].
The binding sites for NK-1 receptor antagonists and
SP are different[5]. SP is hydrophilic and binds to the extracellular ends of the transmembrane helices and especially to the extracellular loops of the receptor, whereas
NK-1 receptor antagonists are lipophilic and bind more
deeply between the transmembrane Ⅲ-Ⅶ domains (Figure 1). After binding to the NK- 1 receptor, NK-1 receptor antagonists could block the functions of SP (Table
1). The pharmacologic effect is related to stereochemical
features and is not linked to chemical composition. The
action is concentration- and time-dependent manner. At
higher concentrations, the beneficial effect in the host is
summative. Thus, the pharmacologic effects of the NK-1
receptor antagonists are: anxiolytic, antidepressant, antiemetic, antimigraine, antialcohol addiction or neuroprotector effect in the central nervous system, and they also
play a role in analgesic, antiinflammatory, and hepatoprotector processes, as well as in antivirus proliferation (Table
1). Regarding cancer, NK-1 receptor antagonists exert
an antitumor action (inducing tumor cell death by apoptosis), and they have antiangiogenesis effects and inhibit
the migration of tumor cells[3-5] (Table 1). Therefore, the
NK-1 receptor antagonists could be considered a new
generation of anticancer drugs[3-5,71].
In 1993, Merck initiated studies on NK-1 receptor
antagonists based on both CP-96,345 and CP-99,994.
L-733.060 (Figure 1) is one of the compounds developed
from CP-99,994. It is a 3,5-bistrifluoromethyl benzylether
piperidine[72]. The administration of the NK-1 receptor
antagonist L-733.060 produces analgesia[73] and antidepressive effects[74,75]. The compound has been suggested
for the treatment of anxiety and mood disorders[76] and in
inflammatory liver disease, most likely owing to its ability to inhibit the effects of SP[77]. In addition, it has been
reported that the NK-1 receptor antagonist L-733.060
acts as an antitumor agent in several human tumor cell
lines[13,38,78-81]. In fact, this antitumor action has been reported against pancreatic cancer cell lines[13,14].
A morpholine nucleus that was introduced in the
NK-1 receptor antagonist L-742.694 was found to enhance NK-1 receptor-binding affinity[82]. This nucleus was
kept in further modifications of the molecule. In order
to prevent possible metabolic deactivation, several refinements such as methylation on the C alpha of the benzyl
ring and fluorination on the phenyl ring were introduced.
These changes afforded the compound MK-869, which
showed high affinity for the NK-1 receptor. MK-869 is
also called aprepitant (Figure 1) and it has been tested
for the treatment of several disorders. Those studies led
the Food and Drug Administration to approve the drug
Emend, which is indicated for chemotherapy-induced
nausea and vomiting and is available for oral use[83]. A
water-soluble phosphoryl prodrug for intravenous use,
called fosaprepitant, is also available and is marketed as
Ivemend[84]. It seems that aprepitant is effective for the
treatment of depression[74,75], and it has recently been
demonstrated that it is a broad-spectrum antitumor
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ANTITUMOR ACTION OF THE NK-1
RECEPTOR ANTAGONISTS IS MEDIATED
THROUGH THE NK-1 RECEPTOR AND
TUMOR CELLS DIE BY APOPTOSIS
As reported above, the NK-1 receptor antagonists
(L-733.060, L-732.138, the drug aprepitant, etc.) exert an
antitumor action[4,5,33-38] (Figure 1). In particular, these antagonists exert this action against human glioma, larynx

2327

March 7, 2014|Volume 20|Issue 9|

Muñoz M et al . SP/NK-1 receptor in pancreatic cancer

carcinoma, neuroblastoma, rhabdomyosarcoma, leukemia, astrocytoma, osteosarcoma, lymphoma, retinoblastoma, melanoma, lung, breast, and gastric, and colon carcinoma cell lines[4,5,33-38,90,91], as well as against pancreatic
cancer cell lines[13,14]. The antitumor action of L-733.060
against human cancer cell lines is more potent than that
of aprepitant, and the antitumor action of aprepitant is
more potent than that of L-732.138[4,5]. NK-1 receptor
antagonists block the SP-induced mitogen stimulation of
tumor cells, and they inhibit tumor cell growth in a dosedependent manner[4,5] (Table 1).
After binding to NK-1 receptors overexpressed in
tumor cells, NK-1 receptor antagonists activate the apoptotic machinery and these cells (e.g., pancreatic cancer,
etc.) die by apoptosis[4,5,12,33,34,38]. Thus, the induction of
apoptosis represents a highly suitable approach to cancer
treatment, although currently little is known about the
mechanisms responsible for the induction of apoptosis
in tumor cells. Despite this, it has been reported that the
blockade of NK-1 receptors by NK-1 receptor antagonists inhibits the basal kinase activity of Akt. Tumor cells
develop strategies to neutralize the multiple pathways
leading to cell death, and it has been suggested that one
of the most important of these is the expression of
the NK-1 receptor[92]. This strategy renders tumor cells
highly dependent on the SP stimulus, which provides a
potent mitotic signal. This signal could counteract the
different death signal pathways activated in tumor cells.
The absence of the mitotic signal when the receptor is
blocked with NK-1 receptor antagonists could tilt the
balance within the cell to favouring apoptotic/death signals, and hence the cell would die[92]. The data reported
suggest that NK-1 receptor antagonists could inhibit a
large number of tumor cell types in which NK-1 receptors are overexpressed[3-5,33,34,37], and that NK-1 receptor
antagonists could be candidates for broad-spectrum
antineoplastic drugs including pancreatic cancer[3-5,13,14].
In general, NK-1 receptor antagonists are safe, since the
administration of NK-1 receptor antagonists does not
induce serious side effects[5,72,93-96], although headaches,
hiccupping, vertigo and drowsiness have been reported
in humans after their administration[71,95,96] (Table 1). The
safety of aprepitant against human fibroblasts has been
also demonstrated: the IC50 for fibroblasts is three times
higher than the IC50 for tumor cells[12]. Moreover, the IC50
for non-tumor cells is 90 μmol/L but the IC100 for tumor
cells is 60 μmol/L approximately[12].
Furthermore, it has been reported that the use of
chemotherapy and/or radiation therapy and NK-1 receptor antagonists affords a synergistic antitumor action and
decreases the side effects of chemotherapy and radiation
therapy[5,97,98] (Table 1). Furthermore, it has been suggested that the co-administration of NK-1 receptor antagonists and microtubule-destabilizing agents (e.g., vinblastine) could be useful in cancer, since these compounds
have a synergic effect[5,98] (Table 1). This combination is
synergistic for the growth inhibition of NK-1 receptorpossessing cancer cells, but not for normal cells. A better
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understanding of the mechanisms underlying this interaction is needed in order to assess the clinical relevance of
this novel synergistic combination. Moreover, synergism
has been reported for the combination of L-733.060
with common cytostatic drugs (adriamycin, mitomycin,
ifosfamide, cisplatin) in MG-63 human osteosarcoma
cells, but not in non-malignant HEK293 cells[99]. Pretreatment of HEK293 with L-733.060 prior to exposure to
cytostatic drugs partially protected HEK293 cells from
inhibition by these drugs[99].

NK-1 RECEPTOR ANTAGONISTS INHIBIT
ANGIOGENESIS IN PANCREATIC CANCER
XENOGRAFTS
Neovascularization or neoangiogenesis is a sequential
process, with early endothelial proliferation followed
by new vessel formation and increased blood flow, accompanied by maturation of endogenous neurovascular regulatory systems occurring late in this process in
inflamed tissues[100]. The growth of new vessels from a
pre-existing vasculature is a common feature of chronic
inflammation (early neoangiogenesis is a key step in the
transition from acute to persistent inflammation) and
wound healing. Neoangiogenesis, a hallmark of tumor
development, has also been associated with increased tissue innervation and the expression of NK-1 receptors.
In a large majority of tumors investigated, SP and NK-1
receptors are found in the intra and peritumor blood vessels[6]. These findings have been reported specifically in
pancreatic cancer[10]. SP, a main mediator of neurogenic
inflammation through the release of the peptide from
peripheral nerve terminals, is involved in the growth of
capillary vessels in vivo and in the proliferation of cultured endothelial cells in vitro. Additionally, it is known
that the proliferation of endothelial cells by NK-1 receptor agonists (SP or SP analog agonists) increases in a
concentration-dependent manner (NK-1 receptor antagonists block the proliferative action of SP), whereas the
action of selective NK-2 and NK-3 receptor agonists has
no significant effects on the proliferation of endothelial
cells. These findings indicate that NK-1 receptor agonists
(e.g., SP) can stimulate the process of neovascularization
directly, probably through the induction of endothelial
cell proliferation[101], and that SP enhanced angiogenesis results from a direct action on microvascular NK-1
receptors. Thus, through such receptors found at high
density in blood vessels SP may strongly influence vascular structure and function inside and around tumors
by increasing tumor blood flow and by fostering stromal
development[6]. By contrast, it has been reported that
NK-1 receptor antagonists inhibit endothelial cell proliferation and angiogenesis in a concentration-dependent
manner[101] (Table 1). It has also been reported that the
[D-Arg1, D-Trp5,7,9, Leu11] SP analog antagonist (SPA,
broad-spectrum GPCR antagonist, peptide NK-1 receptor antagonist) has an antitumor action[11]. It is known
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that in ductal pancreatic cancer cells expressing NK-1
receptors, NK-1 receptor antagonists induce the synthesis of proangiogenic chemokines and that in HPAF-Ⅱ,
a well-differentiated pancreatic cancer cell line, peptide
NK-1 receptor antagonists inhibit Ca2+ mobilization and
DNA synthesis[11]. These antagonists also significantly
attenuated the growth of HPAF-Ⅱ tumor xenografts in
nude mice beyond the treatment period. Interestingly,
one peptide NK-1 receptor antagonist (SPA, broad-spectrum GPCR antagonist) markedly increases apoptosis
but moderately decreases the proliferation marker Ki-67
in tumor xenografts, implying additional mechanisms for
the significant growth inhibitory effect[11]. HPAF-Ⅱ cells
express ELR+ CXC chemokines, including interleukin-8/
CXCL8, which bind to CXCR2 (a member of the GPCR
superfamily) and promote angiogenesis in many types
of cancer, including pancreatic cancer. A salient feature
of these results is that peptide NK-1 receptor antagonists markedly reduced tumor-associated angiogenesis in
HPAF-Ⅱ xenografts in vivo. The data suggest that peptide NK-1 receptor antagonists (SPA, broad-spectrum
GPCR antagonist) attenuate tumor growth in pancreatic
cancer via a dual mechanism involving both antiproliferative and antiangiogenic properties[11]. Thus, the dualinhibitory effect of peptide NK-1 receptor antagonists
could be of significant therapeutic value in pancreatic
cancer, when used in combination with other anticancer
drugs. In sum, all these data indicate that the SP/NK-1
receptor system controls neoangiogenesis in pancreatic
cancer and that, in addition, this system could also regulate the growth of the pancreatic tumoral mass, since
NK-1 receptors are overexpressed in tumoral cells and in
peritumoral pancreatic cancer tissues[10]. Thus, by using
NK-1 receptor antagonists (peptide or non-peptide), the
NK-1 receptor could be used as a target to inhibit both
neoangiogenesis and the growth of pancreatic cancer
(Figure 1 and Table 1).
Accordingly, targeted therapies for pancreatic cancer
offer new ways to search for potentially more effective
strategies. Thus, the use of NK-1 receptor antagonists in
chronic pancreatitis could: (1) improve chronic inflammation; (2) improve pain; and (3) prevent the chronic
pancreatitis associated with cancer. The use of NK-1
receptor antagonists in pancreatic cancer could exert: (1)
an antitumor action, by inhibiting pancreatic cancer cell
proliferation (tumor cells die by apoptosis); (2) antiangiogenic properties; and (3) inhibition of the migration of
pancreatic cancer cells (preventing invasion, infiltration
and metastasis). Thus, the antitumor action of NK-1
receptor antagonists in pancreatic cancer could be specifically for a single target: the NK-1 receptor (Figure 1).
The mechanisms of action of NK-1 receptor antagonists
are the opposite of those involved in classic chemotherapy. In addition, NK-1 receptor antagonists not only exert
an antitumor action, but also elicit beneficial effects in
the host such as anti-inflammatory, analgesic, anxiolytic,
antidepressant, antiemetic, hepatoprotector and neuroprotector effects[4,5] (Table 1).
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SAFETY OF NK-1 RECEPTOR
ANTAGONISTS IN HUMAN CLINICAL
TRIALS
As reported above, an upregulation of the SP/NK-1
receptor system occurs in human pancreatic cancer cells
and hence the NK-1 receptor can be considered as an
important target for the treatment of this disease. The
overexpression of the NK-1 receptor in human pancreatic cancer cells suggests that the administration of NK-1
receptor antagonists is an excellent strategy for the treatment of this disease (these antagonists, after binding to
NK-1 receptors, induce the apoptosis of tumor cells) and
in addition fewer side effects should be expected after
the administration of these drugs to patients, since NK-1
receptor antagonists are specific for a determined target,
the NK-1 receptor, which is overexpressed in cancer
cells and it is involved in the viability of tumor cells[3].
It should be noted that the IC100 for cancer cells is 60
µmol/L approximately but the IC50 for non-tumor cells
is 90 µmol/L[12].
Many studies have reported the absence of serious
side effects when non-peptide NK-1 receptor antagonists
have been administered to humans[71]. It is known that
the NK-1 receptor antagonist GR-205171 alleviated anxious symptoms in patients with social phobia[102]. Several
non-peptide NK-1 receptor antagonists (e.g., casopitant,
orvepitant, vestipitant, vofopitant) have been also tested
in human clinical trials for the treatment of depression,
anxiety disorders, post-traumatic stress disorder, alcoholism, panic disorder and schizophrenia[103,104]. In some
trials, these antagonists exerted an anxiolytic or an antidepressant action and in all the cases showed a low side effect profile. Moreover, the analgesic action of the NK-1
receptor antagonists aprepitant, lanepitant (LY-303870),
AV-608 and CJ-11.974 has been tested in human trials
and in all the cases the drug was ineffective in relieving
pain (e.g., neuropathic pain, visceral pain, osteoarthritis,
fibromyalgia)[105]. However, the NK-1 receptor antagonist
CP-99994 decreased postoperative dental pain[106]. NK-1
receptor antagonists have been also tested for the treatment of migraine. Thus, lanepitant was ineffective in
migraine prevention and acute migraine; RPR-100.893
had no effects on migraine attacks; L-758.298 failed to
abort migraine attacks, and GR-205171 was ineffective
against the treatment of migraine[106]. Moreover, it has
been reported that HIV-infected adults not receiving antiretroviral therapy, low (125 mg) and high (250 mg) doses
of aprepitant (daily, for 14 d) were found to be safe[107].
Neurological adverse events (headache, hypersomnia,
lightheadedness, dizziness) were observed in the 50%
of the patients that received a higher dose of the NK-1
receptor antagonist, whereas insomnia was reported in
those treated with 125 mg of aprepitant (11.1% patients).
In both groups, the concentration of SP in plasma decreased. Gastrointestinal, ocular/visual, dermatological
and systemic adverse events were also reported in the
patients treated with aprepitant[107]. No changes in sleep
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quality, anxious mood, depressed mood or neurocognitive measures were found[108].
Despite the large number of non-peptide NK-1
receptor antagonists reported, the only NK-1 receptor
antagonist used currently in clinical practice is the drug
aprepitant (Emend, MK-869, L-754.030) (oral) and its intravenously administered prodrug, fosaprepitant[3]. Fosaprepitant is rapidly converted to aprepitant via the action
of ubiquitous phosphatases[108]. Both NK-1 receptor antagonists are used for the prevention of chemotherapyinduced nausea and vomiting and post-operative nausea
and vomiting[70]. Many clinical human trials have reported
the efficacy and safety of aprepitant/fosaprepitant for
the treatment of emesis[70]. No serious adverse events
were found. Aprepitant was well tolerated: no grade 3
or higher toxicities related to aprepitant were reported,
whereas the adverse events mostly observed were fatigue,
diarrhoea, febrile neutropenia, headache, dyspnea, constipation and hiccups[109].
Accordingly, novel possibilities for translational research are emerging for improving the treatment of
diseases in which the SP/NK-1 receptor system is upregulated and hence, in particular, the use of NK-1 receptor antagonists in oncology therapy is quite promising
according to the data obtained from preclinical studies[3].
Aprepitant is an excellent candidate for testing its antitumor, antimigratory and antiangiogenic action in human
clinical trials since a large part of the required safety and
characterization studies for aprepitant have already been
carried out (aprepitant is already available in clinical practice for the treatment of emesis)[70]. Moreover, aprepitant
has been developed as a nanoparticle formulation to enhance exposure and to minimize food effects. In humans,
the nanoparticle formulation increased 3 times-4 times
the bioavailability of this NK-1 receptor antagonist[110].
It has been also demonstrated in an in vivo study that
fosaprepitant reduced significantly the tumor volume of
MG-63 human osteosarcoma xenografts[99].
It seems that by increasing the number of days on
which aprepitant is currently administered and using
higher doses of aprepitant than those used in chemotherapy-induced nausea and vomiting this NK-1 receptor antagonist could be effective in cancer (e.g., pancreatic cancer)[3].
However, these issues should be investigate in depth. By
increasing the dose of aprepitant, higher and undescribed
side effects may occur, although it has been reported that in
patients with depression a dose of 300 mg/d of aprepitant
was well tolerated and no significant difference in the frequency of adverse events was observed as compared with
placebo[3].

sis in tumor cells. Research into the involvement of the
SP/NK-1 receptor system in pancreatic cancer must continue in forthcoming years since it is necessary to explore
new and effective therapeutic interventions in pancreatic
cancer research. It is important to seek strategies targeting tumor-specific molecular derangements. This is the
case of the NK-1 receptor, which is overexpressed in
pancreatic tumor cells and tumor samples. NK-1 receptor
antagonists induce the death of tumor cells by apoptosis.
Accordingly, the NK-1 receptor is a promising target in
the treatment of pancreatic cancer and NK-1 receptor
antagonists could be considered as drugs for the treatment of this tumor. This conclusion is based on the following data: (1) after binding to the NK-1 receptor, SP
induces pancreatic tumor cell proliferation, angiogenesis
and the migration of pancreatic tumor cells (invasion,
infiltration and metastasis); and (2) by contrast, NK-1 receptor antagonists inhibit pancreatic tumor cell proliferation (tumor cells die by apoptosis), have antiangiogenic
properties in pancreatic cancer, and block the migratory
activity of pancreatic tumor cells. Currently, in clinical
practice there are few new drugs against the treatment
of pancreatic cancer. However, it has been demonstrated
in vitro and in vivo that NK-1 receptor antagonists exert
an antitumor activity against pancreatic cancer cells. At
the present, there are more than 300 NK-1 receptor
antagonists[69] and this means that there are more than
300 potential drugs against the treatment of pancreatic
cancer. Thus, it is crucial to test the antitumor action of
NK-1 receptor antagonists in human clinical trials. In this
sense, the antitumor action of NK-1 receptor antagonists
already available in clinical practice for the treatment of
emesis (e.g., aprepitant) should be tested in clinical trials.
It has previously been reported that the administration
of aprepitant is well tolerated and is associated with
minimal side effects. Indeed, at 300 mg/d of aprepitant
was well tolerated and no significant difference in the frequency of adverse events were observed in comparison
with placebo administration[71]. It is also known that, in
vitro, aprepitant exerts an antitumor action against human pancreatic tumor cells[12]. In sum, all the data point
to the notion that the NK-1 receptor could be a new and
promising therapeutic target in pancreatic cancer and that
NK-1 receptor antagonists could open the door to a new
and promising generation of anticancer drugs against
pancreatic cancer.
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CONCLUSION
The SP/NK-1 receptor system plays an important role in
the development of pancreatic cancer, neoangiogenesis
and metastasis. It seems that SP acts as a mitogen for
pancreatic tumor cells overexpressing NK-1 receptors
and that NK-1 receptor antagonists also induce apopto-
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Core tip: Hedgehog (Hh) signaling is involved in the
induction of malignant potential in pancreatic cancer,
controlling processes of proliferation, invasiveness
and tumorigenesis. This phenotypic change is closely
associated with the nuclear factor kappa-light-chainenhancer of activated B cells transcription factor, both
in an autocrine and paracrine manner. Hh signaling is
also capable of maintaining pancreatic cancer stem
cells, and may be activated under conditions of tumor
hypoxia. Thus, the Hh signaling pathway may represent a potential therapeutic target for patients with refractory pancreatic cancer and the use of Hh inhibitors
will likely play an important role in future therapeutic
strategies.
Onishi H, Katano M. Hedgehog signaling pathway as a new
therapeutic target in pancreatic cancer. World J Gastroenterol
2014; 20(9): 2335-2342 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i9/2335.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i9.2335

Abstract
Pancreatic cancer is one of the most aggressive and
difficult cancers to treat. Despite numerous research
efforts, limited success has been achieved in the therapeutic management of patients with this disease. In the
current review, we focus on one component of morphogenesis signaling, Hedgehog (Hh), with the aim of developing novel, effective therapies for the treatment of
pancreatic cancer. Hh signaling contributes to the induction of a malignant phenotype in pancreatic cancer and
is responsible for maintaining pancreatic cancer stem
cells. In addition, we propose a novel concept linking Hh
signaling and tumor hypoxic conditions, and discuss the
effects of Hh inhibitors in clinical trials. The Hh signaling
pathway may represent a potential therapeutic target
for patients with refractory pancreatic cancer.

INTRODUCTION
Pancreatic cancer remains one of the deadliest cancers,
with an overall survival rate of < 5%[1]. An underlying
reason for this may be that few patients undergo curative, surgical operations because of the advanced stage
of the cancer at the time of diagnosis. Furthermore,
apart from chemotherapy and radiation therapy, there
are no effective, alternative therapies for the treatment
of refractory pancreatic cancer, and as such, the development of novel therapeutic strategies is urgently required. Recently, it was shown that the Hedgehog (Hh)
signaling pathway, which plays a key role in morphogenesis signaling, is re-activated in pancreatic cancer[2]. Hh
signaling contributes to tumor aggressiveness, affecting
key tumorigenic processes such as proliferation, invasion

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Figure 1 Schematic review. Hedgehog (Hh) signaling is activated in both autocrine and paracrine pathways. Tumor associated stroma cells play a pivotal role in
tumor progression related to activation of Hh signaling [paracrine pathways (1) and (2)]. Induction of sonic Hh (Shh) is closely associated with activation of the nuclear
factor kappa-light-chain-enhancer of activated B cells transcription factor in pancreatic cancer. Shh is produced by NF-kB activation in pancreatic cancer cells and
tumor associated stroma cells. Pathways contributing to Smo and Gli1 activation include SDF-1/CXCR4, hypoxia, KRAS and MAP3K. The effects of Hh inhibitors including GDC-0449 (vismodegib), LDE225 (erismodegib), IPI-926 (saridegib), BMS-663513 and GANT-61 in clinical trials are under investigation. Dotted arrows show
components of the Hh signaling pathway in tumor cells focused on in this review.

and progression of cancer cells. Therefore, inhibitors
targeting Hh signaling have drawn significant attention
as novel, molecularly targeted drugs. Hh signaling components including Patched and Smoothened (Smo) have
been detected in almost 70% of human pancreatic cancer specimens and consequently, Hh signaling may play a
critical role in the genesis of pancreatic cancer cells[2]. In
this review, we summarize recent efforts in the development of new, therapeutic strategies to treat pancreatic
cancer, targeting the Hh signaling pathway.

bryonic patterning and growth control, acting as a
morphogen, mitogen and inducing factor of developing
organs[3-7]. Hh signaling normally ceases after embryogenesis, however in various cancers, including pancreatic
cancer, Hh signaling is re-activated[8]. Therefore, the
regulation of Hh signaling in pancreatic cancer likely
plays important role in tumorigenesis. The Hh signaling pathway is composed of Hh proteins (sonic Hh;
Shh, Indian Hh and Desert Hh), the 12-transmembrane
Patched proteins (Patched 1 and Patched 2), the 7-transmembrane protein, Smo and the 5-zinc-finger transcription factors, Gli1, Gli2 and Gli3[9-11]. In the absence of
Hh ligand, Patched suppresses Smo, which is the driving
protein for Hh signaling, and Gli2 and Gli3 are cleaved

HH SIGNALING PATHWAY
The Hh signaling pathway plays a pivotal role in em-
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by ubiquitin ligases to generate transcriptional repressor
isoforms[12-14]. In contrast, in the presence of Hh ligand,
inhibition of Smo by Patched is released, Smo is activated, and Gli2 and Gli3 are transmitted to the nucleus as
full-length activators leading to the transcription of target genes such as Patched and Gli1[12-14]. Recent studies
demonstrated the existence of primary cilia on the cell
surface and showed that Smo moves from the cytoplasm
to primary cilia in the process of activation[15]. One of
the target genes of Hh signaling; Ptch and Gli1 regulate
the transcription of the Hh responsive genes by themselves[16]. Other target genes of Hh signaling are the cell
cycle regulator Cyclin D1, p21 and N-Myc which plays
important role for carcinogenesis and is also typically
dysregulated in the cancer cells[7,17,18]. The Hh signaling
pathway is unique because several components of this
pathway consist of both oncogenes and cancer suppressor genes.

Hh signaling targets pancreatic stellate cells in the tumorassociated stroma, specifically reducing pancreatic tumor
growth and metastasis[34,35]. In addition, Singh et al[36]
showed that CXCL12/CXCR4 protein signaling induces
Shh expression in pancreatic cancer via extracellular regulated kinase (ERK) and Akt kinase-mediated activation
of NF-κB. Some other molecules affected by the activation of Hh signaling may also contribute to the induction
of malignant potential in pancreatic cancer. Decrease in
Cyclin D1by the inhibition of Hh signaling induces the
G0/G1 arrest and inhibits cell proliferation[37]. Matrix metalloproteinase (MMP)-9 and MMP-2 locate the downstream of Gli1 and are involved with the invasiveness in
pancreatic cancer[38,39].

HH SIGNALING AND PANCREATIC
CANCER STEM CELLS
Solid tumor cancer stem cells were first identified in breast
cancer as CD24-/lowCD44+ cells[40]. CD44+CD24+epithelialspecific antigen (ESA) + pancreatic cancer cells are
reported to exhibit the stem cell characteristics of
self-renewal and the ability to produce differentiated
progeny[41]. Most importantly, cancer stem cells (CSCs)
are characterized by features of resistance towards conventional chemotherapy and radiotherapy[42-45]. Pancreatic
CSCs exhibit upregulation of Shh[46]. Recently, inhibition
of Hh signaling was reported to inhibit the self-renewal
of pancreatic CSCs and reverse chemoresistance[47]. Subsequent studies demonstrated that various agents were
capable of inhibiting pancreatic CSCs via suppression
of Hh signaling. For example, Tang et al[48] revealed that
epigallocatechin-3-gallate, an active compound in green
tea, inhibits the self-renewal capacity of pancreatic CSCs
via inhibition of Hh signaling components including
Smo, Ptch, Gli1 and Gli2. Other groups demonstrated
that sulforaphane, a component of dietary cruciferous
vegetables, decreases pancreatic CSC self-renewal via
inhibition of Hh signaling components, Smo, Gli1 and
Gli2[49,50]. Han et al[51] has revealed that suppression of
Hh signaling by arsenic trioxide leads to the inhibition
of the viability of pancreatic CSCs using animal models.
A better understanding of the molecular pathways driving CSCs will lead to the development of effective, new
therapeutic approaches for the treatment of pancreatic
cancer.
As previously discussed, there are numerous reports
describing CD44+CD24+ double positive cells in pancreatic CSCs. However to date, there have been relatively few
studies investigating CD24 or CD44 molecules alone as
therapeutic targets in pancreatic CSCs. CD24 is a unique
molecule because it is described as a marker of pancreatic
CSCs, whereas it is expressed at low levels or is absent in
breast CSCs. CD24 is thought to act as an adhesion molecule[52,53]. Recently, truncated Gli1 was shown to induce
clinically more aggressive cancer via the increased expression of CD24[54]. Ringel et al[55] showed that constitutive
expression of CD44 variants may also be associated with

HH SIGNALING AND THE INDUCTION OF
MALIGNANT POTENTIAL IN PANCREATIC
CANCER
Originally, the relationship between Hh signaling and
tumorigenesis was reported following the association
of mutations in genes such as Gli1, Patch and Smo in
glioblastoma, basal cell carcinoma and rhabdomyosarcoma[19-21]. In pancreatic cancer, ligand-dependent activation of Hh signaling, but not genomic mutation, was first
reported[2]. Previous studies have also shown that Shh
overexpression is sufficient to initiate pancreatic intraepithelial neoplasia (PanIN)-like precursor lesions[2,22]. At
present, this ligand-dependent pathway is thought to be
the major mechanism underlying Hh signaling activation.
Two distinct ligand-dependent activation pathways exist;
autocrine and paracrine. In addition, association between
chronic inflammation and the development of cancer has
been recognized for several years[23-27]. In both autocrine
and paracrine pathways, NF-κB plays a pivotal role. NFκB is a transcription factor that controls expression of
numerous genes involved in inflammation and immune
response processes, including proliferation, invasion,
adhesion, angiogenesis and apoptosis[28]. In the autocrine
pathway, Shh is a direct transcriptional target of NF-κB,
and proliferation of pancreatic cancer cells is accelerated
via overexpression of Shh[29,30]. In the paracrine paradigm,
tumor-associated stroma is important as a microenvironmental factor[31,32]. In one paracrine pathway, stroma
cells surrounding pancreatic ductal adenocarcinoma cells,
secrete tumor-growth factors through stromal Hh signaling activation[31]. This may explain why low concentrations of Hh signaling antagonist are sufficient to inhibit
tumor growth [paracrine pathway (1), Figure 1][31]. In an
alternative paracrine pathway, NF-κB-activated monocytes located in the tumor stromal area produce Shh,
which stimulates the Hh signaling pathway in pancreatic
cancer [paracrine pathway (2), Figure 1][33]. Inhibition of
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the malignant state of invasive pancreatic carcinoma.
However the precise roles CD24 and CD44 in pancreatic
CSCs remain unclear.

studied and utilized. For example, there is a possible synergistic relationship between Hh and epidermal growth
factor receptor (EGFR) signaling pathways in pancreatic
cancer [62-64]. Although combination therapy with Hh
inhibitors remains controversial, these findings will be
essential for developing new effective therapeutic strategies. Radiation is considered the third therapeutic strategy
for the treatment of pancreatic cancer. Recently, focal
radiation in combination with Hh inhibitors exhibited
synergistic effects on reducing lymph node metastasis in
pancreatic cancer[65]. Immunotherapy is anticipated as the
fourth line of therapy after surgery, chemotherapy and
radiation. In this approach, activated lymphocytes and
dendritic cells (DCs) derived from patients with advanced
cancer are often used. Recently, it was reported that Hh
signaling is revitalized in activated lymphocytes and DCs
derived from patients with advanced cancer and used for
immunotherapy, and that this plays a pivotal role in the
maintenance of their functions[66,67]. Therefore, Hh inhibitors may not have a synergistic effect when combined
with immunotherapy.
Within the class of Hh inhibitors, recent drug development has focused on Smo inhibitors. Although exact patients’ outcome has not been reported yet, Sekulic et al[68]
has shown that the independently assessed response rate
was 30% and 43%, and the median duration of response
was 7.6 mo using two-cohort study with GDC-0449 (visnodegib) in metastatic and locally advanced basal-cell carcinoma. GDC-0449 and IPI-926 (saridegib) are currently
under phase Ⅱ clinical trials in metastatic, advanced and
recurrent pancreatic cancer[69] and BMS-663513 is under
phase Ⅰ clinical trial[70]. A recent study demonstrated that
LDE225 (erismodegib), a Smo antagonist, suppresses
tumor growth and prolongs survival in a murine model
of islet cell neoplasms[71]. Furthermore, GANT-61, a Gli
transcription factor inhibitor, has been shown to inhibit
pancreatic cancer stem cell growth[72]. An overview of
Hh signaling inhibitors is shown in Figure 1. More recently, inhibition of Hh signaling has received significant
attention as an anti-tumor strategy. Based on this, the
relationship between Hh signaling and various materials
has been reported. For instance, resveratrol, 3,4’,5-trihydroxystilbene inhibits proliferation and induces apoptosis
via Hh signaling in pancreatic cancer[73]. Curcumin, a phenolic compound extracted from Zigiberaceae turmeric,
reverses EMT of pancreatic cancer by inhibiting Hh
signaling[74]. Triparanol, a known cholesterol biosynthesis
inhibitor blocking the 24-dehydrocholesterol reductase,
suppresses pancreatic cancer tumor growth by deregulation of Hh signaling[75].
Gli1 is both a transcription factor and a target gene,
as shown in previous reviews, and crosstalk between Hh
signaling and other pathways has been demonstrated[8].
Gli1 is activated via several kinds of signaling pathways.
In pancreatic cancer, various signaling pathways including KRAS[76], ERK[36], AKT[36], MAP3K[77] and SDF-1/
CXCR4[78] are associated with Hh signaling (Figure 1).
Because Gli1 is located downstream in many of these

HH SIGNALING AND HYPOXIA
Pancreatic cancer is thought to occur under high levels
of hypoxia[56]. Therefore, a detailed understanding of the
hypoxic microenvironment is crucial for developing effective therapeutic approaches to treat this malignancy.
Previous studies have shown that the oxygen concentration in venous blood and deep tumor environments
is 5.3% and 1.3%, respectively[57,58]. Thus, to accurately
analyze the molecular mechanisms underlying pancreatic
cancer, experiments performed under hypoxic conditions are required. The relationship between hypoxia and
Hh signaling activation was first reported in 2011, with a
study showing that hypoxia activates Hh signaling pathway by upregulating Smo transcription[38]. Thereafter,
it was reported that hypoxia induces epithelial to mesenchymal transition (EMT) via activation of Hh signaling[59]. Interestingly, under hypoxic conditions, activation
of Hh signaling is independent of hypoxia inducible
factor (HIF)-1α and is also ligand-independent, with
no observable increase in Shh[38,59]. Conversely, SpivakKroizman et al[60] showed that hypoxia and desmoplasia
led to more aggressive and therapy-resistant tumors
via activation of Hh signaling by Shh, due to HIF-1α
activation in the stroma. The mechanisms underlying
activation of Hh signaling under hypoxic conditions
remains unclear. However, given that Hh signaling is
activated under tumor hypoxic conditions, this pathway
may represent an important therapeutic target. Indeed,
protein-bound polysaccharide decreases invasiveness and
proliferation in pancreatic cancer by inhibition of Hh
signaling, especially under hypoxia[39].

HH SIGNALING AND THERAPEUTIC
APPROACHES IN PANCREATIC CANCER
Pancreatic cancer is often refractory to standard treatments, and many patients are unable to undergo surgery
because of the advanced stage of disease at the time of
diagnosis. Chemotherapy using gemcitabine and 5-FU
derivatives, Tegafur-Gimeracil-Oteracil Potassium (S-1),
are often used in Japan. However, combined use of Hh
inhibitors with gemcitabine or 5-FU may induce chemoresistance[37]. One reason may be that gemcitabine and
5-FU are sensitive to S-phase and that Hh inhibitor often
induces G1 arrest in cancer cells[37]. Conversely, several
groups have shown that combined treatment with Hh
inhibitors and gemcitabine has a synergistic effect on
tumor growth in a xenograft model[61]. Combined use of
Hh inhibitors and cisplatin, a cell cycle independent drug,
may also have a synergistic effect[37]. Molecular targeting
drug is now well established and the combined use of
Hh inhibitors and other targeted drugs is currently being
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pathways, it may represent a better therapeutic target.

CONCLUSION

7

In this review, we have summarized the development of
pancreatic cancer treatment, with specific focus on the
Hh signaling pathway. The Hh signaling pathway may
represent an important therapeutic target in pancreatic
cancer because this pathway is activated in the majority
of pancreatic cancers and both ligand-dependent and
independent inhibitors are effective. Hh inhibitor can
successfully inhibit tumor growth and invasiveness in vitro
and can be a promising drug, however, in clinical trial,
it is not easy to verify the effectiveness of Hh signaling
inhibitor. This reason may be that the actual function of
Hh signaling molecules are not fully understood[79,80].
Hh signaling inhibitors should be effective in cancers
in which Hh components are mutated such as basal cell
carcinoma, basal cell nevus syndrome and medulloblastoma because Hh signaling is constitutively activated[81].
And in these cancers, Hh signaling inhibitors may become the first use drug in future clinical life. However,
for other tumors, appropriate combination therapy may
be required for the effective therapy. In January 2012, the
Smo inhibitor, vismodegib, was clinically approved for
the first time by the US Food and Drug Administration,
for the treatment of unresectable or metastatic basal cell
carcinomas of the skin[82]. Hh signaling inhibitors will
now be used in pancreatic cancer as a monotherapy and
in combination therapy with other chemodrugs, molecularly targeted drugs or radiation therapy.
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Minimally invasive radical pancreatectomy for left-sided
pancreatic cancer: Current status and future perspectives
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however, the currently available interim results indicate
that even oncologic outcomes will not be inferior to
those of open radical distal pancreatosplenectomy.
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Core tip: Minimally invasive (laparoscopic or robotic) radical distal pancreatosplenectomy is technically feasible
and safe for margin-negative resection in well-selected
left sided pancreatic cancer. Generally acceptable potential indications are proposed to include the following:
(1) pancreas-confined tumors; (2) intact fascia layer
between the distal pancreas and left adrenal gland/kidney; and (3) tumor 1-2 cm from celiac axis. The longterm oncologic feasibility remains to be discerned, but
the currently available interim results are encouraging.
Further clinical experience with this minimally invasive
approach for left-sided pancreatic cancer should be accumulated by experienced surgeons. In the near future,
surgical approaches should be specified according to the
conditions of the individual pancreatic cancer case.

Abstract
Minimally invasive distal pancreatectomy with splenectomy has been regarded as a safe and effective treatment for benign and borderline malignant pancreatic
lesions. However, its application for left-sided pancreatic cancer is still being debated. The clinical evidence
for radical antegrade modular pancreatosplenectomy
(RAMPS)-based minimally invasive approaches for leftsided pancreatic cancer was reviewed. Potential indications and surgical concepts for minimally invasive
RAMPS were suggested. Despite the limited clinical
evidence for minimally invasive distal pancreatectomy
in left-sided pancreatic cancer, the currently available
clinical evidence supports the use of laparoscopic distal pancreatectomy under oncologic principles in wellselected left sided pancreatic cancers. A pancreasconfined tumor with an intact fascia layer between the
pancreas and left adrenal gland/kidney positioned more
than 1 or 2 cm away from the celiac axis is thought to
constitute a good condition for the use of margin-negative minimally invasive RAMPS. The use of minimally
invasive (laparoscopic or robotic) anterior RAMPS is
feasible and safe for margin-negative resection in wellselected left-sided pancreatic cancer. The oncologic
feasibility of the procedure remains to be determined;
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INTRODUCTION
With recent advancements in laparoscopic experience, techniques, and instruments, laparoscopic surgery has replaced
conventional open surgery in most general surgical fields,
even in cancer surgery. Despite the potential limitations of
conventional laparoscopic surgery, many studies have prov2343
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en the oncologic feasibility and rationale for laparoscopic
surgery in various malignant diseases, such as cancers of
the esophagus[1,2], stomach[3,4], liver[5], colon[6,7], etc. However,
it remains controversial whether minimally invasive surgery
should be applied to treat pancreatic cancer.
Pancreatic cancer is known to be one of the most
lethal gastrointestinal malignancies. As a monotherapy,
margin-negative pancreatectomy can provide the essential
clinical conditions for cure, but the resection rate is very
low due to the advanced cancer stages that are usually
present at the initial diagnosis. In addition, surgical techniques for margin-negative radical pancreatectomy are very
difficult and complex procedures, even in the conventional
open approach. Therefore, many surgeons greatly fear that
the risk of incomplete surgery might arise when applying
minimally invasive techniques to treat pancreatic cancers.
Moreover, the lack of more advanced laparoscopic techniques and the limited amount of clinical evidence are
some of the biggest obstacles to the use of laparoscopic
approaches in the treatment of pancreatic cancer.
Still, several currently available studies have suggested
that patients with pancreatic cancer may have appropriate backgrounds for the use of a minimally invasive approach to treat well-selected left-sided pancreatic cancers.
First, unlike laparoscopic pancreaticoduodenectomy,
laparoscopic distal pancreatectomy is generally regarded
as a safe and effective treatment modality in benign and
borderline malignant diseases[8]. Second, even laparoscopic subtotal (or extended) distal pancreatectomy can
be feasible and safe[9]. Third, many laparoscopic gastric
surgeons have already proven the oncologic safety and
feasibility of laparoscopic perigastric lymph node dissection in the treatment of gastric cancer[10]. Fourth, the
concept of radical antegrade modular pancreatosplenectomy (RAMPS)[11] is thought to be a reasonable approach
for margin-negative and systemic lymph node clearance
in left-sided pancreatic cancer. Fifth, the early detection
of small and asymptomatic pancreatic cancer is expected
to increase in the near future due to frequent routine
medical check-ups. Finally, even though the data remain
limited, a few encouraging studies have been published
on the feasibility of a minimally invasive approach to
pancreatic cancer[12-14].
Various types of minimally invasive pancreatectomy are
currently feasible; however, in this review, we will address
distal pancreatosplenectomy in the treatment of pancreatic
cancer because this surgical procedure is popular and generally regarded as safe. Therefore, it is thought that laparoscopic distal pancreatectomy with splenectomy could be
the initial step for generalizing the concept of a minimally
invasive approach to well-selected pancreatic cancers.

od, dissection proceeds from right to left after an early division of the pancreatic neck on one of the two posterior
dissection planes to achieve negative posterior resection
margins. The plane of dissection runs posteriorly in the
sagittal plane along the superior mesenteric artery and celiac artery to the level of the aorta and then laterally, either
anterior or posterior to the adrenal gland, for tangential
margin clearance. The accompanying N1 lymph node dissection is based on the established anatomy of lymphatic
drainage of the pancreas. The posterior dissection plane
can be actively placed for tangential margin clearance. According to the posterior dissection plane of the pancreas,
three types of RAMPS can be generally classified (Figure
1). Compared to the usual conventional technique for
distal pancreatosplenectomy (dissection from left to right
first and vascular control later[16]), RAMPS is thought to be
more in line with general oncologic concepts, such as early
vascular control and no-touch isolation with en bloc surgical resection. Therefore, when applying minimally invasive
approaches to left-sided pancreatic cancer, the principles
behind RAMPS should be incorporated, although the
generally acceptable extent to which minimally invasive
RMAPS can be applied must be determined first.

DETERMINING THE EXTENT OF
MINIMALLY INVASIVE RAMPS AND
POTENTIAL INDICATIONS
According to our surgical experiences with left-side pancreatic cancer, bloodless and margin-negative resection is
an important factor in treating left-sided pancreatic cancer[14]; other reports have also supported this finding[17,18].
However, the use of combined adjacent organ resection
has been associated with large amounts of intraoperative
bleeding, transfusion, morbidity, and increased risks of a
positive resection margin[19,20].
When correlating between the RAMPS surgical mode
and the potential tumor behavior, several relationships can
be identified (Figure 2, solid line). For example, in the case
where posterior RAMPS 2 is selected for margin-negative
resection, as opposed to anterior RAMPS, there is a high
probability of a large tumor size, combined resection of
adjacent organs, large amounts of intraoperative bleeding, and perioperative transfusions, as well as technically
demanding, more aggressive tumor behaviors, such as
actual margin positivity, peritoneal seeding, or hidden distant metastasis. In contrast, when considering the current
technical feasibility of minimally invasive distal pancreatosplenectomy for bloodless and margin-negative resections, minimally invasive anterior RAMPS is well accepted;
however, it would be very technically difficult to obtain
margin-negative and bloodless resections in the case of
minimally invasive posterior RAMPS 1 or RAMPS 2 (Figure 2, dotted line). Certainly, minimally invasive posterior
RAMPS 1 and RAMPS 2 are also feasible [Figure 2, areas
(B) and (C)], but it is thought that only a few expert laparoscopic surgeons can be fully responsible for those demanding surgical procedures[21]. Therefore, it is generally
recommended that open aggressive pancreatectomy only

CONCEPT OF RAMPS AS A MINIMALLY
INVASIVE (LAPAROSCOPIC OR ROBOTIC)
APPROACH
Strasberg et al[11,15] presented this modified distal pancreatosplenectomy technique in pancreatic cancer. In this meth-
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Tumor characteristics and
technical feasibility

A

Open aggressive
surgery

MIS

(A)

Anterior RAMPS

(B)

Posterior RAMPS 1

(C)

Posterior RAMPS 2

Surgical mode of RAMPS

B

Figure 2 Determining the extent of minimally invasive radical antegrade
modular pancreatosplenectomy. The dotted line shows the technical feasibility of bloodless and margin-negative radical antegrade modular pancreatosplenectomy (RAMPS) by a minimally invasive approach, and the solid line represents the biological aggressiveness of tumors, according to the appropriate
mode of RAMPS for margin-negative resection. Tentatively, minimally invasive
anterior RAMPS is thought to represent a generally acceptable surgical extent
for bloodless and margin-negative resections. Oncologically safe posterior
RAMPS 1 and 2 might be difficult to perform using a minimally invasive approach. Note the marginal zone of (B). Only a few expert laparoscopic surgeons
can be fully responsible for this region. Future directions include widening the
area of (B) by means of technical evolution (shifting of the dotted line to the left)
and improving early tumor detection (attenuating the slope of solid line). MIS:
Minimally invasive surgery.

C
Additional combined
resection
(colon stomach)

Figure 1 Mode of radical antegrade modular pancreatosplenectomy.
A: Anterior radical antegrade modular pancreatosplenectomy (RAMPS); B:
Posterior RAMPS 1; C: Posterior RAMPS 2. Dissection plane (yellow line)
should be changed for clear tangential margin according to tumor condition (red
circle).

Figure 3 Potential indication for minimally invasive anterior radical antegrade modular pancreatosplenectomy. A 76-year-old female. A relatively pancreas-confined low density mass lesion is noted (arrow). The dotted white line
indicates the dissection plane for minimally invasive anterior radical antegrade
modular pancreatosplenectomy (RAMPS). The intact fascia layer between the
pancreas and left adrenal gland/kidney can facilitate posterior margin clearance
when removing the surgical specimen. The tumor is separated from the origin of
the splenic artery, necessary for safe vascular control by introducing a minimally
invasive technique. The patient underwent laparoscopic anterior RAMPS and
has been followed for more than 1 year without evidence of tumor recurrence.

be performed for patients requiring posterior RAMPS 1
and 2. Consequently, when generalizing the concept of
minimally invasive approaches to left-sided pancreatic
cancer, it would be wise to limit the procedure to anterior
RMAPS alone [Figure 2, area (A)][22]. This surgical extent will cover following potential tumor conditions: (1)
pancreas-confined tumors; (2) intact fascia layer between
the distal pancreas and left adrenal gland/kidney; and (3)
tumor 1-2 cm from celiac axis (Figures 3 and 4).

of laparoscopic distal pancreatectomy, with or without
splenectomy, in benign and borderline malignant pancreatic disease. However, only a few previous studies
have reported the laparoscopic approach for left-sided
pancreatic cancer with available long-term survival outcomes[12,23-27]. Since Gagner et al[28] first reported laparoscopic distal pancreatectomy, with the advance of laparoscopic techniques and experiences, several other studies
have been published, showing the technical feasibility,

CURRENT CLINICAL PRACTICE OF THE
MINIMALLY INVASIVE APPROACH TO
LEFT-SIDED PANCREATIC CANCER
Primitive evidence
Until now, many studies have proven the clinical benefit
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A

B

Figure 4 Adequate distance between celiac axis and tumor. Robotic anterior radical antegrade modular pancreatosplenectomy. The origin of the splenic artery is
isolated (A) and ligated (B) by the robotic surgical system. For technically and oncologically safe minimally invasive vascular control, some cancer-free space is extremely necessary.

3.0-13.0), P = 0.29] were shown to be comparable with
those in a conventional open approach.
A recent multicenter analysis reported by Kooby et al[13]
has provided the most encouraging and impressive evidence,
considering the lack of long-term oncologic evidence of
laparoscopic approaches to left-sided pancreatic cancer.
This study showed that laparoscopic distal pancreatectomy
is able to provide similar short- and long-term oncologic
outcomes to those obtained with open distal pancreatectomy and suggested that laparoscopic distal pancreatectomy is an acceptable approach for the resection of the
left-sided pancreatic cancer in selected patients. In the
matched analysis of the overall survival for the patients
undergoing an open (n = 70) versus a laparoscopic distal
pancreatectomy (n = 23) for pancreatic cancer, the median
survival was comparable among the two the groups (median 16 mo, P = 0.71).
In addition, Kim et al[35] also published the longterm outcomes of patients who were postoperatively
diagnosed with malignancies after laparoscopic distal
pancreatectomy. Of the 88 patients who underwent a
laparoscopic distal pancreatectomy, 11 (12.5%) were
subsequently diagnosed with malignancies in their postoperative pathologic reports. Pancreatic ductal adenocarcinoma was the most common (5 out of 11 patients),
followed by invasive intraductal papillary mucinous neoplasm (n = 3), neuroendocrine carcinoma (n = 1), and
so forth. During the follow-up period (range, 3-60 mo),
they reported only 1 patient who died of cancer; all others were still alive. Thus, the authors carefully concluded
that the postoperative outcomes among patients who
were diagnosed postoperatively with malignant pancreatic disease are acceptable.
Although these retrospective studies were not able
to suggest either standardized surgical procedures or
proper indications, they did suggest potential oncologic
outcomes and verify the technical feasibility of the laparoscopic approach to left-sided pancreatic cancer.

safety, and clinical benefit of laparoscopic distal pancreatectomy over open distal pancreatectomy. However,
most reported cases of pancreatic cancer (ductal adenocarcinoma) treated by laparoscopic distal pancreatectomy
were incidentally included in those series. As a result, we
cannot fully assess the surgical quality based on relevant
oncologic concepts. In addition, the lack of information on tumor characteristics, such as pT stage, pN stage,
number of retrieved lymph nodes, margin status, and
survival outcomes, creates difficulties in determining the
oncologic feasibility of the laparoscopic approach to the
left-sided pancreatic cancer[24-27,29,30]. For example, in one
collective review performed in 2009[31], a final diagnosis
of pancreatic ductal adenocarcinoma was found in 51 patients (9.8%, 51 out of 588 patients). However, the margin status was available in only 20 patients (39%). In addition, the number of retrieved lymph nodes in patients with
pancreatic cancer was reported in only three articles[26,32,33]
(12.5%, 3 of 24 articles identified). Not surprisingly, there
is still a lack of long-term survival outcomes. Despite the
efforts of several surgeons to perform laparoscopic distal
pancreatectomy for pancreatic cancer, it was found that
there is a substantial lack of evidence on the oncologic
outcomes and surgical quality. Consequently, for the last
several decades, we were uncertain whether the minimally
invasive approach to left-sided pancreatic cancer was appropriate.
Intermediate evidence
Recently, several studies have been published that focused
on the question of whether laparoscopic distal pancreatectomy is oncologically feasible.
DiNorcia et al[34] reported their experiences with laparoscopic distal pancreatectomy between 1991 and 2009.
Seventy-one patients underwent laparoscopic distal pancreatectomy, and only 9 patients (12.7%) were reported
to have malignant pathologies, including 3 cases of pancreatic ductal adenocarcinoma. Long-term survival outcomes were not analyzed; however, the margin-negative
resection rate (2.8% vs 13%, P < 0.01) and mean number
of retrieved lymph nodes [6 (range: 2.5-12.0) vs 8 ( range:
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[41]

[48]

360.1 (trace-1350)
9 (4-16)
9 (100)
20.7 (5.1-45.9)
2-yr disease free
survival, 83.3%

NA
9.5 (5-22)
17 (70.8)

9.95 (1.3-48.5)

2-yr overall
survival, 85.2%

NA

NA

200 (150-300)
6 (4-6)
17 (100)

11 (8-20)
12/16
24 (86)/4 (14)/0
260 (220-340)

NA

3.0 (2.2-3.6)

Median survival 19
mo

21.1 (0.5-108)

NA
5
NA

7.4(0-26)
14/9
19 (90.5)/2/0
NA

NA

4.8 (1.0-10)

1, 3, 5-yr overall
survival rate,
57.2%, 12.4%, 6.2%

17.1

NA
NA
NA

NA
25/26
38 (74.5)/13
NA

7 (< 2 cm)
44 (> 2 cm)
2/5/20/24/01

Overall
survival 16
mo

10

751 ± 853
9.4 ± 4.7
45 (64)

12.3 ± 8.3
NA
46/24
216 ± 69

NA

3.5 ± 1.4

Median survival 27.9
mo, 5-yr survival,
28.9%

NA

643.3 (100-1200)
21.2 (7-24)
NA

11.3 (5-18)
15/12
3/4/2020
274 (97-453)

1/4/20/2

3.9 (2.5-5.3)

[14]

Kang et al
Conventional
technique-based
Resectable, no
distal metastasis, no
peritoneal seeding,
no major vascular
invasion
27
60.5 (47-75)
20/7

[22]

Median survival
32 mo, 2-yr
survival 52%

25

700 (10-2850)
NA
NA

NA
19/17
29 (80.5%)/6/1
203 (128-276)

1/2/15/17/0/1/1

NA

36
68
23/13

Resectable, not
invading major
vessel

[50]

Okada et al
Standard DP

minimally invasive approach to left-sided pancreatic cancer has been published. When considering RAMPS-based laparoscopic approaches to treating left-sided pancreatic cancer, only 5 studies investigated the interim or long-term follow up results on the safety and feasibility of minimally invasive distal pancreatectomy for pancreatic cancer (Table
1). A group in Barcelona[12] reported that the median survival of pancreatic cancers treated by laparoscopic RAMPS was 14 mo, comparable to the usual pancreatic cancers that
were treated with an open surgery. This report is thought to be first to reveal the technical and oncologic feasibility of laparoscopic RAMPS in left-sided pancreatic cancer. In
addition, despite the limited follow-up period, current interim results[36-38] strongly suggest that the possible oncologic outcomes following minimally invasive RAMPS will not
be inferior to those of conventional open surgery in well-selected left-sided pancreatic cancer.
A group from Pittsburgh recently published their institutional historical experiences of minimally invasive (laparoscopic and robotic) distal pancreatectomy[39]. A total of 27
patients were reported to have undergone minimally invasive distal pancreatectomy for the treatment of pancreatic ductal adenocarcinoma. When excluding conversion cases

Median survival
25.9 mo, 5-yr
survival, 30.4%

26.4

744.3 ± 570.4
11.3 ± 6.8
NA

18.0 ± 11.7
26/21
81%/19%/0%
243.6 ± 93.5

1/4/41/1

4.4 ± 2.1

47
64.5 ± 10.3
20/27

Resectable, no
distant metastasis,
no peritoneal
seeding

Mitchem et al
RAMPS-based

Open distal pancreatosplenectomy
[23]

Data are confined to pancreatic ductal adenocarcinoma alone. 1UICC Cancer Staging System. NA: Not available; RAMPS: Radical antegrade modular pancreatosplenectomy.

10.8 (2-23)
2/7
9 (100)/0/0
368.3 (180-700)

10.3 ± 8.6
NA
22 (91.7)/2/0
225 (95-360)

2.5 (1.2-6)
0/0/9/0

2.6 (1.4-10)

NA

[40]

Magge et al
RAMPS-based

Marangos et al
Kanda et al
Kooby et al
Conventional
NA
NA
technique-based
Relatively pancreas- Allegedly the same Apparently the same Resectable, no
NA
confined, intact
as open surgery,
as open surgery,
distal metastasis,
fascia layer, apart even when allowing even when allowing
no peritoneal
from celiac axis
adjacent organ
adjacent organ
seeding, no major
combined resection combined resection vascular invasion
9
28
21
51
70
64.8 (54-76)
67 (60-75)
63.1 (49-83)
62.7 (38-79)
65.9 ± 11.1
5/4
9/19
6/15
34/17
27/43

[36,38]

Choi et al
RAMPS- based

NA

24
NA
16/8

No distant
metastasis
Not locally
advanced

[37]

Minimally invasive distal pancreatosplenectomy

Song et al
RAMPS- based

10
NA
NA

Anatomic dissection
No combined resection

[12]

pT stage (T1/T2/
NA
T3/T4)
Retrieved LNs
14.5 (6-20)
pN stage (N0/N1)
5/5
R0(%)/R1/R2
9 (90)/1/0
Operation time
320 (280-330)
(min)
Blood loss
720 (300-1300)
Hospital stay (d)
8 (7-11)
Adjuvant
10 (100)
chemotherapy
Follow-up period
NA
(mo)
Oncologic outcome Median survival 14 mo

Patients (n)
Age (yr)
Gender (male/
female)
Tumor size (cm)

Indication

Fernández-Cruz et al
Surgical technique
RAMPS-based

Characterisc

Table 1 Recent studies on minimally invasive radical antegrade modular pancreatosplenectomy and open distal pancreatectomy in left-sided pancreatic cancer n (%)
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vs 3/11/5/4), margin-negative resection (88% vs 86%),
power of lymph node retrieval (12 vs 11), or lymph node
metastasis (38% vs 57%) and similar postoperative complications, leading to equivalent survival in propensity
score-adjusted overall survival analysis [relative hazard,
1.11 (95%CI: 0.47-2.62), P = 0.80]. Along with the multicenter case-matched analysis by Kooby et al[13], this study
provides powerful evidence to support the technical
feasibility of minimally invasive radical oncologic surgery. The study further shows that the quality of surgical
specimens is quite acceptable and provides encouraging
oncologic survival outcomes.

during laparoscopic distal pancreatectomy, the marginpositive resection rate was reported to be 4%, and the
capacity for lymph node retrieval was up to 17 (range
10-19); these results are comparable with those of robotic distal pancreatectomy [R1 resection rate, 0% and
nodal harvested, median 19 (range 17-27)], suggesting
an acceptable quality of surgery in treating pancreatic
cancer. They also analyzed retrospective 62 consecutive
patients undergoing open distal pancreatectomy (ODP =
34) and minimally invasive distal pancreatectomy (MIDP
= 28 with 5 conversions) for pancreatic ductal adenocarcinoma[40]. It was shown that overall survival after ODP
or intended MIDP was similar after adjusting for comorbidity and year of surgery [relative hazard, 1.11 (95%CI:
0.47-2.62)]. These two studies still lack long-term oncologic outcomes (median follow up of 21 mo), however,
no evidence was detected that MIDP was inferior to
ODP in treating pancreatic cancer.
On the other hand, Marangos et al[41] published an
interesting paper about their surgical experiences with
laparoscopic distal pancreatosplenectomy for pancreatic
exocrine carcinoma. Since 1997, they reported removing
all lesions in the body and tail of the pancreas laparoscopically, and 29 patients with pancreatic cancer (11.6%,
29 out of 250 patients) underwent laparoscopic distal
pancreatosplenectomy. Their approach was not based
on RAMPS but rather on the conventional left-to-right
technique. In addition, they did not perform formal
lymph node dissection; instead, they only removed the
enlarged or suspicious regional lymph nodes. The dissection plane and resection margins were carefully guided
by laparoscopic intraoperative ultrasound. They reported
an overall 93% R0 resection rate with a median survival
of 23 mo (in particular, 19 mo for 21 pancreatic ductal
adenocarcinomas), which is also comparable to the best
open series[15,42]. It was noted that the median number
of retrieved lymph nodes was smaller (5 nodes), but this
did not translate into poor oncologic outcomes, again
reminding us of the outcomes of previous prospective randomized controlled studies on standard and
extended pancreaticoduodenectomy in the treatment of
pancreatic head cancer[43-45]. In addition, in comparison
with the oncologic outcomes from open radical surgery,
perioperative and oncologic outcomes appear to be
comparable between the minimally invasive radical distal
pancreatectomy and the open approach (Table 1). One
of the most significant weak points of the minimally
invasive approach to pancreatic cancer is that the oncologic outcomes are still based on a short-term follow-up
period, compared to that of open radical pancreatectomy[14,15,46-48]. However, recently, the single-center-based
Pittsburgh group[40] reported a comparative analysis, including long-term survival, of 34 patients with open radical pancreatectomy and 34 with minimally invasive distal
pancreatectomy in pancreatic ductal adenocarcinoma to
determine the oncological safety and efficacy of minimally invasive surgery. They demonstrated no significant
difference between two groups in tumor size (3.0 cm vs 3.0
cm), radiologic stage (ⅠA/ⅠB/ⅡA/ⅡB, 3/12/10/6
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CHALLENGING ISSUES
Combined and vascular resection
Distal pancreatectomy with en bloc celiac axis resection
(DPCAR) has been introduced for locally advanced leftsided pancreatic cancer involving the common hepatic
artery and/or celiac axis, with perineural invasion in the
nerve plexus surrounding these arteries[49,50]. In particular,
Okada et al[50] recently concluded that DP-CAR is feasible
and should be reserved for patients without tumors infiltrating either the portal venous or arterial system. Considering these circumstances, DP-CAR is suggested to be a
safe procedure, similar to standard distal pancreatectomy
in well-selected patients. Recent technological innovations
and extensive surgical experiences are expanding the clinical applications for laparoscopic distal pancreatectomy.
As a result, the technical feasibility of minimally invasive
distal pancreatectomy with combined celiac trunk or
portal vein resection has also been reported. Cho et al[21]
reported the technical feasibility of pure laparoscopic
DP-CAR, finding it safe and feasible to achieve R0 resections in selected patients with locally advanced pancreatic
cancer. Giulianotti et al[51] and Boggi et al[52] also reported
robotic pancreatectomy with vascular resection for locally
advanced pancreatic tumors. In addition, Kendrick et al[53]
reported 11 patients who underwent total laparoscopic
pancreaticoduodenectomy with major venous vascular resection, including laparoscopic end-to-end vascular reconstruction, patch, and renal vein graft. However, patients
with left-sided pancreatic cancer invading isolated superior
mesenteric vein-splenic vein-portal vein confluence are
rare, as most cases of pancreatic cancer are usually associated with celiac axis and superior mesenteric artery
invasion[54], which will be determined as locally invasive
pancreatic cancer (unresectable). In general, pancreatic
surgeons must consider possible combined vascular resection in their surgical approaches to pancreatic cancer
and should be prepared to meet this surgical demand.
However, how many surgeons can be responsible for this
advanced laparoscopic technique? How should the educational system be modified to reproduce this surgical skill?
Is only RAMPS the ideal approach?
The surgical approach of RAMPS has demonstrated
favorable oncologic outcomes in treating left-sided pancreatic cancer[11,15,22,55]. The basic concept of RAMPS is,
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of course, oncologically sound and reasonable; however,
it is notable that no randomized controlled studies have
tested the oncologic superiority between RAMPS and
conventional radical distal pancreatectomy. There are
several comparable reports showing similar survival outcomes to RAMPS[14,41,56]. An RCT should be performed
to test whether the RAMPS procedure is superior to
standard distal pancreatectomy. However, it is very difficult to organize a successful trial. Mitchem et al[22] have
already commented on this issue, as follows: “However,
the disparity between the number of cases available for
study and the number required for a randomized trial
makes this goal unattainable”.

vasive radical pancreatectomy in distal pancreatic cancers,
especially given the difficulty of establishing an RCT in
the present circumstances.

CONCLUSION
More than 20 years have passed since the first laparoscopic cholecystectomy was performed in the late 1980s.
Tremendous improvements in the surgical techniques,
experiences, and new effective instruments have successfully expanded the indications for laparoscopic surgery.
Minimally invasive (laparoscopic and robotic) radical pancreatectomy in well-selected left-sided pancreatic cancers
is feasible under general oncologic concepts; however,
solid clinical evidence is still lacking. Further clinical
experience with a minimally invasive approach to leftside pancreatic cancer must be carefully accumulated by
experienced surgeons. The oncological feasibility should
be addressed in greater detail based on long-term survival
outcomes. However, we should not overlook that the currently available interim results demonstrating minimally
invasive left-sided radical pancreatectomy are not inferior
to those of conventional open radical pancreatectomy.

FUTURE PERSPECTIVES ON MINIMALLY
INVASIVE LEFT-SIDED RADICAL
PANCREATECTOMY
As shown in other gastrointestinal cancer surgeries, there
has been an increasing clinical effort to apply the laparoscopic approach to left-sided pancreatic cancer. However,
procedural standardization and surgical indications have
not yet been established. Currently, RAMPS seems to be
a reasonable approach, with encouraging oncologic outcomes in the treatment of left-sided pancreatic cancer[22].
Nevertheless, it might be difficult to expand the use of
minimally invasive RAMPS to all left-sided pancreatic
cancers because these cancers are usually found in advanced cancer stages. However, the clinical conditions required to widen the area (B) in Figure 2, such as technical
evolution (right sided-shift of dotted line in Figure 2) and
the early detection of the cancer (attenuating slope of
the solid line), would facilitate the clinical application of
minimally invasive RAMPS in well-selected cases of leftsided pancreatic cancer.
Recently, the use of radical pancreatectomy followed
by neoadjuvant chemoradiation therapy has been successfully applied for the treatment of advanced pancreatic cancers[57-59]. In considering the future circumstances
of potent chemoradiation therapy for the treatment of
pancreatic cancers, minimally invasive RAMPS following
neoadjuvant chemoradiation therapy would be another
potential option for well-selected patients. In particular,
considering the technical advances of combined vascular
resection in treating pancreatic cancer, the indications for
minimally invasive radical distal pancreatectomy should
be expanded in the near future. In addition, many academic institutions seem to be carefully accumulating clinical experience with the minimally invasive resection of
left-sided pancreatic cancer. Perhaps in the near future,
more relevant clinical evidence with adequate long-term
follow-up and qualified oncologic outcomes will become
available, leading to the oncologic feasibility of minimally
invasive left-sided pancreatectomy in pancreatic cancers.
Generally, these conclusions will be influenced by selection bias from the retrospective nature of studies. However, these identified instances of selection bias, in turn,
will become potential selection criteria for minimally in-
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Abstract
Pancreatic cancer is one of the most devastating solid
tumors, and it remains one of the most difficult to
treat. The treatment of metastatic pancreatic cancer
(MPC) is systemic, based on chemotherapy or best
supportive care, depending on the performance status of the patient. Two chemotherapeutical regimens
have produced substantial benefits in the treatment of
MPC: gemcitabine in 1997; and FOLFIRIONOX in 2011.
FOLFIRINOX improved the natural history of MPC, with
overall survival (OS) of 11.1 mo. Nab -paclitaxel associated with gemcitabine is a newly approved regimen
for MPC, with a median OS of 8.6 mo. Despite multiple
trials, this targeted therapy was not efficient in the
treatment of MPC. Many new molecules targeting the
proliferation and survival pathways, immune response,
oncofetal signaling and the epigenetic changes are currently undergoing phase Ⅰ and Ⅱ trials for the treatment of MPC, with many promising results.

INTRODUCTION
Pancreatic cancer (PC) is one of the most aggressive and
devastating solid tumors with the worst mortality. The median overall survival (OS) is less than 6 mo, and less than
five percent of patients will survive more than 5 years (2%
in cases of metastatic pancreatic cancer). The large majority of pancreatic cancers are locally advanced (50%) or
metastatic (40%) because of their late diagnoses[1].
PC remains one of the most difficult cancers to treat
due to its intrinsic resistance to conventional treatments.
Many regimens have been implicated in the treatment of
metastatic pancreatic cancers (MPC), but only two have
had significant impact: GEMCITABINE, introduced in
1997[2]; and FOLFIRINOX, introduced in 2011[3]. In the
era of targeted therapy, the treatment of pancreatic cancer
remains based mainly on chemotherapeutical regimens.
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reported that adding erlotinib to gemcitabine-cisplatin did
not appear to improve OS in MPC.
In 2007, we reported on a phase Ⅱ clinical trial assessing a gemcitabine-free regimen based on FOLFOX 6,
with promising results. A partial response was observed
in 27.5% of the patients and stable disease in 34.5%[18].
Our study and the study by Louvet et al[6], which associated gemcitabine and oxaliplatine (RR of 26.8%, the highest with any gemcitabine-based regimen), highlighted the
potential role of oxaliplatine in the treatment of MPC.
A second revolution marked the history of MPC in
2011, when Conroy et al[3] reported for the first time in
NEJM a significant improvement in OS using a gemcitabine–free regimen-the FOLFIRIONOX regimen,
based on three chemotherapeutic drugs: 5-FU, irinotecan
and oxaliplatine. In this study, the median OS of the patients receiving FOLFIRINOX was 11.1 mo compared
to 6.8 mo in the group of patients receiving gemcitabine
alone, with an objective response rate of 31.6% compared to 9.4% in favor of the FOLFIRINOX arm. However, more adverse events, such as febrile neutropenia,
thrombocytopenia, sensory neuropathy and diarrhea,
were noted in the group of patients receiving FOLFIRINOX. This regimen was considered an option for the
treatment of patients with MPC and good performance
status[3]. A recent study demonstrated that FOLFIRINOX significantly reduced quality of life impairment
compared with gemcitabine in patients with MPC[19].
Since the results with the FOLFIRINOX gemcitabine-free regimen, a new attempt with gemcitabine-based
combination therapy revealed promising results. Another
agent added to gemcitabine was the nab-paclitaxel, an
albumin-bound nanoparticle form of paclitaxel that increases the tumor accumulation of paclitaxel through
binding of albumin to SPARC. A randomized phase Ⅲ
study that compared a combination of nab-paclitaxel and
Gemcitabine weekly to gemcitabine alone showed a significant improvement in overall survival of 8.5 mo vs 6.7
mo (P < 0.05) and a response rate of 23% vs 7%[20]. An
important prognostic biomarker in patients with MPC receiving nab-paclitaxel is SPARC; a positive SPARC status
in these patients was associated with a significant increase
in OS[21].

Table 1 Summary of the results of four trials associating
Gemcitabine and targeted therapies
Ref.
Philip et al[10]
Kindler et al[11]
Moore et al[12]
Rougier et al[13]

Regimen

ORR

Gem/cetuximab
Gem
Gem/bevacizumab
Gem
Gem/erlotinib
Gem
Gem/aflibercept
Gem

12.5%
14.0%
13.0%
10.0%
8.6%
8.0%
ND
ND

Median PFS
(mo)
3.4
3
3.8
2.9
3.75
3.55
3.7
3.7

Median OS
(mo)
6.3
5.9
5.8
5.9
6.24
5.91
6.5
7.8

ORR: Objective response rate; PFS: Progression free survival; OS: Overall
survival; ND: Not determined.

EVOLUTION OF TREATMENT
MODALITIES
The primary goals of treatment in MPC are better quality
of life, palliation and improved survival. The vast majority of chemotherapeutic drugs have been tried in the
treatment of MPC, but few have been selected as standards of care.
Before the approval of GEMCITABINE, 5-FU was
the most evaluated agent for MPC, without any survival
amelioration. In 1997, Gemcitabine was approved by
the FDA, based on the results of a randomized trial, in
which Gemcitabine was compared to 5-FU in previously
untreated patients. A total of 23.8% of Gemcitabinetreated patients experienced a clinical response, compared
with 4.8% of 5-FU-treated patients (P = 0.0022), while
the median survival was only extended by 1.24 mo (5.65
vs 4.41) in favor of patients receiving Gemcitabine (P =
0.025). The one-year survival rate was 18% for Gemcitabine patients and 2% for 5-FU patients[2].
Since the Gemcitabine era, many gemcitabine-based
combination therapies have been widely evaluated over
the past decade. Most trials have used a second cytotoxic
agent, such as 5-FU[4], capecitabine[5], oxaliplatin[6], cisplatin[7], irinotecan[8] and pemetrexed[9], or a targeted therapy,
such as cetuximab[10], bevacizumab[11], erlotinib[12] and aflibercept[13], administered in combination with gemcitabine (Table 1). However, despite a modest improvement
in progression-free survival in some trials, a significant
benefit in overall survival could not be demonstrated for
the majority of these combination therapies.
Of all of these treatments, eroltinib, which positively
impacted overall survival, was approved for the treatment
of metastatic pancreatic cancer[10]; the addition of bevacizumab to gemcitabine-erlotinib did not lead to a statistically significant improvement in OS[14]. A trend toward better
survival was also observed with a gemcitabine-capecitabine
regimen. Finally, two meta-analyses, the first by Heinemann et al[15] and the second by Sultana et al[16], concluded
that there was a significant survival benefit when gemcitabine was associated with another agent (platinum and
5-FU derivatives) in patients with good performance status. A recent retrospective study by Khalil et al[17] in 2013
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CURRENT TREATMENT OPTIONS
Treatment is systemic, based on chemotherapy or best
supportive care, depending on the performance status of
the patient.
In patients with limited performance status, Gemcitabine as monotherapy is the uniquely approved treatment; another alternative is best supportive care. In
patients with good performance status, many chemotherapeutical regimens are available (Table 2). Gemcitabine
is still considered a possible option[1]. FOLFIRINOX
offers the best overall survival and response rate in MPC,
but it causes many side effects. Gemcitabine associated
with nab-paclitaxel offers the second best overall survival,
with fewer side effects compared to FOLFIRINOX[16,18].
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Table 2 The approved chemotherapeutical regimens
for metastatic pancreatic cancer in patients with good
performance status

Table 3 The adverse events of three approved regimen for
metastatic pancreatic cancer reported in NEJM 2011 and
ASCO 2013

Ref.

Adverse events

Burris et al[2]
Conroy et al[3]
Moore et al[12]

Daniel et al[20]

Regimen

ORR

Median OS
(mo)

Median PFS
(mo)

Gemcitabine
5-FU
FOLFIRINOX
Gemcitabine
Gemcitabine/
erlotinib
Gemcitabine
Gemcitabine/
nab-paclitaxel
Gemcitabine

ND
ND
31.6%
9.4%
8.6%

5.65
4.41
11.1
6.8
6.24

2.33
0.92
6.4
3.3
3.75

8.0%
23%

5.91
8.5

3.55
5.5

7%

6.7

3.7

Neutropenia
Febrile neutropenia
Thrombocytopenia
Fatigue
Diarrhea
Peripheral neuropathy

FOLFIRINOX

21%
1.2%
3.6%
17.8%
1.8%
0%

45.7%
5.4%
9.1%
23.6%
12.7%
9.0%

Gemcitabine/

nab -paclitaxel
38%
3%
13%
17%
6%
17%

ments, the stromal reaction, the immune response, oncofetal signaling and epigenetic changes[25].
IFG1R, MEK, PI3K, AKT, and mTOR are actually
the most frequent signaling pathway targets evaluated
in the treatment of MPC. A phase Ⅱ trial reported that
ganitumab (AMG 479), an mAb antagonist of insulinlike growth factor 1 receptor, combined with gemcitabine
showed a trend toward improved 6-mo survival and
overall survival rates[26]. Many other trials had negative
results: selumetinib (AZD6244), a selective MEK inhibitor compared to capecitabine as a second-line treatment
after gemcitabine, did not demonstrate any statistically
significant difference in overall survival[27]; an oral m-TOR
inhibitor (RAD001) had minimal clinical activity in gemcitabine-resistant MPC[28].
Immunotherapy is one of the promising new concepts
introduced in the treatment of MPC. A phase Ⅰ study of
an agonist of CD40 monoclonal antibody (CP-870, 893),
in combination with gemcitabine, was well tolerated in
patients with MPC and was associated with anti-tumor
activity[29]. Ipilimumab (anti-CTLA-4), another immunotherapeutic option approved for metastatic melanoma[30],
was considered ineffective in the treatment of MPC after
the results of a phase Ⅱ trial; association of these agents
with other agents could probably have more promising
results[31].
Another approach in the treatment of MPC is the
targeting of oncofetal signaling, which is responsible
for tumor progression and resistance to chemotherapy
in PC. One of the most altered pathways incriminated
in the development of PC is the Notch pathway[32]; the
activation of γ-secretase is the primum movens of activation of Notch signaling. Preclinical data suggested that a
selective γ-secretase inhibitor (PF-03084014) had greater
anti-tumor activity in combination with gemcitabine in
PC, providing a rationale for further investigation of
this combination in PC[33]. Many other trials are evaluating agents targeting the stromal reaction and epigenetic
changes[34,35].
Another targeted therapy, AGS-1C4D4, a fully human monoclonal antibody against prostate stem cell
antigen, was evaluated with gemcitabine in a randomized
phase Ⅱ study of untreated MPC, with achievement of
its primary end point in demonstrating improved 6-mo
SR[36]. All of the recent phase Ⅱ trials studying the new
agents in the treatment of MPC are summarized in

ORR: Objective response rate; OS: Overall survival; PFS: Progression free
survival; ND: Not determined.

A comparison between the side effects of these three
regimens is resumed in the Table 3. Erlotinib remains
the unique targeted therapy approved for the treatment
of MPC in combination with gemcitabine. Gemcitabine
combined with cisplatin or capecitabine can be a reasonable choice in some cases. Patients with MPC and good
performance status can also be included in different
phase Ⅰ or Ⅱ clinical trials. All of the approved treatments for MPC in patients having poor and good performance status are reviewed in Figure 1.
The second-line treatment for MPC has been evaluated in only a few trials. The general guidelines for treatment are to use fluoropyrimidine-based chemotherapy if
the patient was previously treated with gemcitabine-based
chemotherapy and gemcitabine-based chemotherapy if
previously treated with fluoropyrimidine-based therapy[22].
A phase Ⅱ trial investigated whether the association of
capecitabine with oxaliplatin was active in gemcitabinepretreated patients with MPC, especially patients with
a good performance status and those who responded
to first-line chemotherapy[23]. A phase Ⅲ trial comparing the OFF regimen (oxaliplatin; 5-FU; folinic acid) to
best supportive care provided first-time evidence for the
benefit of second-line chemotherapy in MPC, manifested
by prolonged survival time[24]. Palliative radiotherapy has
been proposed as salvage therapy for patients with severe
pain refractory to narcotics[22].
Novel therapies and approaches
Epidermal growth factor receptor (EGFR) and vascular
endothelial growth factor (VEGF) have been considered,
for the last decade, the two main targets that should be
studied in MPC. Many trials have combined gemcitabine
with an anti-angiogenic drug or a tyrosine-kinase inhibitor (Table 1); all of these trials have had negative results,
except for the combination of gemcitabine and erlotinib,
as mentioned above.
After multiple failures with targeted therapy for MPC
based on anti-EGFR and anti-VEGF, many new concepts for treating MPC are being elaborated, including
the targeting of tyrosine kinase signaling, cascade ele-
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Performance status

Good

Poor

Best supportive
care

Gemcitabine
monotherapy

FOLFIRINOX

Gemcitabine
and erlotinib

Gemcitabine and
nab -paclitaxel

Clinical
trial

Figure 1 A schema representing the approved treatment for metastatic pancreatic cancer in patients having poor or good performance status.

Table 4 Recent phase Ⅱ trials studying new agents in the metastatic pancreatic cancer
Reference

New agents

Kindler et al[26]

Ganitumab
(AMG479)
Selumetinib
(AZD6244)
Everolimus
(RAD001)
Ipilimumab
(MDX010)
AGS-1C4D4

Bodoky et al[27]
Wolpin et al[28]
Royal et al[31]
Wolpin et al[36]

Agents target

Phase of the study and
targeted population

Arms of the study

Conclusion of the study

mAb antagonist of insulin-like Phase Ⅱ; untreated MPC Gem/ganitumab vs gem Improved 6-mo survival
growth factor 1 receptor
patients
rate and OS
Selective MEK inhibitor
Phase Ⅱ; second line treatSelutimumab vs
No significant difference in
ment after gemcitabine
capecitabine
OS
m-TOR inhibitor
Phase Ⅱ; second line treatEverolimus
Minimal clinical activity
ment after gemcitabine
(single arm study)
Anti-CTLA4
Phase Ⅱ; untreated MPC
Ipilimumab
Ineffective in the treatment
patients
(single arm study)
of MPC
mAb to prostate stem cell
Phase Ⅱ; untreated MPC
Gemcitabine/AGSImproved 6-mo survival
Antigen
patients
1C4D4 vs gemcitabine
rate

MPC: Metastatic pancreatic cancer; OS: Overall survival.

Table 4.
Many new targets and genes that play roles in the
pathogenesis and progression of PC are being evaluated
in animals or in cancer cells for their potential diagnostic
and therapeutic implications: mucin (myc) was studied by
Rachagani et al[37], transketolase by Wang et al[38] and aberrant CD20 expression by Chang et al[39].
The combination of these novel therapies and approaches could positively affect the history of MPC.
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INTRODUCTION
Pancreatic cancer is one of the most lethal diseases despite marked improvement in medical and cancer care
over the past years. The number of newly diagnosed
pancreatic cancer patients has increased significantly in
recent years[1]. The most common histological subtype of
pancreatic cancer is adenocarcinoma, which comprises
87% of the pancreatic malignancies. Among the pancreatic cancer patients, there were only 15%-20% diagnosed
as “resectable” and surgery was the only way to treat the
disease. The majority of the pancreatic cancer patients
were diagnosed as unresectable and chemotherapy was
the standard treatment to control the incurable disease.
The prognosis for patients with pancreatic cancer remains poor. The overall survival rate was 5% combining all stages, 20% for patient with localized disease and
1%-2% for those with distant metastasis. In most cases,
pancreatic cancer has progressed before clinical manifestation. Many patients initially thought to have localized
and resectable cancer succumb to recurrent or metastatic
disease. Hence, there is an urgent need to detect small
asymptomatic cancers or precursor lesions, which are potentially curable for the most devastating disease.

Abstract
Pancreatic cancer is a serious growing health issue in
developed countries. For patients diagnosed with pancreatic cancer, the five year survival rate is below 5%.
One major important reason leads to the poor survival
rate is lack of early detection of pancreatic cancer. Over
80% of the patients are diagnosed in advanced disease
stages. Screening for pancreatic cancer is a desirable
option for high risk individuals to allow early detection and treatment of curable pancreatic neoplasms at
a pre-invasive stage. This article highlights the need,
endpoint, population, method, diagnostic yield, and the
problems of current screening programs.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Overweight and obese individuals have an increased risk
(odds ratio: 1.8 and 1.22 in males and females, respectively) and earlier disease onset[6]. Current cigarette smokers
and former smokers who had quit for less than 5 years
also have a higher risk of pancreatic cancer than nonsmokers (odds ratio: 1.71 and 1.78 for current smokers
and recent past smokers, respectively)[7]. Patients with diabetes are at higher risk for pancreatic cancer (odds ratio:
1.76)[8], and new onset of diabetes may be an early indicator of pancreatic cancer[9]. Several studies have indicated
that patients with (non-genetic )chronic pancreatitis had
a higher incidence of pancreatic cancer over the general
population (odds ratio: 2.23)[10-12].

OPPORTUNITY AND POTENTIAL
WINDOW OF SCREENING
A recent study suggested that there may be a large window and good opportunity for detecting pancreatic
cancer when the disease is in earliest and most treatable
stages[2]. Quantitative analysis of the timing of the genetic evolution of sporadic pancreatic cancer indicated
a time span of at least 10 years between the occurrence
of cancer-initiating mutations and the formation of parental nonmetastatic founder cell[2]. Indeed, patients with
pancreatic tumors diagnosed incidentally had longer median survival[3] than those with tumors discovered after
symptoms appeared, suggesting that early detection of
small asymptomatic cancers or precursors lesions may
improve the outcome. Identification of high risk populations of pancreatic cancer for screening becomes essential. Distinct clinical and genetic features are thought
to increase the risk of pancreatic cancers. It has been
estimated about 10% of pancreatic cancer has a familial
basis. Hereditary pancreatic cancer includes inherited
cancer syndromes with a recognized known germline
mutation associated with an increased risk of pancreatic
cancer and familial pancreatic cancer with two or more
cases of pancreatic cancer in their families. Screening
pancreatic cancer in these high risk individuals might be
recommended for early detection to improve the prognosis of pancreatic cancer. A multidisciplinary international
consortium met to discuss pancreatic screening was held
recently[4] and some statements regarding to pancreatic
cancer screening were made and voted to guide the pancreatic cancer screening.

HIGH RISK POPULATIONS
Screening is suggested in high risk populations, including
individuals with lifetime risk of pancreatic cancer over 5%
or/and increased relative risk over 5 times proposed by
CAPS[4]. Table 1 listed the proposed high risk population
to screen and their relatively risk and/or lifetime risk of
pancreatic cancer.

PEUTZ-JEGHERS SYNDROME
Peutz-Jeghers (PJ) syndrome is an autosomal dominantly
inherited syndrome caused germline STK11 gene mutations with high penetrance[13]. It is characterized by mucocutaneous pigmentation and hamartomatous polyps of
the gastrointestinal (GI) tract. Patient with PJ syndrome
have a risk of multiple GI and non-GI cancers. The cumulatively lifetime risk of pancreatic cancer is 36%, with a
relatively risk (RR) of 132[14,15]. Patients with PJ syndrome
whatever with family history of pancreatic cancer are suggested to be candidates for pancreatic cancer screening[4].

DEFINITION OF “SUCCESS” OF
SCREENING

FAMILIAL ATYPICAL MULTIPLE MOLE

A very recent effort made by international cancer of the
pancreas screening (CAPS) has proposed to define ‘‘successful screening” by detection and treatment of T1N0M0
margin negative pancreatic cancer and high grade dysplastic precursor lesions, including pancreatic intraepithelial
neoplasia-3 (PanIN-3), intraductal papillary mucinous neoplasm (IPMN) with high grade dysplasia, and mucinous
cystic neoplasm (MCN) with high grade dysplasia[4].

MELANOMA SYNDROME
Familial atypical multiple mole melanoma syndrome is an
autosomally dominant disease with variable penetrance
caused by p16/CDKN2A gene mutation[16]. It is characterized by familial occurrence of multiple benign melanocytic nevi, dysplastic nevi, and melanoma[17]. Familial
Atypical Multiple Mole Melanoma (FAMMM) syndrome
is associated with extrapancreatic (sarcomas, endometrial,
breast and lung cancers) and pancreatic cancers. The
risk of developing pancreatic cancer risk is about 13-22
folds[18-20]. p16 mutation carriers with one or more affected first degree relative (FDR) with pancreatic cancer
should be considered for screening[4].

WHO TO SCREEN?
Not all populations with risk of pancreatic cancer need
to be screened because there is no evidence that screening for pancreatic cancer is effective in reducing mortality
and the harms of screening for pancreatic cancer exceed
any potential benefits[5]. Clinical risk factors include age,
obesity, smoking, diabetes, and non-genetic chronic pancreatitis are associated with pancreatic cancer. However,
the specificity of these factors to pancreatic cancer is low.
For example, the risk for developing pancreatic cancer
increases with age, mostly in individuals at age over 45.
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FAMILIAL BREAST AND OVARIAN
CANCER
Familial breast and ovarian cancer syndrome is an autosomal dominantly inherited syndrome associated
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chronic pancreatitis is being performed within established
programs[32].

Table 1 High risk population and the estimated risk for
pancreatic cancer
Syndrome
Peutz-Jeghers
syndrome
Hereditary
pancreatitis

FAMMM
Familial breast and
ovarian
HNPCC
Familial pancreatic
cancer
2 FDR
3 FDR

Gene

RR

Lifetime risk

STK11/LKB1

132

36% by age 65 yr

PRSS1

53

p16
BRCA1/2

13-22
3-10

Male: 11% and 49% by
age 50 and 75 yr
Female: 8% and 55% by
age 50 and 75 yr
16% lifetime risk
5% lifetime risk

MLH1, MSH6,
MSH2, PMS2

1.5-9

8.6% lifetime risk

Unknown
Unknown

6.4
32

8%-12% lifetime risk
40% lifetime risk

FAMILIAL PANCREATIC CANCER
Familial pancreatic cancer (FPC) describes families with
at least two first-degree relatives with confirmed exocrine
pancreatic cancer that do not fulfill the criteria of other
inherited tumor syndromes. FPC is also used to describe
families with exocrine pancreatic cancer in two or three
or more relatives of any degree[33,34]. An indicative pattern
of an autosomal dominant trait of inheritance has been
identified in 58%-80% of FPC families[35-37]. Previous
studies have described an increased risk of developing
pancreatic cancer in unaffected FDRs that depends on
the number of relatives with pancreatic cancer[38]. Studies
of the European Registry of Hereditary Pancreatitis and
FPC (EUROPAC) and German national case collection
for FPC (FaPaCa) described the phenomenon that patients in younger generations develop the disease about
10 years earlier than their affected parents[36,37]. The proportion of patients younger than 50-year-old appeared to
be higher (16%) in FPC families compared to the general
population[34]. For individuals with two affected firstdegree relatives and individuals with three affected firstdegree relatives, the relative risk are 32[39]. The risk of
pancreatic cancer seemed to be higher among members
of FPC kindred with a young age of onset (younger than
50 years of age) compared with kindred with an age of
onset older than 50 years of age. The life-time risk rose
to 38% for individuals with three affected first-degree
relatives, if one of the affected was diagnosed under the
age of 50 years[40].
PALB2 gene was identified as a PC susceptibility
gene recently[41]. It is a partner and localizer of BRCA2.
PALB2 germline mutations have been detected in up
to 3% of patients with familial PC[41-43]. The risk of PC
among PALB2 gene mutation carriers is estimated to be
similar to that found for BRCA2 gene mutation carriers.
PALB2 mutation carriers with one or more affected FDR
with PC should be screened[4].

FDR: First degree relative; HNPCC: Hereditary non-polyposis colorectal
cancer; PRSS1: Cationic trypsinogen gene; FAMMM: Familial atypical
multiple mole melanoma syndrome.

with germline mutations of BRCA1 and BRCA2 genes.
Mutation carriers are at high risk for breast, ovarian, GI
cancers (bile duct, gallbladder, stomach, pancreas) and
prostate cancers[21-24]. BRCA2 carriers are associated with
higher risk of pancreatic cancer (3-10 folds) than BRCA1
carriers (2.3-3.6 folds)[24,25]. BRCA2 mutation carriers with
one or more affected FDR with pancreatic cancer and
those with two or more affected family members (even
without a FDR) should be considered for screening[4].

HEREDITARY NON-POLYPOSIS
COLORECTAL CANCER, LYNCH
SYNDROME
The lynch syndrome is associated with mismatch repair
genes (MLH1, MSH2, MSH6 and PMS2). Hereditary
non-polyposis colorectal cancer (HNPCC) is characterized by early-onset colorectal cancers and extra-colonic
cancers including pancreas[26]. The lifetime risk of pancreatic cancer is 3.7% by age of 70, an 8.6-fold increased
risk compared to general population[27]. Patients with
Lynch syndrome and one affected FDR with PC should
be considered for screening[4].

WHEN TO SCREEN?
Patients with hereditary pancreatitis has an higher risk of
early onset pancreatic cancer. Screening typically begins
at age 40 in PRSS1 mutation carriers[44]. In other high risk
populations, there is no consensus as to whether to recommend initiating screening and the end of screening[4].

HEREDITARY PANCREATITIS
Hereditary pancreatitis is a rare inherited disorder. It is
transmitted as an autosomal dominant disorder with incomplete penetrance[28,29]. Hereditary pancreatitis is associated with a high risk of pancreatic cancer with a lifetime
risk about 40%[30]. In those individuals with a paternal
inheritance pattern, the cumulative risk is even approaching 75%[30]. This risk of pancreatic cancer is related to the
duration of inflammation[31]. Screening of PRSS1 (Cationic trypsinogen) mutation carriers with longstanding
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SCREEN TECHNIQUES
Up to now, there is no ideal single screening method
or screening program for detection of early pancreatic
cancer. Serum CA19-9 levels is the most commonly
used serum marker in pancreatic cancer. However, the
sensitivity and specificity of serum CA19-9 as a diagnostic marker are not good for screening pancreatic
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sound and endoscopic retrograde cholangiopancreatography are not recommended for screening, owing to
their low diagnostic sensitivity and the risk of pancreatitis, respectively[4].

Table 2 Reported pancreatic cancer screening programs and
diagnostic yield
Screening Case (n )
modalities

Study

Rulyak et al[46], 2001
Canto et al[56], 2004
Canto et al[55], 2006
Poley et al[47], 2009
[48]

Langer et al , 2009
Verna et al[49], 2010

Ludwig et al[50], 2011
Vasen et al[51], 2011
Canto et al[52], 2012
Al-Sukhni et al[53],
2012

EUS
EUS
EUS
EUS

35
38
78
44

EUS +
MRCP
EUS and/or
MRCP

76

MRCP
MRCP
MRCP,
EUS, CT
MRCP

109
79
216

51

262

Study
population
FPC
FPC, PJS
FPC, PJS
FPC,
FAMMM, PJS
FPC, PCMS
FPC,
FAMMM,
HNPCC
FPC
FAMMM
FPC, HBOC,
PJS
FPC, FAMMM, PJS,
hereditary
pancreatitis

Diagnostic
yield upon
imaging

EMERGING PROBLEMS AND FUTURE
PROSPECTIVE

34.3%
76%
22%
23%

There are still some unresolved problems in pancreatic
cancer screening. First of all, the aim of screening is to
find the earliest pancreatic cancer (T1N0M0) or high grade
precursor lesions in PanIN, IPMN and MCN. In fact, the
high grade PanINs are actually microscopic lesions which
might cause some tiny or abnormal findings in imaging.
Even with fine needle aspiration, the aspirated substance
could not represent the worst condition or whole picture
what it is. Secondly, we still have no imaging modality or
accurate criteria to differentiate benign pancreatic cystic
lesions from malignant cystic tumors with dysplasia or
malignancy. There are some proposed “high risk stigmata
and worrisome features”[58] to help us for picking up true
meaningful or suspected malignant pancreatic cystic lesions or IPMN to avoid unnecessary operations or overtreatment. However, there is still no reliable or good method to different the nature of pancreatic cystic lesions. With
the advancement and frequent use of abdominal imaging,
more and more incidentally found pancreatic lesions and/
or IPMNs are disclosed. How to follow up the increasing
numbers of patient with optimal programs to avoid under
detection of pancreatic cancer and also to avoid overtreatment will be a great challenge for clinician.

36%
EUS: 65%
MRI: 33%
8.3%
20%
42.6%
32%

EUS: Endoscopic ultrasonography; MRI: Magnetic resonance imaging;
CT: Computed tomography; FAMMM: Familial atypical multiple mole
melanoma syndrome; FPC: Familial pancreatic cancer; HBOC: Hereditary breast-ovarian cancer; HNPCC: Hereditary nonpolyposis associated
colorectal cancer; IPMN: Intraductal papillary mucinous neoplasia; MRCP:
Magnetic resonance cholangiopancreatography; PCMS: Pancreatic carcinoma-melanoma syndrome; PJS: Peutz-Jeghers syndrome.

cancer[45]. The most common screening imaging used
for the detection of pancreatic cancer are endoscopic
ultrasonography (EUS), computed tomography (CT)
and magnetic resonance imaging (MRI) with magnetic
resonance cholangiopancreatography (MRCP). EUS is
an invasive procedure which might detect lesions smaller than 1 cm. However, the major problem of EUS is
its operator dependent. CT scanning demonstrated a
low sensitivity to detection pancreatic dysplasia. MRI
with MRCP is a non-invasive procedure which could
detect earlier ad minor changes in pancreatic parenchymal and (main) pancreatic duct compared to CT scan.
Table 2 summarized the reported pancreatic cancer
screening programs with the reported diagnostic yield.
MRI with MRCP and EUS are considered the most accurate tools for pancreatic imaging as promising recommended tool for screening[46-56]. The major weakness of
CT is its radiation exposure and the suboptimal detection rate as a routine screening tool for asymptomatic
high risk individuals[4]. MRI with MRCP is less invasive
and more objective compared to EUS. It still lacks randomized controlled studies to compare EUS and MRI
with MRCP in pancreatic cancer screening in high risk
individuals. Regarding to the imaging study as a screening tool, over diagnosis is a major problem which might
cause over treatment of a benign lesion. The risk of
incorrect diagnosis is particularly high for EUS because
of it is an operator-dependent examination with only
modest interobserver agreement[57]. Abdominal ultra-
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CONCLUSION
Screening pancreatic cancer in high risk populations is
suggested to enhance the potential early detection of curable early pancreatic cancer. It is a potential way to improve the outcome of pancreatic cancer. Although some
consensus are proposed to be followed, there is still lack
of ideal screening method and program at the present
time. Further study and advancement for improving the
sensitivity and specificity of screen methods to achieve
the goal of early detection of pancreatic cancer is warranted in the near future.
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Sweet food improves chronic stress-induced irritable bowel
syndrome-like symptoms in rats
Sang-Gyun Rho, Yong Sung Kim, Suck Chei Choi, Moon Young Lee
with chow and sweet food (CVS-B, n = 6). The rats
were fed standard rodent chow as the chow food and/
or AIN-76A as the sweet food. A food preference test
for AIN-76A was performed in another group of normal
rats (n = 10) for twelve days. Fecal pellet output (FPO)
was measured for 6 wk during water bedding stress in
the CVS groups. The weight of the adrenal glands, adrenocorticotropic hormone (ACTH) and corticosterone
levels in plasma were measured. The expression levels
of transforming growth factor-β, interleukin (IL)-2, and
interferon-gamma (IFN-γ) were measured in the distal
part of colonic tissues and plasma using Western blot
analysis.
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RESULTS: In sweet preference test, all rats initially
preferred sweet food to chow food. However, the consumption rate of sweet food gradually decreased and
reduced to below 50% of total intake eight days after
sweet food feeding. Accumulated FPO was higher in
the CVS-A group compared with the CVS-B group over
time. All stress groups showed significant increases in
the adrenal to body weight ratio (CVS-A, 0.14 ± 0.01;
CVS-B, 0.14 ± 0.01) compared with the control group
(0.12 ± 0.01, P < 0.05). The plasma corticosterone
and ACTH levels were significantly higher in the CVS-A
(537.42 ± 32.95, 44.44 ± 6.54 pg/mL) and CVS-B
(655.07 ± 30.82, 65.46 ± 4.44 pg/mL) groups than in
the control group (46.96 ± 13.29, 8.51 ± 1.35 pg/mL,
P < 0.05). Notably, the ratio of corticosterone to ACTH
was significantly increased in the CVS-A group only.
Rats exposed to CVS displayed significantly increased
expression of IL-2 and IFN-γ in the plasma and distal
colon compared to the control group, whereas this effect was significantly attenuated in the CVS-B group.

Abstract
AIM: To investigate whether palatable sweet foods
have a beneficial effect on chronic stress-induced colonic motility and inflammatory cytokines.

CONCLUSION: These results suggest that concurrent
sweet food ingestion during CVS might have an effect
on the reduction of stress-induced colonic hyper-motility and pro-inflammatory cytokine production in rats.

METHODS: Adult male rats were divided into 3
groups: control (CON, n = 5), chronic variable stress
with chow (CVS-A, n = 6), and chronic variable stress

© 2014 Baishideng Publishing Group Co., Limited. All rights
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has beneficial effects on stress-induced physiologic dysfunction. However, it has never been reported whether
eating sweet food has an effect on the disordered GI motility and immune status in chronically stressed rats.
In the present study, we hypothesized that the HPA
axis function and the immune status in the plasma and
colon could be altered by chronic stress, and these
changes could be attenuated by concurrent ingestion
of sweet food. Therefore, the aim of this study was to
investigate the effect of the concurrent eating of sweet
food on colonic motility, HPA axis status, and the levels
of inflammatory cytokines in the plasma and colon in
chronic variable stress (CVS) rats.

Core tip: Stress has an important role in the pathogenesis of irritable bowel syndrome (IBS), and palatable
foods have been used as an ameliorator for psychological stress. Several reports have supported the hypothesis that palatable foods are used for consolation
from psychological stress. Thus we hypothesized that
hypothalamic-pituitary-adrenal axis function and immune status in the plasma and colon could be altered
by chronic stress, and these changes could be attenuated by concurrent ingestion of sweet food. These results imply that reducing the effect of stress appropriately by any means is important for preventing induces
gastrointestinal symptoms in a patient with IBS.

MATERIALS AND METHODS
Animals and study design
Animal use protocols (No. WKU09-112) were approved
by the Institutional Guidelines of the Committee on Animal Research at the Wonkwang University, and all efforts
were taken to minimize animal suffering and to reduce
the number of animals necessary according to the guideline recommendations. Seventeen male Sprague-Dawley
rats purchased from Samtaco Co., Ltd. (Pyeongtaek,
South Korea), weighing approximately 270 g each, were
housed in individual cages for ten days for acclimatization. Rats were provided ad libitum access to food and
water in 12 h/12 h light-dark cycles at 24 ℃.
The animals were randomly divided into 3 groups:
no stress with chow food (CON, n = 5), CVS with chow
food (CVS-A, n = 6), and CVS with chow + sweet food
(CVS-B, n = 6).

Rho SG, Kim YS, Choi SC, Lee MY. Sweet food improves
chronic stress-induced irritable bowel syndrome-like symptoms
in rats. World J Gastroenterol 2014; 20(9): 2365-2373 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i9/2365.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i9.2365

INTRODUCTION
It is generally accepted that psychological stress induces
gastrointestinal (GI) symptoms, including dyspepsia, abdominal pain and increased colonic motility[1]. Stress has
an important role in the pathogenesis of irritable bowel
syndrome (IBS) as a risk, trigger and perpetuating factor[2]. Although the underlying pathogenesis of IBS still
remains unclear, dysregulation of the brain-gut-axis[3]
and low grade GI inflammation have recently received
attention as potential causes[4].
A patient with IBS exhibits over-activation of the hypothalamic-pituitary-adrenal (HPA) axis to corticotropinreleasing factor (CRF) stimulation or visceral stimulation
and exhibits increased pro-inflammatory cytokines in the
blood[5,6]. There has been growing evidence regarding
the association between IBS and low grade inflammation, such as increased expression of immune and mast
cells[7,8] cytokine imbalance in the mucosa[9], and elevated
circulating levels of the pro-inflammatory cytokine in
IBS patients[10]. Concerning the function of cortisol,
such as its role in reducing the number of leukocytes[11]
and suppressing the release of interferon-gamma
(IFN-γ)[12] and interleukin (IL)-2[13], it can be assumed
that stress and the associated HPA axis dysfunction act
in concert to contribute to the alteration of GI immune
function in the pathogenesis of IBS.
Eating behavior is closely related to stress, and some
people preferentially consume palatable food such as
chocolate or ice cream during stressful situations[14]. Several reports have supported the hypothesis that palatable
foods are used for consolation from psychological stress
through the stabilization of CRF in the hypothalamus[15-17].
Therefore, it appears that the consumption of sweet food

WJG|www.wjgnet.com

Supplied food and preference test
We used commercial standard rodent chow (60% carbohydrate, 20% protein, 4.5% fat, Purina Mills Inc., St.
Louis, MO, United States) as the chow food and AIN76A (66% carbohydrate, 20% protein, 5% fat, Research
Diets Inc., New Brunswick, United States) as the sweet
food. Not only does AIN-76A contain a higher carbohydrate percentage, but the source of carbohydrate is
also sucrose, which is sweeter than glucose, dextrose and
lactose. AIN-76A contains more sucrose than any other
purified food (AIN-93G, AIN-93M) or cereal-based
chow food. Before the stress experiment, a food preference test for AIN-76A was performed in another group
of normal rats (n = 10) for twelve days. To diminish
neophobia to the novel foods, CVS-B rats were exposed
to AIN-76A in advance for 3 d before the experiment.
CVS protocol
The CVS protocol used in this study was modified from
the previous study[18]. This protocol was demonstrated
to induce visceral hypersensitivity and is suggested as an
IBS animal model[18]. The weekly protocol consisted of
placement in a small cage (confinement), water bedding,
exposure to white noise, a stroboscope, light at night (illumination), and irregular vibration (each rat cage was
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Table 1 Experimental schedule for chronic variable stress
Schedule
09:00-12:00

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Water bedding
(1 h)

Vibration
(3 h)
Confinement
(2 h)
Illumination
(12 h)

Water bedding
(1 h)

Confinement
(2 h)

Water bedding
(1 h)

Vibration
(3 h)

White noise
(15 h)

Stroboscope
(15 h)

Illumination
(12 h)

12:00-18:00
18:00-06:00

Stroboscope
(1 h)

placed on a wooden panel and a vibration device was
contacting the panel). Each period of exposure to the
stressors lasted 2 to 16 h each week (Table 1). Fecal pellet output (FPO) was measured 3 times per week during
the water bedding stress session of the CVS protocol to
investigate stress-induced colonic motility changes. For
the water bedding stress, rats in the CVS group were
placed in the empty cage with only room temperature
water for 1 h in the morning of Monday, Wednesday,
and Friday each week. The height of the water was approximately 1-2 cm, enough to cover their feet. Fecal
pellets found in the cage were counted at the end of
each water bedding stress session.

for 2 h using a minigel electrophoresis apparatus (miniPROTEIN Tetra cell; Bio-Rad Laboratories, Inc., Hercules, CA, United States). After electrophoresis, the gels
were stained with Coomassie brilliant blue R-250 for 1 h.
Following staining, the samples were destained with 10%
acetic acid and 10% methanol, and the protein bands
were observed. The proteins were transferred to 0.45 μm
polyvinylidenedifluoride membranes (Roche Diagnostics
GmbH, Mannheim, Germany) using a protein transfer
apparatus (mini Transblot cell; Bio-Rad Laboratories) at
100 V for 90 min. To prevent non-specific binding of
the primary antibody, the polyvinylidenedifluoride membranes were incubated with blocking buffer (5% skim
milk in Tris buffer saline with 0.05% tween 20 (TBST,
pH 7.6) for 1 h. The membranes were washed 3 times
with TBST and incubated overnight at 4 ℃ with primary
antibodies (TGF-β, IL-2, and IFN-γ) diluted to 1:1000
with TBS containing 3% bovine serum albumin. The
membranes were then washed 4 times with TBST. Next,
the membranes were incubated for 1 h with a horseradish peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (Enzo Life Science International Inc., Plymouth
Meeting, PA) (1:5000). The membranes were washed 4
times with TBST, incubated with Immobilon Western
chemiluminescent horseradish peroxidase substrate (Millipore., MA, United States), and exposed to a chemiluminescence film in a dark room. The expression levels of
TGF-β, IL-2, and IFN-γ were compared. In addition, as
a control experiment, double staining for glyceraldehyde3-phosphate dehydrogenase was performed with TGF-β,
IL-2, and IFN-γ under identical conditions.

Measurement of adrenal weight and radioimmunoassay
of adrenocorticotropic hormone and corticosterone
All rats were killed by decapitation and blood samples
were obtained. The wet weight of adrenal glands was measured. Plasma adrenocorticotropic hormone (ACTH) and
corticosterone levels were measured with a commercially
available kit (ELSA-ACTH, CIS Bio international, Gif-surYvette Cedex, France; Coat-a-Count rat corticosterone, Diagnostic Product Cooperation, LA, CA, United States) by
radioimmunoassay (RIA). The sensitivity of the assay was 2.0
pg/mL for ACTH and 5.7 ng/mL for corticosterone. The
intra-/interassay coefficient of variation was 5.3%/6.1%
for ACTH and 12.2%/14.9% for corticosterone.
Western blot analysis
The expression levels of transforming growth factor-β
(TGF-β), IL-2, and IFN-γ were measured in the distal
part of colonic tissues and plasma using western blot
analysis. The distal parts of the colonic tissues were
washed with Tris buffered saline (TBS), and approximately 5 g of tissue was added to lysis buffer [25 mmol/
L Tris-Cl, 1 mmol/L ethylene glycol bis (β-aminoethyl
ether)-N,N,N′,N′-tetraacetic acid, 1 mmol/L dithiothreitol, 0.1% Triton X-100, protease inhibitor cocktail,
and phosphatase inhibitor cocktail; pH 7.4] and homogenized. The samples were then centrifuged at 12000 g for
30 min, and the cytosolic fractions were obtained. Whole
blood samples were centrifuged at 3000 r/min for 15
min, and the plasma was obtained and diluted with TBS.
The protein concentration of both samples from the
plasma and colonic tissues was estimated using bovine
serum albumin as a standard and adjusted to examine
identical amounts of total protein. The sample buffer was
added to the samples, the mixture was boiled at 100 ℃
for 5 min, and electrophoresis was performed at 100 V

WJG|www.wjgnet.com

Statistical analysis
All values are represented as the mean ± SE. Statistical
analyses were performed out with SPSS software (V.18.0
SPSS Inc., Chicago, IL, United States). One-way analysis of variance (ANOVA) was performed, followed by
Bonferroni post-hoc tests to analyze changes in all parameters between all groups. For comparing fecal pellet
output between the CVS-A and CVS-B groups, the data
were analyzed using repeated measures ANOVA and
unpaired Student’s t tests. Null hypotheses of no differences were rejected if P values were less than 0.05.

RESULTS
Sweet food preference test
All rats initially preferred sweet food to chow food at
first and some rats even consumed 100% sweet food.
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(1, 10) = 6.989, P = 0.025] and time [F (1, 10) = 10.657,
P = 0.003)] on water bedding stress. The results also
demonstrated a significant interaction between group
and time [F (1, 10) = 5.154, P = 0.028], thus indicating
that the CVS-A rats increased FPO differently than the
CVS-B rats (Figure 3).

Sweet food consumption (%)

100

80

60

Adrenal gland weight and plasma corticosterone and
ACTH levels
The adrenal weight-to-BW ratio was significantly higher
in the stress groups (CVS-A, 0.14 ± 0.01; CVS-B, 0.14 ±
0.01) than in the control group (0.12 ± 0.01) (Figure 4A,
P < 0.05).
The plasma corticosterone and ACTH levels were
significantly higher in the CVS-A (537.42 ± 32.95, 44.44
± 6.54 pg/mL) and CVS-B (655.07 ± 30.82, 65.46 ±
4.44 pg/mL) groups than in the control group (46.96
± 13.29, 8.51 ± 1.35 pg/mL) (Figure 4B, C, P < 0.05).
Notably, the ratio of corticosterone to ACTH was significantly increased in the CVS-A group only (Figure 4D,
P < 0.05).

40
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Figure 1 Time-dependent changes of sweet food consumption in normal
rats for 12 d. The percentage of sweet food consumption decreased to below
50% 8 d after sweet food feeding.

However, the consumption rate of sweet food was
gradually decreased and reduced to below 50% of total
intake eight days after sweet food feeding (Figure 1).

Western blot analysis of anti- and pro-inflammatory
cytokines in the plasma and the distal colon
There was no difference in TGF-β expression in the
plasma and colon between all groups. Rats exposed to
CVS displayed significantly increased expression of IL-2
and IFN-γ in the plasma and distal colon compared to
the control group, whereas this effect was significantly
attenuated in the CVS-B group (Figure 5, P < 0.05).

Changes in body weight and food intake
At the beginning of the stress experiment, no significant
differences were observed in body weight between all
groups (CON, 292.50 ± 5.16 g; CVS-A, 291.08 ± 4.73 g;
CVS-B, 292.07 ± 2.06 g). However, one week after beginning the stress protocol, there was a significant difference in body weight and food intake between the CON
and other groups (Figure 2A, B).
The body weight (BW) of the stress groups (CVS-A,
361.08 ± 4.77 g; CVS-B, 354.13 ± 7.76 g) were significantly lower than that of the control group (399.22 ±
11.12 g) throughout the remainder of the experimental
period (Figure 2A, P < 0.05). However, there was no difference in BW between the CVS-A and CVS-B groups
(Figure 2A). From the second week onward, the amount
of consumed food and total calorie intake became significantly lower in the CVS-B group compared with the
other groups (Figure 2B, C).
In contrast to the result of the preferential test in
normal rats, the total consumption rate of sweet food
was maintained between 60% and 80% in the CVS-B
group until the end of the experimental period (Figure
2D).

DISCUSSION
In humans, chronic stress can induce increased comfort food intake [14]. In addition, chronically stressed
animals increase their ingestion of palatable food when
given a choice of highly palatable food, such as lard or
sugar[15,17,19] possibly decreasing the stress response in the
HPA axis[17].
Therefore, we hypothesized that eating sweet food
might affect the HPA axis and reduce chronic stress
effects through CRF stabilization in the hypothalamus,
with beneficial effects on abnormal changes of colonic motility and colonic inflammatory cytokine profiles
in rats. The main findings of this study on concurrent
sweet food ingestion under chronic stress are that (1)
the stress-induced FPO increment reflecting increased
colonic motility was reduced; (2) the corticosterone/
ACTH ratio was reduced to control levels; and (3) the
pro-inflammatory cytokines increased by CVS were
attenuated.

Accumulated FPO
The CVS-B group barely defecated except during the
first week, whereas the CVS-A group continuously expelled fecal pellets during water bedding throughout
the entire experimental period. As a result, there was a
significant difference in the accumulated FPO between
the CVS-A and CVS-B groups from the second week
onward (Figure 3). Data were analyzed with repeatedmeasures ANOVA. Mauchly’s test of sphericity was significant, and therefore, the Greenhouse-Geisser correction was used. The repeated measures ANOVA revealed
highly significant differences in FPO between groups [F

WJG|www.wjgnet.com

Preference for sweet food
The consumption rate of sweet food in the normal rats
gradually decreased and reduced below 50% of total
intake eight days after sweet food feeding. In contrast
to normal rats, the consumption rate of sweet food
ranged from 60% to 80% of total intake in stressed rats
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variable stress-B (CVS-B) group only. Denotes significant differences among groups based on one-way analysis of variance and the Bonferroni test (aP < 0.05 vs other groups).
50

is likely because of a higher level of anxiety in stressed
rats because the preference for sweet food in rats under
restraint stress could be reversed by diazepam[17]. In addition, eating palatable food, as with drug abuse, can
activate the brain reward system, comprised of opioid,
dopamine, and endocannabinoid[21].
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The monitoring of FPO is used to measure stress response
in animal experiments[22,23]. We quantified FPO during
water bedding stress in the present study to demonstrate
the effect of sweet food on stress-induced colonic motility. Cumulative FPO was significantly higher in the CVS-A
group compared with the CVS-B group throughout the
entire experimental period except for the first week.
Psychological stress activates some areas in the CNS
including the paraventricular nucleus (PVN) and induces
rapid transcription of the gene encoding CRF in the
PVN, resulting in the stimulation of the sacral parasympathetic nucleus, which innervates the descending
colon[1]. Foster et al[24] recently demonstrated that chronic
access to sucrose or lard prior to the stress period significantly decreased CRF mRNA expression in the PVN
after restraint stress in rats. Based on their report, we can
speculate that sweet food might decrease CRF production in the PVN during stress periods and consequently
prevent stress-induced colonic hyper-motility. The evidence across these studies leads to the interpretation
that the FPO difference between the CVS-A and CVS-B
groups in this study may result from a decreased level of
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Figure 3 Accumulated fecal pellet output in the chronic variable stress-A
and chronic variable stress-B groups. There was no significant difference
in the first week, but accumulated fecal output difference gradually increased
with time. Statistical analysis was performed using repeated measures ANOVA
and unpaired t test in each week between groups (aP < 0.05 vs chronic variable
stress (CVS)-B group).

through the entire experimental period without decrement. The decrement of sucrose intake observed in
normal rats in this study may be related to the concomitant increment of insulin and leptin levels with increasing adiposity[20].
A plausible explanation for the increased ingestion
of sweet food in the CVS rats may be related to the reduction of anxiety through the activation of the reward
system. It has also been suggested that this preference
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CRF in the PVN through the effect of sweet food.

sitization of CRF receptors in the pituitary glands and
adrenal hyper-responsiveness to ACTH[28,29]. Thus, the
higher corticosterone/ACTH ratio in the CVS-A group
could be explained by enhanced adrenocortical sensitivity to ACTH or down-regulation of the CRF receptor at
the hypothalamus by the high CRF milieu in the CNS,
resulting in relatively low ACTH levels [30,31]. The last
assumption is supported by the stabilization of FPO
during water bedding stress in the CVS-B group in our
study and the important role of CRF in the increased
colonic motility induced by stress.

Alteration of the HPA axis
Previous reports regarding alterations of the HPA axis
in IBS patients are not consistent because of differing
methodologies, patient populations, sexes, and comorbid
psychiatric conditions[6]. Additionally, the alteration of
ACTH and corticosterone depends on the mode and duration of stress[25]. In our study, both of the CVS groups
displayed increased ACTH and corticosterone levels.
Because FPO, the well-known stress response, was decreased by sweet food intake in the CVS-B group, we
expected a relatively normal function of the HPA axis
in the CVS-B group compared with the CVS-A group.
Contrary to our expectations, the levels of ACTH and
corticosterone were higher in the CVS-B group compared with the CVS-A group. However, the ratio of corticosterone/ACTH increased in the CVS-A group, but
was not significantly different between the CVS-B and
control groups. Chang et al[6] recently reported that basal
levels of plasma ACTH significantly decreased while the
level of cortisol tended to increase in IBS patients using
24 h blood sampling. This finding might be interpreted
as enhanced adrenocortical sensitivity to ACTH and is
similar to the corticosterone/ACTH ratio of the CVS-A
group in our experiment. In depressive patients, plasma
ACTH responses to stress and CRF administration are
blunted, whereas plasma cortisol responses are normal
or augmented[26,27], suggesting down-regulation or desen-
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Inflammatory cytokines
Corticosterone (or glucocorticoids), the end products
of HPA axis activity, inhibits lymphocyte proliferation
and cytotoxicity and the secretion of TNFα, IL-2, and
IFN-γ[13,14]. Corticosterone also enhances the synthesis
of TGF-β, another cytokine with potent anti-inflammatory activities in human T cells[32] and increases the secretion of IL-10 and IL-4 that aid in the anti-inflammatory
reaction[33-35].
In this study, to investigate the difference of cytokine expression in each group, Western blot of plasma
IL-2, IFN-γ and TGF-β were performed in the plasma
and distal segment of the colon. Although there was
no difference in TGF-β among all groups, there was an
observable increase of IL-2 and INF-γ levels in both the
plasma and distal colon in the CVS-A group only. The
CVS-A group, exposed to CVS regarded as unpredict-
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able and non-adaptable stress with chow food, displayed
an increase in pro-inflammatory cytokines that mediate
inflammation, implying that corticosterone did not work
properly in the CVS-A group.
Corticosterone is responsible for many quantitative
and qualitative changes in immune function. The greatest effect of stress on the immune system is related to
the suppression of immune functions and the exacerbation of diseases such as asthma, allergic, autoimmune
and inflammatory diseases[36-38]. IBS is characterized as
increasing HPA activity and the production of pro-inflammatory cytokines in human[5] and animal models[39].
Notably, previous studies have demonstrated that INF-γ
increases in the rat colon and blood due to repeated
water avoidance stress[39] or maternal separation[40], commonly used stress protocols for IBS animal studies[41].
The CVS-A group in our study also displayed increased
INF-γ levels in both the plasma and colonic tissue. It
has been suggested that the CRF-induced secretion of
cortisol in IBS patients could be linked to the coincident
increase in cytokine release and an associated decrease in
the sensitivity of glucocorticoid receptors[5]. Thus, stressinduced illnesses such as IBS could be characterized by
an over-activation of the HPA axis, an increase of proinflammatory cytokines, a change in adrenal responsiveness to ACTH[42] and possibly decreased sensitivity at
the level of the glucocorticoid receptor[36,43]. In contrast
to the CVS-A group, there was little expression of pro-
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inflammatory cytokines in the CVS-B group, which was
given sweet food. The CVS-B group also exhibited a
relatively normal corticosterone/ACTH ratio and colonic motility suggesting stabilization of CRF production
in the hypothalamus or modulation of the HPA axis by
palatable food ingestion[44]. Therefore, it can be assumed
that palatable sweet food could normalize HPA dysfunction during chronic unpredictable stress periods and
possibly maintain glucocorticoid receptor sensitivity. As
a result, cytokine imbalance did not occur in the CVS-B
group.
In conclusion, our results indicate that CVS may increase colonic motility, blunt ACTH response with overactivation of the HPA axis, decrease glucocorticoid sensitivity and increase pro-inflammatory cytokine production.
These responses could be reduced by palatable sweet
food consumption possibly through CRF stabilization at
the central level. These results imply that reducing the effect of stress appropriately by any means is important for
preventing GI symptoms in a patient with IBS.
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consumption of sweet food has beneficial effects on the stress-induced physiologic dysfunction. However, it has never been reported whether eating sweet
food has an effect on the disordered gastrointestinal (GI) motility and immune
status in chronically stressed rats.

8

Research frontiers

They hypothesized that sweet food may have a beneficial effect on stress
induced irritable bowel syndrome (IBS)-like symptoms such as hyper-motility
in rat model under chronic stress. This is the first report showing that palatable
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METHODS: A total of 88 consecutive severe cirrhotic
patients seen in a large city hospital liver clinic were
studied and divided into two groups, those with and
without ascites. Group 1 consisted of 41 cirrhotic patients with massive ascites, as demonstrated by necessity for therapeutic large-volume paracentesis. Group 2
consisted of 47 cirrhotic patients without any clinically
documented ascites to include either a recent abdominal computed tomography scan or ultrasound study.
Serum and ascitic fluid levels of an array of inflammatory markers, including procalcitonin, were measured
and compared to each other and a normal plasma
panel (NPP).
RESULTS: The values for inflammatory markers assayed in the serum of Groups 1 and 2, and ascitic fluid
of the Group 1. The plasma levels of the inflammatory
cytokines interleukin (IL)-2, IL-4, IL-6, IL-8, interferon
gamma (IFNγ) and epidermal growth factor (EGF)
were all significantly greater in the serum of Group 1
as compared to that of the serum obtained from the
Group 2 subjects (all P < 0.05). There were significantly greater serum levels of IL-6, IL-8, IL-10, monocyte
chemoattractant protein-1, tumor necrosis factor-α,
vascular endothelial growth factor and EGF when comparing Group 2 to the NPP. There was no significant
difference for IL-1A, IL-1B, IL-2, IL-4 and IFNγ levels
between these two groups. Serum procalcitonin levels
were increased in cirrhotics with ascites compared to
cirrhotics without ascites, but serum levels were similar
to ascites levels within the ascites group. Furthermore,
many of these cytokines, but not procalcitonin, demonstrate an ascites-to-serum gradient. Serum procalcitonin does not demonstrate any significant difference
segregated by liver etiology in the ascites group; but
ascitic fluid procalcitonin is elevated significantly in car-
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enhanced BT including: malnutrition, altered enteric flora
species and bacterial overgrowth, increased bowel stasis,
altered gut permeability, and decreased mucosal defense
mechanisms[8-12]. In particular, portal hypertension can
lead to enteric mucosal edema and microvascular stasis,
both of which further alter gut permeability[11,12]. Consistent with these facts, it known that oral medications such
as cisapride and trimethoprim-sulfamethoxazole can attenuate bacterial overgrowth, enhance mucosal function,
and increase intestinal transit, all leading to reduced rates
of BT[13-15].
Even in the absence of overt infection, there is a significant inflammatory response in cirrhotic patients occurring
as a result of a complex interaction of pro- and anti-inflammatory cytokines consisting of numerous interleukins,
tumor necrosis factor-alpha (TNF-α), interferon gamma
(IFNγ) and complement proteins[16-18]. This concerted
cytokine response has both temporal and site specific
properties in cirrhotic patients with portal hypertension[16,17]. One particular inflammatory marker is procalcitonin (PCT), a 116 amino acid protein made in multiple sites of the body including liver and intestine. PCT
has received much attention as a possible discriminatory
serum marker in differentiating sepsis from systemic
inflammatory response syndrome (SIRS) and bacterial
sepsis from non-bacterial sepsis in multiple populations
including cirrhotic patients[19-27]. Its significance in measuring ascitic fluid inflammation and/or infection, e.g.,
SBP, is less well characterized[28].
It has been shown that many of these same cytokines
are generated by activated macrophages, neutrophils,
NK cells and lymphocytes in peri-peritoneal tissues in
cirrhotic patients[29-34]. These immune cells are activated
upon sensing appropriate bacterial antigens, such as bacterial DNA or lipopolysaccharide, either in the intestinal
mucosa or after BT. These interactions can also activate
the adaptive immune system beyond innate infection
cellular control mechanisms[33-35]. As the enteric mucosa
is continuously exposed to bacterial antigens, which is
enhanced strain in the setting of cirrhosis and portal
hypertension, this immune response is continuously engaged and tightly regulated.
Thus, the aims of the present investigation were to: (1)
quantitate the simultaneous serum and ascitic fluid levels
of PCT and an array of inflammatory markers in noninfected cirrhotic patients with and without ascites; and
(2) further segregate serum and ascitic fluid PCT with
respect to different etiologies of liver disease.

diac cirrhosis/miscellaneous subgroup compared to the
hepatitis C virus and alcoholic cirrhosis subgroups.
CONCLUSION: Procalcitonin in the ascitic fluid, but
not in the serum, differentiates between cirrhotic subgroup reflecting the dynamic interplay of ascites, bacterial translocation and the peri-peritoneal cytokine.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Procalcitonin received much attention as a
serum marker in differentiating sepsis from systemic
inflammatory response syndrome and bacterial sepsis.
Procalcitonin significance in assessing ascitic fluid inflammation and/or infection is less well characterized.
This study demonstrates that non-infected cirrhotics
with ascites vs those without ascites manifest periperitoneal based immune response mediated by a constellation of pro- and anti-inflammatory protein markers and procalcitonin. This peri-peritoneal response
is distinct from the systemic immune response to the
underlying hepatic disease process. Its recognition can
potentially determine the likelihood for future adverse
events like spontaneous bacterial peritonitis, the hepato-renal syndrome and impending death.
Attar BM, Moore CM, George M, Ion-Nedelcu N, Turbay R,
Zachariah A, Ramadori G, Fareed J, Van Thiel DH. Procalcitonin,
and cytokines document a dynamic inflammatory state in noninfected cirrhotic patients with ascites. World J Gastroenterol
2014; 20(9): 2374-2382 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i9/2374.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i9.2374

INTRODUCTION
Cirrhosis is characterized by an extensive fibronodular
replacement of the hepatic parenchyma resulting in both
synthetic dysfunction and portal hypertension. This
process is driven by hepatic inflammatory processes in
the setting of an inciting agent, such as hepatitis C virus
(HCV), alcohol (ETOH) abuse or a metabolic derangement in a host with a particular genetic constitution[1-4].
Decompensated cirrhosis is identified by the presence
of portal hypertensive clinical sequelae, namely hepatic
encephalopathy, varices, and most commonly, ascites.
Ascites is associated with two other serious complications such spontaneous bacterial peritonitis (SBP) and
hepatorenal syndrome (HRS), both of which increase
morbidity and can lead to death[4,5].
Bacterial translocation (BT) is the migration of enteric flora into mesenteric lymph nodes or other extra-intestinal sites[6-8]. It is well known that cirrhotics, with and
without ascites, have many factors which predispose to
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MATERIALS AND METHODS
Subjects
A total of 88 consecutive severe cirrhotic patients seen
in a large city hospital liver clinic were studied and divided into two groups. The inclusion criteria consisted
of age > 18 years or > 65 years, cirrhosis documented
by clinical examination, computed tomography (CT),
or liver biopsy. The only exclusion criteria was the presence of any clinical infection. Group 1 consisted of 41
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Table 1 Characteristics of the 88 patients studied
Primary liver disease
Patients
Ascites (+)
Ascites (–)
Age (yr)
Ascites (+)
Ascites (–)
Gender (M/F)
Ascites (+)
Ascites (–)
MELD score
Ascites (+)
Ascites (–)
CTP score
Ascites (+)
Ascites (–)

ETOH

NASH

HCV

Cardiac/miscellaneous

Total

21
13

0
11

8
23

12
0

41
47
54 ± 11

50 ± 1
48 ± 5

58 ± 5
56 ± 8

54 ± 10
53 ± 9

55 ± 11
56 ± 12

11/9
8/3

N/A
3/8

14/9
4/4

9/8
N/A

9.6 ± 2.1
9.4 ± 2.2

9.3 ± 1.6
9.2 ± 2.0

10.3 ± 5.0
10.0 ± 4.6

8.6 ± 2.5
8.6 ± 3.1

5.8 ± 1.5
5.6 ± 2.0

5.3 ± 0.6
5.3 ± 0.8

5.6 ± 1.5
5.6 ± 1.2

5.4 ± 0.8
5.3 ± 1.2

66/22

9.6 ± 3.5

5.6 ± 1.2

Data given as mean ± SE. ETOH: Alcohol; NASH: Non-alcoholic steatohepatitis; HCV: Hepatitis C virus; MELD: Model for End-stage Liver Disease; CTP:
Childs-Turcotte-Pugh.

cirrhotic patients with massive ascites, as demonstrated
by necessity for therapeutic large-volume paracentesis
(LVP) because of tense abdominal distension resulting
in difficulty ambulating and performing the activities
of normal daily living. In each case a minimum of 2
liters of ascites was removed and the maximum volume removed from any patient was 6 liters. No patient
received antibiotics before the paracentesis. Group 2
consisted of 47 cirrhotic patients without any clinically
documented ascites to include either a recent abdominal
CT scan or ultrasound study. No patient demonstrated
symptoms or clinical evidence of active infection, and
no ascitic fluid from the LVP performed on Group 1
patients met criteria for SBP. SBP is diagnosed when the
ascitic fluid absolute polymorphonuclear cell count is
250 cells/mL or more in the absence of recent surgery.
SBP occurs in 30% of patients with ascites and has a
20% mortality rate[36].

the Cook County Health and Hospitals system, Chicago,
Illinois, United States. Additional funding was provided
by a grant from the Rush-Cook County joint research
endeavor program.
Statistical analysis
All data are reported as mean values ± standard error of
the mean + SE). Unpaired t tests, χ 2 and ANOVA were
used to compare the values between groups and against
the NPP utilizing a P value < 0.05 as the measure of statistical significance.

RESULTS
The 41 patients in Group 1, i.e., cirrhotics patients with
large-volume ascites, included 21 with ETOH cirrhosis,
12 with cardiac cirrhosis/miscellaneous, 8 with extrahepatic malignancy, and 8 with HCV cirrhosis. Of this
latter group, 3 also had a hepatoma (Table 1). The 47
patients of Group 2, i.e., cirrhotic patients without ascites, consisted of 23 with HCV cirrhosis, 13 with ETOH
cirrhosis, and 11 with non-alcoholic steatohepatitis
(NASH) cirrhosis (Table 1). Further data as regards to
age, gender, Model for End-stage Liver Disease (MELD)
score, and Childs-Turcotte-Pugh (CTP) score are also
listed in Table 1. In regards to cirrhotic etiology, the only
differences were the finding of NASH patients in Group
2 compared to none in Group 1, and patients with malignancy and cirrhosis in Group 1 not present in Group
2. There were no significant differences in age, MELD
score or CTP score between the two groups.
The biochemical characteristics of both groups are
shown in Table 2. Pertinently, Group 1 demonstrated
significantly greater prothrombin times and the international normalized ratio (INR). Group 2 demonstrated
significantly higher levels of serum alanine transaminase
and albumin. The characteristics of the ascitic fluid in
the Group 1 are shown in Table 2. All 41 of these patients were culture negative and had significantly lower

Investigative procedures
Procalcitonin (PCT) was assessed utilizing the Bio Merieux
Inc. Vidas Assay (Lombard, IL, United States) in the serum
of both groups and in the ascitic fluid of Group 1. A
panel of cytokines consisting of interleukin (IL)-1A, IL1B, IL-2, IL-4, IL-6, IL-10, monocyte chemotactic protein (MCP)-1, TNF-α, IFNγ, vascular endothelial growth
factor (VEGF), and epidermal growth factor (EGF)
were assayed in the serum of patients in Groups 1 and
2 and in the ascitic fluid of those in Group 1 utilizing
biochip platforms obtained from Randox Life Sciences
(Boston, MA, United States). Values for each assay were
compared to the results obtained using a commercially
available normal plasma panel (NPP) obtained from Bioreclamation, LLC (Liverpool, NY, United States).
Regulation
All 88 subjects studied agreed to be studied after reading and signing an informed written consent which was
approved by the Institutional Review Board (IRB) of
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Table 2 Biochemical data of the 88 patients
Parameter
Hemoglobin (g/dL)
WBC (cells × 103/μL)
Platelets (cells × 103/μL)
Prothrombin time (s)
INR
BUN (mg/dL)
Creatinine (mg/dL)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Albumin (g/dL)
Ascitic fluid WBC (cells × 103/μL)
Ascitic fluid PMN (cells × 103/μL)
Ascitic fluid albumin (g/dL)
Ascitic fluid culture

Ascitic Group 1

Non-ascitic Group 2

(n = 41)

(n = 47)

10.8 ± 0.4
8.3 ± 1.3
132 ± 13
20.5 ± 1.2
1.8 ± 0.1
13.3 ± 7.2
1.0 ± 0.7
5.9 ± 1.0
110 ± 40
66 ± 8
2.2 ± 0.1
417.7 ± 172.5
196.9 ± 144.2
0.90 ± 0.14
All negative

10.4 ± 1.7
6.7 ± 2.8
157 ± 66
17.7 ± 1.1
1.5 ± 0.1
21 ± 4
0.9 ± 0.2
4.7 ± 1.9
98 ± 15
210 ± 111
2.6 ± 0.1
N/A
N/A
N/A
N/A

P value
NS
NS
NS
< 0.05
< 0.05
NS
NS
NS
NS
< 0.05
< 0.05
N/A
N/A
N/A
N/A

Data given as mean ± SE. INR: International normalized ratio; BUN: Blood urea nitrogen; AST: Aspartate transaminase; ALT: Alanine transaminase; PMN:
Polymorphonuclear cells; NS: Non-significant; WBC: White blood cells.

Table 3 Serum and ascitic fluid levels of inflammatory markers in the 88 patients studied
Ascites Group 1
Serum

Ascitic fluid P value

IL-1A (ng/mL)
0.21 ± 0.08
0.21 ± 0.04
IL-1B (ng/mL)
6.15 ± 2.83
3.10 ± 0.48
IL-2 (ng/mL)
5.61 ± 3.49
1.31 ± 0.35
IL-4 (ng/mL)
2.51 ± 0.79
9.48 ± 1.21
IL-6 (ng/mL)
94.43 ± 29.58 1240.5 ± 365.64
IL-8 (ng/mL)
111.83 ± 37.01 335.08 ± 60.0
IL-10 (ng/mL)
1.47 ± 0.31
57.15 ± 22.32
MCP-1 (ng/mL) 141.23 ± 23.39 456.35 ± 42.03
TNF-α (ng/mL)
5.26 ± 1.18
26.32 ± 7.13
IFNγ (ng/mL)
1.08 ± 0.38
1.61 ± 0.41
VEGF (ng/mL) 38.31 ± 18.73 234.82 ± 103.11
EGF (ng/mL)
72.42 ± 14.95
1.78 ± 0.36

NS
NS
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
NS

Non-ascitic Group 2

Control

Serum

NPP

0.17 ± 0.07
3.56 ± 1.11
0.96 ± 0.01
1.25 ± 0.07
7.27 ± 1.93
50.19 ± 18.84
0.95 ± 0.23
200.69 ± 18.19
9.89 ± 3.54
0.51 ± 0.04
55.94 ± 11.37
45.70 ± 7.38

0.09 ± 0.01
2.38 ± 0.62
1.01 ± 0.40
1.21 ± 0.39
0.64 ± 0.16
2.22 ± 0.79
0.62 ± 0.08
57.11 ± 12.59
1.61 ± 0.80
0.47 ± 0.34
7.14 ± 4.06
3.12 ± 0.99

P value
P value Group 1 (serum) vs Group 2 Group 1 (serum) vs NPP
NS
NS
NS
NS
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
NS

NS
NS
< 0.05
< 0.05
< 0.05
< 0.05
NS
< 0.05
NS
< 0.05
NS
< 0.05

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05
NS
< 0.05
< 0.05

Data given as mean ± SE. IL: Interleukin; MCP: Monocyte chemotactic protein; TNF: Tumor necrosis factor alpha; IFN: Interferon gamma; VEGF: Vascular
endothelial growth factor; EGF: Epidermal growth factor; NPP: Normal plasma panel; NS: Non-significant.

albumin levels in the ascitic fluid compared to serum.
The mean serum-ascites albumin gradient (SAAG) was
> 1.1 g/dL in Group 1.
The serum PCT levels of Group 1 (n = 41) were
significantly greater than in Group 2 (n = 47) and the
NPP (0.42 ± 0.19 ng/mL vs 0.10 ± 0.01 ng/mL, P <
0.05); approximately × 4 greater than each group. There
was not a significant difference between the serum and
ascitic fluid PCT levels of Group 1 (0.42 ± 0.19 ng/mL
vs 0.27 ± 0.13 ng/mL, P > 0.05). The ascitic fluid PCT
in Group 1 was significantly greater than the serum PCT
level of Group 2 and the NPP (n = 12) (0.27 ± 0.13 ng/
mL vs 0.10 ± 0.01 ng/mL, P < 0.05); approximately × 3
greater than each group. The PCT levels between Group
2 and the NPP were not significantly different (0.10 ±
0.01 ng/mL vs 0.09 ± 0.01 ng/mL, P > 0.05).
Table 3 reports the values for inflammatory markers assayed in the serum of Groups 1 and 2, and ascitic
fluid of the Group 1. The plasma levels of the inflammatory cytokines IL-2, IL-4, IL-6, IL-8, IFNγ and EGF
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were all significantly greater in the serum of Group 1
as compared to that of the serum obtained from the
Group 2 subjects (all P < 0.05). However, IL-1A, IL-1B,
IL-10, MCP-1, TNF-α, and VEGF serum levels were
not significantly different when comparing the serum
values of Groups 1 and 2 for these measures. There
were significantly greater levels of IL-2, IL-4, IL-6, IL-8,
IL-10, MCP-1, TNF-α, VEGF and EGF in the ascitic
fluid compared to serum of Group 1. There was no significant difference for IL-1A, IL-1B, and IFNγ between
these groups. There were significantly greater levels of
IL-1A, IL-4, IL-6, IL-8, IL-10, MCP-1, TNF-α, VEGF
and EGF in Group 1 ascites compared to NPP. IL-1B
and IL-2 levels were not significantly different when
comparing Group 1 ascites to the NPP (not included in
Table 3). There were significantly greater levels for all
inflammatory markers, except IFNγ when comparing
Group 1 serum levels to the NPP. There were significantly greater serum levels of IL-6, IL-8, IL-10, MCP-1,
TNF-α, VEGF and EGF when comparing Group 2 to
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citic fluid than the in serum. The IL-1A and PCT serum
and ascitic fluid levels were approximately equal. The
IL-2, VEGF and EGF levels were greater in the serum
than in the ascitic fluid.
Utilizing linear regression analysis, no relationship
between the serum or ascitic PCT levels were observed
when the PCT values was analyzed against either the
whole blood or ascitic fluid total white blood cell counts,
number and percentage of either the monocytes or
lymphocytes as well as the number and percentage of
monocytes plus lymphocytes in whole blood (data not
shown).

Table 4 Serum and ascitic procalcitonin levels segregated by
liver disease

EtOH (ng/mL)
HCV (ng/mL)
Cardiac/miscellaneous (ng/mL)
P value

Serum

Ascites

P value

0.38 ± 0.22
0.44 ± 0.27
0.95 ± 0.74
NS

0.22 ± 0.13
0.13 ± 0.12
0.77 ± 0.07
< 0.05a

NS
NS
NS

a

P < 0.05 cardiac/misc vs non-cardiac diseases only. Data given as mean ±
SE. EtOH: Alcohol; HCV: Hepatitis C virus; NS: Not significant.

Table 5 The serum-ascitic fluid (P-A) gradient for Group 1
Serum-ascitic fluid gradient
IL-1A (ng/mL)
IL-2 (ng/mL)
IL-4 (ng/mL)
IL-6 (ng/mL)
IL-8 (ng/mL)
IL-10 (ng/mL)
MCP-1 (ng/mL)
TNF-α (ng/mL)
IFNγ (ng/mL)
VEGF (ng/mL)
EGF (ng/mL)
PCT (ng/mL)

DISCUSSION

Value
-0.0008 ± 0.097
4.30 ± 3.53
-6.96 ± 1.48
-1146.11 ± 362.15
-223.24 ± 58.54
-55.68 ± 22.18
-315.13 ± 39.24
-21.06 ± 7.33
-0.52 ± 0.48
196.52 ± 105.60
70.64 ± 14.74
-0.134 ± 0.12

Cirrhotic patients with portal hypertension commonly
develop ascites, which itself is associated with SBP, HRS
and even death[1-5]. Ascitic fluid promulgation further
involves the dysregulation of the renin-angiotensin-aldosterone axis and the resultant alterations in vascular tone
and volume control[4,5]. These processes are known to
affect enteric mucosal permeability and enhance BT. In
a recursive way, BT itself and the resultant host inflammatory response can not only alter enteric mucosal permeability, but exacerbate ascites and in certain instances
lead to SBP[7-9,11,12].
In infected ascites, the cellular and cytokine inflammatory response is expectantly activated. The cellular
aspect is so sensitive and reliable that an ascitic fluid
neutrophil count of ≥ 250 × 103 cells/μL on diagnostic
paracentesis, even in the absence of symptoms, can provide a provisional diagnosis of SBP while awaiting ascitic
fluid culture results[5]. Furthermore, in those patients not
clinically responding to SBP treatment, repeat paracentesis with cell count and differential studies may be performed to provide a rapid prognostic tool[5]. Other noncellular inflammatory markers in SBP have been studied
as well, including ascitic fluid lactoferrin, with productive
results[37,38].
Interestingly though, even in non-infected cirrhotic
patients with portal hypertensive ascites, there seems to
be a significant degree of cellular and cytokine inflammation[16-18]. Multiple studies have documented a number
of pro- and anti-inflammatory markers in the serum
and ascitic fluid of such patients[17,18]. Furthermore, an
immune response, both innate and adaptive, can be generated and exacerbated by a network of immunocytes
sampling bacterial antigens in the enteric mucosa or after
BT[29-37]. These processes are in a dynamic equilibrium,
wherein a particular arrangement of inflammatory markers, both in the serum and ascitic fluid, interacts with a
critical load of bacterial antigen. In certain instances, for
reasons not entirely clear, this immune defense mechanism can be overwhelmed and lead to enhanced BT or
even SBP. Whereas in other instances, these same defense mechanisms are successful in identifying and eliminating or sufficiently suppressing the bacteria load.
Serum procalcitonin levels have been shown to be

Data given as mean ± SE. IL: Interleukin; MCP: Monocyte chemotactic
protein; TNF: Tumor necrosis factor α; IFN: Interferon gamma; VEGF:
Vascular endothelial growth factor; EGF: Epidermal growth factor; PCT:
Procalcitonin.

the NPP. There was no significant difference for IL-1A,
IL-1B, IL-2, IL-4 and IFNγ levels between these two
groups.
The serum and ascitic fluid PCT levels segregated as
to the etiology of the liver disease are shown in Table
4. The cardiac cirrhosis/miscellaneous group had the
greatest PCT levels in serum being × 2-3 that present
in the other three disease subgroups. The ETOH and
HCV subgroups each had PCT serum levels approximately half that of the cardiac cirrhosis/miscellaneous
group. These differences were not statistically significant
amongst each other. All PCT serum levels in each cirrhosis subgroup were significantly greater than that in
the NPP (P < 0.05), data not shown. The greatest ascitic
fluid PCT levels were present in the cardiac cirrhosis/
miscellaneous group, with the levels for the HCV and
ETOH cirrhosis subgroups being 17% and 29% of that
group (P < 0.05). The ascitic fluid PCT levels in all of
the cirrhosis subgroups were greater than in the NPP (P
< 0.05), data not shown.
Table 5 displays the mean inflammatory marker gradient (serum minus ascitic fluid) for Group 1 patients.
Gradients with positive values reflect inflammatory
markers in which the serum level is greater than the
ascitic fluid level. Gradients with negative values reflect
inflammatory markers in which the ascitic fluid level is
greater than the serum level. Thus, the IL-4, IL-6, IL-8,
IL-10, MCP-1, and TNF-α levels were greater in the as-
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significantly increased above the level of 0.5 ng/mL
in 88% of patients with decompensated cirrhosis and
proven bacterial infection. About 50% of these patients
present with extremely high serum PCT levels of greater
than 5 ng/mL, correlating with high rates of in-hospital
mortality[21]. However, a similar increase in serum procalcitonin levels was observed in 46% of patients who
presented with acute alcoholic hepatitis and underlying
cirrhosis with no evidence of bacterial infection. Thirtyone percent of patients with acute viral hepatitis were
also found to have an elevated serum procalcitonin. A
normal level of PCT (< 0.5 ng/mL) was observed in all
patients presenting with uncomplicated cirrhosis regardless of the etiology of cirrhosis. These data suggest that
a serum PCT > 0.5 ng/mL is not sufficient to differentiate between liver disease patients who have a bacterial
infection from those without it[21].
In contrast, Connert et al[22] demonstrated that serum
PCT levels above 0.58 ng/mL is a valid marker of bacterial infection in decompensated cirrhotic patients with a
sensitivity of 92% and specificity of 78%. Patients who
present with such levels of serum PCT were associated
with 50% mortality in the first two months. Interestingly,
serum levels of IL-6, TNF-α, and C-reactive protein
failed to discriminate the presence or absence of an associated bacterial infection[22].
A higher cut-off value of serum PCT was use by
Viallon et al[23] to diagnose SBP in cirrhotic patients.
Serum procalcitonin levels of 0.75 ng/mL and higher
were diagnostic of SBP with a sensitivity of 95% and
a specificity of 98%. Importantly, ascitic fluid to serum
ratio of TNF-α and IL-6 was greater than 2 in all 21 patients presenting with SBP. In contrast, the ascitic fluid
to serum ratio of PCT was < 1 in all SBP cases suggesting that procalcitonin is not produced intraperitoneally.
Thus, serum PCT determination may play a role as a
non-invasive test in the diagnosis of SBP[23].
Su et al[28] reviewed the current evidence on the diagnostic value of serum procalcitonin levels in identifying
SBP. They included three qualifying studies consisting
of 181 episodes of suspected infection with 27% being confirmed as SBP. Serum PCT levels demonstrated
moderate to high accuracy for PCT as a helpful marker
for SBP. However, further large and prospective studies
are needed to clarify these findings[28].
In this study, an array of inflammatory markers including PCT, a family of ILs, MCP-1, TNF-α, IFNγ,
VEGF and EGF were analyzed in the serum and ascites
of cirrhotic patients in Group 1 and the serum of cirrhotic patients without ascites in Group 2. The PCT
level was significantly greater in the serum and ascites
of Group 1 patients as compared to Group 2 patients.
Additionally, the serum levels of IL-2, IL-4, IL-6, IL-8,
MCP-1, IFN-γ and EGF were all significantly elevated in
cirrhotic patients with ascites compared to those without
ascites. Furthermore, this array of inflammatory markers, except for PCT and IFNγ, but with the addition of
IL-10, TNF-α and VEGF demonstrated a significant
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difference between the levels present in ascites and serum. Such differences define a concentration gradient
in which the majority of these inflammatory markers
are greater in the ascitic fluid as compared to the serum. Such a gradient suggests enhanced peri-peritoneal
production and promulgation of these inflammatory
markers compared to the response arising from more
systemic processes.
A second aim of the study was to characterize the
inflammatory response segregated by liver etiology, and
for this only serum and ascitic PCT levels in cirrhotic
patients with ascites were evaluated. The serum PCT
level was significantly elevated compared to NPP levels,
but was not statistically different compared to the ascitic
fluid levels. Additionally, there was a significant difference in ascitic fluid, but not serum, PCT levels when
comparing the cardiac cirrhosis/miscellaneous subgroup
to other subgroups. This study also demonstrated that
PCT levels have no relationship with serum or ascitic
fluid total leukocyte or monocyte levels, supporting data
of its inflammatory expression pattern in multiple nonhematologic organ sites[19,20]. As there was no cohort
group with infection studied, no conclusion as to its
discriminatory capacity between sepsis and SIRS can
be made. In particular, the role of PCT as a diagnostic
marker of the severity of SBP has received little investigation.
The serum-ascites gradients of these inflammatory
markers lends further support to the complex periperitoneal interplay of BT and immunocyte activation
in both non-infected and infected cirrhotic patients with
ascites[16-20,29]. It is interesting to speculate on the particular importance of ascites itself. This study documents
the finding in patients with requiring LVP. However, the
frequency of LVP, the amount of fluid removed, and
background use or failure of diuretic therapy was not
documented. A number of studies have reported that
the manner in which ascitic fluid is reduced, e.g., either
by LVP or by diuretic therapy can have significant impact upon ascitic fluid complement, immunoglobulin,
and opsonic concentrations[39,40]. It is reasonable to infer
that certain concentrations and combinations of these
factors in the setting of BT are crucial to an appropriate inflammatory response and in controlling infection.
These studies suggest that diuretic therapy maintains
higher concentrations of these key proteins and might
be beneficial in preventing SBP compared to LVP, with
or without combined diuretics[39,40].
The patients in the present study absent any clinical
infection, and specifically those with ascites had demonstrated sterile ascitic fluid documented by culture. It was
not documented however as to whether these patients
had suffered any recent gastro-intestinal illnesses, change
in bowel habits, or change in medications or diet. Such
events are known to contribute both to enteric mucosal
function and integrity, bacterial burden and distribution
of species[4,6,13-15]. These alterations might then have effects upon the magnitude of BT and the pattern and in-

2379

March 7, 2014|Volume 20|Issue 9|

Attar BM et al . Procalcitonin, and cytokines document a dynamic inflammatory state
inflammatory markers in non-infected cirrhotic patients with and without ascites,
and whether these markers differ with respect to etiologies of liver disease.

tensity of the local inflammatory response that have not
been identified in the present report.
Additionally, despite the addition of ascites to Group
1, as referenced in Table 1, these two groups of patients
had very similar clinical and biochemical backgrounds,
including their MELD scores, which is a logarithmic
equation including serum total bilirubin, creatinine
and INR[41]. In these two groups only the INR was significantly different in patients with ascites. It might be
commented that in so far as ascites represents decompensated liver disease, one might expect a worse MELD
score, itself a marker for 90 day mortality without liver
transplant[4,5,42,43]. Yet, the MELD score, while effective,
is still quite imperfect in capturing the total biology of
cirrhosis. Thus, the provisional addition of “exception
points” for certain patients, e.g., those with hepatocellular carcinoma, who have particularly good posttransplant outcomes that would not be predicted by the
traditional MELD score has been accepted[44]. Further,
is the constant interest in modifying the MELD score
equation itself with a serum sodium (Na) component;
the so called “MELDNa” score[45]. It is likely that serum
Na and albumin, in addition to volume status have a role
to play in capturing quantitatively the biological essence
and clinical relevance of ascites to treatment and overall
clinical outcome, but this remains an area of continued
research.
Based on the present study, the serum level of PCT
as well as the serum level of other inflammatory cytokines assessed in this study could be used to determine
the likelihood for reduced life span or future adverse
events such as the development of spontaneous bacterial
peritonitis or the hepatorenal syndrome in those with ascites. This however remains to be proven in longitudinal
studies[28].
In summary, this study demonstrates that non-infected cirrhotic patients with ascites as compared to those
without ascites manifest a unique underlying immune
response as mediated by a constellation of pro- and antiinflammatory protein markers. This immune response
functions in a gradient fashion, suggesting a peri-peritoneal predominance compared to systemic origin. From
this data, it is reasonably inferred that the biology of
ascites has a strong role in the interplay between BT and
the cellular and cytokine inflammatory response. Further
studies might examine the arrangement of these inflammatory markers in response to ascitic fluid management
and/or particular concentrations of enteric flora.

Innovations and breakthrough

The cardiac cirrhosis/miscellaneous group had the greatest serum PCT levels.
The alcohol and hepatitis C virus subgroups each had PCT serum levels approximately half that of the cardiac cirrhosis/miscellaneous group. This study
demonstrates that non-infected cirrhotic patients with ascites as compared
to those without ascites manifest a unique underlying immune response as
mediated by a constellation of pro- and anti-inflammatory protein markers. This
immune response functions in a gradient fashion, suggesting a peri-peritoneal
predominance compared to systemic origin. From this data, it is reasonably
inferred that the biology of ascites has a strong role in the interplay between
BT and the cellular and cytokine inflammatory response. Further studies might
examine the arrangement of these inflammatory markers in response to ascitic
fluid management and/or particular concentrations of enteric flora.

Applications

This study results suggest that the serum level of PCT as well as the serum
level of other inflammatory cytokines assessed could be used to determine the
likelihood for reduced life span or future adverse events such as the development of spontaneous bacterial peritonitis or the hepatorenal syndrome in those
with ascites. This however remains to be proven in longitudinal studies.

Terminology

Decompensated cirrhosis is identified by the presence of portal hypertensive
clinical sequelae, namely hepatic encephalopathy, varices, and most commonly,
ascites. Ascites is associated with two other serious complications such spontaneous bacterial peritonitis and hepatorenal syndrome, both of which increase
morbidity and can lead to death.

Peer review

This is an article of importance in its field. This study is an innovated research
with pretty good presentation and readability of the article. The authors reported
an interesting study about findings of several biomarkers in cirrhotic patients
with and without ascites.
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patients were asked to complete the: Birmingham IBS
symptom questionnaire. Ileal biopsy specimens from
all subjects were immunostained using the avidinbiotin-complex method for serotonin, peptide YY (PYY),
pancreatic polypeptide (PP), enteroglucagon, and somatostatin cells. The cell densities were quantified by
computerized image analysis, using Olympus cellSens
imaging software.
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RESULTS: The gender and age distributions did not
differ significantly between the patients and the controls (P = 0.27 and P = 0.18, respectively). The total
score of Birmingham IBS symptom questionnaire was
21 ± 0.8, and the three underlying dimensions: pain,
diarrhea, and constipation were 7.2 ± 0.4, 6.6 ± 0.4,
and 7.2 ± 0.4, respectively. The density of serotonin
2
cells in the ileum was 40.6 ± 3.6 cells/mm in the
controls, and 11.5 ± 1.2, 10.7 ± 5.6, 10.0 ± 1.9, and
2
13.9 ± 1.4 cells/mm in the all IBS patients (IBS-total),
IBS-D, IBS-M, and IBS-C patients, respectively. The
density in the controls differed significantly from those
in the IBS-total, IBS-D, IBS-M, and IBS-C groups (P <
0.0001, P = 0.0001, P = 0.0001, and P < 0.0001, respectively). There was a significant inverse correlation
between the serotonin cell density and the pain dimension of Birmingham IBS symptom questionnaire (r =
-0.6, P = 0.0002). The density of PYY cells was 26.7 ±
2
1.6 cells/mm in the controls, and 33.1 ± 1.4, 27.5 ±
2
1.4, 34.1 ± 2.5, and 41.7 ± 3.1 cells/mm in the IBStotal, IBS-D, IBS-M, and IBS-C patients, respectively.
This density differed significantly between patients with
IBS-total and IBS-C and the controls (P = 0.03 and <
0.0001, respectively), but not between controls and,
IBS-D, and IBS-M patients (P = 0.8, and P = 0.1, respectively). The density of PYY cells correlated significantly with the degree of constipation as recorded by
the Birmingham IBS symptom questionnaire (r = 0.6,
P = 0.0002). There were few PP-, enteroglucagon-,
and somatostatin-immunoreactive cells in the biopsy
material examined, which made it impossible to reliably
quantify these cells.

Abstract
AIM: To study the ileal endocrine cell types in irritable
bowel syndrome (IBS) patients.
METHODS: Ninety-eight patients with IBS (77 females
and 21 males; mean age 35 years, range 18-66 years)
were included, of which 35 patients had diarrhea
(IBS-D), 31 patients had a mixture of both diarrhea
and constipation (IBS-M), and 32 patients had constipation (IBS-C) as the predominant symptoms. The
controls were 38 subjects (26 females and 12 males;
mean age 40 years, range 18-65 years) who had
submitted to colonoscopy for the following reasons:
gastrointestinal bleeding, where the source of bleeding
was identified as hemorrhoids (n = 24) or angiodysplasia (n = 3), and health worries resulting from a relative
being diagnosed with colon carcinoma (n = 11). The
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CONCLUSION: The decrease of ileal serotonin cells
is associated with the visceral hypersensitivity seen in
all IBS subtypes. The increased density of PYY cells in
IBS-C might contribute to the constipation experienced
by these patients.

for inflammation or infections should be excluded. IBS
patients are sub-grouped on the basis of differences in
the predominant bowel symptoms into diarrhea (IBS-D),
constipation (IBS-C), both diarrhea and constipation
(IBS-M), and un-subtyped IBS in patients with insufficient abnormality of stool consistency to meet criteria for
IBS-C, -D, or -M[13,14]. Because of the overlap of symptomology with celiac disease and microscopic colitis, some
gastroenterologists (including the present authors) believe
that these disorders should be excluded in addition to applying the Rome Criteria[15].
Abnormalities in the endocrine cells in the stomach,
duodenum, colon, and rectum have been reported in
patients with IBS[16-29], but the ileal endocrine cells have
not been investigated previously. The endocrine cell types
differ markedly between the distal and proximal small
intestine, probably due to the quite different functions
performed by these two parts of the intestine. The proximal small intestine contains serotonin, secretin, cholecystokinin (CCK), gastric inhibitory polypeptide (GIP), and
somatostatin cells, while the ileum has the same endocrine cell types as in the large intestine, namely serotonin,
peptide YY (PYY), pancreatic polypeptide (PP), enteroglucagon, and somatostatin cells[30].
A recent study observed endocrine cell depletion in
the ileum of patients with sporadic IBS[31]. This depletion
was detected by chromogranin A, which is a common
marker for endocrine cells[32-34]. The aim of the present
study was to clarify the affected endocrine cell types by
examining various ileal endocrine cells in the same cohort
of IBS patients investigated using chromogranin A.

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

Key words: Computer image analysis; Irritable bowel
syndrome; Ileum; Peptide YY; Serotonin
Core tip: The present study investigated for the first
time the ileal endocrine cells in patients with irritable
bowel syndrome (IBS). It included a relatively a large
cohort of patients and comprising all the IBS subtypes,
namely diarrhea (IBS-D), a mixture of both diarrhea
and constipation (IBS-M) and constipation (IBS-C). It
showed that the density of serotonin cells is reduced
in patients with IBS, regardless of the subtype. On the
other hand the density of peptide YY (PYY) cells in the
ileum of IBS-D and IBS-M patients did not differ from
that of controls, but was significantly elevated in those
with IBS-C. It was concluded that the reduction of ileal
serotonin cells may be connected to the visceral hypersensitivity seen in all IBS subtypes and that increase in
the PYY cell density in IBS-C, would slow the intestinal
transit and cause constipation.
El-Salhy M, Gilja OH, Gundersen D, Hatlebakk JG, Hausken T.
Endocrine cells in the ileum of patients with irritable bowel syndrome. World J Gastroenterol 2014; 20(9): 2383-2391 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i9/2383.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i9.2383

MATERIALS AND METHODS
Patients and controls
Ninety-eight patients (77 females and 21 males; mean
age 35 years, range 18-66 years) with IBS according to
Rome Ⅲ Criteria were included in the study[13,14]. The
IBS subtypes were distributed as follows: 35 patients
with IBS-D, 31 patients with IBS-M, and 32 patients with
IBS-C. Symptoms had been present in all of the patients
for many years, and the onset of their IBS symptoms
could not be associated with any events, in particular gastrointestinal or other infections. All patients underwent
a complete physical examination and were investigated
using the following blood tests: full blood count, electrolytes, inflammatory markers, liver tests, and thyroid
function tests. They also underwent further gastroscopy
with duodenal biopsies, which were used to exclude celiac
disease. All of the patients had been tested previously (i.e.,
before they were referred to us) for lactose intolerance
and the presence of intestinal infectious agents including
parasites in the stool; the results of all of these tests were
negative.
For comparison, the control group comprised 38
subjects (26 females and 12 males; mean age 40 years,
range 18-65 years) who had submitted to colonoscopy
for the following reasons: gastrointestinal bleeding,

INTRODUCTION
Irritable bowel syndrome (IBS) is a common chronic
gastrointestinal functional disorder that is characterized
by abdominal discomfort or pain, altered bowel habits,
and bloating/abdominal distension[1,2]. IBS reportedly has
a prevalence of 5%-20% and an incidence of about 200
per 100000 of the adult population[2-9]. IBS reduces the
quality of life considerably in IBS patients and is an economic burden to society for various reasons, including
overconsumption of healthcare resources and increased
sick leave[10]. However, IBS is not known to be associated with the development of serious disease or with
increased mortality[11,12].
The diagnosis of IBS is based on the assessment of
symptoms and detailed, accurate, and clinically useful
definitions of the syndrome that have been elaborated by
the working parties responsible for producing the latest
Rome Ⅲ Criteria[13,14]. In addition to these criteria, warning symptoms (so-called red flags) such as age > 50 years,
short history of symptoms, nocturnal symptoms, weight
loss, rectal bleeding, anemia, and the presence of markers
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where the source of bleeding was identified as hemorrhoids (n = 24) or angiodysplasia (n = 3), and health
worries resulting from a relative being diagnosed with
colon carcinoma (n = 11).
The patients were asked to complete the: Birmingham IBS symptom questionnaire. The Birmingham IBS
symptom score questionnaire is a disease specific score to
measure the symptoms of patients with IBS. It has been
developed to be suitable for self-completion and has
been found to be acceptable to patients. Its dimensions
have good reliability, external validity and sensitivity[35].
The questionnaire comprises 11 questions based on the
frequency of IBS related symptoms. Each question has
a standard response scale with symptoms all being measured on a 5-point Likert scale ranging from 0 ("none of
the time") to 5 ("all of the time"). There are three underlying dimensions: pain (3 items), diarrhea (5 items) and
constipation (3 items)[35].
The study was performed in accordance with the
Declaration of Helsinki and was approved by the Regional Committee for Medical and Health Research Ethics
West, Bergen, Norway. All subjects gave oral and written
consent to participate.

somatostatin (Dako, code no. A566); these antibodies
were used at dilutions of 1:1500, 1:1000, 1:800, 1:400,
and 1:200, respectively.
Computerized image analysis
Quantification of the endocrine cells was done as described previously[36,37]. Measurements were performed
using Olympus cellSens imaging software (version 1.7)
on a computer linked to an Olympus microscope type
BX 43 with an Olympus camera (DP 26). The number
of immunoreactive cells and the area of the epithelial
cells were measured. The numbers of endocrine cells in
each field were counted manually by pointing and clicking the computer mouse, and the areas of the epithelium
containing these cells were drawn manually using the
computer mouse. A × 40 objective was used, for which
each frame (field) on the monitor represented a tissue
area of 0.14 mm2. Each individual and peptide hormone
was measured in ten randomly chosen fields. Immunostained sections from the IBS patients and controls were
coded and mixed, and measurements were made by the
same person (El-Salhy M) who was blind to the identity
of the sections. The data from the fields were tabulated,
and the cell density of the epithelium (in cells/mm2) was
computed and statistically analyzed.

Colonoscopy, histopathology, and
immunohistochemistry
Colonoscopy was performed on both the patients and
the controls, segmental biopsy specimens were taken
from the colon and rectum, and four biopsy samples
were taken from the ileum of each subject. The biopsy
samples were fixed overnight in 4% buffered paraformaldehyde, embedded in paraffin, and cut into 5-m sections. The sections were stained with hematoxylin-eosin,
and immunostained by the avidin-biotin complex (ABC)
method using the Vectastain ABC kit (Vector Laboratories). The sections were hydrated and immersed in 0.01%
hydrogen peroxide in PBS buffer (pH 7.4) for 10 min to
inhibit endogenous peroxidase. After washing in buffer,
the sections were treated with 1% bovine serum albumin
for 30 min to block the nonspecific binding sites, and
then incubated with the primary antiserum/antibody
at room temperature for 2 h. The sections were then
washed in PBS buffer and incubated with biotinylated
swine anti-mouse (in the case of monoclonal antibodies)
or anti-rabbit IgG (in the case of polyclonal antibodies) diluted 1:200 for 30 min at room temperature. After
washing the slides in PBS buffer, the sections were incubated for 30 min with avidin-biotin-peroxidase complex
diluted 1:100, and then immersed in 3,3’-diaminobenzidine (DAB) peroxidase substrate (Vector laboratories),
followed by counterstaining in hematoxylin [18]. The
following primary antisera/antibodies were used: monoclonal mouse anti-serotonin (Dako, code no. 5HT-209),
polyclonal anti-porcine peptide PYY (Alpha-Dagnostica,
code PYY 11A), polyclonal rabbit anti-synthetic-human
PP (Diagnostic Biosystems, code No. 114), polyclonal
rabbit anti-porcine glicentin/glucagon (Acris Antibodies,
code BP508), and polyclonal rabbit anti-synthetic-human
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Statistical analysis
The gender difference between patients and controls was
tested by Fisher’s exact test, and the age difference was
tested by the Mann-Whitney nonparametric test. Differences between controls, all IBS patients (IBS-total),
IBS-D, IBS-M, and IBS-C patients were tested by the
Kruskal-Wallis nonparametric test with Dunn’s post-test.
Correlation was done by Spearman nonparametric test.
The data are presented as mean ± SE values, and differences with P < 0.05 were considered to be statistically
significant.

RESULTS
Gender and age characteristics of patients and controls
The gender and age distributions did not differ significantly between the patients and the controls (P = 0.27
and P = 0.18, respectively). The total score of Birmingham IBS symptom questionnaire was 21 ± 0.8, and the
three underlying dimensions: pain, diarrhea, and constipation were 7.2 ± 0.4, 6.6 ± 0.4, and 7.2 ± 0.4, respectively.
Endoscopy, histopathology, and immunohistochemistry
The colon and rectum of both the patients and the control subjects were macroscopically normal. The ileum
was macroscopically normal in all except in one control
subject and three patients, in whom lymphoid hyperplasia was observed; this condition is a common finding in
young individuals and has no pathological relevance. The
results of histopathological examinations of the ileum,
colon, and rectum were normal in both the patients and
the controls.
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Figure 1 Serotonin cell densities in the ileum of controls and in all patients with irritable bowel syndrome, patients with diarrhea as the predominant symptom, patients with both diarrhea and constipation, and patients
with constipation as the predominant symptom patients. bP < 0.01 vs controls. IBS-total: All patients with irritable bowel syndrome; IBS-D: Patients with
diarrhea as the predominant symptom; IBS-M: Patients with both diarrhea and
constipation; IBS-C: Patients with constipation as the predominant symptom.
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Serotonin-, PYY-, PP-, enteroglucagon-, and somatostatin-immunoreactive cells were found in the ileum of
all of the subjects (i.e., patients and controls), mostly in
the crypts. These cells were basket- or flask-shaped.
100 μm

Computerized image analysis
Serotonin cell density: The density of serotonin cells in
the ileum was 40.6 ± 3.6 cells/mm2 in the controls, and
11.5 ± 1.2, 10.7 ± 5.6, 10.0 ± 1.9, and 13.9 ± 1.4 cells/mm2
in the IBS-total, IBS-D, IBS-M, and IBS-C patients, respectively. The serotonin cell density differed significantly
between the controls and the IBS-total and IBS subgroups
(P < 0.0001). Posttests showed that the density in the
controls differed significantly from those in the IBS-total,
IBS-D, IBS-M, and IBS-C groups (P < 0.0001, P = 0.0001,
P = 0.0001, and P < 0.0001, respectively) (Figures 1 and
2). There was a significant inverse (negative) correlation
between the serotonin cell density and the pain dimension
of Birmingham IBS symptom questionnaire (r = -0.6, P =
0.0002). There was no significant correlation between the
total score of Birmingham IBS symptom questionnaire, the
diarrhea or constipation dimension (r = -0.05, P = 0.8; r =
-0.4, P = 0.8; and r = -0.2, P = 0.2 respectively). The density
of PYY cells was 26.7 ± 1.6 cells/mm2 in the controls, and
33.1 ± 1.4, 27.5 ± 1.4, 34.1 ± 2.5, and 41.7 ± 3.1 cells/mm2
in the IBS-total, IBS-D, IBS-M, and IBS-C patients, respectively. The PYY cell density differed significantly between
the controls and the IBS-total and IBS subgroups (P <
0.0001). This density differed significantly between patients
with IBS-total and IBS-C and the controls (P = 0.03 and <
0.0001, respectively), but not between controls and, IBS-D,
and IBS-M patients (P = 0.8, and P = 0.1, respectively)
(Figures 3 and 4). The density of PYY cells correlated significantly with the degree of constipation as recorded by
the Birmingham IBS symptom questionnaire (r = 0.6, P =
0.0002). There was not significant correlation between the
cell density of PYY and the total Birmingham IBS symptom questionnaire, the pain-, or diarrhea dimension (r = 0.2,
P = 0.2; r = 0.2, P = 0.06; and r = 0.1, P = 0.5 respectively).
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Figure 2 Ileal serotonin-immunoreactive cells in a control subject (A) and
a patient with irritable bowel syndrome (B).

PP, enteroglucagon, and somatostatin cell densities:
There were few PP-, enteroglucagon-, and somatostatinimmunoreactive cells in the biopsy material examined,
which made it impossible to reliably quantify these cells.

DISCUSSION
The present study showed that the density of serotonin
cells in the ileum is reduced in patients with sporadic
(nonspecific) IBS, regardless of the subtype. This finding
is similar to that reported in the colon of IBS patients[19].
On the other hand the density of PYY cells in the ileum
of IBS-D and IBS-M patients did not differ from that
of controls, but was significantly elevated in those with
IBS-C. The observations made here on PYY cell density
differ from those reported in the colon, where the density of PYY cells was reduced in IBS patients.
Abnormalities in the endocrine cells in the stomach,
duodenum, colon, and rectum have been reported in
patients with IBS[16-29]. The density of ghrelin cells in the
stomach is lower in IBS-C and higher in IBS-D than in
healthy controls[16]. In the duodenum, the cell densities of
GIP and somatostatin are decreased in both IBS-D and
IBS-C[18]. The densities of duodenal secretin and CCK
cells are decreased in IBS-D but unchanged in IBS-C[18].
The duodenal serotonin cells are not affected in both
IBS-D and IBS-C[18]. Postinfectious IBS was found to
be associated with increased numbers of duodenal CCK
cells but decreased numbers of serotonin cells[17]. Colonic serotonin and PYY cell densities have been found
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Figure 3 Peptide YY cell densities in the ileum of controls and in all
patients with irritable bowel syndrome, patients with diarrhea as the
predominant symptom, patients with both diarrhea and constipation, and
patients with constipation as the predominant symptom patients. aP <
0.05, bP < 0.01 vs controls. PYY: Peptide YY; IBS-total: All patients with irritable
bowel syndrome; IBS-D: Patients with diarrhea as the predominant symptom;
IBS-M: Patients with both diarrhea and constipation; IBS-C: Patients with constipation as the predominant symptom.

B

to be low in both IBS-D and IBS-C[19]. In the rectum of
patients with sporadic (nonspecific) IBS, the densities of
PYY and enteroglucagon cells were significantly lower
and that of somatostatin cells was significantly higher in
both IBS-D and IBS-C than in the controls, whereas the
serotonin cell density in these patients did not differ from
that in healthy controls[21,38]. Rectal serotonin and PYY
cell densities in postinfectious IBS have been reported to
be elevated[23,25,27,39,40].
Serotonin cells are the predominant endocrine cell
type in the ileum, which could account for the general
reduction of ileal endocrine cells reported elsewhere[31].
Each intestinal crypt contains four to six pluripotent stem
cells that differentiate through a series of cellular precursors (progenitors) into all epithelial cell types including
enterocytes, goblet cells, Paneth cells, and endocrine
cells[41-57]. It is possible that the reduction in ileal serotonin
cells in IBS patients is due to abnormal cell differentiation from stem cell. This assumption gets support from
the findings that depletions of endocrine cell in rejected
ileum transplants are associated with marked depression
in the expression of neurogenin-3 (NEUROG3) which is
a early progenitor for endocrine cells and NeuroD, which
is a transcription factor expressed by cells derived from
NEUROG3[58]. Furthermore, a mutant NEUROG3 has
been described in patients with congenital malabsorption
diarrhea and lack of intestinal endocrine cells[59].
Serotonin activates the submucosal sensory branch
of the enteric nervous system that conveys sensation
from the gut to the central nervous system[60,61]. Serotonin
modulates is known to modulate visceral sensitivity of
the gastrointestinal tract[62,63]. It is therefore conceivable
to conclude that the reduction of ileal serotonin cells may
be connected to the visceral hypersensitivity seen in all
IBS subtypes. It is difficult to establish whether the reduction in these ileal serotonin cells is primary or secondary
to the visceral hypersensitivity. However, it is tempting to
speculate that this abnormality is secondary to the visceral
hypersensitivity and represents an adaptation mechanism
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Figure 4 Peptide YY cells in the ileum of a control subject (A), a patient
with irritable bowel syndrome into diarrhea (B), and a patient with irritable
bowel syndrome into constipation (C).

for reducing the sensation conveyed from the gut to the
central nervous system by serotonin. This assumption
gets support from the present finding that serotonin cell
density is correlated inversely to the pain score obtained
by the Birmingham IBS symptom questionnaire. Speaking
against this assumption are the findings that tryptophan
hydroxylase (TPH)-1, which is the limiting enzyme for
the synthesis in serotonin cells, and serotonin transporter
(SERT) mRNA levels have been reported to be lower in
the rectum and sigmoid colon of IBS patients than control subjects[64]. There was no difference, however, in the
levels of (TPH)-1 and SERT between IBS patients with
rectal hypersensitivity and those without[64].
PYY stimulates the absorption of water and electrolytes, and is a major regulator of the “ileal brake”[65-70].
Furthermore, PYY inhibits prostaglandin E2 and vasoactive intestinal polypeptide (VIP), which stimulate intes-
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tinal fluid secretion[71-73]. Administration of PYY inhibits
diarrhea in experimental mouse models by reducing
intestinal fluid secretion and slowing colonic transit[74]. It
is thus possible that the increase in the PYY cell density
in IBS-C patients, and consequently the increase in PYY,
would slow the intestinal transit by strengthening the ileal brake, increasing the absorption of water, and decreasing the secretion of the intestinal fluid in the distal small
intestine via inhibiting VIP and prostaglandin E2. These
effects would in turn cause constipation. In support of
this conclusion is the observation that the density PYY
cell correlated to the constipation score calculated from
the Birmingham IBS symptom questionnaire.
The above summary indicates that most of the reported abnormalities in gastrointestinal endocrine cells
are similar in all IBS subtypes[18,20,28-31]. However, in IBS-C
the density of ghrelin cells in the oxyntic mucosa of
the stomach was significantly lower than in healthy controls[16]. In addition to its role in regulating appetite and
energy metabolism, ghrelin accelerates gastric and smalland large-intestinal motility[75-88]. It can be speculated
that the low density of ghrelin cells previously reported
and the high density of PYY cells observed in the present study explain why constipation predominates in the
IBS-C subtype. On the other hand, in IBS-D patients the
density of ghrelin cells in the stomach was significantly
higher and the densities of duodenal secretin and CCK
were lower than healthy volunteers[16,18]. Secretin inhibits
gastric emptying and intestinal motility, and stimulates
pancreatic bicarbonate and fluid secretions[30,89,90]. The
secretion of pancreatic bicarbonate increases the pH of
gut contents, which are highly acidic after leaving the
stomach, and this is essential for lipid digestion as pancreatic lipase is irreversibly inactivated below pH 4.0[91].
CCK relaxes the proximal stomach in order to increase
its reservoir capacity, inhibits gastric emptying and stimulates gall bladder contractions and pancreatic exocrine
secretions of digestive enzymes from pancreatic exocrine
glands[91-94]. The low densities of secretin and CCK cells
in IBS-diarrhea patients could cause a rapid gastric emptying and acceleration of intestinal motility and ultimately
diarrhea in these patients.

tivity seen in IBS and that increase in the PYY cell density in IBS-C, may affect
the intestinal transit and cause constipation.

Innovations and breakthroughs

The present study showed that the endocrine cells of the ileum of patients
with IBS are abnormal. This together with the previously published results in
the duodenum as well as in the stomach and large intestine of these patients
indicate that the endocrine cells in all the segments of the gastrointestinal tract
are affected. The gastrointestinal endocrine cells have specialized microvilli
that project into the lumen and function as sensors for the luminal content and
respond to luminal stimuli by releasing hormones into the lamina propria, which
starts a chain reactions that progress throughout the entire neuroendocrine
system. It is possible, therefore, that abnormalities the gut endocrine cells play
a central role in the pathogenesis of IBS.

Applications

Identifying abnormalities in the gut endocrine cells may provide an effective tool
in the treatment of IBS. Actually, a serotonin agonist is available in the market,
which is approved for the treatment of chronic constipation.

Peer review

The study addresses the interesting areas of endocrine cells in IBS. The authors present a well conducted and written histologic study of enteroendocrine
cell types in the ileum of IBS patients, correlating cell densities with symptoms
and comparing them to control subjects.
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RESULTS: Thirty-three of the IBD patients included in
this study had ulcerative colitis (UC) and 14 had Crohn’s
disease (CD). Only 24% of the UC patients and 21% of
the CD patients had sufficient vitamin D levels. The vitamin D levels were significantly lower in the CD patients
with moderate to severe disease activity compared to
the CD patients in remission or with mild disease activity
(16 ± 6 ng/mL vs 26 ± 7 ng/mL; 16 ± 6 ng/mL vs 31
± 9 ng/mL, respectively, P < 0.05). Vitamin D levels in
the UC patients were not influenced by disease activity
and no correlation was observed with the inflammation
markers tested (C-reactive protein, fibrinogen, and erythrocyte sedimentation rate). No association was observed
between vitamin D levels and smoking status or ongoing medication (5ASA, steroids, and anti-TNFα). Newly
diagnosed IBD patients had lower vitamin D levels than
patients with established cases, though these differences
were not significant (UC: 22 ± 9 ng/mL vs 26 ± 12 ng/
mL; CD: 18 ± 6 ng/mL vs 27 ± 11 ng/mL, respectively).
Although no association was found between the season
during which the visit was scheduled and vitamin D levels, the UC patients assessed during the winter tended to
have lower levels than those assessed during the summer (22 ± 9 ng/mL vs 28 ± 13 ng/mL, respectively).

Abstract
AIM: To describe the relationship between vitamin D
levels and inflammatory bowel disease (IBD) characteristics in northeastern Romanian patients.
METHODS: This was a prospective study of 47 consecutive IBD patients admitted to The Institute of Gastroenterology and Hepatology in Iasi, Romania between
March 2011 and June 2012. The diagnosis of IBD was
established based on endoscopic, histologic and radiologic findings. Demographic data, disease characteristics, ongoing treatments and biological parameters of
patients (including markers of inflammation: C-reactive
protein level, fibrinogen level, and erythrocyte sedimentation rate) were recorded. Serum vitamin D levels were measured and compared with age- and sexmatched healthy volunteers from the same geographic
area. Vitamin D levels were defined as sufficient (> 30
ng/mL), insufficient (20-30 ng/mL), or severely defi-
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CONCLUSION: Vitamin D levels are significantly reduced in IBD patients in northeastern Romania, with
the lowest levels occurring in CD patients with moderate to severe disease activity.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Inflammatory bowel disease; Vitamin D
level; Northeastern Romania; Crohn’s disease activity;
Seasonality
Core tip: This is the first prospective study assessing
serum vitamin D levels in a Romanian population with
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and radiologic findings. Demographic data, disease characteristics, ongoing treatment, and biological parameters
(including markers of inflammation, such as C-reactive
protein level, fibrinogen level, and erythrocyte sedimentation rate) were recorded.

inflammatory bowel disease. The results of the study
highlight the low prevalence of sufficient vitamin D
levels in patients with Crohn’s disease and ulcerative
colitis. Furthermore, vitamin D levels were significantly
lower in newly diagnosed cases, suggesting that disease treatment can help restore levels to some extent.

Disease characteristics
Disease location was classified according to the Montreal
IBD classification system[9]. The disease activity for ulcerative colitis (UC) was determined using a total Mayo
score[10], with a score of ≥ 3 identifying a clinically active
disease state (3-5, mild; 6-8, moderate; 9-12, severe). The
Crohn’s disease activity index was utilized to categorize
CD activity[11], where clinically active disease was defined
by a score ≥ 150 (150-220, mild to moderate; 220-450,
moderate to severe; > 450, fulminant to severe). Serum
25-hydroxyvitamin D concentrations were determined
for all patients at the Bioclinica Laboratory using the high
performance liquid chromatography method. Patients
with confounding factors for serum vitamin D levels (i.e.,
renal failure, liver disease, pregnancy and lactation, medications such as anticonvulsants and vitamin D supplements, and prominent malabsorption) were excluded.
Ninety-four healthy age- and sex-matched volunteers
from the same geographic area and without disorders of
the gastrointestinal tract or bone, or other confounding
factors served as control subjects. The vitamin D levels
were compared across groups for effects related to sex,
season, and IBD. CD and UC patients were analyzed
separately for disease location, new/established disease,
disease severity, and the impact of treatment on the vitamin D level. New disease (newly diagnosed) patients
were those for whom the diagnosis of IBD was made
just before enrolling the study, during that hospitalization,
or within the previous four weeks. Established disease
patients were those for whom the diagnosis of IBD was
made more than four weeks prior. The relationship between markers of inflammation (e.g., C-reactive protein
level, fibrinogen level, and erythrocyte sedimentation
rate), disease duration, smoking status, and vitamin D
levels in all patients were analyzed.

Dumitrescu G, Mihai C, Dranga M, Prelipcean CC. Serum
25-hydroxyvitamin D concentration and inflammatory bowel
disease characteristics in Romania. World J Gastroenterol 2014;
20(9): 2392-2396 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i9/2392.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i9.2392

INTRODUCTION
Inflammatory bowel disease (IBD) is a debilitating condition characterized by a dysregulated mucosal immune
response to intestinal microorganisms in a genetically
susceptible host. While its pathogenesis is only partially
understood, studies have shown that a complex combination of genetic, immune, environmental and microbial
factors contribute to IBD. It is thought that IBD results
from an inappropriate immune response to luminal antigens in the gut[1]. This disease is an important public
health problem, affecting up to 0.5% of the population
in developed countries and with increasing incidence in
developing nations[2-4].
Recent studies describing the immunomodulatory
function of vitamin D have suggested that vitamin D
activity could play an extenuating role in the occurrence
and progression of these autoimmune diseases[5-7]. Epidemiological studies suggest that the prevalence of vitamin
D deficiency is high in patients with Crohn’s disease (CD).
Vitamin D deficiency is associated with a decreased
exposure to sunlight, decreased oral vitamin D intake,
malabsorption of vitamin D due to short gut syndrome
or small bowel disease, bacterial overgrowth, and the use
of cholestyramine for IBD symptom management[8]. Although patients with IBD are known to have an increased
incidence of vitamin D deficiency, it remains unclear
whether the deficiency contributes to and/or results from
the disease. In this study, the vitamin D levels of northeastern Romanian IBD patients were compared with ageand sex-matched control subjects to assess the association between vitamin D levels and disease characteristics.

Definition of vitamin D status
Although the definition of an acceptable 25-hydroxyvitamin D level is a matter of debate, a level greater than 30
ng/mL is considered optimal for maintaining a normal
immune system. Therefore, we classified vitamin D levels
as sufficient (> 30 ng/mL), insufficient (20-29 ng/mL),
and deficient (< 20 ng/mL) for the purposes of this
study.

MATERIALS AND METHODS
Patient selection
This was a prospective study of outpatient and hospitalized IBD patients from the Institute of Gastroenterology
and Hepatology Iasi in northeastern Romania between
March 2011 and June 2012. The study was reviewed and
approved by the local ethics review board. The diagnosis
of IBD was established based on endoscopic, histologic
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Statistical analysis
All statistical analyses were performed using SPSS 16.0
software (SPSS Inc., Chicago, IL, United States). The chisquare distribution test was performed for the majority
of the analyses, and the Fisher’s exact test was used in
some cases when sample size was small. The threshold
for statistical significance was set at P < 0.05, and data are
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was observed in CD patients with involvement of only
the colon compared to patients with additional involvement of the small bowel. Furthermore, newly diagnosed
patients tended to have a lower vitamin D level than
patients with established cases in the CD group (18 ± 6
ng/mL vs 27 ± 11 ng/mL) and the UC group (22 ± 9
ng/mL vs 26 ± 12 ng/mL). Although the severity of the
flare in UC patients did not affect serum vitamin D levels, CD patients with moderate to severe disease activity
had significantly lower vitamin D levels than patients in
remission or with mild disease activity (16 ± 6 ng/mL vs
26 ± 7; 16 ± 6 ng/mL vs 31 ± 9 ng/mL, respectively, P <
0.05). Finally, there were no statistically significant associations between vitamin D levels and smoking or medication status, or with serum levels of C-reactive protein
or fibrinogen, or with erythrocyte sedimentation rate.

Table 1 Patient demographics n (%)
Ulcerative
colitis
(n = 33)

Crohn’s
disease
(n = 14)

Control
subjects
(n = 94)

42 ± 14
16/17
3±5

36 ± 9
6/8
3±3

42 ± 12
44/50

Age, mean ± SD
Sex, F/M
Disease duration in years,
mean ± SD
Newly diagnosed patient1
Ulcerative colitis
Proctitis
Left colitis
Pancolitis
Crohn’s disease
Ileal
Colonic
Ileo-colonic
Isolated upper digestive
25-OH D in μg/L,
mean ± SD
Vitamin D deficiency
Vitamin D insufficiency
Vitamin D sufficiency
Season of clinical visit
Winter
Summer

15 (45)

6 (43)

8 (24)
12 (36)
13 (39)

24 ± 11

0 (0)
5 (36)
8 (57)
1 (7)
23 ± 10

31 ± 13

10 (30)
15 (45)
8 (24)

5 (36)
6 (43)
3 (21)

19 (20)
28 (30)
47 (50)

20 (61)
13 (39)

7 (50)
7 (50)

53 (56)
41 (44)

DISCUSSION
The incidence and prevalence of IBD is higher in Northern Europe, North America, North Australia and New
Zealand than in Asia[2,3]. Although the incidence of IBD
in the Indian subcontinent is low, individuals migrating
to developed countries in northern latitudes have an increased risk for developing the disease[12]. The association
between vitamin D levels and sunlight exposure and IBD
incidence is confounded by numerous factors, and therefore a causal relationship cannot be confirmed. The available reports on vitamin D levels in adults with IBD show
a range of prevalence of vitamin D deficiency of 22%
to 70% in CD cases and between 15% and 45% in those
with UC[13-15]. This study found that only 24% of UC patients, 21% of CD patients, and 50% of healthy subjects
were vitamin D sufficient. These results were somewhat
unexpected, given that Romania is considered by some to
be a sunny country, and therefore an adequate source of
vitamin D.
Although low vitamin D concentrations have been reported in IBD[16,17], there are contradictory data regarding
the correlation between 25-hydroxyvitamin D levels and
IBD activity[18-20]. However, despite some reports showing no association[21], we anticipated that patients with
small bowel CD would have lower vitamin D levels, as a
study by Tajika et al[22] showed that 25-hydroxyvitamin D
levels correlated with CD duration and activity. The current study indicates that, despite the high prevalence of
vitamin D deficiency in IBD patients, serum vitamin D
levels were only associated with IBD activity in CD patients, in contrast to a previous finding[19]. However, our
results are in agreement with a similar study published by
Lamb et al[23] showing that overall, vitamin D levels did
not differ between patients with CD and patients with
UC. Interestingly, our study indicated that newly diagnosed IBD patients tended to have lower vitamin D levels, though the small number of patients prohibited this
difference from reaching statistical significance. It has
been suggested that vitamin D deficiency in IBD patients
is related to inadequate absorption [24]. Although this
study demonstrated an increased incidence of vitamin D

1

Patients for whom the diagnosis of inflammatory bowel disease was
established just prior to study inclusion.

reported as mean ± SD.

RESULTS
A total of 47 IBD patients and 94 healthy volunteers
were included in this study. Thirty-three of the IBD
patients had UC and 14 had CD. Demographic data and
disease characteristics from these patients are presented
in Table 1. Vitamin D levels were significantly lower in
IBD patients compared to healthy controls (24 ± 10
ng/mL vs 31 ± 13 ng/mL, P < 0.05). However, IBD
type did not influence this decrease, as no difference was
found between the CD and UC patients. A significantly
greater proportion of the male healthy controls had a
sufficient vitamin D level than the male IBD patients
(56% vs 25%, P < 0.05), but the difference between the
female healthy controls and the female UC patients and
respectively female CD patients did not reach the threshold of statistical significance (43% vs 24% vs 17%, P =
0.16). Additionally, while vitamin D levels in the healthy
control group were significantly associated with the season (P < 0.05), this trend was not observed in the IBD
patients. Although the vitamin D levels were lower in the
winter compared to those during the summer in UC patients (22 ± 9 ng/mL vs 28 ± 13 ng/mL) and higher in
CD patients (25 ± 8 ng/mL vs 21 ± 11 ng/mL, respectively), these differences were not significant.
In the UC patients, a lower serum vitamin D level
was detected in a subgroup with extensive colitis (20 ± 7
ng/mL) compared to patients with left side colitis (30 ±
14 ng/mL); however, the difference was not significant.
Similarly, a moderately reduced serum vitamin D level
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all patients and matched control subjects.

deficiency in IBD patients, it is unclear whether the low
vitamin D level is due to the IBD and associated inflammation of the gut, or if the IBD is a consequence of the
immune disorders induced by the vitamin D deficiency.
A large population study found that high sunlight
exposure was associated with a significantly decreased
risk of CD[25]. Furthermore, patients with reduced sun
exposure have lower serum 25-hydroxyvitamin D levels
and increased disease activity[26]. While the onset and exacerbation of IBD is thought to show seasonal variation,
suboptimal vitamin D levels have been observed even
during the summer[27]. This study similarly failed to demonstrate a seasonality effect, though a trend for reduced
deficiency rates in summer was observed in UC patients.
In addition to sunlight exposure, steroid treatment for
IBD may contribute to vitamin deficiency, as vitamin
D-deficient patients are statistically more likely to be
treated with steroids, but not other immunosuppressants
such as infliximab, methotrexate, azathioprine, adalimumab or mercaptopurine[28], however, the sample size in
this study was insufficient to allow for proper analysis of
the impact of different treatments on vitamin D levels.
This is the first report of an assessment of vitamin
D levels in IBD patients from northeastern Romania. Although the small number of patients was a limitation of
the study, there are some advantages to the research design. Patients included in the study were excluded based
on specific criteria, and disease activity was based on
laboratory, clinical and endoscopic assessments. Furthermore, patients were compared with geographically similar
control subjects, with all blood sampling performed in
the same laboratory. The study highlights the low prevalence of sufficient vitamin D levels in IBD patients, and
an association between vitamin D deficiency and moderate to severe CD. Future prospective cohort studies
with larger patient samples are needed to determine the
causal relationship between the vitamin D deficiency and
the incidence of IBD. Moreover, the effect of vitamin
D supplementation on IBD outcome should be investigated, which may provide insight to possible therapeutic
or preventative measures for the treatment of IBD.

Applications

This report identifies a correlation with IBD severity and vitamin D deficiency.
These results suggest that clinicians should assess the vitamin D status of their
IBD patients and recommend vitamin supplementation to those with a deficiency.

Terminology

Vitamin D levels are assessed by serum 25-hydroxyvitamin D concentrations.
Although the definition of an acceptable 25-hydroxyvitamin D level is a matter
of debate, a level greater than 30 ng/mL is considered optimal for maintaining a
normal immune system. This study categorized vitamin D levels as sufficient (>
30 ng/mL), insufficient (20-29 ng/mL), and deficient (< 20 ng/mL).

Peer review

This is the first prospective study assessing vitamin D levels in a Romanian
population with IBD. The results indicate that IBD is associated with an increased incidence of vitamin D deficiency. Furthermore, patients with moderate
to severe cases of Crohn’s disease had significantly reduced vitamin D levels
compared to patients in remission or with mild cases. These data suggest
that vitamin D deficiency is an important factor in IBD, however more work is
needed to determine whether the deficiency contributes to or results from the
disease state.
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in allele distributions of rs2070600 (P = 0.02). The risk
for CD associated with the rs1800624-A mutant allele
decreased by 36% (95%CI: 0.47-0.88, P = 0.005) under the additive model and by 35% (95%CI: 0.46-0.91,
P = 0.013) under the dominant model. Carriers of
rs2070600-A mutant allele showed a 37% (95%CI:
1.02-1.83, P = 0.036) increased risk of developing
CD relative to the GG genotype carriers. In haplotype
analysis, haplotype T-A-G (in the order rs1800625,
rs1800624, and rs2070600) decreased the odds of CD
by 33% (95%CI: 0.49-0.94, P = 0.018).

Abstract

Key words: Receptor for advanced glycation end product; Polymorphism; Crohn’s diseases; Susceptibility; Association study

CONCLUSION: CD is an immune-related disease with
genetic predisposition. Genetic defects in the RAGE
gene are strongly associated with CD in Chinese population.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate the association of three polymorphisms in the receptor for advanced glycation end
product (RAGE ) gene with Crohn’s disease (CD) risk in
a Chinese population.
METHODS: A hospital-based case-control association study involving 312 CD patients and 479 healthy
controls was conducted. Peripheral blood samples were
collected from 791 study subjects, and genomic DNA
was extracted. Genotyping was performed using polymerase chain reaction-ligase detection reaction method. The association between polymorphic genotype and
CD predisposition was determined using odds ratio and
95% confidence interval (CI). Data were analyzed using Haplo.stats program.

Core tip: The receptor for advanced glycation end products (RAGE) is a pattern recognition receptor involved
in several pathophysiological processes associated with
inflammation. Therefore, we considered that RAGE gene
is a candidate gene susceptible to Crohn’s disease (CD).
This study is the first to investigate the association of
the three most commonly studied polymorphisms in
RAGE gene with CD risk in a Chinese population. The
results suggest that RAGE rs1800624 and rs2070600
polymorphisms are associated with CD occurrence. The
present findings support the hypothesis that a genetically impaired innate defense immunity system is a predisposing factor in the etiology of CD.

RESULTS: Significant differences were observed between patients and controls in allele/genotype distributions of rs1800624 (P allele = 0.012; P genotype = 0.005) and
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Table 1 Characteristics of Crohn's disease patients and
healthy controls in a Chinese Han population
Characteristics
Number
Male/female
Age, mean ± SD (yr)
Age at diagnosis (ys)
< 17
17-40
> 40
CD behavior
Inflammatory
Stricturing
Penetrating
CD location
Ileum
Colon
Ileocolon
Perianal lesions
Yes
No
Appendectomy
Yes
No
Abdominal operation
Yes
No

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic relapsing
inflammatory condition of the gastrointestinal tract that
comprises two main subtypes, namely, Cohn’s disease (CD)
and ulcerative colitis (UC), which have overlapping but distinct clinical and pathological features. Considerable efforts
have been devoted to elucidating the etiology and pathogenesis of IBD, but underlying regulatory and molecular
mechanisms remain elusive. Epidemiological studies have
documented that first-degree relatives of individuals with
IBD have approximately 20-fold to 50-fold increased
risk of developing the disease compared with the general
population for CD and 10-fold to 20-fold increased risk
for developing UC[1], suggesting a genetic basis for inheritance of IBD. Genome-wide linkage analyses have identified multiple candidate regions on several chromosomes
for IBD. Meanwhile, numerous immunity-related genes
have been found to locus on several IBD-susceptibility
regions[2-4]. As a result of the importance of immunity in
IBD, investigations on IBD-susceptibility genes involved
in immunity have increasingly elicited research interest.
The receptor for advanced glycation end products
(RAGE) is a member of the immunoglobulin protein
family of cell surface molecules[5], and was initially isolated as the receptor of advanced glycation end products
(AGEs) that accumulate during diabetes and senescence
as a result of nonenzymatic glycation and oxidation of
proteins and lipids[6]. RAGE has since been shown to
bind a diverse set of ligands in addition to AGEs, including high-mobility group box-1, several members of
the S100 protein family and b amyloid peptides, leading
to the activation of several proinflammatory signaling
pathways[7,8]. Presently, RAGE is a pattern recognition
receptor involved in several pathophysiological processes
associated with inflammation, such as diabetes complications[9], arthritis[10], systemic lupus erythematosus[11],
multiple sclerosis[12], as well as CD[13]. In addition, animal
model studies suggest that RAGE has an important function in innate defense mechanisms[14]. Meanwhile, recent
studies have discovered nearly 20 naturally occurring
RAGE-splicing variants in humans[15-19]. These isoforms
are characterized by whole or parts of mRNA transcripts
with missing or additional exons/introns or resulting
from alternative splicing of the RAGE pre-mRNA and
gene expression regulation[19]. Subsequent studies have
presented convincing statistical evidence for a novel
functional single nucleotide polymorphism, -374T/A,
in RAGE being the CD susceptible locus in a German
population, but not in an American population[13].
Considering that susceptibility genes in CD vary
across different ethnic groups, we performed a hospitalbased case-control association study on the three widely
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CD patients

Control subjects

312
205/107
34.0 ± 13.0

479
308/171
36.5 ± 15.1

42
212
58

63
324
92

179
90
43
194
27
91
92
220
18
294
72
240

CD: Crohn's disease.

evaluated polymorphisms of RAGE gene and assessed
the association between RAGE haplotypes and CD.

MATERIALS AND METHODS
Study populations
A hospital-based case-control study was conducted, involving 312 sporadic patients with CD and 479 healthy
volunteers. All patients were recruited through the Outpatient Clinic at the Department of Gastroenterology at
Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine as part of an ongoing project to examine genetic factors that contribute to the etiology of IBD. The
demographics in the study population are summarized in
Table 1. In this study, 42 patients were diagnosed under
17 years old in the CD group and there were 63 patients
in the control group, without statistical difference in the
proportion (P = 0.97).
Cases and controls were well matched by age and
gender. Informed consent was obtained from all participants, and the study was approved by the Institutional
Ethics Board of the Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine.
Genotyping
Blood samples (1 mL) were collected, and genomic DNA
was extracted from white blood cells using TIANamp
Blood DNA Kit (Tiangen Biotech Co., Ltd., Beijing,
China). Genotyping was conducted by the PCR-ligase detection reactions (LDR) method using ABI 9600 system
(Applied Biosystems, United States)[20]. The following cy-
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Table 2 Genotype distributions and allele frequencies of the studied polymorphisms in patients and controls, and their risk
prediction for Crohn's disease under three genetic models of inheritance
Patients (n = 312)

Polymorphism
rs1800624

TT
AT
AA
A
TT
CT
CC
C
GG
AG
AA
A

rs1800625

rs2070600

248
62
2
10.6%
228
82
2
13.8%
174
112
26
26.3%

Controls (n = 479)
343
123
13
15.6%
353
118
8
14.0%
303
148
28
21.3%

P (χ 2)

Genetic models

OR; 95%CI

0.012

Additive
Dominant
Recessive

0.64; 0.47-0.88
0.65; 0.46-0.91
0.23; 0.05-1.03

Additive
Dominant
Recessive

0.98; 0.73-1.33
1.03; 0.75-1.42
0.38; 0.08-1.80

Additive
Dominant
Recessive

1.29; 1.03-1.62
1.37; 1.02-1.83
1.46; 0.84-2.55

0.005
0.460
0.940
0.086
0.022

OR: Odds ratio.

cling parameters were used: 94 ℃ for 2 min; 35 cycles of
94 ℃ for 20 s; 56 ℃ for 20 s; 72 ℃ for 40 s; and a final
extension step at 72 ℃ for 3 min. Two specific probes to
discriminate the specific bases and one common probe
were synthesized (available upon request). The common
probe was labeled at the 3′ end with 6-carboxy-fluorescein
and phosphorylated at the 5′ end. The following reaction
conditions of LDR were followed: 94 ℃ for 2 min, 30
cycles of 94 ℃ for 30 s, and 56 ℃ for 3 min. After the
reaction, 1 mL of LDR reaction products was mixed with
1 mL of ROX passive reference and 1 mL of loading
buffer, denatured at 95 ℃ for 3 min, and chilled rapidly
in ice water. The fluorescent products of LDR were differentiated using ABI sequencer 377 (Applied Biosystems, United States).

RESULTS
Single-locus analysis
No deviations from Hardy-Weinberg equilibrium were
found for all studied polymorphisms in the controls (P
> 0.05). The genotype/allele distributions of the three
selected polymorphisms in RAGE are shown in Table 2.
Significant differences between CD patients and controls
were observed in allele and genotype distributions of
rs1800624 (Pallele = 0.012 and Pgenotype = 0.005) and in allele
distributions of rs2070600 (P = 0.022).
Notably, for rs1800624, the risk associated with
mutant allele or genotype decreased by 36% (95%CI:
0.47-0.88) under the additive model and by 35% (95%CI:
0.46-0.91) under the dominant model. For rs2070600, a
significant difference in association with CD under the
additive (OR = 1.29; 95%CI: 1.03-1.62) and dominant
(OR = 1.37; 95%CI: 1.02-1.83) models was observed. No
significant association was detected for rs1800625 under
the three genetic models.

Statistical analysis
Comparisons between CD patients and controls were
conducted using unpaired t test for continuous variables
and χ 2 test for categorical variables. To avoid gross
genotyping error, all polymorphisms were checked for
consistency with Hardy-Weinberg equilibrium on a
contingency table of observed-versus-predicted genotype frequencies using Pearson χ 2 test or Fisher’s exact
test. Genotypes were compared by logistic regression
analysis under assumptions of additive, dominant, and
recessive models of inheritance. P < 0.05 was considered statistically significant. Haplotype frequencies were
estimated using the haplo.em program, and odds ratio
(ORs) and 95% confidence interval (CI) were estimated
using haplo.cc and haplo.glm programs according to a
generalized linear model[21]. The haplo.score was used to
model an individual’s phenotype as a function of each
inferred haplotype, which was weighted by their estimated probability to account for haplotype ambiguity.
The haplo.em, haplo.glm, and haplo.score were evaluated using haplo.stats software (version 1.4.0) developed
using R (http://www.r-project.org/). Study power was
estimated using PS Power and Sample Size Calculations
software (version 3.0).
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Haplotype analysis
Haplotype frequencies of the three polymorphisms examined were estimated and compared between cases and
controls (Table 3). The frequency of haplotype T-A-G
(in the order rs1800625, rs1800624, and rs2070600) was
significantly lower (P = 0.005) in patients, whereas the
frequency of haplotype T-T-A was significantly higher (P
= 0.027) in patients compared with the controls. After
assigning the most common haplotype T-T-G as the reference, haplotype T-A-G decreased the odds of CD by
33% (95%CI: 0.49-0.94, P = 0.018).
Power calculation
Power calculation was performed to estimate the risk of
obtaining false-negative results because of small sample
size. Based on the two-sided test at the 0.05 significance
level, this study exhibited 69% and 53% power in successfully detecting a significant association between
rs1800624 and rs2070600 polymorphisms and risk of

2399

March 7, 2014|Volume 20|Issue 9|

Wang ZT et al . RAGE polymorphisms and CD susceptibility
Table 3 Haplotype frequencies of the studied polymorphisms in patients and controls, and their risk prediction for Crohn's disease
Case

Control

Hapscore

P value

P sim

OR

95%CI

P value

49.40%
26.30%
10.60%
13.80%

49.10%
21.30%
15.60%
14.00%

0.075
2.21
-2.82
-0.12

0.94
0.027
0.005
0.91

0.92
0.032
0.002
0.88

Reference
1.2
0.67
0.97

0.94-1.53
0.49-0.94
0.70-1.33

0.14
0.018
0.83

haplotype
T-T-G
T-T-A
T-A-G
C-T-G

Alleles in haplotype were presented in order of polymorphisms rs1800625, rs1800624 and rs2070600. OR: Odds ratio; PSim: Simulated P.

cases and in the controls, respectively. The discrepancy in
the results may be mainly explained by the heterogeneous
genetic predispositions of individuals of different ethnicities. Genetic markers representing predisposition to IBD
vary across geographical and racial groups. As proven by
our previous meta-analyses, CD14 gene C-260T polymorphism exhibited remarkable heterogeneity with UC across
ethnic groups, with statistical significance in Asians but
not in Caucasians[26]. However, considering the relatively
smaller sample size in the present study, more studies are
required to validate the effects for RAGE G82S.
In this study, haplotype analysis of the rs1800625rs1800624-rs2070600 combination revealed four main
and rare haplotypes. The common haplotype T-T-G
showed a similar frequency between CD and control individuals (49.4% vs 49.1%). Compared with the common
haplotype, haplotype T-A-G showed a highly significant
negative correlation between CD and control individuals
(10.6% vs 15.6%, P = 0.0049; OR = 0.67), suggesting that
it is a protective haplotype. Haplotype analysis further
confirmed the results that rs1800624 and rs2070600 are
the susceptible loci for CD in the Chinese population.
However, this study has several drawbacks. First, the
sample size is relatively small and may not produce efficient statistical power to detect a small genetic effect,
resulting in a fluctuated estimation. Second, limited polymorphisms of RAGE gene associated with susceptibility
to CD were shown, and other unidentified polymorphisms that influence the development of CD still remain to be discovered. Therefore, further related studies
of a large sample size from different ethnic origins and
biological studies should be carried out to verify this association. Third, data on circulating soluble RAGE levels
are unavailable, so RAGE levels cannot be compared
across genotypes.
In conclusion, this study revealed that polymorphisms
and haplotypes of the RAGE gene are significantly associated with susceptibility to CD in the Chinese population. Moreover, this study leaves open the question of
divergent genetic profiles across different ethnic groups.
This study provides supporting evidence for further investigation on pathophysiological mechanisms of RAGE
genes in CD.

CD under a dominant genetic model, respectively.

DISCUSSION
In this study, we investigated the role of three potential polymorphisms of RAGE gene in the risk of CD
susceptibility in a Han Chinese population. The results
reveal that the RAGE gene polymorphisms and the haplotype were associated with CD. Although the haplotype
T-A-G (rs1800625- rs1800624- rs2070600), had low penetrance, it was negatively correlated with CD and could
have a protective function in the latter. To the authors’
knowledge, the present study is the first to explore the
genetic susceptibility of RAGE gene to CD in Chinese
population.
The rs1800624 polymorphism located at position
-374 of the promoter region could be a functional polymorphism that results in reduced binding of a nuclear
factor to a regulatory element of the RAGE gene promoter. In vitro experiments by Hudson et al[22] demonstrated that -374A resulted in a threefold increase in transcriptional activity compared with the T allele. Däbritz et al[13]
found that -374T/A RAGE polymorphism is negatively
associated with CD in a German population, supporting
the hypothesis that the -374T/A RAGE polymorphism
increases the levels of circulating soluble RAGE to neutralize proinflammatory mediators. However, this claim
warrants further investigation.
Another variant (rs2070600, also known as G82S
polymorphism) that causes a glycine-to-serine substitution at position 82 within the V-domain exhibits significantly different distribution between CD and control
individuals (P allele = 0.022). The rs2070600 polymorphism is located in an exon in a region that has a crucial
function in ligand binding. The 82S variant increases
the ligand-binding affinity of the receptor[23,24], and consequently increases nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB) activation and
inflammatory gene expression. In addition, the G82S
polymorphism is associated with reduced levels of soluble RAGE that magnifies the contribution from RAGE
toward inflammation in a number of diseases[25]. The
G82S RAGE polymorphism is associated with arthritis[23]. However, Däbritz et al[13] did not detect any association between G82S polymorphism and CD in either German or American population. They found that the minor
A allele frequency of this polymorphism was below 5%
in all study samples. In contrast, in the present study, the
minor A allele frequencies were 26.3% and 21.3% in the
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METHODS: Full length and caspase cleaved cytokeratin 18 (detected as M65 and M30 antigens) represent
circulating indicators of necrosis and apoptosis. M65
and M30 were identified by enzyme-linked immunosorbent assay in 169 subjects including healthy controls (n
= 33), patients with chronic hepatitis B (CHB, n = 55)
and patients with ACLF (n = 81). According to the 3-mo
survival period, ACLF patients were defined as having
spontaneous recovery (n = 33) and non-spontaneous
recovery which included deceased patients and those
who required liver transplantation (n = 48).
RESULTS: Both biomarker levels significantly increased
gradually as liver disease progressed (for M65: P <
0.001 for all; for M30: control vs CHB, P = 0.072; others: P < 0.001 for all). In contrast, the M30/M65 ratio
was significantly higher in controls compared with CHB
patients (P = 0.010) or ACLF patients (P < 0.001). In
addition, the area under receiver operating characteristic curve (AUC) analysis demonstrated that both biomarkers had diagnostic value (AUC ≥ 0.80) in identifying ACLF from CHB patients. Interestingly, it is worth
noting that the M30/M65 ratio was significantly different between spontaneous and non-spontaneous recovery in ACLF patients (P = 0.032). The prognostic value
of the M30/M65 ratio was compared with the Model for
End-Stage Liver Disease (MELD) and Child-Pugh scores
at the 3-mo survival period, the AUC of the M30/M65
ratio was 0.66 with a sensitivity of 52.9% and the highest specificity of 92.6% (MELD:AUC = 0.71; sensitivity,
79.4%; specificity, 63.0%; Child-Pugh: AUC = 0.77;
sensitivity, 61.8%; specificity, 88.9%).
CONCLUSION: M65 and M30 are strongly associated
with liver disease severity. The M30/M65 ratio may be
a potential prognostic marker for spontaneous recovery
in patients with HBV-related ACLF.

Abstract
AIM: To determine the prognostic value of circulating
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CHC patients, and it was suggested that elevated M30
may be more sensitive than aminotransferase for identifying liver injury, particularly in CHC patients with normal
aminotransferase profiles[18]. Another study showed that
the measurement of serum M30 or M65 can accurately
differentiate nonalcoholic steatohepatitis (NASH) or
simple steatosis from controls, with M65 being a better
diagnostic indicator than M30[19]. In all of these reports,
an elevation in serum M30 showed some correlation with
disease severity in the early stage of liver injury. In addition, M30 showed clinical significance as a potential prognostic marker in end-stage liver disorders, however, these
findings are still controversial. Rutherford et al[20] reported
that the median levels of tumor necrosis factor-alpha
and M30 were at least 10-fold greater in acute liver failure
(ALF) than in either CHC or normal controls. Based on
the serum level of M30 and commonly measured clinical
variables, the same group developed a prognostic index
for ALF which was validated in 250 patients, and found
that M30 and clinical variables at study entry most accurately identified patients who would require liver transplantation (LT) or would die[21]. In contrast, Volkmann
et al[22] found that patients who spontaneously recovered
from ALF had a significantly higher level of serum M30
than patients who required LT or who died. Several additional reports have evaluated the role of overall cell death
in NASH, hepatitis C virus infection and liver failure[23-25],
and controversies still exist regarding which mode of cell
death predominates in various disease stages[9].
However, as potential prognostic biomarkers for clinical outcome of ACLF, an investigation of M30 and M65
in patients with HBV infection as the single etiology has
not been reported. In this study, we first investigated the
profile of cell death at different disease stages, and in
order to determine if there was a correlation with liver
damage, we then investigated the association between
M30 and M65 with alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) in cohort patients. Finally, we evaluated these cell death biomarkers as predictive markers of outcome in ACLF patients at the 3 mosurvival period, and further compared these biomarkers
with the MELD and Child-Pugh scores.

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

Key words: Acute-on-chronic liver failure; Chronic hepatitis B virus infection; Liver disease stage; Liver disease
severity; Serum M65 level; Serum M30 level; Prognostic
value
Core tip: Massive hepatic cell death is a key characteristic of liver failure. Enzyme-linked immunosorbent assay
was used to measure M65 and M30 in a chronic hepatitis B (CHB) infection cohort which included healthy
controls, CHB and acute-on-chronic liver failure (ACLF)
patients. Elevated M65 and M30 differentiated CHB
or ACLF patients from healthy controls and gradually
increased with disease severity. M30/M65 was significantly increased in ACLF patients with spontaneous recovery (P = 0.032), and the AUC of this ratio at the 3-mo
survival period was 0.661 (sensitivity: 52.9%) with a
high specificity (92.6%) compared with the Model for
End-Stage Liver Disease and Child-Pugh scores.
Zheng SJ, Liu S, Liu M, McCrae MA, Li JF, Han YP, Xu CH,
Ren F, Chen Y, Duan ZP. Prognostic value of M30/M65 for outcome of hepatitis B virus-related acute-on-chronic liver failure.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is one of the
leading causes of liver-associated death and disease in
China[1,2], and accounts for more than 83% of overall
liver failure and over 90% of acute-on-chronic liver failure (ACLF) cases[3-5]. Recently, ACLF has been found to
be an increasingly recognized entity encompassing acute
deterioration of liver function in patients with chronic
liver disease worldwide[6-8]. Prompt and accurate prediction of outcome and correct medical decision making
can improve outcome in ACLF patients. The currently
used prognostic models, such as the Model for End-Stage
Liver Disease (MELD) and Child-Pugh scores, were not
specifically designed for patients with HBV-related ACLF,
therefore, it is worth exploring new potential biomarkers
which might improve the prognostic model for HBVrelated ACLF patients.
Dysregulation of hepatocyte apoptosis plays an
important role in liver disorders [9]. M30-antigen, the
caspase‑cleaved cytokeratin‑18, is used to detect apoptosis[10-13]. Uncleaved cytokeratin‑18, detectable as M65antigen[14], is also released from dying cells (due to both
apoptosis and necrosis).
An elevation in M30 was identified in patients with
liver disorders, including chronic hepatitis C (CHC)[15-17].
A previous study reported that elevated serum M30 was
positively associated with a higher degree of fibrosis in

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study participants
From July 2008 to October 2011, 136 subjects including
patients with CHB (n = 55), patients with ACLF (n = 81),
and 33 healthy individuals were enrolled. All subjects underwent a physical examination, biochemical screening, a
blood coagulation test and a liver function test.
All patients had a history of chronic HBV infection
and were either hepatitis B surface antigen (HBsAg) or
HBV DNA positive (detected by real-time polymerase
chain reaction assay) for more than 6 mo before enrollment. Patients with CHB had persistent ALT elevation
or had repeated elevation of ALT and/or inflammation as seen on histological examination of liver biopsy
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Figure 1 Histology of tissue sample for chronic hepatitis B and and acute-on-chronic liver failure in representative patients. A: Chronic hepatitis B (CHB,
mild): Mild enlarged portal tract is infiltrated by lymphocytes without interface hepatitis. Spot necrosis is in the lobule (left, HE, × 100). Portal tract shows mild fibrosis
(right, Masson trichrome); B: Acute-on-chronic liver failure (ACLF): Massive necrosis of parenchyma with cirrhotic nodule remaining (left, HE, × 100). Cirrhotic nodule
is surrounded by fibrous tissue (arrow) (right, Masson trichrome).

samples[26]. Patients with ACLF fulfilled the following
criteria: presented with evidence of acute hepatic insult
manifesting as jaundice and coagulopathy, complicated
quickly by ascites and/or encephalopathy and with previously diagnosed or undiagnosed chronic liver disease. In
addition, serum total bilirubin was ≥ 171 μmol/L, prothrombin time increased significantly and the percentage
of prothrombin activity (PTA) was ≤ 40%[6]. Thirty-six
of 55 CHB patients underwent liver biopsy, and a pathological analysis was conducted. The liver tissues from 19
ACLF patients who underwent LT were also analyzed by
the same experienced pathologist (Figure 1).
All patients with ACLF were followed for at least 3
mo to determine the 3-mo survival period. The patients
who died or underwent LT during the admission period
were recorded, and patients who were discharged before
the end of the follow-up period were monitored via telephone. The spontaneous recovery group was defined as
patients with ACLF who survived for more than 3 mo,
whereas the non-spontaneous recovery group was defined as patients with ACLF who died within 3 mo or received a liver transplant during this time. The 3-mo start
point was set as the day when the serum was collected.
Patients presenting with other viral hepatitis, hemochromatosis, Wilson’s disease, autoimmune hepatitis,
primary biliary cirrhosis, sclerosing cholangitis, biliary obstruction, alpha-1 antitrypsin deficiency, or malignancies
were excluded from the study cohort.

WJG|www.wjgnet.com

Peripheral fasting blood samples were collected from
patients on the morning of the second day after hospitalization, centrifuged at 1000 g for 15 min at 4 ℃ and the
serum collected. Aliquoted serum was then immediately
stored at -80 ℃ until used in the enzyme-linked immunosorbent assay (ELISA) analysis.
The study protocol was reviewed and approved by
the Institutional Review Board of Beijing Youan Hospital, Capital Medical University, Beijing, China. Written
informed consent was obtained from each participant
before initiation of the study. The study was carried out
according to the Declaration of Helsinki and the guidelines of the International Conference on Harmonization
for Good Clinical Practice.
Detection of serum M65 and M30
All serum samples collected were first blinded and then
tested in duplicate. Total cytokeratin 18 and caspasecleaved cytokeratin 18 fragments were measured using
the M65 and M30 Apoptosense ELISA kits purchased
from PEVIVA (Bromma, Sweden) according to the
manufacturer’s recommended procedure[27]. In brief, serum samples were first placed into 96-well plates which
had been coated with a mouse monoclonal antibody as a
catcher. Following incubation for 4 h at room temperature, the plate was washed five times with phosphate
buffered saline. A horseradish peroxidase conjugated antibody (against either M65 or M30) was then used to de-
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Table 1 Demographics and clinical characteristics of study subjects
Health control (n = 33)

CHB (n = 55)

ACLF (n = 81)

P value

26 (78.79)
39.73 ± 7.12
18.71 ± 9.33
21.70 ± 11.84
11.07 ± 3.47
46.17 ± 2.05
66.72 ± 16.14
5.85 ± 1.22
223.55 ± 22.09

46 (83.64)
38.62 ± 12.08
6.66 ± 1.49
212.07 ± 290.77
109.85 ± 158.32
28.43 ± 30.72
40.02 ± 3.73
72.10 ± 12.66
1.03 ± 0.11
98.86% ± 17.34%
5.23 ± 1.30
170.72 ± 56.45

68 (83.95)
42.84 ± 11.12
5.76 ± 1.73
527.06 ± 790.14
401.72 ± 571.31
394.98 ± 200.16
31.06 ± 3.99
80.96 ± 50.26
2.40 ± 1.00
31.34% ± 11.24%
8.19 ± 3.79
105.90 ± 58.13

0.788
0.075
0.000
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.1768
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Male
Age (yr)
HBV DNA viral load (Log)
ALT (U/L)
AST (U/L)
Total bilirubin (μmol/L)
Albumin (g/L)
Crea (μmol/L)
International normalized ratio
Prothrombin activity
White blood cell (× 109/L)
Platelet (× 1012/L)

Data are presented as numbers (percentage) or mean ± SD. CHB: Chronic hepatitis B; ACLF: Acute-on-chronic liver failure; HBV: Hepatitis B virus; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase.

tect the presence and concentration of M65 or M30. The
absorbance at 450 nm was determined in a microplate
reader within 30 min of setting up the assay.

clinical features of ACLF patients with spontaneous recovery or non-spontaneous recovery are summarized in
Table 2.

Statistical analysis
Statistical analysis was performed using SPSS 16.0 for
Windows, and the results are expressed as mean ± SD
unless otherwise stated. The continuous variables among
multigroups were analyzed by one way ANOVA or the
Kruskal-Wallis test depending on data distribution, and
pairwise comparisons between groups were performed
using the LSD-t or Mann-Whitney test. In addition, the
independent-samples t test or Mann-Whitney test was
employed to compare the spontaneous recovery group
with the non-spontaneous recovery group in ACLF patients. Categoric variables were analyzed by the χ 2 test.
Correlation analysis was performed by Spearman’s correlation. The diagnostic value of the index with significant
difference was assessed by the area under the receiver
operating characteristic (ROC) curves. A two-sided P
value < 0.05 was considered statistically significant.

Serum M65 and M30 levels can identify different disease
stages
Using ELISA, we detected M30 and M65 levels in patient
sera and found that both M65 and M30 levels significantly increased gradually as liver disease progressed (for
M65: P < 0.001 for all between different groups; for M30:
control vs CHB, P = 0.072; others: P < 0.001 for all). The
median M65 level was 458.40 (range: 270.80-958.40) U/L
in healthy controls, 876.60 (range: 268.20-4000.00) U/L
in CHB patients and 1980.55 (range: 770.80-8020.00) U/
L in ACLF patients, and for M30, the median level was
218.80 (range: 168.76-1234.40) U/L in healthy controls,
248.40 (range: 146.88-2000.00) U/L in CHB patients and
537.60 (range: 295.32-3000.00) U/L in ACLF patients
(Figure 2A and B). Therefore, our analysis revealed that
disease severity was associated with more hepatocyte necrosis and apoptosis.
Hepatocyte necrosis (M65) plays a stronger role than
apoptosis (M30) in liver disease deterioration
Measurement of the M30/M65 ratio by ELISA has been
reported to be useful in reflecting the balance between
hepatocyte necrosis and apoptosis in early stage liver
disorders[19,23]. However, few reports on the late stage of
liver disorders are available. Therefore, we analyzed the
M30/M65 ratio in our cohort. Compared with the control group [0.54 (range: 0.23-3.49)], the median M30/M65
ratio gradually decreased in the CHB group [0.46 (range:
0.20-0.73)] and was lowest in the ACLF group [0.33
(range: 0.15-0.95)], and the differences were statistically
significant between the healthy controls and each disease
stage (P < 0.05, respectively). The differences between
healthy controls and CHB patients and between ACLF
patients and CHB patients were statistically significant (P
= 0.01, 0.003) (Figure 2C). These results demonstrated
that more hepatocyte necrosis than apoptosis occurred
during the development of liver disease deterioration.

RESULTS
Patients
In this patient population, 84% of patients were male
(114/136) and 16% were female (22/136), and the age
range was 19-65 years with an average age of 41.13
± 11.66 years. In ACLF patients, 16.05% were female
(13/81) and 83.95% were male (68/81) with an average
age of 42.84 ± 11.12 years. Previous studies repeatedly
reported that male Chinese patients developed HBVrelated ACLF more frequently than female ones [3-5].
Therefore, in the present study, gender-matched healthy
individuals and CHB patients were enrolled. The demographic and clinical characteristics of the subjects are
summarized in Table 1.
In ACLF patients, approximately 40% (33/81) fulfilled the criteria for spontaneous recovery, and 59%
(48/81) either required LT (n = 19) or died (n = 29) and
fulfilled the criteria for non-spontaneous recovery. The
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Table 2 Clinical features of acute-on-chronic liver failure patients based on different outcomes
Features

Spontaneous recovery (n = 33)

Non spontaneous recovery (n = 48)

P value

41.06 ± 12.48
29 (87.88)
5.78 ± 1.62
540.98 ± 555.99
412.38 ± 525.00
371.38 ± 199.37
31.67 ± 3.58
68.20 ± 31.59
35.89% ± 10.62%
2.04 ± 0.49
8.40 ± 3.66
119.44 ± 51.17
891.35 ± 741.27
2477.23 ± 1671.10
0.38 ± 0.13
23.07 ± 4.89
11.42 ± 1.23

44.06 ± 10.04
38 (79.17)
5.29 ± 2.31
525.15 ± 920.58
397.69 ± 605.02
407.99 ± 211.36
30.82 ± 4.24
88.34 ± 59.38
28.45% ± 10.73%
2.67 ± 1.18
8.20 ± 4.10
95.60 ± 61.65
695.24 ± 385.15
2497.77 ± 1503.84
0.32 ± 0.10
27.59 ± 6.55
12.49 ± 1.14

0.235
0.308
0.487
0.098
0.645
0.435
0.492
0.094
0.003
0.003
0.571
0.017
0.663
0.488
0.032
0.002
0.000

Age (yr)
Male
HBV DNA viral load (Log)
ALT (U/L)
AST (U/L)
Total bilirubin (μmol/L)
Albumin (g/L)
Crea (μmol/L)
Prothrombin activity
International normalized ratio
White blood cell (× 109/L)
Platelet (× 1012/L)
M30 (U/L)
M65 (U/L)
M30/M65
MELD score
Child-Pugh score

Data are presented as numbers (percentage) or mean ± SD. HBV: Hepatitis B virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
MELD: Model for End-Stage Liver Disease.

A
10000
6000
4000

P < 0.001

P < 0.001
4000

P < 0.001

3000
2000

P < 0.001
P = 0.072

1600

3000

M30 (U/L)

M65 (U/L)

B

P < 0.001

2000

1200
800

1000

0

400

Control

C

CHB

0

ACLF

Control

CHB

ACLF

P < 0.001
4

P = 0.010

M30/M65

3

2

P = 0.003
1

0

Control

CHB

ACLF

Figure 2 Serum M65, M30 levels and M30/M65 ratio can significantly identify healthy control, chronic hepatitis B and acute-on-chronic liver failure. A: Serum M65 levels can significantly indentify healthy control, chronic hepatitis B (CHB) and acute-on-chronic liver failure (ACLF); B: Serum M30 levels can significantly
indentify healthy control, CHB and ACLF; C: The ratio of M30/M65 can significantly identify healthy control, CHB and ACLF. The length of the box represents the interquartile range. The line through the middle of the box is the median. The whiskers indicate the minimum and maximum values.

In order to confirm overall hepatic cell death levels in
the corresponding liver tissues, representative liver tissues
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from CHB and ACLF patients were analyzed pathologically. It was observed that the severity of liver cell necro-
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0
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0
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1-specificity (%)
Variables
M65
M30

M30/M65
CTP
MELD

AUC = 0.66

0.7

60

Se

Sp

PPV

NPV

Cut off (U/L)

Variables

Se

Sp

PPV

NPV

0.836
0.967

0.839
0.710

0.812
0.868

0.784
0.917

1260.30
333.35

M30/M65
MELD
CTP

0.529
0.794
0.618

0.926
0.630
0.889

0.900
0.735
0.848

0.610
0.625
0.596

Figure 3 Both serum M65 and M30 levels show diagnostic performance to
identify acute-on-chronic liver failure patients in cohort patients. Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive
value; CHB: Chronic hepatitis B; ACLF: Acute-on-chronic liver failure; AUC: Area
under the curve.

100

Cut off (U/L)
0.300
23.540
12.50

Figure 4 Comparison of the prognostic values of Model for End-Stage
Liver Disease, Child-Pugh score and the ratio of M30/M65 in acute-onchronic liver failure patients. Se: Sensitivity; Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value; MELD: Model for End-Stage
Liver Disease; AUC: Area under the curve.

sis increased from CHB to ACLF, and massive necrosis
of hepatic parenchyma was observed in ACLF (Figure 1).

sitivity, 96.7%; specificity, 71.0%) (Figure 3).
In order to investigate the possible prognostic value
of cell death biomarkers, based on 3-mo survival time
in ACLF patients, they were defined as the spontaneous
recovery group and the non-spontaneous recovery group.
We investigated whether there were possible associations
between M65 or M30 and outcome, however, we did not
find significant differences between them. We then analyzed a possible association between the M30/M65 ratio
and outcome, and, for the first time, a significant difference was found between the M30/M65 ratio and the 3-mo
survival period (P = 0.032) in patients with HBV-related
ACLF. These data are shown in Table 2.
We then conducted an AUC analysis to compare the
prognostic performance of the M30/M65 ratio, MELD
and Child-Pugh scores. Although the AUC of the M30/
M65 ratio was not as high as those of the MELD and
Child-Pugh scores, the AUC (95%CI) of the M30/M65
ratio (cut off value: 0.3) was 0.66 (0.52-0.80) with a sensitivity of 52.9% and the highest specificity of 92.6% compared with the MELD and Child-Pugh scores [MELD:
AUC = 0.71 (95%CI: 0.58-0.84); sensitivity, 79.4%; specificity, 63.0%; Child-Pugh: AUC = 0.77 (95%CI: 0.65-0.89);
sensitivity, 61.8%; specificity, 88.9%) (Figure 4).

Significant association between serum levels of M65
and M30 and ALT, AST in cohort patients
To date, the most convenient and economic indicator of
liver damage is the measurement of serum ALT[28]. Interestingly, in the present study, there was also a strong positive correlation between M65 level and ALT and AST in
ACLF patients (for ALT: r = 0.43; for AST: r = 0.42, P
= 0.000 for all) and CHB patients (for ALT: r = 0.53; for
AST: r = 0.64, P = 0.000 for all).
Similar to M65, M30 levels were significantly correlated with ALT and AST, in both ACLF patients (for ALT:
r = 0.34, P = 0.007; for AST: r = 0.32, P = 0.013) and
CHB patients (for ALT: r = 0.64, P = 0.000; for AST: r =
0.63, P = 0.000).
In aggregated patients including both CHB and
ACLF, as expected, strong and significant positive correlations were observed between M65 or M30 and ALT
(M65: r = 0.54, P = 0.000; M30: r = 0.53, P = 0.000), and
AST (M65: r = 0.64, r = 0.55, both P = 0.000). These
results revealed that both serum M65 and M30 had diagnostic value in reflecting liver injury.
Analysis of serum M65 and M30 levels to identify ACLF
patients
Good diagnostic indicators able to identify patients suffering from end-stage liver diseases who are at high risk
of dying are essential for good clinical management. The
ROC analysis showed that both serum M65 and M30 levels had significant diagnostic value for identifying ACLF
patients [M65: cutoff: 1260.30 U/L, AUC = 0.87 (95%CI:
0.78-0.95); sensitivity, 83.6%; specificity, 83.9%; M30:
cutoff: 333.35 U/L, AUC= 0.80 (95%CI: 0.68-0.92); sen-
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80

1-specificity (%)

DISCUSSION
A fuller understanding of the mechanism(s) underpinning the different disease stages leading to better judgment of liver disease severity, coupled with additional
biomarker-guided individualized therapeutic strategies, is
crucial for the improved management of patients with
end-stage liver disease. Currently available biomarkers,
such as aminotransferase levels, PTA and bilirubin, are
representative indicators of the outcome of liver dam-
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vs 46%. However, in CHB this ratio changed to 46% vs
54%, and was 33% vs 67% in ACLF. Our investigation
revealed that hepatic cell necrosis has a stronger role than
apoptosis in the progression of chronic HBV infection.
Although at present it is unclear which specific factors
contribute to the switch, this phenomenon was observed
and its clinical significance should be addressed.
We then analyzed the diagnostic value of M65 and
M30 in identifying ACLF patients, as expected the ROC
analysis showed that the AUC for both biomarkers
reached 0.867 (AUC for M65: 0.87; M30: 0.80) in identifying ACLF patients in the patient cohort.
A potential association between hepatic cell death
biomarkers and the 3-mo survival period in ACLF patients was further evaluated. Neither M65 nor M30 was
significantly different between the spontaneous recovery
group and the non-spontaneous recovery group during
the 3-mo survival period; however, a decrease in the ratio of M30/M65 was significantly associated with poor
prognosis. In order to demonstrate the possible prognostic performance of the M30/M65 ratio, we analyzed and
compared its prognostic power with that of the MELD
and Child-Pugh score. Although the prognostic performance of the M30/M65 ratio was not as good as that
of the MELD or Child-Pugh score, it still showed some
prognostic power with the highest specificity of 92.6%
(MELD: 63.0%; Child-Pugh: 88.9%). This is the first report on HBV-related ACLF to show that the M30/M65
ratio has prognostic value for predicting the clinical outcome of ACLF patients at the 3-mo survival period.
It is widely accepted that the development of liver
failure is complicated and that multiple organs are involved. In HBV-related ACLF, the pathogenesis is more
complex, and we consider it impossible that any single
parameter can provide sufficient prognostic value. Only
a model with a combination of several major and fundamental clinical parameters can have the power to provide
more comprehensive and accurate prognostic values for
the clinical outcome of liver failure, such as the classic MELD or Child-Pugh scores. Serum M65 has been
evaluated and served as a major parameter in a modified
MELD score for predicting spontaneous recovery in
ALF[21,32].
However, evidence on the predictive value of cell
death biomarkers was not consistent for liver disorders in
previous reports. In an ALF cohort study, neither apoptotic nor necrotic cell death markers accurately predicted
survival in ALF patients[33]. However, conflicting positive
associations have also been reported in ALF patients[20-22].
Most previous reports revealed that either M30 or M65
had prognostic value, however, our investigation demonstrated that only the M30/M65 ratio has prognostic
value and not each biomarker alone. We consider that the
M30/M65 ratio represents the overall hepatic cell death
profile, not like each cell death biomarker which reflects
either cell necrosis or apoptosis. However, further welldesigned studies with larger cohorts are needed to reevaluate these possible predictive values.
In addition to the above findings, a previous study

age. Hepatocyte death plays a fundamental role in disease
staging and severity, and consequently the identification
of new biomarkers reflecting basic hepatocyte necrosis
or apoptosis could provide useful insights into disease
development and clinical outcomes. In this context, the
measurement of serum M65 and M30 levels has allowed
the investigation of both overall cell death and analysis
of the cell death profile at different disease severities
resulting from chronic HBV infection, and evaluation
of the potential prognostic value of these biomarkers in
ACLF patients.
This is the first study carried out in a Chinese cohort
with a single etiology (chronic HBV infection, a major
disease in China) to demonstrate that elevated M65 and
M30 levels can differentiate CHB or ACLF patients from
healthy controls. In addition, the gradual increase in the
levels of M65 and M30 and the associated progression
through disease staging allowed a correlation between
these biomarkers and ALT or AST to be established.
Furthermore, ROC-area under curve (ROC-AUC) analysis demonstrated that both biomarkers showed diagnostic
value (AUC ≥ 0.80) in identifying ACLF patients from
CHB patients. Interestingly, it is worth noting that there
was a significant difference in the M30/M65 ratio between ACLF patients with spontaneous recovery and
those with non-spontaneous recovery which included
those who required LT or who died (P = 0.032) at the
3-mo survival period. The prognostic value of the M30/
M65 ratio was compared to the MELD and Child-Pugh
scores at the 3-mo survival period, and the AUC for the
M30/M65 ratio was 0.66 with the highest specificity of
92.6%. Our study demonstrated that the M30/M65 ratio
may be a potential prognostic marker for clinical outcome
in ACLF patients.
Measurement of serum ALT is widely accepted as the
most sensitive indicator of hepatic injury. The ultimate
outcome of hepatic damage is increased hepatic cell
death (necrosis and apoptosis), thus, in this study M65
and M30 levels were found to be strongly correlated with
ALT and AST in the whole patient group and in each
subgroup. Similar results have been reported previously
in earlier stages of liver disorders including steatosis,
CHC, and acute liver failure[18,20,29].
Disease-associated cell death typically follows one of
two patterns, apoptosis or necrosis[30]. The majority of
earlier studies in patients with NASH, hepatitis C virus
infection, liver failure[22-24], and acetaminophen hepatotoxicity[31] focused primarily on apoptosis, and as a result,
there is some controversy regarding which mode of cell
death predominates in the various forms of liver disease,
and the severity of overall liver damage that results from
each[9]. The present results have shown, for the first time
in chronic HBV infection, that although both patterns
of cell death are important at different stages of liver
disease, hepatocyte apoptosis predominates at earlier
stages of disease. As the disease stage progresses there is
a gradual switch to necrosis, and eventually necrosis predominates in the late stage of liver disease. The ratio of
apoptosis vs necrosis found in control samples was 54%
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found that the M30/M65 ratio was significantly decreased
in congestive heart failure-induced ALF compared with
HBV-related ALF[32]. However, the number of patients
with HBV as the single cause of ALF was limited in this
study[32]. Thus, a study on the cell death profile in liver
failure induced by different etiologies may provide important clinical results. To date, our investigation is the first
to include 81 ACLF patients with chronic HBV infection
as the single cause.
This study has some limitations. Our study demonstrated, for the first time, that the M30/M65 ratio
showed prognostic value in ACLF patients at the 3-mo
survival period, however, further research will be required
to combine this ratio into the classic model or establish
a new and more accurate prognostic model. The present
study was a single center investigation; the findings need
to be confirmed in larger multi-center studies.
In summary, this study confirmed, for the first time
in a Chinese cohort with a single etiology (chronic HBV
infection), that a decrease in the M30/M65 ratio is associated with poorer clinical outcomes and that the M30/
M65 ratio has prognostic significance for ACLF patients
at the 3-mo survival period.

Moreover, a significant difference in the M30/M65 ratio in ACLF patients was
found at the 3-mo survival period. The prognostic value of the M30/M65 ratio
was compared to the MELD and Child-Pugh scores at the 3-mo survival period,
and its AUC was 0.66 with the highest specificity of 92.6%.
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The present study demonstrated that both M30 and M65 were strongly associated with liver disease severity. The M30/M65 ratio may be a potential prognostic marker for spontaneous recovery in patients with HBV-related ACLF.
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M65: The M65 ELISA detects a common epitope present in the full-length cytokeratin 18 as well as in the caspase-cleaved fragment and is released from
dying cells (due to both apoptosis and necrosis). M30: The M30 detection antibody recognizes a neo-epitope mapped to positions 387 to 396 of cytokeratin
18, which is only revealed after caspase cleavage of the protein and is considered a selective biomarker of apoptosis.
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value for predicting ACLF patient clinical outcomes at 3-mo survival period. The
results are interesting and suggest that serum M65 and M30 are strongly associated with liver disease severity. M30/M65 ratio might be a potential prognostic
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META-ANALYSIS

Addition of prokinetics to PPI therapy in gastroesophageal
reflux disease: A meta-analysis
Li-Hua Ren, Wei-Xu Chen, Li-Juan Qian, Shuo Li, Min Gu, Rui-Hua Shi
not associated with significant relief of symptoms or
alterations in endoscopic response relative to single
therapy (95%CI: 1.0-1.2, P = 0.05; 95%CI: 0.66-2.61,
P = 0.44). However, combined therapy was associated with a greater symptom score change (95%CI:
2.14-3.02, P < 0.00001). Although there was a reduction in the number of reflux episodes in GERD [95%CI:
-5.96-(-1.78), P = 0.0003] with the combined therapy,
there was no significant effect on acid exposure time
(95%CI: -0.37-0.60, P = 0.65). The proportion of
patients with adverse effects undergoing combined
therapy was significantly higher than for PPI therapy
alone (95%CI: 1.06-1.36, P = 0.005) when the difference between 5-HT receptor agonist and PPI combined
therapy and single therapy (95%CI: 0.84-1.39, P =
0.53) was excluded.
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Abstract
AIM: To investigate the efficacy of adding prokinetics
to proton pump inhibitors (PPIs) for the treatment of
gastroesophageal reflux disease (GERD).

Key words: Gastroesophageal reflux diseases; Proton
pump inhibitors; Prokinetics; GABA-B receptor agonists;
Treatment; Meta-analysis

METHODS: PubMed, Cochrane Library, and Web of
Knowledge databases (prior to October 2013) were
systematically searched for randomized controlled trials
(RCTs) that compared therapeutic efficacy of PPI alone
(single therapy) or PPI plus prokinetics (combined therapy) for GERD. The primary outcome of those selected
trials was complete or partial relief of non-erosive reflux
disease symptoms or mucosal healing in erosive reflux
esophagitis. Using the test of heterogeneity, we established a fixed or random effects model where the risk
ratio was the primary readout for measuring efficacy.

Core tip: Proton pump inhibitors (PPIs) are generally
accepted as the standard treatment of care for gastroesophageal reflux disease (GERD). However, many
patients undergoing PPI treatment have no effective
symptomatic relief. Although many studies have shown
the clinical efficacy of adding prokinetics to PPI therapy
in GERD, others have shown no therapeutic benefit.
The efficacy and safety of combined prokinetic and PPI
therapy for GERD remain controversial. In this retrospective meta-analysis, we find no advantage for the
addition of prokinetics to a PPI therapeutic regimen,
relative to PPI alone. However, combination therapy
may improve symptom score and patient quality of life.

RESULTS: Twelve RCTs including 2403 patients in total were enrolled in this study. Combined therapy was
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rope due to its detrimental side effects on the cardiac
system[18]. Mosapride, another 5-HT4 agonist, is a structural analog of cisapride with less cardiac side effects[19,20].
It has been approved in Asia for the treatment of some
functional gastrointestinal disorders, such as functional
dyspepsia. Baclofen and lesogaberan (AZD 3355) were
developed as selective GABA-B agonists based on their
inhibition of TLESR and reflux episodes[21]. A phase
Ⅱ study reported that lesogaberan combined with PPI
modestly improved GERD symptoms[22], but its efficacy
and safety were not determined.
Although many studies have shown that addition of a
prokinetic to PPI can improve the symptoms of GERD,
there is still some controversy in the literature. The efficacy and safety profiles of combination prokinetics and
PPI therapy regimens relative to PPI monotherapy for
GERD remain unclear. Here, we performed a retrospective meta-analysis to identify the efficacy and safety of
these two types of treatments in GERD.

Ren LH, Chen WX, Qian LJ, Li S, Gu M, Shi RH. Addition of
prokinetics to PPI therapy in gastroesophageal reflux disease: A
meta-analysis. World J Gastroenterol 2014; 20(9): 2412-2419
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i9/2412.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i9.2412

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
condition affecting 10%-20% of Europeans[1] and 3%-7%
of Asians[2]. Based on an endoscopy study, the prevalence
of erosive reflux esophagitis (RE), a chronic form of
GERD associated with damage to the esophagus, ranges
from 6% to 10% in Asia[3]. Since RE is more likely to be
detected by endoscopy than non-erosive reflux disease
(NERD), the incidence of RE is higher than that of
NERD. Symptoms of GERD, which include heartburn,
non-cardiac chest pain, acid regurgitation, chronic cough,
bloating and belching, may seriously affect quality of life
of some patients. Furthermore, GERD is linked with serious complications, such as hemorrhage, peptic stricture,
Barrett’s esophagus, and esophageal adenocarcinoma[3-5].
Both NERD and RE are subtypes of GERD. NERD
presents clinically with acid reflux and heartburn with
no mucosal break, whereas RE patients have mucosal
damage detectable by endoscopy [6]. The mechanisms
underlying GERD may include esophageal hypersensitivity and transient lower esophageal sphincter relaxation
(TLESR)[7]. Studies show that changes in diet, physical
activity, and BMI increase the risk for GERD[3]. NERD
may be due to visceral hypersensitivity, prolonged contraction of the lower esophagus, and other psychological
factors[8].
Proton pump inhibitors (PPIs) are generally accepted
as the standard treatment paradigm for GERD. Although
many patients with RE have symptomatic relief with this
drug alone[9], many patients have no symptomatic resolution[10-13]. Overall, 30% of GERD patients, 10%-15% of
RE patients, and 40%-50% of NERD patients do not
experience symptom alleviation with conventional PPI
therapy[14-16]. New PPI formulations and regenerative
types of acid-suppressive drugs for GERD are urgently
needed.
Prokinetics are agents that increase lower esophageal
sphincter pressure (LESP), enhance esophageal peristalsis,
and augment gastric emptying. These include 5-hydroxytryptamine (5-HT) receptor agonists, GABA-B receptor
agonists, dopamine receptor antagonists, and others.
Five-HT receptor agonists increase acetylcholine release
from parasympathetic nerve roots and promote gastric
emptying and bowel motility[14,17], and are frequently used
in combination with PPI therapy. Cisapride is a canonical
prokinetic agent with equal efficacy as a 5-HT4 receptor
agonist and a H2 histamine receptor antagonist. In addition to protecting the esophageal mucosa, it was reported
that cisapride increased LEST and esophageal peristaltic
amplitude; however, cisapride is now prohibited in Eu-
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MATERIALS AND METHODS
Literature search
All eligible articles in English published prior to October
2013 were searched from PubMed, Cochrane Library,
and Web of Knowledge. The search strategy consisted
of a combination of the following MESH terms and text
words: gastroesophageal reflux diseases, GERD, nonerosive reflux diseases, NERD, reflux esophagitis, RE,
proton pump inhibitors, PPI, prokinetics, and GABA-B
receptor agonists. A Cochrane filter for identifying randomized controlled trials (RCTs) was applied to the
search results, and all potentially relevant abstracts and
citations were retrieved for further review. Furthermore,
we searched the bibliographies of selected trials obtained
through the electronic screen to identify additional studies of interest.
Criteria for inclusion
Articles were eligible for inclusion in this meta-analysis
if they met the following criteria: (1) Participants were
diagnosed with GERD (RE or NERD); (2) Participants
were 18 years or older; (3) Patients receiving PPI monotherapy were compared with patients receiving combined
prokinetic and PPI therapy; (4) The study was a RCT; (5)
Criteria for successful treatment were clearly defined; and
(6) Treatment lasted for two or more weeks.
Criteria for exclusion
Publications were excluded according to the following
criteria: (1) Studies comparing H2 receptor antagonist
plus prokinetic to H2 receptor antagonist; (2) Participants
with complications in addition to GERD; and (3) Missing
or unclear data for final outcomes of interest.
Data extraction
To avoid bias in the data abstraction process, two investigators (Ren LH and Chen WX) independently abstracted
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Table 1 Characteristics of the 12 randomized controlled trials included in this meta-analysis of the effects of combined prokinetic
and proton pump inhibitor therapy in gastroesophageal reflux diseases n (%)
Ref.
[23]

Vakil et al , 2013
Cho et al[24], 2013
Shaheen et al[28], 2013
Ndraha et al[29], 2011
Hsu et al[2], 2010
Boeckxstaens et al[22], 2011
Miwa et al[12], 2011
Beaumont et al[27], 2009
Madan et al[19], 2004
Smythe et al[30], 2003
van Rensburg et al[25], 2001
Vigneri et al[26], 1995

2

Country

Participants (n )

Duration of study

Female

Age (yr)

BMI (kg/m )

United States
South Korea
United States
Indonesia
Taiwan
United States
Japan
United States
India
United Kingdom
United Kingdom
Italy

460
50
661
60
96
244
200
16
68
23
350
175

6 wk
4 wk
4 wk
2 wk
8 wk
4 wk
4 wk
2 wk
8 wk
4 wk
8 wk
12 mo

254 (55.2)
26 (52.0)
376 (56.9)
40 (66.7)
48 (50.0)
82 (33.6)
120 (60.0)
8 (50.0)
23 (33.8)
3 (13.0)
213 (60.9)
58 (33.1)

44
46
48
42
47
50
52
54
35
62
47
45

28
21
28
24
24
27
22
Not reported
Not reported
Not reported
28
Not reported

Table 2 Symptom response in ten studies
Ref.

Intervention

Cho et al[24], 2013
Hsu et al[2], 2010
Madan et al[19], 2004
Miwa et al[12], 2011
van Rensburg et al[25], 2001
Vigneri et al[26], 1995
Beaumont et al[27], 2009
Boeckxstaens et al[22], 2011
Shaheen et al[28], 2013
Vakil et al[23], 2013

Esomeprazole 40 mg/d + mosapride 30 mg tid
Lansoprazole 30 mg/d + mosapride 5 mg tid
Pantoprazole 40 mg bid + mosapride 5 mg tid
Omeprazole 10 mg/d+ mosapride 5 mg tid
Pantoprazole 40 mg/d + cisapride 20 mg bid
Omeprazole 40 mg/d + cisapride 10 mg tid
PPI + baclofen 20 mg tid
PPI + lesogaberan 65 mg bid
PPI + lesogaberan 60/120/180/240 mg bd
PPI + baclofen 20/40/60 mg qd

Combined therapy,
improved/treated

Single therapy,
improved/treated

19/24
39/44
25/28
45/97
120/173
31/35
4/12
21/104
110/458
110/240

13/19
41/50
23/33
42/95
129/177
28/35
6/12
11/105
22/122
21/54

PPIs: Proton pump inhibitors.

the data, recorded the first author, year of study, study
design, and study population characteristics, and compared the results. All data were checked by a third reviewer and disagreements were resolved by discussion.

dopamine-receptor antagonists, and placebo control.
Combination 5-HT agonist and PPI therapy was given in
seven trials, combination GABA-B receptor agonist and
PPI therapy in four trials, and combination dopaminereceptor antagonist and PPI therapy in one trial. In all
RCTs, monotherapy was directly compared with combination PPI therapy. In the 5-HT agonist studies, the
doses of PPI and mosapride or cisapride were the same
across patients. However, in the GABA-B receptor agonist studies, different kinds of PPI and variable doses
of baclofen or lesogaberan were used. All trials included
mild to moderate GERD patients, with severe participants divided into a subgroup. The primary endpoints
evaluated in these trials were symptom or endoscopic
response, and the relief score was used to determine the
symptomatic remission.

Statistical analysis
Appropriate RCTs were included, and Review Manager
Version 5.1 (The Cochran Collaboration, Oxford, England) was used for preparation of the review. Stata 12.0
software (StataCorp, College Station, TX, United States)
was used for statistical analysis. The risk ratio of data
was estimated by the Mantel-Haenszel χ 2 method, where
P values < 0.05 were considered significantly different.
Study heterogeneity was evaluated by Cochran I2 statistics, where I2 < 50% indicated a lack of heterogeneity.
If significant heterogeneity was found, a random effects
model was applied for evaluation of the pooled data; otherwise, a fixed effects model was used. Possible publication bias was assessed by Egger’s and Begg’s funnel plots,
where P values < 0.05 indicated little publication bias.

Symptom response
Table 2 details the symptom response in ten studies. Six
trials[2,13,20,25-27] compared the addition of mosapride or cisapride to PPI therapy to PPI alone therapy, and four trials[23,24,28,29] compared baclofen or lesogaberan to placebo
PPI control. There was no statistically significant difference in symptom response between combined therapy
and single therapy in these ten trials (95%CI: 1.0-1.2, P
= 0.05) (Figure 1A). Furthermore, we divided those ten
trials into a 5-HT agonist group and a GABA-B recep-

RESULTS
Twelve RCTs met the inclusion criteria, and characteristics of each study are presented in Table 1. In total, there
were 2403 enrolled participants in the trials who were
treated with 5-HT agonists, GABA-B receptor agonists,
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in symptom response (Egger’s test P = 0.333; Begg’s test
P = 0.721) or adverse event proportion (Egger’s test P =
0.246; Begg’s test P = 0.452).

tor agonist group and found that neither group displayed
significant differences between combination and monotherapy for symptom response (95%CI: 1.0-1.2, P = 0.21;
95%CI: 0.8-1.7, P = 0.40) (Figure 1B and C).

DISCUSSION

Symptom score change
The 5-HT receptor agonist group showed a change in
symptom score in the two treatment groups, even though
the symptom assessments were different. Since Ndraha[29]
and Hsu et al[2] used the frequency scale for the symptoms
of gastroesophageal reflux (FSSG) score, we combined
the two trials to assess the change in symptom score.
Combination therapy yielded more symptomatic relief
relative to monotherapy (95%CI: 2.1-3.0, P < 0.00001)
(Figure 1D). Although symptom response in these two
treatment groups was not statistically different, the clinical symptoms in the combination therapy group were
relieved more than the single therapy group. Overall,
these findings suggest that combined therapy may have
improved patient quality of life.

Previous studies have reported that PPI therapy was
more effective than H2R agonists and prokinetics for
GERD [4], but none had investigated the efficacy of
combined prokinetic and PPI therapy. In this systematic
review and meta-analysis, we demonstrated that combination prokinetic and PPI therapy was no more efficacious
than PPI alone for GERD. This therapy did improve
patients’ reported symptoms score, suggesting that it may
enhance patient quality of life.
Since the 1990s, PPIs have been the mainstay treatment for GERD[31] even though a large number of patients fail to improve with a standard single PPI therapy[7].
Approximately 15% of eosinophilic esophagitis (EE) patients (mainly of Los Angeles grades C and D), 20% of
Barrett’s esophagus (BE) patients, 40%-50% of NERD
patients[15], and up to 40% of patients with extra-esophageal manifestations of GERD[32] did not therapeutically
benefit from standard PPI therapy. Recently, a number
of studies found that PPIs are less effective for NERD
than RE[10,13,15,33], but the underlying mechanism remains
unknown.
Hiyama et al[34] evaluated whether Heliobacter pylori infection and sex may contribute to attenuated PPI efficacy
in NERD. Miyamoto et al[33] identified younger age, constipation, and GI dysmotility as potential influencing factors of PPI non-responsiveness in NERD. Adding a prokinetic to PPI may partly alleviate symptoms of NERD,
but there is little evidence available regarding an impact
on mucosal healing[35]. However, Koshino et al[16] demonstrated that mosapride (15 mg/d) did not change salivary
secretion and esophageal motility in healthy volunteers.
There are available different PPIs for the treatment
of GERD, including omeprazole, lansoprazole, rabeprazole, pantoprazole, esomeprazole, and others. Metaanalyses failed to reveal a difference in efficacy for symptom relief among various PPIs[36]. Prokinetics in addition
to PPI therapy may be a new treatment paradigm for
PPI-non responsive patients. The GABA-B agonists,
baclofen and lesogaberan, were reported to be effective in treating GERD by reducing LES pressure, LES
relaxations, and acid reflux episodes[37]. Unfortunately, its
clinical use is limited by side effects, including dizziness
and constipation[9].
Here, we analyzed 12 RCTs to determine the therapeutic benefit of combination prokinetic and PPI therapy
over PPI therapy alone. We found no significant difference between these two groups regarding symptom or
endoscopic response. When we divided these 12 trials
into two groups, according to 5-HT agonist and GABA-B
agonist, we still did not find any difference between the
combination and single therapy groups. Regarding adverse
events, GABA-B agonists, but not 5-HT agonists, were
associated with increased frequency of adverse effects. In

Endoscopic response
To explore the mucosal healing in RE patients, we investigated the endoscopic response in two trials[19,25] where endoscopic response was reported. Overall, the endoscopic
response in RE patients was not significantly different between 5-HT agonist and PPI combined therapy and PPI
single therapy (95%CI: 0.7-2.6, P = 0.44) (Figure 1E).
Reflux wave amplitude and wave duration
Two trials[24,29] reported LESP, reflux wave amplitude, and
wave duration. As shown in Figure 1F, combined therapy
may reduce reflux wave amplitude [95%CI: -6.0-(-1.8), P =
0.0003] but not wave duration (95%CI: -0.4-0.6, P = 0.65)
(Figure 1G). Taken together, these findings suggest that
combined therapy in GERD may reduce the number of
reflux episodes but not the duration of acid exposure time.
Proportion of adverse effects
Combined prokinetic and PPI therapy may be linked to
additional side effects, such as reflux, abdominal pain,
indigestion, diarrhea, chest pain, and constipation. Since
only six of the 12 trials reported adverse effects, we only
included these studies in our proportional analysis. The
side-effects ratio demonstrated that side effects were
elevated in patients with combined relative to single PPI
therapy (95%CI: 1.06-1.36, P = 0.005) (Figure 1H). To
further explore the side-effects of the 5-HT group, we
excluded the GABA-B receptor agonists group. However,
we found no difference between the two therapies for the
5-HT agonist group (95%CI: 0.84-1.39, P = 0.53) (Figure 1I). Single side-effects ratio in the GABA-B receptor
agonist group was evaluated, and there were significantly
more side effects in the GABA-B receptor agonists combined group than in the group with PPI therapy alone
(95%CI: 1.1-1.5, P = 0.004) (Figure 1J).
Publication bias
As shown in Figure 2, no publication bias was detected
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A

Study or subgroup

Combined therapy
Events

Single therapy

Total

Events

Beaumont et al[27], 2009
4
12
6
Boeckxstaens et al[22], 2011
21
104
11
Cho et al[24], 2013
19
24
13
Hsu et al[2], 2010
39
40
41
Madan et al[19], 2004
25
28
23
Miwa et al[12], 2011
43
86
33
Shaheen et al[28], 2013
110
458
22
Vakil et al[23], 2013
110
240
21
van Rensburg et al[25], 2001
120
173
129
Vigneri et al[26], 1995
31
35
28
Total (95%CI)
1200
Total events
522
327
2
2
Heterogeneity: Chi = 11.10, df = 9 (P = 0.27); I = 19%
Test for overall effect: Z = 1.98 (P = 0.05)

B

Study or subgroup

Combined therapy
Events

C

Single therapy

Combined therapy

Events

Total

12
104
458
240
814

6
11
22
31

12
105
122
44
283

mean

SD

Weight
10.6%
18.0%
29.8%
41.6%
100.0%

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

1.16 [0.80, 1.67]
1.12 [0.99, 1.26]
1.28 [0.99, 1.66]
1.17 [0.84, 1.63]
0.95 [0.83, 1.09]
1.11 [0.90, 1.36]
1.06 [0.97, 1.15]

Risk ratio

Risk ratio

M-H, random, 95%CI

M-H, random, 95%CI

0.67
1.93
1.33
0.97
1.16

[0.25, 1.78]
[0.98, 3.79]
[0.88, 2.01]
[0.79, 1.20]
[0.81, 1.66]

Total

Total

Weight
50
30
80

Events

Weight
Total
11
152
163

Mean difference
Ⅳ, fixed, 95%CI

2.57 [2.12, 3.02]
2.90 [0.48, 5.32]
2.58 [2.14, 3.02]

SD

Cho et al[24], 2013
89.1
29.1
24
83.1 31
Smythe et al[30], 2003
44
2
12
48
3
Total (95%CI)
36
2
2
Heterogeneity: Chi = 1.15, df = 1 (P = 0.28); I = 13%
Test for overall effect: Z = 3.63 (P = 0.0003)

15.0%
85.0%
100.0%

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

2.00 [0.41, 9.71]
1.19 [0.56, 2.55]
1.31 [0.66, 2.61]
0.01
0.1
1.0
Prokinetic add PPI PPI

Single therapy
mean

96.7%
3.3%
100.0%

Mean difference
IV, fixed, 95%CI

-100
-50
0
50
100
Favours experimental Favours control

Madan et al[19], 2004
12
17
6
van Rensburg et al[25], 2001
123
136
135
Total (95%CI)
153
Total events
135
141
2
2
Heterogeneity: Chi = 0.33, df = 1 (P = 0.56); I = 0%
Test for overall effect: Z = 0.78 (P < 0.44)
Combined therapy

0.01
0.1
1.0
10
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Single therapy
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PPI
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5.5%
14.3%
8.0%
13.2%
48.4%
10.6%
100.0%

PPI alone

Total

Prokinetic add PPI

SD

[0.25, 1.78]
[0.98, 3.79]
[0.80, 1.67]
[0.99, 1.26]
[0.99, 1.66]
[0.84, 1.63]
[0.88, 2.01]
[0.68, 1.35]
[0.83, 1.09]
[0.90, 1.36]
[1.00, 1.20]

70
2
= 3 (P = 0.08); I = 56%

Study or subgroup

mean

0.67
1.93
1.16
1.12
1.28
1.17
1.33
0.96
0.95
1.11
1.10

0.01
0.1
1.0
10
100
Combined therapy
Single therapy

1.03
3.3

Study or subgroup

Risk ratio
M-H, fixed, 95%CI
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Hsu et al[2], 2010
13.42
1.16
44
10.85
Ndraha et al[29], 2011
7.5
5.9
30
4.6
Total (95%CI)
74
2
2
Heterogeneity: Chi = 0.07, df = 1 (P = 0.79); I = 0%
Test for overall effect: Z = 11.53 (P < 0.00001)

Events

F

19
47
33
77
177
35
388
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Prokinetic add on PPI
SD

Weight

Total

Study or subgroup

mean

E

Events
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41
23
33
129
28

Study or subgroup

1.7%
3.1%
4.1%
10.7%
6.0%
9.9%
9.9%
10.1%
36.3%
8.0%
100.0%

Risk ratio
M-H, fixed, 95%CI

0.01
0.1
1.0
10
100
Combined therapy
Single therapy

Cho et al[24], 2013
19
24
Hsu et al[2], 2010
39
40
Madan et al[19], 2004
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28
Miwa et al[12], 2011
43
86
van Rensburg et al[25], 2001
120
173
Vigneri et al[26], 1995
31
35
Total (95%CI)
386
Total events
277
2
2
Heterogeneity: Chi = 6.05, df = 5 (P = 0.30); I = 17%
Test for overall effect: Z = 1.26 (P = 0.21)

Beaumont et al[27], 2009
4
Boeckxstaens et al[22], 2011
21
Shaheen et al[28], 2013
110
Vakil et al[23], 2013
164
Total (95%CI)
Total events
299
2
2
Heterogeneity: Tau = 0.07; Chi = 6.88, df
Test for overall effect: Z = 0.80 (P = 0.43)

D
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47
33
77
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44
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35
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Single therapy

Total

Events
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Total
19
11
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1.3%
98.7%
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Mean difference

Mean difference

Ⅳ, fixed, 95%CI
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6.00 [-12.16, 24.16]
-4.00 [-6.10, -1.90]
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-50
0
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Combined therapy
Single therapy
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G

Study or subgroup

Combined therapy
mean

SD

Single therapy

Total

mean

SD

Weight

Total

Cho et al[24], 2013
3.8
0.7
24
   3.4
0.6
19
42.5%
Smythe et al[30], 2003
2.9
0.1
12
3
0.1
11
57.5%
Total (95%CI)
36
30
100.0%
2
2
2
Heterogeneity: Tau : = 0.10; Chi = 6.08, df = 1 (P = 0.01); I = 84%
Test for overall effect: Z = 0.45 (P = 0.65)

H

Study or subgroup

Combined therapy
Events

Total

Single therapy
Events

Boeckxstaens et al[22], 2011
55
122
45
Miwa et al[12], 2011
11
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11
Shaheen et al[28], 2013
216
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Vakil et al[23], 2013
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46
van Rensburg et al[25], 2001
72
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Vigneri et al[26], 1995
1
35
2
Total (95%CI)
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Total events
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2
2
Heterogeneity: Chi = 1.86, df = 5 (P = 0.87); I = 0%
Test for overall effect: Z = 2.79 (P = 0.005)

I

Study or subgroup
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Single therapy
Events

Miwa et al[12], 2011
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van Rensburg et al[25], 2001
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Vigneri et al[26], 1995
1
35
2
Total (95%CI)
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Total events
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2
2
Heterogeneity: Chi = 0.52, df = 2 (P = 0.77); I = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

J
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Combined therapy
Events

Total
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16.9%
4.2%
25.5%
28.0%
24.6%
0.8%
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Boeckxstaens et al[22], 2011
55
122
45
Shaheen et al[28], 2013
216
521
43
Vakil et al[23], 2013
228
368
46
Total (95%CI)
1011
Total events
499
134
2
2
Heterogeneity: Chi = 0.68, df = 2 (P = 0.71); I = 0%
Test for overall effect: Z = 2.91 (P = 0.004)

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

1.22
0.99
1.35
1.17
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0.50
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Weight

Total
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177
35
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14.1%
83.3%
2.6%
100.0%

[0.90,
[0.45,
[1.03,
[0.95,
[0.86,
[0.05,
[1.06,

1.66]
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1.77]
1.45]
1.45]
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1.36]

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI
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0.50
1.08

[0.45,
[0.86,
[0.05,
[0.84,

2.17]
1.45]
5.27]
1.39]
0.01
0.1
1.0
10
Favours experimental
Favours control

Single therapy
Events

-100
-50
0
50
100
Combined therapy Single therapy

0.01
0.1
1.0
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100
Combined therapy Single therapy

Events

Total

Mean difference
Ⅳ, random, 95%CI

0.40 [0.01, 0.79]
-0.10 [-0.18, -0.02]
0.11 [-0.37, 0.60]

Total
122
97
140
87
177
35
658

Mean difference
Ⅳ, random, 95%CI

Weight

Total
122
140
87
349

24.0%
36.2%
39.7%
100.0%
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[0.90,
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100
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Favours control

Figure 1 Meta-analysis. A: Symptom response in 5-hydroxytryptamine (5-HT) and GABA-B receptor therapies; B: Symptom response in the 5-HT receptor agonist
group; C: Symptom response in the GABA-B receptor agonist group; D: Symptom score change (FSSG) in the two therapies; E: Endoscopic response in 5-HT and
GABA-B receptor therapies; F: Wave amplitude in 5-HT and GABA-B receptor therapies; G: Wave duration in 5-HT and GABA-B receptor therapies; H: Adverse
events proportion in 5-HT and GABA-B therapies; I: Adverse events in 5-HT agonist group; J: Adverse events in GABA-B receptor agonist group.
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Figure 2 Funnel plots for publication bias in meta-analysis. A: No publication bias was detected in symptom response (Egger’s test P = 0.333; Begg’s test P =
0.721); B: Adverse event proportion (Egger’s test P = 0.246; Begg’s test P = 0.452).
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terms of symptom score change, combined therapy may
improve patient quality of life by decreasing the number
of reflux episodes, although acid exposure time was unaltered.
There are some limitations of our meta-analysis to
consider. First, PPI and prokinetic therapies in the 12
trials were not identical. Although one study found little
impact on symptom response[36], we cannot rule out the
possibility of treatment course affecting this measure.
To limit this complication, we only chose studies for this
analysis with a treatment course for GERD longer than
two weeks. Second, an inherent weakness of all systematic reviews and meta-analyses is the possibility that some
studies failed to find significant symptom improvement
in the peer-reviewed literature[38], thereby leading us to
underestimate the main effect. To overcome these limitations, long-term RCTs need to be performed with a larger quantity of participants to more effectively determine
efficacy and safety profiles of combined prokinetic and
PPI therapy.
In summary, patients with GERD respond to combined prokinetic and PPI therapy. Combination therapy
may improve patient quality of life, although there was
no significant difference in symptom or endoscopic responses. Side effects of combined therapy may be greater
than single therapy, especially with GABA-B agonists.
Whether prokinetic plus PPI is indeed therapeutically efficacious for GERD will require future trials.
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CASE REPORT

Peliosis hepatis complicated by portal hypertension
following renal transplantation
Chia-Ying Yu, Liang-Che Chang, Li-Wei Chen, Tsung-Shih Lee, Rong-Nan Chien, Ming-Fang Hsieh, Kun-Chun Chiang
revealed multiple liver tumor-like abnormalities, which
were determined to be PH by pathological analysis. Because the hepatic lesions were progressively enlarged,
the patient suffered from complications related to portal
hypertension, such as intense ascites and esophageal
varices bleeding. Although the patient was scheduled to
undergo liver transplantation, he suffered hepatic failure
and died prior to availability of a donor organ.
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Key words: Peliosis hepatis; Liver neoplasm; Portal hypertension; Renal failure; Renal transplantation
Core tip: Peliosis hepatis (PH) is a vascular lesion of
the liver that mimics a hepatic tumor. PH has been
associated with the use of anabolic steroids or immunosuppressive drugs. Although most patients remain
asymptomatic, some patients suffer from PH-related
portal hypertension complications. This case study describes a 46-year-old man who underwent long-term
immunosuppressive therapy following renal transplantation. Upon development of abdominal distention, PH
was diagnosed by pathological analysis. Ultimately, the
patient suffered hepatic failure when the immunosuppressive agent was withdrawn and died.

Abstract
Peliosis hepatis (PH) is a vascular lesion of the liver that
mimics a hepatic tumor. PH is often associated with underlying conditions, such as chronic infection and tumor
malignancies, or with the use of anabolic steroids, immunosuppressive drugs, and oral contraceptives. Most
patients with PH are asymptomatic, but some present
with abdominal distension and pain. In some cases,
PH may induce intraperitoneal hemorrhage and portal
hypertension. This study analyzed a 46-year-old male
who received a transplanted kidney nine years prior and
had undergone long-term immunosuppressive therapy
following the renal transplantation. The patient experienced progressive abdominal distention and pain in the
six months prior to this study. Initially, imaging studies
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INTRODUCTION
Peliosis hepatis (PH) is a rare vascular lesion of the liver,
characterized by cystic blood-filled cavities distributed
throughout the parenchyma of liver. The term originates
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Figure 1 Abdominal ultrasound showing multiple hyperechoic or mixed echoic tumors in the bilateral lobes of liver (arrows). Minimal ascites was also detected. A: One mixed echoic tumor (arrows) at segment 3, left portal vein (PV); B: One mixed echoic tumor (marked) at segment 5; C: One hyperechoic tumor at segment 5,
right hepatic vein (HV), minimal ascites also detected; D: One hyperechoic tumor (arrows) at segment 5 near the main portal trunk.

from the Greek word “pelios”, which means blue/black
or discolored extravasated blood. Peliosis is most commonly found in the liver, but can also involve the spleen,
pancreas, lungs, and other organs[1,2]. The epidemiology
of PH is poorly characterized, in part because PH is often
only identified as an incidental finding on abdominal imaging or via autopsy[3]. The pathogenesis of PH includes
sinusoidal cell proliferation, which obstructs blood flow
and causes pre-sinusoidal portal hypertension[4]. PH has
also been described in patients with hematologic malignancies, infection with pulmonary tuberculosis, and human immunodeficiency virus infection, as well as those
taking anabolic steroids, immunosuppressive drugs, and
oral contraceptives[3,5-13]. Although most patients remain
asymptomatic or have slowly progressive disease, some
patients develop PH-related portal hypertension complications, such as esophageal variceal bleeding or intense ascites[14,15]. Here, we describe the case of a 46-year-old male
renal transplant recipient with PH-related complications.

had no family history of renal disease, hypertension, diabetes mellitus, or liver malignancy. The patient presented to
the emergency department with complaint of pain in the
upper right quadrant of his abdomen, which he described
as dull, radiating to the back, and persisting for several
hours. The pain was unrelated to food intake or a change
in posture, and there were no aggravating or relieving factors. The associated symptoms were nausea and vomiting.
The patient did not report any fever, night sweating, jaundice, diarrhea, tarry stool, or body weight loss.
While in the emergency room, the following vital
signs were recorded: the patient’s blood pressure was
140/80 mmHg, pulse rate was 113 beats per minute,
respiratory rate was 20 breaths per minute, and body
temperature 37.3 ℃. A physical examination revealed
no abnormalities outside of the abdominal area, where
distended abdomen and hypoactive bowel sounds were
observed. The right side of the abdomen was tender and
the dull pain shifted upon abdominal percussion. The
liver span was 16 cm in the right midclavicular line, and
the spleen was not palpable. In addition, a superficial
engorged vein was found on the abdominal wall. The
patient’s laboratory data showed abnormal liver biochemistry tests, including: aspartate aminotransferase: 62 U/L,
alanine aminotransferase: 108 U/L, total bilirubin: 1.4
mg/dL, and creatinine: 3.89 mg/dL. The patient had normocytic anemia (hemoglobin: 11.2 g/dL), normal platelet
count (238000/mm3), and normal prothrombin time.
An abdominal ultrasound revealed multiple hyperechoic or mixed echoic tumors in the bilateral lobes of

CASE REPORT
A 46-year-old male received a transplanted kidney for
end-stage renal disease nine years prior to this study, after
which he received long-term immunosuppressive therapy
[mycophenolate mofetil (180 mg/tab twice a day), tacrolimus (1 mg/tab three times a day), and prednisolone (5
mg/tab daily)] to prevent renal graft rejection. The patient
had a history of alcohol consumption (consumed five or
more beverages per day) and smoking for thirty years, but
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Figure 2 Liver dynamic computed tomography showing multiple liver tumors. A: Hypodense liver tumors before contrast injection; B: Heterogeneous enhancement in the arterial phase and portal venous phase after contrast injection; C: Follow-up computed tomography showing increased size of the hepatic lesion; D: Massive ascites observed at 4 mo after the follow-up.

the liver (Figure 1); minimal ascites fluid was detected.
Liver dynamic computed tomography (CT) also indicated
the presence of multiple liver tumors. The liver tumors
were hypodense before contrast injection (Figure 2A) and
showed heterogeneous enhancement in the arterial phase
and portal venous phase after contrast injection (Figure
2B). The liver tumor showed no sign of contrast washout in the delayed phase of CT. The patient continued
to suffer from persistent abdominal pain and abdominal
distension during hospitalization. An ultrasound-guided
fine needle biopsy was performed on the tumors in liver
segment four, where no ascites accumulated between the
peritoneum and liver border. However, only fragmented
hepatic tissue specimens and a large amount of blood
fluid were obtained from the procedure.
The ascites fluid that was aspirated from the lower
abdomen was yellowish and clear. The serum ascites
albumin gradient exceeded 1.1 mg/dL, indicating portal
hypertensive type ascites. Histological analysis of the liver
biopsy and cell block cytology specimens revealed no malignancies. Microscopic analysis of the liver biopsy specimens revealed sinusoidal dilatation with red blood cells
and endothelial cells within the sinusoidal cavity (Figure
3A, B). Additional immunohistochemical analysis of biopsy specimens revealed that the sinusoidal endothelial
cells were diffusely positive for CD34 and CD31 (Figure
3C, D). The biopsy specimens showed positive staining
for Ki-67, a RNA transcription factor and nuclear protein
selectively expressed in proliferating cells, which is used

WJG|www.wjgnet.com

to measure cell proliferation within the tissue. The cell
proliferative Ki-67 stain index was within 20% to 40%,
suggesting active cell proliferation (Figure 3E).
The differential diagnoses from these pathologic findings included infection, hemangioma, and PH. Bacterial
and viral infections were excluded based on the negative
results of bacterial culture and serum antibody studies for
the Epstein-Barr virus, cytomegalovirus, and human immunodeficiency virus. The rapidly increasing size of the
tumor was not consistent with hemangioma, thus this diagnosis was also excluded. Due to the exclusion of these
alternatives and the clinical presentation of the lesion,
PH was the most likely diagnosis. The patient suffered
from portal hypertension-related complications, including massive ascites (Figure 2C, D) and recurrent bleeding
esophageal varices. Although the patient was scheduled
to undergo a liver transplantation, the variceal bleeding,
intense ascites, and hepatic encephalopathy led to death
prior to availability of a donor organ.

DISCUSSION
In the renal transplant setting, PH can occur after transplantation, rather than being a manifestation of chronic
kidney disease[11]. Possible causes of PH development
post-transplantation include the use of immunosuppressive drugs, such as azathioprine and cyclosporine, or the
development of an opportunistic infection[11,13,16]. For example, PH incidence can be reduced by administration of
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Figure 3 Microscopic analysis of liver biopsy specimens showing sinusoidal dilatation with red blood cell-filled cysts without endothelial lining cells. A:
100 × magnification of hematoxylin-eosin stained biopsy specimens; B: 400 × magnification of A; C, D: Immunohistochemistry analysis of CD31 (C) and CD34 (D) in
liver biopsy specimens showing diffuse positive staining in the sinusoid endothelial cells; E: Ki-67 staining of liver biopsy specimens. The cell proliferative Ki-67 stain
index was within 20%-40%, indicating active cell proliferation in the tissue.

sulphonamide therapy to prevent Pneumocystis carinii infection[17]. Some drugs known to cause PH, including 6-thioguanine, oxaliplatin and urethane, can induce sinusoidal
endothelial cell damage, consistent with the pathology of
the patient described herein. However, other drugs associated with PH, such as anabolic steroids, glucocorticoids,
methotrexate, vitamin A and oral contraceptives, do not
affect sinusoidal endothelial cells.
The risk factors for the patient in this study may have
been related to his post-renal transplantation status and
long-term use of immunosuppressive agents. However,
there are no current reports associating mycophenolate
mofetil or tacrolimus with sinusoidal endothelial cell damage. Another PH risk factor for this patient was alcohol
consumption, which can contribute to glutathione depletion. Sinusoidal endothelial damage has been associated
with glutathione depletion[13], and glutathione levels play
an essential role for immunosuppressant detoxification in

WJG|www.wjgnet.com

sinusoidal endothelial cells. Thus, given the patient’s alcohol consumption and the use of several immunosuppressive drugs, glutathione depletion was a major risk factor
for hepatic sinusoidal endothelial damage.
Lesions of PH are often asymptomatic or associated
with abnormal liver biochemical test levels, but more severe complications exist, such as progressive fibrosis, cirrhosis, and portal hypertension[3,7-9,16,18,19]. Hepatic lesions
may regress upon withdrawal of immunosuppressive
drugs, but this approach substantially increases the risk
of transplant rejection[3]. As a result, this strategy has not
been adequately evaluated. In this specific patient, immunosuppressive therapy could not be discontinued because
of the risk of renal graft failure, thus increasing the risk
of hepatic lesions.
By dynamic CT imaging, PH typically presents with
hypoattenuating lesions before contrast injection, but
with variable enhancement patterns after contrast injec-
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Imaging diagnosis

tion. In the arterial phase, the lesions may present with
progressive enhancement in the centrifugal or centripetal
direction. In the delayed phase, the lesion may show a
diffuse, increased attenuation. The differential diagnoses
for these lesions include abscesses, hemangiomas, and
hypervascular metastases[20]. Pyogenic hepatic abscesses
appear as a low-density lesion with peripheral enhancing
after contrast injection. Some septa, pyogenic fluid, or gas
within the lesion are also seen. It is important to distinguish a hepatic abscess from PH and to avoid inadvertent
aspiration of the periotic lesions, which may be fatal[19].
Two histologic types of PH have been reported, a
parenchymal type and a phlebectatic type. The parenchymal type is characterized by hemorrhagic parenchymal
necrosis and congestion of the lining of cavities with
hepatocytes. The phlebectatic type is characterized by endothelial cells lining the cavity and aneurysmal dilation of
the central vein[4]. In our patient, the pathological analysis
of the liver biopsy specimen revealed dilated sinusoidal
space with red blood cells and endothelial lining cells
in the sinusoidal cavity, consistent with the phlebectatic
form of PH. Increased cell proliferation, as indicated by
Ki-67 staining, was detected in our patient. Because there
are no previous reports that have analyzed the Ki-67 index in a case of PH, the diagnosis of well-differentiated
angiosarcoma cannot be completely excluded for our case
given the status of cellular hyperproliferation.
The treatment of PH varies between individuals.
Serial follow-up imaging studies may be adequate for
asymptomatic patients with slow progressive disease. Furthermore, removing exacerbating factors, such as certain
drugs or infection, may halt the progression of PH. For
patients with localized lesions, a hepatectomy can be performed to remove the lesions[6,9,10,12,21]. For patients with
rapidly progressing PH and additional complications, liver
transplantation may be the optimal therapeutic option[22].
In conclusion, PH is a rare vascular lesion of the liver
in patients receiving kidney transplantation and is mainly
associated with prolonged use of certain immunosuppressants. Patients with PH are often asymptomatic, but
may develop progressive fibrosis, cirrhosis, and portal
hypertension. Hepatic failure can develop if immunosuppressive therapy cannot be withdrawn, which likely
contributed to the outcome of the specific case described
herein.

By dynamic computed tomography imaging, peliosis hepatis (PH) typically
presents with hypoattenuating lesions before contrast injection, but with variable enhancement patterns after contrast injection. In the arterial phase, the
lesions may present with progressive enhancement in the centrifugal or centripetal direction. In the delayed phase, the lesion may show a diffuse, increased
attenuation.

Pathological diagnosis

Microscopic analysis of the liver biopsy specimens revealed sinusoidal dilatation with red blood cells and endothelial cells within the sinusoidal cavity.

Treatment

Removing exacerbating factors, such as certain drugs or infection, may halt the
progression of PH and for patients with localized lesions, a hepatectomy can be
performed to remove the lesions.

Term explanation

The term “peliosis” originates from the Greek word "pelios", which means blue/
black or discolored extravasated blood.

Experiences and lessons

The peliosis hepatis was founded in patient with specialized risk factors and it
may go to hepatic failure even to death.

Peer review

Hepatic peliosis is a rare condition mimicking hepatic tumors. The natural history of this disease is variable with little knowledge in the literature. Therefore,
the case is interesting. The references have been updated.
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CASE REPORT

Intestinal obstruction due to migration of a thermometer
from bladder to abdominal cavity: A case report
Jing Nie, Bo Zhang, Yan-Chao Duan, Yue-Hua Hu, Xin-Ying Gao, Jian Gong, Ming Cheng, Yan-Qing Li
mometer was adhering to the small bowels and mesentery which resulted in intestinal obstruction. Abdominal
cramps were eliminated and defecation and flatus recovered soon after removal of the thermometer.
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Core tip: Intestinal obstruction due to transmural migration of foreign body is a rare condition. Here we
report a case of intestinal obstruction due to transmural
migration of a thermometer from the bladder to the
abdominal cavity. The patient recovered soon after removal of the thermometer.
Nie J, Zhang B, Duan YC, Hu YH, Gao XY, Gong J, Cheng M,
Li YQ. Intestinal obstruction due to migration of a thermometer
from bladder to abdominal cavity: A case report. World J Gastroenterol 2014; 20(9): 2426-2428 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i9/2426.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i9.2426

Abstract
Intraperitoneal foreign bodies such as retained surgical
instruments can cause intestinal obstruction. However,
intestinal obstruction due to transmural migration of
foreign bodies has rarely been reported. Here, we report a case of intestinal obstruction due to a clinical
thermometer which migrated from the bladder into the
abdominal cavity. A 45-year-old man was admitted to
our hospital with a one-year history of recurrent lower
abdominal cramps. Two days before admission, the
abdominal cramps aggravated. Intestinal obstruction
was confirmed with upright abdominal radiography and
computerized tomography scan which showed dilation
of the small intestines and a thermometer in the abdominal cavity. Then laparotomy was performed. A scar
was observed at the fundus of the bladder and a ther-
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INTRODUCTION
Intraperitoneal foreign bodies are common events in children, alcoholics, psychiatric patients and criminals[1]. They
can be categorized as either intraluminal or extraluminal
of gastrointestinal tract. Intraluminal ones are usually
ingested coins, buttons, pins, batteries and so on[2]. They
can be lodged in narrow areas (i.e., pylorus and ileocecal
valve), resulting in obstruction or perforation[1]. Extraluminal ones, such as retained surgical sponges, are infrequently encountered in patients who have been treated
with prior surgery or some other interventional medical
procedures. They can lead to intestinal obstruction or
abscess formation with or without secondary bacterial
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Figure 3 Thermometer coated with
pus was seen pressing on the small
bowels and mesentery.

Figure 1 Abdominal X-ray showed dilation of the small intestines, gasfluid levels and a thermometer-like object in the abdominal cavity.

infection[3]. Foreign bodies can be detected by abdominal
radiography and computerized tomography (CT)[4]. Here
we report a rare case of intestinal obstruction due to
transmural migration of a thermometer from the bladder
to the abdominal cavity.

of 82 beats/min, a respiratory rate of 20 breaths/min,
and a temperature of 37.6 ℃. His cardiopulmonary and
neurologic examinations were normal. Abdominal examination revealed distension with lower abdomen tenderness and rebound tenderness. Abdominal rumbling
sound was weak. Blood routine test revealed a white
blood cell count of 8.78 × 109/L, neutrophil 87.41%,
lymphocyte 8.3%, hemoglobin concentration 12.8 g/dL,
and platelet count 173 × 109/L. The serum level of C-reactive protein was 75.1 mg/L. Abdominal radiography
showed dilation of the small intestines, gas-fluid levels
and a thermometer-like object in the abdominal cavity
(Figure 1). CT scan revealed thin walls of the intestines
and a thermometer-like object in the lower quadrant of
abdominal cavity (Figure 2). He was diagnosed with intestinal obstruction.
The patient was addicted to alcohol. When he was
drunk, he would behave strangely. He admitted that he
had inserted a thermometer into the urinary passage
through the penis two years ago without referring to a
doctor. Subsequently, he experienced increased urinary
frequency and urgency and enlarged testicles with pain.
For this, he would take antibiotics to control the pain.
After the examinations, the patient was sent to the
operation room immediately and exploratory laparotomy
was performed via lower abdominal midline incision.
After opening the abdomen, much purulent exudative
ﬂuid was sucked out. A scar was observed at the fundus of the bladder and a thermometer was adhering to
the small bowels and mesentery, resulting in intestinal
obstruction (Figure 3). Three hundred milliliters of normal saline was injected to the bladder through a urinary
catheter during the operation and no fluid exuded from
around the scar. Abdominal cramps were eliminated and
defecation and flatus recovered soon after removal of
the thermometer.

CASE REPORT

DISCUSSION

In April 2013, a 45-year-old man was admitted to our
hospital with a one-year history of recurrent lower abdominal cramps. The symptoms could be alleviated with
antibiotic treatment. Two days before admission, the
abdominal cramps aggravated, and defecation and flatus
stopped. On physical examination, he had a regular pulse

This is a case report of intraperitoneal foreign body that
led to intestinal obstruction. This patient denied ingestion of foreign bodies or prior surgical surgery. We found
that the obstruction was due to a thermometer migrating
from the bladder to the abdominal cavity. When there is a
breakage on the bladder wall, bacteria can travel between

A

B

Figure 2 Computerized tomography scan revealed thin walls of intestines
and a thermometer-like object in the lower quadrant of the abdomen (A, B).
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of a thermometer from bladder to abdominal cavity.

the urinary passage and the abdominal cavity, leading
to urinary infection and intra-abdominal inflammation,
which can be alleviated with antibiotic therapy as seen in
our patient. The scar at the fundus of the bladder is the
evidence of perforation. Furthermore, our patient was alcoholic with psychiatric problems. He admitted inserting
a thermometer into urinary passage two years before.
Urinary system foreign bodies, especially bladder
ones, are frequently encountered. Most of them come
from the urinary tract that are inserted by the patients
themselves because of being curious about sex and genital organ[5-7]. But perforation of bladder is rarely reported.
It manifests as increased urinary frequency and urgency,
hematuria, abdominal pain, etc. In our case, fortunately,
the thermometer was not broken, otherwise it would
cause severe clinical events, such as intestinal perforation
and mercury poisoning[8,9].
To our knowledge, this is the first case report of
intestinal obstruction due to transmural migration of a
thermometer from the bladder to the abdominal cavity.
Based on our experience, a thorough history of patients
should be acquired to confirm the ingestion or insertion
of any foreign bodies. If patients showed signs of intestinal obstruction, surgery should be performed to avoid
further complications.

Experiences and lessons

Foreign object detained in the bladder can penetrate into the abdominal cavity
and cause intestinal obstruction and peritonitis.

Peer review

This case report describes a rare condition that intestinal obstruction occurred
due to a clinical thermometer which migrated from the bladder into the abdominal cavity.
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the small intestines and a thermometer-like object in the abdominal cavity.

Treatment

9

Exploratory laparotomy was performed and a thermometer was removed.

Related reports

This is the first case report of intestinal obstruction due to transmural migration

Samdani T, Singhal T, Balakrishnan S, Hussain A, GrandySmith S, El-Hasani S. An apricot story: view through a keyhole. World J Emerg Surg 2007; 2: 20 [PMID: 17697369 DOI:
10.1186/1749-7922-2-20]
Palta R, Sahota A, Bemarki A, Salama P, Simpson N, Laine
L. Foreign-body ingestion: characteristics and outcomes in a
lower socioeconomic population with predominantly intentional ingestion. Gastrointest Endosc 2009; 69: 426-433 [PMID:
19019363 DOI: 10.1016/j.gie.2008.05.072]
Kato T, Yamaguchi K, Kinoshita K, Sasaki K, Kagaya H,
Meguro T, Morita T, Takahashi T, Tamaki N, Horita S.
Intestinal Obstruction due to Complete Transmural Migration of a Retained Surgical Sponge into the Intestine. Case
Rep Gastroenterol 2012; 6: 754-759 [PMID: 23341797 DOI:
10.1159/000346285]
Gayer G, Petrovitch I, Jeffrey RB. Foreign objects encountered in the abdominal cavity at CT. Radiographics 2011; 31:
409-428 [PMID: 21415187 DOI: 10.1148/rg.312105123]
Sukkarieh T, Smaldone M, Shah B. Multiple foreign
bodies in the anterior and posterior urethra. Int Braz J
Urol 2004; 30: 219-220 [PMID: 15689253 DOI: 10.1590/
S1677-55382004000300009]
Jiménez Parra JD, Cebrián Lostal JL, Alvarez Bandrés S,
García García D, Lozano Uruñuela F, Abadía Durán J. Urethral foreign body. Arch Esp Urol 2013; 66: 324-325 [PMID:
23648756]
Eguíluz Lumbreras P, Palacios Hernández A, Heredero
Zorzo O, Grinard De León EA, Martín Parada A, Gómez
Zancajo VR, Urrutia Avisrror M. Intravesical thermometer.
Arch Esp Urol 2012; 65: 269 [PMID: 22414459]
Pigatto PD, Guzzi G. Management of subcutaneous implantation of mercury after broken thermometer. J Am Acad Dermatol 2010; 63: e37; author reply e37 [PMID: 20633779 DOI:
10.1016/j.jaad.2009.12.060]
Aprahamian N, Lee L, Shannon M, Hummel D, Johnston
P, Kimia A. Glass thermometer injuries: it is not just about
the mercury. Pediatr Emerg Care 2009; 25: 645-647 [PMID:
21465690 DOI: 10.1097/PEC.0b013e3181b920cc]
P- Reviewers: Akbulut S, Coccolini F, Kanno Y
S- Editor: Ma YJ L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

2428

March 7, 2014|Volume 20|Issue 9|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
www.wjgnet.com

World J Gastroenterol 2014 March 7; 20(9): I-VI
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

INSTRUCTIONS TO AUTHORS
search directions to help readers understand his/her important
academic point of view and future research directions in the
field; (3) Diagnostic Advances: The editorial board members
are invited to write high-quality diagnostic advances in their
field to improve the diagnostic skills of readers. The topic covers general clinical diagnosis, differential diagnosis, pathological
diagnosis, laboratory diagnosis, imaging diagnosis, endoscopic
diagnosis, biotechnological diagnosis, functional diagnosis, and
physical diagnosis; (4) Therapeutics Advances: The editorial
board members are invited to write high-quality therapeutic
advances in their field to help improve the therapeutic skills of
readers. The topic covers medication therapy, psychotherapy,
physical therapy, replacement therapy, interventional therapy,
minimally invasive therapy, endoscopic therapy, transplantation
therapy, and surgical therapy; (5) Field of Vision: The editorial
board members are invited to write commentaries on classic
articles, hot topic articles, or latest articles to keep readers at
the forefront of research and increase their levels of clinical
research. Classic articles refer to papers that are included in Web
of Knowledge and have received a large number of citations
(ranking in the top 1%) after being published for more than
years, reflecting the quality and impact of papers. Hot topic
articles refer to papers that are included in Web of Knowledge
and have received a large number of citations after being published for no more than 2 years, reflecting cutting-edge trends
in scientific research. Latest articles refer to the latest published
high-quality papers that are included in PubMed, reflecting the
latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
important research topics, the problems that have now been resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to
write a series of articles (7-10 articles) to comment and discuss
a hot topic to help improve the diagnostic and therapeutic skills
of readers; (9) Medical Ethics: The editorial board members are
invited to write articles about medical ethics to increase readers’ knowledge of medical ethics. The topic covers international
ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
peer-reviewed open access (OA) journal. WJG was established
on October 1, 1995. It is published weekly on the 7th, 14th, 21st,
and 28th each month. The WJG Editorial Board consists of 1339
experts in gastroenterology and hepatology from 67 countries.
Aims and scope
The primary task of WJG is to rapidly publish high-quality
original articles, reviews, and commentaries in the fields of
gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal
oncology, gastrointestinal radiation oncology, gastrointestinal
imaging, gastrointestinal interventional therapy, gastrointestinal
infectious diseases, gastrointestinal pharmacology, gastrointestinal pathophysiology, gastrointestinal pathology, evidence-based
medicine in gastroenterology, pancreatology, gastrointestinal
laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal therapeutics. WJG is
dedicated to become an influential and prestigious journal in
gastroenterology and hepatology, to promote the development
of above disciplines, and to improve the diagnostic and therapeutic skill and expertise of clinicians.
WJG is published by Baishideng Publishing Group (BPG)
in both electronic and online forms. All WJG articles are published in WJG website and PubMed Central. The major advantages of OA journals are faster release and delivery, no page or
graph restrictions, and increased visibility, usage and impact.
Full-text PDF articles and electronic/online versions are freely
available to global readers. After the paper is published, the
author(s) can obtain high-quality PDF files, which contain the
journal cover, a list of editorial board members, table of contents, text, and back cover of the journal. BPG has a strong
professional editorial team composed of editorial board members, editors-in-chief, science editors, language editors, and electronic editors. BPG currently publishes 43 OA clinical medical
journals, including 42 in English, has a total of 15471 editorial
board members or peer reviewers, and is a world first-class
publisher.
Columns
The columns in the issues of WJG will include: (1) Editorial:
The editorial board members are invited to make comments
on an important topic in their field in terms of its current research status and future directions to lead the development of
this discipline; (2) Frontier: The editorial board members are
invited to select a highly cited cutting-edge original paper of
his/her own to summarize major findings, the problems that
have been resolved and remain to be resolved, and future re-

WJG|www.wjgnet.com



March 7, 2014|Volume 20|Issue 9|

Instructions to authors

Publisher
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road,
Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

and innovative findings in gastroenterology and hepatology;
(13) Meta-Analysis: Covers the systematic review, mixed treatment comparison, meta-regression, and overview of reviews, in
order to summarize a given quantitative effect, e.g., the clinical
effectiveness and safety of clinical treatments by combining data
from two or more randomized controlled trials, thereby providing more precise and externally valid estimates than those which
would stem from each individual dataset if analyzed separately
from the others; (14) Case Report: To report a rare or typical
case; (15) Letters to the Editor: To discuss and make reply to
the contributions published in WJG, or to introduce and comment on a controversial issue of general interest; (16) Book
Reviews: To introduce and comment on quality monographs of
gastroenterology and hepatology; and (17) Autobiography: The
editorial board members are invited to write their autobiography
to provide readers with stories of success or failure in their
scientific research career. The topic covers their basic personal
information and information about when they started doing research work, where and how they did research work, what they
have achieved, and their lessons from success or failure.

Production center
Beijing Baishideng BioMed Scientific Co., Limited
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-85381892
Fax: +86-10-85381893
Representative office
USA Office
8226 Regency Drive,
Pleasanton, CA 94588-3144, United States

Name of journal
World Journal of Gastroenterology

Instructions to authors
Full instructions are available online at http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch®), Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifier, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2011 Impact Factor: 2.471 (32/74 Gastroenterology and Hepatology).

Launch date
October 1, 1995
Frequency
Weekly
Editors-in-chief
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon,
Department of Surgery, Universidad Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital, Madrid 28040, Spain

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints
of the authors except where indicated otherwise.
Biostatistical editing
Statistical review is performed after peer review. We invite an
expert in Biomedical Statistics to evaluate the statistical method
used in the paper, including t test (group or paired comparisons), chi-squared test, ridit, probit, logit, regression (linear,
curvilinear, or stepwise), correlation, analysis of variance, analysis of covariance, etc. The reviewing points include: (1) Statistical methods should be described when they are used to verify
the results; (2) Whether the statistical techniques are suitable or
correct; (3) Only homogeneous data can be averaged. Standard
deviations are preferred to standard errors. Give the number of
observations and subjects (n). Losses in observations, such as
drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits
calculated and compared by weighted probit analysis (Bliss and
Finney); and (5) The word “significantly” should be replaced
by its synonyms (if it indicates extent) or the P value (if it indicates statistical significance).

Saleh A Naser, PhD, Professor, Burnett School of Biomedical
Sciences, College of Medicine, University of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of Laboratory
Medicine, Division of Pathology, Karolinska Institutet, Stockholm
141-86, Sweden
Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of
Medicine, Chief Gastroenterology, VA Long Beach Health Care
System, University of California, Irvine, CA, 5901 E. Seventh Str.,
Long Beach, CA 90822, United States
Editorial office
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

WJG|www.wjgnet.com

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any potential bias, WJG requires authors of all papers to
declare any competing commercial, personal, political, intellectual, or religious interests in relation to the submitted work.

II

March 7, 2014|Volume 20|Issue 9|

Instructions to authors

manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted

WJG|www.wjgnet.com

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:

III

March 7, 2014|Volume 20|Issue 9|

Instructions to authors

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.

WJG|www.wjgnet.com

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.

IV

March 7, 2014|Volume 20|Issue 9|

Instructions to authors

section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen

WJG|www.wjgnet.com

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
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Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
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Core tip: Beyond genetic diversity, a complex level of
nongenetic mechanisms exists and drives the intratumoral inherent functional heterogeneity of tumor cells.
Recent data suggest that changes in clonal dynamics of
colorectal cancer cells can lead to drug resistance and
tumor reappearance.
Sipos F, Constantinovits M, Műzes G. Intratumoral functional
heterogeneity and chemotherapy. World J Gastroenterol 2014;
20(10): 2429-2432 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i10/2429.htm DOI: http://dx.doi.
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Abstract
Intratumoral heterogeneity including genetic and nongenetic mechanisms refers to biological differences
amongst malignant cells originated within the same
tumor. Both, cell differentiation hierarchy and stochasticity in gene expression and signaling pathways may
result in phenotypic differences of cancer cells. Since a
tumor consists of cancer cell clones that display distinct
behaviours, changes in clonal proliferative behavior
may also contribute to the phenotypic variability of tumor cells. There is a need to reveal molecular actions
driving chemotherapeutic resistance in colon cancer
cells. In general, it is widely hypothesized that therapeutic resistance in colorectal cancer is a consequence of
the preferential survival of cancer stem cells. However,
recent data regarding colorectal cancer suggest that resistance to anticancer therapy and post-therapeutic tumor reappearence could be related to variations of clonal dynamics. Understanding the interaction of genetic
and nongenetic determinants influencing the functional
diversity and therapy response of tumors should be a
future direction for cancer research.

COMMENTARY ON HOT TOPICS
Cancer is a major worldwide health problem. It exists and
grows due to uncontrolled proliferation of aberrant cells
that are characterized by several different morphological and pathophysiological properties. This intratumoral
cellular diversity remains a major challenge in our understanding both, the cancerous process and therapeutic
resistance. Cellular heterogeneity can be resulted due to
genetic and nongenetic mechanisms. However, the degree
of interplay between these processes and their relative
involvement in cancer propagation needs to be clarified.
Intratumoral heterogeneity, in part, arises through
accumulated genetic changes that, within single tumors,
result in several cellular subclones with significant biological differences[1-3]. On the basis of genetic changes,
cell differentiation hierarchies can also contribute to
cancer cell diversity[4-6]. Similarly, resistance to antitumoral
therapies can arise on the basis of genetic mutations[7,8].
Nevertheless, the results of Kreso et al[9] indicate that biological differences amongst colorectal cancer cells can be
provoked by the involvement of additional, nongenetic
mechanisms.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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these clones suggests that there is a substantial functional
diversity with respect to clonal longevity in the course of
successive tumor transplantations. Additionally, cell clones
with different dynamic behaviour were also observed.
Resting clones were likely produced by cancer cells that
were initially dormant (or slowly proliferating), but became activated during later transplants, finally resulting in
a measurable clone. Fluctuating clones consisted of cells
whose progeny appeared early, but they became undetectable in a subsequent transplantation, and only to reappear
later. These clones displayed intermittently extensive proliferative capacity. These results indicate that not all cancer
cells having the potential for tumor propagation actually
function and contribute to tumor growth at a given time.
There are cells that can become activated at a later point
of tumor progression. The distinct clonal proliferative kinetics observed by Kreso et al[9] underscore the functional
variability of individual cells. Taking into account the absence of changes in CNAs and single nucleotide variants
with serial transplantations, these data provide evidence
for functional heterogeneity amongst individual tumorpropagating cells with a shared common genetic lineage.
This phenotypic diversity results from the integration of
both genetic and nongenetic influences. Nongenetic factors include stochasticity in gene expression, epigenetic
regulation, and microenvironmental variability[16,17].
Based on the presence of functionally heterogenous
cancer cell clones, Kreso et al[9] further investigated the
response of these cells to oxaliplatin chemotherapy.
Although the authors have found that chemotherapy
reduced tumor mass, no apparent change in the absolute
number of marked clones, or the proportions of clone
types were observed. Tumor propagation capability of
cancer cell clones was also found to be altered after oxaliplatin therapy. Despite eradication of some lentiviral
marked (mainly persistent cell) clones, resting or slowly
proliferating cancer cells endured oxaliplatin therapy
and reinitiated tumor growth in a slower manner. The
results of CNAs, single nucleotide variant and methylation pattern analyses indicated that oxaliplatin-treated
cells genetically closely matched to the control recipients.
These data suggest that therapeutic tolerance is not always caused by the acquisition of new driver mutations.
Behalf, alterations of tumor propagation behaviour of
individual cancer cells can act as a nongenetic determinant of tumor response to chemotherapy. Similarly,
in human lung cancer a small subpopulation of “antiepidermal growth factor receptor therapy-tolerant” cells
were found[18]. This subpopulation of cells demonstrated
a highly reduced drug sensitivity and maintained viability
via engagement of insulin-like growth factor 1 receptor
(IGF1R) signaling and an altered chromatin state that
required histone demethylase activity. However, the drugtolerant subpopulation could be selectively ablated by
treatment with IGF1R-inhibitors or chromatin-modifying
agents, potentially yielding a therapeutic opportunity.
Although Kreso et al[9] did not discover mechanisms
responsible for the variability in clonal behavior, their study has several important values. It emphasizes the need

INTRATUMORAL GENETIC
HETEROGENEITY
Cancer is the final result of successive genetic changes,
disturbing regulatory processes and investing tumor cells
with survival and growth advantages[10]. Genetic mutations lead to the selection of affected cells and their progeny[11]. Since intratumoral genetic heterogeneity is generally accompanied by variation in malignant behaviors[12],
clonal genetic diversity of tumor cells has been correlated
with poor prognosis[13]. In several types of cancers[3,14],
heterogeneity in sequence mutations has been identified
by exome sequencing of different regions of primary
and metastatic tumors. These findings are of important
clinical merit, given the current focus on using drugs that
target specific mutant proteins and downstream signaling
molecules.

INTRATUMORAL NONGENETIC
HETEROGENEITY
Besides genetic changes, some nongenetic (e.g., epigenetic
changes, posttranslational modifications, cell differentiation hierarchy) factors may also influence cell-cell variability within a tumor.
To explore functional equivalence of cancer cells
within single genetic clones Kreso et al[9] combined deoxyribonucleic acid (DNA) copy number alteration (CNA)
profiling, sequencing, and lentiviral lineage tracking, followed the repopulation dynamics of 150 single lentivirusmarked lineages from 10 human colorectal cancers over
multiple serial transplantations in mouse xenografts.
DNA CNA profiling and mutational hotspot deep
sequencing in 42 cancer-related genes indicated that a
number of tumor xenografts preserved the genomic profile of the primary tumor, whilst in some cases substantial genetic differences were observed between the first
transplant and the parental tumor, indicating the presence
of clonal selection during xenograft growth. However,
the latter cancer cells also remained genetically stable in
subsequent transplants. Furthermore, the results of deep
sequencing proved high concurrence amongst distinct
single cell-derived clones. Based on these results, clonal
stability of colorectal cancer cells seems to be maintained
through serial tumor transplantations. Consistent with
earlier results[15], Kreso et al[9] showed that xenografting
itself did not select for a significantly different tumor cell
population in relation of multiple recipients at each stage
of serial transplantation.
In spite of the observed genetic homogeneity, the
different, lentiviral marked cancer cell clones displayed
different biological behaviours during serial transplantations. Persistent cell clones were present in all serial transplants. Short-term clones did not persist, but exhausted
before reaching the final passage. Transient clones were
only detected in the first recipient, and were not detected
in the second and subsequent recipients, therefore these
clones lacked tumor-propagating ability. The presence of
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Reduced tumor
growth
Persistent cells ↓
Resting cells ↑
Fluctuating cells ↕

Larger tumor
Persistent cells ↑
Short-term cells ↓
Resting cells ↔
Transient cells

Tumor
Persistent cells
Short-term cells
Resting cells
Fluctuating cells
Tumor growth

Chemotherapy

Figure 1 Connection between clonal behaviour and cellular constitution of the tumor. Differences in clonal behavior result in changes of the cellular constitution
of colorectal cancer during normal tumor growth and after chemotherapy as well. In the case of unperturbed tumor growth the proportion of the persistent cell clone
increases, short-term cells fade away, while the number of resting cells remains unchanged. Transient cells may appear but later they also fade away. After oxaliplatin
therapy the number of the highly proliferative (hence chemotherapy sensitive) persistent cells significantly decreases, while the drug resistant resting cell clone contributes to tumor reappearance.

of adequate understanding of nongenetic processes that
underlie phenotypic heterogeneity of cancer cells.
Upon technical procedures, a shift from classical
assaying techniques using bulk cell populations (and
masking single-cell level heterogeneity) to newly developed/advanced methods (e.g., combining laser pressure
catapulting techniques with bisulfite-based arrays, nextgenome sequencing arrays or whole genome gene expression arrays) is expected. Moreover, their findings highlight
on demand of efforts to reveal molecular actions driving
chemotherapeutic resistance in colorectal cancer cells. In
general, it is widely hypothesized that therapeutic resistance in cancer is a consequence of the preferential survival
of cancer stem cells. However, the results of Kreso et al[9]
suggest that cellular drug resistance and post-therapeutic tumor reappearence could not only be related to the
stem-cell characteristics, but also to variations of clonal
dynamics (Figure 1).
Recent findings of Kreso et al[9] reveal that, beyond
genetic diversity, a complex level of nongenetic mechanisms exists and drives the intratumoral inherent functional heterogeneity of tumor cells. Thus, understanding
the interaction of genetic and nongenetic determinants
influencing the functional diversity and therapy response
for cancers should be a prominent future direction for
cancer research.
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tions triggered by stress, as well as estrogen interactions with serotonin and corticotropin-releasing factor
signaling systems are being increasingly recognized. A
concept of “microgenderome” related to the potential
role of sex hormone modulation of the gut microbiota
is also emerging. Significant differences between IBS
female and male patients regarding symptomatology
and comorbidity with other chronic pain syndromes
and psychiatric disorders, together with differences
in efficacy of serotonergic medications in IBS patients
confirm the necessity for more sex-tailored therapeutic
approach in this disorder.
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Key words: Brain-gut axis; Irritable bowel syndrome;
Microbiota; Pain modulation; Sex hormones
Core tip: Recent clinical and experimental findings support the modulatory actions of sex hormones exerted
at different levels of the brain-gut-microbiota axis in
irritable bowel syndrome (IBS). Sex hormones may influence peripheral and central regulatory mechanisms
contributing to the alterations in visceral sensitivity,
motility, permeability, and immune activation of intestinal mucosa. A new concept of “microgenderome” is
emerging based on the observations that the gender
bias present in numerous diseases may be reinforced
by the commensal microbiota of the host. Significant
sex differences in epidemiology, symptomatology, and
treatment outcome in IBS indicate the necessity for
sex-tailored therapeutic approach in this disorder.

Abstract
Compelling evidence indicates sex and gender differences in epidemiology, symptomatology, pathophysiology, and treatment outcome in irritable bowel syndrome
(IBS). Based on the female predominance as well as
the correlation between IBS symptoms and hormonal
status, several models have been proposed to examine
the role of sex hormones in gastrointestinal (GI) function including differences in GI symptoms expression
in distinct phases of the menstrual cycle, in pre- and
post-menopausal women, during pregnancy, hormonal
treatment or after oophorectomy. Sex hormones may
influence peripheral and central regulatory mechanisms
of the brain-gut axis involved in the pathophysiology of
IBS contributing to the alterations in visceral sensitivity,
motility, intestinal barrier function, and immune activation of intestinal mucosa. Sex differences in stress
response of the hypothalamic-pituitary-adrenal axis
and autonomic nervous system, neuroimmune interac-
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to-female ratio. Women with IBS, compared to male
patients, are more likely to report constipation, bloating,
severe abdominal pain, and feeling of incomplete evacuation, while men with IBS more frequently complain
of diarrhea-associated symptoms[17,19,21]. In fact, earlier
studies indicate that women have slower colonic transit
in comparison with men[22,23]. The results of the recent
study by Tang et al[24] conducted in Chinese population
confirmed significant differences between female and
male IBS patients in their rating of abdominal pain/discomfort with regard to severity and duration, but not
frequency of pain attacks. Interestingly, sex differences
in dietary coping with GI symptoms have also been reported[25]. Female IBS patients seem to be more willing
to implement nutritional behavior changes alleviating the
GI problems than men, although both men and women
could benefit similarly from these changes[25].
Cain et al [26] reported higher GI symptoms (pain,
distension, bloating, intestinal gas) in postmenopausal
women than in men, but the greatest differences in the
overall symptom reporting between men and women
were associated with somatic symptoms such as joint
and muscle pain. This gender-related difference was
most prominent when postmenopausal women where
compared to men. Gender differences were much weaker for psychological and emotional symptoms except for
fatigue, sleep disturbances and stress[24,26]. Noteworthy,
there is a wide spectrum of chronic pain disorders frequently overlapping with IBS namely fibromyalgia, migraine headache, chronic pelvic pain, interstitial cystitis,
and chronic fatigue syndrome. These diseases are also
characterized by female predominance with a correlation between their symptoms and hormonal status[27-29].
In addition, women with IBS, more frequently show comorbidity with affective or mood symptoms including
anxiety and depression as compared to women without
IBS[30]. There are also reports indicating that women
with IBS exhibit more anxiety and depressive symptoms
compared to men with IBS[24,26]. Sex differences in the
prevalence of concomitant somatic symptoms, as well
as anxiety and depression may significantly contribute to
the greater impairment of quality of life in female patients and affect treatment results[24,31].
Sex-related difference in IBS prevalence emerges
around the time of puberty and increases during the
early adult years. Women are suffering from IBS most
commonly in the late teenage to mid forties, additionally suggesting the role of reproductive hormones in the
pathophysiology of the disorder. The incidence of IBS
in women steadily declines with age and approaches the
rate observed among men by the 7th decade of life[32].
By contrast, the prevalence of IBS among males is fairly
constant within the age range of 20-70 years[32].

INTRODUCTION
Sex hormones, in particular estrogens, play a significant
role in the physiology and pathology of the gastrointestinal (GI) tract including regulation of motor and sensory function[1,2]. Irritable bowel syndrome (IBS) is a GI
sensory-motor disorder characterized by abdominal pain
or discomfort associated with a change in bowel habits[3].
The role of gonadal hormones in symptomatology and
pathophysiology of IBS is being increasingly recognized
based on the female predominance as well as the correlation between IBS symptoms and hormonal status during
menstrual cycle phases, pregnancy or menopause[4]. Sex
differences in stress and pain response are considered
as crucial factors in the pathogenesis of functional GI
disorders[4,5]. Sex hormones influence peripheral and
central regulatory mechanisms of the brain-gut axis involved in the pathophysiology of IBS contributing to
alterations in visceral sensitivity, motility, permeability,
and immune activation of intestinal mucosa[4,6,7]. Among
numerous interactions of sex hormones with other neurotransmitters, estrogen interactions with serotonin and
corticotropin-releasing factor (CRF) signaling systems
play a pivotal role[8,9]. Estrogens can also modulate neuroimmune interactions triggered by stress via the braingut axis[10]. Recently, the gut microbiota has been also
recognized as an important element in the bi-directional
communication along the brain-gut axis through neural,
immune, and endocrine pathways[11,12]. In the present article we will review recent clinical and experimental findings supporting the modulatory effect of sex hormones,
in particular estrogens, on different levels of the braingut-microbiota axis in IBS and their clinical implications
regarding the symptomatology, pathophysiology and
treatment of IBS.

SEX AND GENDER DIFFERENCES IN IBS
PREVALENCE AND SYMPTOMATOLOGY
In Western countries the female-to-male ratio among
non-patient population of IBS sufferers is 2:1[13]. Within
the patient population in primary or tertiary care settings
females outnumber male patients by 3:1 to 5:1, respectively[13-15]. However, in many Eastern countries such as
India, China and South Korea, the female predominance
among IBS patients is not observed[16]. Likewise, results
of recent meta-analysis studies in South Asia, South
America, or Africa confirmed that IBS prevalence was
not significantly higher in women, compared to men[17].
Therefore gender-related and socio-cultural differences
in health care-seeking behavior are suggested to also
account in IBS symptoms reporting[18]. Further epidemiologic studies from different world regions are needed
to elucidate the complex interactions between genetic,
environmental, psychological and/or cultural factors that
may contribute to sex differences in IBS symptoms[19,20].
Additionally, as the prevalence of IBS subtypes
varied according to gender[17], the dominating subtype
of IBS in different countries may also affect the male-
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CORRELATION BETWEEN IBS
SYMPTOMS AND HORMONAL STATUS
Menstrual cycle
The menstrual cycle in women is divided into three
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Table 1 Correlation between hormonal status and irritable bowel syndrome symptoms expression
Status

Hormone levels

Late luteal phase
(premenses)
Menstruation (menses)

IBS and pain related symptoms expression

Ref.

Rapid decline in estrogen and progesterone levels

Exacerbation of bowel symptoms
[33,34]
Increased bloating
Lowest levels of estrogen and progesterone
Exacerbation of bowel symptoms
[34,35,37,38,40]
Increased abdominal pain/discomfort
Lower rectal sensitivity threshold
Dysmenorrhea
Disturbances in hormonal interactions at different regulatory Exacerbation of bowel symptoms
[41]
levels (lower progesterone level)
Pregnancy
Physiological hyperestrogenemia and hyperprogesteronemia Reduced pain sensitivity and alleviation
[27,51,73]
of many chronic pain syndromes
Exacerbation of constipation (prolonged
gastrointestinal transit)
Menopause
Decline in ovarian hormones
Decrease in IBS incidence
[26,53,54]
High prevalence of constipation and
somatic discomfort syndromes
Oral contraceptives
Estrogen and progestin administration
Reduced abdominal symptoms at menses
[55]
Hormone replacement
Estrogen (and progesterone) supplementation
Increased prevalence of IBS in
[58]
therapy
postmenopausal women during HRT
Prolongation of IBS symptoms to a later
age
Oophorectomy
Ovarian hormone deficiency
Exacerbation or occurrence of
[60]
gastrointestinal symptoms after
gynecological surgery
Men with IBS
Lower level of luteinizing hormone in middle-aged men
Generally more prevalent diarrhea
[66,70]
Elevated level of sex hormone-binding globulin in young men (compared to women with IBS)
Transsexual women (male-to- Estrogen/anti-androgen treatment
Development of chronic pain including
[72]
female subjects)
visceral pain
IBS: Irritable bowel syndrome; HRT: Hormone replacement therapy.

influence of the menstrual cycle on their symptoms[35].
Whitehead et al[37] found that in women with functional
bowel disorders (FBDs), including IBS, bowel symptoms
seem to be affected by menstruation to a greater degree than in women without FBDs, suggesting that IBS
women may respond differently to the fluctuations in
the ovarian hormones. Variation in GI symptoms during
the menstrual cycle can be related to motor disturbances
and/or a change in perception of colonic motor events,
as well as alterations in colonic epithelial barrier and mucosal immunity[10,40].
IBS female patients are more likely to report dysmenorrhea and premenstrual distress syndrome than those
who do not suffer from IBS[41-43]. Moreover, IBS patients
with dysmenorrhea report noticeably more GI symptoms than non-dysmenorrheic women[41]. In a 10-year
follow-up-study conducted in Iceland it has been shown
that IBS female patients with dysmenorrhea were twice
more likely to have increased symptoms compared to
IBS patients without dysmenorrhea[43].
A significant connection between IBS and endometriosis has also been reported[43,44]. Additionally, polycystic ovary syndrome (PCOS), the most common female
endocrine disorder affecting up to 10% of reproductiveage women characterized by chronic anovulation and
hyperandrogenism, is associated with the increased
prevalence of IBS [45-47]. Interestingly, IBS coexisting
with PCOS was associated with a higher BMI and percent body fat when compared to PCOS alone[45]. The
relationships between obesity, hormonal status and IBS
require further investigation, particularly in the context

phases: the follicular (proliferative) phase, ovulation, and
the luteal (secretory) phase. Estrogen levels are increasing during the midfollicular phase and then drop precipitously after ovulation. This is followed by a secondary
rise in estrogen levels during the midluteal phase with
a decrease before menstruation. The secondary rise in
estradiol parallels the rise of serum progesterone and
17-hydroxyprogesterone levels[33].
Dynamic changes in ovarian hormones during menstrual cycle can modulate GI contractility, transit, secretion, visceral sensitivity, and immune function at multiple
target sites, including those located in the periphery and
the brain[3]. Clinical studies indicate that declining or low
ovarian hormone levels in women (such as during menses) may contribute to the occurrence or exacerbation of
GI symptoms, including abdominal pain or discomfort,
altered bowel habits and bloating that varies across the
menstrual cycle phases (Table 1)[34-37]. Rectal sensitivity
thresholds have been shown to be significantly lower in
IBS patients at menses relative to those at other cycle
phases indicating that IBS symptoms experience may be
modified by ovarian hormone status[38]. Also in animal
studies it has been shown that both visceral and somatic
sensitivity vary over the rat estrous cycle and that high
levels of ovarian hormones (proestrus/estrus stages) are
associated with enhanced sensitivity[39]. Therefore the
menstrual cycle provides a natural model to explore the
effects of ovarian hormones on the bowel function.
Approximately one third of otherwise asymptomatic women experience GI symptoms at the time of
menstruation[34]. About 40% of women with IBS report
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of obesity being linked with increased inflammatory
mediators and in the light of recent reports on the GI
dysbiosis[46,48].

Based on the recent meta-analysis, there are insufficient data to determine the exact effect of hormone supplementation during menopause on IBS symptoms[19].
In postmenopausal women, hormone replacement
therapy (HRT) has been reported to be associated with
the increased prevalence of IBS. HRT may prolongs IBS
symptoms to a later age or even induce changes in GI
function in females not previously affected[58]. One of
the confounding factors may be related to the fact that
women with IBS are more likely to report various preand postmenopausal symptoms, and thus may be prescribed HRT to a greater degree. However, Ruigómez
et al[58] have shown that both current and past users of
HRT presented an increased risk of IBS compared to
non-users, even after adjusting for comorbidity and consultation pattern. This increased risk was irrespective of
treatment duration, regimen or route of administration
of HRT[58].

Pregnancy
Pregnancy is characterized by high ovarian hormones
levels as well as an increase in opioid-mediated antinociception[3,49]. Little is known, however, regarding IBS
symptoms and pregnancy. Many chronic pain syndromes
frequently associated with IBS, like migraine headache
for example, are alleviated during the time of pregnancy[27]. Similarly, in rodents high ovarian hormones
levels during pregnancy reduce somatic and visceral pain
sensitivity[50]. During the time of the physiological hyperestrogenemia and hyperprogesteronemia a prolonged GI
transit is also observed[51]. Additionally, numerous psychological variables affecting the autonomic nervous system (ANS) may trigger or modulate symptoms reported
in pregnant women[52].

Gynecological surgery
There are few data concerning the prevalence of oophorectomy or hysterectomy in IBS female patients, mostly
because these surgical procedures are excluding factors
in the studies of IBS patients. However, it has been
reported that the rate of hysterectomy is about twice
higher in women with IBS compared to controls[59]. It is
conceivable that IBS patients, because of the chronic abdominal pain, are more likely to be qualified for various
surgical procedures (not only gynecological, but also GI
surgery like cholecystectomy and appendectomy)[59]. In
fact, in a number of women, GI symptoms emerge for
the first time after gynecological surgery[60]. Preclinical
studies however remain controversial. There is indeed
evidence in mice that ovariectomy generates a slow developing and persistent hyperalgesic state localized to
the abdomen, lower limbs and abdominal viscera, which
is reversed by estrogen supplementation[61,62]. In contrast,
in rats, ovariectomy decreased the magnitude of the visceromotor response to colorectal distension compared
with cycling rats[63] and abolished restraint stress-induced
visceral hypersensitivity[64]. The sensitivity to colorectal
distension and the influence of stress on visceral pain
were restored by estrogen replacement at a dose comparable to the proestrus level[65].

Menopause
Data concerning the impact of the menopause transition on IBS patients remain inconsistent. Although the
decline in ovarian hormones may induce or exacerbate
GI symptoms, generally, in postmenopausal period, the
incidence of IBS decreases significantly[53-55]. However,
according to some recent data, IBS symptoms severity may increase after menopause as well[43]. Cain et al[26]
found that various GI symptoms were reported more
frequently by postmenopausal women compared with
men, but these differences were not significant when
controlled for age. In one study, gas and excessive flatulence were more prevalent in post- than premenopausal
healthy women[53].
Hormone supplementation
Premenopausal healthy women taking oral contraceptives
(OCs), monophasic or triphasic preparations, report a
typical increase in GI symptoms at menses[55]. However,
women with IBS taking OCs, which contain both estrogen and progestin, appeared to have reduced levels
of abdominal symptoms compared with IBS women
not taking OCs[55]. At the same time, the pattern of GI
and non-GI symptoms over the menstrual cycle was
similar in female patients with IBS, regardless of OCs
use or the predominant bowel pattern[55]. Noteworthy, in
women with dysmenorrhea that may coexist with IBS,
OCs often reduce the symptoms[15]. Recently, Bird et al[56]
reported an increased risk for development of IBS with
drospirenone. Drospirenone is a synthetic progestin approved in combination with ethinyl-estradiol as an OC.
Although it was designed as an antimineralocorticoid
steroid, it exhibits antiandrogen activity[56]. In another
study evaluating the effect of hormone supplementation
on IBS symptoms, the therapeutic efficacy of gonadotropin-releasing hormone agonist (leuprolid) in female
patients with menstrual cycle-related symptoms has been
reported[57]. However, the use of this medication is limited by its side effects[57].
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Male sex hormones
Most of the explanations of sex-related differences in
IBS have focused on the concept that women might be
more susceptible, while less attention has been given
to the concept that male hormones may be protective
against pain disorders including IBS[66]. Androgens, higher in males than females, appear to protect against the
development of chronic pain disorders in humans, and
testosterone exerts an analgesic effect in experimental
pain models, in both men and women[67-69]. Differences
in androgen levels, their receptors as well as sites of action may play a role in the sex difference in the risk of
developing chronic pain disorders. There are only few
reports concerning the role of sex hormones in male
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patients with IBS[67,70,71]. Houghton et al[66] found that testosterone levels, although similar in the patient and control groups, correlated negatively with perceptual thresholds of rectal distension and overall well-being in IBS
patients. In the same study it was found that middle-aged
male IBS patients tended to have lower levels of luteinizing hormone compared with male control subjects[66].
Kim et al[70] have also reported that the sex hormone status in young male patients is different from that of older
male patients and that an elevated sex hormone-binding
globulin level might play a key role in the pathophysiology of IBS in young men. Interestingly, a highly significant reduction in male-trait scores in men with IBS has
been confirmed[71]. Another unique model to study the
relationship between sex hormones and chronic pain was
proposed by Aloisi et al[72] who evaluated the results of
sex-crossed hormone administration in transgender subjects. About half of the female-to-male subjects treated
with testosterone reported a significant improvement of
the chronic pain (e.g., headache) present before the treatment. Conversely, about one-third of the male-to-female
subjects receiving estrogen/anti-androgen treatment
developed chronic pain including headaches, breast and
musculoskeletal pain, and in some cases visceral pain as
well[72]. These findings support experimental and clinical
data suggesting that sex steroid hormones play a crucial
role in pain perception and modulation.

ERs are spread throughout the brain, including the
amygdala, hypothalamus, pituitary, hippocampus, cerebral cortex, mid-brain, and brain stem, providing neuroanatomical support for potential numerous target sites
of estrogen actions on neurocognitive processes [73,77].
Based on the results of brain imaging studies, greater
responsiveness of emotional arousal circuits in relation
to visceral pain has been implicated as induceing central
mechanisms of pain amplification in IBS, with female
subjects showing greater response than male subjects[78].
Recent results confirmed sex differences in emotionrelated cognitive processes and functioning of brain networks including the prefrontal regions, cingulate, insula,
and amygdala in IBS and healthy control subjects[79].
Estrogens may act in the CNS through multiple
pathways modulating production and action of neurotransmitters, influencing electrical excitability and
synaptic function, and changing the morphological features of neural elements involved in the function[77,80,81].
Estrogens have been documented to exert differential,
sometimes opposite effects on pain. Clinical and experimental data indicate that both analgesic and hyperalgesic
responses can be induced by estrogens depending upon
the experimental conditions[67]. Estrogens were shown to
enhance neuronal system activities during development
and in adult life, for instance through the hippocampal
neuronal circuits involving acetylcholine, glutamate and
brain-derived neurotrophic factor[82]. Noteworthy, elevated levels of estrogens in fertile women have been associated with the increased number of μ-opioid receptors in
the brain regions related to pain processing[68]. There is
accumulating evidence that estrogens have a significant
impact on neuronal plasticity-related process and ameliorate recovery after chronic stress (Table 2)[73].
Estrogens may also contribute to the important sex
differences in the stress-related hypothalamic-pituitaryadrenal (HPA) axis response that have been documented
in a number of clinical and experimental studies [83].
The menstrual cycle phases, menopausal status and
pregnancy have been shown to affect the HPA axis as
well as ANS functions[5]. Women between puberty and
menopause usually show lower HPA axis and autonomic responses to psychological stressors than men
of the same age[84]. However, the HPA axis response
to psychological stressors is higher in the luteal phase,
when post-stress free cortisol level approaches that for
men[84]. CRF is a key mediator of the HPA axis and the
brain-gut axis response to stress at both central and peripheral levels[9,85,86]. The co-localization of ER-α with
CRF receptors in the hypothalamus represents one of
the possible neuroendocrine interactions between CRF
signaling pathways and estrogens[87]. Importantly, activation of both receptors ER-α and ER-β has been shown
to stimulate CRF gene expression in the hypothalamic
paraventricular nucleus (PVN)[83,88]. Additionally, estrogens induce also an increase in glucocorticoid receptor
expression in the amygdala[88]. In the recent functional
magnetic resonance imaging study, it was demonstrated
that significant sex differences in brain activity in stress

SEX HORMONE MODULATION OF THE
BRAIN-GUT AXIS AT THE CENTRAL
NERVOUS SYSTEM LEVEL
Estrogens
The abundant distribution of estrogen receptors (ERs)
at all levels of the brain-gut axis, including the central
nervous system (CNS), spinal cord, and the enteric nervous system supports the multiplicity of neuronal action[73]. There are two subtypes of ERs: ER-α and ER-β.
Estrogens, similarly to progesterone and testosterone,
exert their function by binding to either specific intracellular (nuclear) receptors that act as ligand-dependent
transcription factors (classical mechanisms) or membrane-bound receptors (mERs) that stimulate several
signal transduction pathways (non-classical mechanisms).
The family of nuclear receptors mediate rather slow
genomic action of estradiol resulting in enhancement or
repression of gene transcription and thus protein synthesis alterations. In contrast, mERs are involved in the rapid
action of estrogens related to the activation of various
protein-kinase cascades and phosphorylation of proteins,
but estrogenic rapid signaling can also occur by recruiting
intracellular pathways that can act via the genome through
phosphorylated cyclic adenosine monophosphate (cAMP)
response element protein (pCREB) and intermediate early
genes[74]. In addition to the well described G proteincoupled receptor (GPR30), multiple mERs have recently
been discovered, such as the classical nuclear ER-α and
ER-β, ER-αΔ4, ER-X and mER-Gαq[74-76].
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Table 2 Sex hormone modulation of the brain-gut-microbiota axis
Level of the brain-gutmicrobiota axis

Estrogen

Progesterone

Central nervous system

Analgesic or hyperalgesic effect[67]
Excitatory action on neurons[72]
Estrogen-induced increase in the number of
[68]
μ-opioid receptors
Enhancement of serotonergic postsynaptic
responsiveness in the brain[8]
Central interaction with CRF signaling pathwaysmodulation of stress responsiveness[87,89]:
Stimulation of CRF gene expression in PVN[83]
Increase in glucocorticoid receptor expression in
the amygdala[83]
Influence on neuronal plasticity-related processes[73]
Attenuation of sympathetic responsiveness[108]

Testosterone

Activation of the γ-aminobutyric acid Analgesic effect[72]
(GABA) receptors, major inhibitory Inhibition of stress-induced ACTH
receptors in the brain[77]
release[103]
Neuroprotective action in the
hippocampus[80]

Autonomic nervous
Reduced cholinergic responsiveness[5] Regulation of parasympathetic
system
tone[110]
Enteric nervous system/ Expression of estrogen receptors in enteric neurons, Inhibition of gastrointestinal
Stimulation of smooth muscle
Gut immune system
regulation of neurogenic reflexes[73]
motility[130]
contractions[135]
Activation of colonic NK1 receptors in stressInhibition of visceral signaling
Decreased production of
induced visceral hypersensitivity[64]
following colonic inflammation[100]
proinflammatory mediators
Augmentation of mast cells secretion[118]
Inhibition of mast cells
inducing visceral hyperalgesia[69,136]
Effects on both pro- and anti-inflammatory
degranulation[131]
No effect on mast cells
pathways[113]
Immunosuppressive action related
degranulation[137]
Peripheral interaction with CRF signaling
to inhibition of NFκB activation in
Decreased TLR4 expression of
pathways, modulation of colonic motor and
macrophages[133]
macrophages and monocytes[138]
sensory responses to stress[87]
Regulation of 5-HT3 receptor expression in rat
colon[120]
Regulation of secretory and absorptive function of
gastrointestinal epithelial cells[128]
Enhanced expression of trans-membrane tight
junction protein in non-inflamed colon[124]
Decreased production of proinflammatory
cytokines in experimental colitis in female rats[125,126]
Gut microbiota
ER-β expression affects the gut microbiota
Direct effect on bacterial metabolism, Reversible 17β reduction
composition[143]
growth, and expression of virulence of androgens may regulate
Microbial β-glucuronidase activity determines
factors[132]
testosterone level[148]
estrogens deconjugation enabling their
Commensal microbiota-dependent
reabsorbtion via enterohepatic circulation[146]
testosterone production protects
Direct effect on bacterial metabolism, growth and
against autoimmune disease in
expression of virulence factors[132]
mice[149]
Bacterial hydroxysteroid dehydrogenase regulates the balance between active and inactive steroids[132]
ACTH: Adrenocorticotropic hormone; CRF: Corticotropin-releasing factor; NFκB: Nuclear factor κB; PVN: Paraventricular nucleus; TLR4: Toll-like receptor 4.

well as proestrus/estrus[39]. This observation could explain the lowered pain thresholds and higher incidence
of somatic pain observed in women with IBS[39].
Childhood trauma (early adverse life event, EAL) is
associated with changes in HPA axis responsiveness in
IBS[93]. Dysregulation of the HPA axis in IBS patients
has been related to blunted adrenocorticotropic hormone (ACTH) levels and enhanced cortisol response
to visceral stimulation[94]. However, little is known on
sex-differences in EAL-induced visceral pain. Interestingly, sexually dimorphic effects of unpredictable EAL
on visceral pain behavior in a rodent model has been
demonstrated[95]. Female rats exposed neonatally to different pairings of an odor and shock developed visceral
hypersensitivity in adulthood, while in contrast, in male
rats, visceral sensitivity was not significantly different after EAL. Visceral sensitivity following unpredictable EAL
was reversed by ovariectomy and reestablished by estradiol

response circuitry were dependent on women’s menstrual cycle phase [89]. In addition, chronic treatment
with estrogens modulates brain circuitry responsive to
stress[90]. Furthermore, administration of estradiol and
progesterone directly to the amygdala in rats increases
pain response to visceral stimulation suggesting that an
amygdala-dependent mechanism may be responsible, at
least in part, for the exacerbation of visceral symptomatology in females[91]. A recent meta-analysis by Tillisch et al[92]
points to the amygdala, a brain region known to facilitate
HPA axis output, as one of the most consistently activated areas following rectal stimulation in IBS patient
compared with controls. Of significance, the activation
of the amygdala by corticosterone eliminates spontaneously occurring differences in visceral and somatic pain
perception in cycling female rats, resulting in visceral
hypersensitivity during metestrus/diestrus, and increased
somatic sensitivity during both metestrus/diestrus as
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replacement. These data suggest estrogen-mediated pivotal mechanisms in maintaining visceral hypersensitivity[95].
The serotonergic system represents another potential
contribution to sex differences in pain modulation[3,8].
In the CNS, serotonin (5-HT) generally has been associated with descending pain inhibition, whereas in the
periphery, 5-HT is an inflammatory mediator and is generally pronociceptive and prokinetic. Estrogens enhance
serotonergic postsynaptic responsiveness in the brain[8].
Additionally, estrogens enhance 5-HT synthesis in most
part of the brain by increasing expression of the enzyme
tryptophan hydroxylase and decreasing the expression
of the serotonin re-uptake transporter[96]. The serotonergic and reproductive endocrine systems are also prominently involved in both the regulation of mood and
behavioral states. In addition, interactions between these
systems have profound implications for the etiology
and treatment of anxiety disorders[97]. A growing body
of evidence also indicates sex-dependent differences
in serotonin-related genetic polymorphisms in IBS patients[98], particularly with regard to anxiety and depressive disorders more common in women with IBS[99].

level of primary afferent nerves and spinal cord projections[104]. A direct involvement of ERs in nociceptive
transmission is possible via their activation of enkephalin
synthesizing cells in the superficial laminae of the spinal
cord[105]. Additionally, estrogens modulate the responsiveness of primary vagal afferents neurons to substance
P and the activation of glutamate receptors involved in
the afferent pain pathways[40]. Spinal estrogen receptors
ER-α and ER-β have been also shown to contribute
to the facilitation of N-methyl-D-aspartate-dependent
colon-to-urethra cross-organ reflex sensitization, which
is presumed to underlie pelvic viscero-visceral referred
pain[106].
Autonomic dysregulation in response to a visceral
stressor is an objective physiologic correlate in IBS[107].
Tillisch et al[108] reported gender differences in the ANS
reactivity to colorectal distension in IBS patients, with
men demonstrating increased sympathetic nervous
system activation and decreased parasympathetic activation compared to women. There are also data indicating
menstrual cycle-linked differences in the ANS tone that
are likely to result from estrogen exposure, and its attenuating influence on sympathetic responsiveness[109].
Furthermore, many other chronic pain syndromes, frequently coexisting with IBS can be also related to autonomic disturbances[28].

Progesterone
The role of progesterone in sex-related differences in
pain modulation is less clear. Progesterone activates
intracellular receptors to regulate genomic processes,
and also affects cell membrane receptors, especially in
neurons[100]. Membrane progesterone receptors present
in the hippocampus were suggested to contribute the
neuroprotective action of the hormone[80]. At the CNS
level, progesterone action seems to be dependent on the
activation of the γ-aminobutyric acid receptors that are
major inhibitory receptors in the brain[101].

Progesterone and androgens
Progesterone has been shown to reduce cholinergic
responsiveness[5]. However, little is known about the effect of testosterone on the ANS. Recently, it has been
noticed that testosterone deficiency is accompanied by
a decrease in basal parasympathetic tone and reduced
baroreflex sensitivity in men with heart failure[110].

Androgens
While estrogens are commonly indicated as CNS stimulant, androgen receptor-mediated actions are often related to CNS inhibition, which may underlie the lower
incidence of many forms of chronic pain in men[72]. Androgens participate in the regulation of the HPA axis response to chronic stress and the autonomic circuitry[102].
Optical and electron microscopic immunocytochemical
studies in rodents have revealed that the distribution of
androgen receptors is overlapping with that of ER-α,
ER-β, as well as progesterone receptors in three major
autonomic regions in the brain: the rostral ventrolateral
medulla, nucleus of the solitary tract and PVN[80]. In
male rats, testosterone inhibits the acute restraint stressinduced ACTH release[103] that, ultimately, may impact
on other brain stress-related CRF-mediated influence on
colonic motility and visceral pain[9].

SEX HORMONE ACTIONS AT THE
ENTERIC NERVOUS AND GUT IMMUNE
SYSTEMS
Estrogens
Within the enteric neurons of the colon, where both
CRF receptor subtype 1 (CRF1) and ERs are expressed,
interactions between CRF signaling pathways and estrogens participate in the stimulation of the colonic motor
function[90]. Additionally, a local paracrine/autocrine proinflammatory action by CRF1 receptor activation was reported in several models of intestinal inflammation both
in vitro and in vivo, as well as the up-regulation of CRF
and CRF1 expression in immune cells of the human colonic lamina propria in response to inflammation[86].
There is compelling evidence suggesting an upregulated gut immune function in patients with IBS,
particularly with post-infectious IBS[111]. Gastrointestinal inflammation seems to be strongly modulated by
stress, especially in IBS patients being characterized by
enhanced stress responsiveness[15]. Important sex-related
differences in IBS patients related to neuroimmune inter-

SEX HORMONE EFFECTS ON THE
AUTONOMIC NERVOUS SYSTEM
Estrogens
Estrogens influence also nociceptive pathways at the
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actions have been suggested[71,112]. Female sex is an independent risk factor for developing postinfectious IBS[3].
The following observations support sex differences in
immune response: females produce stronger cellular as
well as humoral immune reaction, have a greater resistance to bacterial infections, and are more likely to develop autoimmune diseases compared to men, symptoms
of which depend on hormonal status[113]. Estrogens may
influence both pro- and anti-inflammatory pathways.
The effect of estrogens in inflammatory responses has
been found extremely complex and dependent on the
estrogen level, the cell type, specific inflammatory factors, the type of tissue that is inflamed, the time course
of the inflammatory response (e.g., acute vs chronic), and
the time point at which estrogen exposure occurs[113]. In
an experimental model, estrogens contributed also to the
colonic neurokin-1 receptor-mediated effects of stress-induced visceral hypersensitivity to colorectal distension[64].
Mast cells represent another crucial link in sexdependent neuroimmune interactions as they co-express
CRF and sex hormone receptors[114-116]. The number of
colonic mucosal mast cells was found to be higher in
female compared to male IBS patients[10]. Mediators released by activated mast cells, characterized by extensive
anatomical and functional communication with intrinsic
and extrinsic nervous system of the gut, evoke visceral
hypersensitivity and increase mucosal permeability[117].
Notably, mast cells are involved in many other disorders,
frequently overlapping with IBS such as fibromyalgia, interstitial cystitis, chronic fatigue syndrome and migraine,
all of which occur more often in women, are exacerbated during ovulation and reduced during pregnancy[10].
These sex-related differences in the prevalence and severity of chronic pain disorders could be related to the
fact that mast cells express progesterone and estrogen
receptors[10]. Estradiol has been shown to augment mast
cells secretion, whereas tamoxifen (an estradiol receptor
antagonist) inhibits this function[118].
The serotonergic system at the peripheral level may
also contribute to sex differences in modulation of GI
motility, secretion and sensitivity [3,8]. Fluctuations in
estrogen levels during ovarian cycle cause predictable
changes in 5-HT system in women[8]. Moreover, 5-HT
concentration varies with sex and menstrual status in patients with diarrhea-predominant IBS[119]. Experimental
studies indicate that colonic 5-HT3 receptor gene expression is increased in ovariectomized rats exposed to
restraint stress and restored with hormone replacement
after ovariectomy[120]. Recently, Galligan et al[121] proposed
serotonine transporter (SERT) gene knockout (KO)
rats as a new interesting model for studying interactions
between serotonin, sex, and visceral sensation. SERT
KO female rats display an increased colonic extracellular
serotonin associated with visceral hypersensitivity and
hyperexcitability of colon projecting sensory neurons,
which is not observed in male SERT KO rats[121]. Gender difference has been also shown in SERT activity and
serotonin concentration in platelets of IBS patients[122].
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Estrogen-dependent modulation of the intestinal
barrier function is another component in sex-related
differences in IBS. It has been well established that
stress involving the activation of CRF1 receptors alters
intestinal barrier that appears to be a prerequisite for the
development of visceral hypersensitivity in both human
and rodents[6,123]. In the colon, ERs signaling enhances
expression of trans-membrane thigh junction proteins
in non-inflamed conditions[124], and decreases production of proinflammatory cytokines in experimental colitis[125,126]. In human, acute experimental stress evokes a
differential gender-dependent increase in intestinal macromolecular permeability[127]. A significant increase in
albumin permeability in healthy women, but not in men,
could explain enhanced female susceptibility to IBS[127].
Additionally, ERs are localized on the epithelial cells
throughout the GI mucosa and may affect secretory and
absorptive functions[37,128,129]. The fluid retention that occurs in females during the cycle may be associated with
the extra-nuclear action of estrogen that can stimulate calcium entry into colonic epithelial cells as well as suppress
c-AMP-dependent chloride secretion in the distal colonic
epithelium in females only, both in rats and humans[128].
Progesterone and androgens
At the peripheral level progesterone has been suggested
to influence both visceral sensitivity and motility via
prostaglandins[100]. Overexpression of progesterone receptors in colonic muscle in women with slow transit
constipation is associated with lower levels of prostaglandin PGF2α and tromboxane A that cause muscle
contraction, and higher levels of PGs that cause muscle
relaxation (such as PGE2)[130]. Progesterone may also
inhibit estrogen-dependent mast cells degranulation[131].
Progesterone receptors have been identified in epithelial
cells, granulocytes, macrophages, and lymphocytes[132].
Progesterone is known to exert an immunosuppressive action as it inhibits the activation of nuclear factor
(NF)κB and increases the expression of the suppressor
of cytokine signaling protein (COS1) in macrophages[133].
Testosterone and its active metabolite 5α-dihydrote
stosterone are potent modulators of colonic motility by
stimulating smooth muscle contractions through nongenomic calcium sensitization pathways[134]. In the urethral calculosis model of visceral pain, Aloisi et al[135] did
not find any significant effect of testosterone on visceral
pain. However, there is growing body of evidence that
androgens may contribute to the modulation of visceral
pain by decreasing pro-inflammatory mediators that participate in the development of hyperalgesia[69,136]. Apart
from female sex hormone receptor expression, mast cells
also express androgen receptor, however, testosterone
treatment had no effect on mast cell degranulation[137].
Testosterone decreases also the expression of macrophage and monocyte Toll-like receptor 4, which is involved in the activation of the innate system response to
pathogen challenge[138].
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that reinforce testosterone production, which is protective against the development of T and B cell functions
linked to autoimmune disease[149]. In mice, the properties
of the male-associated microbiota can be transferred to
younger females and exert testosterone-mediated protection from autoimmune disease upon recipients. The observations that early-life microbial exposures determine
sex hormone levels and modify sex-mediated immune
regulation may have crucial implications for the pathophysiology of IBS. A new concept of “microgenderome”
is emerging based on the recent observations that the
gender bias present in numerous diseases is not entirely
a host-intrinsic factor, but may be exercised and/or reinforced by the commensal microbiota of the host[150].
Undoubtedly, further studies are needed to elucidate the
role of microgenderome in IBS.

INTERACTIONS BETWEEN SEX
HORMONES AND THE GUT MICROBIOTA
The increasing knowledge of the role of microbiota
in health and disease state has shed a light on the critical role of the enteric microbiota, both commensal
and pathogenic organisms, in regulation the brain-gut
axis. This has consequently led to the coining of a new
term: the brain-gut-enteric microbiota axis[11]. The bidirectional communication between the gut bacteria and
the brain occurs through neural, immune, and endocrine
pathways [12,48,139,140] which may be modulated by sex
hormones, in particular estrogens. In fact, it has been
recently reported that the microbiome-gut-brain axis
during early life regulates the hippocampal serotonergic
system in a sex-dependent manner[141]. Clarke et al[141]
found that male germ free mice, unlike females, display
a significant elevation in the hippocampal concentration
of 5-HT and its metabolite, compared with conventionally colonized control animals.
Numerous studies have reported the effects of sex
hormones on the dimorphic sex differences in the response to microbial and viral infections[132]. Besides the
role of sex hormones in the modulation of the immune
system, they have a direct effect over bacterial metabolism, growth, and expression of virulence factors. For
instance during pregnancy, the proportion of certain
bacteria species associated with plaque microbiota is altered with a noticeable increase in the ratio of anaerobic
to facultative bacteria[142]. Of significance, recent studies
indicate that steroid nuclear receptor expression including ER-β can determine the intestinal microbiota composition[143].
Moreover, the gut microbiota may also affect estrogens metabolisms and their systemic level[144]. Conjugated estrogens are excreted in the bile and pass into the
distal ileum, where they are variably deconjugated and
may be reabsorbed from the gut lumen and enter the
circulation via the portal vein[145]. It has been shown in
men and postmenopausal women that the intestinal microbiota richness and function, associated for example
with β-glucuronidase activity, influence levels of nonovarian estrogens via enterohepatic circulation[146]. Bacteria are capable of metabolizing sex hormones through
the activity of various enzymes such as hydroxysteroid
dehydrogenase that regulate the balance between active
and inactive steroids[130]. In particular, fecal bacteria can
perform hydrolytic, reductive and oxidative reactions of
estrogens and androgens[147]. Reversible 17β reduction
of androgens carried out by the gut microbiota is suggested to play a role in the regulation of testosterone
level[148]. The results of a landmark study published recently by Markle et al[149] provide astonishing conclusions
indicating that sex differences in the gut microbiome
drive hormone-dependent regulation of autoimmunity. In the study performed in the non-obese diabetic
mouse model of type 1 diabetes, they showed that male
puberty in mice leads to changes in the gut microbiota
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THERAPEUTIC IMPLICATIONS
The modulator role of sex hormones on the bi-directional interactions within the brain-gut-microbiota axis
may have significant therapeutic implications in IBS.
However, although gender differences in responses
to treatment modalities exist, the approach to IBS patients in both genders is quite similar so far. Clinical
observations confirm that alosetron, a 5-HT3 receptor
antagonist, is more effective in improving urgency and
loose stools in IBS-diarrhea predominant women than
men[120,151,152]. The basis for this noticeable sex difference
in therapeutic efficacy of alosetron could be associated
with sex-related differences in 5-HT3 receptor expression, lower alosetron clearance in women, and/or greater
5-HT synthesis in certain brain regions in IBS male patients compared with female IBS patients[153]. Sex difference in genetic polymorphism of the 5-HT transporter
(SERT) promoter region has been also suggested and
may induce the different expression of affective symptoms in women compared with men[154]. Additionally, the
potential role of interaction between gonadal hormones
and the cytochrome P450 pathway may be considered in
sex-related differences in drug clearance[155]. Differences
in adipose tissue compartment in women compared to
men may affect this process as well[40].
Women with IBS are more susceptible to anxiety and
depression and other stress-related disorders. However,
in the study comparing the efficacy of treatment with
paroxetine alone or combined with psychotherapy, no
gender effect was reported[156]. Preliminary observations
suggesting that IBS female patients may better respond
to hypnotherapy[157] is yet to be confirmed. The recent
results of randomized controlled trial have shown that
gender, age, disease duration and IBS type have no influence on the long-term success of gut-directed hypnotherapy[158].
Regarding the role of sex hormones in the pathogenesis of IBS, therapeutic approaches aiming to suppress
ovarian steroidogenesis have been also considered. In
fact, gonadotropin-releasing hormone agonist (leuprolide)
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Figure 1 Sex hormones in the mutual brain-gut-microbiota interactions. Sex hormones influence peripheral and central regulatory mechanisms involved in the
pathophysiology of irritable bowel syndrome contributing to the alterations in stress response, visceral sensitivity and motility, intestinal barrier function, and immune
activation of intestinal mucosa. Sex hormones have also a direct effect on the gut microbiota. ENS: Enteric nervous system.

was reported to be effective in IBS female patients with
menstrual cycle-related symptoms[57]. Nevertheless, many
unpleasant side effects of leuprolide similar to climacteric-like syndrome significantly limit its application[57].
Noteworthy, interactions between gonadal hormones
and pain modulation are bi-directional, as pain therapies
in different experimental and clinical conditions have
been found to affect the gonads as well[159,160]. For example, morphine treatment increased estrogen receptor,
androgen receptor and TRPV1 genes expression in the
ovary, whereas in the testis the opiate reduced ER-α and
ER-β mRNA expression not affecting androgen receptor and TRPV1 expression[160].
A pivotal interdependence between the composition and stability of the gut microbiota and GI function
as well as stress-related behavioral changes indicate a
great therapeutic potential of probiotics, prebiotics and
antibiotics in IBS[161,162]. So far, no gender specificity in
probiotics efficacy in IBS patients has been reported[163].
Nevertheless, in the light of the microgenderome concept and sex-dependent differences in the immune regulation driven by gut microbiome[150], gender specificity
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in microflora manipulation seem to be essential and is
expected to be extensively explored in the near future.

CONCLUSION
The results of epidemiological studies and clinical observations confirm significant sex and gender differences in
the IBS prevalence and symptomatology. Furthermore,
a growing number of clinical and experimental data
strongly support a crucial role of sex hormones in the
regulatory mechanisms of the brain-gut-microbiota axis
involved in the pathophysiology of IBS (Figure 1). Some
discrepancies in the results, especially related to the influence of estrogens, may result from different experimental conditions or heterogeneous groups of patients
(e.g., different age, menstrual status), but they also reflect
the very complex nature of sex hormone actions. Estrogens can induce dual effects, both analgesic or hyperalgesic, as well as pro- or anti-inflammatory. Noteworthy,
alterations in estrogen-induced visceral sensitivity seem
to depend not only on the gonadal hormones levels,
but more so on sudden changes in their levels, their sus-

2442

March 14, 2014|Volume 20|Issue 10|

Mulak A et al . Sex hormones in IBS

tained genomic effects, and complex interactions with
other neurotransmitters. Concomitant alterations in the
number (up- or down-regulation) and sensitivity of ERs
may play a crucial role in these processes as well. Thus,
the physiological fluctuation in sex hormones may evoke
for example different responses in IBS female patients
compared to healthy women. Furthermore, a growing
body of evidence indicates a protective role of androgens in pain modulation and anti-inflammatory properties of testosterone that may inhibit the development of
visceral hyperalgesia. That could contribute to the higher
susceptibility of women to IBS. A better understanding
of the role of sex hormones in the modulation of the
brain-gut-microbiota axis should enable a more effective
and sex-tailored therapeutic approach in IBS.
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Abstract
Culture-independent molecular techniques have demonstrated that the majority of the gut microbiota is uncultivable. Application of these molecular techniques to
more accurately identify the indigenous gut microbiome
has moved with great pace over recent years, leading to a substantial increase in understanding of gut
microbial communities in both health and a number of
disorders, including irritable bowel syndrome (IBS). Use
of culture-independent molecular techniques already
employed to characterise faecal and, to a lesser extent,
colonic mucosal microbial populations in IBS, without
reliance on insensitive, traditional microbiological culture techniques, has the potential to more accurately
determine microbial composition in the small intestine
of patients with this disorder, at least that occurring
proximally and within reach of sampling. Current data
concerning culture-based and culture-independent
analyses of the small intestinal microbiome in IBS are
considered here.

INTRODUCTION
Culture-independent molecular techniques have demonstrated that the majority of the gut microbiota is uncultivable[1,2]. Application of these molecular techniques to
more accurately identify the indigenous gut microbiome
has moved with great pace over recent years, leading to
a substantial increase in understanding of gut microbial
communities in both health and a number of disorders,
including irritable bowel syndrome (IBS). Most studies
of the gut microbiome in this highly prevalent disorder,
characterised by abdominal pain, abdominal distension
and altered bowel habit, have to date focussed on analyses of faecal samples and have demonstrated disturbances in a range of bacterial populations in both adults
and children with IBS [2-10]. In adults, disturbances in
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faecal Clostridium cocleatum, Clostridium coccoides, Clostridium
thermosuccinogenes, Collinsella aerofaciens, Coprococcus eutactus,
Staphylococcus aureus (S. aureus), Bifidobacterium catenulatum (B.
catenulatum), Ruminococcus torques, Ruminococcus bromii-like,
bifidobacteria, Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, Lactobacillus spp and Veillonella spp
have been demonstrated in IBS[2,3,5-10]. In children, a faecal
microbiome characterised by a significantly increased percentage of Gammaproteobacteria, including Haemophilus
parainfluenzae, a novel Ruminococcus-like microbe and an increased number of several bacterial taxa from the genus
Alistipes has been reported in the IBS setting[4]. Analyses
of colonic mucosa-associated microbial populations, as
determined from mucosal biopsies, suggest compositional differences compared to faecal microbiota may occur
in IBS[11] and it has been hypothesised that disturbances
at this mucosa-associated level may be more important
than those occurring luminally in the pathogenesis of
IBS symptoms[12]. In further support of the notion that
the gut microbiome participates in the pathogenesis of
IBS are the findings of systematic reviews and a metaanalysis, which suggest that probiotics may be of therapeutic value, although results of individual studies are inconsistent and trial designs variable, such that it remains
uncertain as to which bacterial species or strains may be
of most benefit for which particular symptom component of the IBS complex[13-15].
As opposed to faecal and colonic mucosa-based
analyses, possible disturbances in the microbial ecology
of the small intestine in patients with IBS have been less
well studied. In particular, the prevalence of small intestinal bacterial overgrowth (SIBO) has long remained a
matter of conjecture, with concern over the accuracy of
diagnostic tests for SIBO one factor clouding this issue.
Notably, reported prevalence rates of SIBO in patients
with IBS are lower when the diagnosis of SIBO has been
based on culture of proximal small intestinal luminal
secretions compared to when based on indirect breath
hydrogen tests, performed following the ingestion of a
fermentable substrate such as lactulose[16]. False-negative
culture results have been hypothesised as an explanation
for this discrepancy, as a result of SIBO possibly occurring distal to the region of sampling[17]. Conversely, a high
false-positive rate of the lactulose breath hydrogen test
(LBHT) for SIBO is recognised, based on an initial study
performed to investigate the diagnostic accuracy of the
LBHT in patients with predisposition to SIBO in which
breath testing was combined with scintigraphy[18], recently
replicated in the IBS setting[19], that demonstrated that a
“positive” result for SIBO may, in fact, result from the
test substrate being metabolised by colonic, rather than
small intestinal, microbial flora. Sensitivity for cultureproven SIBO has also been shown to be lacking, even
with combined scintigraphic assessment[18], such that the
LBHT has fallen out of favour as a diagnostic test for
SIBO, including in patients with IBS[20].
Another possibility is that disturbances of the small
intestinal microbial ecology - either overgrowth or re-
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duced levels of various bacterial species - may, indeed,
be present in the region of sampling in patients with IBS
but simply not be represented by standard bacteriological
culture results, due to the inherent inability to properly
demonstrate the gut microbiota in this way. Use of culture-independent molecular techniques already employed
to characterise faecal and, to a lesser extent, colonic
mucosa-associated microbial populations in IBS, without
reliance on insensitive, traditional microbiological culture
techniques, has the potential to more accurately determine microbial composition in the small intestine of patients with this disorder, at least that occurring proximally
and within reach of sampling. Current data concerning
culture-based and culture-independent analyses of the
small intestinal microbiome in IBS are considered here.

PROXIMAL SMALL INTESTINAL
MICROBIOTA IN IBS
A total of six published studies have investigated the
proximal small intestinal microbiota in well-categorised
cohorts of IBS patients and reported findings in relation to IBS-status[16-21]. Four of these studies analysed
microbiota in luminal secretions, using standard culture
techniques, with one also employing culture-independent
molecular methods[21-24]. An additional two studies analysed mucosa-associated microbiota, with both of these
using culture-independent molecular techniques[25,26].
Whether there exist compositional differences between
small intestinal luminal and mucosa-associated microbial
populations in IBS is currently unknown, as no study performed to date has contemporaneously analysed luminal
and mucosa-associated microbiota in the same cohort of
IBS patients.
Assessments of luminal secretions
Posserud et al[21] prospectively investigated 162 consecutive patients in Sweden with a clinical diagnosis of IBS
based on Rome Ⅱ criteria, including 49 (30%) with
diarrhoea-predominant IBS (IBS-D), 37 (23%) with
constipation-predominant IBS (IBS-C) and 76 (47%)
with alternating-type IBS (IBS-A), with culture of a jejunal aspirate obtained via the central lumen of a waterperfused manometry catheter after a meal. The mean age
of IBS patients was 38 years. Twenty-six healthy subjects
(mean age 40 years) served as controls. No subject had
been treated with antibiotics within 2 wk prior to the
study or had received medications that might affect the
gastrointestinal tract within 48 h of assessment. SIBO,
defined by viable counts of colonic-type bacteria ≥ 105
colony forming units/mL (CFU/mL), was found in 7
patients (4%) (mean age 49 years), including 2/49 (4%)
with IBS-D, 3/37 (8%) with IBD-C and 2/76 (3%) with
IBS-A. Bacterial isolates in IBS subjects with SIBO variously included Escherichia coli, Enterococcus species, Clostridium species, Enterobacter species, S. aureus and Klebsiella
species. The prevalence of SIBO in patients with IBS
was comparable to that in asymptomatic controls (1/26;
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Table 1 Studies investigating the prevalence of small intestinal bacterial overgrowth in patients with irritable bowel syndrome, using
culture-based assessments of proximal small intestinal luminal secretions
Country

IBS patients

Controls

Sweden[21]

n = 162
IBS-D, n = 49
IBS-C, n = 37
IBS-A, n = 76

n = 26, healthy

The Netherlands[22]

United States[23]

Greece[24]

n = 8 (out of
a cohort of 12
symptomatic
patients)

n = 148

n = 112
IBD-D, n = 35
IBD-C, n = 19
IBD-A, n = 58

Mean age (yr)

Aspirate details

Definition and prevalence of SIBO in patients and controls

Non-fasting; via ≥ 105 CFU/mL colonic-type
IBS patients
IBS-D
water-perfused bacteria:
IBS-C
manometry
IBS-A
catheter from
Controls
jejunum
3
≥ 5 × 10 CFU/mL colonic-type IBS patients
Controls
bacteria:
3
≥ 5 × 10 CFU/mL any bacteria: IBS patients
Controls
n = 9, healthy Symptomatic: 39
Fasting; via
> 105 CFU/mL colonic-type
Symptomatic
Control: 26
weighted
bacteria:
patients
Controls
catheter from
Colonic-type bacteria:
Symptomatic
jejunum
Enterobacteriaceae ≥ 103 CFU/
patients
Controls
mL, Bacteroides species ≥ 102
CFU/mL or Clostridium species
2
≥ 10 CFU/mL
5
≥ 10 CFU/mL colonic-type
n = 527,
Overall: 53
Fasting; via
IBS patients:
Controls
symptomatic
endoscopy from aerobic bacteria OR ≥ 104 CFU/
duodenum
mL anaerobic bacteria:
n = 208,
SIBO: 63.6
Fasting; via
> 105 CFU/mL colonic-type
IBS patients
Controls
symptomatic
No SIBO: 69.5 endoscopy from aerobic bacteria:
> 103 CFU/mL colonic-type
IBS patients
duodenum
IBS-D
aerobic bacteria:
IBS-C
IBS-A
Controls
IBS: 38
Controls: 40

7/162 (4%)
2/49 (4%)
3/37 (8%)
2/76 (3%)
1/26 (4%)
17/162 (11%)
1/26 (4%)
70/162 (43%)1
3/26 (12%)
1/12 (8%)
0/9 (0%)
1/12 (8%)
0/9 (0%)

2%
10%
24/112 (21%)2
11/208 (5%)
42/112 (38%)2
21/35 (60%)2,5
6/19 (32%)3
15/58 (26%)4
20/208 (10%)

1

P = 0.002 compared to controls; 2P < 0.0005 compared to controls; 3P = 0.012 compared to controls; 4P = 0.003 compared to controls; 5P = 0.001 compared
to controls. IBS-D: Diarrhoea predominant-type irritable bowel syndrome; IBS-C: Constipation predominant-type irritable bowel syndrome; IBS-A:
Alternating-type irritable bowel syndrome; CFU: Colony forming units; SIBO: Small intestinal bacterial overgrowth; IBS: Irritable bowel syndrome.

4%). Neither did prevalences of SIBO differ significantly
between IBS patients and controls when alternative definitions of SIBO were employed (viable counts of any
bacteria ≥ 105 CFU/mL, 6% and 4%, respectively; viable
counts of colonic-type bacteria ≥ 5 × 103 CFU/mL,
11% and 4%, respectively). Conversely, viable counts of
any bacteria ≥ 5 × 103 CFU/mL were significantly more
common in the IBS cohort than in healthy controls (43%
vs 12%). While water perfusion through the manometry
catheter may have diluted the absolute values of viable
bacterial counts obtained, and the ingestion of a test
meal prior to sampling for bacteriological analysis may,
alternatively, have increased these values compared to
those that may have been recovered under fasting conditions, any differences between IBS patients and controls
were unlikely explained on these bases, as subjects were
studied under identical conditions (Table 1).
As expected since small intestinal dysmotility typically promotes SIBO with colonic-type bacteria[27], this
increased prevalence of mildly elevated non-colonic-type
bacterial counts in IBS patients reported by Posserud et
al[21] could not reliably be accounted for by small intestinal dysmotility, as assessed by manometry. Notably, the
use of proton pump inhibitors (PPIs) and other drugs
that reduce gastric acidity was not controlled for prior
to 48 h of study and, given that IBS patients are often
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treated with such drugs, it is possible that the mildly elevated, non-colonic-type viable bacterial counts found in
the IBS cohort may have occurred as a consequence of
treatment of symptoms rather than as an initial cause of
symptoms. Such a possibility could not be assessed by
this study design.
Kerckhoffs et al[22] in The Netherlands subsequently
reported on 12 symptomatic patients, including 8 with
IBS, and 9 healthy subjects, from whom a fasting jejunal
aspirate could be obtained using a weighted catheter after
infusion of 10 mL of normal saline. Studied IBS patients
within the symptomatic group and controls came from
initial cohorts of 10 IBS patients (mean age 39 years)
and 11 controls (mean age 26 years), respectively, with
two IBS patients and two controls ultimately excluded as
a jejunal aspirate could not be obtained. Aspirates were
subjected to both standard culture and molecular-based
analyses, the latter following deoxynucleic acid (DNA)
extraction and quantitative polymerase chain reaction
(PCR) amplification. No antibiotics were permitted in the
two weeks prior to study, although PPI’s were permitted
until the day before study. With regard to culture results
and notwithstanding the possibility of dilution by the
saline infusion, SIBO, as defined by a viable colonic-type
bacterial count > 105 CFU/mL, was present in 1/12 (8%)
of the symptomatic group (the 8 IBS patients within the
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symptomatic group were not separately reported) and
none of the 9 controls. Using an alternative definition
still based on colonic-type bacteria (Enterobacteriaceae ≥
103 CFU/mL or Bacteroides species ≥ 102 CFU/mL or
Clostridium species ≥ 102 CFU/mL), the prevalence of
SIBO remained 1/12 (8%) in symptomatic patients and
0/9 (0%) in controls. Moreover, no significant difference
in median total viable bacterial counts between symptomatic patients and healthy controls was apparent. Similarly,
no significant difference in the total bacterial DNA count
between symptomatic patients and healthy controls was
evident, while PCR analysis demonstrated that levels of
the colonic-type flora, Enterobacteriaceae, Faecalibacterium
prausnitzii, Bacteroides fragilis and Clostridium coccoides, were
also comparable in the symptomatic and healthy groups.
Sub-analyses in relation to IBS-D, IBD-C and IBD-A status were not included.
In another analysis, Choung et al[23] undertook a retrospective assessment of 675 symptomatic patients in the
United States who had undergone culture of a duodenal
aspirate, obtained endoscopically under fasting conditions, to assess for possible SIBO, including 148 (22%)
patients with a clinical diagnosis of IBS. By comparison
to the studies from Sweden and The Netherlands[13,14], the
mean age of study subjects in this analysis was older (53
years) and no asymptomatic controls were included. The
IBS patients included did not represent a consecutive
cohort, but rather a select group attending an academic
institution whose physicians deemed symptoms troublesome enough to warrant microbiological assessment.
SIBO, defined by a viable colonic-type aerobic bacterial
count ≥ 105 CFU/mL or an anaerobic viable count ≥
104 CFU/mL, was present in only 2% of the IBS group.
The species of the overgrowth bacteria isolated from
patients with SIBO were not reported. Placed in context,
a diagnosis of IBS was associated with an odds ratio for
an abnormal aspirate result in keeping of SIBO of only
0.2 (95%CI: 0.1-0.7) compared to the likelihood of SIBO
in patients with non-IBS diagnoses, including inflammatory bowel disease, pancreatitis and small intestinal
diverticula, which were associated with three-fold, nearly
five-fold and over seven-fold increases in odds for SIBO,
respectively. Overall, the likelihood of SIBO was significantly related to older age, with the mean age of those
with SIBO found to be 66 years. A substantial number
of studied IBS patients were taking a PPI at the time of
assessment and the proportion of this subgroup that
was found to have SIBO remained low (2%). Conversely,
the proportion of IBS patients with detectable viable
bacterial counts in duodenal secretions, although not
sufficient to fulfil criteria for SIBO, was five-fold higher
in the setting of PPI use (15%) than in the absence of
PPI use (3%), in keeping with the concept that proximal
small intestinal microbial ecology may be disturbed by
such therapy, even if not to a degree to constitute SIBO
as commonly defined. Data in relation to IBS-D, IBD-C
and IBD-A sub-categories of IBS were not provided.
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A fourth culture-based study investigated the prevalence of SIBO in a consecutive cohort of 320 symptomatic patients undergoing outpatient upper gastrointestinal
endoscopy in Greece, including 112 (35%) with a diagnosis of IBS according to Rome Ⅱ criteria (IBS-D: n = 35,
31.2%; IBD-C: n = 19, 16.9%; IBD-A: n = 58, 51.8%)[24].
Most common indications for endoscopy in IBS patients
were dyspepsia (n = 75, 66.9%), anaemia (n = 24, 21.4%)
and change in bowel habit (n = 9, 8.0%). Aspirates for
microbiological assessment were obtained endoscopically
under fasting conditions from the third part of duodenum. The prevalence of SIBO, defined by > 103 CFU/
mL of colonic-type aerobic bacteria, was significantly
higher in IBS patients than non-IBS patients (42/112,
38% vs 20/208, 10%). Among the IBS cohort, SIBO was
present in 21/35 (60%) with IBS-D, 6/19 (32%) with
IBS-C and 15/58 (26%) with IBS-A. Escherichia coli was
the colonic-type bacterial species most commonly isolated in IBS patients with SIBO. Using a more restrictive
definition of SIBO of > 105 CFU/mL of colonic-type
aerobic bacteria, the prevalence of SIBO remained significantly higher in patients with IBS (24/112, 21%) than
in those without IBS symptoms (11/208, 5%). The mean
age of patients enrolled in this study was higher than that
in the other three above-mentioned reports, with values
of 63.6 years and 69.5 years in the SIBO and non-SIBO
groups, respectively. That the highest prevalence of SIBO
in IBS patients in the four studies discussed here should
be found in the oldest of the four study cohorts, especially in those older patients with IBS-D, is in keeping
with a previous report demonstrating a high prevalence
of SIBO with colonic-type bacteria, including Escherichia
coli, in the symptomatic elderly, including those with otherwise unexplained chronic diarrhoea[28]. Notably, distinct
age-related disturbances in faecal microbiota, including
increased levels of Escherichia coli, have also recently been
demonstrated in the elderly[29].
Assessments of mucosa-associated microbiota
Kerckhoffs et al[25] investigated 41 patients with IBS fulfilling Rome Ⅱ criteria, including 14 (34%) with IBS-D,
11 (27%) with IBS-C and 16 (39%) with IBS-A, and
26 healthy controls. The mean age of IBS subjects was
significantly older than that of controls (42 years and 31
years, respectively). Duodenal brushings were obtained
and samples were subjected to DNA extraction and PCR
amplification. Based on detection of significantly lower
levels of B. catenulatum in faecal samples of the IBS cohort, the authors focussed on whether contemporaneous
duodenal mucosal levels of Bifidobacterium species were
similarly disturbed. A significant reduction in duodenal
mucosa-associated B. catenulatum levels as a percentage of
total duodenal mucosa-associated bifidobacterial loads
was found in the IBS group (4.85% ± 0.5%) compared to
healthy controls (17.04% ± 2.3%), with this relationship
consistent across all three IBS subgroups. By contrast,
levels of B. adolescentis, B. bifidum and B. longum did not dif-
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associated microbial community correlates with symptom
improvement in patients with IBS.

fer significantly between healthy subjects, IBS patients or
IBS subgroups.
In a subsequent case-control analysis, the same
authors collected duodenal mucosal brush and faecal
samples from 37 IBS patients (mean age 42 ± 2.3 years),
including 13 (35%) IBS-D, 11 (29%) IBS-C and 13
IBS-A (35%), and 20 healthy controls (mean age 32 ± 2.6
years)[26]. Bacterial 16S rRNA gene was amplified and analysed using PCR denaturing gradient gel electrophoresis
(DGGE). Pooled average DGGE profiles were generated
and fingerprints compared. DGGE band fragments confined to healthy or IBS patient groups were further characterised by sequence analysis. Significantly higher levels
of Pseudomonas aeruginosa were evident in duodenal brushings of the IBS patients than in healthy subjects (8.3% ±
0.95% of clones vs 0.1% ± 0.069% of clones, respectively), a trend replicated in paired faecal samples and across
all IBS-subtypes. While antibiotic pre-treatment has been
shown to increase the colonisation potential of Pseudomonas species[30], it is notable that no antibiotic therapy
was permitted within one month of study in this analysis.
Nonetheless, it remains to be determined whether the
elevated levels of Pseuodomonas aeruginosa reported by the
authors are of pathophysiological relevance or merely
epiphenomenal, perhaps related to the reduced expression of B. catenulatum previously reported or other factors
yet to be defined.

Efficacy of probiotic regimens that include microbiota
shown by molecular techniques to be deficient in IBS
The health benefits of B. catenulatum for the host, if any,
are currently unknown. However, members of the bifidobacteria group are often included in probiotic regimens
used for the treatment of IBS[35]. Trials of probiotics that
specifically include B. catenulatum and any other small intestinal mucosa-associated bacterial species that may be
shown in future to be reduced in patients with IBS will
be of considerable interest, from both therapeutic and
disease mechanism perspectives.

CONCLUSION
Current microbial data, although relatively limited and
based predominantly on culture-based assessments of luminal secretions, suggest that only a minority of patients
with IBS have luminal SIBO, irrespective of the definition employed, with the exception of older subjects with
the diarrhoea-predominant form. Available data obtained
from a relatively young cohort demonstrating that symptom improvement following antibiotic therapy in IBS
patients with SIBO does not necessarily depend upon
reversal of the SIBO, as assessed in luminal secretions,
cast doubt as to the importance of luminal SIBO in the
pathophysiology of IBS symptoms, at least in younger
subjects. Comparable studies have not been performed
in elderly IBS patients with luminal SIBO. Similarly, the
pathophysiological relevance of any disturbances of
duodenal mucosa-associated microbiota in patients with
IBS, including the reduced levels of B. catenulatum and
increased levels of Pseudomonas aeruginosa levels so far
demonstrated by culture-independent means, remains to
be determined.

Effect of antibiotic therapy on small intestinal microbiota
and symptoms in IBS
Randomised trials of the orally administered antibiotics,
neomycin and rifaximin, have separately demonstrated
a reduction in IBS symptoms in non-IBS-C patients following antibiotic treatment[31-34]. Nonetheless, whether or
not treated patients had SIBO and whether antibiotic use
was associated with a reduction in viable small intestinal
bacterial counts or microbial compositional change that
correlated with symptom improvement was not assessed.
To date, only one study has investigated the impact on
antibiotic therapy on SIBO and symptom improvement
in patients with IBS[21]. In that analysis, seven patients
with culture proven SIBO in jejunal secretions (mean age
49 years) were treated with oral ciprofloxacin, 500 mg
twice daily for 10 d. Follow-up cultures following antibiotic treatment showed decreased viable bacterial counts
in five patients (71%), although four (57%) still fulfilled
criteria for SIBO. Three patients (43%) reported at least a
25% improvement in IBS symptoms following the course
of ciprofloxacin, but IBS symptom responder status was
not consistently related to reduction in small intestinal
luminal viable bacterial counts. Whether symptom responder status may have correlated more closely with any
antibiotic-related changes in faecal or colonic microbiota
was not assessed.
No data are currently available with regard to the possible impact of antibiotic therapy on duodenal mucosaassociated composition and whether any antibioticrelated compositional change in the duodenal mucosa-
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Core tip: In recent years, several novel mechanisms of
irritable bowel syndrome (IBS) that likely relate to previously established IBS theories have been identified.
Inflammation and postinfectious low-grade inflammation are emerging areas requiring clarification with
regard to IBS pathophysiology. Immunological and
genetic predisposition along with altered microbiota
are critical in IBS development, while several dietary
factors and enteroendocrine cells may also play roles
in this syndrome. However, none of these accounts for
the full repertoire of IBS symptoms, and the pathophysiology of this condition is not fully understood.

Abstract
Irritable bowel syndrome (IBS) is one of the most
common gastrointestinal disorders, characterized by
abdominal pain, bloating, and changes in bowel habits. These symptoms cannot be explained by structural
abnormalities and there is no specific laboratory test
or biomarker for IBS. Therefore, IBS is classified as a
functional disorder with diagnosis dependent on the
history taking about manifested symptoms and careful
physical examination. Although a great deal of research
has been carried out in this area, the pathophysiology
of IBS is complex and not completely understood. Multiple factors are thought to contribute to the symptoms
in IBS patients; altered gastrointestinal motility, visceral hypersensitivity, and the brain-gut interaction are
important classical concepts in IBS pathophysiology.
New areas of research in this arena include inflammation, postinfectious low-grade inflammation, genetic
and immunologic factors, an altered microbiota, dietary
factors, and enteroendocrine cells. These emerging
studies have not shown consistent results, provoking
controversy in the IBS field. However, certain lines of
evidence suggest that these mechanisms are impor-

WJG|www.wjgnet.com

Lee YJ, Park KS. Irritable bowel syndrome: Emerging paradigm in
pathophysiology. World J Gastroenterol 2014; 20(10): 2456-2469
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i10/2456.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i10.2456

INTRODUCTION
Irritable bowel syndrome is a functional gastrointestinal
disorder that manifests symptoms of recurrent abdominal pain associated with changes in bowel habit without
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organic abnormalities[1], and its prevalence ranges from
5% to 15%[2]. According to the Rome Ⅲ Diagnostic
Criteria, irritable bowel syndrome (IBS) is defined as a
syndrome with recurrent abdominal pain or discomfort
occurring at least 3 d per month over a 3-mo span. It is
associated with two or more of the following characteristics: (1) improvement with defecation; (2) change in
stool frequency with onset; and (3) change in stool form
with onset[3]. Many studies in IBS pathophysiology over
the past decades have focused on colonic dysmotility,
visceral hypersensitivity, and the brain-gut interaction.
Recently, however, other mechanisms have been actively
studied, including inflammation[4], post-infectious lowgrade inflammation[5], immunologic factors[6], altered microbiota[7], dietary factors[8] and enteroendocrine cells[9].
However, evidence regarding their roles in IBS remains
controversial. Recently, the definition of IBS has been
challenged by growing evidence of organic abnormalities in patients who satisfy the Rome criteria for IBS[10,11].
Due to these new paradigms, IBS may no longer classify as an absolute functional disorder. In this article, we
briefly summarize the classical concepts and follow with
a discussion of the recent research pertaining to the new
models of IBS pathophysiology. Better understanding
of these emerging paradigms will aid the diagnosis and
management of IBS.

ceral hypersensitivity resulting in abdominal pain or
discomfort and gastrointestinal motor disorder, which
lead to alterations in defecation patterns; i.e., diarrhea
or constipation. Numerous studies have demonstrated
the link between IBS and increased intestinal sensitivity[21]. Rectal hypersensitivity was proposed as a marker
for IBS, and rectal sensory thresholds measured by rectal
barostat testing were lower in IBS patients compared to
healthy controls after rectal distention[22]. Most research
so far has focused on colonic sensitivity[23,24] but hypersensitivity has also been observed in the esophagus[25],
stomach[26] and small intestine[27] with IBS. Many studies
have shown visceral sensitivity in IBS to correlate with
stress[28] and food intake[29]. Colorectal sensitivity is attenuated in IBS patients after intake of a meal[30,31], and
the visceral stimulus is significantly higher during stress
in IBS patients than in healthy controls[32,33]. Therefore,
visceral hypersensitivity is considered to be the conglomeration of peripheral and central processes[34], and
its determinants are considered to be a combination of
intrinsic and environmental factors.
Brain-gut interaction
Alterations in the brain-gut axis are a new concept in IBS
pathophysiology. Environmental, cognitive, and emotional states can affect intestinal sensory perception[35,36]. Corticotropin-releasing hormone (CRH) is a major mediator
of stress responses in the brain-gut axis, affecting the
functions of both the brain and the gut[37,38]. Intravenous
administration of CRH exacerbated colonic motility[39],
while peripheral administration of a CRH antagonist
blocked the stress-induced increase in colonic motility,
visceral perception, and negative mood[40]. Several studies have demonstrated brain-gut interactions using brain
imaging. For example, Hamaguchi et al[41] showed that
distention of the descending colon activated portions of
the brain that are highly related to pain recognition and
emotion. Mayer et al[42] reported that IBS patients exhibit
increased activation of brain regions that potentially correspond to the perception of rectal distension. Finally,
Mertz et al[43] showed differences in activation of brain
regions in response to a painful rectal stimulus in IBS
patients compared to controls.

CLASSICAL CONCEPTS IN THE
PATHOPHYSIOLOGY OF IBS
Gastrointestinal dysmotility
Gastrointestinal dysmotility is recognized as one of the
primary pathophysiological mechanisms in IBS, but it
does not fully correlate with symptomatic bowel disturbances. Colonic motor activity in healthy subjects mainly
consists of non-propagating and sporadic contractions
and progression of intestinal contents by propagating
movements termed high-amplitude propagated contractions (HAPCs)[12-14]. The frequent occurrence of HAPCs
in IBS patients may explain the frequent bowel movements that cause diarrhea in diarrhea-predominant IBS
(D-IBS)[15,16], whereas HAPCs are rarer in patients with
constipation-predominant IBS (C-IBS)[17]. Colonic transit
is generally accelerated in D-IBS and delayed in C-IBS
according to several studies; however, reports on the
relationship between colonic motility and IBS subtypes
are inconsistent[18]. In one survey, 70% of C-IBS and
50% of D-IBS patients noted the feeling of incomplete
evacuation[19]. In contrast, more recent data provided
evidence that pelvic floor dyssynergia (PFD) causes
symptoms characteristic of non-diarrhea predominant
IBS (non-D IBS), including straining, incomplete evacuation, blockage, digitation, and anal pain, suggesting that
anorectal function tests should be considered in patients
with non-D IBS and PFD symptoms[20].

INFLAMMATION
Recent evidence supports a role for inflammation in IBS
pathophysiology and generation of IBS symptoms in
a subset of patients. Chadwick et al[44] performed studies of colonoscopic biopsy specimens from patients
meeting the Rome criteria for clinical diagnosis of IBS.
Immunohistological assessment showed an increased
number of activated immunocompetent cells, including T-lymphocytes, neutrophils, and mast cells in the
intestinal mucosa, suggesting a role for the mucosal immune system in pathogenesis. Subsequent studies demonstrated an increased frequency of several surrogate
markers for inflammation in IBS patients, the most con-

Visceral hypersensitivity
According to the classical concepts, IBS is caused by vis-
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sistent finding being an increased number of mast cells
in the gastrointestinal (GI) tracts of IBS patients[4,45-47].
Mast cells are associated with wound healing, defense
against pathogens, and hypersensitivity in GI mucosa.
They degranulate to release inflammatory and immune
mediators, which cause the recruitment of other inflammatory cells into the GI mucosa. Several studies have
indicated that increased mast cells in IBS patients may
correlate with certain symptoms of IBS, such as bloating and abdominal pain [46,48]. Another finding is the
presence of activated T-lymphocytes in mucosal biopsy
specimens from IBS patients[4,46,49]. Several studies have
demonstrated an increase in the infiltration of lymphocytes in the myenteric plexus of patients compared to
healthy controls[46,47,50]. Furthermore, patients with IBS
have more activated T-cells in their colonic biopsies and
blood samples[51]. T lymphocytes are involved in adaptive
immunity and have multiple functions, such as the activation of B lymphocytes and macrophages and the destruction of infected host cells[52]. In addition, enhanced
expression of proinflammatory cytokines in peripheral
blood mononuclear cells[53] and serum[54] may confer a
predisposition to immune activation in patients with IBS.
In the following section, we will review the data supporting the role of inflammatory and proinflammatory
cytokines in IBS.
IBS-like symptoms seen in ulcerative colitis (UC) patients during the remission phase appear to involve inflammation[55-57]. It is assumed that chronic inflammation
in the colon during the remission phase, associated with
altered sensory and motor functioning, can lead to IBSlike symptoms[58,59]. Fecal calprotectin was significantly
higher in IBD patients displaying IBS-like symptoms
than those lacking IBS-like symptoms, indicating the
presence of occult inflammation in the former[55]. One
group reported elevated levels of beta-defensin 2 peptides (HBD-2) in fecal fluid derived from IBS patients[60].
HBD-2 is an antimicrobial peptide recently implicated in
the pathogenesis of inflammatory bowel disease[61]. These
results suggest an activation of the mucosal innate defense system toward a proinflammatory response in IBS
patients without macroscopic signs of inflammation.
There is also evidence of microscopic inflammation in
IBS. In our previous study, conducted in 42 IBS patients
diagnosed by the Rome Ⅱ criteria, the microscopic findings of mucosal hyperplasia, lymphocyte aggregation,
and increased eosinophil counts were more frequently
observed in the IBS group than the control group. Microscopic colitis does not appear to be associated with
IBS symptoms[62]. A study in Malaysia also identified
microscopic inflammations in D-IBS subjects that did
not meet the criteria for classical microscopic colitis. In
this study, the most common pathological findings were
mixed chronic and acute inflammatory cells, lymphocytes, plasma cells and neutrophils[63]. IBS onset following an episode of gastroenteritis [post-infectious IBS
(PI-IBS) is indicative of a role for inflammation in the
pathogenesis of IBS (discussed below)]. Although large
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amount of research focusing on inflammation in the
pathophysiology of IBS, as discussed in this section, this
concept should be studied further to develop a potential
future therapy for IBS.

POST-INFECTIOUS LOW-GRADE
INFLAMMATION
Recently, numerous studies indicated that bacteriologically confirmed gastroenteritis is critical in the pathogenesis of IBS[5,64,65]. Also called post-infectious IBS (PI-IBS),
first proposed by Stewart[66] in 1950, this is a case where
IBS symptoms emerge in a patient - who has not previously met the Rome criteria for IBS - following an infectious illness characterized by two or more of the following: fever, vomiting, diarrhea, or a positive bacterial stool
culture[67]. Most patients with infectious gastroenteritis
recover in a few days, but approximately 10% of patients
experience persistent symptoms (e.g., abdominal pain or
diarrhea) that progress to IBS[64]. In the meta-analysis by
Thabane et al[65], the odds of developing IBS increased
six- to seven-fold in patients with an episode of acute
gastroenteritis. The mechanisms of PI-IBS are still not
clear, yet studies have indicated that inflammation[68],
genetic polymorphisms in genes associated with immune
responses to infectious pathogens[69], and immune functioning[70] may contribute to the occurrence of PI-IBS.
Low-grade inflammation is recognized as the main
pathophysiology of PI-IBS. El-Salhy et al[71] reported that
rectal biopsy specimens taken from patient after Campylobacter gastroenteritis showed increases in leucocytes,
lymphocytes, mast cells and endocrine cells. Another
study reported that 3 mo post-gastroenteritis, patients
who had PI-IBS continued to increase their chronic inflammatory cell counts, while those in healthy controls
returned to normal levels[72]. Furthermore, several studies
demonstrated that intestinal mast cell infiltration and activation following an infection often resulted in mucosal
inflammation and the development of PI-IBS[5,73]. Such
findings support a relationship between mucosal inflammation and PI-IBS. Development of IBS following nonGI infection has also been reported[74], and other recent
study found that viral and bacterial enteritis outbreaks
can lead to PI-IBS in a considerable proportion of patients (13%)[75].
Several lines of evidence indicate that inflammation
and immune cells play roles in the intestinal neuroendocrine system, which controls GI sensory-motor function[76]. Dunlop et al[77] identified an association between
PI-IBS and the persistence of mucosal abnormalities,
enterochromaffin cell (EC) hyperplasia, and increased
mucosal permeability, including intestinal inflammation.
Increased permeability facilitates transfer of antigens
through the intestinal mucosa, which leads to inflammatory cascades characterized by increased immune cell
numbers. Serotonin secretion from EC cells, which regulates the gut immune system, can be attenuated by the
secretory products of immune cells[78,79].
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There are reports of increased levels of the proinflammatory cytokines in plasma levels of PI-IBS patient[54] and significantly greater IL-1β mRNA expression
in the rectal mucosa of patients with IBS symptoms
following acute gastroenteritis, but not in asymptomatic
control subjects[73,80]. Flagellin antibodies were observed
more frequently in patients with PI-IBS, indicating that
immune activation in response to luminal triggers plays
a role in the development of IBS [81,82]. Flagellins are
primary triggers of innate and adaptive immunity, thus
driving pathogen-induced acute inflammation[83]. These
observations suggest that inflammatory responses to
infection, rather than the infective pathogen itself, are an
important predisposition to the occurrence of PI-IBS.

ing pathways that resulted in increased expression of the
mucosal proinflammatory cytokines IL-1 and IL-8[91].
Villani et al[93] suggested genetic risk factors for the development of PI-IBS based on a 2300-patient cohort in
Walkerton, Ontario. They found that TLR9, IL-6, and
CDH1 variants persisted as independent risk factors for
PI-IBS. Similarly, Brint et al[94] reported elevated levels of
TLR4 and TLR5 level in PI-IBS patients, supporting the
involvement of the innate immune system leading to an
inflammatory response.
Several studies identified specific genetic polymorphisms in proinflammatory cytokines, which have an influence on GI functions, motility, epithelial permeability,
and visceral sensation[95-97]. TNF-alpha is produced by
monocyte-derived activated macrophages, and this cytokine plays on important role in chronic inflammatory
states such as IBD[98]. According to a study in the Netherlands, increased TNF-alpha levels were significantly
more prevalent in IBS patients compared to healthy
controls, while no such association was found for polymorphisms in the IL-10 gene[6], an anti-inflammatory cytokine involved in the regulation of immune and inflammatory responses. Several studies identified that certain
IBS patients may be genetically predisposed to decreased
production of IL-10 and subsequent development of
low-grade inflammatory manifestations of IBS[99]. In a
study done in Mexico, the high IL-10 producer genotype
is less prevalent in IBS patients than healthy controls[86].
However, in the abovementioned Netherlands study,
IL-10 genotypes were similarly distributed among patients with IBD compared to healthy controls[6]. In contrast, in Japanese subjects, the frequency of the IL-10
genotype was significantly higher in IBS-D and UC than
that in controls[100]. Although IL-10 might be associated
with susceptibility to IBS development, many important
questions remain regarding this relationship.

IMMUNOLOGIC AND GENETIC FACTORS
More recent data indicate an influence of genetics on
the development of IBS. A survey of twins in Norway
showed that the concordance for IBS in monozygotic
twins was significantly higher than in dizygotic twins,
providing robust evidence for the involvement of genetic factors in the etiology of IBS[84]. To date over 60
candidate genes have been reported as positively associated with IBS[85]. It should be noted that many of these
studies had conflicting results; nevertheless, similar surrogate markers are being examined. Discrepancies may
be due to differences in IBS subtypes of the study subjects, or in the processes by which the studies recruited
their control groups, or in the laboratory methodologies
used. However, it is noteworthy that many of these cases
demonstrated genetics as a potential etiological factor.
The representative genetic factors for IBS pathophysiology associate with inflammation, neurotransmitters, and
bile acid synthesis.
Inflammation
Transient mucosal inflammation is crucial for the manifestation of IBS, despite the original definition of this
syndrome that implies the lack of signs of active inflammation[86]. According to the evidence, subsets of IBS patients share genetic susceptibility loci for inflammation.
The relatively well-studied IBS gene is TNFSF15, which
has been confirmed in genome-wide association studies
to mediate mucosal inflammation in IBD[87]. In Crohn’s
disease, TNFSF15 is up-regulated with intestinal inflammation and functions in nuclear factor κB activation,
potentiation of IL-2 signaling, and secretion of interferon gamma by T lymphocytes[88]. Three cohort studies
performed in the United Kingdom[69], Sweden and the
United States[89], and England[90] identified a significant
association between TNFSF15 and IBS. Belmonte et al[91]
provided further evidence for altered intestinal immune
activation. Increased toll-like receptor (TLR) expression
has previously been observed in IBD[92]. In this study,
the expression of TLR2 and TLR4 differed significantly
among the IBS subtypes. The increased TLR expression
in mixed-type IBS patients provoked intracellular signal-
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Neurotransmitters and cytokines
Among the single genetic polymorphisms associated
with IBS, the role of the serotonin transporter (SERT)
gene polymorphism (SLC6A4) has been relatively well
explored in IBS. This polymorphism varys according to
geographical region and ethnic population. In a metaanalysis, a genetic polymorphism in the gene region
responsible for SERT activity was not associated with
IBS[101]. However, subsequent studies reported inconsistent results. Kumar et al[102] did show that a SLC6A4
polymorphism was significantly associated with IBS,
and Wang et al[103] found that different SERT genotypes
could influence SLC6A4 promoter efficiency and SERT
mRNA and protein expression in the colonic mucosa.
G proteins are expressed in all human cells and play
a crucial role in signal transduction, particularly ligandreceptor interactions. The G protein is encoded by the
GNbeta3 gene. Although, GNbeta3 polymorphisms have
been linked to functional dyspepsia, such association
was not observed with IBS[104,105]. However, Saito et al[106]
reported a significant interaction between the GNbeta3
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polymorphism and infection during IBS development,
suggesting that IBS is a complex genetic disorder with
both a genetic and environmental component for expression of symptoms.
Neuropeptide S (NPS) is a bioactive 20 amino acid
peptide that selectively binds and activates the neuropeptide S receptor (NPSR1). NPSR1 induces the production
of several neuropeptides, including cholecystokinin, vasoactive intestinal peptide, peptide YY, and somatostatin.
NPSR1 variants are associated with gastrointestinal motor and sensory functions that are relevant to IBS[107].
The endocannabinoid system, involved in motility[108],
sensation[109], secretion[110,111] and inflammatory[112,113] functions in the gastrointestinal tract, has been proposed as a
mechanism in the development of IBS. The endocannabinoid anandamide is inactivated by the fatty acid amide
hydrolase (FAAH), and single nucleotide polymorphisms
(SNPs) in the FAAH gene (C385A) have been associated
with accelerated colonic transit time in D-IBS[108].

PCR assays, results included significantly lower counts of
Lactobacilli in D-IBS than C-IBS specimens, lower counts
of Bifidobacterium spp. in D-IBS than the other groups,
and significantly higher counts of Veillonella spp. counts
in the C-IBS group than healthy controls [122]. Highthroughput analysis of 16S ribosomal RNA gene cloning and sequencing identified that the fecal microbiota
is considerably altered in IBS, as IBS patients have lower
Lactobacillus and Bifidobacterium spp. counts than healthy
subjects[123]. Subsequent molecular studies confirmed that
IBS patients have fecal microbiota differing from normal
subjects[124-126]. Results regarding the intestinal microbiota
in IBS are difficult to interpret due to the heterogeneity
of the conditions and the observation that alterations of
the intestinal microbiota may not be consistent across
each subtype of IBS. Furthermore, the precise role of
the luminal vs the mucosal-associated microbiota in IBS
remains uncertain. Nevertheless, previous evidence consistently showed differences in the bacterial composition
of feces between IBS and normal controls. Changes in
the intestinal flora might result in the proliferation of
species that produce more gas[127,128] during the development of IBS symptoms that bring about gas-induced
distension. The direct effects of bacterial production
on colonic contractility[129], intestinal myoelectrical activity[130], and pain response[131,132] have been identified in
several in vitro studies. Also, a role for the microbiota
in the induction of IBS symptoms is supported by the
findings that probiotics improve flatulence and abdominal distension[133,134] and that rifaximin provides significant improvements in IBS symptoms, including bloating,
abdominal pain, and loose or watery stools[135].
A growing body of research implicates SIBO in the
symptoms of IBS, but this issue remains under debate.
SIBO proved to be more prevalent in patients with
IBS patients[136-138], and its eradication with antibiotics
relieved the symptoms of IBS[139-142]. The presence of
SIBO might be associated with abnormalities in small
intestinal motor function. Pimentel et al[143] found that
patients with IBS and SIBO experience few, if any, phase
Ⅲ events during short-term manometric measurements
compared to controls. In contrast, Posserud et al[144] performed intestinal manometry and culturing of intestinal
aspirates taken from IBS and control groups, found that
IBS subjects have fewer Major Migrating Complex phase
Ⅲ events compared to patients without SIBO. However,
there were no differences in other motility parameters,
and no correlation between bacterial numbers and the
pattern of IBS symptoms was detected. SIBO is typically diagnosed via indirect methods, such as positive
early glucose or lactulose breath tests, and the accuracy
of these methods is arguable. These diagnostic limitations have resulted in wide range of reports for SIBO
prevalence (10% to 84%) in patients with IBS[145,146]. Regardless, slightly elevated intestinal bacterial numbers are
inarguably more prevalent in IBS patients, and so further
studies of this area are required.

Genetic variation in bile acid synthesis
Genetic variation in the genes controlling bile acid synthesis may contribute to abnormal bowel pattern and
symptoms in IBS. Bile acid malabsorption stimulates colonic motility and secretion and has been associated with
D-IBS[114]. Hepatic bile acid synthesis is partially controlled by feedback inhibition via the fibroblast growth
factor 19 (FGF19); FGF19 binds to the FGF receptor
4 and the co-receptor Klotho-beta (KLB), leading to
suppression of the rate-limiting enzyme in bile acid synthesis[115]. Wong et al[116] reported that a SNP in the KLB
gene (rs17618244), is associated with accelerated colonic
transit in IBS-D. A previous study suggested that the G
protein-coupled bile acid receptor 1 (GpBAR1/TGR5)
is expressed in myenteric, cholinergic, nitrergic neurons
in the colon and in the proximal small intestine, indicating that bile acids may alter intestinal and colonic motility[117]. Camilleri et al[118] demonstrated that variations in
TGR5 might contribute to altered SBT and colonic transit in D-IBS patients.

ALTERED INTESTINAL MICROBIOTA
The intestinal microbiota has recently been assumed to
be an important predisposition factor for IBS. The most
convincing evidence is that IBS can develop in predisposed persons who have experienced gastroenteritis.
Other evidence indicates that bacteria may contribute to
the pathophysiology of IBS, since luminal- and mucosaassociated microbiota can influence their host via immunomicrobial interactions[119]. In addition, small intestinal
bacterial overgrowth (SIBO) has been implicated in a
subset of IBS patients.
Earlier studies found that the intestinal microbiota
in IBS patients differs from that in healthy individuals,
with a decrease in the Bifidobacterium spp. population
and an increase in the Enterobacter population being the
most consistent findings[120,121]. In a study using real-time
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of a reliable methodology and well-designed trials. Welldesigned studies with standardized protocols are thus
necessary.

DIETARY FACTORS
Although the “response to food” is not included in the
diagnostic criteria for IBS, most patients claim their
symptoms are triggered by certain foods, which are then
avoided to alleviate symptoms[147,148]. Many researchers
have focused on the role of diet in IBS in recent years.
Also, guidance on diet management for patients with IBS
has been revealed as improving their quality of life and
symptoms[149,150]. The sensory component of the gastrocolonic reflex following nutrient intake is exaggerated in
IBS patients[30], and IBS patients with intraluminal lipids
exhibited impaired intestinal gas clearance because of an
upregulated reflex inhibition in small bowel transit[151].
One study demonstrated that postprandial GI disorders
in IBS patients might be associated with cellular immune
function along the neuroendocrine-immune axis [152].
Furthermore, altered autonomic responses after a meal
might cause exacerbated postprandial symptoms in IBS
patients[153].

Poorly absorbed nutrients
A recently proposed mechanism by which dietary factors might contribute to IBS symptoms suggests that
poor absorption of nutrients influence GI function and
sensation through osmotic actions and colonic fermentation[163]. Short-chain carbohydrates, such as fructose
and dietary starch, are poorly absorbed, causing a number of ingested carbohydrates to enter the distal small
bowel and colon. Consequently, these provide substrates
for short-chain fatty acid (SCFA) generation by bacterial
fermentation and increase the osmotic pressure[169]. The
short-chain carbohydrates called Fermentable Oligosaccharides, Di-saccharides, Mono-saccharides And
Polyols (FODMAPs) contribute to IBS; however, IBS
symptoms in such cases are triggered by luminal distension that induces abdominal pain, bloating, flatus, and
altered bowel habits[170]. A number of studies suggesting
effects of dietary manipulation, particularly elimination
of FODMAPs, further support the importance of poor
nutrient absorption in the development of IBS symptoms[171,172]. In addition, fecal SCFA were increased in
D-IBS[173]. SCFA stimulate colonic transit and motility via
intraluminal release of 5-hydroxytryptamine (5-HT)[174]
and high-amplitude propagated colonic contractions[175],
according to in vivo studies.
Limited data also suggest that changes in intestinal
microbiota may be relevant for fermentation of nonabsorbable nutrients[169]. Tana et al[176] showed that an
altered GI microbiota contributes to the higher levels
of SCFA and abdominal symptoms in IBS. In addition,
many studies have explored the effect of dietary fiber
on IBS symptoms. Although dietary fiber has commonly been a standard recommendation for patients
with IBS [177], some evidence suggests that it may aggravate symptoms of IBS, such as flatulence, bloating
and abdominal pain[76,127,128]. In a recent meta-analysis,
patients administered fiber in their diets had persistent
or unimproved symptoms compared to control groups
that ingested placeboes or lower fiber diets[177]. Some
investigators suggest that insoluble fiber intake does not
significantly improve IBS symptoms, whereas soluble
fiber intake can effectively improve overall IBS symptoms[178,179]. These results suggest that not all types of
fiber are equally influential on IBS.

Food allergy and intolerance
Many IBS patients report that their symptoms are associated with specific foods; thus, the possibility of food
allergies causing IBS symptoms has been proposed.
Food allergy/hypersensitivity is defined as an allergic response in susceptible individuals following ingestion of
a specific food (e.g., cow’s milk, peanuts, soybeans)[154,155].
However, there is little evidence that food allergies play a
role in IBS. Several studies have reported that fructosesorbitol malabsorption frequently occurs in IBS patients,
but the results were similar in healthy volunteers; further,
the response to a low lactose diet was disappointingly
low in IBS patients experiencing lactose malabsorption,
indicating a lack of obvious association between food
allergy and IBS[156,157]. Several lines of evidence indicate
that an altered immune response and inflammation may
be involved in food hypersensitivity in IBS patients.
There are reports of IgG-mediated food hypersensitivity
and improved IBS symptoms when patients are placed
on elimination diets[158-160]. Carroccio et al[161,162] demonstrated in IBS patients with food hypersensitivity an activation of serum basophils after stimulation with food
antigens and increased levels of fecal eosinophil cationic
proteins and tryptases. However, further investigations
are necessary to validate the accuracy of the methods
used in these studies before any claims can be made.
Food intolerances are defined as non-toxic and nonimmune-mediated adverse reactions to food or to the
presence of pharmacological agents within food, including histamines, sulfates, monosodium glutamate, serotonin, norepinephrine and tyramine[163]. Food intolerance
is a possible factor underlying the pathogenesis of IBS,
according to the finding that symptoms improved with
an elimination diet [164]. However, subsequent studies
showed little benefit from these diets[165,166]. Although
specific food intolerances in IBS have been explored
through patient questionnaires[167,168], the role of food
intolerance in IBS remains questionable due to the lack
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Gluten intolerance
Patients with celiac disease (CD) often experience IBSlike symptoms[180,181]. Therefore, it has been proposed
that IBS patients should be routinely examined for
CD[163,181]. Certain evidence suggests that dietary gluten
intolerance also occurs in patients with IBS, and those
whose symptoms improve with such diets may have
a genetic susceptibility to gluten[182,183]. However, two
groups of investigators recently published contrasting
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results. Vazquez-Roque et al[184] conducted randomized
controlled trials in D-IBS patients consuming gluten-free
diets vs gluten-containing diets. The group consuming
gluten showed increased stool frequency, small intestinal
permeability, and reduced mRNA expression of tightjunction proteins in bowel mucosa compared to the
patients consuming the gluten-free diet. However, Biesiekierski et al[185] reported that gluten might be not be a
specific trigger of GI symptoms in IBS patients, as most
patients’ symptoms were not exacerbated with gluten
exposure; there was no evidence of specific or dosedependent effects of gluten in the expression of serum
and fecal markers of intestinal inflammation/injury and
immune activation. Further studies are being conducted
to determine the role of gluten intolerance in IBS.

pathic functional disease. In recent years, attention has
been directed towards the role of inflammation, gut
microbiota, immunity, genetics, dietary factors, and enteroendocrine cells. As a result, IBS is regarded as a multifactorial condition that affects individuals differentially.
Understanding these mechanisms will be useful for the
development of a more specific, individualized treatment strategy and for the clinical management of IBD
patients.
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ment and reduced abundance of Bacteroides . Based
on the differences in intestinal microbiota composition,
many studies have addressed the roles of microbiotatargeted treatments, such as antibiotics and probiotics, in alleviating certain symptoms of IBS. This review
summarizes the current knowledge of the associations
between intestinal microbiota and IBS as well as the
possible modes of action of intestinal microbiota in the
pathogenesis of IBS. Improving the current level of
understanding of host-microbiota interactions in IBS is
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Abstract

Core tip: The intestinal microbiota is altered in some
Irritable bowel syndrome (IBS) patients, and the symptoms of IBS can be alleviated by treatments that target
the microbiota. Over the past several years, many studies have attempted to identify the intestinal microbiota
composition in IBS patients and intestinal dysbiosis
in IBS is characterized by Firmicutes enrichment and
reduced abundance of Bacteroides . Based on the differences in intestinal microbiota composition, the roles
of microbiota-targeted treatments, such as antibiotics
and probiotics, were investigated in alleviating certain
symptoms of IBS.

Irritable bowel syndrome (IBS) is the most prevalent
functional gastrointestinal disorder. It is a multifactorial
disorder. Intestinal microbiota may cause the pathogenesis of IBS by contributing to abnormal gastrointestinal
motility, low-grade inflammation, visceral hypersensitivity, communication in the gut-brain axis, and so on.
Previous attempts to identify the intestinal microbiota
composition in IBS patients have yielded inconsistent
and occasionally contradictory results. This inconsistency may be due to the differences in the molecular techniques employed, the sample collection and handling
methods, use of single samples that are not linked to
fluctuating symptoms, or other factors such as patients’
diets and phenotypic characterizations. Despite these
difficulties, previous studies found that the intestinal
microbiota in some IBS patients was completely different from that in healthy controls, and there does
appear to be a consistent theme of Firmicutes enrich-
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is now well recognized for its impact on human health
and disease[16]. It is estimated that the human microbiota
number more than 1014 cells, which exceeds the number
of human cells in our bodies[7]. The microbiota is taxonomically classified according to the traditional biological
nomenclature (phylum-class-order-family-genus-species),
and currently, more than 50 bacterial phyla have been described, of which 10 inhabit the colon and three bacterial
phyla, Firmicutes, Bacteroidetes and Actinobacteria predominate[17]. Genotypic sequencing studies based on the 16S
ribosomal RNA (16S rRNA)-encoding gene have been
used for demonstrating that the human gastrointestinal
tract can be populated by any of 1000-1150 different
species[18]. Despite this diversity, a core of 18 species was
found in all individuals, and 57 were found in 90% of
individuals, indicating considerable dominance and interindividual stability of these species across humans[18].
Faith et al[19] analyzed the fecal microbiota of 37 individuals and found that, on average, 60% of the bacterial
strains present remained stable for up to 5 years; many
were estimated to remain stable for decades.
Recent analyses of human-associated bacterial diversity have tried to categorize individuals into “enterotypes”
based on the abundances of key bacterial genera in the
intestinal microbiota[20]. Arumugam et al[21] reported that a
set of 22 Sanger-sequenced European fecal metagenomes
from Danish, French, Italian, and Spanish individuals was
shown to fit into three distinct clusters (enterotypes), each
characterized by variations in the numbers of Bacteroides
(enterotype 1), Prevotella (enterotype 2), and Ruminococcus
(enterotype 3). Recent meta-analysis including the 16S
rRNA sequences and whole genome shotgun sequences
from the Human Microbiome Project, Metagenomics of
the Human Intestinal Tract consortium, and additional
studies yielded only bimodal distributions of Bacteroides
abundances in gut samples[20]. Enterotype identification
depends not only on the structure of the data but also on
the methods used for identifying clustering strength[20].
The diversity of intestinal microbiota within and
among individuals is strongly influenced by factors such
as age, diet, and diseases[9]. In a large cross-sectional
study of an elderly population using pyrosequencing, the
intestinal microbiota of the elderly subjects was found
to be different from that of younger adults, with higher
Bacteroides and Clostridia cluster IV, as well as some signature sequences that were present only in older people[22].
The impact of food intake on the microbiota is being
explored. Habitual long-term diet has been shown to be
strongly associated with enterotype, with protein/animal
fat being associated with Bacteroides abundances and carbohydrate being associated with Prevotella abundances[23].
In a comparative study in children from urban Europe
and rural Africa, rural African children showed significant enrichment in Bacteroidetes and depletion in Firmicutes,
with a unique abundance of bacteria from the genus
Prevotella and Xylanibacter, which are known to contain a
set of bacterial genes for cellulose and xylan hydrolysis
and were completely lacking in the urban European children[24]. In addition, obese individuals show an increase in

INTRODUCTION
Irritable bowel syndrome (IBS) is characterized by abdominal discomfort, bloating, and disturbed defecation
in the absence of any identifiable abnormalities indicative of organic gastrointestinal disease[1]. IBS is the most
commonly diagnosed gastrointestinal disorder, and it
accounts for about 30% of all referrals to gastroenterologists[2]. In the general population worldwide, its prevalence has been reported to range from 5% to 25%[1,3-6].
IBS worsens patients’ quality of life significantly, and
both patients and healthcare systems incur huge costs
toward its treatment[6]. Several treatments and therapies
help alleviate the symptoms of IBS; however, they do not
cure this condition. Thus, the chronic nature of IBS and
the challenge of controlling its symptoms can be frustrating for both patients and healthcare providers[1,2].
IBS is a multifactorial disorder, and its underlying
pathophysiology is unclear[1]. Therapeutic strategies have
traditionally focused on alterations in gastrointestinal
motility and visceral hypersensitivity influenced heavily by
stress[7]. However, some drugs that target gastrointestinal
motility and visceral hypersensitivity, such as antidepressants, alosetron, and tegaserods, have only a narrow
therapeutic window, limiting their clinical application,
especially in mild cases of IBS[8]. Therefore, studying the
pathophysiology of IBS is important, especially in light
of the possibility of developing targeted therapies. More
recent studies have focused on the role of altered intestinal microbiota[7,9,10].
Since prospective studies have demonstrated that
3%-36% of enteric infections lead to new, persistent IBS
symptoms[10], the concept that gut microbes play an important role in the pathogenesis of IBS was confirmed.
Recent studies have demonstrated an unimagined level
of complexity in human intestinal microbiota, with thousands of phylotypes, 80% of which remain uncultured[11].
The introduction of culture-independent techniques
for studying intestinal microbiota has increased our understanding of the role of intestinal microbiota in human diseases, and emerging studies have demonstrated
changes in intestinal microbiota in patients with IBS[12-14].
The restoration of altered intestinal microbiota may be a
new therapeutic option for treating IBS[15]. Previous randomized controlled trials (RCTs) have documented that
the symptoms of IBS can be improved by treatments
that target the microbiota, such as antibiotics and probiotics[7]. Herein, the evidence of associations between the
intestinal microbiota composition and IBS is reviewed,
and the possible roles of specific microbial groups in IBS
management are discussed in light of the most recent
findings.

HUMAN INTESTINAL MICROBIOTA
The human body is inhabited by a complex community
of microbes that are collectively referred to as human
microbiota. The human intestinal microbiota constitutes a complex and metabolically active ecosystem that
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Firmicutes and a decrease in Bacteroidetes, probably owing
partly to differences in diets[25]. Furthermore, manipulation of dietary macronutrients in gnotobiotic mice was
shown to account for the majority of the change in their
microbiota[26]. Moreover, many dietary prebiotics including oligo-fructose[27], lactulose[28], lupin kernel[29], inulincontaining juices[30], and arabinoxylan-oligosaccharides[31]
significantly alter human fecal microbiota.
Characterization of intestinal microbiota, however,
has been limited to Western people. A recent study investigated the overall intestinal microbiota composition
of 20 Koreans using pyrosequencing[32]. Microbial communities were dominated by five previously identified
phyla: Actinobacteria, Firmicutes, Bacteroidetes, Fusobacteria,
and Proteobacteria. Cluster analysis showed that the species
composition of intestinal microbiota was host-specific
and stable over the duration of the test period, but the
relative abundance of each species varied among individuals. The results were compared with those of individuals from the United States, China, and Japan, and it was
found that human intestinal microbiota differed among
countries, but tended to vary less among individual Koreans. The gut microbial composition may be related to
the internal and external characteristics of each country
member, such as host genetics and dietary patterns[32].

tively short gene sequences and highly conserved primer
binding sites and containing hypervariable regions that
can provide species-specific signature sequences useful
for bacterial identification. Since then, the molecular profiling of bacterial communities via 16S rRNA-gene based
approaches such as terminal restriction fragment length
polymorphism, PCR temperature/denaturing gradient gel
electrophoresis, and fluorescent in situ hybridization, has
been performed[41]. In the last decade, Sanger sequencing
was used for generating data in most microbial genomics and metagenomics sequencing projects; however,
recent advances in molecular biology have resulted in the
application of DNA microarrays and next-generation
sequencing (NGS) technologies for studying complex
intestinal microbiota. DNA microarrays comprising hundreds or thousands of DNA fragments arrayed on small
glass slides were originally developed for gene expression profiling. These were subsequently applied to the
study of different aspects of microbial ecology, including
total microbial diversity and a range of biogeochemical
functions[42]. Alternatively, NGS approaches, including
pyrosequencing (introduced by 454 Life Sciences, Inc.)
as well as other platforms such as Solexa (Illumina, Inc.)
and SOLiD (ABI, Inc.), offer rapid and highly parallel
sequencing of many DNA fragments from complex samples or transcriptomes[39]. Pyrosequencing is particularly
suited to microbial ecology studies because of its relatively long read length compared with other NGS technologies platforms, and it has therefore been widely adopted
by microbial ecology researchers; other platforms have
also been recently adopted in this field[42]. Table 1 lists the
advantages and disadvantages of the principal techniques
used for characterizing intestinal microbiota.
Studies using culture-independent molecular-based
techniques revealed changes in the intestinal microbiota
composition in IBS patients compared with those of
healthy controls. Thus far, the results of studies on the
intestinal microbiota of IBS patients are inconsistent and
occasionally, contradictory (Table 1). This inconsistency
in results may be ascribed to several reasons, including
differences among the various molecular techniques employed, sample collection and handling methods, , as well
as definitions of IBS and IBS subtypes[16]. Table 2 lists the
advantages and disadvantages of the principal techniques
used for characterizing intestinal microbiota. In studying
human intestinal microbiota, classical approaches suffer
from individual advantages and limitations[7,16]. NSG and
phylogenic metagenomics update the bacterial community profiles of patients with IBS. The sample collection
method can influence the intestinal microbiota composition. Namely, fecal samples show distal colonic luminal
microbiota, whereas biopsy samples show only mucosaattached microbiota. Although feces or fecal swabs are
the most convenient samples, they do not accurately
reflect the microbiota composition or activities in the
proximal colon. Colon biopsies also do not represent the
microbiota in its physiologic state because extensive colon preparation for cleaning intestinal contents removes

INTESTINAL MICROBIOTA COMPOSITION
OF IBS PATIENTS
Numerous diseases have been associated with alterations
in the microbiota, which are referred to as dysbiosis,
ranging from systemic disorders such as obesity and
diabetes to gastrointestinal disorders such as IBS[9,33].
The major physiological and immunological functions
of the gut cannot be carried out in the absence of the
intestinal microbiota[34,35]. The differences in the intestinal
microbiota of IBS patients and those of healthy controls
have been studied. A previous study that used cultures of
fecal material obtained from patients with IBS reported
decreased fecal Lactobacilli and Bifidobacteria, increased facultative bacteria dominated by Streptococci and Escherichia
coli, as well as higher counts of anaerobic organisms
such as Clostridium[36,37]. Traditional microbiology studies
and microbial genome sequencing relied upon cultivated
clonal cultures. Such culture-based assessment of fecal
microbiota is cheap, widely available, and easy to use, but
it grossly underestimates fecal populations because more
than 80% of the bacteria in the human intestinal tract
cannot be cultured using currently available methods[38].
A revolution in DNA sequencing technologies would
be to define genetic material recovered directly from
environmental samples. Metagenomics refers to cultureindependent and sequencing-based studies of the collective set of genomes of mixed microbial communities
(metagenomes) with the aim of exploring their compositional and functional characteristics[39]. In 1977, Woese et
al[40] identified 16S rRNA, which is a component of the
30S small subunit of prokaryotic ribosomes, having rela-
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Finland

Finland

Maukonen
et al[84] 2006

Kassinen et al[43] 2007

2473

Finland

United States

United
Kingdom

Rajilić-Stojanović
et al[45] 2011

Carroll et al[51] 2011

Parkes et al[52] 2012

53

16

62

96

Finland

47

11

Ireland

Codling et al[89] 2010

26

20

10

41

24

24

26

27

IBS patients, n

South Korea

Japan

Tana et al[88] 2010

Ponnusamy
et al[90] 2011
Rinttilä et al[91] 2011

Finland

Finland

Lyra et al[87] 2009

Krogius-Kurikka
et al[86] 2009

The
Netherlands

Finland

Mättö et al[46] 2005

Kerckhoffs
et al[85] 2009

Finland

Ethnicity

Malinen et al[83] 2005

Ref.

IBS-D: 36.2 (32.1–
40.3), IBS-C: 32.4
(28.1–36.7)

35.6 (23–52)

49 (22−66)

47 (20-73)

47.5 (18-74)

43.6 (24–66)

21.7 ± 2.0

IBS-D: 43.6 (26-60),
IBS-C: 48.6 (24-64),
IBS-M: 50.8 (31-62)

46.5

42 ± 2.12

47.3 (21–65)

45 (24–64)

46 (20-65)

46.5 (20-65)

28

5

5

27

6

0

13

6

4

12

5

5

7

7

26

0

18

15

-

-

11

8

0

11

8

6

9

9

27

16

25

-

-

8

8

10

11

10

7

12

12

81

0

0

19

-

7

4

0

16

6

3

5

6

Mean age (range),
Male
IBS subtype
yr
gender, n IBS-C IBS-D IBS-M

Table 1 Summary of molecular studies of intestinal microbiota in irritable bowel syndrome
Sample

Feces

26

21

42

23

Feces,
Colonic
biopsies
Colonic
mucosa

Feces

Feces

IBS-D: ↓ lactobacillus spp.
IBS-C: ↑ veillonella spp.
Overall IBS: ↓ clostridium coccoides subgroup,
Bifidobacterium catenulatum group
Temporal instability in the bacterial population
↑ coliform bacteria
↑ aerob:anaerob ratio
Temporal instability in the bacterial population
IBS-C: ↓ clostridium coccoides-Eubacterium rectale group

Changes in intestinal microbiota composition in IBS

FISH, confocal microscopy

T-RFLP fingerprinting of 16S
rRNA-PCR

Phylogenetic 16S rRNA
microarray and qPCR

DGGE + qPCR of 16S rRNA
genes
qPCR

PCR-DGGE

Culture, qPCR

Expansion of mucosa-associated microbiota; mainly
bacteroides and clostridia; association with IBS
subgroups and symptoms

17% of IBS samples (n = 15) tested positive for
staphylococcus aureus
2-fold ↑ firmicutes:Bacteroidetes ratio↓ bacteroidetes, ↑
dorea, ruminococcus, clostridium sppBifidobacterium
faecalibacterium spp
↓ microbial biodiversity in D-IBS fecal samples

↑ diversity of Bacteroidetes and Lactobacillus groups

↑ proteobacteria
↑ firmicutes
↓ actinobacteria
↓ bacteroidetes
IBS-D: ↑ ruminococcus torques, ↓ clostridium
thermosuccinogenes
IBS-C: ↑ ruminococcus bromii-like
IBS-M: ↓ ruminococcus torques, ↑ clostridium
thermosuccinogenes
↑ veillonella spp.
↑ lactobacillus spp.
Significantly more variation in the gut microbiota of
healthy volunteers than that of IBS patients

PCR-DGGE, Transcript analysis
with the aid of affinity capture
for Clostridial groups
GC-profiling + high-throughput Coverage of the clone libraries of
IBS subtypes and control subjects differed
16S rRNA gene sequencing of
3753 clones
FISH, qPCR
↓ bifidobacterium catenulatum

Culture, PCR-DGGE

qPCR covering bacteria 300
bacterial species

Method

Feces,
Duodenal
mucosa
Feces
G + C (%G + C) -based profiling
and fractioning combined with
16S rRNA gene clone library
sequencing of 3267 clones
Feces
qPCR

26 (age, gender Feces
matching)
33
Feces,
Colonic
mucosa
8
Feces

15

22

26

23 (age, gender Feces
matching)

16

25 (age, gender Feces
matching)

22 (age, gender Feces
matching)

Controls, n
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Sweden

37

37 ± 12

11

10

15

12

20

Feces

Pyrosequencing 16SrRNA

Clustering of IBS patients: normal-like vs abnormal
microbiota composition (increase of firmicutes-associated
taxa and a depletion of bacteroidetes-related taxa)
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Intestinal microbiota can be divided into two distinct ecosystems: luminal bacteria, which are either dispersed in liquid feces or bound to food particles, and mucosa-associated
bacteria, which are bound to a mucus layer adjacent to the intestinal epithelium[16]. Although microbial trafficking will occur between the two ecosystems with a distinct microenvironment, each ecosystem has the potential to play a different role in IBS symptomatology (Figure 1). Luminal microbiota constitutes the majority of the gastrointestinal
tract microbiota and plays a crucial role in gut homeostasis. In IBS, luminal microbiota may play a key role in bloating and flatulence through carbohydrate fermentation and gas
production. Bacterial fermentation of undigested carbohydrate leads to short-chain fatty acid production, with gaseous byproducts such as carbon dioxide, hydrogen, and methane. The metabolites and toxins of luminal microbiota can modulate the host immune system[44]. Rajilić-Stojanović et al[45] prepared a phylogenetic 16S rRNA microarray and
performed qPCR using fecal samples from 62 IBS patients and 46 healthy adults. Adult patients with IBS had a two-fold greater ratio of Firmicutes to Bacteroidetes than controls,
resulting from an approximately one-and-a-half-fold increase in the numbers of Dorea, Ruminococcus, and Clostridium spp. In addition, they observed a two-fold decrease in the
number of Bacteroidetes and a one-and-a-half-fold decrease in the numbers of Bifidobacterium and Faecalibacterium spp[45]. Furthermore, the instability and temporal variation in the
intestinal microbiota of IBS subjects was addressed, and a trend was noted wherein some Clostridium spp. increased and Eubacterium spp. decreased in IBS patients[46].
Meanwhile, the mucosal microbiota, although fewer in number, may influence the host via immune-microbial interactions[35]. Recently, mucosal microbiota has attracted increased research interest. Mucosal microbiota is bound to a mucus layer consisting of glycosylated polysaccharides and glycocalyx. The mucus layer contains binding sites for
commensal and pathogenic bacteria that help minimize adherence to the intestinal epithelium below. The vast majority of the microbiota is trapped in a complex biofilm containing a diverse population, and only those bacteria that are able to penetrate the mucus and that possess suitable adhesion proteins can directly interface with the apical surface[47]. Luminal interaction occurs via pattern recognition receptors such as toll-like receptors (TLRs) and NOD2. TLRs are expressed on the apical and basolateral membranes
of enterocytes and on the processes of dendritic cells that pass from the lamina propria into the lumen through tight enterocyte junctions. Differential expression of TLRs was
observed in patients with IBS, with increased TLR-4 and TLR-5 expression and decreased TLR-7 and TLR-8 expression compared with controls[48]. In addition, bacteria can pass
through the epithelial layer and are presented to dendritic cells. The pathogenicity of the bacteria determines whether the dendritic cells either auto-induce tolerance via the secretion of anti-inflammatory cytokines such as IL-10 and TGF-β or respond aggressively. Studies have also shown that bacteria such as Bifidobacteria and Lactobacilli stimulate IL-10
and TGF-β production by dendritic cells and inhibit the release of proinflammatory cytokines from dendritic cells[49]. A recent study revealed that some Bifidobacterium strains
showed the highest production of IL-17 as well as poor secretion of interferon γ and tumor necrosis factor α, suggesting stimulation of the Th17 pathway[50]. The plasticity of

PATHOGENIC ROLE OF INTESTINAL DYSBIOSIS IN IBS

some of the outer mucus layers and, in turn, the mucosa-attached microbes as well as their normal attachment sites[16]. In addition, different studies used different sample handing methods; some studies used frozen samples, whereas others used fresh samples. The use of single samples cannot be linked to fluctuating symptoms and probably to other
factors such as diet and patients’ phenotypic characterization[7]. Although most studies used the Rome criteria for IBS, the proportions of the enrolled numbers of IBS subtypes
differed among the studies. There is suggestive evidence of an association of intestinal microbiota in certain IBS subtypes. Kassinen et al[43] pooled fecal samples by an IBS subgroup diarrhea-predominant IBS (IBS-D), constipation-dominant irritable bowel syndrome (IBS-C), and IBS mixed type (IBS-M) and controls, extracted the bacterial DNA,
and analyzed it using high-throughput 16S rRNA sequencing. Population analysis found significant differences between each IBS subgroup and controls[43].
It is difficult to determine whether alterations in microbiota are the primary events that lead to the development of IBS or merely the secondary effects of the syndrome.
Despite these difficulties, previous studies found that the intestinal microbiota of some IBS patients was different from that of healthy controls, and there does appear to be a
consistent theme of Firmicutes enrichment and reduced abundance of Bacteroides.

IBS: Irritable bowel syndrome; IBS-D: Diarrhea-predominant irritable bowel syndrome; IBS-C: Constipation-dominant irritable bowel syndrome; IBS-M: Alternating type or mixed irritable bowel syndrome; PCR-DGGE: PCR
denaturing gradient gel electrophoresis; FISH: Fluorescent in situ hybridization; qPCR: Quantitative PCR; 16S rRNA: 16S ribosomal RNA.

Jeffery et al[92] 2012
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Table 2 Advantages and limitations of the principal techniques used in the characterization of the intestinal microbiota
Advantages

[16,39]

Limitations

Culture
PCR-T/DGGE

Cheap, easy to use
High sensitivity in detecting difference in
bacterial populations, semi-quantitative
FISH
Microbial in situ identification, high sensitivity,
quantitative
T-RFLP
Low cost
Quantitative PCR
Can detect small number of bacteria and
quantify them
Phylogenetic microarray High biodiversity resolution, quantitative
NGS phylogenetic analysis Enormous quantities of data at individual
(e.g., pyrosequencing)
Species level

Limited estimate intestinal microbiota
Does not identify bacteria unless bands on the gel are cut out and sequenced
Few species can be simultaneously detected, only known species are
detected
Low biodiversity resolution, no species-level identification, not quantitative
Laborious
Only known species are detected
Very costly, need bioinformatics analysis

16S rRNA: 16S ribosomal RNA; PCR-T/DGGE: PCR temperature/denaturing gradient gel electrophoresis; FISH: Fluorescent in situ hybridization; T-RFLP:
Terminal restriction fragment length polymorphism; qPCR: Quantitative PCR; NGS: Next-generation sequencing.

Luminal

Shout chain
Fatty acids

Unabsorbable
carbohydrate
CO2, H2, CH4...

microbiota

Lumen
Mucosal
microbiota

TLRs

Mucous layer

Colonic epithelium

Cytokines
Lamina propria
Dendritic cell
Lymphocytes

Figure 1 Luminal and mucosal intestinal microbiota and roles in gut homeostasis.

patients and healthy controls[51]. In contrast, Parkes et al[52]
performed an analysis of frozen rectal biopsies taken at
colonoscopy and bacterial quantiﬁcation by hybridizing
frozen sections with bacterial-group-speciﬁc oligonucleotide probes. They found expansion of mucosa-associated microbiota in IBS patients, mainly Bacteroides and Clostridia, and association with IBS subgroups and symptoms.
In addition, they found that the mucosal Bifidobacteria were
lower in IBS-D patients than in controls, together with a
negative correlation between mucosal Bifidobacteria and the
number of days patients experienced pain or discomfort.
However, the studies on the mucosal microbiota of IBS
patients are limited because doing so requires endoscopic
examination of subjects’ gastrointestinal tracts and carrying out biopsy, unlike the luminal microbiota, which can
be readily examined in feces.

Treg/Th17 populations and the commensal bacteria play
a key role in mucosal tolerance and T cell reprogramming[50]. It is, therefore, readily apparent that a disturbance
in the mucosal microbiota could lead to an upregulation
of the immune system. However, recent studies that examined the mucosal microbiota of IBS patients reported
different results. Carroll et al[51] performed microbial
community composition analyses on fecal and mucosal
samples from patients with IBS-D and healthy controls
using terminal-restriction fragment length polymorphism
fingerprinting of the bacterial 16S rRNA gene. There
were compositional differences in the luminal- and mucosal-associated microbiota of IBS-D patients and those of
healthy controls as well as diminished microbial biodiversity in the IBS-D fecal samples. There were no differences
in the biodiversities of the mucosal samples of IBS-D
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attention[62]. In addition, bacterial fermentation in IBS
has been highlighted in recent studies on SIBO [16].
Bacterial overgrowth in stagnant sections of the small
intestine leads to malabsorption, diarrhea, bloating, and
pain, and it can be treated with antibiotics. However, a
subsequent study on the SIBO-IBS link showed similar
results, whereas other studies were unable to establish
an association[62].
A SIBO diagnosis test includes jejuna aspirate and
culture, 14C-xylose breath test, and hydrogen (H2) breath
tests (HBT) using either glucose (GHBT) or lactulose
(LHBT) as the substrate. Jejunal aspirate and culture is
considered as the gold standard (> 105 CFU after 48 h of
culture); however, it is invasive and time consuming. In
contrast, HBT is noninvasive and cheap, but prone to error. Following the ingestion of glucose or lactulose, serial
breath H2 measurements are performed. SIBO is defined
by either a rise in H2 > 20 ppm in < 90 min or a “double
peak” demonstrating distinct small intestinal and colonic
bacterial populations[63]. Meta-analysis of 12 studies containing 1921 subjects meeting the Rome criteria for IBS
revealed that the pooled prevalence of a positive LHBT
or GHBT was 54% (95%CI: 32%-76%) and 31% (95%CI:
14%-50%), respectively, but showed marked statistical
heterogeneity between study results[64]. In addition, the
prevalence of a positive jejunal aspirate and culture was
only 4% (95%CI: 2%-9%). These results suggested that it
is premature to accept a firm etiologic link between SIBO
and IBS. Moreover, despite a decade of investigation
on the relationship between SIBO and IBS, it remains
unclear whether SIBO causes IBS or is a bystander of
something else altogether[62].
However, the idea of treating IBS patients with an
antibiotic was developed as a consequence of the SIBO
concept[65]. Neomycin therapy eradicated SIBO and reduced symptoms of IBS[61,66]. Considering the chronic,
relapsing nature of IBS and the undesirability of longterm systemic antibiotic therapy, the efficacy of rifaximin, a nonabsorbable antibiotic, began to be explored in
IBS[67]. In a RCT, rifaximin treatment for 10 d resulted
in symptom improvement that lasted for up to 10 wk
in some IBS patients who did not document bacterial
overgrowth[68]. Subsequently, a double-blind, placebocontrolled trial phase Ⅲ study reported that rifaximin
treatment for 2 wk provided significant relief from IBS
symptoms such as bloating, abdominal pain, and loose
or watery stools[69]. A recent meta-analysis of 5 studies
found rifaximin to be efficacious for global IBS symptom
improvement (OR = 1.57, 95%CI: 1.22-2.01) and more
likely to improve bloating (OR = 1.55, 95%CI: 1.23-1.96)
compared with a placebo[70].

Intestinal microbiota may be involved in the pathogenesis of IBS by contributing to abnormal gastrointestinal motility, low-grade inflammation, visceral hypersensitivity, communication in the gut-brain axis, and so on.
Lactobacillus paracasei NCC2461 signiﬁcantly attenuated
muscle dysfunction in a murine model of postinfective
IBS[53]. The probiotic yeast Saccharomyces boulardii modulated the expression of neuronal markers in the submucous
plexus of pigs[54]. There also seems to be an inﬂammatory
component and dysregulation of pro- and antiinﬂammatory cytokines in IBS patients[55]. Most interestingly, Bifidobacterium infantis (B. infantis) 35624 was shown
to restore the balance of pro- and anti-inﬂammatory cytokines in patients[56]. Lactobacillus farciminis treatment prevented stress-induced hypersensitivity, increase in colonic
paracellular permeability, and colonocyte myosin light
chain phosphorylation in rats[57,58]. Modulation of the microbiota induces visceral hypersensitivity in mice, which
is reduced by L. paracasei NCC 2461-secreted products[53].
Recently, Rousseaux et al[59] demonstrated that Lactobacillus
acidophilus (L. acidophilus) contributes to the modulation
and restoration of the normal perception of visceral pain
through the NF-κB pathway and by inducing mu-opioid
receptor 1 (MOR1) and cannabinoid receptor 2 (CB2)
expression. Only the L. acidophilus NCFM strain was able
to induce a significant in vitro expression of MOR1 and
CB2 messenger in RNA and protein, respectively. To
confirm these results in vivo, the researchers administered
L. acidophilus NCFM orally to rats and mice at a clinically
relevant concentration (109 CFU) and compared colonic
samples from these rodents with those from untreated
control rodents. MOR1 and CB2 expression was induced
in 25%-60% of the intestinal epithelial cells from treated
animals compared with only 0%-20% of those from the
control group. In addition, visceral perception was assessed in rats using colorectal distension. Oral administration of the L. acidophilus NCFM strain for 15 d decreased
normal visceral perception in the rats and increased their
pain threshold by 20%. In further experiments of chronic colonic hypersensitivity on a rat model, treatment with
L. acidophilus NCFM resulted in an analgesic effect similar
to that of 1 mg morphine administered subcutaneously,
thus increasing the colorectal distension threshold by
44% compared with that in untreated rats[59]. Transient
perturbation of the microbiota with antimicrobials alters
brain-derived neurotrophic factor expression, exploratory
behavior, and colonization of germ-free mice, suggesting
that the impact of the intestinal microbiota is not limited
to the gut and the immune system[60].

SMALL INTESTINAL BACTERIAL
OVERGROWTH AND ANTIBIOTICS

EVIDENCE OF THE ROLE OF
POTENTIALLY PROBIOTIC BACTERIA IN
IBS

Since Pimentel et al[61] reported that 84% of IBS patients
had small intestinal bacterial overgrowth (SIBO) and
that patients with IBS were over 26 times more likely to
harbor SIBO than controls, the potential role of SIBO
in IBS pathogenesis has gained considerable research
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Table 3 Systemic reviews for randomized controlled trials of probiotics in irritable bowel syndrome
Ref.

Selection criteria

n of identified studies

Results

McFarland et al[73] 2008

RCTs in humans published as full
20 RCTs
articles or meeting abstracts in peerreviewed journals

Brenner et al[76] 2009

RCTs; adults with IBS defined by
Manning or Rome Ⅱ criteria; single
or combination probiotic vs placebo;
improvement in IBS symptoms and/
or decrease in frequency of adverse
events reported
RCTs compared the effects of any
probiotic therapy with placebo in
patients with IBS

16 RCTs → 11 studies
Bifidobacterium infantis 35624 has shown efficacy for
showed suboptimal study improvement of IBS symptoms. Most RCTs about the utility
design
of probiotics in IBS have not used an appropriate study
design

Moayyedi et al[75] 2010

RCTs comparing the effect of
probiotics with placebo or no
treatment in adult patients with IBS
(over the age of 16 yr)

Ortiz-Lucas et al[77] 2013

RCTs comparing probiotics with
placebo in treating IBS symptoms

Probiotics appear to be efficacious in IBS (Probiotics were
statistically significantly better than placebo, but there
was statistically significant heterogeneity). The magnitude
of benefit and the most effective species and strain are
uncertain
24 RCTs → 10 RCTs
Pain scores: improved by probiotics containing
providing continuous
Bifidobacterium breve, Bifidobacterium longum, or Lactobacillus
data performed with
acidophilus species
continuous data
Distension scores: improved by probiotics containing B.
summarized using mean ± breve, B. infantis, Lactobacillus casei, or Lactobacillus plantarum
SD and 95%CIs
species
Flatulence: improved by probiotics containing B. breve,
B. infantis, L. casei, L. plantarum, B. longum, L. acidophilus,
Lactobacillus bulgaricus, and Streptococcus salivarius ssp.
thermophilus

Hoveyda et al[74] 2009

Global IBS symptoms: RR = 0.77 (95%CI: 0.62-0.94)/
abdominal pain: RR = 0.78 (95%CI: 0.69-0.88)

14 RCTs → 7 RCTs
providing outcomes as
dichotomous variable
and 6 RCTs providing
outcomes as continuous
variable
19 RCTs → 10 RCTs
providing outcomes as a
dichotomous variable

Overall symptoms: dichtomous data - OR = 0.63 (95%CI:
0.45-0.83)/continuous data - mean ± SD, 0.23 (95%CI:
0.07-0.38)
Trials varied in relation to the length of treatment (4-26 wk),
dose, organisms and strengths of probiotics used

IBS: Irritable bowel syndrome; RCT: Randomized controlled trial.

tions in IBS is not only important for its pathogenesis
but also for assessing the possible benefits of potential
probiotic strains in IBS management. Probiotics are defined as live organisms that when ingested in adequate
amounts yield a health benefit to the host[9]. Clinically acceptable probiotics should be species-specific; should be
of human origin; should survive passage from the oral
cavity through the gastric acid barrier, digestive enzymes,
and bile acids; should travel down the small bowel into
the colon; nidate; and should proliferate therein [54].
Probiotics offer protection against potential pathogens
through enhancement of mucosal barrier function by
secreting mucins; providing colonization resistance;
producing bacteriocins; increasing production of secretory immunoglobulin A; producing a balanced T-helper
cell response; and increasing production of IL-10 and
TGF-β, both of which play a role in the development
of immunologic tolerance to antigens. For example, a
specific strain of B. infantis 35624 has been shown to
prevent NF-κB and IL-8 activation as well as to inhibit
the secretion of chemokine ligand 20 in response to Salmonella typhimurium, Clostridium difficile, and Mycobacterium
paratuberculosis[71]. Current evidence suggests that probiotic effects are strain-specific[72].
Probiotics should be administered at an adequate
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dose, preferably greater than 10 billion CFU/g in adults;
their viability and concentration should be maintained;
and they should have a dependably measurable shelf life
at the time of purchase and administration. When these
criteria are fulfilled, randomized, placebo-controlled, double-blind trials should be performed on an appropriate
population. Five systematic reviews with RCTs of adult
IBS patients were published[73-77]. Most of the meta-analyses indicated a beneficial effect of probiotics on global
symptoms, abdominal pain, and flatulence, whereas the
influence on bloating was equivocal (Table 3). However,
aggregation of the effects of different probiotics into a
meta-analysis should be undertaken with caution. Different probiotics have different microbiological characteristics, which inevitably influence their efficacy. The
most commonly studied probiotic species are Lactobacilli
and Bifidobacteria. Products range in delivery systems (e.g.,
yogurts, fermented milk drinks, powders, and capsules)
and dose (106-1010 CFU). Lactobacillus plantarum, B. infantis,
and VSL 3 (Lactobacillus casei, L. plantarum, L. acidophilus,
Lactobacillus delbrueckii, Bifidobacterium longum, Bifidobacterium
breve, B. infantis, and Streptococcus salivarius) have demonstrated efficacy in patients with IBS[56,78,79].
Recently, we isolated have been isolated new strains,
i.e., L. acidophilus-SDC 2012, 2013, from Korean infants’
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feces[8]. In Korea, the prevalence of IBS is reported to be
around 2.2%-6.6%[1], while that in Western countries is
around 10%-20%[2]. Based on the relatively lower prevalence of IBS in Korea and previous reports on the efficacy of probiotics for treating IBS symptoms, we hypothesized that the newly isolated L. acidophilus-SDC 2012,
2013 may help control the symptoms of IBS patients.
The result of our RCT showed that L. acidophilus-SDC
2012, 2013 were effective in alleviating IBS symptoms,
irrespective of the bowel habit subtype[8]. Although Lactobacilli or Bifidobacteria have demonstrated efficacy in IBS
patients, the benefits of one given species or organism
have not been found to be better than that of other species or organisms. In an RCT of composite probiotics,
Kim et al[80] reported that VSL3 reduced flatulence and
retarded colonic transit without altering bowel function
in patients with IBS and bloating.
Recent guidelines published by the British Dietetic
Association have therefore made strain-specific recommendations considering the limited weak evidence for
B. lactis DN 173010 in improving overall symptoms, abdominal pain, and urgency in constipation-predominant
IBS and the limited weak evidence for VSL3 in reducingg
flatulence in IBS patients[32]. People with IBS who choose
to try probiotics should be advised to consume a given
product for at least 4 wk while monitoring the effect.
Probiotics should be consumed at the dose recommended by the manufacturer[75,76,81].
A number of RCTs have been performed for investigating the effectiveness of probiotics in IBS. However,
most RCTs of probiotics had a suboptimal study design with inadequate blinding, trial length, sample size,
and/or lack of intention-to-treat analysis. Despite these
limitations, there is a possibility of greater efficacy of
probiotics in patients whose IBS pathogenesis is known
to be related to the intestinal microbiota. In addition, the
probiotics include strains present in normal intestinal microbiota, and probiotic-associated adverse events are very
rare. Thus, probiotics are good candidates for controlling
the symptoms of IBS, especially when treatment safety
is paramount in a nonlethal disorder such as IBS[82]. The
evidence from clinical trials and systematic reviews are
largely supportive of the use of specific probiotics strains
in IBS[9].

management of IBS.
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Core tip: Irritable bowel syndrome (IBS) has been conventionally thought to be a disorder without an organic
basis. However, recently data are emerging to show
that it may have organic basis at least in a subset of
patients. Though several studies reported an association between small intestinal bacterial overgrowth
(SIBO) and IBS, the frequency of SIBO reported to
vary between 4% and 78%. The current review suggests that the association between SIBO and IBS is
definite, but the studies reporting high prevalence of
SIBO in IBS over-estimated its frequency due to use of
fallacious diagnostic methods. Better test to diagnose
SIBO in patients with IBS is highly needed.

Abstract
Irritable bowel syndrome (IBS) is a common condition characterized by abdominal pain or discomfort,
bloating, and altered stool form and passage. Small
intestinal bacterial overgrowth (SIBO) is a condition in
which there is overgrowth of bacteria in small bowel
5
in excess of 10 colony forming units per milliliter on
culture of the upper gut aspirate. Frequency of SIBO
varied from 4%-78% among patients with IBS and
from 1%-40% among controls. Higher frequency in
some studies might be due to fallacious criteria [postlactulose breath-hydrogen rise 20 PPM above basal
within 90 min (early-peak)]. Glucose hydrogen breath
test (GHBT) has a low sensitivity to diagnose SIBO.
Hence, studies based on GHBT might have under-estimated frequency of SIBO. Therefore, it is important to
analyze these studies carefully to evaluate whether the
reported association between IBS and SIBO is over or
under-projected. This review evaluates studies on association between SIBO and IBS, discordance between
different studies, their strength and weakness including methodological issues and evidence on therapeutic
manipulation of gut flora on symptoms of IBS.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common condition
characterized by abdominal pain or discomfort, bloating,
associated with altered stool form (such as diarrhea, constipation) and passage. World-wide, 4%-30% of subjects
suffer from IBS[1-7]. Small intestinal bacterial overgrowth
(SIBO), which has been conventionally described in
patients with anatomical abnormalities in the gut such
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Table 1 Summary of prevalence of small intestinal bacterial overgrowth in irritable bowel syndrome by different diagnostic methods n (%)
Ref.

Frequency of
SIBO in cases

Frequency
of SIBO in
controls

Methane
producers in
cases

Methane
producers in
controls

Method for diagnosis

Prospective (Case-control) 34/76 (44.7)
Prospective (Case-control)
28/43 (65)
Prospective
55/127 (43)
Prospective
89/258 (34.5)
Prospective
64/98 (65)
Prospective
157/202 (78)
Prospective (Case-control) 14/59 (23.7)
Prospective
35/98 (36)
Prospective (Case-control) 49/200 (24.5)
Meta-analysis
595/1921 (31)
Prospective (Case-control) 21/130 (16.1)
Prospective (Case-control) 25/225 (11.1)
Prospective (Case-control) 93/204 (46)
Retrospective
44/96 (45.8)
Prospective (Case-control)
20/65 (31)
Prospective (Case-control) 11/129 (8.5)
Prospective (Case-control)
6/162 (4)

16/40 (40)
4/56 (7)
NCG
NCG
NCG
NCG
1/37 (2.7)
NCG
3/50 (6)
NCG
3/70 (4.2)
1/100 (1)
NCG
NCG
4/102 (4)
1/51(2)
1/26 (4)

19/76 (25)
4/43 (9.3)
ND
ND
ND
ND
5/59 (8.5)
Data NA
ND
ND
34/130 (26)
ND
27/204 (13.2)
ND
ND
ND
ND

10/40 (25)
0
ND
ND
ND
ND
9/37 (24.3)
ND
ND
ND
Data NA
ND
ND
ND
ND
ND
ND

LHBT
LHBT
LHBT
LHBT
LHBT
LHBT
GHBT
GHBT
GHBT
GHBT
GHBT
GHBT
GHBT
GHBT
GHBT
GHBT
Hydrogen breath test and culture of small bowel aspirate

Type of the study

Park et al[86]
Scarpellini et al[88]
Carrara et al[14]
Mann and Limoges-Gonzales[87]
Nucera et al[89]
Pimentel et al[17]
Sachdeva et al[18]
Reddymasu et al[90]
Lombardo et al[91]
Ford et al[74]
Parodi et al[92]
Rana et al[93]
Majewski et al[94]
Cuoco and Salvangnini[75]
Lupascu et al[95]
Ghoshal et al[16]
Posserud et al[12]

SIBO: Small intestinal bacterial overgrowth; IBS: Irritable bowel syndrome; LHBT: Lactulose hydrogen breath test; GHBT: Glucose hydrogen breath test;
NCG: No control group; ND: Not done; NA: Not available; n: Number of cases and controls.

issues and evidence on therapeutic manipulation of gut
flora on symptoms of IBS.

as ileo-transverse anastomosis, stricture, fistula, slow
motility and reduced gut defence, is also characterized
by abdominal pain or discomfort, bloating, flatulence
and loose motion[8-10]. Recently, it has been realized that
SIBO may occur in the absence of apparent anatomical abnormalities[11]. These patients, however, may be
wrongly diagnosed as IBS.
Small intestinal bacterial overgrowth is currently
defined as presence of bacteria in excess of 105 colony
forming units per milliliter on culture of the upper gut
aspirate[12,13]. Since this is an invasive test, several noninvasive methods including lactulose and glucose hydrogen breath tests (LHBT and GHBT) have been
popularly used to diagnose SIBO[14-18]. This condition is
being increasingly recognized among patients with IBS.
In different studies, frequency of SIBO among patients
presenting with IBS varied from 4% to 78% (Table 1),
more so among patients with diarrhea-predominant
IBS[12,14,18,19]. Not only quantitative increase (SIBO) but
qualitative change in the gut bacteria (dysbiosis) has been
reported among patients with IBS[20]. These studies led
to a paradigm shift in understanding pathogenesis of
IBS and have led to increasing debate on therapeutic
manipulation of gut microbiota to treat this enigmatic
chronic disorder using antibiotics, probiotics and lately
fecal transplantation[21-23]. However, it is important to
recognize the wide-variability in frequency of SIBO
among patients with IBS in different studies; such widevariability in frequency may suggest that it is important
to analyze these studies carefully to evaluate whether the
reported association between IBS and SIBO is over or
under-projected in some of the earlier studies?
We hereby review the studies on association between
SIBO and IBS, discordance between different studies,
their strength and weakness including methodological
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REVIEW OF STUDIES ON SIBO IN IBS
Table 1 summarizes the results from studies on SIBO
among patients with IBS. As can be noted from this
table, the frequency of SIBO among patients with IBS
varied from 4% to 78% and that among controls from
1% and 40%. In most studies, frequency of SIBO
among patients with IBS was higher than that among
controls. Therefore, it can be concluded that SIBO is associated with IBS. But it is important to critically evaluate the reasons for such a wide variability in frequency
of SIBO in different studies.

CRITICAL EVALUATION OF STUDIES
ON SIBO IN IBS: REASONS FOR
DISCORDANCE
Could IBS phenotype determine frequency of SIBO?
IBS is a heterogeneous condition. The sub-types may
be diarrhea or constipation-predominant or may be alternating. Patients with diarrhea-predominant IBS more
often have organic cause including SIBO than other
sub-types of IBS. In a study on 129 patients with nondiarrheal IBS, 73 with chronic non-specific diarrhea
including diarrhea-predominant IBS, and 51 healthy
controls, frequency of SIBO using GHBT was 11 (8.5%),
16 (22%) and 1 (2%), respectively[16]. Similar findings
were reported in other studies as well[18,24]. Diarrheal IBS,
therefore, should be particularly evaluated for SIBO than
other types of IBS. Moreover, studies which included
larger proportion of patients with diarrhea-predominant
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IBS are likely to show higher frequency of SIBO.
Bloating is a frequent symptom reported by patients
with IBS. Frequency of bloating has been reported to
vary from 26% to 83% in studies on IBS from Asia[3,25].
The pathogenesis of bloating may be related to increased
amount of gas in the gut, its abnormal distribution and
increased visceral perception in response to distension
of the gut[26,27]. Patients with SIBO may have increased
amount of gas inside the gut, hence, it is logical to believe that IBS patients with marked bloating are expected
to have SIBO[16]. However, there are limited data on this
issue. Several studies showed that both fasting as well as
post-substrate (e.g., glucose, lactulose) breath hydrogen is
higher among patients with IBS than controls[16,28]. Probiotics and antibiotics, which are known to reduce gas
inside the gut, are known to relieve abdominal bloating
among patients with IBS[17,29,30]. It has been reported that
successful treatment with antibiotics causes the hydrogen breath test to revert to normal[17]. Hence, patients
with IBS with marked bloating and flatulence should be
particularly evaluated for SIBO. More studies, however,
are needed on this issue.

Western population recently by simultaneously using
LHBT and radio-nuclide method to assess gut transit[37-39]. Double peak criteria for diagnosis of SIBO using
LHBT is quite insensitive[15,33]. Sensitivity of GHBT to
diagnose SIBO is 44% considering quantitative culture
of upper gut aspirate as gold standard[15]. Hence, it is
expected that the authors who used an early peak criteria
in LHBT would get a high frequency of SIBO among
patients with IBS as well as controls. In contrast, those
who would use either GHBT or double peak criterion
in LHBT would get a low frequency of SIBO both in
patients with IBS and controls. It is worth noting from
the Table 1 that the frequency of SIBO among patients
with IBS and controls on LHBT (early peak criteria)
varied from 34.5% to 78% and 7%-40%, respectively; in
contrast, the frequency on GHBT varied from 8.5%-46%
and 2%-18%, respectively.
Fifteen percent of people may have methanogenic
flora in the gut[34,40]. Methanobrevibacter smithii, Methanobrevibacter stadmanae and possibly some of the coliform
bacteria are methanogens[41]. In these subjects, only hydrogen breath tests may not diagnose SIBO, estimation
of methane is also needed (Figure 1). Table 1 shows
that 8.5%-26% of IBS patients and 0%-25% of controls
exhaled methane in their breath. Therefore, SIBO could
not have been diagnosed if methane was not estimated
in them. As summarized in Table 1, in a large proportion of studies, methane was not estimated, which could
have resulted in underestimation of frequency of SIBO
in these studies. Excessive methane production is associated with constipation[42]. Hence, methane estimation
in breath, which is not available in several commercially
available hydrogen breath test machines, is particularly
important in patients with constipation-predominant
IBS. Some individuals may have slow transit through the
small intestine making prolonged testing up to five hours
necessary and many individuals may not like to undergo
such prolonged testing[43,44]. However, a shorter period
of testing for them may miss the diagnosis of SIBO.
The jejunal aspirate culture has traditionally been
used as the gold standard to diagnose SIBO (Figure
2)[15,45]. However, the limitations of this test include invasiveness and the challenges posed by attempting to
culture all strains and species[46]. In fact, use of air during endoscopy can lead to a false negative result as anaerobes do not grow once these are exposed to oxygen
present in the air[13]. Also, a large proportion of bacteria
are not cultured[47,48]. In contrast, single lumen catheter
passed through the nose or through the biopsy channel of endoscope, may lead to contamination by oropharyngeal flora giving false positive result[13]. Therefore,
we designed a double-lumen catheter to prevent such
oro-pharyngeal contamination (Figure 2)[13]. Studies on
SIBO among patients with IBS using quantitative culture
of small bowel aspirate are scanty (Table 1). A study
by Posserud et al[12] reported a frequency of SIBO of
4% among patients with IBS. Considering the result of
other studies using GHBT, which has sensitivity of 44%

Could technique used to diagnose SIBO determine its
frequency?
Several techniques have been used to diagnose SIBO;
these include LHBT, GHBT, 14C xylose breath test, and
quantitative culture of jejunal aspirate[12,15,31,32]. Principle
of hydrogen breath tests is summarized in Figure 1. Dietary carbohydrates, unabsorbed in the small intestine,
produce hydrogen in the large intestine by bacterial fermentation[33]. In patients with SIBO, the bacteria ferment
these carbohydrates in the small bowel itself producing
hydrogen, which gets absorbed and is exhaled in the
breath[33].
Hydrogen breath test involves giving patients a load
of carbohydrate (usually in the form of glucose and lactulose) and measuring expired hydrogen concentrations
over a period of time. Diagnosis of SIBO using hydrogen breath test is based on the physiological principle
that in patients with SIBO, glucose would be fermented
by bacteria in the small bowel resulting in production of
hydrogen gas that is absorbed and exhaled in expired air
(Figure 1, A1)[31,33]. In contrast, lactulose, which is a nonabsorbable disaccharide, will produce an early peak due
to fermentation in small bowel (typically within 90-min)
or double peak (first due to small bowel fermentation
and second from colon), if SIBO is present (Figure 1,
B2 and B3)[33]. There are several limitations in hydrogen
breath test for diagnosis of SIBO. There may be similarities in the pattern of gas production in patients with
SIBO and subjects with rapid intestinal transit, thus making distinction difficult[34]. An early peak is often false
positive in people with fast gut transit time. For example,
in a study from India, median oro-cecal transit time
was 65 min (range 40-110 min) in healthy subjects[35].
In another study from Taiwan, mean oro-cecal transit
time was 85 min[36]. This has also been substantiated in
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Figure 1 Outline of principle of method and interpretation of glucose and lactulose hydrogen breath tests. On the left panel, method and result of glucose
hydrogen breath test (GHBT) is shown. A1: GHBT is negative for SIBO as there is no peak in hydrogen production; A2: GHBT shows presence of SIBO. On the right
panel, method and result of lactulose hydrogen breath test (LHBT) is shown. B1: LHBT is negative for SIBO as there is no peak in hydrogen production; B2: LHBT
shows an early peak (within 90 min of lactulose ingestion); B3: LHBT shows double peaks in hydrogen, the earlier one from small bowel due to SIBO and the later
one from the colon. Please note that Quintron machine of the left gives values of hydrogen, methane and CO2 (for correction) and the Bedfont machine of right side
estimates hydrogen only. It is also important to note that in the graphs hydrogen breath test do not show methane levels. SIBO: Small intestinal bacterial overgrowth;
GHBT: Glucose hydrogen breath test; LHBT: Lactulose hydrogen breath Test; PPM: Parts per million.

IBS[15]. More studies are needed on this issue.
13
C and 14C based tests have also been developed
based on the bacterial metabolism of D-xylose (Figure

to diagnose SIBO considering upper gut aspirate as gold
standard, the former study appears to have falsely underestimated the frequency of SIBO among patients with
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100 μL
neat

Sample
homogenized
by vortexing

900 μL DW
+ 100 μL
neat (1/10)

900 μL
DW + 100
μL 1/10
(1/100)

900 μL
DW + 100
μL 1/100
(1/1000)

900 μL
DW + 100
μL 1/1000
(1/10000)

Plate 100 μL neat and each dilution to the media as follows
Blood agar

MacConkey's
agar
Incubate 24-18 h, count number of colonies, calculate colony count/mL, species
identification by standard technique

Figure 2 Outline of method of culturing bacteria from the upper gut aspirate and counting the colonies by serial dilution technique. DW: Distilled water.

3)[32]. Bacterial de-conjugation of bile acids containing
13
C and 14C can also be used to diagnose SIBO[49]. The
glycocholic acid breath test involves the administration
of the bile acid 14C glycocholic acid, and the detection of
14
CO2, which would be elevated in SIBO (Figure 3)[50,51].

stead of hydrogen gas[13,34]. Evidence suggest that excessive methane produced by overgrowth of methanogenic
flora causes constipation[42]. Reduction in breath methane by therapeutic manipulation of gut flora improves
constipation[58].
Bacteria in the intestine may produce toxic by-products after fermentation, which may damage the inner lining of the small intestine and colon[59]. A study on small
bowel biopsies in patients with SIBO revealed thinning
of the mucosa and crypts and increased intra-epithelial
lymphocytes[60]. This may cause osmotic load in the intestine resulting into diarrhea. Studies have revealed that
patients with IBS having SIBO more often have diarrheapredominant disease[11,12,14,18,19]. Bacteria also de-conjugates
bile salts present in the intestine. These de-conjugated
bile salts can stimulate colonic water secretion causing
diarrhea. Thereafter, free bile acids, which are toxic to
the intestinal mucosa may cause mucosal inflammation
and release of pro-inflammatory cytokines[61,62]. SIBO is
known to be associated with increased IL-8 levels (proinflammatory cytokine)[63].
Pathophysiology of IBS includes altered motility,
visceral hypersensitivity and abnormal brain-gut interaction. Bacteria affect the sensori-motor functions of the
gut[64]. Bacterial chemotactic peptides, such as formylmethionyl-leucyl-phenylalanine, stimulate the enteric nervous system and afferent nerves, while endotoxins (lipopolysaccharides) may affect gut motility[65]. Bacteria in the
small intestine in patients with SIBO produce short-chain
fatty acids (SCFA) such as butyrate, acetate, and propionate. Colonic motility is increased due to acidiﬁcation by
SCFA[66,67]. In contrast, SCFA causes reduction in motil-

MECHANISM OF IBS SYMPTOMS IN
PATIENTS WITH SIBO
Bacteria in gut lumen play important role in modulating
multiple intestinal functions. Quantitative change in luminal bacteria in the small intestine (SIBO) disrupts digestion and absorption. Gut bacteria are also important for
immune activation[52]. Immune mediated cytokines could
have multiple actions including altered epithelial secretion, exaggerated nociceptive signalling and abnormal
motility[52,53]. Together, these changes may lead to IBS like
symptoms. It has also been proposed that this mechanism could account for overlap syndromes, such as fibromyalgia[54,55]. There has been renewed interest in gut flora
recently, as there are recent developments on relationship
between gut flora and intestinal function, pathogenesis
of various diseases and potential value of probiotics, and
other means of modifying gut flora as therapeutic modalities.
In patients with SIBO, bacteria ferment ingested carbohydrates in the small intestine causing increased gas
production[15]. Accumulation of this gas in the intestine
results in bloating and flatulence[56,57]. Excessive luminal
distension may even cause abdominal pain or discomfort[57]. 15% of the population produces methane in-

WJG|www.wjgnet.com

2486

March 14, 2014|Volume 20|Issue 10|

14

% of expired CO2

Ghoshal UC et al . Is IBS associated with SIBO?
SIBO
Normal

6

14

CO2

in

4

expired air

2
0
0

25

50

75

100

125

150

t

Bacteria
14

14

CO2

14

C glycine

C glycine

Bacterial
deconjugation
Cholic acid
Intestine

Iieal absorption

Figure 3 Bile acid breath test involves the administration of the bile acid 14C glycocholic acid, and the detection of 14CO2, which would be elevated in small
intestinal bacterial overgrowth.

ity of proximal intestine due to release of peptide YY,
neurotensin and glucagon-like peptide-1 in the ileum[68].
Therefore, alteration in gut flora may cause altered motility and predispose to IBS like symptoms.

to cause slow transit constipation, which is associated with IBS[78]. Recently, rifaximin is found to reduce
methane gas and improve gut transit[58]. A combination
of rifaximin and neomycin is more effective in treating
methane-producing IBS patients as compared to treatment with neomycin and rifaximin as single agents (87%
vs 33% and 28%, respectively)[79].
Some studies support the use of probiotics to be
as effective as antibiotics in relieving IBS related symptoms[80,81]. A study showed that treatment with probiotics
was effective in reducing symptoms of abdominal pain,
bowel frequency, urgency and distension in patients with
chronic diarrhea[82]. Lactobacilli are less gas producing
than other bacteria[70]. Therefore, administration of Lactobacilli in patients with IBS was associated with reduced
gas-related symptoms[83]. In a single blinded randomized
control trial, IBS patients randomized to receive Lactobacillus acidophilus, Lactobacillus helveticus, and Bifidobacterium
showed significant improvement in pain and bloating
as compared to those who received placebo[84]. Another
study showed Bacillus subtilis and Streptococcus faecium to
be effective in reducing abdominal pain as compared to
placebo in patients with diarrhea or alternating type of
IBS[85]. However, more studies are needed to know the
best strains of probiotic bacteria, their dose and duration
for treatment of patient with IBS.

EVIDENCE FROM STUDIES ON
THERAPEUTIC MANIPULATION OF GUT
FLORA IN IBS
Gut flora of IBS patients is different from that of healthy
subjects, resulting in more gas production due to bacterial fermentation[69-71]. Evidence suggest that therapeutic
manipulation of gut flora either with antibiotics or probiotics may lead to relief in symptoms of IBS[72,73]. Several meta-analysis have reported the presence of SIBO
in a subset of IBS patients[14,17,74]. Recent studies have
revealed that treatment of SIBO relieves symptoms of
IBS[17,75]. In a study, eradication of SIBO by open label
antibiotic treatment resolved symptoms of IBS to the
extent of Rome I criteria turning negative in 48% of patients[17]. SIBO is more often found in diarrheal IBS than
other subtypes[16]. Treatment of patients with diarrheapredominant IBS with antibiotics, which is the primary
treatment of SIBO, may lead to relief in symptoms
including bloating, abdominal pain and loose stools. Rifaximin, a non-absorbable broad spectrum antibiotic, has
been widely used for treatment of SIBO[76]. In a phase
3, double-blind, placebo-controlled trial on IBS patients
without constipation, treatment with rifaximin provided
significant relief in bloating, abdominal pain, and loose
or watery stools as compared to placebo[77].
Methane produced by methanogenic flora is shown
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CONCLUSION
Association between IBS and SIBO is definite. In fact,
controversy exists whether patients presenting with IBS
but found to have SIBO on further testing should be
diagnosed as IBS or should be considered as SIBO as
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symptoms of IBS and SIBO are similar. However, in
the current diagnostic algorithm of Rome Foundation,
IBS is diagnosed by symptom-based criteria. Exclusion
of SIBO by appropriate testing is not essential before
diagnosing IBS. In future iteration on IBS diagnostic
algorithm by Rome Foundation, it may be important
that consideration is given to exclude SIBO before a
diagnosis of IBS is made, at least in a subset of patients
with higher probability of SIBO. However, as evident
from the review of the existing data, we conclude that
whereas in some studies, the frequency of SIBO was
over-estimated, in others it was under-estimated. Studies
that used an early-peak criteria on LHBT showed higher
frequency of SIBO than those that used other methods
to diagnose. In the context of recent studies that showed
that early-peak criteria on LHBT if often false positive, it is likely that all these studies over-estimated frequency of SIBO and therefore, created an un-necessary
hype[14,17,86,87]. GHBT has a low sensitivity to diagnose
SIBO[15]. Therefore, studies based on GHBT might have
under-estimated frequency of SIBO. Though jejunal
aspirate culture is considered as gold standard for diagnosis of SIBO, this has limitations. Most importantly,
this is invasive and hence, not acceptable to the patients.
Therefore, there is urgent need to know the clinical predictors for considering diagnosis of SIBO in patients
presenting as IBS and better diagnostic techniques to
confirm this.
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Melatonin for the treatment of irritable bowel syndrome
Kewin Tien Ho Siah, Reuben Kong Min Wong, Khek Yu Ho
trial. However, all studies had consistently showed improvement in abdominal pain, some showed improvement in quality of life of IBS patients. Melatonin is a
relatively safe drug that possesses potential in treating
IBS. Future studies should focus on melatonin effect on
gut mobility as well as its central nervous system effect
to elucidate its role in IBS patients.
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Core tip: Irritable bowel syndrome (IBS) is a common
disorder associated with significant disability and high
social cost. This is partly due to lack of effective treatment with low side effects. Melatonin is a drug that was
postulated to be a potential useful arsenal in battling
IBS. Its role in analgesia has been recognized in several
other fields of medicine. Several well-designed placebocontrolled trials in IBS patients had consistently showed
improvement of abdominal pain when taking 3 mg of
melatonin with no serious side effect. Future studies
should examine the long term effect of Melatonin as well
as its effect on central nervous system and gut motility.

Abstract
Irritable bowel syndrome (IBS) is a common disorder
characterized by recurrent abdominal pain or discomfort, in combination with disturbed bowel habits in the
absence of identifiable organic cause. Melatonin (Nacetyl-5-methoxytryptamine) is a hormone produced by
the pineal gland and also large number by enterochromaffin cells of the digestive mucosa. Melatonin plays
an important part in gastrointestinal physiology which
includes regulation of gastrointestinal motility, local
anti-inflammatory reaction as well as moderation of visceral sensation. Melatonin is commonly given orally. It
is categorized by the United States Food and Drug Administration as a dietary supplement. Melatonin treatment has an extremely wide margin of safety though
it may cause minor adverse effects, such as headache,
rash and nightmares. Melatonin was touted as a potential effective candidate for IBS treatment. Putative role
of melatonin in IBS treatment include analgesic effects,
regulator of gastrointestinal motility and sensation to
sleep promoter. Placebo-controlled studies in melatonin
suffered from heterogeneity in methodology. Most studies utilized 3 mg at bedtime as the standard dose of
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INTRODUCTION
Irritable bowel syndrome (IBS) is a common disorder
characterized by recurrent abdominal pain or discomfort,
in combination with disturbed bowel habits in the absence of identifiable organic cause. It is associated with
significant disability and health care costs. In the West,
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the prevalence of IBS in the community is reported to be
between 10%-20%[1-3]. In Asia, we have also seen a steady
rise of IBS in the community. In Singapore, prevalence
of IBS was reported to be 2.3%[4] in 1998, by the Manning criteria, and 8.6% in 2004 (as defined by the Rome
[5]
Ⅱ criteria) . In addition, a recent study has shown that
the disease burden extends beyond the patient and has
significant impact on the spouse or family members as
well, with burden proportionally increasing with IBS severity[6], underscoring the need for effective treatment of
the patient’s symptoms.
Traditionally, IBS is treated with a combination of
treatment modality, from antispasmodic, psychopharmacological treatment like tricyclic antidepressant to mindfulness therapy like hypnotherapy. Newer drugs such as
linaclotide, prucalopride, tegaserod and lubiprostone[7]
have given hope to clinicians treating the many disabling
symptoms of IBS. However, worry about potential side
effects, the need for long-term medication and high drug
costs have been a deterrent for many IBS patients. Melatonin is one of the drug that was identified as potentially
useful in IBS especially for pain symptom as well as bowel motility in constipation predominant IBS.
Melatonin (N-acetyl-5-methoxytryptamine), a hormone produced by the pineal gland, has been studied as
a potential treatment of circadian rhythm sleep disorders,
cancer, immune disorders, cardiovascular diseases and
insomnia[8,9]. The melatonin signal chemically regulates
the sleep-wake cycle by causing drowsiness and lowering
body temperature[10]. The gastrointestinal tract is another
large source of endogenous melatonin.

Reaction: It increases natural killer cell activity and Th2
cell mediated immune responses[16]. Melatonin was shown
to reduce the severity of intestinal inflammatory pathologies such as colitis in animal models[17]. Melatonin had
also been shown to scavenge reactive oxygen species
and inhibit macrophage by suppressing proinflammatory gents including inducible nitric oxide synthase and
cyclooxygenase-2[18-20]; and (3) Moderation of Visceral
Sensation: Melatonin may also be involved in mediating
gut visceral sensation because patients with functional
abdominal pain are reported to have a lower urinary excretion of 6-sulphatoxy melatonin and to exhibit a circadian rhythm of lower amplitude compared with healthy
controls[21].
Melatonin might be a candidate for IBS treatment
based on the following considerations: (1) melatonin has
analgesic effects which may help to alleviate abdominal
pain and influence the sensation of abdominal distention
in IBS patients; (2) melatonin has regulatory effects on
gastrointestinal tract motility and sensation which may
improve the bowel habits and alleviate abdominal pain
or distention in IBS patients; (3) melatonin could have
a sleep promoting effect which may useful to treat the
sleep disturbance of IBS patients; and (4) melatonin has
mood regulation and anti-stress effects which could help
alleviate the abnormal psychological parameters observed
in IBS patients. Thus, we believe that melatonin might
serve the several aspects of IBS treatment strategy because it targets not only the psychological component,
i.e., stress, anxiety, depression and sleep disorder but also
the peripheral elements of abnormal bowel sensation and
motility. Below we examine the possible mechanisms of
melatonin in the treatment of IBS.

MELATONIN IN GASTROINTESTINAL
TRACT

PHARMACOLOGY OF MELATONIN

Melatonin is produced by enterochromaffin cells of
the digestive mucosa. There is higher concentration of
melatonin in the gastrointestinal tract than the blood or
the pineal gland. The finding that the concentration of
melatonin in the gastrointestinal tissues surpasses that in
the blood by 10-100 times[11] suggests that melatonin may
play an important role in the digestive system. Circadian
variation of gastrointestinal (GI) melatonin does not appear to be controlled by photoperiodicity (like the pineal
gland), but by eating and food composition. A sharp
increase in the content of melatonin in GI tract tissue
and circulation in response to food intake was reported
in volunteers[12,13]. Melatonin played several pivotal local intestinal functions: (1) Regulation of GI motility:
Melatonin exerts both excitatory and inhibitory effects
on gut smooth muscles. The precise mechanism through
which melatonin regulates gastrointestinal motility is still
not very clear. Small doses of melatonin accelerated the
intestinal transit in rats, while high doses reversed this effect[14]. In one study focusing on gastric emptying, melatonin partially inhibited gastric motility by activating sympathetic neurons. In the stomach, melatonin also reduces
nitrergic myenteric innervation[15]; (2) Anti-Inflammatory
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Melatonin is commonly given orally though it also can
be given via intravenous, intranasal or transbuccal routes.
Melatonin is readily absorbed when it is administered via
any route. It crosses all morphophysiological barriers, e.g.,
blood-brain barrier and placenta, with ease.
The absorption and bioavailability of melatonin varies widely. When given by mouth, peak melatonin concentration occurs within an hour and serum half-life is
approximately 35-50 min[22]. Because of its fast clearance,
regular melatonin formulations can produce physiological
levels for only 2-4 h[23]. The typical dose range in studies of melatonin’s effects on sleep disturbance has been
between 0.3-5 mg, with 2-3 mg commonly being used.
Ingested melatonin that did not undergo first-pass metabolism in the liver is eventually metabolized, mainly in
the liver. After conjugation with sulfuric or glucuronic
acid, it is excreted by the kidneys. A single night-time
dose is cleared by the following morning. Legal availability of melatonin varies in different countries from over
the counter in United States to prescription only in other
countries. It is categorized by the United States Food and
Drug Administration as a dietary supplement. Melatonin
treatment has an extremely wide margin of safety though
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it may cause minor adverse effects, such as headache, rash
and nightmares. Studies of human subjects given varying doses of melatonin (1-6.6 g/d) for 30-45 d did not
reveal abnormalities at the end of the test period except
drowsiness[24,25]. However, in a placebo-controlled trial using 3-6 mg of melatonin for eight weeks on IBS women,
drowsiness only happened in a minority of participants
and there was no difference between the groups[26,27]. Lu
et al[26] also showed that baseline saliva melatonin levels
were lower in IBS compare to normal control and oral
melatonin supplement was able to increase the level of
melatonin in the saliva.

and depression. Psychological distress and major life
events are frequently present in IBS. The most common comorbid psychiatric disorders seen in IBS patients
include anxiety disorders (panic and generalized anxiety
disorder), depression, somatoform disorders and phobic
disorders[50-52]. Compared with healthy controls, patients
with IBS are observed to have higher scores for anxiety,
depression, hostile feelings, sadness and interpersonal
sensitivity[53-55]. In United States, Whitehead et al[56] reported a prevalence of 30.5% for depression and 15.5%
for anxiety state in IBS patients. IBS symptoms are often
exacerbated by psychological stress. In Hong Kong, Generalized Anxiety Disorder was five times more common
among IBS patients than non-IBS control[57].
Melatonin is documented to have a possible role in
regulation of mood disorders, such as anxiety and depression, both of which are often caused by certain acute or
chronic stress events[52,58]. Many studies reported decreases in nocturnal melatonin concentrations in depressed
patients, compared with controls[19,59]. Antidepressant
therapy has been reported to restore the circadian melatonin rhythm in depressive patients[60]. It was observed
that most melatonin treated women reported a general
improvement in mood and a significant mitigation of depression[61]. Reduction of nocturnal melatonin peak has
been observed in depressed patients in most studies and
an increase in nocturnal melatonin levels has been found
in patients during treatment with desipramine[52,62].
Clinical studies in IBS patients with melatonin had
mixed result when it comes to depression and anxiety. Two studies in Singapore using 3 mg of melatonin
showed that there was no difference in depression and
anxiety score in subjects taking melatonin compared to
placebo[23,63]. Another study in India showed improvement of psychological well-being and mood in the treatment group taking 3 mg of melatonin for 2 wk, however,
the details of psychological parameters were not provided[24].

WHAT ARE THE PUTATIVE SITES OF
ACTION OF MELATONIN IN IBS?
Sleep promoter
Besides the bowel symptoms, sleep disturbance is commonly observed in patients with IBS, it being reported
to occur in 26%-55% of IBS patients[28-30]. Although the
cause and effect association is not clear, there is some
evidence supporting the “bad bowels cause bad dream”
hypothesis[31-36] including the finding that IBS patients
have more frequent rapid eye movement (REM) sleep a sleep phase that is characterized by arousal - than nonREM sleep[37,38]. IBS patients were also found to have
higher rapid eye movement latency[34,39]. IBS patients with
sleep dysfunction were also found to have abnormal
physiological threshold of pelvic muscles. IBS patients
had a significantly lower threshold volume for urge and
anal sphincter pressure for maximal squeeze as compared
with those without sleep dysfunction[40].
It has been suggested that melatonin has a sleep promoting effects by cueing circadian rhythms and thus indirectly promoting sleep[41]. In addition, melatonin was also
suggested to have a role in direct promotion of sleep[42].
Currently, there is a general agreement that melatonin is
probably not a direct soporific or hypnotic compound[43].
Rather, the most commonly proposed mechanism for
melatonin to induce sleepiness relates to its effects on
the circadian clock, i.e., it “opens the sleep gate”[44] and
also it slightly reduces body temperature which promotes
sleep[45]. Clinical trials in healthy volunteers have shown
that exogenous melatonin accelerates sleepiness probably via thermoregulatory mechanisms [46]. Melatonin
has these effects over a wide range of doses, ranging
from physiological (250 μg) to pharmacological (1-10
mg) levels[40]. Besides the above effects of melatonin on
sleep in healthy subject or animals, many clinical trials
and reviews have shown that melatonin may exert sleep
promoting effect in a number of circadian rhythm sleep
disorders[20,47-49].

Antinociceptive action of melatonin
The clinical finding that patients suffering less from pain
during the night when melatonin level is higher led to
the suggestion that melatonin has a possible analgesic
effect. This suspicion was supported by the finding that
pinealectomy abolished such dark phase analgesia[64] and
that it could be restored using melatonin replacement[65].
However, the mechanism of the analgesic effects of melatonin is still not clear at present. It may include complex
interactions among melatonin, opioidergic system and
melatonin receptors. Met-enkephalin and beta-endorphin
are two endogenous opioids involved in the regulation of
pain sensitivity in hypothalamus. The levels and circadian
rhythmicity of these two opioids changed in rats that received pinealectomy[66,67]. This may imply that the change
in the brain concentration of these endogenous opioids
could be a mechanism for the mediation of the melatonin induced modulation of pain sensitivity. However, a
recent study found that melatonin exerts its analgesic actions not by binding to opioid receptor subtypes but by

Brain-gut interaction: mood enhancer
Patients with IBS often complain of a wide variety of
symptoms apart from GI symptoms, which may not
necessarily originate from the GIT but from central abnormal psychological conditions such as stress, anxiety
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Table 1 Placebo-controlled studies: treatment effect of melatonin in irritable bowel syndrome patients
Ref.

Subjects (total,
age, IBS Criteria)

IBS subtypes

Treatment vs
control

Song et al[63],
2005, Singapore

40, 20-64 years old, 14 IBS-C, 18 20 (3 mg, bedtime,
ROME Ⅱ IBS (with IBS-D, 8 IBS-A
2 wk) vs 20
sleep disturbance)
Placebo
Lu et al[26],
17, 41+/-14 years
N/A
12 (3 mg bedtime
2005, Singapore old woman, ROME
for 8 wk) vs 12
Placebo
Ⅱ IBS
Saha et al[27],
18, 18-65 years old,
N/A
9 (3 mg bedtime
2007, India
ROME Ⅱ IBS
for 8 wk) vs 9
Placebo
Chojnacki et al[72], 80, 48-65 years old 40 IBS-C, 40 40 (3 mg morning,
2013, Poland
woman, ROME Ⅲ
IBS-D
5 mg bedtime for 6
IBS
mo) vs 40 placebo

Pain Bloating/ Motility Sleep Psycho- Overall
distention
logical IBS score
Yes4

No

No

No

No

N/A

Yes5

Yes5

No1

No

No

N/A

Yes

Yes

Yes

N/A

Yes

Yes2

N/A

N/A

Yes3

N/A

N/A

Yes3

Outcome
Decreased abdominal
pain and increased pain
threshold
Effective in improving
bowel symptoms in
female IBS patients
Improved overall IBS
score, extracolonic score
as well as QOL
Improved visceral pain
and abdominal bloating
for IBS-C patients

1

CTT significantly prolonged in control subjects. Only a trend of prolonging CTT in IBS patients; 2Improved overall IBS score (45% vs 16.66%, P < 0.05); 3Significant result only for IBS-C, the intensity of visceral pain and abdominal bloating had decreased in 70% of patients (P < 0.01) and constipation in 50% of
patients (P < 0.05); 4melatonin taken for two weeks significantly decreased mean abdominal pain score (2.35 vs 0.70; P < 0.001) and increased mean rectal pain
threshold (8.9 vs 21.2 mmHg; P < 0.001); 5The improvement in mean ± SD. IBS symptom score was signiﬁcantly greater after treatment with melatonin (3.9 ±
2.6) than with placebo therapy (1.3 ± 4.0, P = 0.037 The beneﬁcial effects of melatonin were most marked in symptoms such as abdominal plain, abdominal
distension and abnormal sensation of defecation. CTT: Colonic transit time; N/A: Not available; IBS: Irritable bowel syndrome; QOL: Quality of life.

Table 2 Placebo-controlled studies: side effects of melatonin in irritable bowel syndrome patients
Ref.

Subjects (total, age, IBS criteria)

Dosage, frequency,
duration

Sleepiness

GI side effect

Others

Lu et al[26], 2005, Singapore

17, 41+/-14 years old woman,
ROME Ⅱ IBS
18, 18-65 years old, ROME Ⅱ IBS

3 mg bedtime for 8 wk

1 × Daytime sleepiness (both
treatment and placebo group)
1 × Drowsiness (both groups),

Nil

Nil

Nil

80, 48-65 years old woman, ROME
Ⅲ IBS

3 mg morning, 5 mg
bedtime for 6 mo

Nil

Nil

1 decreased
libido
2 fatigue, 1
vertigo

Saha et al[27], 2007, India
Chojnacki et al[72], 2013,
Poland

3 mg bedtime for 8 wk

IBS: Irritable bowel syndrome; GI: Gastrointestinal.

duration of investigation also differ from 2 wk to 6 mo.
Chojnacki et al[72] used a twice a day dosing in their study
with 3 mg in the morning and 5 mg at night for 6 mo.
However, there was no increased sleepiness or gastrointestinal side effects reported (Table 2). There was a variety of outcome measures from overall IBS score to quality of life. Lu et al[73] examined the effect of melatonin
on colonic transit time (CTT) and found that melatonin
increased CTT in both control and IBS patients, but only
the result in control subjects was significant statistically.
In other hand, Chojnacki et al[72] showed that with 6 mo
treatment with melatonin, 50% of IBS-C patients showed
improvement of constipation. However, all studies had
consistently showed improvement in abdominal pain for
IBS patients. Song et al[63] also reported increase of rectal
pain threshold after 2 wk of melatonin treatment. Finally, Saha et al[27] showed that the overall improvement in
quality of life score was 43.63% in melatonin group and
14.64% in placebo group.

binding to its own receptors and increasing the release of
beta-endorphin[68]. Another study also showed that of the
three other subtypes of melatonin receptors identified,
i.e., Mel1, Mel2 and Mel3, only Mel2 receptor is involved
in the analgesic activity of melatonin [69]. Importantly,
this anti-nociceptive effect may be unrelated to and independent of the sleep-inducing effects of melatonin,
as was demonstrated in the study by Song et al[63], where
melatonin was found to increase rectal pain thresholds
but had no significant effect on sleep. Human studies
have shown that melatonin is a hormone with potential
therapeutic use for treatment of diseases with pain. Melatonin was documented to be effective in treating many
types of headache, such as chronic cluster headache and
migraines[70,71].
All these evidence support the belief that melatonin
is involved in the modulation of pain and has analgesic
effects. However, its potential as a therapeutic agent for
treatment of diseases with pain still needs to be further
investigated.

CONCLUSION AND THE FUTURE FOR
MELATONIN IN IBS

Outcomes in placebo-controlled studies
Placebo-controlled studies in melatonin suffered from
heterogeneity in methodology (Table 1). Most studies utilized 3 mg at bedtime as the standard dose of trial. The
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It is still unclear how melatonin may be useful and its
mode of action in IBS patients. Current available evi-
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dence showed that it is likely to be useful in battling the
pain and increasing pain threshold in IBS patients. Different dosing as well as treatment period of melatonin
should be studied. Melatonin is a relatively safe drug that
possesses potential in treating IBS. Its attractiveness also
stem from its relative low cost to the patients. Future
studies should focus on melatonin effect on gut mobility especially in IBS-C patients as well as its true central
nervous system effect in view of high placebo rate often
observed in IBS patients.
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treating intractable subjects. Probiotics of multi-species
preparations are safe and worth to be considered for
the treatment. Antibiotics are promising but their longterm safety and effectiveness are unknown. Diet therapy including exclusion of certain food constituents is an
economic measure. Using relatively safe complementary
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Abstract

Key words: Antispasmodics; Biopsychosocial dysfunction; Comorbidity; Genetics; Irritable bowel syndrome;
Microbiota; Probiotics; Visceral hyperalgesia

Irritable bowel syndrome (IBS) is common in the society. Among the putative pathogeneses, gut dysmotility
results in pain and disturbed defecation. The latter is
probably caused by the effect of abnormal gut water secretion. The interaction between abnormal gas accumulation, abdominal pain and bloating remains controversial. Visceral hypersensitivity and its modification along
with the central transmission are the characteristics
of IBS patients. The identification of biologic markers
based on genetic polymorphisms is undetermined. Imbalanced gut microbiota may alter epithelial permeability
to activate nociceptive sensory pathways which in turn
lead to IBS. Certain food constituents may exacerbate
bowel symptoms. The impact of adult and childhood
abuses on IBS is underestimated. Using the concept
of biopsychosocial dysfunction can integrate multidimensional pathogeneses. Antispasmodics plus stool
consistency modifiers to treat the major symptoms and
defecation are the first-line drug treatment. New drugs
targeting receptors governing bowel motility, sensation
and secretion can be considered, but clinicians must
be aware of their potential serious side effects. Psychiatric drugs and modalities may be the final options for
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Core tip: Irritable bowel syndrome (IBS) is common
in the society. Patients with this disorder have a poor
quality of life with severe impact on their social and
economic burdens. Its pathogenesis remains evolutional, involving biological, psychiatric and social factors.
Therefore, the biopsychosocial dysfunctional model has
attempted to integrate all the above mentioned mechanisms in order to understand how IBS can develop under such complex interaction. Since the etiology of IBS
is heterogeneous, the currently recommended treatments are multidisciplinary and also individualized, e.g. ,
using different classes of drugs, psychiatric measures,
probiotics and antibiotics, dietary therapy, and finally
complementary and alternative medicines.
Chang FY. Irritable bowel syndrome: The evolution of multidimensional looking and multidisciplinary treatments. World J
Gastroenterol 2014; 20(10): 2499-2514 Available from: URL:
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Social: Family
background, beliefs,
learning, culture,
support, imitation,
illness behaviors

INTRODUCTION
Irritable bowel syndrome (IBS) is an essential member
of the functional gastrointestinal disorder (FGID) family.
According to the globally accepted Rome Ⅲ definition, it
is characterized by chronic and recurrent abdominal pain/
discomfort associated with disturbed defecation[1,2]. As a
functional disorder, IBS definition remains evolutional
over recent decades. For example, the Manning criteria
released in 1978 are just to identify IBS. The later released
Rome Ⅰ-Ⅲ criteria are broadly to diagnose all FGIDs
including IBS. Now the Rome Ⅳ criteria are undergoing
preparation but not formally announced[3]. Regarding various criteria, a review indicated that the Manning criteria
are the most valid and accurate, whereas the Rome Ⅲ
criteria are not valid and are poorly adopted, especially for
clinical trials[4]. It is also controversial whether abdomen
pain is virtually required to diagnose IBS. For example,
constipation-predominant IBS (IBS-C) and functional
constipation are two exactly distinct FGIDs because the
latter lacks obvious abdominal pain, but a study indicated
that their discrepancy was not easily to detect since marked
overlapping was observed between the two conditions[1,5].
Accordingly, an expert meeting recommended that current
criteria to diagnose IBS need further revision, particularly
the significance of abdominal bloating should be included
and the pain component is best to de-emphasize[6]. Overall, IBS is common in the society with worldwide prevalence ranging from 5% to 15%[3,7-10]. The reported IBS
prevalence is determined by a number of factors including
subject gender, used criteria, questionnaires, study methods, locations, geographical characters, cultural and social
backgrounds, and ethnicity[3,8,9,11]. Clinically, IBS is not only
confined to the colon but may also extend to other organs
and systems since IBS individuals usually have multiple
comorbidities such as dyspepsia, gastro-esophageal reflux
disease, interstitial cystitis, fibromyalgia, chronic fatigue,
insomnia, headache/migraine and psychiatric disturbances[12-18]. Owing to the commonly associated somatic comorbidities and high level of psychiatric disturbances, IBS
subjects often have absenteeism, reduced quality of life
(QoL) and multiple healthcare seeking behaviors, which
lead to great social and economic burdens[13,16,19-21]. Because IBS is a functional disorder with multi-dimensional
looking, current IBS management is towards multidisciplinary approaches[1,7,22-24]. The purpose of this review
attempts to introduce what are the updated pathogeneses
and managements of IBS based on the multi-dimensional
looking and multidisciplinary approaches.

Psychological:
Mood, abuses,
copying, anxiety,
depression,
somatization,
cognitive disorder

IBS manifestations, behaviors and outcomes

Figure 1 Three-axis cogwheel system to illustrate how biopsychosocial
dysfuntion can integrate many putative pathogeneses leading to irritable bowel syndrome. The irritable bowel syndrome (IBS) clinical manifestations, disease behaviors and future outcomes are also under the impact of
this dysfunction.

of the defects involving biological, chemical, physical,
environmental, economic, cultural, moral, and spiritual
events, particularly these defects may interact with each
other and lead to IBS. Overall, these mechanisms can be
simply categorized into three major issues in terms of
biological defects, psychological disturbances and social
impacts[1,25]. In order to illustrate and understand why a
disease or disorder will develop under the complex interaction involving many mechanisms, the framework of
a biopsychosocial model has been introduced to unify
biological, psychological and social issues together to
indicate their final interaction[25]. Figure 1 briefly depicts
that the original existence of any defects among three
categories during the early life and adolescent period may
initiate biopsychosocial interaction and the following IBS
symptoms.
Alternatively, genetics- or environment-determined
biological defects at any level of neural control and
modulation of gut motility, digestion, sensation, endocrine, secretion and immune functions may result in IBS
symptoms, while the psychological disturbances which
are closely related to a number of social impacts such as
early life abuses, stresses, social learning, and copying patterns are able to trigger neuroimmune reactions via the
brain-gut axis and lead to exacerbated IBS symptoms[25].
Most importantly, the biopsychosocial model is characterized by bi-directional causality and feedback. Accordingly,
any adolescent modification coming from the biological, psychological and social impacts manifests different
levels of symptoms, behaviors and outcomes of IBS in
adulthood, while their symptomatic manifestations are
in turn to modify the existent psychological and social
events[1,25-27]. This is why many associated comorbidities
are reported among IBS subjects. Interestingly, the biopsychosocial model is not only confined to the IBS but

PATHOGENESIS OF IBS
Biopsychosocial model
Current mechanisms to address IBS pathogenesis consist
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order defined by the Rome Ⅲ criteria[25], it is debatable
what is the demarcation between IBS and functional
anorectal disorder. Overall, colonic dysmotility probably
exists in certain, but not all IBS patients. Using various
colon motility measurements to diagnose IBS may be
unreliable.

also adopted in many pain related disorders such as migraine, tension headache, chronic fatigue syndrome, and
fibromyalgia[28,29]. Thereafter, a concept of central sensitivity syndromes is proposed to unite these comorbidities
that apparently share the same biopsychosocial dysfunction[30,31]. Although the unified biopsychosocial model can
help easily to understand how IBS will develop under this
interaction, the individual pathogeneses are worthy of
being introduced before their final integration.

Gut water secretion
Gut water component has been a main factor to determine hard or loose stool. IBS subtypes are traditionally
classified by the predominant stool pattern. Alternatively,
it means that the gut water secretion in IBS subjects may
be different. Unlike other mechanisms that are extensively evaluated, only a few studies have addressed this issue. For example, a rat IBS model study pointed out that
the fecal water content was lower in IBS-C rats, whereas
an excessive secretion existed in the IBS-D group[45]. The
densities of some peptides mediating gut motility, secretion and sensation, e.g., serotonin, peptide YY, pancreatic
polypeptide, enteroglucagon, somatostatin, etc. were obviously reduced in human IBS colon. It looks to mean that
the abnormal gut water secretion is one of components
leading to IBS[46]. In addition, using lubiprostone with the
ability to increase gut water secretion in softening stool
for IBS-C subjects appears to support the role of gut
water secretion in IBS[47]. Overall, the abnormal gut water
secretion should not be forgotten as a candidate of IBS
pathogeneses.

Motility disorders
Based on the predominant defecation pattern, various
IBS subtypes are traditionally defined[1]. Accordingly, it
is reasonable to speculate that bowel dysmotility may
result in IBS, particularly the disordered defecation. For
instance, abnormal small intestinal motility was indicated
to lead to IBS in some subjects[32]. In addition, rapid small
intestinal transit among the diarrhea-predominant IBS
(IBS-D) subjects and delayed transit in IBS-C subjects
were reported[33,34]. Using ingested radiopaque markers
to count scattering index representing small intestinal
transit, another study pointed out the same transit among
three categories in terms of IBS-C, IBS-D and control
subjects[35]. Accordingly, observed small intestinal dymotility is likely to exist in certain IBS subjects, but the intraand inter-individual variations in motility measurements
limit their interpretation of small intestinal dysmotility in
clinical usefulness[36].
Defecation is a complex event involving the coordination of colon transit, high amplitude propagated contractions (HAPC) and pelvic floor synergia while the integrated central (CNS), autonomic and enteric nervous systems
(ENS) are virtually required to mediate their correct process[37-39]. Abnormal colon motilities have been observed
among IBS subjects. For example, the total colonic transit
time in IBS-D patients measured by ingested radiopaque
markers was prolonged after pinaverlum bromide treatment. The effectiveness of this agent to treat IBS-D
appears via correction of abnormal colon transit[40]. Similarly, a radiopaque study confirmed again that Japanese
IBS-D subjects had accelerated colon transit compared
to controls, whereas those in IBS-C subjects and controls
were the same[35]. Left colonic segmentation pressure
waves and HAPC were altered among some non-IBS-C
patients[41]. Besides, certain IBS-C patients had delayed
total colon and right segmental transit[42]. Like small intestinal transit, it is concluded that abnormal colon transit
probably exists in some, but not all IBS subjects, because
IBS is heterogeneous in its pathophysiology.
Regarding the autonomic nervous activity, IBS-D
subjects manifested an enhanced adrenergic sympathetic
dominance compared with controls and IBS-C subjects, while this dominance was likely the effect of vagal
withdrawal rather than true enhancement[43]. As one of
mechanisms leading to functional constipation, pelvic
floor dyssynergia was also observed in some non-IBS-D
patients[34,44]. Since pelvic floor dyssynergia obviously
overlaps with the spectrum of functional anorectal dis-
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Bowel gas
Both abdominal bloating and fullness are common
among IBS subjects. Therefore, abnormal bowel gas
accumulation may account for these annoying symptoms[6]. Unfortunately, bowel gas studies report conflicting results. An earlier study did not find abnormal
bowel gas accumulation among the very limited IBS like
subjects[48]. In contrast, IBS patients had impaired transit
and tolerance to the loading of intestinal gas[49]. A Japanese study pointed out the excessive bowel gas volume
among IBS subjects. However, neither symptoms nor
subtypes correlated well with abnormal bowel gas accumulation[50]. This means that other factors apart from
bowel gas may be responsible for the bloating symptom.
Alternatively, bloating symptom is additionally associated with visceral hypersensitivity and delayed transit, and
the impaired gas handling may be observed in some, but
not all IBS subjects[51].
Visceral hypersensitivity
Abdominal pain has been a key component of IBS. It is
expected that visceral hypersensitivity may account for
IBS. Studies using rectal balloon distension repeatedly
confirmed that IBS subjects have diminished threshold
and exaggerated painful severity to balloon distension[41].
Accordingly, visceral hypersensitivity appears a candidate
of biological hallmark to diagnose IBS[52]. In fact, hypersensitivity among IBS subjects is not only confined to the
colon but also extends upward to CNS[53-55]. For example,
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abnormal activation of certain brain regions following
painful rectal stimulation confirmed the altered processing of afferent signals along the brain-gut axis[54]. Visceral
hypersensitivity is additionally modified by the gender,
peptide, immune and emotional factors[14,25,56,57]. The central projection and modulation of visceral pain are complex, and many transmitted tracts have not been clearly
revealed. It is believed that prefrontal lobe may modulate
the neural activities coming from limbic and paralimbic
regions, anterior cingulate cortex, and hypothalamus,
which in turn down modifies the activities of descending
inhibitory and facilitatory pathways through the periaqueductal gray and pontomedullary nuclei. The neuronal
activities among these cortico-limbic pontine networks
can coordinate the final perception of cognitional and
emotional impacts on the visceral pain and discomfort in
IBS subjects[56,58].
Based on the neuroimage technique, IBS subjects
were observed to have long-term micro-structural brain
changes, particularly the regions integrating sensory information and cortico-thalamic modulation[59]. These
observed brain structural changes among IBS patients
appear to challenge the concept of IBS as a functional
disorder without existing structural abnormality. The
altered functional connectivity between brainstem painmodulating circuits and cortical-limbic centers suggests a
bi-directional interaction between pain and mood. Interestingly, this dysfunctional pain network not only exists in
IBS but also is observed among other comorbidities, e.g.,
migraine, fibromyalgia, anxiety disorders, etc.[60]. Allodynia
is a pain condition originated from a stimulus, which does
not normally provoke pain. Alternatively, it is a central
hypersensitivity phenomenon with diminished threshold
to triggers[61]. Apart from visceral hypersensitivity, IBS
subjects also had cutaneous allodynia following a number
of repetitive nociceptive thermal stimuli[62,63]. Overall, the
broadly existing somatic, visceral and central hypersensitivities support why IBS patients always have multiple
somatic and psychiatric comorbidities.

biological, psychological and social events. Of mitochondrial dysfunctions and associated DNA sequence variants of maternal inheritance, 60% were related to bowel
dysfunction, whereas 16% were probable non-maternal
inheritance. This suggests that defective mitochondrial
energy metabolism among matrilineal relatives probably
leads to FGIDs including IBS[68]. Overall, genetics may be
a factor leading to IBS, but environmental and learning
factors are also involved.
There are numerous peptides/substances and their
corresponding receptors that are involved in IBS pathogenesis. Their roles are mainly to mediate gut motility,
sensation, permeability, secretion and immune response.
The most frequently addressed peptides include 5-hydroxytyptamine (5-HT), cholecystokinin, glucagon-like
peptide, somatostatin, neuropeptide Y, endocannabinoid,
vasoactive intestinal polypeptide, corticotropin releasing
hormone (CRH), etc.[1,7,23,41,46,69-72]. For example, the fact
that 5-HT related agonists and antagonists have been
developed effectively to treat either IBS-C or IBS-D patients strongly suggests that certain peptide dysfunction
is one of important mechanisms leading to IBS[1,7,23]. Second, human IBS colon was observed to have low densities of gut peptides including serotonin, peptide YY, pancreatic polypeptide, enteroglucagon, somatostatin, etc.[46].
Third, CRH has been a main mediator of stress response
in the brain-gut axis, while IBS is believed a dysfunctional
brain-gut link which can be exaggerated via CRH related
stress[71].
Peptide abnormalities among IBS subjects are sometimes genetically determined. Accordingly, variation of
genotypes or polymorphisms among those genes governing peptide synthesis and metabolism, mucosal ion
channel functions, reuptake of neurotransmitters and
their optimal functioning in receptors, and inflammation
susceptibility may account for the IBS phenotypes and
symptomatic severity[73]. Some genetic polymorphisms
have been identified in relation to IBS even with impacts
on the therapeutic response, e.g., CRH-R1 gene polymorphism of TT genotype of rs7209436 and rs242924
among Japanese IBS patients, SS genotype of serotonin
reuptake transporter polymorphism among Indian C-IBS
subjects, mitochondrial adenosine triphosphate 6 and
8 polymorphisms among Chinese IBS-D patients, and
serotonin transporter promoter genetic polymorphisms
influencing response to alosetron therapy among American IBS-D patients[74-77]. Current IBS candidate genes
consist of serotonin transporter (SLC6A4), norepinephrine transporter (NET), alpha-2A-adrenergic receptors
(ADRA2A), interleukin-10 (IL-10), G protein β3 subunit
(GNβ 3), sodium channel (SCN5A), etc.[78]. Regarding
genes controlling inflammation, a meta-analysis indicated
that high producer IL-10 (-1082 G/G) polymorphism
diminishes the IBS risk in the European IBS population, whereas tumor necrotic factor (TNF) (-308 G/G)
polymorphism increases IBS susceptibility and TNF
(-308 G/A) polymorphism decreases IBS susceptibility in the Asian IBS population[79]. Overall, IBS genetic

Genetics
Twins are an ideal model to resolve whether genetics
or environmental factor is essential to determine IBS in
a family. Unfortunately, the results of twin studies are
conflicting. Concordance for IBS was significant among
monozygotic (17.2%) twins compared to dizygotic
(8.4%) twins[64,65]. In contrast, similar prevalences were
reported between monozygotic (17%) and dizygotic
(16%) twins [66]. A meta-analysis based on twin studies further indicated that heritability is more significant
among migraineurs (50%) compared to IBS subjects
(25%)[67]. It means that both environmental factors and
learning behaviors, rather than the heredity only, are the
necessary determinants leading to IBS. This viewpoint
confirms again that IBS is most likely the final result of
biopsychosocial dysfunction involving the interaction of
genetically determined biological and psychological factors and exposed environmental factors coming from
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ing to abdominal pain and changed bowel habits, which
correlate well with IBS symptoms[88,89]. In addition, psychological stress and activation of Toll-like receptors are
also involved in the neuroimmune response among these
subjects[56,57]. Besides, antibiotic therapy reduced stress
induced visceral hypersensitivity, enhanced bacterial wall
adherence and increased luminal s-IgA levels in dysbiotic
mice[90]. Considered together, emotional stress, gut microbiota and host immune system interact with each other to
respond with altered bowel motor, sensory and secretory
functions observed among IBS subjects.

polymorphism studies are criticized with drawbacks of
very limited case number, inconsistent results, lack of
reproducibility, heterogeneous nature of IBS, etc., while
no single gene is globally confirmed to be responsible
to IBS[80]. Nevertheless, genetic polymorphisms or pharmacogenetics open a door using an optimal substance to
treat appropriate subjects via proper genetic mapping in
the future.
Gut microbiota and immunity
Human fetus is initially sterile before birth and begins to
be infected by many microorganisms since birth through
the contact with external environment, while the human
immune system is gradually maturing to adapt and tolerate the challenge of exposed microorganisms. Among
organs with microorganism residence, the colon owns
the most number of resided microorganisms[81]. In fact,
the colon microbiota provides numerous physiologic
events, namely, supplying energy, nutrient accessibility
including short-chain fatty acids, enhancing immune and
normal homeostasis, influencing organ development such
as morphogenesis of the bone and visceral organs, and
even the host metabolism[81,82]. Regarding their clinical
impact, inflammatory bowel disease has been the consequence of uncontrolled and imbalanced gut microbiota
with altered defense system, permeability and immune
response[83]. Similarly, dysfunctional gut microbiota may
activate mucosal innate immune responses, which in turn
increase epithelial permeability, activate nociceptive sensory pathways, dysregulate the ENS, and finally lead to
various FGIDs including IBS. For example, a 16S rRNAbased microbiota profiling study demonstrated both
quantitative and qualitative changes of mucosal and fecal
gut microbiota among IBS subjects[84]. Second, Japanese
IBS subjects had much higher counts of Veillonella and
Lactobacillus than controls, while the products of microbiota such as acetic acid, propionic acid and total organic
acids were also significantly higher among these subjects[85]. Third, the methanogenic flora in North Indian
IBS patients measured via lactose hydrogen breath test
was lower compared to controls and this observation was
suggested to be the nature of flatulence among them[86].
Apart from the suggested alteration in brain gut
axis functions, colonic immunological changes such as
chronic and low-grade immune activation are reported
among IBS patients. The mediators released by these immune responses may have an impact on the functions
of gut mucosal permeability and nerves, leading to the
further closed interaction between the immune system
and the brain gut axis and finally the observed IBS symptoms[87,88]. For example, post-infectious IBS is to address
a phenomenon that previous enteritis may be followed
with IBS symptoms, particularly the IBS-D seen months
later[89]. Briefly, these patients have excessive numbers and
increased activation of mucosal immune cells including
mast cells and lymphocytes. In addition, releasing factors
such as proteases, histamine, and prostanoids attenuate
permeability and activate abnormal neural response, lead-
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Food
The experience of certain food ingestion and its following abdominal symptoms are common among the
population. For example, acute chili ingestion aggravated
abdominal pain and burning symptoms of FGID subjects[91]. Regarding the self-reported food elicited bowel
symptoms of IBS subjects, most of them believed that
certain diets such as beans, apple, flour, and plum could
trigger bowel symptoms, particularly those foods rich
in carbohydrates, fat, and biogenic amines such as milk,
wine and pork, while women reported more intolerable
food items than men[92]. On the other hand, an objective
study indicated that IBS patients did not consume different food calories and constituents, but they usually tried
to avoid diets rich in fermentable oligo-, di-, monosacharides, and polyols (FODMAP), and their diets often contained low contents of calcium, magnesium, phosphorus,
vitamin B2 and vitamin A[93]. Regarding the relationship
between ingested food and gut microbiota composition, a
recent study observed that IBS subjects consuming a restriction diet with a lower content of fermentable shortchain carbohydrates for 4 wk had adequate relief of
bowel symptoms, while the concentration and proportion
of luminal bifidobacteria were diminished together[94]. In
summary, food owing to its certain components seems
to be a factor leading to IBS, but the food intolerance of
IBS subjects does not mean food allergy.
Abuse and separation
Childhood abuses including sexual issue are the significant worldwide health burden. For example, abuse
has been a main risk factor leading to health problems
including shaken baby syndrome and behavioral regression during the developmental period, while its longterm risks consist of mental health disorders, substance
use disorders and chronic physical complains in the later
adult life[95]. Unfortunately, both physical and sexual
abuses are common and underestimated among IBS
patients[96]. In addition, these victims often manifest severe pain perception, psychological distress, and poorer
health outcome[97]. Their perceptive pattern was already
centrally confirmed via advanced neuroimage to show an
enhanced nociception[98].
Early life trauma is able to increase future visceral
pain perception. Accordingly, maternally separated neonatal rodents are used to create a model to study the
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Table 1 Potential drugs and measures to treat irritable bowel syndrome
Category

Functions

Antispasmodics
Antidiarrheals
Laxatives
Bulking agents
Receptor targeted
new drugs

Psychiatrics

Probiotics
Fecal transplantation
Anti-inflammation
Antibiotics
Miscellaneous

Food
Complementary and
alternative medicine

Examples

Antagonists of muscarinic receptors and
calcium channels of smooth muscle
Agonists of μ-opioid receptors
Osmotic, stimulant
Water binding to increase stool bulk
Agonists and antagonists of 5-HT
Chloride channel activators
Agonists of GC-C
Antagonists of NK1 receptors
Agonists of κ-opioid receptors
Agonists of α2 adrenergic receptors
Antagonists of CCK1 receptors
Agonists of somatostatin receptors
Tricyclic antidepressants
SSRIs
Psychotherapy

Cimetropium bromide, dicyclomine, hyoscine butylbromide, mebeverine, otilonium
bromide, peppermint oil, pinaverium bromide, trimebutine maleate
Loperamide
Bisacodyl, lactulose, magnesium citrate, magnesium sulfate, polyethylene glycol
Methylcellulose, psyllium, wheat bran
Alosetron, cilansetron, naronapride, prucalopride, ramosetron, tegaserod
Lubiprostone
Linaclotide
Ezlopitant, TAK 637
Asimadoline
AGN-203818, clonidine, solabegron
Loxiglumide
Octreotide
Amitriptyline, desipramine, doxepin, imipramine, trimipramine
Citalopram, fluoxetine, paroxetine, venlafaxine
Biofeedback, cognitive behavioral therapy, dynamic psychotherapy, hypnotherapy,
relaxation training
To balance gut microbiota
VSL-3, lactobacilli, bifidobacteriae
Living microbiota supplement
Through nasogastric tube, enema or colonoscopy
Mast cell stabilizers, PAR-2 blockers TRPV Capsazepine, GB88, ketotifen, RN1734
receptor type 1 and 4 blockers
To inhibit gut microorganisms
Neomycin, rifaximin
Antinociceptive substance
Melatonin
Bile acid sequestrant
Cholestyramine
To diminish inflammation?
Diosmectite
To absorb bacteria and enterotoxins?
To enhance immunity?
Kiwifruit
Mysterious
Acupuncture, aromatic therapy, ginger, herb drugs, holistic medicine, homeopathy,
massage, reflexology

5-HT: 5-hydroxytryptamine; CCK: Cholecystokinin; GC-C: Guanylate cyclase C; NK: Neurokinin; PAR: Protease-activated receptor; SSRIs: Selective
5-hydroxytryptamine re-uptake inhibitors; TRPV: Transient receptor potential vanilloid.

relationship between early life stress, visceral sensation
and depression related disorders including IBS. It was indicated that water avoidance stress increased pain perception and activated somatosensory cortex, periaquaductal
gray and hippocampus in the maternally separated rats[99].
In addition, maternally separated rats had significantly increased 5-HT content after colorectal distension[100]. This
model also pointed out that the colon of maternally separated rats had elevated circulating levels of interleukin-6
in addition to gut dysfunction[101]. Considered together,
neonatal maternal separation appears a stress in rats with
exacerbated neurochemical, inflammatory responses, and
visceral hyperalgesia in the colon and CNS comparable to
IBS subjects. It is of interest whether the neonatal separation story does truly happen in the society leading to
IBS. A study to explore the childhood events among IBS
adults confirmed that loss and separation during childhood, in the current family and conflicted or dependent
maternal relationships were common among some IBS
patients[102]. In summary, avoidance of any kind of childhood abuses is necessary to demolish future adult onset
of IBS, FGIDs and psychiatric events.

tients and clinicians has been emphasized to increase the
treatment satisfaction and diminish utilization of health
care sources[23,103]. In fact, the development of active
drugs to exhibit an efficacy greater than placebo in treating heterogeneous IBS is not easily to achieve, because
IBS subjects often experience an excellent efficiency up
to 40%-50% to placebo treatment[23,104]. Psychologically,
placebo effect is believed the total response of treating
expectancy, repetitive administration named conditioning
and a non-specific psychological effect supported from
givers. Now the placebo effect could be well confirmed
in the brain via functional neuroimage[54]. Table 1 summarizes the multidisciplinary approaches that are optional to
treat IBS.
Antispasmodics
Antispasmodics that can block muscarinic receptors and
calcium channels of gut smooth muscle cells have been
the oldest drugs to treat IBS for decades because of disturbed bowel motility and its effect on abdominal pain
are commonly observed among these patients[1,23,34,105,106].
Unfortunately, their effectiveness and recommended evidence are not fair owing to the trial drawbacks including
different IBS definitions, limited case number, inappropriate end-points, evaluation methods, dosing, duration,
side effect recording, etc.[3,23,106]. Apart from hyoscine
butylbromide, the only available antispasmodic in United

TREATMENT OF IBS
With regard to IBS treatment, patient-centered approach
with a strong and effective communication between pa-
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before the prescription[23].

States, other marketed antispasmodics include dicyclomine, mebeverine, pinaverium, otilonium bromide, peppermint oil, trimebutine maleate, etc.[1,2,23,39,106-108]. Overall,
a meta-analysis indicated that antispasmodics are beneficial for IBS patients when abdominal pain is the predominant symptom of subjects attempted to treat[109]. Based
on their long-term marketing, antispasmodics remain the
first-line drugs to treat IBS but their probable anticholinergic side effects are best to warn before the prescription.

Receptor targeted drugs
Since the end of last century, new drugs targeting receptors known to have pharmacological effects on IBS have
been emerging. Of them, 5-HT related drugs including
agonists and antagonists are most promising because their
efficacies over placebo were critically evaluated based on
the high quality controlled trials and finally approved by
the authorities[23,106]. For example, IBS-D can be treated
using alosetron and cilansetron which have antagonistic
activity on 5-HT3 receptors to delay bowel transit, reduce
colonic tone and HAPC, blunt gastrocolic reflex and decrease visceral sensation, particularly with obvious therapeutic effect among female patients[7,23,117,118]. Nevertheless, this group should be used with very caution because
of the possibility of serious side effects including severe
constipation and ischemic colitis. Now they are only
restricted to female IBS-D patients when conventional
therapies have failed[7,23,106]. Ramosetron is another potent
and selective 5-HT3 receptor antagonist that can attenuate abnormal colonic function and abdominal pain in
experimental animals. Clinical studies conducted in East
Asia confirmed its benefits on abdominal pain/discomfort and bowel habits in both male and female IBS-D patients, but it also had side effect of hard stool. Until now,
no ischemic colitis was reported based on a small number
of cases exposed to it[23,119].
Regarding IBS-C treatment, tegarserod and prucalopride showed an agonistic activity on 5-HT4 receptor-mediated release of 5-HT from mucosal enterochromaffin
cells, which promotes ascending excitatory contraction
and descending inhibitory relaxation to enhance bowel
motility through a series of chain reactions. Apart from
attenuating visceral hypersensitivity, these agonists owing
to different affinities with 5-HT4 receptors may account
for variable prokinetic potentials and side effects[120-123].
Clinically, 5-HT4 agonists diminish bloating and abdominal pain/discomfort with the improved satisfaction to
defecation concerns such as stool consistency and straining[23,106,124]. Unfortunately, tegaserod was withdrawn due
to serious cardiovascular adverse events. It is indicated
that nonselective 5-HT4 agonists such as cisapride and
tegaserod may interact with human ether-à-go-go related
cardiac potassium channels to have the chance of causing
heart arrhythmia, whereas selective 5-HT4 agonists such
as prucalopride and naronapride are believed to have
cardiovascular safety[123]. Tegaserod was reintroduced in
United States in 2007 under a limited and restricted using for women younger than 55 years and not at risk for
cardiovascular events[23,123]. It remains uncertain whether
prucalopride can effectively treat IBS-C as tegaserod,
although its efficacy was confirmed among functional
constipation subjects[106]. Renzapride is a substance to
own both activities of 5-HT4 agonist and 5-HT3 antagonist, and its development for IBS-C patients was halted
because of the disappointing limited effects in a phase Ⅲ
trial[23].

Antidiarrheals, laxatives and bulking agents
Disordered defecation has been another concern of IBS
subjects and normalization of defecation via various approaches such as antidiarrheals for IBS-D and laxatives or
bulking agents for IBS-C is recommended[1,23,106]. Regarding the IBS-D treatment using loperamide, it is a synthetic opiate derivative with an agonistic effect on μ-opioid
receptors but scant opioid CNS effects. Its antidiarrheal
effect comes from directly simulating gut water absorption and is further augmented by an antisecretory activity mediated by calmodulin antagonism, a property not
shared by other opioids[110]. Loperamide appears the only
antidiarrheal recommended to treat IBS-D during the
acute or chronic diarrhea[1,7,106,110,111]. Earlier trials already
supported its efficacy over placebo in treating stool consistency, urgency, borborygmi and abdominal pain[112,113].
However, a meta-analysis pointed out that it seems to reduce diarrhea but does not relieve abdominal pain among
IBS subjects[109].
Laxatives have long been recommended to treat the
constipation concern of IBS-C subjects[1,23,106]. Surprisingly, laxatives are not well evaluated whether they do
have effectiveness in treating IBS-C, because most clinical
experiences are adopted from those of functional constipation treatments. Only a small-scaled study pointed
out that polyethylene glycol vs placebo improved stool
frequency but not ameliorated abdominal pain among
IBS-C subjects[114]. Until now, the evidence to recommend
laxatives in treating IBS-C remains controversial[23,106].
Bulking agents including natural and artificial fibers
are also recommended to treat constipated subjects including IBS patients. Basically, unabsorbed soluble agents
such as psyllium and polycarbophil are dissolved and
fermented in colon water to form a gel in turn to shorten
colon transit time and to stimulate defecation, whereas
insoluble agents such as corn fiber and wheat bran have
limited change in gut, but they increase fecal mass to
help defecation[115]. Reported trials indicated a limited
benefit for constipation and no effect to attenuate other
IBS symptoms[116]. Furthermore, a meta-analysis did not
support its efficacy in treating IBS symptoms including
stool frequency, abdominal pain and bloating[109]. According to the types of bulking agents, another meta-analysis
pointed out that soluble fibers improve global symptoms,
whereas insoluble fibers even exacerbate the clinical outcome[23,115]. As fermentable substances, the commonly
reported side effects of bulking agents such as bloating,
abdominal distension and flatulence are best to inform
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Lubiprostone is a newly approved drug available in
United States, United Kingdom and Japan to treat constipated subjects including IBS patients. It is a synthetic
bicyclic fatty acid derivative of prostaglandin E1 with the
ability to stimulate cystic fibrosis transmembrane conductance regulator (CFTR) dependent chloride channels of
enterocytes to increase small intestinal secretion of fluid,
mucin and electrolytes and finally to improve bowel functions including defecation[23,46,125]. Lubiprostone is safe
and effective to treat constipated subjects, but it has some
side effects, with nausea being the most common, followed by diarrhea, abdominal pain, bloating, and even the
very rare events of dyspnea and ischemic colitis[23,126,127].
Similarly, linaclotide was marketed in United States
and Europe to treat severe constipated patients including
IBS patients in 2012[128]. It is a synthetic 14-amino-acid
peptide of guanylate cyclase C (GC-C) agonist mainly to
increase intestinal fluid secretion and gut transit. Unlike
lubiprostone, linaclotide first activates GC-C receptors
on the luminal surface of enterocytes to enhance intraand extracellular levels of cyclic guanosine monophosphate and in turn promote CFTR to secrete chloride and
bicarbonate into gut lumen to improve defecation. Interestingly, the activation of GC-C receptors also diminishes visceral pain[23,128,129]. Clinically, linaclotide improves
abdominal pain/discomfort, bloating and the defecated
symptoms of straining, incomplete defecation and stool
consistency of IBS-C patients. Meta-analyses confirmed
its superior efficacy over placebo to treat IBS-C and
functional constipation[128,130,131]. The most common side
effect of linaclotide has been severe diarrhea (20%), thus
subjects with a tendency to water and electrolyte imbalance are not indicated. Until now, its long-term safety has
not been established yet[128,129,131].
Currently, many new drugs targeting the specific receptors responsible for motility, visceral sensation, gut
secretion, neuroimmune and brain-gut axis are being developed to treat IBS. Basically, the key factors in terms of
clear mechanisms involving whole pathophysiology, good
oral bioavailablity, no CYP dependent metabolism, best
once daily, least interaction with food and other drugs,
no unwanted metabolites, long-term maintenance ability,
good safety records and so forth may determine whether
these new drugs can be accepted to treat IBS[132]. Because
too many new drugs are under development, only a few
examples are briefly introduced here. First, TAK 637 is
a selective antagonist of smooth muscle neurokinin 1
receptors that activate intestinal muscle contraction. This
agent reduced rabbit abdominal contractions induced
by colorectal distension via inhibition of neurokinin 1
receptors, mainly located in the spinal cord, and it also
reduced colonic transit and defecation in a Mongolian
gerbil IBS model. Unfortunately, its development was
halted because of serious side events that occurred in
two animal species[133]. Second, opioid kappa receptors
are located on the cholinergic terminals of ENS with the
ability to inhibit cholinergic transmission and gut motility.
Asimadoline, an agonist of these receptors, reduces gut
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wall neurotransmitter releasing to exhibit both analgesic
and anti-diarrheal effects[7,132,134]. A recent phase Ⅲ trial
on IBS-D patients observed excellent results to treat
pain and defecation related concerns such as frequency,
urgency and bloating[134]. Third, clonidine initially used
to treat hypertension with the commonly reported constipation side effect is a α2 adrenergic receptor agonist.
It increased colonic and rectal compliance, and reduced
tone, pain, gas sensation and rectal urgency of healthy
subjects[135]. A trial also indicated its effect on IBS-D patients with reduced abdominal pain, satisfactory relief of
global IBS symptoms and improved disturbed defecation
in spite of side effects of drowsiness, dizziness and dry
mouth[132,136]. Owing to the obvious CNS effects, clonidine is apparently unable to treat IBS. Other adrenergic
agonists such as AGN-203818 and solabegron with the
purpose to treat IBS are undergoing evaluation[23].
Psychiatric approaches
Severe and intractable IBS patients who fail conventional
therapy may consider the psychiatric approaches such
as anxiolytic agents, antidepressants, cognitive behavioral therapy, dynamic psychotherapy and even hypnotherapy[1,23,106,137]. According to the recommendations,
antidepressants are only indicated when abdominal pain
is the main concern. Its benefits are likely the central antinociceptive effect plus bowel effect[23,106]. When treating
IBS patients using either tricyclic antidepressants (TCAs)
or selective 5-hydroxytryptamine re-uptake inhibitors
(SSRIs), their symptomatic subtypes should be considered. For example, SSRIs such as paroxetine decrease
orocecal and whole gut transit times in IBS-C patients.
In contrast, TCAs such as imipramine prolong orocecal and whole gut transit times in IBS-D patients[138].
Meta-analyses indicated that IBS global symptoms are
improved using both TCAs and SSRIs no matter its subtypes while SSRIs are more tolerable than TCAs owing to
their obvious prokinetic effect, but their long-term safety
remains unknown[23,106]. Other psychiatric measures are
also recommended to treat intractable IBS. Overall, the
drawbacks of these non-drug approaches include expert
dependence, being unable to have blinding studies, methodological deviation and scant clinical experiences among
most gastroenterologists. Nevertheless, experts recommended its good global symptom improvement and less
adverse events[1,23]. It may be employed to severe and
intractable subjects when all available and conventional
treatments have failed.
Probiotics and antibiotics
Since an abnormal composition of gut microbiota exists among IBS patients, modification of gut microbiota
components through exogenous supplement or inhibition of them using antibiotics appears promising to treat
IBS patients[81,139]. Probiotics prepared as empiric base of
“immune-boosting and health-enhancing” for century
are live microbial supplements in attempt to improve gut
microbial balance[81,140]. Pharmacologically, the benefits
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of probiotics consisting of anti-pathogenic ability via
secretion of bacteriocins, acidification of the colon by
fermentation, anti-inflammation to protect gut mucosa,
alteration of mucosal response to stress, barrier enhancement, immune-modulating effects, and inhibition of
visceral hypersensitivity justify their use to treat IBS[141,142].
Unfortunately, the worldwide probiotic preparations
are not standardized. The most commonly used strains
and species include Streptococcus thermophilus, Lactobacillus
rhamnosus Lc705, Bifidobacteria, Lactobacillus rhamnosus GG,
L., Bifidobacterium animalis ssp., Lactis Bb12, and non-pathogenic yeasts such as Saccharomyces boulardii. However, no
two preparations are the same and the extrapolation of
therapeutic responses from one to another may be problematic[23,142,143]. It was indicated that probiotic cocktail
had potent anti-inflammatory properties of suppressing
mucosal inflammation and restoring cytokine balance[143].
Overall, probiotics are safe without serious side effects
but the benefit magnitude and the most effective species
or strains are undetermined. Multi-species preparations
are probable the best to treat IBS[23,84,143-145].
Live fecal microbiota transplantation is an incredible approach to treat various bowel diseases including
inflammatory bowel disease, Clostridium difficile infection
and even IBS. The fecal content can be administered via
nasogastric tube, enema and colonoscopy[146]. Limited
data indicated that constipated patients treated with colonoscopically delivered fecal microbiota had immediately
improved defecation, bloating and abdominal pain[147].
It is unknown whether it is applicable to IBS-C subjects.
Apart from microorganism supplement, new drugs targeting colonic low-grade inflammation are being developed, e.g., mast cell stabilizer, transient receptor potential
vanilloid receptor type 1 and 4 blockers, protease-activated receptor 2 blockers, etc. It appears too early to predict
their chance of success[7,132].
Antibiotics provide another route to treat imbalanced
gut microbiota. For example, rifaximin has been proved
in several non-diarrhea IBS controlled trials to improve
global symptoms, abdominal pain, dysfunctional defecation and bloating[23,148,149]. Regarding IBS-C patients, neomycin treatment improved global symptoms and constipation. The success of this treatment depended upon the
presence and post-treatment elimination of methane[150].
Owing to the chronic and recurrent nature of IBS, the
effectiveness and safety of long-term or repeated use of
antibiotics to treat IBS remain controversial.

ing hydrogen production to exaggerate the bowel symptoms of Australia IBS patients, thus avoidance of this
food constituent is recommended[151]. Food elimination
towards IgG antibodies in certain IBS patients effectively
reduced bowel symptoms[152,153]. Interestingly, kiwifruit
is a natural remedy to own laxative ability, particularly
among the elderly population[154]. A study found that 4-wk
kiwifruit consumption diminished colon transit time,
increased defecation frequency, and finally improved the
bowel function of IBS-C subjects[155]. Since kiwifruit may
support the immune function to reduce the occurrence
and severity of flu-like illness, it is unknown whether its
efficacy to treat IBS is relevant to enhanced gut immunity[156]. Overall, the restriction of certain diets may be
recommended to all IBS patients, but the routine use of
food restriction or supplement without an appropriate
drug therapy may not be perfect.
Miscellaneous agents
The intensity of pain perception is usually lower during
the night dark hours when blood melatonin level is higher. Consequently, melatonin is considered an antinociceptive substance with the mechanisms broadly involving
opioid, benzodiazepine, α(1)- and α(2)-adrenergic, serotonergic, cholinergic and melatonergic (1) and (2) receptors[157]. A short-term oral melatonin treatment improved
abdominal pain, distension and abnormal defecation
sensation in female IBS patients, whereas the defecation
frequency and stool consistency were not affected[158].
Bile acid malabsorption is common among chronic diarrhea subjects and even IBS-D patients. A meta-analysis
indicated that this event might be underestimated since
about a third of IBS-D patients had moderate to severe
bile acid malabsorption[159]. This may explain why cholestyramine is recommended to treat IBS-D patients[1,160].
Mesalazine was observed to reduce the number of mast
cells and the subsequent release of mediators and diminish gut permeability and sensitivity in IBS patients, thus
a large-scale mesalazine trial is undergoing in an attempt
to know whether it can treat IBS-D patients. The final
results are expected toward the end of 2013[161]. Diosmectite is inorganic aluminomagnesium silicate clay with
a strong adsorbent ability. It is used to treat acute watery
diarrhea based on the suggested mechanisms to diminish
inflammation and mucolysis, to modify mucus rheologic
and to adsorb bacteria, enterotoxins, viruses and other
potentially diarrheogenic substances[162]. With regard to
IBS treatment, diosmectite diminished abdominal pain
and bloating intensity in IBS-D patients, but its effect on
the disturbed defecation was not observed[163].

Food therapy
Food restricted approaches such as avoidance of FODMAP items and individual evaluation of the effects of
protein-, fat- and carbohydrate-rich/poor diets are recommended to reduce some IBS symptoms[84,93,94]. Likewise, a fermentable short-chain carbohydrates restricted
diet significantly improved IBS symptoms of United
Kingdom patients[94]. In contrast, another study indicated
that dietary manipulation of poorly absorbed short-chain
carbohydrates increased total amount of gut gas includ-
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Complementary and alternative medicines
Traditionally, complementary and alternative medicines
(CAM) is a medical practice not belonging to the current
conventional medicine with therapeutic effects determined by the cultural, ethnic, social, religion, education
and economic backgrounds. The CAM theories are markedly deviated from the conventional medicine in terms of
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heterogeneity, disease mechanisms, diagnostic approaches, therapeutic measures, judging efficacies, etc.[164,165].
Now herb drugs based on Chinese, Indian, Ayurvedic,
and Tibetan preparations, acupuncture, aloes, aromatic
therapy, ginger, homeopathy, probiotics, peppermint oil,
reflexology, massage, colon irrigation, holistic medicine,
aromatherapy, Qi gong, bioelectromagnetic field therapy,
etc. are categorized as CAM[166]. Interestingly, certain CAM
members have been acknowledged by the conventional
medicine to treat IBS, e.g., probiotics and peppermint oil.
Clinically, many IBS patients do seek CAM before
they encounter clinicians[167]. Herb drugs are the most
often used but their effects are conflicting. In fact, the
therapeutic effects of herb drugs are very hard to evaluate
and compare each other since they are criticized with the
drawbacks of mixture of variable botanical components,
neither purified nor quality control, lack of preclinical animal study, unique preparation as family secret, publication
bias, no reported adverse events, absent negative reports,
etc.[23,168]. For instance, a trial conducted on Australian Caucasians with IBS indicated the very promising effect over
placebo in relieving bowel symptoms even after discontinuation[168]. In contrast, herb mixture to treat Chinese
IBS patients residing in Hong Kong did not reveal any
benefits judged by global symptom and individual bowel
symptoms[169]. It is unknown whether certain herb drugs
claimed effective to treat IBS have the true pharmacological effect or just enhanced placebo response.
Acupuncture is a well-known old Chinese traditional
medicine. Basically, it exhibits the physiological impacts
on neural, humoral, opioid and serotonegic pathways with
the effects of normalized motility, inhibited acid output,
antinociceptive effect, reduced rectal hypersensitivity and
altered 5-HT functions[170-172]. Acupuncture looks promising to treat FGIDs including IBS. Apart from Chinese
studies, the effects of acupuncture to treat IBS among
Western people are conflicting. For example, 10 weekly
acupuncture sessions compared to placebo procedure for
United Kingdom IBS patients reduced their symptomatic
severity and its efficacy even persisted over a 1-year period[173]. Another study using 3-wk true acupuncture and
cross-over with another 3-wk sham procedure conducted
on United States IBS patients did not support its superiority over sham procedure to treat the global symptom
and symptomatic intensities[174]. Overall, meta-analyses
repeatedly indicated that acupuncture has no effect to the
general wellbeing, individual bowel symptoms and QoL
of IBS patients[175-177]. Finally, NICE guidance also does
not recommend using acupuncture to treat IBS[178].
Homeopathy is popular among the CAM. Unlike conventional medicine, it means that “a substance is capable
of inducing a series of symptoms in a healthy living system, and low doses of the same substance can cure these
symptoms under certain circumstances”[179]. Homeopathy
is claimed effectively to treat IBS. Now a three-arm trial
based on 5 sessions of true homeopathic treatment plus
usual care vs placebo-homeopathy plus usual care vs usual
care alone is undergoing in United Kingdom and the final
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result is expected to resolve whether homeopathy is truly
effective to treat IBS[180]. Regarding IBS patients who
failed all conventional treatments, CAM may be considered as a supplement or alternative with expected efficacy
equal to enhanced placebo effect if they do not have any
intolerable or serious side effects.

CONCLUSION
Current Rome Ⅲ criteria-based diagnosis of IBS remains to have limitations, particularly the differentiation
from constipation. It probably needs the resolution of
coming new criteria. Since IBS is heterogeneous based
on the multidimensional pathogeneses, using biopsychosocial dysfunction is effectively to integrate all old and
emerging IBS pathogeneses in terms of gut dysmotility, abnormal gut water secretion and gas accumulation,
visceral hypersensitivity, impaired mucosal permeability,
dysfunctional brain-gut axis, genetic abnormalities, disturbed gut microbiota and immune system, psychological disturbances, impacts from food and various abuses,
etc. Now multidisciplinary approaches using drugs with
different mechanisms of action, imposing psychiatric
measures, giving probiotics and antibiotics, possessing
diet therapy, and CAM treatment, can be considered individually to treat the major clinical symptoms and other
associated concerns.
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Core tip: The prevention of hepatic fibrosis and the
reversal of cirrhosis are now achievable objectives in
the management of chronic liver disease. Conventional
immunosuppressive, anti-inflammatory, and anti-viral
therapies can accomplish these outcomes by reducing
liver damage, suppressing hepatic inflammation, and
eliminating etiological agents, but they do so inconsistently and indirectly. The continuing clarification of profibrotic mechanisms affords opportunities to design
site-specific, anti-fibrotic interventions. Anti-oxidants
and angiotensin inhibitors have shown promise as adjunctive anti-fibrotic agents in preliminary human studies, and they exemplify a genre of interventions that
are likely to influence future management strategies.

Abstract
Chronic liver inflammation drives hepatic fibrosis, and
current immunosuppressive, anti-inflammatory, and anti-viral therapies can weaken this driver. Hepatic fibrosis
is reversed, stabilized, or prevented in 57%-79% of
patients by conventional treatment regimens, mainly by
their anti-inflammatory actions. Responses, however,
are commonly incomplete and inconsistently achieved.
The fibrotic mechanisms associated with liver inflammation have been clarified, and anti-fibrotic agents
promise to improve outcomes as adjunctive therapies.
Hepatitis C virus and immune-mediated responses can
activate hepatic stellate cells by increasing oxidative
stress within hepatocytes. Angiotensin can be synthesized by activated hepatic stellate cells and promote the
production of reactive oxygen species. Anti-oxidants (N acetylcysteine, S -adenosyl-L -methionine, and vitamin
E) and angiotensin inhibitors (losartin) have had antifibrotic actions in preliminary human studies, and they
may emerge as supplemental therapies. Anti-fibrotic
agents presage a new era of supplemental treatment
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INTRODUCTION
Hepatic fibrosis is commonly preceded by chronic inflammation[1,2], and persistence of this inflammation has
been associated with progressive hepatic fibrosis and the
development of cirrhosis[3]. Chronic viral hepatitis and
autoimmune hepatitis are chronic inflammatory diseases
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sion of adhesion molecules[35], and the presentation of
antigens to T lymphocytes and natural killer T cells[36].
These enhanced inflammatory and immune-mediated
responses can promote hepatocyte necrosis and apoptosis and thereby strengthen and perpetuate the stimuli for
fibrogenesis[23,37-40].
Myofibroblasts have a contractile property that is
signaled by the expression of α-smooth muscle actin[41].
They are derived from hepatic stellate cells and from
portal mesenchymal cells, and their origin may reflect
the nature of the liver injury and the microenvironment
within the liver. The transition between hepatic stellate
cells to myofibroblasts involves signaling pathways, such
as Notch and Hedgehog, which modulate the epithelialto-mesenchymal cell transition[42]. Hepatic stellate cells
can be deactivated, and a mesenchymal-to-epithelial cell
transition can occur which reverts the myofibroblast
to an inactive hepatic stellate cell[42]. This inactive cell
remains primed for reactivation, and it may be more responsive to recurrent fibrogenic stimuli than its original
quiescent state[41-45]. Deactivation of the hepatic stellate
cells terminates fibrogenesis and facilitates regression of
the extracellular matrix[43].
The activated Kupffer cells can promote hepatic fibrogenesis by releasing cytokines and chemokines that
stimulate the hepatic stellate cells[1,2,23] (Figure 1). The
Kupffer cells can also release reactive oxygen species,
nitric oxide, and chemotactic proteins that promote hepatocyte injury and nurture the inflammatory response.
Nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase can stimulate the production of reactive oxygen
species in hepatic stellate cells, macrophages and hepatocytes[46,47], and the resultant oxidative stress on the hepatocytes can damage deoxyribonucleic acid (DNA), induce
apoptosis, promote the expression of pro-inflammatory
genes, enhance fibrogenesis, and possibly trigger malignant transformation[47,48]. Inducible nitric oxide synthase
(iNOS) can promote hepatocyte toxicity by increasing
the production of nitric oxide, and the nuclear factor
kappa-light-chain enhancer of activated B cells (NF-κB)
can modulate the production of iNOS and the oxidative
stress reaction[49]. The net consequence of these diverse
interactive cellular and molecular mechanisms is to perpetuate and extend the tissue injury and enhance the accumulation of the extracellular matrix of collagen[50].
The overproduction and accumulation of collagens
Ⅰ and Ⅳ, procollagen Ⅲ, and elastin occur early in liver injury, and metalloproteinases that are directed at the different
types of collagen are activated to degrade the depositions
and maintain stability of the matrix[23,50] (Figure 1). Tissue
inhibitors of the metalloproteinases are also expressed
to counter-regulate the degradation process[50,51]. They
may also induce expression of the anti-apoptotic protein,
Bcl-2, and thereby enhance survival of hepatic stellate
cells[23,52]. Maturation of the collagen matrix depends
mainly on lysyl oxidases that cross-link the collagen fibrils
and increase the resistance to degradation[50,53].
Prevention or reversal of hepatic fibrosis depends

of the liver that exemplify this progression, and studies
have indicated that prompt and sustained suppression of
inflammatory activity by eliminating the etiological agent
(virus)[4-10] or dampening the immune response (lymphocytic proliferation and infiltration)[11-15] can halt and
even reverse the fibrotic process. The current treatments
of chronic liver inflammation were not designed to be
anti-fibrotic[9,14], but the success of these treatments in
achieving this effect can be measured in prolonged survival and possibly a reduced occurrence of hepatocellular carcinoma[10,16-21].
The molecular pathways that link chronic liver inflammation with progressive hepatic fibrosis continue to be
clarified, and this evolving knowledge affords opportunities to directly target the fibrotic process[22-24]. Current
conventional treatments that are focused on elimination
of an etiological agent or putative immune-mediated
mechanism may be supplemented in the future by agents
that diminish oxidative stress, dampen hepatic stellate
cell activation, reduce myofibroblast proliferation, and
increase degradation of the extracellular matrix[22-24]. The
challenges are to characterize the disease-specific mechanisms of fibrogenesis, establish the safety and efficacy
of the anti-fibrotic interventions in a timely fashion, and
incorporate them into conventional treatment regimens.
Highly selective, site-specific, anti-fibrotic therapies
are unlikely to replace current treatments for the chronic
inflammatory liver diseases, and their eventual emergence
into clinical practice is best envisioned as a supplemental
therapy[22-24]. Novel anti-fibrotic treatments must have
actions that are additive to the anti-inflammatory and immunosuppressive properties that are already possessed by
the conventional treatments.
The objectives of this review are to describe the
mechanisms by which liver inflammation can stimulate
hepatic fibrosis, discuss the putative anti-fibrotic properties of the conventional drug regimens used in the treatment of the chronic inflammatory liver diseases, detail
the clinical efficacy of these current regimens, and assess
the prospect of ancillary anti-fibrotic therapies.

HEPATIC INFLAMMATION AS A DRIVER
OF HEPATIC FIBROSIS
Liver inflammation is commonly associated with hepatocyte necrosis and apoptosis[1,2,23]. These forms of liver cell
injury initiate a sequence of events that is independent
of the etiological basis for the inflammation and can
result in hepatic fibrosis. Apoptotic bodies derived from
the damaged hepatocytes can activate quiescent hepatic
stellate cells and Kupffer cells, and these activated cell
populations can in turn promote inflammatory and fibrogenic responses[1,2,23] (Figure 1). Transforming growth
factor beta 1 (TGFβ1), platelet-derived growth factor,
and endothelial growth factor can induce the activated
hepatic stellate cells to transform into myofibroblasts[25-33].
The activated hepatic stellate cells can also increase the
production of inflammatory chemokines[34], the expres-
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Figure 1 Activation and de-activation pathways of hepatic fibrosis. Hepatic inflammation triggered by virus infection or immune-mediated mechanisms can initiate fibrogenesis by inducing apoptosis of hepatocytes. The released apoptotic bodies can activate quiescent hepatic stellate cells and transform them into myofibroblasts under the mediation of transforming growth factor beta 1 (TGFβ1), platelet-derived growth factor (PDGF), and endothelial growth factor (EGF). The activation
process is fueled by the release of lipid droplets (autophagy). The apoptotic bodies from the damaged hepatocytes can also stimulate Kupffer cells to generate reactive oxygen species (ROS) and nitric oxide (NO) by inducible nitric oxide synthase (iNOS). The ROS in turn can enhance hepatocyte apoptosis and continue the activation of hepatic stellate cells. Kupffer cells can also release ROS, cytokines and chemokines that contribute to the transformation of quiescent hepatic stellate cells to
myofibroblasts. The myofibroblasts can also generate ROS and increase oxidative stress on hepatocytes by the nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase pathway and promote hepatic inflammation by enhancing the expression of pro-inflammatory cytokines, adhesion molecules, activated T lymphocytes, and
natural killer T (NKT) cells. The myofibroblasts generate the extracellular matrix which can be cross-linked by lysyl oxidases and rendered resistant to degradation by
metalloproteinases (MMP). The reversibility of the extracellular matrix depends in part on the cross-linkage of collagen fibrils and the counterbalance of activities between MMP and MMP inhibitors. Myofibroblast activity can be attenuated by the down-regulation of anti-apoptotic genes which then favor myofibroblast apoptosis and
the expression of the peroxisome proliferator-activated receptor-gamma (PPARγ) gene which may contribute to hepatic stellate cell inactivation. Inactivated stellate
cells are different from quiescent hepatic stellate cells in that they are “primed” to have a low threshold for reactivation by TGFβ1.

myofibroblasts[59,60]. Clarification and potentiation of the
signaling pathways that modulate these various actions
can have therapeutic relevance.
Hepatic inflammation initiates fibrogenesis by promoting hepatocyte necrosis and apoptosis, sustains
fibrogenesis by activating hepatic stellate cells and
Kupffer cells, and maintains itself by the actions of proinflammatory cytokines and chemokines that influence
the trafficking of inflammatory and immune cells within
the liver[1,2] (Figure 1). The deposition of extracellular
fibrillar collagen is the net result of these diverse and
counter-regulated actions, and the degradation of this
matrix becomes more formidable after cross-linkage of
the collagen fibrils[61]. Diverse interactive and counter-regulatory mechanisms strive to maintain homeostasis, and
current anti-inflammatory and immunosuppressive regi-

on signaling pathways that influence the apoptosis of
myofibroblasts, inactivation of hepatic stellate cells, and
degradation of extracellular matrix (Figure 1). Myofibroblast apoptosis has been associated with the downregulation of anti-apoptotic genes[44,45]; the peroxisome
proliferator-activated receptor-gamma (PPARγ ) gene has
been associated with sustained quiescence of hepatic stellate cells and possibly their inactivation[45,54,55]; and metalloproteinases have degradative and fibrogenic properties
that are counterbalanced[23,56,57]. Autophagy connotes the
lysomal degradation of non-vital or dysfunctional cellular components, and these products can provide energy
sources that maintain cell survival[58]. Hepatic stellate cells
release lipid droplets (retinyl esters and triglycerides) during their activation, and this manifestation of autophagy
may provide the energy necessary for their transition to
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Table 1 Anti-fibrotic actions and clinical outcomes of the conventional drug regimens
Conventional therapies
Anti-viral agents

Corticosteroids

Cyclosporine
(calcineurin inhibitors)
Azathioprine

Mycophenolate mofetil

Ursodeoxycholic acid

Possible anti-fibrotic actions

Clinical outcomes

Prevent viral activation of HSC[72,74]
Limit viral induction of ROS[74]
Reduce HSC proliferation[72]
Decrease pro-inflammatory signals[74]
Reduce TGFβ1 and procollagen[72-74]
Decrease lymphocyte recruitment[75]
Inhibit NF-κB by stimulating IκB[85]
Deplete pro-inflammatory factors[86]
Decrease adhesion molecules[84,87]
Increase lymphocyte apoptosis[88]
Reduce production of ROS[49]
Suppress metalloproteinase inhibitors[90]
Decrease TGFβ1 activity[91-93]
Impair activation of HSC[94]
Reduce cytokines and growth factors[162]
Decrease lymphocyte proliferation[97,162]
Inhibit TGFβ and interleukin-4[164]
Deplete purine-based nucleotides[98-100]
Impair lymphocyte proliferation[98]
Increase lymphocyte apoptosis[105,106]
Deplete NK cells[107]
Suppress pro-inflammatory genes[108]
Inhibit lymphocyte proliferation[112,113]
Increase lymphocyte apoptosis[112,113]
Decrease adhesion molecules[112,113]
Inhibit fibroblast proliferation[114]
Reduce iNOS production[112,113]
Limit apoptosis of hepatocytes[138]
Decrease oxidative stress[139]
Reduce TGFβ1 signaling in HSC[140]

No fibrosis at 96 wk in 68%[7]
Less fibrosis after SVR in 33%[9]
Fibrosis stable in non-responders[6,9]
Reversal of cirrhosis possible[10]
Fewer complications of cirrhosis[10]
Better transplant-free survival[10]
Less fibrosis in 57%[11]
Reversal of cirrhosis[12,13]
Less or stable fibrosis in 79%[14]
Inflammation increases fibrosis[3,14]
Cirrhosis survival improved[11,18,165]

Decreased hepatic fibrosis score[15]
Reduced inflammation score[15]
Conjectural anti-fibrotic effects[97]
Used mainly with steroids[97,109]
Possibly protective after relapse[110]

Unproven anti-fibrotic effects[97]

Varied anti-fibrotic effects[118,120,125]
Slows fibrosis progression[126]

BA: Bile acids; HSC: Hepatic stellate cells; IκB: Inhibitor of nuclear factor kappa B; NF-κB: Nuclear factor kappa B; NK: Natural killer; ROS: Reactive oxygen
species; SVR: Sustained virological response; TGFβ1: Transforming growth factor beta 1.

mens for the chronic inflammatory liver diseases have an
important, but imprecise, role in supporting this effort.
Interventions that target site-specific molecular pathways
implicated in the fibrotic process promise to bolster these
regimens[22-24].

indicated that the prevention or reversal of hepatic fibrosis was an appropriate goal of the conventional treatments for chronic inflammatory liver disease[3,14].
Anti-viral therapies
Treatments that eliminate the hepatitis C virus (HCV) can
impair virus-induced inflammatory, immune-mediated,
and fibrogenic responses (Table 1). The hepatitis C virus
can activate hepatic stellate cells[72,73], and viral proteins
can increase oxidative stress within hepatocytes[1,23,74] and
promote the release of pro-inflammatory chemokines[75].
The introduction of non-structural proteins of HCV
into hepatic stellate cells via an adenovirus vector can
increase the proliferation of these cells, stimulate chemokine secretion, and enhance expression of adhesion
molecules[74]. Incubation of activated human hepatic stellate cells with recombinant HCV proteins increases the
production of reactive oxygen species[1,23,74], and HCV
proteins also stimulate the secretion of TGFβ1 and the
production of pro-collagen in cultured rat hepatic stellate
cells[74].
In patients with chronic hepatitis C, the chemokines,
CCL21 and CCR7, are expressed within liver tissue, and
CCL21 is concentrated around portal tracts and lymphoid nodules[75]. CD8+ T lymphocytes isolated from the
liver of these patients are more commonly positive for

ANTI-FIBROTIC ACTIONS OF THE
CONVENTIONAL DRUG REGIMENS
Anti-viral and immunosuppressive regimens have been
the mainstays of therapy for the chronic inflammatory
liver diseases, and the prevention or reversal of hepatic fibrosis has not been their primary objective. The dynamic
nature of hepatic fibrosis had not been fully appreciated
at the time of their introduction[62,63]; assessments of
changes in hepatic fibrosis were hampered by sampling
error and observer variation in the interpretation of liver
tissue specimens[64-68]; and biomarkers more closely reflected liver inflammation than collagen deposition[69,70].
Subsequent investigations indicated that fibrosis could
decrease during anti-viral therapy for chronic hepatitis
C[4,9,10,71] and corticosteroid treatment for autoimmune
hepatitis[11,12,14,15]. Furthermore, isolated clinical studies
suggested that cirrhosis could disappear during treatment[13,14]. These experiences implicated hepatic inflammation as an important driver of liver fibrosis, and they

WJG|www.wjgnet.com

2518

March 14, 2014|Volume 20|Issue 10|

Czaja AJ. Hepatic inflammation and fibrosis

(Table 1). By reducing hepatic inflammation, the signaling pathways that trigger the production of reactive
oxygen species may be less active[49]. Metalloproteinase
inhibitors, which are stimulated by hepatic inflammation,
may be less provoked, and the degradation of fibrillar
collagens by unopposed metalloproteinases may proceed
more freely[89,90]. The expression of TGFβ1 may also be
reduced by a glucocorticoid-responsive element in the
human TGFβ 1 gene promoter[91]. Furthermore, the activation and binding characteristics of TGFβ1 may be impaired by corticosteroids[92,93]. These actions may in turn
reduce the transformation of hepatic stellate cells into
myofibroblasts[94].
The net effect of these corticosteroid actions on the
inflammatory and immune-mediated responses in autoimmune hepatitis is to limit tissue damage, reduce the
signals for fibrogenesis, and restore homeostatic mechanisms that control the extracellular matrix. The multiplicity and diversity of corticosteroid actions[82,87] and the
complexity and interconnectivity of the signaling pathways of fibrogenesis[1,2] limit the efficacy and consistency
of corticosteroids as anti-fibrotic agents[23]. Cirrhosis
is still a common consequence of autoimmune hepatitis[18,95], and corticosteroids have had variable effects on
fibrogenesis in animal models[96].

CCR7 than cells from controls, and cultured hepatic stellate cells produce CCR7 and react to CCL21 by triggering
pro-inflammatory signaling pathways that include NF[75]
κB . In this fashion, HCV can influence the intrahepatic
cytokine milieu and support inflammatory and immunemediated responses that favor fibrogenesis.
Hepatic steatosis is present in as many as 70% of
patients with chronic hepatitis C[76-78]. In those patients
infected with HCV genotype non-3, the frequencies of
steatosis and fibrosis are higher in patients with oxidative stress[78]. Hepatic steatosis is independently associated with oxidative stress, and hepatic steatosis and the
histological activity score are independent predictors of
hepatic fibrosis[78]. These findings suggest that complex
inter-dependent pathogenic pathways involving liver inflammation, oxidative stress, hepatic steatosis, and hepatic
fibrosis are interwoven in some patients with chronic
hepatitis C. Elimination of the viral agent might be the
key to interrupting this fibrogenic process.
Anti-viral therapy may be anti-fibrotic because HCV
infection promotes hepatic inflammation, immune-mediated responses, and signaling pathways that can enhance
fibrogenesis (Table 1). HCV may also directly activate
hepatic stellate cells without mediators of inflammation,
and this possibility suggests a basis for the observed
discrepancy between inflammatory activity and progressive hepatic fibrosis in some HCV-infected patients[72].
Other viral agents are not as well studied as triggers for
fibrogenesis, but the association should be broadly accepted until proven otherwise. Elimination rather than
attenuation of the viral infection should be the goal of
treatment[79].

Azathioprine
Azathioprine is a purine antagonist that has anti-proliferative, pro-apoptotic, and anti-inflammatory actions that
are complementary to the actions of prednisone and
prednisolone, and these actions may in turn strengthen
the anti-fibrotic actions of the corticosteroids[97] (Table
1). The 6-thioguanine nucleotides are the active metabolites of azathioprine, and they can impair the synthesis
of purine-based nucleotides essential in the creation of
new DNA and the proliferation of activated lymphocytes[98-102]. Intracellular signal transduction can also be
blocked by the generation of 6-thioguanine triphosphate
which in turn dampens immune cell proliferation[103].
Furthermore, the azathioprine-generated 6-thioguanine
triphosphate can interrupt a dephosphorylation pathway necessary for the activation of T lymphocytes by
antigen presenting cells[104]. These anti-proliferative actions can be complemented by pro-apoptotic and antiinflammatory actions that may also impact on the signals
for fibrogenesis.
Genes that regulate the expression of anti-apoptotic
factors are inhibited by 6-thioguanine triphosphate, and
the survival of the activated T and B lymphocytes that
mediate liver injury may be shortened[105,106]. Natural killer
cells that can contribute to an antibody-dependent cellmediated liver injury may also be depleted[107]. These
actions can reduce immune-mediated liver injury and
secondarily, the inflammatory response to tissue damage.
The 6-thioguanine nucleotides can also directly impair
the inflammatory response by dampening the expression
of pro-inflammatory genes[108].
The anti-fibrotic actions of azathioprine are conjectural and based on the putative actions of its active

Corticosteroids
Immune-mediated liver diseases are consequences of cellmediated and antibody-dependent mechanisms that are
directed against self-antigens[80,81]. Autoimmune hepatitis
lacks an etiological trigger that can be precisely targeted,
and its treatment is directed in a non-selective fashion
at putative inflammatory and immune-mediated mechanisms of tissue injury that can in turn promote hepatic
fibrosis[82] (Table 1). Prednisolone is the active metabolite
of prednisone, and it binds to a glucocorticoid receptor
within the cytosol[82,83]. This complex is then translocated
to the nucleus where it interacts with glucocorticoidresponsive genes and inhibits the production of proinflammatory cytokines[82,84].
Prednisolone also has an intracytoplasmic effect on
the activity of NF-κB by stimulating the production
of its inhibitor (IκB)[82,85]. Nuclear factors essential for
the transcription of cytokines are depleted, and proinflammatory and immune-stimulatory actions are suppressed[82,86]. These actions are augmented by a prednisolone-induced reduction in the expression of adhesion
molecules necessary for the targeting of inflammatory
and immune cells[84,85,87]. Furthermore, prednisolone enhances the apoptosis of lymphocytes, and it can thereby
interrupt an injurious immune-response[88].
Prednisolone also has broad anti-fibrotic actions
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metabolites[97] and its association with the clinical findings of reduced fibrosis in patients with corticosteroidtreated autoimmune hepatitis[14]. The preferred treatment
of autoimmune hepatitis is prednisone or prednisolone
in combination with azathioprine, and the anti-fibrotic
contributions of azathioprine to the clinical experiences
with corticosteroids can only be surmised[109]. Azathioprine (2 mg/kg daily) has been used as a long-term maintenance therapy in patients with autoimmune hepatitis
who have relapsed after corticosteroid withdrawal, but its
anti-fibrotic effects during such treatment have not been
studied[110]. The stable quiescence of the disease during
maintenance therapy with azathioprine suggests that the
drug may prevent progressive fibrosis by preventing exacerbations of inflammatory activity[110,111].

(PBC)[120] have been countered by experiences reporting no or uncertain effects of the drug on hepatic fibrosis[118,125]. Treatment of PBC with ursodeoxycholic
acid has been associated with a five-fold slower rate of
progression from early stage to advanced stage disease
compared to untreated patients[126], and the drug probably
has an anti-fibrotic effect that is manifested by the slower
progression of fibrosis. The impact of ursodeoxycholic
acid on hepatic fibrosis takes years to recognize, and the
treatment has not been associated with regression[126].
Importantly, hepatic inflammation, manifested as lymphocytic piecemeal necrosis, is an independent predictor
of progressive hepatic fibrosis in PBC[127,128], and patients
with PBC and inflammatory manifestations that resemble
those of autoimmune hepatitis respond poorly to PBCdirected therapies[129]. They have higher frequencies of
esophageal varices, gastrointestinal bleeding, ascites, and
death from liver failure or requirement for liver transplantation than patients with classical PBC[129,130], and
the presence of these inflammatory manifestations has
justified treatment regimens that combine corticosteroids
with ursodeoxycholic acid[121,131,132]. In PBC as in chronic
hepatitis C and autoimmune hepatitis, hepatic inflammation is a driver of hepatic fibrosis.
Ursodeoxycholic acid has cytoprotective, bile stimulatory, and anti-apoptotic properties in chronic cholestatic
liver disease, and its anti-inflammatory or anti-fibrotic
effects are consequences of these three basic properties[124,133]. Phospholipids in mixed micelles protect cholangiocytic membranes against damage by hydrophobic
bile acids[134], and ursodeoxycholic acid can modulate
the composition of micelles to favor the phospholipid
component[135,136]. The cytoprotective actions by this hydrophilic bile acid can in turn reduce or prevent cholangiocyte injury, portal inflammation, and the generation of
fibrogenic stimuli. Ursodeoxycholic acid also stimulates
biliary secretion of potentially toxic hydrophobic bile
acids[137], and it can thereby protect against the apoptosis
of liver cells whose death receptors would otherwise be
directly stimulated by increasing intracellular concentrations of the toxic bile acids[138].
Ursodeoxycholic acid has had anti-fibrotic effects
in a bile duct-ligated animal model[139], and it has been
found to reduce the expressions of TGFβ1, TGF type 1
receptor and other components of the signaling pathway
involved in the activation of cultured rat hepatic stellate
cells[140]. Furthermore, ursodeoxycholic acid may reduce
fibrogenesis through a pathway involved in the synthesis of glutathione which in turn may decrease oxidative
stress and the activation of hepatic stellate cells[139]. These
properties have had limited effects on hepatic fibrosis in
humans with chronic cholestatic liver disease[118,120,125,126],
and norursodeoxycholic acid, which is a homologue of
ursodeoxycholic acid, may have more potent anti-inflammatory and anti-fibrotic actions[134,141].
Norursodeoxycholic acid has a shortened side chain
which distinguishes it from ursodeoxycholic acid, and it
is resistant to conjugation (amidation) with taurine or gly-

Mycophenolate mofetil
Mycophenolate mofetil is a next generation purine antagonist that has a different metabolic pathway than azathioprine but similar anti-proliferative and anti-inflammatory
actions[97,112,113] (Table 1). The synthesis of purine-based
nucleotides is impaired by mycophenolic acid, which is
the active metabolite of the drug, and cell proliferation
is reduced by reversible, non-competitive inhibition of
inosine monophosphate dehydrogenase, the enzyme necessary for conversion of inosine monophosphate to guanosine monophosphate. Deficiencies in guanosine monophosphate can in turn dampen cell-mediated immune
responses and antibody production[97,112,113]. Furthermore,
mycophenolic acid can induce apoptosis of activated
lymphocytes, suppress the expression of adhesion molecules, decrease the proliferation of fibroblasts, and impair the production of iNOS in macrophages[97,112-114]. By
these mechanisms, mycophenolate mofetil can limit the
survival of activated lymphocytes, decrease inflammatory
activity, and reduce tissue damage mediated through nitric
oxide production. The theoretical net effects of these actions would be to reduce tissue damage and fibrogenesis
while favoring fibrinolysis by de-repressing metalloproteinases[114]. As with azathioprine, the anti-fibrotic effects
of mycophenolate mofetil are unproven and not the primary objectives of treatment with this agent[97].
Ursodeoxycholic acid
Ursodeoxycholic acid alone or in combination with corticosteroids has been an effective frontline therapy for
autoimmune hepatitis in Japan[115-117] (Table 1). In other
countries, it has been used mainly in diverse cholestatic
liver diseases as the sole drug[118-120] or in syndromes with
mixed features of autoimmune hepatitis and cholestasis
(“overlap syndromes”) in conjunction with corticosteroids[121-123]. Unlike the drugs used for chronic viral
hepatitis or autoimmune hepatitis, the principal actions
of ursodeoxycholic acid are not directed at reducing liver
inflammation by either eliminating an etiological agent or
interrupting immune-mediated pathways[124].
Experiences reporting stabilization of histological
stage in treated patients with primary biliary cirrhosis
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cine[141-143]. The unconjugated state and its shortened side
chain renders the molecule more easily reabsorbed from
bile and more rapidly re-secreted by hepatocytes[141,144].
This shunting within the enterohepatic circulation is
associated with a hypercholeresis and decreased cholangitis and fibrosis in a murine model of primary sclerosing cholangitis[141]. Biliary fibrosis in murine models of
chronic cholestatic liver disease correlate with the amount
of ductular reaction[145-147], and norursodeoxycholic acid
may attenuate this trigger for fibrosis by reducing ductular proliferation[141]. Clinical trials are needed to determine
the efficacy and safety of this intervention.

ing 1509 patients with chronic hepatitis C demonstrated
that patients who were treated with interferon alfa-2b in
combination with ribavirin or interferon alfa-2b in combination with placebo for 48 wk had little or no hepatic
fibrosis by METAVIR criteria at 96 wk more commonly
than patients receiving the same regimens for 24 wk (68%
vs 42% and 64% vs 24%, respectively)[7] (Table 1). The
frequency of a sustained virological response, the duration of anti-viral therapy, and the histological stage of
fibrosis prior to treatment were associated with the ability
to prevent progressive hepatic fibrosis[7]. The efficacy of
this treatment in limiting fibrosis was 68%.
Similar findings were reported in another study in
which 99 patients with chronic hepatitis C were treated
with interferon and ribavirin and 64 patients were treated
with interferon alone[9] (Table 1). Progression of hepatic
fibrosis, as assessed by changes in the METAVIR score
and a semi-quantitative fibrosis score, was slowed more
commonly in patients with advanced hepatic fibrosis who
achieved a sustained virological response than in the nonresponders[9]. Patients with cirrhosis at presentation who
achieved a sustained virological response decreased their
fibrosis score more commonly than non-responders (33%
vs 9%), albeit fibrosis scores did not decrease by more
than 2 points in any patient with cirrhosis. Importantly,
the non-responders had no progression of hepatic fibrosis after 12 mo of therapy, and the anti-viral treatment
may have had a protective effect even in the absence of a
virological response[9], as had been reported in an earlier
study[6].
The anti-fibrotic effects of anti-viral therapy in patients with chronic hepatitis C and cirrhosis have also
been associated with fewer liver-related morbidities and
better survival than in patients with unimproved hepatic
fibrosis (Table 1). Of 96 patients with chronic hepatitis C and cirrhosis who received anti-viral therapy, 18
patients (19%) improved from stage 4 to stage 2 by the
METAVIR scoring system after a median follow-up of
118 mo. Ten patients improved to stage 2; 7 patients
improved to stage 1, and one patient improved to stage
0[10]. Improvements in the stage of fibrosis were associated with a reduction in the incidence of cirrhosis-related
complications (ascites, hepatic encephalopathy, variceal
bleeding, bacterial peritonitis, hepatocellular carcinoma,
and liver transplantation) from 4 per 100 patient-years
in individuals without regression of fibrosis to 0 per 100
patient-years in individuals with regression of fibrosis.
Furthermore, the frequency of transplant-free survival at
10 years was higher in the patients in whom the fibrosis
regressed (100% vs 74%)[10].
The composite experiences with anti-viral therapy in
chronic hepatitis C confirm an anti-fibrotic effect, especially after sustained clearance of the virus, but the results
are unpredictable, incomplete, and most often of low
magnitude. Nevertheless, improvements in the fibrosis
score have been associated with less morbidity and better
survival in patients with chronic hepatitis C.

EFFICACY OF CURRENT TREATMENTS
IN PREVENTING OR REVERSING HEPATIC
FIBROSIS
The ability of conventional therapies to prevent or reverse hepatic fibrosis has been difficult to assess reliably
because treatment regimens and follow-up schedules have
varied and the methods for evaluating changes in hepatic
fibrosis have been flawed. The sampling variations and
interpretative inconsistencies of liver tissue examinations[23,64,66,148,149] have stimulated the quest for biomarkers[128,150-152] and imaging tests of hepatic fibrosis[151,153,154].
Liver tissue examination by needle biopsy, however, has
remained the standard assessment of liver fibrosis as
other modalities have been inaccurate, costly, or premature[152]. Furthermore, confidence in the liver tissue
examination has been improved by the use of codified
evaluation protocols for histological interpretation[155,156].
In chronic hepatitis C, the METAVIR scoring system
developed by the French Cooperative Study Group has
been the preferred scoring system[65,68,155], and in autoimmune hepatitis, the Ishak scoring system[3,14,156], which is
a refinement of the earlier Knodell scoring system[157],
has been preferred. Both systems are subject to sampling
error and inter- and intra-observer variations[67,68]; each
system can underestimate the grade and stage of the liver
disease in small tissue samples[158]; and each system can
anticipate a maximum staging accuracy of only 75% in
tissue specimens that are ≥ 25 mm in length[68,148,159].
Importantly, the general availability of the needle
biopsy assessment, the opportunity to acquire additional histological information about the disease and
its response to treatment[148,160], the high concordance
of the histological interpretations among pathologists
(83%-84%)[67,68], and the strong association of the tissue
findings with clinical outcomes[161] have counterbalanced
the deficiencies intrinsic to the needle biopsy procedure.
As a result, needle biopsy of liver tissue remains the principal basis for understanding the dynamics of hepatic
fibrosis in patients with chronic hepatitis.
Anti-viral therapy and the prevention or reversal of
hepatic fibrosis
Pooled data from three randomized clinical trials involv-
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Immunosuppressive therapy in the prevention or
reversal of hepatic fibrosis
Corticosteroid therapy has improved hepatic fibrosis
scores by a semi-quantitative scoring system in 57%
of patients with autoimmune hepatitis who underwent
paired needle biopsy examinations during a median follow-up of 49 mo, and the 10-year survival of all patients
was similar to that of matched controls (90% vs 92%)[11]
(Table 1). Another study indicated the loss of fibrosis
and the reversal of cirrhosis (improvement in the median
fibrosis score from 3.3 to 0.8 by Knodell scoring criteria)
in 8 patients with autoimmune hepatitis and cirrhosis
who responded to corticosteroid therapy[12]. Skepticism
about the reversal of cirrhosis in needle biopsy specimens was somewhat allayed by the disappearance of cirrhosis in paired liver samples obtained by wedge biopsy
in one treated patient after 14 years[13].
A larger study involving 325 liver specimens obtained
by needle biopsy from 87 corticosteroid-treated patients
with autoimmune hepatitis showed a reduction in the
Ishak fibrosis score from 3.4 to 2.6 during a mean observation period of 63 mo[14]. Fibrosis scores improved
in 53% of patients during a mean interval of 57 mo, and
they did not worsen in 26% during a mean observation
interval of 62 mo. In this study, corticosteroid treatment
improved fibrosis or prevented its progression in 79%
of patients, and the fibrosis score improved more commonly in individuals with reduced scores that reflected
histological inflammation (61% vs 32%)[14].
The calcineurin inhibitors (cyclosporine and tacrolimus) can impair the activation of nuclear factors necessary for the transcription of cytokines and growth factors
important in the proliferation of lymphocytes[97,162,163]
(Table 1). These anti-proliferative actions can in turn reduce immune-mediated tissue injury and the recruitment
of inflammatory cells to the sites of damage. Reduced
production of TGFβ and interleukin-2 can have direct
anti-fibrotic effects[164]. In 19 patients with autoimmune
hepatitis who were treated with either cyclosporine (7 patients) or prednisolone (12 patients), mean fibrosis scores
by the Ishak scoring system decreased from 4.5 to 2.2
during a mean interval of 3.4 years[15]. Reductions in the
fibrosis scores were associated mainly with the use of cyclosporine and the duration of treatment, and the use of
cyclosporine was the principal anti-fibrotic factor by logistic regression analysis (albeit the sample size was small
and the confidence interval wide)[15]. Patients in whom
fibrosis scores improved also had greater reductions in
the scores for liver inflammation, and these findings reconfirmed the association between liver fibrosis and hepatic inflammation.
The composite experiences with immunosuppressive therapy in autoimmune hepatitis, including regimens based on the administration of cyclosporine, have
indicated an anti-fibrotic effect in 57%-79%, and this
improvement had been associated with reductions in hepatic inflammation. Reversal of cirrhosis is possible, but
a limited reduction in the fibrosis score is more common.
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PROMISING SITE-SPECIFIC
ANTI-FIBROTIC AGENTS IN CHRONIC
LIVER DISEASE
Conventional treatments for chronic liver disease can
improve hepatic fibrosis scores and increase survival,
but these improvements are unpredictable, slow, and
typically small. Cirrhosis in autoimmune hepatitis is uncommon during the first year of treatment (7%), but its
occurrence increases to 39% at two years and 59% at 3
years if inflammatory activity continues[165]. The failure
to induce resolution of hepatic inflammation within 36
mo is associated with higher frequencies of cirrhosis
(54% vs 18%) and need for liver transplantation (15%
vs 2%) than resolutions that occur within 12 mo[166]. In
patients satisfying criteria for remission, the mean annual
incidence of cirrhosis is 2.6%[165], and the risk of cirrhosis in autoimmune hepatitis persists indefinitely as a
consequence of unsuspected residual or recurrent mild
chronic inflammation[167,168].
The development of cirrhosis is also slow in chronic
hepatitis C, but there is greater individual variability in
this propensity than in autoimmune hepatitis depending on the age at the time of infection, daily alcohol
consumption, and gender[169]. The median duration from
infection to cirrhosis in untreated patients is 30 years,
ranging from 13 years in men infected after the age of 40
years to 42 years in non-alcoholic women. Importantly,
31% of patients never develop cirrhosis or remain free
of cirrhosis for at least 50 years[169]. These individual
variations in the time to cirrhosis make assessments of
the anti-fibrotic actions of anti-viral therapy difficult, but
delays in clearing the virus or tolerating the medication
probably contribute to disease progression[23].
Anti-fibrotic therapies have the potential to protect
the liver during the protracted process of suppressing
liver inflammation in autoimmune hepatitis and eliminating the etiological agent in chronic viral hepatitis (Table
2). Most anti-fibrotic therapies have theoretical value,
limited laboratory evidence, and minimal or no human
experience[22-24]. The most promising anti-fibrotic therapies that have been evaluated in humans with chronic
liver disease have been the anti-oxidants[22,23]. The angiotensin inhibitor (losartin) has also had success in a limited non-randomized study[170]. Human trials of interventions that disrupt pro-inflammatory cytokine pathways
mediated by tumor necrosis factor-α (infliximab[171-174],
etanercept[175,176], and pentoxyphylline[177]), neurochemicals that block the fibrogenic activity of myofibroblasts
(cannabinoid antagonists)[23,178], compounds that enhance
the expression of nuclear receptors within hepatic stellate cells and preserve their quiescence (farglitazar)[179],
and drugs that inhibit fibrogenesis by inactivating hepatic stellate cells, impairing TGFβ1 secretion, and protecting liver cells by increasing glutathione production
and reducing oxidative stress (oltipraz)[180-182] have been
ineffective or toxic.
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Table 2 Promising anti-fibrotic agents in chronic liver disease
Anti-fibrotic agent
Anti-oxidants
-acetylcysteine

S-adenosyl-L- methionine
(SAMe)

Vitamin E

Angiotensin inhibitors
Losartin

Possible anti-fibrotic actions

Clinical experiences

Inhibits NF-κB activity[195]
Limits pro-inflammatory genes[195]
Reduces iNOS and NO activity[196]
Decreases hepatocyte apoptosis[195]
Increase mitochondrial glutathione[197]
Inhibit NF-κB activity[197]
Reduce ROS production[197]
Impair iNOS and NO production[197]
Limit HSC activation[197]
Reduce TGF-β in animals and humans[199,200]
Decrease oxidant stress on hepatocytes[198]
Limit collagen deposition[198]

Reduced hepatic fibrosis and inflammation in NASH[191]

Limit angiotensin Ⅱ production by HSC[208]
Decrease expression of pro-fibrotic genes[170]
Limit NADPH-oxidase and oxidative stress[170]
Reduce TGF-β and pro-collagen production[214]
Decrease extracellular matrix[210,212,213]

Decreased mortality and LT in alcoholic cirrhosis[190]
Hastened decline of viral load and increased early response
in HCV non-responders[192]

Decreased hepatic fibrosis in NAFLD[201]
Prevented progressive hepatic fibrosis in NAFLD[202]

Small trial in chronic hepatitis C[170]
Impeded pro-fibrotic and NADPH oxidase genes[170]
Reduced oxidative stress[170]
Decreased inflammatory and fibrosis scores in 50%[170]

HCV: Hepatitis C virus; HSC: Hepatic stellate cells; iNOS: Inducible nitric oxide synthase; LT: Liver transplantation; NADPH: Nicotinamide adenine
dinucleotide phosphate; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; NF-κB: Nuclear factor kappa-light-chain enhancer
of activated B cells; NO: Nitric oxide; ROS: Reactive oxygen species; TGFβ: Transforming growth factor beta.

Anti-oxidants
Oxidative stress is present in 61% of patients with chronic hepatitis C irrespective of histological activity index, viral load or viral genotype as assessed by immunoglobulin
G antibodies against lipid peroxidation-derived antigens
(malondialdehyde adducts to human serum albumin)[78].
Immunohistochemical staining of liver tissue using
monoclonal antibodies against mouse macrophage iNOS
and nitrotyrosine, which reflects nitric oxide production
during inflammation, has indicated oxidative stress in all
specimens from patients with primary biliary cirrhosis (14
patients) and autoimmune hepatitis (10 patients)[49]. The
frequency of oxidative stress in chronic liver disease and
the deleterious effects of reactive oxygen species on hepatocytes have supported the use of anti-oxidants as supplemental therapies, and studies evaluating these agents
in animal models[183-188], cell lines[183,189], and humans with
diverse liver diseases[78,190-192] have strengthened this role.
The ability of anti-oxidants to reduce liver inflammation
and disease severity has also advanced their promise as
anti-fibrotic agents[193,194].
N-acetylcysteine is a sulfhydril donor that inhibits the
transcription activities of NF-κB, and it can reduce the
expression of pro-inflammatory genes[195], modulate the
expression of iNOS[183,196], and limit apoptosis by reducing
nitric oxide production (Table 2)[195]. Therapy with N-acetylcysteine in combination with metformin for 12 mo has
improved histological activity scores and reduced hepatic
fibrosis in patients with non-alcoholic steatohepatitis[191].
SAMe can replenish mitochondria with glutathione,
inhibit NF-κB activity, reduce the generation of reactive
oxygen species, and limit hepatic stellate cell activation
by impairing the production of iNOS and the hepatic
synthesis of nitric oxide (Table 2) [197]. Therapy with
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SAMe has decreased mortality or the need for liver transplantation in patients with alcoholic cirrhosis from 29%
to 12%, and it has improved their two-year survival[190].
Therapy with SAMe (1600 mg daily for 2 wk) has also
hastened the decline in viral load and increased the frequency of an early virological response (53% vs 0%) in
non-responders with chronic hepatitis C (genotype 1)[192].
Vitamin E is an anti-oxidant that protects against toxic liver injury in animals[198] and prevents hepatic fibrosis
in animal models and humans with acute and chronic
liver damage (Table 2). Vitamin E reduces the production of TGFβ[199,200], and it in turn impairs the activation
of hepatic stellate cells[199]. It has already been shown to
improve[201] or stabilize[202] hepatic fibrosis scores in nonalcoholic fatty liver disease. Folate, melatonin, taurine,
and salsalate are other anti-oxidants that are candidates
for study in chronic liver disease[203]. Initial interest in betaine, as a method of increasing hepatic SAMe levels and
reducing hepatic steatosis[204], in alcoholic[205] and nonalcoholic liver disease[206] has waned after performance
of a controlled clinical trial[207]. Anti-oxidants have not
been used in autoimmune hepatitis, but the results
of their use in patients with alcoholic cirrhosis, nonalcoholic steatohepatitis, and chronic hepatitis C compel
their consideration.
Angiotensin inhibitors
Components of the renin-angiotensin system are expressed in multiple organs, including the heart, kidney,
gonads, pituitary, adrenal glands, and liver [208,209], and
angiotensin Ⅱ, which is the principal product of this
system, can be synthesized by activated hepatic stellate
cells[208]. Locally produced angiotensin Ⅱ from myofibroblasts is involved in the healing response to tissue injury,
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and it can induce the secretion of pro-inflammatory cytokines and the synthesis of extracellular matrix as well
as inhibit collagen degradation[170,210-212]. The fibrogenic
properties of angiotensin Ⅱ are consequences of reactive
oxygen species that are generated within hepatic stellate
cells by NADPH oxidase, and interventions that disrupt
the renin-angiotensin system reduce experimental hepatic
fibrosis and oxidative stress[213,214].
Losartan, an angiotensin receptor antagonist, has
been assessed as an anti-fibrotic agent in a small clinical
trial (Table 2). Fourteen patients with chronic hepatitis C
were treated for 18 mo with losartin (50 mg daily)[170]. Inflammatory activity and fibrosis stage by the METAVIR
scoring system decreased in 7 patients, and the expression of profibrotic genes and genes affecting NADPH
oxidase activity and oxidative stress were also reduced[170].
Viral load, serum liver tests, collagen content, and fibrosis
stage were unchanged overall, but the encouraging results
in 7 patients justified a recommendation for a randomized clinical trial[170].

feasible as adjunctive therapies, and the identification and
characterization of the preferred agent may be diseasedependent[235]. Randomized clinical trials are warranted to
assess these issues, and they are only possible through a
collaborative network of clinical investigators that is supported by a societal commitment to fund these studies[236].
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Evaluation of renal function in patients with cirrhosis:
Where are we now?
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based estimates in cirrhotic patients and the estimation
of GFR by these formulas could therefore lead to optimize the management of the patients. A new estimate
based on CysC has been recently developed using a
large number of patients and the first results regarding
the evaluation of its performance are promising, making this new formula the best candidate for a reference
estimate of the renal function in cirrhotic patients.
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Core tip: Cirrhotic patient management frequently requires evaluation of renal function. However, these patients present some specific disturbances that affect the
serum creatinine value, making its use to estimate glomerular filtration rate unsuitable. To get a more appropriate evaluation of the glomerular filtration rate, other
methods are available such as the use of exogenous
markers or assaying cystatin C in the blood, which avoid
the drawbacks of the serum creatinine. Recently, a convenient new cystatin C based formula was tested and
showed correct performance in cirrhotic patients, even
in case of liver failure and/or severely decrease renal
function.

Abstract
In the clinical context of the patients with liver cirrhosis, accurate evaluation of the renal function is potentially crucial. Indeed, it can lead to early diagnosis of
both acute kidney injury and chronic kidney disease
and to reliable characterization of the renal status of
the patient before performing a liver transplantation.
Despite some limitations, the assay of serum creatinine (SCr) is universally used to estimate glomerular
filtration rate (GFR) because of its wide availability, its
simplicity and because it is inexpensive. Nevertheless,
several reports show that the value of this assay to estimate GFR is strongly challenged in cirrhotic patients,
especially in patients with liver failure and/or severely
impaired renal function. This has led to seek new alternatives to estimate more reliably the GFR in these patients. Although the reference methods, based on the
utilization of exogenous markers, allow measuring GFR
and thereby constitute the “gold standard” to evaluate
renal function, they are not feasible in routine clinical
practice. Several studies have shown that a cystatin
C (CysC) based formula perform better than the SCr-
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INTRODUCTION
Liver cirrhosis (LC) is a frequent disease with various
causes and a severe prognosis. Thus, after a first episode
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survival of cirrhotic patients[8]. In case of subsequent LT,
the presence of prior CKD or the occurrence of AKI
has also a negative impact on both survival and “renal”
prognosis of the patients. Indeed, it is known that the
occurrence of perioperative AKI or the existence of
preLT CKD decreases the survival of liver transplant
recipient[4]. Furthermore, pre-transplant CKD promotes
the development of post-transplant CKD and/or is associated with increased risk of End-Stage Renal Disease
(ESRD) requiring renal replacement therapy (RRT)
during follow-up[4,7]. In summary, the cirrhotic patients
may face clinical situations with increased risk of acute
and/or chronic renal disease and the occurrence of renal
disease is known to have strong prognostic implication.
Therefore, it appears that accurate evaluation of renal
function is important firstly to optimize the management
of these patients and secondly to properly determine patients prognosis in order to prioritize access to LT. Taken
together, the previously cited data suggest that the level
of renal function is a parameter of crucial importance
that should be determined (sometimes iteratively) in the
clinical evaluation of cirrhotic patients in order to optimize their management.

of decompensation, the 5-year mortality in the absence
of liver transplantation (LT) is as high as 85%[1]. Renal
impairment, whether acute or chronic, is a highly prevalent comorbid condition in cirrhotic patients, which is
associated with a poor prognosis[2]. In this clinical context, acute kidney injury (AKI)[3] is frequent and often of
functional origin (around 70%). However, AKI of other
origin are not rare, mainly secondary to hepato-renal
syndrome (HRS), drug nephrotoxicity or severe sepsis[4].
Chronic Kidney Disease (CKD) is not infrequent as
well and can be of various origins (glomerulonephritis,
diabetic nephropathy or hypertensive nephrosclerosis).
Although several studies assessed the frequency of renal
impairment in patients with cirrhosis, it is not always
clear whether it was acute or chronic kidney disease.
About the prevalence of CKD, several studies suggest a
prevalence of CKD stage 3 or higher (i.e., estimated Glomerular Filtration Rate (eGFR) < 60 mL/min per 1.73
m2) between 20% and 40%. In a study including more
than 1400 cirrhotic patients who underwent an evaluation
of renal function by a reference method in pre LT clinical assessment, 11.3% had a GFR below 40 mL/min[5]. In
our cohort of alcoholic cirrhotic patients, about 40% had
a measured GFR below 60 mL/min per 1.73 m2[6]. Finally, in the study by Ojo et al[7] a prevalence of 26.8 % of
stage 3-5 CKD was found in patients who subsequently
received a liver transplant between 1990 and 2000 in the
United States [however, in this study, analysis was based
on the eGFR instead of measured GFR (mGFR)]. Nevertheless, it is likely that some of these studies provide an
underestimated prevalence of CKD in cirrhotic patients
because they included only candidates for LT, whereas
the CKD prevalence may be higher in patients contraindicated for receiving a LT. Moreover, it is not always
known whether the renal impairment might have been (at
least partly) acute in these studies. About the frequency
of AKI in cirrhotic patients, some authors found that it
could occur in 50% to more than 90% of patients in the
perioperative period of LT and in 20% of hospitalized
patients with LC[4].
The detrimental clinical impact of the existence of
either CKD and/or AKI on the outcomes of cirrhotic
patients has been highlighted by several studies. About
the impact on mortality, a recent systematic review summarized results from 74 studies that assessed the effect
of renal failure on early mortality in cirrhotic patients
and found an increased risk of death with a pooled
odds ratio of 7.6. Whether the renal failure was acute or
chronic in some studies included in the systematic review
was not clear but an increased risk of death was found in
studies in which renal failure was defined as an acute renal failure and in those which renal failure was not clearly
defined as chronic or acute (pooled odds ratio of 6.38
and 7.39 respectively). Although analysis in this study
found significant heterogeneity (consequence of the heterogeneous definition of the renal failure used in some
studies) the majority of the studies found an increased
odds ratio, which strongly suggests a negative impact of
impaired renal function, either acute or chronic, on the
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DIAGNOSIS OF AKI
According to the recent Kidney Disease Improving
Global Outcomes (KDIGO) guidelines about AKI, the
diagnosis of AKI should be based on Serum Creatinine
(SCr) increase and urine output, whereas RIFLE criteria,
which were former reference in the field and are still
largely used, were additionally based on GFR decrease.
Although SCr is the historical marker, cheap and widely
available, it is just a marker of renal function and thus increases tardily after the beginning of injury[4]. New marker such as Neutrophil Gelatinase Associated Lipocalin
(NGAL) is able to detect renal parenchymal damage before SCr increase and thus allows, theoretically, to initiate
early treatment that might mitigate the severity of AKI.
It is a crucial point to optimize management of cirrhotic
patients with AKI because some authors found that the
mortality is related to the severity of renal failure[8,9]. So
far, some studies suggested an interest of using NGAL
assay in cirrhotic patients in the diagnosis of renal dysfunction, In the study by Verna et al[10] the authors found
the ability of elevated NGAL level to predict independently short-term mortality in cirrhotic patients. Moreover, Fagundes et al[11] showed that NGAL increase was
useful to differentiate AKI due to acute tubular necrosis
from CKD and HRS as well as to differentiate HRS from
CKD. However, to our knowledge, no studies clearly
showed a positive clinical impact of the NGAL use in
the management of the cirrhotic patients and more studies are needed to ascertain the clinical interest of this new
marker in this context.

DIAGNOSIS OF CKD
According to the KDIGO clinical practice guidelines for
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the evaluation and management of CKD, CKD is defined as the existence since at least 3 mo of abnormalities
of kidney function and/or structure with implications for
health. The persistence of GFR below 60 mL/min/1.73
m2 is one of these abnormalities and in case of the existence of other criteria, calculation of GFR is requested
to determine the stage of the CKD[12]. Therefore, calculation of GFR is a key element in detection and/or staging
of CKD. So, we will focus on the methods that might allow evaluating reliably the renal function and on the studies that assessed the performance of these methods.

pound must be accurate, inexpensive, and without interference with other plasma components. Finally, there should
be no side effects for the patient[13]. The commonly used
exogenous markers in clinical practice are inulin, iohexol
and iothalamate. Several methods can be used to measure
the GFR. The method originally proposed by Homer
Smith is still one of the most frequently used. It is based
on the continuous infusion of exogenous marker by varying the infusion rate until a stable plasma concentration
is reached[13]. Urine collection over several time periods is
then performed and the final GFR is the mean value of
these measurements. Three samples are generally collected
but up to five may be necessary. Although being a “gold
standard” method, it has several drawbacks. It is time consuming, requires trained and experienced staff, the marker
can be relatively expensive and the assay of inulin is sensitive to changes in glucose. Finally, the utilization of a
bladder catheter may be required to exclude the impact of
a problem of bladder voiding that can artificially reduce
the GFR value[13]. Because of these drawbacks, other investigators have proposed simpler methods without urine
collection. The proposed technique is to measure the
infusion rate of the marker required to obtain a constant
plasma concentration of the marker. Assuming that elimination is exclusively renal then the value of the infusion
rate permits determination of the GFR value. Another increasingly used technique is to measure the disappearance
of the marker in the plasma after a bolus infusion. This
technique requires using a model of the behavior of the
marker in the body to deduce the GFR value. Obviously,
the reliability of the GFR measurement strongly relies on
how realistic the model used is. Some investigators have
demonstrated these bolus techniques allow appropriate assessment of the GFR by retrieving just two blood
samples. In some studies just one assay was sufficient during the decrease phase of the marker concentration in the
plasma. However, the single sample methods require careful timing of sample retrieval that must be chosen based
on the expected level of renal function. Alternatively,
the sample is taken according to the presence of certain
clinical conditions: at least several hours after injection
are required for normal renal function, whereas a sample
after a longer period of time is needed when renal impairment is expected or if ascites is present[18]. Alternatively,
radioactive (isotopic) markers can be used instead of usual
marker: the most commonly used isotopic markers are the
125
I-iothalamate, 51Cr-EDTA and 99Tc-iodohippuran[13]. In
cirrhotic patients, some authors have reported a risk of
overestimation of the GFR when alternative methods to
urine collection are used, due to the possible existence of
extra-renal clearance of the marker[19]. This seems to be
true when the samples of plasma are taken too early after
the bolus marker administration. Indeed, investigators
have recently stressed the faster initial decrease and slower
subsequent decrease in plasma marker concentration in
patients with fluid overload[20]. In such cases, late measures
might correct the overestimation by compensating for the
faster initial decrease, but this remains to be confirmed.
Therefore, the most reliable reference method appears to

METHODS OF EVALUATION OF THE
RENAL FUNCTION
The GFR is the universally used index to quantify kidney function (with value given in mL/min). It can be
measured by using a reference method of GFR measurement, or estimated, by using an endogenous marker (typically SCr) and different formulas (also called equations).
In case of GFR measurement, the principle is to determine the body clearance of a substance with supposed
exclusive renal elimination. The substance used is also
supposed to be freely filtered and neither secreted nor reabsorbed along the renal tubule. In all probability, no extrarenal excretion of the substance occurs and it cannot
be stored or be bound to plasma proteins: then it can be
assumed that the plasmatic clearance is only due to renal
clearance. Thus, the GFR can be inferred, at least theoretically, from the plasma disappearance of the substance.
Considering the renal clearance of a marker occurs only
through glomerular filtration, then the following relationship is satisfied: the amount that leaves the body per
unit of time is strictly equal to the quantity of the same
substance that appears in the urine per unit of time: [S]p
X GFR = [S]u X Vu (with [S]p and [S]u respectively the
plasma and urine concentration of the substance and Vu
the volume of urine during a certain amount of time)[13].
Secondarily, a normalization on arbitrarily fixed body
surface area (BSA) set to 1.73 m2 is commonly done on
the assumption that the GFR is positively correlated with
the basal metabolism rate of individuals which is proportional to their stature[14]. Some authors have questioned
this normalization[15] and standardization on other criteria
(for example, the volume of total body water) has been
proposed[16]. Nevertheless, the adjustment on the body
surface remains widely used. The formula most commonly used to determine the BSA is the Dubois formula[17].

REFERENCE METHODS: HOW TO
MEASURE GFR?
These methods utilize exogenous markers, which should
present several properties to be considered as “ideal markers”. These properties include free filtration in the glomerulus without secretion nor reabsorption by the tubule,
unable to bind to plasma proteins and with exclusive elimination by the kidneys. Moreover, the dosage of the com-
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be the “classic” Homer Smith method with the collection
of urine and prior administration of an exogenous marker
until reaching the equilibrium concentrations. However,
as stated above, this is time consuming and necessitates
trained staff.

the MELD score to properly classify the patients with
the most severe cirrhosis[20,29-31]. It is well established that
the MELD score penalizes patients that, in absence of
any renal impairment, exhibit lower SCr, especially women[30,32]. In a study from our group in patients with severe
alcoholic cirrhosis, we found lower SCr in women than in
men, despite lower GFR in female patients[6]. Some studies have shown that replacing the SCr by eGFR or mGFR
allowed more accurate classification of patients awaiting
LT according to their risk of death[33,34]. This raises questions about the need to refine the MELD score in order
to achieve a fairer assessment amongst cirrhotic patients
awaiting LT.

SERUM CREATININE
This endogenous marker of renal function is used universally as it is simple to measure, inexpensive and easily
accessible. Initially, SCr was used for the assessment of
renal function due to the assumption that its production
remains broadly stable over time if the body weight was
also stable. In addition, it was assumed that SCr production among gender-, weight- and age-matched patients
was comparable. However, in patients with severe cirrhosis, daily creatinine production is decreased comparing
with patients from the general population for two main
reasons. Liver failure is responsible for decreased creatine
production while some degree of malnutrition causes decreased conversion of creatine to creatinine. Therefore,
the potential of SCr to be a reliable marker of renal function is strongly challenged in this clinical setting[21]. Additional difficulty when interpreting the value of SCr in
cirrhotic patients comes from the interference, when using the Jaffe assay, of “non-creatinine” chromogens present in the plasma (typically bilirubin)[22]. Recently, Kuster
et al[23] showed that comparing with an enzymatic assay,
even a compensated Jaffe assay accounted for an average
decrease of 6.14 µmol/L of the SCr in cirrhotic patients.
This resulted in a median overestimation of GFR estimated by CKD-EPI formula and a reduced MELD score
in patients with SCr > 1 mg/dL. Finally, it is known that
there is a significant secretion of creatinine by the tubule
in patients with decreased renal function, which increases
when the CKD becomes more severe[24]. Several studies
sought to determine the ability of SCr to estimate renal
function and to detect CKD in cirrhotic patients, by using a reference method to measure GFR (Table 1). They
showed that a large proportion of cirrhotic patients with
moderate to large decrease in GFR had normal or just
slightly increased SCr[25-28]. Moreover, some studies also
found a non-significant correlation between 1/SCr or log
SCr with GFR or poor performance of 1/SCr for detecting a decrease in GFR[26-27]. Apart from questioning the
level of SCr that should be considered as really “normal”
in cirrhotic patients, other previously cited factors contribute to jeopardizing the capacity of SCr as a reliable
marker of the true GFR in cirrhotic patients. Therefore,
what is the true clinical meaning of SCr in patients with
severe cirrhosis? Assuming the absence of measurement
error, SCr reflects a mix of clinical parameters including the degree of liver dysfunction, malnutrition and the
patient GFR. Nevertheless, it was included in the MELD
score, now widely used to prioritize patients in the access to LT, because of its (expected) capacity to serve
as a proper marker of renal function. However, because
of all the limitations previously cited, some authors have
since highlighted the limitations of the use of SCr into
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CREATININE CLEARANCE
It is a simple method to estimate GFR, based on the
assumption that creatinine has the characteristics of a
perfect renal marker. It requests the patients are able
to collect accurately the urines from a 24 h period. Although very convenient, it has several limitations: mainly,
the occurrence of tubular secretion of creatinine (which
leads to overestimation of the GFR) and the possible
inadequate urine collection by the patients, that is on a
longer or shorter than 24h time period. Calculation of
the eGFR requires normalization to BSA. Studies that
tested the performance of this method showed a clear
trend to overestimate mGFR by 4%-80%[25,27,35-37] (Table
1). In a meta-analysis including data from seven studies with 193 cirrhotic patients, Proulx et al[38] found a
mean bias of +13 mL/min per 1.73 m2 between GFR
estimated by the Creatinine Clearance method (CrCl)
and GFR measured by the inulin clearance. The authors
also found that the bias tended to be higher in patients
with lower GFR with a mean overestimation of 18% in
patients with GFR > 60 mL/min per 1.73 m2 and of
49% in patients with GFR < 60 mL/min per 1.73 m2.
The relationship between GFR level and overestimation
could be explained by the secretion of creatinine by the
tubule in patients with CKD. However, the importance
of this overestimation does not seem to be related to the
severity of cirrhosis. Some investigators have suggested
that pharmacological inhibition of creatinine secretion by
means of cimetidine could help to get more robust estimation of GFR with the CrCl[13,39]. However, limitations
such as the effective level of tubular secretion inhibition
that can be obtained with cimetidine remain. Cimetidine
can have varying effects depending on several factors and
the clinical safety of cimetidine administration is a matter of concern. To our knowledge there is no study that
evaluated the performance of CrCl with cimetidine administration in cirrhotic patients. In conclusion, because
of its limitations, the CrCl method is not largely used to
estimate GFR in current clinical practice.

SERUM CREATININE BASED FORMULA
TO ESTIMATE GFR
They are probably the most widely used in current clini-
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Table 1 Summary of the results of the main studies which evaluated the performance of renal function markers and/or glomerular
filtration rate estimates estimates comparatively to a reference method in patients with cirrhosis
Ref.

Number of patients Reference method

Papadakis et al[25], 1987

23 (mGFR = 66)

Inulin

Caregaro et al[35], 1994

56 (mGFR = 86.7)

Inulin

Roy et al[36], 1998
Orlando et al[37], 1999

30 (mGFR = 30)
20

Inulin
Inulin

Woitas et al[26], 2000

44 (mGFR = 37)

Inulin

Demirtaş et al[27], 2001
Orlando et al[28], 2002

Gonwa et al[5], 2004
Pöge et al[41], 2006

1447 (Pretransplant)
(mGFR = 90.7)
44 (mGFR = 35.3)

MacAulay et al[42] 2006

57 (mGFR = 83)

Francoz et al[31], 2010

157 (mGFR = 85)

Rognant et al[6], 2010

148
(Alcoholic Cirrhosis)
(mGFR = 77)
89 (normal SCr)
(mGFR = 73)

Kim et al[43], 2011

99

26 (HRS)
(mGFR = 33.5)
36 (mGFR = 71.5)

Tc-DTPA
Inulin

125

I-Iothalamate
Inulin
99

Tc-DTPA
Iohexol

Inulin

99

Tc-DTPA

Xirouchakis et al[47], 2011

74 (mGFR = 81.7)

51

Gerhardt et al[48], 2011

44 (mGFR = 35.3)

Inulin

De Souza et al[49], 2013

202 (Pretransplant)
(mGFR = 83)

Inulin

Cr-EDTA

Performance of the estimate(s)
Difference between mean mGFR and ClCr and CG -24 and -52 mL/min respectively
in group with decreased mGFR (+10 and +4 in patients with normal mGFR)
Difference between mean mGFR and ClCr and CG -14.6 and -4.9 respectively. Mean
overestimation was 51% and 40% respectively in patients with GFR < 80
Mean relative overestimation 80% with ClCr when moderate to severe CKD
Mean relative overestimation of 4% and 23% respectively for ClCr and CG in Child C
patients. Relative difference only +3% and -6% respectively in Child A patients
Sensitivity to detect GFR < 90, 85.7% and 28.5% respectively for elevated CysC and
SCr
Difference between mean mGFR and ClCr +7
Mean overestimation was 75% and 30% respectively for CG and ClCr in patients with
decreased GFR (14% and 9% in patients with normal GFR). Sensitivity to detect GFR
< 72 were 73%, 23%, 53% and 86% respectively for elevated CysC and SCr, CG and
ClCr
P30 were 60.8% and 66.7% for respectively CG and MDRD4. Difference between
means mGFR and CG and MDRD4 +23.5 and +21.9 respectively
Mean absolute bias and P30 was 51.7/4.5%, 48.3/6.8%, 33.3/11.4% and 33.9/13.6%
for respectively CG, MDRD4, Hoek and Larsson GFR formula
Mean difference between formula and mGFR was lower for MDRD6 comparing with
CG (+3.5 vs +15.4). However, mean absolute difference was high and similar (23.4 vs
23.6) and poor precision was found with both eGFR (root mean square error 31.5 vs
30.5 for respectively MDRD6 and CG)
Mean absolute bias ± SD was 17 ± 32, 16 ± 29 and 8 ± 22 for CG, MDRD4 and CKDEPI respectively. In patients with GFR < 70, CKD-EPI bias rose to 19 ± 20
Median absolute bias ± SD and P30 was 23 ± 23/33.3% and 22 ± 20/40% for CG and
MDRD4 respectively
Difference between mean mGFR and ClCr, CG and MDRD6 was -14.4/+ 19.1 and
-40.1 respectively. AUC of ROC to detect GFR < 60 was 0.721, 0.561, 0.463 and 0.659
for 1/CysC, ClCr, CG and MDRD6 respectively
Concordance correlation coefficient was 0.61, 0.38 and 0.46 for respectively MDRD4,
Larsson and Hoek estimates. P30 was 64% for MDRD4 and 68% for Hoek.
Median absolute bias and P30 was 40.1/6.8% and 42.5/6.8% for respectively
MDRD175 and CKD-EPI
Concordance correlation coeffcient and P30 was 0.75/78.7, 0.56/42.6, 0.62/56.4,
0.8/83.2 and 0.82/78.2 for respectively Hoek, MDRD175, CKD-EPI, CKD-EPI CysC
and mixed CKD-EPI formula

Acronyms description can be found in the text. GFR: Glomerular filtration rate; HRS: Hepato-renal syndrome; CKD: Chronic kidney disease; CG: Cockcroft
and Gault formula; SCr: Serum creatinine.

the studies[5,6,25,28,35,37,41-43]. Similarly to the CrCl, the CG
clearly tends to overestimate GFR, especially in some
clinical contexts. According to major studies in the field,
this overestimation may be between 5 and 51 mL/min, in
some instances reaching 80% of the mGFR value. This
overestimation seems to be more important for lower
GFR and more severe cirrhosis as well[5,28,37]. Another
point of concern is the impact of BSA normalization
of the eGFR when evaluating CG performance. Not
every study utilized normalized eGFR, which may have
a confounding effect on the results. Intuitively, the overestimation in patients with large retention of ascites that
are artificially overweight may decrease. Apart from our
group[6], several other authors have underlined the limitations of the CG formula in the assessment of renal function in cirrhotic patients[18,29].
The MDRD formula was developed in 1999 in a
large-sized North American population, which was
more heterogeneous than the one used to derive the
CG formula (Table 2). In addition, the authors utilized

cal practice to assess the GFR because estimation can be
obtained quickly and easily. The parameters of the population used to work out the main SCr based formulas are
given in Table 2. This information is important to take
into account to understand the poor global performance
of these formulas in cirrhotic patients. Indeed, it appears
unlikely that some cirrhotic patients were included in the
populations used to elaborate these formulas.
Historically, the Cockcroft and Gault formula (CG)
was the most popular before the MDRD formula was
published in the early 2000s. It was developed in the early
70s using population data from 249 men. Furthermore,
it is important to note that the reference method used
to develop this formula was the CrCl method, which
is not really a reference method[40]. This formula is not
adjusted to the patient BSA and the adjustment has,
theoretically, to be done afterwards (even if the relevance
of this adjustment remains to be assessed in cirrhotic
patients). Repeated testing of the CG formula in cirrhotic patients confirmed poor performance in most of
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Table 2 Description of the characteristics of the studies used to develop the common glomerular filtration rate estimates
Name of the study

Number of patients

Country

Reference method

249

Canada

24 h ClCr

SCr

30-130

MDRD 1999

1628

United States

Renal clearance
125
I-Iothalamate

SCr

39.8 ± 21.2

CKD EPI (PCr) 2009

8254

United States

Various (urinary
clearance of
exogenous markers)

SCr

68 ± 40

123

The
Nederlands

Renal clearance
125
I-Iothalamate

CysC

Median =
81

5352

United States

CG 1976

Hoek 2003

CKDEPI (Cys C and
mixed PCr + CysC)
2012

Marker(s) Mean GFR

Various (urinary or
CysC
plasma clearance of alone and
exogenous markers) both CysC
and SCr

68 ± 39

Comments
No normalization on BSA
Male patients only in the population of the
study
Characteristics of the study population:
Male 60%
Black patients 12%
> 55 yr 42%
Diabetic patients 6%
Re-expressed in 2007 to be used with IDMS
traceable creatinine assay (MDRD 175)
Characteristics of the study population:
Male 57%
Black patiens 32%
> 65 yr 13%
Diabetic patients 29%
Characteristics of the study population:
Male 48%
Median age 50 yr
Diabetic patients 24%
Characteristics of the study population:
Male 58%
Black patients 40%
Age > 65 yr 13%
Diabetic patients 32%
Patients with BMI > 30 31%

Acronyms description can be found in the text. GFR: Glomerular filtration rate. CKD: Chronic kidney disease; CG: Cockcroft and Gault formula; BMI: Body
mass index.

a measured GFR as the reference method and provided
an eGFR normalized to BSA[44]. Initially, several MDRD
formulas were developed, with the simplest or 4-variables
MDRD including SCr, age, gender and ethnical origin.
This formula rapidly became the most popular compared
to the 6-variables MDRD formula, which additionally
requires blood urea nitrogen and serum albumin concentration to estimate GFR[45]. In 2007, the formula with 4
variables (MDRD4) has been re-expressed for SCr measured with assay traceable to the IDMS reference assay.
This formula is also known as MDRD 175, which refers
to the first multiplicative factor of the equation[46]. The
performance of these formulas has been tested several
times in cirrhotic patients[5,6,34,41,42,43,47-49]. The studies have
shown, as for the CG, a clear tendency to overestimate
mGFR with a bias between 15 and 48 mL/min per 1.73
m2 depending on the average GFR of the patients included in the studies. As for the CG formula, the level of the
bias is inversely proportional to the level of the mGFR.
Agreement between MDRD eGFR and measured GFR
assessed via the accuracy 30% (which is the proportion
of patients with eGFR between mGFR minus 30% and
mGFR plus 30% and is also called P30) is poor. Indeed
P30 was between 6.8 % and 42.6 % depending on the
study. Importantly, MDRD formulas did not seem to
perform better than CG formula, whereas, our recent
study suggested that the performance of MDRD6 is possibly better than other SCr based formulas (but remained
lower comparing with CysC based formulas). In 2009,
the Levey group, which developed the MDRD formula,
published a new formula for estimating GFR. It was

WJG|www.wjgnet.com

based on the same parameters as the MDRD4 and used
measurements of the GFR collected from more than
8000 patients[50]. The mean mGFR of the population
was higher than for the MDRD formula (68 mL/min
per 1.73 m2). The main advantage of this new and more
complicated formula named CKD-EPI, is the lower underestimation of the eGFR comparing with the MDRD
for GFR higher than 60 mL/min per 1.73 m2. However,
an improvement is not observed in some categories of
patients such as the elderly. Therefore, some authors challenged the supposed clinical improvement in the patient
management brought by the CKD-EPI comparing with
the MDRD[51]. In cirrhotic patients, studies that tested the
CKD-EPI formula found a slightly better performance
comparing with CG and MDRD although eGFR was
higher than the mGFR in every study[34,48,49]. For example,
in the study by Francoz et al[34] the mean bias was +8
mL/min per 1.73 m2 vs +17 and +16 mL/min per 1.73
m2 respectively for CG and MDRD4. However, the mean
bias was similar to MDRD in patients with GFR below
70 mL/min per 1.73 m2 (+19 mL/min per 1.73 m2) suggesting strong overestimation of GFR in patients with
CKD. Assessing the agreement by the mean of P30, our
group recently found better results for CKD-EPI with
the P30 being 56.4 % vs 42.6% for MDRD175[49]. However, a recent study highlighted the poor performance
of the CKD-EPI formula in patients with severely decreased GFR (mean mGFR of 35.3 mL/min per 1.73
m2) with low P30 at 6.8%, similar to those of MDRD[48].
Taken together, these data suggest that CKD-EPI may
give a fairly good estimation of GFR in cirrhotic patients
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of +14.6 mL/min per 1.73 m2. However, the mixed
CKD-EPI performed similarly to CKD-EPI CysC in
patients with refractory ascites (P30 = 63.9%) and even
better than all other formulas in patients with GFR > 90
mL/min per 1.73 m2 (P30 = 98.7% and P10 = 54.7%).
In conclusion, these recent data suggest that the CysC
based formula, especially the CKD-EPI CysC formula,
yielded less biased eGFR than SCr based formulas, with a
clear better performance in cirrhotic patients with CKD.
Therefore, this formula should be used preferentially in
cirrhotic patients with GFR < 60 mL/min per 1.73 m2
and in those with refractory ascites. However, in patients
with normal renal function, our results suggest that the
mixed CKD-EPI has the best performance.

with normal renal function. In patients with decreased
renal function it presents the same limitations as CG and
MDRD, which is mainly to overestimate the GFR.

CYSTATIN C BASED FORMULA TO
ESTIMATE GFR
These formulas were developed more recently. The mainly used formulas so far, are the Hoek[52] and the Larsson
formula[53]. However, the Levey group published two new
CKD-EPI formulas in 2012, one based on CysC (CKDEPI CysC) and another based on both SCr and CysC
(mixed CKD-EPI) [54]. While the CKD-EPI formulas
were developed on a large group of patients, the Hoek
formula was developed from a small group of 123 patients (Table 2).
In cirrhotic patients, some investigators tested the
ability of these formulas to estimate the GFR appropriately[41,47,49]. Although one study, in a small group of
patients with severely decreased renal function, found a
poor performance of the Hoek formula (reflected by an
important overestimation of the GFR and low accuracy
with P30 of 11.4 %)[41], subsequent studies showed a
better performance, at least comparing with SCr based
formulas. In the study by Xirouchakis et al[47] P30 was
observed to be 68%. Recent work by our group showed
that the P30 could be even better at 78.7% but it dropped
to 66.7% in patients with refractory ascites and to 53.8%
in patients with GFR below 60 mL/min per 1.73 m2.
Nonetheless, performance remained higher than those of
the SCr based formulas[49]. Concerning the two newly developed CKD-EPI formulas (CKD-EPI CysC and mixed
CKD-EPI), we are the first to evaluate their performance
in our recent study including 202 cirrhotic patient candidates for LT in whom an inulin renal clearance was
performed[49]. We found that CKD-EPI CysC had the
best performance compared to the other formulas tested
in the study (i.e., Hoek, MDRD 175, mixed CKD-EPI
and “classic” CKD-EPI). The Hoek and CKD-EPI CysC
formulas exhibited the lowest difference between eGFR
and mGFR (respectively +4.3 and +4.4 mL/min per 1.73
m2). However, the agreement, measured by the concordance correlation coefficient (CCC) and the P30, were
improved for the CKD-EPI CysC formula (respectively
0.8 and 83.2% vs 0.75 and 78.7% for Hoek). Similarly to
the Hoek formula, the P30 was lower in patients with
refractory ascites (66.1%) and in case of GFR < 60 mL/
min per 1.73 m2 (73.1%). The ability to detect a GFR
< 60 mL/min per 1.73 m2 was the best for Hoek and
CKD-EPI CysC formulas (both AUC of the ROC curve
at 0.86). The ability to detect GFR < 90 mL/min per 1.73
m2 was better in MDRD6 (0.77) and mixed CKD-EPI
(0.78) formulas. Finally, regarding the new mixed CKDEPI formula, its interest seems to be limited in cirrhotic
patients with stage 3 to 5 CKD because of a poor agreement in cirrhotic patients with stage 3 to 5 CKD reflected by low P30 at 38.5% and overestimation of mGFR
with a difference between mean eGFR and mean mGFR
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CONCLUSION
Accurate and reliable assessment of GFR is warranted
in cirrhotic patients in order to achieve optimal clinical
management. Indeed, AKI and/or CKD are frequent
complications in this context, impacting seriously on the
prognosis of the patients. Moreover, several clinical conditions require the use of eGFR to adapt the treatment.
Most of the available formulas estimating GFR exhibit
limited suitability, particularly in case of a decreased renal
function and/or severe cirrhosis, limiting their interest.
The development of formulas based on CysC rather than
SCr for estimating GFR opened the possibility to get a
more robust and simple estimate of the GFR in daily
clinical practice. Before developing a widespread use of
CysC based eGFR in cirrhotic patients, however, further
studies should be undertaken to confirm the clinical value
of these formulas, especially those of the new CKD-EPI
CysC.
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Abstract

INTRODUCTION

Viable and non-viable pathological bacterial translocation promote a self-perpetuating circle of dysfunctional
immune activation and systemic inflammation facilitating infections and organ failure in advanced cirrhosis.
Bacterial infections and sepsis are now recognized as a
distinct stage in the natural progression of chronic liver
disease as they accelerate organ failure and contribute to the high mortality observed in decompensated
cirrhosis. The increasing knowledge of structural, immunological and hemodynamic pathophysiology in advanced cirrhosis has not yet translated into significantly
improved outcomes of bacterial infections over the last
decades. Therefore, early identification of patients at
the highest risk for developing infections and infectionrelated complications is required to tailor the currently
available measures of surveillance, prophylaxis and
therapy to the patients in need in order to improve the
detrimental outcome of bacterial infections in cirrhosis.

Bacterial infections are diagnosed in 25% to 47% of hospitalized patients with cirrhosis[1-4] and represent the most
important precipitating event for acute decompensation[5].
Infections are increasingly recognized as a major trigger
of systemic inflammation and organ failure in advanced
cirrhosis leading to a four-fold increased mortality [6].
Despite recent advances in understanding the underlying
pathogenic mechanisms of bacterial infections in cirrhosis[7-9], the progression of infections to multiple organ
failure and septic shock is still associated with a shortterm mortality of patients exceeding 75%[5,10]. In this review we will discuss susceptibility and impact of specific
bacterial infections in cirrhosis, their natural course and
the identification of risk factors for organ failure and
death in order to help clinicians identifying patients at the
highest risk that may benefit from intensified surveillance,
prophylaxis and therapy.
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eral blood[30]. Small intestinal dysmotility[31] and altered
bile composition in cirrhosis[32] contribute to SIBO and
drive endotoxemia and infectious complications[33]. Once
a systemic or local immune response has been established, proinflammatory cytokines like tumor necrosis
factor (TNF) and interleukin (IL)-6 disrupt the intestinal
integrity of the intestinal barrier by altering the structure
of the apical junctional complex[34,35] thereby further increasing intestinal permeability (IP) generally observed
in cirrhosis[12,26]. Although some cohort studies show an
association of IP with septic complications[12,36,37] the only
prospective study available did not find an association of
IP with infectious complications[38] questioning whether
increased IP is really the cause - or rather the consequence - of pathological BT and intestinal inflammation
in cirrhosis.
Whether the composition of the intestinal microbiome, modulates BT and infectious complications in cirrhosis has not been thoroughly investigated yet. There is
some evidence that the fecal microbiome in cirrhosis is
less diverse and shows an abundance of Enterobacteriaceae,
Streptococcus spp. and Enterococcus faecalis[39-41], which mirrors
the microbial pattern observed in SBP[1,42,43]. The microbiome associated with the colonic mucosa might be of
particular interest because the enrichment of Enterococcus,
Proteus, Clostridium, and Burkholderia and the loss of nonpathogenic commensal bacteria in cirrhosis was associated with more severe liver disease, increased inflammation and endothelial activation[44,45]. The recent findings
that the gut microbiome is modulated by the enterocyte
inflammasome[46,47] which leads to increased nonviable
BT and augmented hepatic inflammation[48], suggest a
critical interaction of gut mucosa, intestinal dysbiosis and
immune activation in cirrhosis.

PATHOLOGICAL BACTERIAL
TRANSLOCATION
Decompensated liver cirrhosis predisposes to delayed intestinal transit time, increased intestinal permeability and
disturbed expression of intestinal antimicrobial peptides
thereby facilitating the translocation of bacteria and bacterial products from the gastro-intestinal lumen through
the lamina propria into mesenteric lymph nodes (MLN),
ascitic fluid and the systemic circulation[11-13]. Whereas
bacterial translocation (BT) can be controlled by the immune system of healthy individuals, pathological BT in
cirrhotic patients is accompanied by a cirrhosis-associated
immune dysfunction (CAID) supporting systemic inflammation as a consequence of non-viable BT as well as
bacterial infections due to viable BT[8,9,14].
Among the intestinal microbiota, Gram-negative enteric bacilli more easily translocate to MLN than Grampositive bacteria and obligate anaerobes[15]. Although the
capability to translocate across the gastrointestinal barrier
varies between different Escherichia coli (E. coli) strains[15],
no single virulence factor responsible for BT in cirrhosis
could be identified yet[16]. Furthermore, catabolic and
inflammatory stress to the epithelial barrier can increase
BT of various coliform bacterial strains[17-19]. With classical bacterial culture techniques, enteric organisms can be
detected in MLN from up to 30% of patients with ChildPugh C cirrhosis compared to 9%-15% of non-cirrhotic
patients undergoing laparotomy[20,21].
This increased translocation of intestinal bacteria and
bacterial products in cirrhosis has been attributed to both
clinically significant portal hypertension (PH) and advanced liver failure. The role of PH is supported by the
observations that the development of ascites is a prerequisite for significant translocation of viable bacterial to
the MLN in the CCl4 model[22], and that the use of nonselective beta blockers (NSBB) reduces the translocation
of viable BT to MLN in cirrhotic rats[23] and prevents
infectious complications in humans with decompensated
cirrhosis[24]. Furthermore, it has been shown that nonviable BT and immune activation also occur in the preascitic stage[25] and correlate with the increase in portal
pressure[26]. On the other hand, pathological BT to MLN
also occurs in models of experimental acute liver failure
in the absence of PH[27] but not in chronic PH in the
absence of cirrhosis[28]. Moreover, NSBB are also effective in preventing spontaneous bacterial peritonitis (SBP)
in patients showing no hemodynamic response to treatment[24] underlining that PH may not be the principal
driver of viable pathological BT in advanced cirrhosis.
Therefore, alternative mechanisms must be involved
in triggering pathological BT in liver failure and advanced
fibrosis. There is evidence that quantitative and qualitative
changes in the intestinal microflora might contribute to
this phenomenon. Small intestinal bacterial overgrowth
(SIBO) frequently occurs in decompensated cirrhosis and
correlates with systemic endotoxemia[29] and the presence
of bacterial DNA fragments (bactDNA) in the periph-
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IMMUNE DYSFUNCTION AND IMMUNE
ACTIVATION IN CIRRHOSIS
To control viable BT in cirrhosis, immune control takes
place at the epithelial barrier including the mucus layer,
at gut-associated lymphatic tissue and the MLN and at
the systemic level after bacteria or bacterial products
have passed MLN via the portal vein or the thoracic
duct[49]. In the context of pathological BT, organ-resident
macrophages recognize pathogen-associated molecular
patterns, such as lipopolysaccharide (LPS), muramyl dipeptide, bacterial lipoproteins and bactDNA, via extraand intracellular Toll-like receptors (TLR) (e.g., TLR2,
TLR4, TLR9) or intracellular NOD-like receptors (e.g.,
NOD2). Ligation of these conserved pattern recognition
receptors (PRR) leads to classical macrophage activation,
the secretion of pro-inflammatory cytokines (TNF, IL1β, IL-12) and polarization to pro-inflammatory macrophages supported by interferon (IFN)-γ released from
activated T cells[50]. In healthy individuals, binding of LPS
to TLR4 increases expression of scavenger receptors,
MHC class Ⅱ and co-stimulatory molecules to acceler-
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B cells[79,80] in cirrhosis contribute to pathological BT,
inflammation and bacterial infections in cirrhosis has not
been demonstrated.

ate phagocytosis and subsequent presentation of bacteria
and bacterial products[51]. Several abnormalities of the innate immune system in cirrhosis contribute to non-control of BT, subsequent inflammation and the increased
incidence of infections. These abnormalities have been
described as CAID syndrome (CAIDS) stressing the role
of insufficient processing of bacteria and bacterial products by phagocytes[8]. Importantly, CAIDS is often not
associated with inflammatory anergy but with marked
immune activation and a high degree of systemic inflammation, which correlates with the severity of liver disease
and predicts survival in these patients[52].
The liver itself plays a major role in phagocytizing pathogens and scavenging macromolecules because
organ-resident Kupffer cells and liver sinusoidal endothelial cells account for 80% of the human reticuloendothelial system (RES)[53]. The overwhelming sinusoidal
influx of bacterial components in liver cirrhosis owing to
mechanisms described above, switches the physiological
immune-modulatory state of the local hepatic immune
system elicited by Kupffer cells to a state in which the
production of pro-inflammatory cytokines predominates
accumulating in further demise of hepatic parenchyma
cells and deterioration of liver architecture[54]. Due to
portosystemic shunting, decreased opsonization and dysfunctional phagocytic activity, the hepatic clearance function is markedly reduced in cirrhosis and correlates with
the severity of liver disease, bacteremia and survival[55-58].
In parallel, non-classical pro-inflammatory subsets of
monocytes expand and contribute to an inflammatory
state in cirrhosis[52,59-61]. This state of dysfunctional activation has been observed in neutrophils as well. Neutrophils from patients with cirrhosis are potent producers
of pro-inflammatory cytokines and reactive oxygen
species but also display decreased chemotaxis and inefficient phagocytosis[62-67]. Dysfunctional phagocytosis and
increased activation can be transmitted to neutrophils
from healthy individuals with plasma from cirrhotic patients suggesting repetitive priming mediated by soluble
factors[66,67], which may result in the cellular depletion of
antioxidants and increased oxidative damage[65,68].
Whereas phenotypic and functional abnormalities
have been well described for the aspects of the innate
immunity in cirrhosis, the state of the adaptive immunity
is less well defined. Phenotypically, patients with cirrhosis
display decreased numbers of total and naïve T cells due
to defective thymic generation and splenic sequestration
in parallel with increased activation, proliferation and
turnover of memory T cells presumably due to repetitive
antigen stimulation[69,70]. Data on the functional consequences of these findings are sparse. Although clinical
studies show attenuated immune responses after vaccination in cirrhotic patients[71-73], in vitro analyses could not
identify specific T cell defects[74,75] but suggest soluble
factors such as IL-10 as modulators of inconsistent T cell
responses in cirrhosis[75-77].
Whether an observed depletion and functional alteration of innate natural killer (NK) cells[78,79] and memory
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ASSESSMENT OF SYSTEMIC
INFLAMMATION IN CIRRHOSIS
In response to bacterial infection, patients with cirrhosis
have a pronounced inflammatory response with elevated
systemic concentrations of the pyrogenic cytokines IL-6
and TNF superimposing on high basal levels resulting
in fever, leukocytosis and acute phase reaction[81]. As a
consequence, systemic inflammatory response syndrome
(SIRS) can be found in up to 67% of cirrhotic patients
with bacterial infections compared to 37% of patients
without, making sepsis a common complication of advanced cirrhosis[82-84].
Even in the absence of overt bacterial infection, the
occurrence of systemic inflammation as indicated by
SIRS is of prognostic relevance in patients with cirrhosis[83,85]. There is some evidence that beyond its role as
an indicator of occult bacterial infection and advanced
organ failure, systemic inflammation might even aggravate portal hypertension, renal failure and hepatic
encephalopathy, thereby contributing to organ failure and
death in cirrhotic patients by immunological, metabolic
and hemodynamic mechanisms[83]. Due to hyperdynamic
circulation with tachycardia or tense ascites leading to hyperventilation in patients with decompensated cirrhosis,
SIRS criteria are most certainly less specific for inflammatory and infectious complications than in the general
population and need to be interpreted with caution.
The magnitude of the acute phase response as indicated by C-reactive protein (CRP) or IL-6 levels might
be more reliable tools than clinical SIRS criteria to estimate the risk for adverse outcome in cirrhotic patients.
In patients with cirrhosis and SIRS concentrations of
serum IL-6 correlate with organ failure, monocyte and
neutrophil activation[86] but are also closely associated
with the degree of portal hypertension[26] and hyperdynamic circulation[87]. The same observations have been
made for CRP, where persistent elevation in the absence
of infection indicates increased short-term mortality[88].
Discriminating infections from sterile systemic inflammatory response is only possible using CRP cut-offs are
as high as 56 mg/L in advanced cirrhosis[89-91]. The large
multicenter CANONIC study[5] identified elevated CRP
levels and increasing WBC count as hallmark features
to distinguish acute decompensation of cirrhosis from
acute-on-chronic liver failure (ACLF) even when patients
with bacterial infections were excluded. Patients who
presented with ACLF had mean CRP levels of 33 mg/L
(compared to 21 mg/L in patients without ACLF) and
mean WBC counts of 9.4 Gpt/L (compared to 6.6 Gpt/
L) at inclusion. Importantly, the probability of death in
ACLF increased with the rise in WBC count[5] making
WBC count an attractive, easily available linear variable to
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assess mortality risk associated with systemic inflammation in cirrhosis.
Since none of these established indicators of inflammation allow a precise distinction between sterile SIRS
and bacterial infection, treating physicians must be aware
of risk factors of bacterial infections to assess the likelihood of bacterial infections in patients with advanced
cirrhosis presenting with signs of systemic inflammation.
We have recently evaluated novel biomarkers that more
precisely indicate specific infections and/or immune
activation in advanced cirrhosis, such as mid-regional
pro-adrenomedullin and soluble urokinase plasminogen
activator receptor[52,90], which will expand the diagnostic
armamentarium for predicting outcome independent of
the presence of confounding systemic inflammation.

risk of bacteremia associated with endoscopic procedures is poorly investigated in non-bleeding cirrhotic
patients. One study reported an incidence of 10% (6/58)
bacteremia by possible contaminants (Gram-positive
skin flora) after colonoscopy, but all cirrhotic patients
with bacteremia remained asymptomatic[99]. Thus, international guidelines do not recommend routine antibiotic
prophylaxis for cirrhotic patients undergoing colonoscopy[100] because of the lack of data in this setting, and
it is recommended that clinicians should decide “on an
individual case basis[101].
Spontaneous bacterial peritonitis
Patients with low ascitic fluid (AF) protein, elevated serum bilirubin levels and/or low platelets are at the highest risk of developing community-acquired SBP[102]. SBP
has a recurrence rate of 70% within the first year after
the first episode[103] making secondary prophylaxis with
400 mg norfloxacin daily a level A recommendation in
current guidelines[95,104]. Because antibiotic prophylaxis
in high-risk cirrhotic patients with low AF protein and
with severe liver failure or with renal failure improves
incidence of infections and short-term survival[105,106],
primary antibiotic prophylaxis should be considered in
these patients[95]. However, in the light of increasing antimicrobial resistance in cirrhotic patients and of decreased
efficacy of antibiotic prophylaxis over time adherence
to these guidelines is poor among practitioners resulting
in cases of SBP that could have been prevented[107,108].
Genetic association studies may help identifying patients
at the highest need for antibiotic prophylaxis. Frequent
polymorphisms in genes involved in the innate antimicrobial defense, such as NOD2, TLR2 and MCP-1, have
been reported to confer a three- to four-fold increased
life-time risk to develop SBP[109-113]. NOD2 gene variants
are of particular interest because they regulate intestinal
immunity via expression of antimicrobial peptides and intracellular bacterial killing[114,115] thereby linking Paneth cell
defense with pathological BT in cirrhosis[13,116]. In a recent
study including four patients with NOD2 variants, five
patients with TLR2 variants and 29 wild type controls,
the presence of any of these variants was associated with
markers of impaired intestinal permeability and higher
systemic inflammation[26]. However, subsequent studies
including a higher number of patients are required to
answer the question on the influence of these gene variants on intestinal integrity and pathological BT as a driver
of SBP per se. Whether genotype-based risk-stratification
for antibiotic prophylaxis is a feasible approach to reduce
infectious complications, at least in populations of European descent where these polymorphisms are frequently
found, currently remains an open question but will hopefully be answered soon.
Whereas host factors contributing to SBP, such as
genetic background or severity of liver disease[117], cannot
be easily modified, environmental factors such as alcohol
use in less advanced cirrhosis[118] or prescribed concurrent
medication are more susceptible to therapeutic interven-

RISK FACTORS AND PROPHYLAXIS OF
SPECIFIC BACTERIAL INFECTIONS IN
CIRRHOSIS
SBP and spontaneous bacteremia are the most thoroughly investigated complications in patients with cirrhosis because they occur frequently with a prevalence
of 15%-20% in hospitalized patients[65,92] and cause high
mortality after one month (33%-42%) and after one year
(49%-66%)[6]. Supporting the concept of pathological BT
of Enterobacteriaceae in cirrhosis, Gram-negative bacteria have been isolated from more than 70% of culturepositive bacterial infections in the past[1,42]. More recently
however, bacterial infections caused by Gram-positive
cocci dramatically increased in tertiary centers and now
represent 60% of nosocomial culture-positive infections
including the archetypal infectious complications spontaneous bacteremia and SBP[3,37,43]. This shift has been attributed to the use of antibiotics leading to intestinal dysbiosis favoring Gram-positive BT, but also to increased
invasive procedures and associated episodes of Grampositive bacteremia with secondary organ spread[3,43,93].
As a preventive measure, primary antibiotic prophylaxis is currently recommended in cirrhotic patients with
gastrointestinal (GI) bleeding because bleeding facilitates
pathological BT and infections on the one hand, and
infections are associated with a higher rate of recurrent
bleeding on the other hand[94]. Antibiotic prophylaxis
over seven days in cirrhotic patients in with gastrointestinal bleeding is the current standard of care[94,95]. In
nine controlled trials including 987 patients the pooled
incidence of bacteremia following GI bleeding was 15%
without antibiotic prophylaxis and 3% with antibiotic
prophylaxis, indicating a risk reduction of 75% with antibiotic prophylaxis[96]. Results favoring antibiotic prophylaxis were also obtained when the outcomes SBP, pneumonia, urinary tract infection, overall bacterial infections
and mortality were analyzed separately[96,97]. Although
translocation of gut microbial flora into the bloodstream
is likely to occur during endoscopy because of mucosal
trauma related to the endoscopy procedure itself[98], the
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tion. In contrast to the protective effects of NSBB that
have already been discussed above[24], the use of proton
pump inhibitors (PPI) is associated with a three-fold increased risk for developing SBP in hospitalized patients
according to a recent meta-analysis of observational studies[119] suggesting that the indication for PPI treatment in
liver cirrhosis has to be very carefully weighed against the
potential risks[120].

Patients with cirrhosis have an increased risk of infectious endocarditis compared to the general population[131].
Infectious endocarditis in cirrhosis is predominantly
hospital-acquired with Staphylococcus aureus (S. aureus),
β-hemolytic streptococci and Enterococcus spp. as most
frequent infectious agents, predominantly involves the
aortic valve, and is associated with 60% renal failure and
50% mortality[132].
Bacterial Meningitis is a rare complication in cirrhosis
(< 1%) often with atypical presentation and Gram-negative pathogen spectrum associated with bacteremia in the
majority of cases and a mortality exceeding 40%[133,134].

Infections other than SBP
Studies on specific risk factors for extraperitoneal bacterial infections are scarce. Urinary tract infections (UTI) are
very common and represent 20% up to 40% of bacterial
infections in prospective studies of hospitalized patients
with cirrhosis[2,121]. The majority of identified uropathogens are Gram-negative bacteria with E. coli as the most
commonly isolated microorganism still, but multiresistant
bacteria are increasingly observed, especially in nosocomial infection in southern Europe[4,84]. In a large retrospective cohort of almost 400 cirrhotic patients we could
recently show that predominantly women develop UTI
and that the risk of infection increases stronger with age
than with the severity of underlying liver disease in contrast to other bacterial infections in cirrhosis[84]. Notably,
in this and other series UTI was frequently accompanied
by SIRS (42%-65% of cases)[83], and up to one third of
patients with UTI presents with or develops concomitant
bacterial infections[84,122] making UTI a bacterial infection that should not be underestimated in the cirrhotic
patient. Although strategies for UTI prevention have not
been investigated in the cirrhotic population specifically,
evaluation and reduction of unnecessary urinary catheter
use applies as in patients without liver disease.
Among the extraperitoneal manifestation of bacterial
infections, lower respiratory tract infections and pneumonia are associated with the highest risk of mortality
in cirrhosis[6,123]. Animal models suggest that low serum
complement levels in rats with decompensated cirrhosis increase susceptibility to pulmonary infection with
Streptococcus pneumoniae (S. pneumoniae)[124]. In agreement
with these findings, patients with cirrhosis are more susceptible to pneumonia, present with a more complicated
course of disease and develop more often bacteremia
than non-cirrhotic patients[125,126]. Since S. pneumoniae
represents the most common etiologic agent isolated in
community-acquired pneumonia, pneumococcal vaccination with the 23-valent vaccine is recommended as
a preventive measure despite reduced immunological responses and accelerated antibody decline in patients with
cirrhosis[127,128].
Skin and soft tissue infections in cirrhosis can be
caused by Gram-positive bacteria entering the edematous
skin as well as by translocated Gram-negative bacteria.
They are often recurrent, complicated by renal failure and
lead to a mortality of approximately 20%[122,129,130]. Walking barefoot has been identified as a risk factor for cellulitis in patients with decompensated cirrhosis and edema
by an Indian study and should be avoided[130].

WJG|www.wjgnet.com

ESTIMATING THE OUTCOME OF
BACTERIAL INFECTIONS
The meta-analysis by Arvaniti et al[6] comprising data
from almost 12000 patients concluded a four-fold increased mortality owing to bacterial infections in cirrhotic
patients - with respiratory tract infections, SBP and bacteremia as major contributors. We and others[84,123] could
recently demonstrate that urinary tract infections in decompensated cirrhosis are less detrimental as these three
major infections, but are still associated with a significantly increased risk of mortality, especially in the presence
of concomitant SIRS. Fueled by excessive inflammation
in cirrhosis, organ failure frequently occurs in the absence
of septic shock, making bacterial infections a distinct
stage in the natural history of cirrhosis progression[6] and
the major precipitating event for the development of decompensation and ACLF[5]. There are three major factors
that determine mortality of bacterial infection in cirrhosis irrespective of etiology: severity of underlying liver
disease, concomitant renal failure and non-resolution of
infection due to antimicrobial resistance.
Severity of liver disease
Among the 18 variables that were significantly associated with death after bacterial infections in three or more
studies evaluated by Arvaniti et al[6] five were related
to liver function or severity of cirrhosis (Child-Pugh
score, prothrombin time/INR, bilirubin, albumin, and
MELD score) and three related to cirrhosis-associated
complications (hepatic encephalopathy, gastrointestinal
bleeding, and hepatocellular carcinoma). Therefore, using composite scores like Child-Pugh or MELD score to
estimate prognosis is tempting, since they reflect severity
of underlying disease as well as infection-triggered organ
failure and are well-established scores to predict shortterm and long-term mortality under a variety of conditions in cirrhosis. However, the independent contribution
of systemic inflammation and bacterial infection to the
deterioration of liver function needs to be considered: In
the absence of SIRS a MELD score of > 18 is associated with 12% in-hospital mortality - in the presence of
SIRS the mortality increases to 43%[83]; in the absence of
leukocytosis a MELD score of ≥ 22 is associated with
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Antimicrobial resistance
Failure of first-line empiric antibiotic therapy for bacterial infections in cirrhosis is associated with increased
mortality, as it has been shown for SBP[43,150-152]. Since
escalation of therapy after unsuccessful empiric therapy
still carries an increased risk of mortality[151], knowing
the patient’s previous contact to the health-care system,
used antibiotics, co-morbidities, and the local antibiotic
susceptibility spectrum[153] is crucial for successful implementation of effective antimicrobial strategies. Whereas
the frequency of multiresistant bacteria isolated from
culture-positive bacterial infections in cirrhosis remained
small for community-acquired infections, it has reached
40% in several tertiary hospitals around the globe resulting in a less than 50% resolution rate for nosocomial
infections in cirrhosis[4,150,154]. Both, extended spectrum
beta-lactamases (ESBL)-producing Enterobacteriaceae (predominantly in Southern Europe) and Enterococcus spp.
(predominantly in Central Europe) are of increasing
relevance in nosocomial SBP in Europe because both are
associated with resistance to third-generation cephalosporins (TGC) which are currently used as the first line
empiric therapy for community-acquired and healthcareacquired SBP[43,150,151,154]. As a consequence, nosocomial
acquisition has emerged as an important determinant for
not surviving SBP, doubling the risk of mortality within
30 d[150].
Since colonization with ESBL-producing Enterobacteriaceae seems not to correlate with the development of
TGC-resistant infections in cirrhosis[155], stool screening
has currently no role for identifying hospitalized patients
at risk. Therefore, clinicians are advised to carefully check
the following risk factors for TGC-resistant and multiresistant bacteria in infected cirrhotic patients before initiating empiric antibiotic therapy: nosocomial acquisition,
previous antibiotic treatment (norfloxacin prophylaxis,
β-lactam use within the last three months), previous
infection by multiresistant bacteria, diabetes mellitus,
and upper GI bleeding[4,43,154]. Until now, no randomized
controlled trials have evaluated the efficacy of empiric
therapy with carbapenems, tigecycline, or addition of
anti-enterococcal antibiotics (ampicillin, vancomycin) in
the setting of hospital-acquired infections in cirrhosis.
Therefore, clinicians are advised to implement the five
main aspects summarized as the Tarragona strategy[153]:
(1) Recognize individual risk factors; (2) Know local epidemiology; (3) Treat immediately and broad enough; (4)
Select the ideal antibiotic for the site of infection; and (5)
Re-evaluate your therapy after three days.

30% one-month mortality after SBP - in the presence of
leukocytosis the mortality increases to 52%[135].
Acute kidney injury and hepatorenal dysfunction
Clinically significant portal hypertension and pathological
BT in cirrhosis contribute to mesenteric vasodilation and
splanchnic pooling, which results in reduced central blood
volume with compensatory but insufficient hyperdynamic
circulation, activation of neurohumoral vasoconstrictor
systems, and sodium retention in the kidneys[136,137]. The
markedly reduced renal blood flow in decompensated cirrhosis[138] renders the kidney susceptible to infection-triggered renal failure and hepatorenal syndrome (HRS)[139].
Renal failure occurs in approximately one third of patients with cirrhosis and bacterial infections, especially after UTI, SBP, and skin infections, and is non-reversible or
progressive in 25% to 33% of cases[121,140-142]. Compared
to parenchymal nephropathy in cirrhosis, hypovolemiarelated renal failure (OR = 2.32) and infection-related
renal failure (OR = 2.61) are both associated with a twofold increased risk of mortality within 90 d[143]. Given the
large impact of progressive renal failure on mortality in
patients with cirrhosis, current strategies implement the
criteria of the Acute Kidney Injury Network (AKIN)
[creatinine increase ≥ 0.3 mg/dL (27 µmol/L) within
48 h or 50% creatinine increase from a stable baseline]
for all acute deteriorations of renal function in cirrhosis
under the term “hepatorenal dysfunction”[144]. Patients
with cirrhosis and infections that develop renal failure
according to the AKIN criteria have lower mean arterial
pressure, higher bilirubin, lower albumin, higher WBC
count, higher platelet count, and lower serum sodium in
univariate analyses[142]. Mortality increases with occurrence
of AKI (34% vs 7% 90-d mortality), with severity of AKI
(2%, 7%, and 21% in-hospital mortality in stages 1, 2, and
3, respectively) and with progression of renal failure (15%
90-d mortality after complete recovery, 40% after partial
renal recovery, and 80% in patients without renal recovery
or progression)[142,144].
Notably, one third of patients with AKI due to bacterial infections develop a second infection, which aggravates renal failure and reduces survival presumably by
superimposing inflammation and exhaustion of innate
defense mechanisms[65,122,142]. Therefore, prevention of
secondary infection in cirrhotic patients with infectioninduced renal failure seems a legitimate approach to
reduce mortality due to infections. In addition, intravenous albumin substitution has proven effective to reduce
renal failure, in-hospital mortality, and 90-d mortality in
patients with SBP[145] and improves serum creatinine but
not survival in cirrhotic patients with infections other
than SBP[146]. Additional approaches using anti-inflammatory strategies with pentoxifylline have been proven
effective in improving renal function during alcoholic
hepatitis[147] and might have prophylactic potential for
preventing HRS in decompensated cirrhosis in selected
patients[148,149].
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CONCLUSION
Patients with decompensated cirrhosis represent a highly
vulnerable population with structural, immunological
and hemodynamic abnormalities, which render them
susceptible to bacterial infections, pronounced systemic
inflammation, organ failure, and death (Figure 1). Despite
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Figure 1 Self-perpetuating mechanisms contributing to bacterial infections, systemic inflammation and organ failure in patients with decompensated cirrhosis. BT: Bacterial translocation.

increasing understanding of underlying pathophysiology
and mechanisms of organ failure, the outcome of bacterial infections in cirrhosis has remained poor over last
decades. Antibacterial prophylaxis is effective in preventing infectious complications but increasing antimicrobial
resistance demands its restriction to patients at the highest risk. Non-antibiotic approaches to decrease the risk
of bacterial infections by reducing pathological BT (probiotics, prokinetics, bile acids) or restoring dysfunctional
immune responses (anti-inflammatory strategies, immune
therapy) are desperately needed as we enter the post-antibiotic era. Until then, basic measures of infection prevention (vaccinations, hygiene, nutrition), antimicrobial
de-escalation strategies, and surveillance for early signs
of organ dysfunction are required to reduce the burden
associated with bacterial infections in cirrhosis.
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tients with portal hypertension and is characterized by
increased cardiac output and heart rate, and decreased
systemic vascular resistance with low arterial blood pressure. Understanding the pathophysiology of splanchnic
vasodilatation and hyperdynamic circulatory syndrome
is mandatory for the prevention and treatment of portal
hypertension and its severe complications.
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Core tip: In cirrhosis, portal hypertension is due to an
increase in intrahepatic resistance and splanchnic blood
flow. The latter is secondary to arterial splanchnic vasodilatation and the opening of collateral circulation.
Though the increase in intrahepatic resistance is the earliest and most important component, at present the only
treatment regimes which are available for the control of
portal hypertension in cirrhosis, i.e. , non-selective betablockers, octreotide and terlipressin, act on the splanchnic dynamic component. Thus, understanding the mechanisms that lead to splanchnic vasodilatation and to the
hyperdynamic circulatory syndrome is essential for the
treatment of the complications of portal hypertension.

Abstract
Portal hypertension is a clinical syndrome which leads to
several clinical complications, such as the formation and
rupture of esophageal and/or gastric varices, ascites,
hepatic encephalopathy and hepato-renal syndrome.
In cirrhosis, the primary cause of the increase in portal
pressure is the enhanced resistance to portal outflow.
However, also an increase in splanchnic blood flow worsens and maintains portal hypertension. The vasodilatation of arterial splanchnic vessels and the opening of collateral circulation are the determinants of the increased
splanchnic blood flow. Several vasoactive systems/substances, such as nitric oxide, cyclooxygenase-derivatives, carbon monoxide and endogenous cannabinoids
are activated in portal hypertension and are responsible
for the marked splanchnic vasodilatation. Moreover, an
impaired reactivity to vasoconstrictor systems, such as
the sympathetic nervous system, vasopressin, angiotensin Ⅱ and endothelin-1, plays a role in this process.
The opening of collateral circulation occurs through the
reperfusion and dilatation of preexisting vessels, but
also through the generation of new vessels. Splanchnic
vasodilatation leads to the onset of the hyperdynamic
circulatory syndrome, a syndrome which occurs in pa-
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the onset of serious clinical complications such as the
formation and rupture of esophageal and/or gastric varices, ascites, and hepatic encephalopathy.
In cirrhosis, the main mechanism responsible for the
increase in portal pressure is the increase in intrahepatic
resistance to portal blood outflow.
The pivotal mechanism responsible for the increased
resistance in cirrhosis is the deposition of collagen in the
hepatic acinus with narrowing of the sinusoidal lumen
and a consequent decrease in the total cross-sectional
area of the hepatic sinusoids. A further structural change
responsible for the increase in intrahepatic portal resistance is the compression of centrilobular venules by regenerating nodules, granulomas, and portal inflammation.
The main role of such anatomical alterations in determining the increase in portal pressure is confirmed by the
relationships between septal thickness, small nodularity,
liver stiffness and portal pressure[1,2].
Apart from the structural component, a vasoactive,
potentially reversible component is also involved in the
increase in hepatic resistance[3]. In cirrhosis, the contractile tone of smooth muscle cells and myofibroblasts,
derived from stellate cells, around the sinusoids and hepatic venules is increased[4]. Norepinephrine, substance P,
thrombin, angiotensin Ⅱ[5], endothelin (ET)[6] and prostanoids[7] increase the contractile tone of myofibroblasts
and thus portal resistance. Nevertheless, endothelial
dysfunction is the main source of the dynamic increase
in intrahepatic portal resistance[8]. A decreased bioavailability of nitric oxide (NO) in the sinusoids[8-11] and an
increased production of cyclooxygenase (COX)-derived
prostanoids, such as prostaglandin H2 and tromboxane
A2[7,12] seem to be the main players in endothelial dysfunction in cirrhosis.
Despite being crucial to the development of hemodynamic changes in cirrhosis, the mechanisms responsible
for the increase in intra-hepatic resistance will not be analyzed in details in this review, as they are beyond its aim.

The increase in resistance to portal flow is the main
determinant of portal hypertension in cirrhosis[14,15], but
an increase in portal inflow also plays a role. Such increase in total splanchnic inflow[16,17] has been observed in
patients with cirrhosis and demonstrated in experimental
models of portal hypertension[18,19].
In the liver with normal resistance, a change in portal flow does not change portal pressure[20] because of
the high vascular compliance of hepatic vasculature.
When outflow portal resistance is increased and vascular
compliance is decreased, an increase in portal flow is responsible for an increase in portal pressure. In cirrhosis,
the increase in portal inflow, which is triggered by the increase in resistance to portal flow (see below), maintains
and worsens portal hypertension[21].
Several therapeutic strategies for portal hypertension
aim at decreasing portal pressure by decreasing portal
inflow, thus highlighting the pathogenic role of portal
inflow.

PORTAL-SYSTEMIC COLLATERALS
A mechanism explaining the maintenance of a high portal inflow in portal hypertension is the opening of portalsystemic collaterals, caused by the increase in resistance
to outflow from the portal system.
The opening of collateral circulation occurs through
the reperfusion and dilatation of preexisting vessels,
but also through the generation of new vessels, as it
was demonstrated by experimental studies showing the
role of angiogenetic factors such as vascular endothelial
growth factor (VEGF) in the pathogenesis of collateral
circulation in portal hypertensive rats[22,23].
Portal-systemic shunts are responsible for gastrointestinal hemorrhage (mostly due to the rupture of
esophageal or gastric varices) and allow access to the
systemic circulation of substances which are usually removed by the liver. These play a role in the pathogenesis
of the hyperdynamic circulation, ascites and hepatic encephalopathy[24].

INCREASED SPLANCHNIC INFLOW
Due to increased intra-hepatic resistance, a reduction in
portal blood flow volume may be expected in portal hypertension. However, while a dilatation of the portal vein
and a decrease in portal blood velocity are detected[13],
these patients are characterized by a net increase in portal, splenic and mesenteric inflow.
The opening of portal-systemic collateral circulation
participates in the increase in portal inflow. However a
primary splanchnic arterial vasodilation can also be observed, with increased splenic and mesenteric blood flow.
Portal pressure results from the relationship between
the blood flow volume entering the portal system and the
resistance to outflow of portal blood. The mathematical
expression of this relationship is provided by Ohm’s formula: P = Q * S, where P represents change in pressure
along the vessel, Q represents blood flow and R resistance to the flow.
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SPLANCHNIC VASODILATION
In cirrhosis with portal hypertension, the increase in
splanchnic blood flow is caused by a vasodilation of arterial splanchnic vessels, both in splenic and mesenteric
vascular beds. In recent years, the mechanisms responsible for the reduction in mesenteric arterial resistance in
cirrhosis have been extensively investigated. Numerous
substances and systems have been proposed as possible
mediators: glucagon[24-26], prostacyclin (PGI2), intestinal
vasoactive peptide, histamine, substance P, estrogens,
colecystokinin, ammonia, endotoxins, adenosine, biliary acids[24], NO[27-29], alpha-calcitonin gene-related peptide[30], adrenomedullin[31,32], VEGF[33], carbon monoxide
(CO)[34,35], endogenous cannabinoids (ECs)[24,28]. Endothelial factors certainly play a major role[36].
The role of NO in the splanchnic vasodilatation of
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increased expression of myoendothelial gap junctions[52].
Also CO, an end product of heme catabolism by heme
oxygenase (HO), is involved in the splanchnic vasodilatation in cirrhosis. CO, like NO, is an activator of guanyl
cyclase and of large-conductance calcium-activated potassium channels (BKCa). It has been hypothesized that NO
and CO may act in a coordinated fashion to maintain the
patency of the sinusoids as a reaction to the upregulation
of sinusoidal constrictors such as ET[53]. In a cirrhotic
liver, the downregulation of NOS activity may not be
compensated by a sufficient upregulation of other dilators, such as CO, with an increase in sinusoidal resistance
as a result. On the other hand, in the aorta[54] and in the
mesenteric arteries[35,54-56] of cirrhotic rats, the expression
of HO-1 is increased. Moreover, the inhibition of HO
improves the hyperdynamic circulatory syndrome[54] and
normalizes the response of mesenteric arteries to phenylephrine in cirrhotic rats with ascites[35]. These data suggest
that in cirrhosis the HO/CO system may play a role in
the splanchnic hemodynamic alterations, especially in the
later stages of the disease. In mesenteric arteries of ascitic
cirrhotic rats, the increased levels of CO due to HO upregulation induce the expression of BKCa[56]. In cirrhotic
rats with ascites, the upregulation of BKCa may explain
the hypersensitivity of mesenteric arteries to CO[56].
ECs are ubiquitous lipid signaling molecules that determine central and peripheral effects through specific
receptors CB1 and CB2. Experimental data suggest that
ECs contribute to the development of splanchnic vasodilatation and portal hypertension by overactivating CB1
receptors within the mesenteric vasculature[51,57-59]. The
effects of ECs on the splanchnic vessels seems to be due
both to an increase in NO production[57] and to a NOindependent mechanism, since in isolated mesenteric
arteries from cirrhotic rats endothelial denudation did not
abolish the vasodilating effect[60].
In patients with chronic liver disease, autonomic
dysfunction has also been observed and peripheral vasodilatation is probably also a consequence of a decreased
reactivity to vasoconstrictor systems, such as the sympathetic nervous system[61], vasopressin, angiotensin Ⅱ and
ET-1. Autonomic dysfunction has been often attributed
to alcohol-related neuropathy, but other mechanisms may
also be involved as neuropathy is more common in in
chronic alcohol misusers with liver damage than in their
conterparts without liver damage[62]. A downregulation
or a decreased affinity of the receptors for vasoconstrictors may explain the sustained systemic and splanchnic
vasodilatation that occurs despite the activation of the
vasoconstrictor systems. Finally, a downregulation or an
impaired vasoconstrictor-induced activation of Rho kinase may represent a further mechanism contributing to
defective contractility in cirrhosis[63].

patients with cirrhosis and portal hypertension has been
hypothesized more than 20 years ago[37] and nowadays it
is considered the pivotal factor involved in the decreased
mesenteric resistance of cirrhosis. NO has a very short
half-life (20-30 s), it diffuses freely through the cellular
membrane and acts mainly by increasing the production
of cGMP by guanylate cyclase with subsequent relaxation of the smooth muscle cells. NO bioavailability is
increased in patients with cirrhosis and portal hypertension[38], mostly because of an increased activity of the
constitutive form of NO synthase (eNOS).
NOS activity is increased in the superior mesenteric
artery and thoracic aorta of portal hypertensive rats[39].
Upregulation of eNOS can be detected even in early
phases of the disease in portal hypertensive rats[35]. Several mechanisms seem to be responsible for such increase
in eNOS activity. Inflammatory cytokines, VEGF and
mechanical forces such as shear stress induce signaling cascades to activate Akt and heat shock protein 90
(Hsp90) which, in turn, activate eNOS[40]. Bacterial translocation from the gut into mesenteric lymph nodes is another early mechanism increasing tumor necrosis factoralpha, eNOS cofactor tetrahydrobiopterin and eNOSderived NO[41].
In decompensated cirrhosis, also the inducible form
of NOS (iNOS) is upregulated in mesenteric arteries[42,43],
even though its active role in the increased bioavailability of NO in the mesenteric vascular bed has not been
clearly demonstrated. NO is also an angiogenic factor
and it may play a role in the increased splanchnic angiogenesis which characterizes portal hypertensive rats[44]. In
experimental cirrhosis with portal hypertension increased
mesenteric angiogenesis can be reversed by chronic inhibition of NO formation[45].
However, NO/eNOS is not the only system involved
in the mesenteric vasodilation of cirrhosis. Indeed,
chronic administration of a NOS inhibitor in ascitic cirrhotic rats only partially corrects the mesenteric vasodilatation[35,43], thus implicating other vasoactive systems
in the decrease in mesenteric resistance. PGI2, an endogenous vasodilator produced by vascular endothelial
cells, is increased in patients with cirrhosis[46]. In portal
hypertensive rats, an enhanced COX-1 expression within
the superior mesenteric artery has been shown[47]. The
inhibition of COX by indomethacin reduces portal pressure, improves hyperdynamic circulation[48,49] and reduces
splanchnic blood flow[47].
It has been observed that in the superior mesenteric
artery of cirrhotic rats treated with both NOS and COX
inhibitors, an endothelium derived hyperpolarizing factor (EDHF) can replace NO and PGI2, inducing arterial
dilation[50]. The exact nature of EDHF is controversial;
however, arachidonic acid metabolites, the cation K+ and
hydrogen peroxide are the main potential candidates[51].
A study conducted by our group suggested that in cirrhosis the increased NO/PGI2-indipendent vasodilation
of mesenteric arteries is due, at least in part, to excess
reactivity to 11,12-epoxyeicosatrienoic acid through an
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SPLENIC CIRCULATION AND PORTAL
HYPERTENSION
In cirrhosis with portal hypertension, the increase in mes-
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Cirrhosis
↑ Intra-hepatic resistance

Hepatic failure

Portal
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Portal-systemic
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Figure 1 Schema of the relationships among splanchnic vasodilation, hyperdynamic circulatory syndrome
and portal hypertension in liver cirrhosis. NO: Nitric
oxide; PGI2: Prostacyclin; CO: Carbon monoxide; ECs:
Endogenous cannabinoids; EDHF: Endothelium derived
hyperpolarizing factor.

Circulating
vasodilators
(NO, PGI2, CO, ECs,
EDHF, glucagon)

Peripheral (splanchnic) vasodilatation
Hyperdynamic
circulatory
syndrome

Hypervolemia
(renal sodium retention)
↑ Cardiac output

enteric blood flow is not the only factor determining an
increase in portal blood inflow, since splenic blood flow
is also enhanced[64]. Indeed, it has been observed that in
patients with cirrhosis and portal hypertension splenic
blood flow increases to a higher extent than mesenteric
flow[65,66]. While in healthy subjects the spleen contributes
to portal blood flow for only about 40%[24], in patients
with cirrhosis the splenic component represents more
than 50% of portal inflow[67]. This increase in splenic
blood flow has been observed in patients with cirrhosis
and splenomegaly[64,68]. Moreover, a correlation exists
between spleen size and portal vein diameter[69,70], splenic
blood flow[71,72] and portal blood flow[69,73].
These data suggest that in cirrhosis the splenic congestion is not a passive phenomenon and the spleen actively contributes in maintaining portal hypertension by
congesting the portal system[17].

peripheral resistance, and indirectly, by allowing intestinal
vasoactive substances to bypass the liver and reach the
systemic circulation. Neurogenic, biochemical and local
mechanisms are also involved in the progression of the
syndrome[21]. Even if overall peripheral and splanchnic
vascular resistance is markedly reduced, a decrease in
resistance is not present in all vascular beds[78]. A blood
flow reduction has been observed in the kidney[79-82], in
the brain[83-86] and in muscles[87]. The more the liver disease and the splanchnic vasodilatation worsen, the more
the blood flow to other organs decreases[78]. Renal vasoconstriction is a consequence of effective hypovolemia
and the activation of neurohumoral systems, providing
the rationale for improving renal blood flow not by renal
vasodilators, but by albumin infusion and splanchnic vasoconstrictors such as terlipressin or octreotide[88-91].
The hyperdynamic circulatory syndrome is the pathogenetic basis for the development of several complications of cirrhosis, such as hepato-renal syndrome, hepato-pulmonary syndrome, shock susceptibility and tissue
hypoxemia. Moreover, since the gut and liver receive a
third of the entire cardiac output, hyperdynamic circulation directly or indirectly contributes to two of the most
serious complications of cirrhosis: ascites and variceal
bleeding. Also, several symptoms of portal hypertension
(i.e., tachycardia, subcyanotic warm skin, systemic arterial
hypotension) are a direct consequence of this syndrome.
Another main finding in the hyperdynamic circulatory
syndrome is the increase in circulating blood volume[92-95].
According to the ‘‘peripheral arterial vasodilatation theory’’[96], splanchnic vasodilatation leads to renal sodium
retention and, as a consequence, hypervolemia which
contributes to the hyperdynamic syndrome by increasing
cardiac pre-load. The hyperdynamic syndrome, in turn,
maintains and enhances portal hypertension, while antialdosteronic drugs reduce portal pressure in cirrhotic
patients without ascites by decreasing blood volume[97,98]
(Figure 1). The hyperdynamic circulatory syndrome only
develops in the supine position, in which a portion of

HYPERDYNAMIC CIRCULATORY
SYNDROME
In cirrhosis, the hyperdynamic circulation is characterized by increased cardiac output and heart rate, and
decreased systemic vascular resistance with low arterial
blood pressure[74,75]. The main cause of the onset of the
syndrome is the systemic and splanchnic vasodilatation,
which eventually leads to abnormalities in the cardiovascular system, and several regional vascular beds. Chronic
administration of a NOS inhibitor in ascitic cirrhotic rats
completely normalized the parameters of hyperdynamic
circulation[76], but only partially corrected the mesenteric
vasodilatation[35,43]. Neuropeptide Y, a sympathetic cotransmitter of norepinephrine, exerted marked portal
hypotensive effects and ameliorated the hyperdynamic
circulation through a pronounced splanchnic vasoconstriction and a reduction in splanchnic blood flow in cirrhotic rats with ascites[77].
Collateral circulation contributes to the development
of hyperdynamic syndrome, both directly, by reducing
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blood volume is moved towards the ‘‘central’’ area[99,100].
In cirrhosis, the increase in cardiac output with compensatory reduction in peripheral vascular resistance is a
consequence of the enhanced cardiac pre-load due to the
supine posture[99,100].
In patients with cirrhosis, a higher cardiac output
is independently associated with higher hepatic venous
pressure gradient and hepatic blood flow[101]. Despite
the increase in the baseline cardiac output, the systolic
and diastolic ventricular response to stress is blunted in
conjunction with ventricular hypertrophy or dilatation
and electrophysiological abnormalities such as prolonged
QT interval. The following mechanisms seem to be involved in the development of cirrhotic cardiomyopathy:
an altered β-adrenergic signalling[102,103], a dysfunction
of the cardiomyocytes membrane, and an activation of
cardiodepressant substances such as NO, cytokines and
ECs[104].

ity and plasma norepinephrine that occurs after a large
volume paracentesis[110]. Also terlipressin and midodrine,
an alpha-1 agonist upon arterial and venous vessels, seem
to be effective in reducing the manifestations of paracentesis-related circulatory dysfunction[111,112]. Moreover,
in refractory or recurrent ascites, midodrine significantly
decreased cardiac output and increased systemic vascular
resistance, thus being superior to standard medical therapy alone in controlling ascites[113]. In patients with hepatorenal syndrome, the rationale for the use of terlipressin,
norepinephrine or midodrine in association with albumin
is to counteract the splanchnic arterial vasodilation, thus
increasing the effective circulating volume and, in turn,
renal perfusion[114,115].

CONCLUSION
In cirrhosis, the increase in portal pressure which is responsible for the onset of complications such as gastrointestinal hemorrhage, ascites, hepatic encephalopathy,
hepato-renal syndrome, hepato-pulmonary syndrome and
spontaneous bacterial peritonitis, is due not only to an
enhanced intrahepatic resistance to portal blood outflow,
but also to an increase in splanchnic blood inflow into
the portal vascular system.
The increase in splanchnic blood flow is determined
by a vasodilatation of the arterial splanchnic vessels, both
in the splenic and mesenteric vascular beds, and by the
development of collateral circulation. The increase in
NO production in the splanchnic vascular bed is considered the main contributor to splanchnic vasodilatation.
However, several others molecules, such as PGI2, EDHF,
CO and ECs also play a role. Splanchnic vasodilatation
leads to the development of hyperdynamic circulatory
syndrome, which is characterized by increased cardiac
output and heart rate, and decreased systemic vascular
resistance with low arterial blood pressure. The understanding of the pathophysiology of splanchnic vasodilatation and hyperdynamic circulatory syndrome is essential
for the prevention and treatment of the complications of
portal hypertension.

PHARMACOLOGICAL APPROACHES
TO SPLANCHNIC VASODILATATION
AND HYPERDYNAMIC CIRCULATORY
SYNDROME
Several therapeutic strategies for portal hypertension
complications aim at decreasing portal pressure by decreasing portal inflow, thus highlighting the pathogenic
role of splanchnic vasodilatation and hyperdynamic circulatory syndrome.
In the latest Baveno conference (May 2010), the therapeutic recommendations for non-selective β-blockers
included primary prophylaxis of bleeding from gastroesophageal varices and the prevention of recurrent hemorrhage[105]. The efficacy of non selective beta-blockers in
patients with portal hypertension is due to the fact that
they increase splanchnic resistance and decrease cardiac
output, thus decreasing portal inflow[106].
Vasopressin analogues and somatostatin are the most
widely utilized vasoactive drugs during an acute variceal
bleeding. Terlipressin, a synthetic vasopressin analogue,
causes splanchnic and systemic vasoconstriction by acting
on the V1a receptors within the arterial smooth muscle.
Somatostatin and its analogues cause splanchnic vasoconstriction both by inhibiting the release of the vasodilator
glucagon, and through a direct mesenteric vasoconstrictive effect. Vasopressin analogues and somatostatin also
blunt the increase in portal pressure induced by volume
expansion[107,108]. Splanchnic vasodilation is responsible
for the hypoperfusion of the renal system which leads
to the activation of the renin-angiotensin-aldosterone
system and to fluid retention. Diuretics are the pivotal
drugs in the control of ascites. The standard combination
includes spironolactone, an aldosterone antagonist, and
furosemide[109]. In patients with ascites, albumin is used
to prevent paracentesis-induced circulatory dysfunction,
or an acute worsening of the hyperdynamic circulatory
syndrome with a marked increase in plasma renin activ-
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Immune dysfunction in cirrhosis
Nora Sipeki, Peter Antal-Szalmas, Peter L Lakatos, Maria Papp
flammatory processes result in very different dynamic
courses. In this review we give a detailed overview of
acquired immune dysfunction and its consequences
for cirrhosis. We demonstrate the substantial influence
of inherited innate immune dysfunction on acute and
chronic inflammatory processes in cirrhosis caused by
the pre-existing acquired immune dysfunction with limited compensatory mechanisms. Moreover, we highlight
the current facts and future perspectives of how the
assessment of immune dysfunction can assist clinicians
in everyday practical decision-making when establishing treatment and care strategies for the patients with
end-stage liver disease. Early and efficient recognition
of inappropriate performance of the immune system is
essential for overcoming complications, delaying progression and reducing mortality.
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Abstract

Core tip: Innate and adaptive immune dysfunction, also
referred to as cirrhosis-associated immune dysfunction
syndrome, plays a pivotal role in the pathogenesis of
cirrhosis in both acute and chronic disease progression. During progression, acute decompensation is
associated with organ failure(s), the so-called acuteon chronic liver failure, and chronic decompensation
with progression of liver fibrosis and development of
disease specific complications comprise distinct clinical
entities with different immunopathology mechanisms.
Enhanced bacterial translocation associated with systemic endotoxemia and systemic bacterial infections
have substantial impacts in both clinical situations. In
this review the authors provide overview of immune
dysfunction and its consequences in cirrhosis.

Innate and adaptive immune dysfunction, also referred
to as cirrhosis-associated immune dysfunction syndrome, is a major component of cirrhosis, and plays
a pivotal role in the pathogenesis of both the acute
and chronic worsening of liver function. During the
evolution of the disease, acute decompensation events
associated with organ failure(s), so-called acute-on
chronic liver failure, and chronic decompensation with
progression of liver fibrosis and also development of
disease specific complications, comprise distinct clinical
entities with different immunopathology mechanisms.
Enhanced bacterial translocation associated with systemic endotoxemia and increased occurrence of systemic bacterial infections have substantial impacts on
both clinical situations. Acute and chronic exposure to
bacteria and/or their products, however, can result in
variable clinical consequences. The immune status of
patients is not constant during the illness; consequently, alterations of the balance between pro- and anti-in-
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pathogenic microorganisms. PRRs are anchored in innate immune cells as surface or intracellular receptors,
and are involved in signaling, resulting in an inflammatory response and subsequent cellular activation. The other
type of PRRs includes various soluble receptors that
move around freely and are considered as functional ancestors of the immunoglobulins (Ig). They act as phagocytic receptors, mediating direct non-opsonic uptake
of pathogenic microbes and/or their products. On the
basis of their function, scavenger receptors (SR), which
are cell membrane-bound PRRs, also belong to this latter group[8]. These molecules recognize conserved structures, designated pathogen-associated molecular patterns
(PAMPs), on microbes. Many of these molecules are
present in commensals and opportunistic pathogens
(MAMPs, microbial-associated molecular patterns) [9].
Moreover, PRRs interact not only with exogenous microbial molecules, but also with endogenous structures.
Damaged or stressed cells that pose a “danger” to selftissues are recognized through danger (or damage)-associated molecular patterns (DAMPs)[10]. A multifaceted
interplay of different PRRs results in a complex spectrum of pro- and anti-inflammatory, immunogenic and
suppressive responses induced within the host.
Altered expression and function of the PRRs are
well-known features of cirrhosis. Of the acquired alterations in toll-like receptors (TLRs), PRRs are the most
extensively studied and are reported to have a substantial impact on the pathogenesis and evolution of the
disease[11,12]. Recently, interesting data has been revealed
about other PRRs, such as the cluster of differentiation
14 (CD14)[13], macrophage SR, soluble(s) CD163[14], or
C-type lectin receptors[15].
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INTRODUCTION
Cirrhosis is the final stage of chronic liver diseases from
any cause and is associated with various levels of immune dysfunction, which are referred to as cirrhosisassociated immune dysfunction syndrome (CAIDS)[1].
Acquired alterations of both the innate and the adaptive
immune functions are diverse, encompassing recognition, effector and regulatory mechanisms[2]. Paradoxically, depression and overstimulation exist concurrently
in the system, and result in an enhanced susceptibility
to acute inflammatory processes and their exaggerated
courses, both locally and far from the portal of entry
of the microbes or the non-microbial toxic agents. The
worst consequence of the imbalance in the pro- and
anti-inflammatory processes is the development of
acute-on-chronic liver failure (ACLF). Subtle immune
dysfunction, however, also favors a shift towards persistence of inflammation leading to progression of liver
fibrosis and development of different complications
(portal hypertension and hepatic encephalopathy). From
a pathogenetic point of view, the predominant mechanisms are different during acute and chronic worsening
of liver function in cirrhosis[3]. Enhanced bacterial translocation (BT)[4] associated with systemic endotoxemia
and increased occurrence of systemic bacterial infections
have substantial impacts on both clinical situations[5].
The other important feature is that the immune status
of patients is not constant during the illness, and the
extent of the acquired immune dysfunction is related to
the severity and etiology of the liver disease. The more
severe the liver disease, the more subtle is the immune
dysfunction[6]. In the case of an alcoholic etiology, more
profound alterations are generally expected[7]. Lastly, in
cirrhosis, the clinical effect of functional variations of
innate immunity-related genes are more pronounced
compared to non-cirrhotic cases because of a pre-existing acquired immune dysfunction with limited compensatory mechanisms.

Altered TLR expression and functions
A wide range of TLRs is expressed to various extents in
the liver parenchymal and non-parenchymal cells[12,16,17].
Acquired alterations in TLR signaling pathway have a major influence on the development of the disease and have
been extensively studied in cirrhosis[18]. Previous experimental studies on animals, mostly rodent models of liver
fibrosis mimicking different etiologies of chronic liver
diseases (CLD)[17,19] and models with knock-outs of certain members of cell signaling molecules, delineated the
most relevant signaling routes involved in the pathogenesis of fibrosis, namely the TLR2, 4 and 9 pathways[20].
TLR2 and TLR9 recognize their ligands, di- and triacyl
lipoproteins and unmethylated CpG-DNA, respectively,
while the lipid A component of lipopolysaccharide (LPS)
triggers the activation of TLR4[11,12,21]. The above mentioned animal models also highlighted that hepatic stellate
cells (HSCs) are the ultimate effectors of TLR ligandmediated fibrogenesis in the liver[22] and that maintenance
of liver homeostasis depends upon the summation of
pro- and anti-fibrotic effects of various immune cells on
HSCs. Profibrotic immune cells, like M1 macrophages,
neutrophils, T helper (Th) 17 cells, CD8+ T cells and nature killer T (NKT) cells, promote fibrosis via secretion

INNATE IMMUNE DYSFUNCTION
Pattern recognition receptors
Different classes of germ line-encoded pattern recognition receptors (PRRs) recognize invading pathogens, and
monitor the extracellular and intracellular compartments
of host cells for signs of microbes. Sequential detection
of a pathogen by various PRRs in different subcellular
compartments is essential and results in activation and
the complex interplay of downstream, conserved signaling pathways[8]. PRRs are widely distributed in different
forms with various functions all over the human body.
They are abundant at the sites of possible entry for

WJG|www.wjgnet.com

2565

March 14, 2014|Volume 20|Issue 10|

Sipeki N et al . Immune dysfunction in cirrhosis

of proinflammatory cytokines and mediators activating
HSCs, while secretion of interleukin (IL)-10 and IL-22,
interferon gamma (IFNγ), tumor necrosis factor related
apoptosis inducing ligand (TRAIL), and direct killing of
HSCs by anti-fibrotic immune cells (M2 macrophages,
CD11b+Gr1+ bone marrow cells, regulatory T cells (Treg),
Th17 cells, NK cells and NKT cells) can negatively regulate HSCs. Interestingly, macrophages, NKT cells, Th17
cells and dendritic cells seem to possess dual functions
in this regard[23]. Thus, NK cell-mediated elimination of
activated HSCs is a key component of maintaining liver
homeostasis and preventing fibrogenesis, principally in
the early stages of liver fibrosis[24,25].
Changes in TLR signaling pathways are caused by
the prolonged exposure to intestine-derived bacterial
products (LPS, unmethylated CpG containing DNA and
lipoteichoic acid), foreign toxic agents (ethanol and acetaldehyde derived adducts) and also damaged hepatocytederived endogenous TLR ligands [26], which are wellestablished components of CAIDS[1]. Intestinal bacterial
overgrowth, altered composition of the gut microbiome,
bowel dysmotility, impaired local intestinal mucosal immunity and multifactorial disruption of the intestinal mucosa barrier (increased oxidative stress, mucosal edema
and consequential mucosal structural changes causing
an enhanced intestinal permeability) ,together result in
pathological BT in cirrhosis[4,27]. Moreover, the decreased
capacity of the liver to filter these bacterial products by
hepatic resident macrophages [Kuppfer cells (KC)] and
reduced LPS scavenging capacity of albumin caused by
oxidization[28] and low levels of high density lipoprotein
(HDL) and apolipoprotein A- Ⅰ[29], further assist the
elevation of the above-mentioned, potentially immunogenic bacterial products in the systemic circulation. Attenuation or complete inhibition of LPS/TLR4 pathways
by either intestinal decontamination (administration of a
non-absorbable antibiotic, rifaximin) or the use of TLR4
mutant mice showed, significant reduction of HSC activation, angiogenesis, portal hypertension and fibrosis[30].
Changes in TLR expression in response to acute
or chronic stimuli are shown by parenchymal and nonparenchymal hepatic cells, as well as peripheral blood
mononuclear cells (PBMCs). Although LPS and other
TLR ligands can activate different signaling pathways in
various cell types (immune and non-immune), promoting
a proinflammatory and profibrogenic cascade in acute
circumstances, anti-inflammatory and anti-fibrogenic
mechanisms are present concurrently to balance these
processes and maintain liver homeostasis and immunotolerance. The phenomenon of LPS hyporesponsiveness
or LPS tolerance has been observed in monocytes, KCs
and liver sinusoidal endothelial cells (LSEC) in response
to repetitive stimulation with low dose of LPS. LPS tolerance accompanied by reduced nuclear translocation
of nuclear factor (NF)-κB is caused by alterations in the
TLR-4 signaling pathway. In LSECs, this process is associated with surface expression of CD54 or other leukocyte adhesion molecules and chemokines [e.g., monocyte
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chemotactic protein-1 (MCP-1)], while in rest of the
above-mentioned cell populations it is associated with
decreased TLR-4 expression[31].
Functional impairment of TLR2 and TLR4, the most
important PRRs for bacterial recognition, caused by sustained LPS exposure, appears to play a significant role
in the risk of infection in cirrhotic patients[32]. Studies
on PBMCs collected from patients with cirrhosis clearly
showed that there was dampened TLR2 function, even
in the early stage of cirrhosis[33,34]. Moreover, at least in
advanced cirrhosis, TLR4 impairment was also present[33,35-38], where TLR function was assessed by TNF-α
production in culture. Antibiotic or probiotic treatment
was able to relieve the TLR disruption by increasing TLR4
levels and restoring receptor function[35,38]. It must be
noted, however, that there are also some contradictory results, probably reflecting the heterogeneity of the patient
population and methodological differences. Decreased
TLR levels are not sufficient to alter the TLR function,
which also suggests probable intracellular dysfunction[32].
Functional polymorphisms of PRR
Inherited variations of PRR gene functions have proven
to underlie the risk of infection in cirrhosis. In a prospective study by Nischalke et al[39], a TLR2 GT microsatellite polymorphism and nucleotide-binding oligomerization domain (NOD) 2 variants were independent
predictors of spontaneous bacterial peritonitis (SBP) (OR
= 3.8, P = 0.002 and OR = 3.3, P = 0.011, respectively)
in a multivariate analysis. Both the NOD2 variants[40] and
the TLR2 microsatellite polymorphism[41] were associated with reduced levels of NF-κβ activation, suggesting
a signaling defect in vitro and decreased release of pro-inflammatory cytokines, such as TNF-α, IL-12, IL-6 upon
in vitro stimulation with bacterial lysates. Additionally,
in a study by Bruns et al[42], patients carrying the TLR2
polymorphism Arg753Gln (the GA genotype) had SBP
more often than patients with the GG genotype (55.6%
vs 18.2%, P = 0.019).
Genetic immune defects could also contribute to
the high risk of systemic bacterial infections in cirrhosis
beyond SBP. In a retrospective Spanish study[43], patients
with ascites carrying the TLR4 D299G polymorphism
showed a trend towards a higher incidence of history
of bacterial infections and a significantly higher number of infections per patient than wild-type patients.
This single SNP has been shown to change the ligandbinding site of the receptor, because it is located close to
the TLR-4-MD-2 binding areas[44] and is associated with
blunted physiological response to LPS[45]. However, the
functional impact of TLR4 (D299G) polymorphisms on
the LPS-induced cytokine response is controversial[46-48].
Mannose-binding lectin deficiency (MBL)[15] and haptoglobin (Hp) polymorphism type 1-1[49] have been found
to confer a higher risk of systemic bacterial infections in
patients with cirrhosis (OR = 2.14, P = 0.04 and OR =
2.74, P = 0.015, respectively) independently of disease
severity. MBL, belonging to C-type lectin family, recog-
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nizes surface carbohydrate sequences of a wide range of
pathogens and stimulates direct opsonophagocytosis via
the lectin pathway of the complement system. In case of
MBL deficiency, both the recognition and the eradication of the pathogens are impaired. Hp is an acute phase
plasma protein. Three phenotypes of the molecule exist,
each with biologically important differences in their antioxidant, scavenging and immunomodulatory properties.
These differences influence the course of subsequent
inflammatory diseases. Hp1-1 has a weaker bacteriostatic
effect than Hp2-2 and potentiates a Th2 immune response, thus predisposing subjects with Hp1-1 to develop bacterial infections. There is also a link between Hp
polymorphisms and the body’s iron store. Excessive iron
accumulation has an adverse effect on immunity. Iron
overload seems to exert a subtle effect on the immune
system by altering the proliferation of T and B-lymphocytes. Furthermore, bacteria utilize the iron of the host
organism as an important nutrient[50-52].
Though all the above-mentioned host genetic factors associated with significant ORs suggest an important role of single nucleotide polymorphisms (SNPs)
in determining infection risk, a key question remaining
is how these markers could be utilized in these clinical
settings. Several points are worth considering. First, the
frequencies of these polymorphisms in the population
are relatively low (around 10%), limiting their efficacy as
predictors. Second, ethnic and geographical differences
in these functional polymorphisms exist. For example,
the occurrence of the NOD2 risk alleles is highest in
central Europe, but is absent from certain non-Caucasian populations, thus preventing their universal application[53]. One study[39] showed that the combination of the
markers (simultaneous presence of both genetic variants,
TLR2 GT microsatellite polymorphism and NOD2 risk
variant) specifically improved the identification of patients with a high risk for SBP (OR = 11.3, P < 0.001).
ORs of single clinical factors or laboratory markers were
indeed inferior to ORs obtained using SNPs related to
host immunity. In contrast, disease severity determined
by a more complex way, using the Child-Pugh, score was
superior to single SNPs to predict the infections, mainly
in patients with advanced disease. However, this aspect
was rarely examined in the above-mentioned studies.
In one of our studies[49], the presence of the advanced
disease (Child C) was associated with the highest risk of
infection (HR = 4.43, P < 0.001) and was at least double
the risk value of any other clinical or laboratory marker
in a multivariate Cox regression model. The occurrence
of the Child C disease stage was 29% in this population. There is no data regarding the added value of using host genetic risk factors to assess infection risk in
combination with Child-Pugh stages. In earlier stages of
the disease, combination of clinical score with genetic
markers more likely enhances the risk assessment of the
infections than in advanced stage of the disease. This
approach could help to optimize patient care by identifying a high-risk population in which prophylactic anti-
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biotic treatment might prevent SBP and other systemic
infections and, therefore, mitigate the acute and chronic
progression of the disease and prolong survival.
Functional genetic variations of PRRs associated
with stronger pro-inflammatory response, however,
might pave the way to progression from the chronic inflammatory state to the definite breakdown of the liver
tissue, resulting in the development of cirrhosis. Support
for this concept comes from the study of Brun et al[13].
The authors reported enhanced progression of fatty liver
disease according to -159C/T promoter polymorphism
in the CD14 gene. This polymorphism was proved to
influence the transcriptional activity, thus determining
the expression level of CD14. Subjects carrying the TT
genotype had the most prominent elevation in CD14[54]
and TNF-α[13] levels. As previously mentioned, several
hepatic cell populations involved in liver damage and fibrogenesis can directly respond to LPS. Thus, increased
CD14 expression in patients carrying the TT genotype
might enhance their sensitivity to intestinal LPS and so
augment the pro-inflammatory responses and disease
progression in obese subjects. Accordingly, the TT
genotype distribution was significantly higher in nonalcoholic steatohepatitis (NASH) patients than in control
subjects or non-alcoholic fatty liver disease patients[13]. In
patients with chronic hepatitis C infection, the-399T/I
TLR4 polymorphism was one of seven SNPs that may
predict the risk of cirrhosis (for CC genotype: OR = 3.11,
P < 0.001), supposedly related to its functional impact
on the LPS-induced cytokine response[55].

MONOCYTES
Impaired monocyte function, including defects in chemotaxis, superoxide generation [56], phagocytosis and
killing activity, as well as a decrease in the production
of lysosomal enzymes, are well-known components of
CAIDS[57-59]. Numerous studies have investigated the role
of monocytes in liver inflammation and fibrosis extensively[60-63], along with their indispensable involvement
in “cirrhosis associated immunological dissonance”[37]
and its clinical manifestation of increased susceptibility
to bacterial infections or in ACLF. Zimmermann et al[61]
found a significant increase in circulating monocytes, with
a shift towards non-classical CD14+CD16++ monocyte
subset in CLD patients. This non-classical monocyte subset possesses pro-inflammatory and pro-fibrogenic potentials; moreover, they express higher levels of CXCR3,
MHC-Ⅱ (HLA-DR), FcγRⅡ and IL-2R (CD25) than the
classical CD14++CD16- monocyte subset[62,63]. Chemokinemediated recruitment, accumulation and activation of
CD14+CD16++ cells in the liver, along with consequent
direct HSC activation, also contribute to the ongoing fibrogenetic processes[61-63]. Novel findings from Seidler et
al[64] indicated that sIL-2R (sCD25) might be a potential
biomarker of immune cells’, especially CD14+CD16++
monocytes’, activation in CLD. Independently of the underlying etiology, significantly elevated serum sIL-2R lev-
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the body[70]. At the same time, KCs are the second most
abundant non-parenchymal cell type populating liver
tissue after LSEC[11]. Three major pathogenetic roles of
KCs are relevant to cirrhosis: (1) as the main orchestrating immune cells in the liver; the KCs and their cross talk
with HSCs, the ultimate effectors of fibrogenesis in the
liver, are in the focus of attention for understanding fibrogenetic mechanisms. Activation of KCs by PAMPs or
DAMPs via PRR signaling pathways results in activation
of HSCs and recruitment of phagocytic cells through
secretion of proinflammatory cytokines, chemokines (i.e.,
MCP-1) and upregulation of adhesion molecules, thus
contributing to fibrogenetic processes[71]; (2) in addition,
activated KCs, along with recruited bone marrow (BM)derived macrophages through production of vasoconstrictor agents like thromboxane A2 (TXA2), seem to
increase portal pressure in normal and in fibrotic animal
models[72]. This concept is supported by recently published studies, which found a strong correlation between
sCD163, a biomarker of macrophage activation, and the
hepatic venous pressure gradient (HVPG)[14,73-75]; and (3)
additionally, the deficient phagocytic capacity of KCs in
advanced cirrhosis can also eventually lead to decreased
elimination of blood-borne pathogens and mainly intestine-derived bacterial products, thereby contributing to
an increased risk of bacterial infection[76].
Recently, CD163 has been proposed to be a specific
marker of monocyte/macrophage cell populations[77].
The utility of this SR is not yet fully understood, but it
supposedly functions as an innate immune sensor for
bacteria[78] and has an essential role in the inflammatory
processes. During the local activation of macrophages,
the extracellular portion of CD163 is cleaved by metalloproteinases and enters the circulation as a soluble
protein (sCD163)[79]. It is now evident that sCD163 is
very useful as a biomarker of macrophage activation in
various inflammatory diseases, as well as in chronic liver
diseases. An elevated sCD163 level is related to portal
hypertension, indicated by HVPG value in patients with
cirrhosis[75]. In a very recent prospective clinical study by
Waidmann et al[14] high sCD163 levels were shown to be
associated with both the development of variceal bleeding and mortality in cirrhosis, independently of endoscopic risk factors and the disease severity, respectively.
MCP-1 is one of the most potent chemokines for
monocytes/macrophages and activated lymphocytes during infections[80]. MCP-1 also plays a role in the recruitment and maintenance of the inflammatory infiltrate
during liver injury[81]. Similar to PRR genes, a functional
polymorphism of MCP-1 gene (-2518 G/A) can also
influence both the risk of bacterial infections and hepatic inflammation and fibrosis progression. In a small
study by Gäbele et al[82], the 2518 MCP-1 genotype AA
was identified as a risk factor for SBP in patients with
alcoholic cirrhosis, supposedly caused by reduced MCP-1
protein level in ascites. Evaluating HCV patients, Mühlbauer et al[83] reported that carriers of the G allele were
significantly more frequent among patients with more

els were observed in established cirrhosis compared with
controls and non-cirrhotic patients. sIL-2R levels were
also correlated positively with total monocyte counts and
subsets or non-invasive markers of fibrosis, and were inversely correlated with parameters reflecting the biosynthetic capacity of the liver. It should be noted that sIL2R levels are influenced by renal function. Monocytes
from ascitic patients with alcoholic cirrhosis, especially a
subgroup with elevated LBP levels indicating enhanced
BT, showed higher expressions of TNF-α, HLA-DR and
CD80. Norfloxacin treatment via intestinal decontamination, and the consequential decrease of circulating bacteria and bacterial products, could normalize the number
of circulating monocytes along with reduction of TNF-α
expression and activated phenotype in these patients[65].
Intestinal decontamination with antibiotics, therefore,
should be considered as a therapeutic weapon in restoring immune status and monocyte function in cirrhosis[66].
In contrast, functional monocyte deactivation, a phenomenon similar to in vitro LPS tolerance, is also described
in patients with Child C cirrhosis and ACLF[36,37,67,68]. This
phenomenon is presented as “immune paralysis” in the
literature and is defined as downregulation of HLA-DR
expression on monocytes. The etiological factor of “immune paralysis” was proven to be chronic endotoxemia
by Lin et al[37]. Serum LPS levels correlated inversely
with HLA-DR expression and positively with serum
IL-10 levels, an anti-inflammatory cytokine. Supporting
this observation, in vitro stimulation with LPS was able
to suppress HLA-DR expression in monocytes derived
from healthy volunteers in an IL-10-dependent manner. Monocytes from cirrhotic patients expressing low
levels of HLA-DR showed a decreased ability to secrete
TNF-α, accompanied by decreased expression of inducible nitric oxide synthase (iNOS) and co-stimulatory
molecules (CD40, CD86). Furthermore, reduction
in HLA-DR expression (< 40%) was associated with
poor outcome in patients with ACLF[36,67], especially if
monocytes were unable to show improvement in HLADR expression. The overall prognostic power, however,
remains inferior to conventional markers. The sensitivity
and specificity of reduced HLA-DR expression (< 40%)
to predict the 90-d mortality were 59% and 80%, respectively[69]. In conclusion, “immune paralysis” is characterized by dominance of anti-inflammatory (elevated serum
IL-6 and IL-10 levels) and suppression of pro-inflammatory processes (decreased TNF-α levels)[36,37,67,68]. In
sepsis patients with reduced monocyte HLA-DR expression, the function of these cells could be restored with
immunomodulatory agents like granulocyte-monocyte
colony-stimulating factor (GM-CSF) and IFN-γ, thus
their effect on monocyte function should be investigated
in cirrhosis and ACLF[67].

MACROPHAGES
The resident macrophages in the liver are the KCs and
account for approximately 80% of all macrophages in
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with the rate of infections and mortality[91]. These alterations can be restored in vitro by endotoxin removal[91]
or GM-CSF incubation[99]. Analogous to other innate
immune cells, dichotomy in PMN function (hyperactivity then dysfunction) manifests in different ways and
contributes to the pathogenic processes in the distinct
stages of cirrhosis. Recruitment of hyperactive PMNs to
the liver can contribute to fibrogenesis, while exhausted
PMNs defective in chemoattraction, enhanced adhesion
to endothelial cells and deficient migration in later stage
of cirrhosis can result in deficient influx into infected
sites[90,100]. An in vitro study in cirrhotic patients demonstrated that G-CSF could enhance neutrophil transendothelial migration, despite having no effect on enhanced
neutrophil adhesion[100]. Notably, in a randomized clinical trial, administration of G-CSF improved survival of
patients with ACLF, partially through restoring PMN
dysfunction. Though the exact mechanism of G-CSF
improvement of PMN function has not yet been determined, increases in PMN surface antigen CD11b/CD18
expression, along with elevated plasma elastase-α1AT
complex levels, were previously detected following
G-CSF administration[101]. Apart from various functional
impairments of PMNs, a decrease in cell volume as a
result of hyponatremia and hyperammonemia[96,97] with
reduced cell number (neutropenia) as a consequence
of hypersplenia and shortened neutrophil survival via
apoptosis[102], are also known features of CAIDS. The
epidemiology[103], pathogenesis and clinical consequences
of cirrhosis-associated neutropenia were reviewed in a
recent publication by Kalambokis et al[104].
Genetically determined enhanced myeloperoxidase
(MPO) activity caused by an SNP in the promoter region of the enzyme (G-463-A MPO polymorphism)
in patients with GG-MPO genotype was found to be
independently associated with increased risk of hepatocellular carcinoma (HCC) and liver-related death with or
without HCC in alcoholic cirrhosis (HR = 4.7 and 3.6,
respectively, P < 0.001 for both)[105]. Activated KCs and
liver-infiltrating neutrophils release MPO into the extracellular space and mediate oxidative processes by hypochlorus acid[106].

advanced fibrosis and severe inflammation. In support of
this, hepatic MCP-1 mRNA levels and cytokine-induced
MCP-1 secretion of isolated HSC were significantly higher in patients carrying the G allele. Furthermore, there
was a binding activity in nuclear extracts from activated
HSCs specifically to the G allele, providing a potential
mechanism for the differences observed.
The liver, inter alia, functions as a bacterial filter and
the sinusoidal KCs play an important role in the elimination of intestinal bacteria and endotoxins translocated
from the intestine. Patients with cirrhosis have impaired
function of the reticuloendothelial system (RES), along
with a decrease in the number and function of KCs[76,84].
Additionally, because of the formation of collateral
circulation, a certain proportion of the blood-volume
bypasses the liver, reaching the systemic circulation directly. Although limited data is available regarding RES
dysfunction, Rimola et al [76] found that patients with
decreased RES phagocytic activity developed bacterial infections more frequently compared with patients
with normal RES function. Dysfunction of KCs was
also proven in new studies with superparamagnetic iron
oxide-magnetic resonance image (SPIO-MRI) in NASH
and cirrhosis [85,86]. Furthermore, impairment of Fcγ receptor function and consequential decrease in clearance capacity in macrophages also contributes to an
increased incidence of bacterial infections in cirrhosis[87].

NEUTROPHILS
Polymorphonuclear leukocytes (PMNs) are present in a
fully activated state in the peripheral blood in cirrhosis
and alcoholic hepatitis, possibly because of sustained exposure to bacterial products, such as endotoxins[88]. This
results in an energy depleted status of the PMNs, which
have an inability to function properly (decreased chemotaxis, phagocytosis and bactericidal capacity)[66,89,90].
Removal of endotoxins in vitro[91] as well as attenuation
of endotoxemia in vivo with probiotic[38] treatment can
restore PMN function in cirrhosis, further supporting this hypothesis. Increased priming[92] and therefore
“ready to act” status of PMNs is indicated by decreased
L-selectin levels, overexpression of hydrogen peroxide
and increased levels of neutrophil elastase)[93]. As a result of this preparedness to defeat bacteria and PMN
activation with high resting respiratory burst activity[94],
there is an elevation in harmful reactive oxygen species
(ROS) in the circulation and the PMNs’ microenvironment, establishing a platform for further potential cell
and tissue injury. Necessarily, PMNs become energy
depleted and unable to respond properly to further
bacterial stimuli with phagocytosis[66,89]. Impaired tuftsin activity[95], hyponatremia and hyperammonemia[96,97],
along with inadequate generation of superoxide anion
caused by deficient phospholipase C (PLC) activity[98],
all contribute to the aforementioned decrease of PMNs’
phagocytic capacity. Elevated resting oxidative burst and
the decreased phagocytic capacity appeared to correlate
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COMPLEMENT SYSTEM
Low opsonic activity and decreased complement levels,
mainly C3, weaken the bacterial recognition and bactericidal capacity in cirrhosis[107,108], further contributing to
an increased susceptibility to bacterial infections. One
interesting feature of bacterial infections in the cirrhotic
patient population is the extreme sensitivity to Pneumococcus pneumonia and the high mortality. The defect in
early bactericidal activity of alveolar lining components
(reduced levels of lysozyme and complement C3) is a
probable explanation[109]. Overall, bacterial pneumonias
are the third most frequent infections in cirrhosis, and
comprise 15% of all systemic infections. In addition,
the mortality rate of pneumonia is much higher than
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that in any non-cirrhotic population[110]. Data concerning alterations of the lectin pathway of the complement
system and their effect on the susceptibility to bacterial infection are scarce. Our group reported that MBL
levels were significantly reduced in patients with the
most advanced stages of cirrhosis and absolute MBL
deficiency (< 100 ng/mL) was associated with higher
probability and shorter time to develop bacterial infections in cirrhosis [15]. MBL antigen levels in the sera,
estimated by a mannan-binding assay or complement activation in the C4b deposition assay, accurately indicated
the function[111]. The serum levels of functional MBL
also correlate well with underlying MBL2 genotypes. In
this regard, other components of this third arm of the
complement system (ficolins or MBL-associated serine
protease-2) have not yet been studied.

polyclonal activation and Ig production. Notably, in humans, TLR-2, TLR-4 and TLR-8 are expressed strongly
by monocytes/macrophages, but are expressed poorly
by B-cells. In contrast, TLR-7 and TLR-9 are expressed
mainly by B lymphocytes and plasmacytoid dendritic
cells[118,119]. In cirrhosis, there is an enhanced serum IgA
level, mainly in those with an etiology of ALD. However, the mechanisms leading to the increase of IgA
levels are not fully understood [120]. Previously, it was
attributed, at least partially, to a defective clearance of
IgA and IgA-immune complexes via altered monocytes,
Fc receptor expression, and subsequent defective Fcα
receptor-triggered endocytosis[121]. For a long while, it
was hypothesized that the increase in Ig synthesis in alcoholic cirrhosis might be associated with bacterial stimulation[112]. Several reports now support this hypothesis.
Massonnet et al[122] found significantly enhanced absolute
IgA production by TLR-9 ligand CpG-activated B-cells
in alcoholic cirrhosis compared to healthy subjects,
which correlated with their intrinsic ability to produce
spontaneously more IgA than healthy subjects. Relative
TLR-9 ligand CpG-induced IgA production by purified
B-cells from alcoholic cirrhotic patients was, however,
less prominent, which corresponded to the lower TLR-9
expression on their B-cells compared to B-cells from
healthy subjects. Such downregulation of TLR-9 expression by B-cells has been reported after in vitro CpG treatment, suggesting that the decrease in TLR-9 expression
by B-cells from patients suffering in alcoholic cirrhosis
could reflect in vivo priming by bacterial DNA during
sustained BT[123].
Concerning IgA production, cirrhosis has another
characteristic feature, namely the increased occurrence of
various antibodies against gut bacterial proteins[97,124-127]
or host proteins having cross-reactive epitopes with
bacterial constituents[120,128,129] in the sera of the patients.
These specific antibodies are present mainly in those
patients with advanced diseases and portal hypertension. Moreover, positivity for anti-Saccharomyces cerevisiae
antibody (ASCA)[97] was an independent risk factor for
the development of clinically significant bacterial infections (OR = 1.63, P = 0.018). Similarly, presence of
anti-neutrophil cytoplasmic antibody (ANCA) IgA was
identified as an independent predictor for a shorter time
to develop an infectious complication in multivariate
Cox-regression analysis (HR = 1.74, P = 0.006), suggesting that serological response to various microbial
components might be the consequence of sustained
exposure to microbial antigens [129]. In non-vasculitic
disorders, the presence of ANCA has been considered
a sign of immunological response to enteric bacterial
antigens[130,131]. Pathogen-induced inflammation might
result in enhanced presentation of self-antigens because
of molecular mimicry and the known pathogenic feature of Helicobacter pylori-associated human autoimmune
gastritis[132]. In autoimmune liver disorders, atypical perinuclear-ANCA (atypical P-ANCA) has been reported to
be directed against human β tubulin isotype-5 (TBB-5)

ADAPTIVE IMMUNE DYSFUNCTION
B-cells and immunoglobulins
A broad defect of B-cells in patients with ALD and its
association with the exposure to circulating antigens as
a consequence of shunting, or KC abnormality, or both,
has been known for a long time[112]. A very recent study
of Doi et al[113] revealed novel information about the nature of the profound abnormalities in peripheral B-cell
phenotype and function. B-cell dysfunction strongly
implicated hepatic fibrosis and/or portal hypertension
in the development of this phenotype, and it was independent of the etiology of the cirrhosis. Moreover, this
study highlighted how these B-cell defects could explain,
in part, the vaccine hyporesponsiveness and susceptibility to bacterial infection in this population. B-cell phenotypes were assessed by flow cytometry. CD27+ memory
B-cells and, more specifically, CD27+IgM+ B cells, were
found to be markedly less frequent in cirrhotic patients.
The frequency of CD27+/CD19+ B cells strongly correlated with several laboratory parameters related to
progressive liver disease. Previously, peripheral B-cell
CD27 expression was reported to be related directly to
the capacity of B-cells activation by CD40 plus TLR9
ligation[114]. Accordingly, using isolated peripheral blood
cells, the authors proved that B-cells were hyporesponsive to CD40/TLR9 activation, indicated by significantly
reduced CD70 upregulation, less TNF-β secretion and
IgG production. The allostimulatory capacity of cirrhotic B-cells on CD4 + T-cell proliferation was also
diminished. The presence of bacterial products in the
circulation playing fundamental roles in driving B-cell
changes in cirrhosis has been proposed. Soluble factors associated with BT, such as LPS[115,116] and bacterial
DNA[117], can often be detected in cirrhotic plasma and
are capable of activating B-cells in vitro. As a proof, Doi
et al[113] found that blockade of TLR4 and TLR9 signaling abrogated the activation of healthy donor B-cells by
cirrhotic plasma. The fate of lost CD27+ B-cells remains
incompletely defined.
Stimulation of B-cells by TLR ligands can lead to
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and cross-react with the bacterial protein FtsZ because
of their extraordinarily high structural homology[133]. In
the development of the enhanced IgA production, not
only systemic overproduction, but also a contribution
by the gut mucosal compartment is very probable. The
composition and extent of the bacterial load in the gut
have a very clear effect on IgA production. Sustained
exposure to bacterial antigens during BT derived from
the mucosal compartment might play a central role in
the enhanced IgA class antibody formation in cirrhosis.
Determination of the ratio of IgA1 and IgA2 subtypes,
and detection of the secretory component (SC) on IgA
molecules in sera, can help identify the location of antibody formation (bone marrow or mucosal compartment). An increase in the proportion of IgA2 subtype
and the presence of SC are concurrently considered as
confirmatory evidence for the mucosal origin of IgA
secretion[134,135]. The proportion of IgA2 is about 10%
of total IgA in human sera, while IgA1 is 90%, and they
largely exist in the monomeric(m) form. The proportion of SC-containing IgA antibodies from the total IgA
pool is no more than 1%, because SC is attached to dior polymeric IgA (pIgA) via its transport through the
epithelial cells into the gut lumen or to other mucosal
surfaces[136].
Thus, in a recent work by our group[129], a detailed
characterization of IgA type ANCAs revealed that the
proportion of the ANCA IgA2 subtype was markedly
elevated (46%), and SCs were present in the majority of
ANCA IgA positive samples (87%) of our patients with
cirrhosis. Moreover, high levels of total serum sIgA in
alcoholic cirrhosis were reported in a study by Pelletier
et al[137]. Both studies support significant gut involvement
in IgA production. IgA has traditionally been regarded
as a non-inflammatory antibody. Serum IgA, however,
potently triggers (pro)-inflammatory activity upon binding to the myeloid IgA receptor, FcαRI[138]. Whether the
elevated IgA has any harmful effect on disease progression remains to be determined. Parallel to specific IgA
overproduction, there is a diminished IgG production.
The more severe the liver disease, the more subtle the
decrease in the specific IgG level in patients with cirrhosis[129]. The alcoholic etiology has an obvious negative
impact on specific IgG production. These alterations in
the ANCA IgA and IgG response clearly reflect those
tendencies known from vaccination studies in this patient population, and presumably reflect the impaired
adaptive immune system in cirrhosis, mainly in the advanced stage, and the direct inhibitory effect of alcohol
on T-cell-mediated immunity [66]. After pneumococcal
vaccination, anti-PPS (pneumococcal polysaccharide)
IgA antibody levels were significantly higher than in
control subjects, whereas IgG levels were reduced[139].
Considerably lower immunogenicity and faster decline
of specific, protective IgG responses were reported in
individuals with cirrhosis, particularly in the alcohol-induced form, after hepatitis B vaccination compared with
CLD[140]. Patients with compensated cirrhosis were five
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times more likely to respond to hepatitis A vaccination
compared with cirrhotic patients in the decompensated
stage[141].
T cells
Different T cell populations could possess either pro-,
anti-fibrogenetic or dual properties regarding their relationship with HSCs. Elevated numbers of CD8+ T cells
and the consequential decrease in the CD4+/CD8+ ratio
was associated with promotion of fibrogenetic processes
in mice and humans. IL-17 producing CD4 + T cells
(Th17), along with NKT cells, seemed to be involved in
fibrosis; however, their role in fibrogenesis is cytokine
profile-dependent. Production of IL-17, IL-4 and IL-13
is somewhat pro-fibrogenetic, while secretion of IFN-γ,
TRAIL and IL-22 is anti-fibrogenetic. In contrast, regulatory T cells (CD4+ CD25+ forkhead box P3 [FoxP3])
in the close vicinity of HSCs via secretion of IL-10 represent anti-fibrogenetic properties[23].
Similar to the changes in B-cell function, broad defects of T cells were also reported in an early publication
of Nouri-Aria et al[112]. A recent study by Márquez et al[142]
depicted an intensive derangement of T cell compartments of the immune system in patients with cirrhosis.
High antigen load as a consequence of enhanced BT,
indicated by elevated LBP levels, can contribute to prolonged activation and subsequent “exhaustion” of T
lymphocytes. Significant reduction in the total number
of peripheral blood T cells (CD3+ cells) was observed
in cirrhotic patients with ascites. The proportions of activated CD4+ T cells (indicated by expression of CD25
and CD122 antigens) and senescence CD8 + T cells
(CD8+CD45RO+CD57+ cells) significantly increased.
Additionally, the proportion of memory CD4 + and
CD8+ populations expressing apoptosis markers (CD95+)
was also higher in cirrhotic patients compared with
healthy controls. Increased proportion of regulatory T
cells [CD4+ CD25+ forkhead box P3 (FoxP3)] was also
observed, and a significant correlation was found with
LBP levels. Downregulation of lymphocyte co-stimulatory molecules, such as CD28, was also detected. Therefore, it can be speculated that these changes in adaptive
immunity could play a role in the immunosupression
seen in cirrhosis, leading to increased susceptibility to
bacterial infections.

RISK ASSESSMENT OF CIRRHOSIS
RELATED BACTERIAL INFECTIONS IN
THE CLINICAL PRACTICE
Standard clinical factors, and serological and genetic
markers associated with immune dysfunction in cirrhosis
all have their potentials, but they also have limitations
to predict bacterial translocation, infections and disease progression in cirrhosis. The biological pathways
involved in these processes, however, are multiple. It is
most likely that these markers will be used for effective
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risk assessment in combination, providing complementary information, rather than used singly. Clinical factors
are easily accessible without cost, but may change during
the long natural history and in certain cases are subjective, suffering from recall bias and inaccuracy. Laboratory tests have several advantages over clinical factors,
such as objectivity, consistency during the disease course
(for serological markers only in definite clinical circumstances) and higher odds ratio. However, they are not
always widely available, and their costs could represent a
drawback. Prospective clinical studies must be initiated
to build up and validate composite score (CS) for risk assessment covering clinical factors and biomarkers.

how the host defense mechanisms are disrupted against
invading microorganisms is of distinct clinical relevance.
Early and efficient assessment of immune dysfunction
using methods routinely available can assist clinicians in
everyday practical decision-making when establishing
treatment and care strategies for the patients with endstage liver disease. The biological pathways involved in
hepatic fibrogenesis and bacterial infections are multiple,
suggesting that this goal can only be achieved by applying
combinations of different markers. In the clinical setting,
the establishment and validation of a composite score
comprising clinical, serological and genetic markers could
help to identify efficiently those patients at high-risk for
progression and development of bacterial infections,
even at an early disease stage. This would therefore lead
to a decreased risk of complications, delayed progression
of the disease and reduced mortality. Individually tailored
steps for prophylaxis will enable clinicians to optimize
patient care and expenditure.

ACLF
ACLF is an increasingly recognized entity encompassing
an acute deterioration of liver function in patients with
cirrhosis, which is usually associated with a hepatic or extrahepatic precipitating event and results in the failure of
one or more organs and has high short-term mortality.
During evolution of cirrhosis, this condition comprises a
distinct clinical entity from acute decompensation (AD)[3].
The recently published CANONIC study[142] established
diagnostic criteria for ACLF and provided valuable data
about its development and progression. The occurrence of ACLF is not rare, with approximately one-third
of AD being associated with ACLF. From the immunological aspect, inappropriate regulation of the host
inflammatory response to injury and infection plays an
important role in the development of the disease. Exaggerated pro- and anti-inflammatory responses and their
imbalance relative to each other are hypothesized to be
the most important determinants in the disorder. In cirrhosis, both the systemic inflammatory response and the
compensatory anti-inflammatory response (CARS) are
more pronounced compared with those in normal subjects. It is likely that those patients that do not resolve
the CARS are the ones that have highest mortality rates.
The state of unresolved CARS (the so-called prolonged
“immunoparalysis” state) may predispose patients to
acquire infection that would further aggravate a proinflammatory response, resulting in a vicious circle[3,143].
In this acute situation, the presence of bacterial infection
and/or enhanced BT trigger quite different processes
compared with those relevant to the chronic progression
of liver disease. The development of ACLF and multiorgan failure is characterized by significant alteration in
systemic and hepatic hemodynamics, and worsening of
the liver and the other organs’ functions[3].
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Spinal cord involvement in patients with cirrhosis
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malities have been reported recently. The study of motor evoked potentials may disclose central conduction
abnormalities even before HM is clinically manifest. HM
responds poorly to blood ammonia-lowering and other
conservative medical therapy. Liver transplantation
represents a potentially definitive treatment for HM in
patients with decompensated cirrhosis of Child-Pugh B
and C grades. Other surgical treatment options in HM
include surgical ligation, shunt reduction, or occlusion
by interventional procedures.
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Core tip: This review article is worth reporting, because
it provides a comprehensive and updated review of the
most pathophysiological, clinical and therapeutical aspects of the hepatic myelopathy.
Nardone R, Höller Y, Storti M, Lochner P, Tezzon F, Golaszewski
S, Brigo F, Trinka E. Spinal cord involvement in patients with
cirrhosis. World J Gastroenterol 2014; 20(10): 2578-2585 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i10/2578.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i10.2578

Abstract
A severe spinal cord involvement may rarely occur in
patients with cirrhosis and other chronic liver diseases;
this complication is usually associated with overt liver
failure and surgical or spontaneous porto-systemic
shunt. Hepatic myelopathy (HM) is characterized by
progressive weakness and spasticity of the lower extremities, while sensory and sphincter disturbances
have rarely been described and are usually less important. The diagnosis is assigned in the appropriate
clinical setting on clinical grounds after the exclusion
of other clinical entities leading to spastic paraparesis.
Magnetic resonance imaging is often unremarkable;
however, also intracerebral corticospinal tract abnor-
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INTRODUCTION
Patients with chronic liver disease frequently experience
neurological problems, with hepatic encephalopathy
(HE) being the most common. Comparatively rare is
the involvement of the spinal cord; the so-called hepatic
myelopathy (HM) is usually associated with an extensive
portosystemic shunt (PSS) of blood, either surgically created or occurring spontaneously.
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In this review we will focus on the studies that have
investigated the pathophysiology and the therapeutic
strategies of this important, but likely often overlooked,
neurological complication of chronic liver diseases. The
MEDLINE, accessed by Pubmed (1966-August 2013) and
EMBASE (1980-August 2013) electronic databases were
searched using the medical subject headings (MeSH) “hepatic myelopathy”, “liver cirrhosis”, “spastic paraparesis”,
“chronic liver disease”, “therapy”, “liver transplantation”.
Two review authors (YH and SL) screened the titles
and abstracts of the initially identified studies to determine
if they satisfied the selection criteria. Any disagreement
was resolved through consensus. Full-text articles were
retrieved for the selected titles, and reference lists of the
retrieved articles were searched for additional publications.
The two reviewers independently assessed the methodological quality of each study and risk of bias, focusing on blinding and other potential sources of bias. The
search strategy described above yielded 44 results. We
excluded 2 studies after reading the full published papers;
thus, 42 studies contributed to this review: the earliest
was published in 1949 and the most recent in 2013.

as 47 years.
The first reports of HM patients occurred when
surgical shunting was more commonly performed. Some
authors[11] have hypothesized that the incidence would
eventually decrease as shunting became replaced by other
less invasive treatments. However, with the transjugular
intrahepatic portosystemic shunt (TIPS) becoming the
standard procedure for refractory variceal bleeding, increasing reports of HM have emerged[15]. To date, there
has been one case report describing reversal of HM by
occlusion of TIPS[15].

HISTOLOGY
The histology of HM consists of symmetrical loss of
myelin in the lateral pyramidal tracts, with demyelination
beginning in the cervical spine, becoming more intense
at lower levels, and occasionally being associated with
axonal loss[5,33]. In the early stages, demyelination seems
to predominate, but as the disease progresses, axonal loss
occurs, and this is likely to be irreversible[4,11]. Occasionally, demyelination has also been found in the ventral
pyramidal tracts, in the posterior columns and spinocerebellar tracts. These pathological findings in the posterior
columns of patients with HM were first described by
Leigh et al[20] in 1949 and by Mendoza et al[11] in 1994.
These findings raise the possibility that posterior column
spinal cord pathology may be more common in HM
than previously realized. Even if the lesions have shown
up typically within the spinal cord, there are occasional
reports of lesions within the brainstem without involvement of other tracts[20]. Additionally, Alzheimer type-Ⅱ
cells and spongiform degeneration in the cerebral cortex
have been described in HM[22].

CLINICAL FINDINGS AND EPIDEMIOLOGY
Clinically, HM presents with an insidious onset of spasticity and weakness in the lower extremities, which slowly
progresses over several years (decades) and causes the
patients to become wheelchair-bound. Clinical findings
of spastic paraparesis, usually without any motor deficits
rostral to the cervical spinal cord segments, with hyperreflexia, extensor plantar responses and a puppet-like gait
are characteristic of HM[1-18].
The most characteristic and distinctive feature in HM
is a progressive lower extremity corticospinal tract deficit.
Involvement of the upper extremities has rarely been described[3,19].
There are only a few reports of sensory or sphincter
impairment[1,4,9,20]. Moreover, a delayed onset posterior
column dysfunction (proprioception and vibratory sensory loss) and a small fiber length-dependent axonal
polyneuropathy has been recently documented[16], both
progressing concomitantly with the motor deficits. Most
HM patients display normal or minimal sensory findings[5], but some patients exhibit more significant sensory
deficits[1,4,9].
Since the first description of HM in 1949, there
have been approximately 90 cases reported in the literature[14-18,21-32]. In rare instances, HM may be a presenting
sign of liver disease[17]: Ben Amor et al[18] recently reported
two patients who had no history of previous liver cirrhosis. In most of the reported cases, episodes of overt HE
have preceded the development of the myelopathy[4,8,10,11].
HM can occur before or after HE, but also patients
without any episodes of HE have been reported[18]. In
the vast majority of the reported cases, the patients were
males in the 5th decade of life at the time of their presentation with HM[14]. The middle age of onset is reported
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PATHOPHYSIOLOGY
The pathophysiology of HM is not yet completely understood. There is a close relationship between an extensive
PSS and the occurrence of HM, even in the absence
of liver dysfunction[10]. This observation supports the
hypothesis that the shunting of blood may allow nitrogenous breakdown products or a neurotoxin to bypass the
liver and damage the spinal cord. In particular, nitrogenous products such as ammonia have been identified as a
major contributor to the development of HM[14]. Portocaval shunts or less commonly spleno-renal shunts seem to
play a substantial role in the occurrence of HM-associated
neurologic disturbances[34]. Shunts can occur spontaneously, after surgery, or due to “functional shunting” filtration of portal blood through a dysfunctional liver[14].
Impairment of neurological function in the form of
encephalopathy was recognized in the early 20th century
in patients undergoing surgical shunting or porticaval
anastomosis (PCA) and was later described as “portalsystemic encephalopathy” by Sherlock et al[35]. Because
some of the earliest reported patients with HM had
undergone PCA, shunting was considered[36] a possible
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explanation for the development of myelopathy, and a
similar mechanism causing both HE and HM has been
postulated. However, in most of the reported cases, episodes of overt HE have preceded the development of
the myelopathy[33]. It has been suggested that a nutritional
deficiency may underlie HM as a result of dietary restriction in patients with precedent episodes of HM[11]. However, this hypothesis is unlikely, because there are also reports of patients in whom HE never occurred[33] and who
had been following a normal diet. Moreover, in contrast
to HE, HM usually do not respond to blood ammonialowering therapies[26]. Therefore, the pathophysiology is
most likely different in HM and HE. Protein restriction,
as well as the use of lactulose and neomycin treatments,
were not found to be beneficial for HM[1,5-7,10]. Moreover,
surgical colonic diversion is helpful for HE, but does
not reverse HM[37]. Treatments with lactulose, xifaxan,
gabapentin, and pentoxifylline were also attempted in the
interesting case reported by Caldwell et al[16], and none
of the treatments was successful. Moreover, none of the
HM patients who had eventually underwent LT had any
reported neurological improvement in response to standard medical therapies for PSE[26-29].
Reversal of HM by occlusion of TIPS, as reported by
Conn et al[15], lends support to some mechanism inherent to the presence of PSS. Approximately 20% of the
patients (3/15) in the recent review by Caldwell et al[16]
had no demonstrable evidence of PSS vs 10% of HM patients previously reported in the literature[15].
In addition to the possibility of a putative neurotoxin
causing HM in patients with PSS, other etiological factors
should be considered, including nutritional deficiencies[14]
and metabolic abnormalities. Nutritional deficiency was
first considered by Leigh et al[20] as a possible cause of the
permanent spinal cord abnormalities observed in their
patients. Vitamin B12 deficiency was taken into consideration in the two gastrectomy patients who later developed
HM. However, the hematological profiles and vitamin
B12 levels in these individuals were normal[1]. Serum vitamin B12 levels were normal in previously published HM
patients[24-29], as well as in the patient reported by Caldwell
et al[16], in whom serum vitamin B12, folate, and methylmalonic acid levels were within normal limits.
It has been suggested that altered circulation could
increase spinal cord susceptibility to injury in HM. This
was discussed in the context of portal hypertension[26,38],
perhaps occurring in individuals with anatomic variants.
The topography of the spinal cord lesions in HM
suggests that HM may be related to hemodynamic factors, as the observed lesions are located just within those
spinal segments that miss an extensive collateral circulation[38,39].
HM can occur in patients with congenital hepatic
fibrosis[10] and with focal nodular hyperplasia[40], and this
observation underscores the point that the severity of
HM does not necessarily parallel the degree of hepatic
dysfunction.
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DIAGNOSIS
Diagnosing HM is often difficult, but it can be achieved
after the exclusion of other causes of spastic paraparesis
in the appropriate clinical setting. A detailed history, along
with an accurate neurological examination including appropriate neurophysiological tests and neuroimaging procedures, are of crucial importance for the early detection
of the disease. Other myelopathies with normal spine imaging should be included in the neurological differential
diagnosis. These are listed in the algorithm proposed by
Caldwell et al[16]: metabolic/nutritional diseases (renal disease, vitamin B/E or copper deficiency, lathyrism); vascular events (arterovenous malformation, infarct, vasculitis),
spirochetes (Lyme, syphilis) or fungal (Cryptococcus,
Aspergillus) infections, postinfection (transverse myelitis),
autoimmunity (systemic lupus erythematosus, sarcoidosis,
Sjogren’s), neoplasm (lymphoma, paraneoplastic syndrome), toxicity (chemotherapy, radiation), genetic factors
(leukodystrophy, Friedrich’s ataxia), and motor neuron
disease (amyotrophic lateral sclerosis). Magnetic resonance imaging (MRI) of the entire spinal cord and, when
indicated, the brain is essential in the evaluation of HM.
Infectious myelopathies can be assessed by patient history, spinal fluid analysis, imaging procedures, and serologies/cultures[26]. Infectious etiologies to consider include
human immunodeficiency virus, human T-lymphotropic
virus type-1, syphilis, and Lyme disease. A demyelinating syndrome that was recently reported in a patient with
hepatitis B virus (HBV) manifested as a recurrent transverse myelitis with paraparesis and urinary retention[41].
Similarly, hepatitis A has also been implicated as a possible etiology for transverse myelitis[42]. However, none
of the hepatotropic viruses (hepatitis A virus, HBV) has
been implicated in HM. In the review by Caldwell et al[16]
regarding HM patients after liver transplantation (LT),
all 3 HCV patients exhibited reversal of the myelopathy,
despite persistent viremia[25,26].
A paraneoplastic syndrome is another possible differential diagnostic consideration in the workup of HM,
even if it has not been reported in the literature. The liver
explanted by the Caldwell et al[16] contained a 1-cm hepatocellular carcinoma (HCC). One of the 2 patients with
HM from the group of Koo and colleagues[28] also had
HCC, but they had not undergone LT. That patient was a
64-year-old man with a 2.5-cm HCC who had undergone
successful radiofrequency ablation of the lesion but exhibited no clinical or electrophysiological improvement
up to 16 mo after treatment. HCC has been associated
with necrotizing myelopathy in one case report[43], but in
the most recent comprehensive review of HM, none of
the 61 patients had an underlying diagnosis of HCC[15].
Table 1 shows the differential diagnosis and Table 2
the recommended diagnostic evaluation of patients with
HM.

NEUROPHYSIOLOGICAL FINDINGS
To determine the frequency and gravity of HM, Nardone
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Table 1 Differential diagnosis

Table 2 Diagnostic evaluation of patients with hepatic
myelopathy

Brain pathology
Demyelinating processes
Hydrocephalus
Parasagittal space-occupying lesion
Arnold-Chiari malformation
Other structural abnormalities at craniocervical junction
Spinal cord pathology
Compressive myelopathy: spondylogenic cervical > thoracical
myelopathy
Vascular myelopathy: spinal cord infarction, bleeding, vasculitis
Spinal cord injuries
Genetic disorders: Hereditary spastic paraparesis,
adrenoleukodystrophy (spinal forms), Freidrich's ataxia
Metabolic/Nutritional: Subacute combined sclerosis (vitamin B12
deficiency), vitamin E deficiency, copper deficiency, latyrism
Toxic myelopathy: Chemotherapy, Radiation
Neoplasms: Extramedullary or intramedullary tumors, metastatic
lesions, lymphoma, paraneoplastic syndome
Myelitis:
Viral infections (Virus varicella Zoster, Epstein Barr Virus, Herpes
simplex virus, Citomegalovirus, myelopathy associated with acquired
immunodeficiency syndrome (AIDS), Human T-Lymphotropic
virus (HTLV-Ⅰ)-associated myelopathy/Tropical spastic paraparesis);
Fungal infections (Criptococcus, Apergillus);
Sprirochetal infections (Lyme disease, Syphilis)

History
Subacute bilateral lower limbs weakness; puppet-like walk or inability
to walk in the setting of a chronic liver disease
Neurological examination
Spastic paraparesis, no sensory level, hyperreflexia, extensor plantar
responses
Neuroradiological examination
Contrast enhanced MRI or computed tomography myelogram of
the entire spine to rule out compressive etiology. MRI may show
FLAIR signal prolongation in subcortical corticospinal tracts;
Brain MRI to rule out demyelinating processes, hydrocephalus,
parasagittal space-occupying lesion, Arnold-Chiari malformation and
other structural abnormalities at craniocervical junction
Other diagnostic tools
Lumbar puncture - examination of cerebrospinal fluid to rule out
spinal cord inflammation or if neuroimaging is unrevealing;
Motor evoked potentials may disclose central conduction
abnormalities even before the myelopathy is clinically manifest
Evaluation of spontaneous shunt
Abdomen ultrasonography, computed tomography, MRI (if no shunt
visible, no history of portosystemic shunt or transjugular intrahepatic
portosystemic shunt)
MRI: Magnetic resonance imaging.

et al[27] performed a study examining motor evoked potentials (MEP) elicited by transcranial magnetic stimulation
in thirteen patients with liver cirrhosis associated with
PSS.
The six patients with clinical signs of spinal cord
involvement exhibited severe neurophysiological abnormalities, more precisely, a prolonged central motor
conduction time (CMCT), whereas interestingly milder
but unequivocal MEP abnormalities were found in four
of the seven patients with normal clinical examination.
These findings indicate that the electrophysiological
evaluation of central motor conduction may disclose an
impairment of the corticospinal pathways even before
HM is clinically manifest. The clinical and neurophysiological features of patients with slight MEP abnormalities improved after LT, whereas the patients with a more
advanced stage of disease (severe MEPs abnormalities)
did not.
The findings of Nardone et al[27] and Utku et al[22]
support the potential value of evaluating CMCT in the
preclinical and early stages of HM. Patients who undergo
transplantation with preclinical or early HM by MEP/
CMCT appear to have a greater likelihood of recovery
both clinically and electrophysiologically[27]. It is thus possible that MEP/CMCT have greater sensitivity in detecting preclinical or early HM and in assigning a prognosis
for recovery after LT. Although a larger study comparing
the sensitivity, specificity, and predictive value of MEP/
CMCT has yet to be conducted, central motor system
neurophysiological studies are an important consideration
in the workup of patients with HM.
Utku et al[22] performed a MEP study in two patients
and found an absence of cortical MEPs in both the low-
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er and upper extremities, and normal MEP values with
radicular magnetic stimulation, suggesting that the lesion
was localized within the cervical levels of spinal cord.
However, they could not perform any neuropathological investigations to corroborate this diagnosis.
Nardone et al[27] found an abnormal CMCT to the
lower lumbar spinal segments and a normal CMCT to
the upper cervical spinal segments, thus supporting localization to the thoracic spinal cord. Additionally, a MEP
study of HM patients from Seoul[28] indicated that the
sites of higher vulnerability are located between the upper thoracic and lumbar spinal cord.
Further MEP studies may not only provide a means
for an early diagnosis, but also shed light on the spinal
topography of HM.

NEUROIMAGING FINDINGS
Most case reports have not documented MRI abnormalities in the spinal cord. This suggests that MRI may be
less sensitive than MEP/CMCT in the early detection of
HM or that, to date, abnormal corticospinal tract signals
on MRI may have been underappreciated.
Negative spinal cord MRI findings support HM in the
differential diagnosis, because MRI is essential to rule out
compression of the spinal cord or myelitis[31].
However, abnormal spinal cord and even brain MRI
imaging has been reported in HM patients[19,44]. In particular, the MRI finding of intracerebral corticospinal tract
abnormalities in a recently reported patient[16] suggests
the occurrence of HM-related pathology above the level
of the foramen magnum. In fact, an increased FLAIR
signal in the subcortical white matter and subcortical spi-
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nal tracts was reported. This is the first report of an abnormal MRI intracerebral corticospinal tract FLAIR signal in HM, and indicates that the pathology of HM may
not be confined to the spinal cord or that it may be tied
to preclinical PSE. A similar abnormal FLAIR signal has
also been described in PSE and cirrhosis[45]. Hyperintensity of the putamen and globus pallidus on T1-weighted
MRI, attributed to manganese deposition in these nuclei,
is not unique to HM and has been noted in other patients
with chronic liver failure[46,47]. Although not specific to
HM, these radiological findings correlated with the clinical findings in that patient. Interestingly, the improvement
in abnormal brain imaging findings parallels the clinical
improvement in spastic paraparesis after LT.

that they can be repositioned or removed, if necessary.
Following AVP embolization, a gradual improvement
in leg strength and balance was observed; seven months
after AVP embolization, the patient was able to walk 1 to
2 km aided by crutches, with only mild residual spasticity
of the lower extremities.
After PSS embolization a sudden increase in portal
pressure may constitute a severe complication, resulting
in aggravation of esophageal varices or even development
of new varices[15,54,55]. Therefore, embolization should be
performed only in patients with absent or mild esophageal varices and without signs of hepatic failure (i.e.,
ascites or jaundice)[56]. Moreover, routine periprocedural
endoscopy is recommended to minimize the incidence of
embolization-related complications. Wang et al[17] used an
occlusion balloon catheter initially to occlude the surgical
shunt. Because further monitoring of the patient over a
few days revealed no evidence of induced varices or ascites, an AVP was used to enable closure of the shunt.
Thus, Wang et al[17] are the first to report a surgical shunt related-HM successfully embolized with an
AVP, which resulted in an immediate improvement in
intrahepatic portal perfusion, a normalization of blood
ammonia, and a gradual improvement of HM-related
symptoms. The authors were also able to document a
temporary balloon occlusion of the surgical shunt prior
to permanent embolization, which also may be used to
predict clinical and laboratory improvement.

THERAPY
HM has a poor prognosis because of its progressive and
irreversible nature. Today, no therapy for this disorder has
been established. Conservative treatment strategies for
HM include liver protection, neurotropic drugs, and measures to control blood ammonia concentration. However,
as previously mentioned, HM responds poorly to conservative medical therapy[15,48]. In particular, in contrast to
HE, HM usually does not respond to blood ammonialowering therapies[26].
Surgical treatment options in HM currently include
LT, surgical ligation, shunt reduction, or occlusion by
interventional procedures. Surgical ligation has been reported to be effective, but is only used occasionally[22].

Liver transplantation
Campellone et al[13] were the first to suggest the use of urgent LT for HM because of the progressive and irreversible nature of the disease.
Until the advent of LT, slow progression of spastic
paraparesis over several years inevitably caused HM patients
to become wheelchair bound. In the reviewed literature,
nearly all patients with symptomatic HM who eventually
underwent LT had severe paraparesis before the operation
and required either a cane or a wheelchair[24,26,28,29].
LT appears to be the only promising effective treatment modality for HM, as supported by several previously published reports[16,25-30]. In particular, outcomes
for those patients who had undergone LT sooner after
being diagnosed with HM suggest a potential neurological benefit[16,26,57]. In the case reported by Counsell and
Warlow[24], LT was performed at least 18 mo after the onset of the myelopathy, and there was no improvement. In
fact, LT earlier during the clinical course of HM and/or
in the absence of marked abnormalities in MEP/CMCT
is important in achieving satisfactory reversal of the neurological motor deficit.
It should be considered that, in HM patients with established cirrhosis, the degree of spastic paraparesis and
the risk of permanency are discordant with the ChildPugh score.
Interestingly, Caldwell et al[16] introduced the first use
of a Model for End-Stage Liver Disease (MELD) points
for the condition of HM to enable early LT resulting in

Endovascular interventional procedures
Interventional endovascular shunt occlusion has been
commonly used to treat encephalopathy due to postsurgical shunt and post-TIPS[15,48]. By contrast, the usefulness of this technique for post-surgical shunt HM has
not yet been determined.
Recently, Wang et al[17] first reported reversal of HM
by occlusion of a surgical splenorenal shunt using an
AVP. In this interesting case, an impaird gait and a progressive decline in mobility were observed 14 mo after
surgical splenorenal shunt. The patient had no history
of HE, and his laboratory findings showed no liver dysfunction (with the exception of an increase in his serum
ammonia level). Therefore, occlusion of the splenorenal
shunt represented an alternative therapeutic option, and
the large splenorenal shunt was successfully occluded
using an AVP. Other possible embolizing materials for
the embolization of the PSS are coils, and a detachable
balloon. AVP implantation for this patient was chosen
due to the relatively large size of the surgical splenorenal
shunt. Moreover, coil migration can occur when used
in short shunt tracts[49-52]. AVPs were recently found to
be effective for the occlusion of internal iliac arteries[51],
the treatment of pulmonary arteriovenous malformations[52] and the occlusion of a splenorenal shunt arising
after TIPS[50-53]. AVPs have an advantage over coils in that
AVPs can be more precisely placed within the vessel and
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the reversal of marked spastic paraparesis. The patient
underwent LT approximately 1.5 years after being diagnosed with HM. In this case there was no overt HE.
Both the spastic paraparesis and posterior column deficits
rapidly and markedly improved within 3 mo after successful orthotopic LT. Expedited orthotopic LT may lead
to a favorable neurological outcome after the granting of
MELD exception points for HM as the primary indication for LT. Thus, the MELD system does not automatically prioritize these patients for LT, and submission
of an appeal is necessary. Increased awareness will aid
earlier diagnosis of HM, and because good neurological
outcomes can be achieved by prompt LT, the transplant
community should consider early and rapid transplant
evaluation for those patients with HM. On the basis of
their review, Caldwell et al[16] concluded that patients with
HM should be prioritized for LT with the consideration
of MELD exception points.

the most pathophysiological and clinical aspects of HM.
Moreover, we also discussed the appropriate and effective
treatments for this possibly underrecognized neurological
complication of liver cirrhosis.

REFERENCES
1

2

3
4
5

CONCLUSION
HM should be always considered in the differential diagnosis in patients with spastic paraparesis in the setting
of chronic liver disease and/or portosystemic shunt. The
diagnosis of HM should be established as early as possible to enhance the chance of a complete recovery of
the spinal cord. Importantly, MEP studies may be suitable for the early diagnosis of HM, even in patients with
preclinical stages of the disease. Even if HM is thought
to be related to the increased shunting of portal venous
toxins to the systemic circulation, conservative therapies
are, unlike for HE, usually inefficient.
An early diagnosis of HM should prompt recognition
of predisposing factors such as PSS or TIPS, which can
be considered for shunt occlusion by interventional procedures. However, in most cases, LT represents the only
option for patients with HM. In particular, LT remains
a potentially definitive treatment for HM in patients
with decompensated cirrhosis of Child-Pugh B and C
grades[16,26,57], while for patients with normal liver function
or Child-Pugh A grade cirrhosis the choice of LT vs other
treatments remains debatable[15,22]. In these patients, shunt
occlusion may represent a suitable alternative therapy to
LT, and occlusion can help to relieve shunt-induced HM
symptoms. In fact, in the case described by Wang et al[17],
a large surgical splenorenal shunt was successfully occluded using an AVP, which resulted in significant clinical
improvement of the shunt-induced HM symptoms. This
technique represents a viable alternative to surgery or coil
embolization, although further research is necessary. In
addition, trial balloon occlusion of the shunt prior to performing permanent embolization can be used to predict
clinical and laboratory improvement.
In conclusion, HM is a rare cause of spastic paraparesis, but clinical history, along with appropriate laboratory,
neurophysiological and neuroimaging findings, may allow
an early diagnosis in patients with chronic liver diseases.
We provide a comprehensive and updated review of

WJG|www.wjgnet.com

6
7
8

9
10

11
12

13

14

15

16

17

2583

Zieve L, Mendelson DF, Goepfert M. Shunt encephalomyelopathy. II. Occurrence of permanent myelopathy. Ann
Intern Med 1960; 53: 53-63 [PMID: 13847461 DOI: 10.7326/00
03-4819-53-1-53]
Drake A, Patterson M. Chronic permanent encephalomyelopathy following portal-systemic shunts. South Med J 1964;
57: 617-622 [PMID: 14157433 DOI: 10.1097/00007611-196406
000-00001]
Scobie BA, Summerskill WH. Permanent paraplegia
with cirrhosis. Arch Intern Med 1964; 113: 805-810 [PMID:
14131967 DOI: 10.1001/archinte.1964.00280120005002]
Liversedge LA, Rawson MD. Myelopathy in hepatic disease and portosystemic venous anastomosis. Lancet 1966; 1:
277-279 [PMID: 4158891]
Pant SS, Rebeiz JJ, Richardson EP. Spastic paraparesis following portacaval shunts. Neurology 1968; 18: 135-141 [PMID:
5688755]
Mousseau R, Reynolds T. Hepatic paraplegia. Am J Gastroenterol 1976; 66: 343-348 [PMID: 998595]
Bechar M, Freud M, Kott E, Kott I, Kravvic H, Stern J, Sandbank U, Bornstein B. Hepatic cirrhosis with post-shunt myelopathy. J Neurol Sci 1970; 11: 101-107 [PMID: 5456541]
Lebovics E, DeMatteo RE, Schaffner F, Gendelman S.
Portal-systemic myelopathy after portacaval shunt surgery.
Arch Intern Med 1985; 145: 1921-1922 [PMID: 4037954 DOI:
10.1001/archinte.1985.00360100195034]
Bain VG, Bailey RJ, Jhamandas JH. Postshunt myelopathy.
J Clin Gastroenterol 1991; 13: 562-564 [PMID: 1744395 DOI:
10.1097/00004836-199110000-00018]
Demirci M, Tan E, Elibol B, Gedikoğlu G, Saribaş O. Spastic
paraparesis associated with portal-systemic venous shunting due to congenital hepatic fibrosis. Neurology 1992; 42:
983-985 [PMID: 1579253 DOI: 10.1212/WNL.42.5.983]
Mendoza G, Marti-Fàbregas J, Kulisevsky J, Escartín A. Hepatic
myelopathy: a rare complication of portacaval shunt. Eur Neurol 1994; 34: 209-212 [PMID: 8082679 DOI: 10.1159/000117040]
Sobukawa E, Sakimura K, Hoshino S, Hoshino M, Miyoshi
K. Hepatic myelopathy: an unusual neurological complication of advanced hepatic disease. Intern Med 1994; 33: 718-722
[PMID: 7849390 DOI: 10.2169/internalmedicine.33.718]
Campellone JV, Lacomis D, Giuliani MJ, Kroboth FJ. Hepatic myelopathy. Case report with review of the literature.
Clin Neurol Neurosurg 1996; 98: 242-246 [PMID: 8884097 DOI:
10.1016/0303-8467(96)00018-2]
Yengue P, Adler M, Bouhdid H, Mavroudakis N, Gelin M,
Bourgeois N. Hepatic myelopathy after splenorenal shunting: report of one case and review of the literature. Acta Gastroenterol Belg 2001; 64: 231-233 [PMID: 11475143]
Conn HO, Rössle M, Levy L, Glocker FX. Portosystemic
myelopathy: spastic paraparesis after portosystemic shunting. Scand J Gastroenterol 2006; 41: 619-625 [PMID: 16638707
DOI: 10.1080/00365520500318932]
Caldwell C, Werdiger N, Jakab S, Schilsky M, Arvelakis A,
Kulkarni S, Emre S. Use of model for end-stage liver disease
exception points for early liver transplantation and successful reversal of hepatic myelopathy with a review of the
literature. Liver Transpl 2010; 16: 818-826 [PMID: 20583082
DOI: 10.1002/lt.22077]
Wang MQ, Liu FY, Duan F. Management of surgical splenorenal shunt-related hepatic myelopathy with endovascular
interventional techniques. World J Gastroenterol 2012; 18:

March 14, 2014|Volume 20|Issue 10|

Nardone R et al . Spinal cord involvement in cirrhosis

18

19
20

21

22
23

24

25
26

27

28

29

30

31

32

33
34

7104-7108 [PMID: 23323015 DOI: 10.3748/wjg.v18.i47.7104]
Ben Amor S, Saied MZ, Harzallah MS, Benammou S. Hepatic myelopathy with spastic paraparesis: report of two
cases and review of the literature. Eur Spine J 2013 Jun 1;
Epub ahead of print [PMID: 23728397 DOI: 10.1007/s00586013-2828-z]
Lefer LG, Vogel FS. Encephalomyelopathy with hepatic cirrhosis following portosystemic venous shunts. Arch Pathol
1972; 93: 91-97 [PMID: 5009021]
LEIGH AD, CARD WI. Hepato-lenticular degeneration; a
case associated with postero-lateral column degeneration.
J Neuropathol Exp Neurol 1949; 8: 338-346 [PMID: 18153928
DOI: 10.1097/00005072-194907000-00007]
Gospe SM, Caruso RD, Clegg MS, Keen CL, Pimstone NR,
Ducore JM, Gettner SS, Kreutzer RA. Paraparesis, hypermanganesaemia, and polycythaemia: a novel presentation of
cirrhosis. Arch Dis Child 2000; 83: 439-442 [PMID: 11040156
DOI: 10.1136/adc.83.5.439]
Utku U, Asil T, Balci K, Uzunca I, Celik Y. Hepatic myelopathy with spastic paraparesis. Clin Neurol Neurosurg 2005; 107:
514-516 [PMID: 16202825 DOI: 10.1016/j.clineuro.2004.10.002]
Panicker J, Sinha S, Taly AB, Ravishankar S, Arunodaya
GR. Hepatic myelopathy: a rare complication following
extrahepatic portal vein occlusion and lienorenal shunt.
Neurol India 2006; 54: 298-300 [PMID: 16936395 DOI:
10.4103/0028-3886.27159]
Counsell C, Warlow C. Failure of presumed hepatic myelopathy to improve after liver transplantation. J Neurol
Neurosurg Psychiatry 1996; 60: 590 [PMID: 8778275 DOI:
10.1136/jnnp.60.5.590]
Troisi R, Debruyne J, de Hemptinne B. Improvement of
hepatic myelopathy after liver transplantation. N Engl J Med
1999; 340: 151 [PMID: 9917218]
Weissenborn K, Tietge UJ, Bokemeyer M, Mohammadi B,
Bode U, Manns MP, Caselitz M. Liver transplantation improves hepatic myelopathy: evidence by three cases. Gastroenterology 2003; 124: 346-351 [PMID: 12557140]
Nardone R, Buratti T, Oliviero A, Lochmann A, Tezzon F.
Corticospinal involvement in patients with a portosystemic
shunt due to liver cirrhosis: a MEP study. J Neurol 2006; 253:
81-85 [PMID: 16047111 DOI: 10.1007/s00415-005-0930-9]
Koo JE, Lim YS, Myung SJ, Suh KS, Kim KM, Lee HC,
Chung YH, Lee YS, Suh DJ. Hepatic myelopathy as a presenting neurological complication in patients with cirrhosis
and spontaneous splenorenal shunt. Korean J Hepatol 2008;
14: 89-96 [PMID: 18367861 DOI: 10.3350/kjhep.2008.14.1.89]
Qu B, Liu C, Guo L, Yang Y, Li JH, Yu L, Lv Y. The role of
liver transplantation in the treatment of hepatic myelopathy: case report with review of the literature. Transplant Proc
2009; 41: 1987-1989 [PMID: 19545775 DOI: 10.1016/j.transpr
oceed.2009.01.105]
Pinarbasi B, Kaymakoglu S, Matur Z, Akyuz F, Demir K,
Besisik F, Ozdil S, Boztas G, Cakaloglu Y, Mungan Z, Okten
A. Are acquired hepatocerebral degeneration and hepatic
myelopathy reversible? J Clin Gastroenterol 2009; 43: 176-181
[PMID: 18698265 DOI: 10.1097/MCG.0b013e318150d399]
Yin YH, Ma ZJ, Guan YH, Ren YD, Zhang ZL. Clinical features of hepatic myelopathy in patients with chronic liver
disease. Postgrad Med J 2009; 85: 64-68 [PMID: 19329698 DOI:
10.1136/pgmj.2007.067371]
Kori P, Sahu R, Jaiswal A, Shukla R. Hepatic myelopathy:
an unusual neurological complication of chronic liver disease presenting as quadriparesis. BMJ Case Rep 2013; 2013:
[PMID: 23749858]
Lewis M, Howdle PD. The neurology of liver failure. QJM
2003; 96: 623-633 [PMID: 12925717 DOI: 10.1093/qjmed/
hcg110]
Wang MQ, Dake MD, Cui ZP, Wang ZQ, Gao YA. Portalsystemic myelopathy after transjugular intrahepatic portosystemic shunt creation: report of four cases. J Vasc Interv

WJG|www.wjgnet.com

35

36

37

38
39

40
41

42

43

44

45

46

47
48

49

50

51

2584

Radiol 2001; 12: 879-881 [PMID: 11435545 DOI: 10.1016/
S1051-0443(07)61514-0]
Sherlock S, Summerskill WH, White LP, Phear EA. Portalsystemic encephalopathy; neurological complications of
liver disease. Lancet 1954; 267: 454-457 [PMID: 13193045
DOI: 10.1016/S0140-6736(54)91874-7]
Zieve L, Mendelson DF, Goepfert M. Shunt encephalomyelopathy. I. Recurrent protein encephalopathy with
response to arginine. Ann Intern Med 1960; 53: 33-52 [PMID:
13847460 DOI: 10.7326/0003-4819-53-1-33]
Stables DP, Levin B, Elliott GA, DuPlessis DL. Colonic exclusion for chronic portal-systemic encephalomyelopathy.
Ann Intern Med 1966; 65: 326-329 [DOI: 10.7326/0003-4819-6
5-2-326]
Budillon G, Mansi D, Scala G, Campanella G. “Hepatic
paraplegia”: an uncommon complication of portosystemic
shunt. Acta Neurol (Napoli) 1979; 1: 93-100 [PMID: 474228]
Giangaspero F, Dondi C, Scarani P, Zanetti G, Marchesini G.
Degeneration of the corticospinal tract following portosystemic shunt associated with spinal cord infarction. Virchows
Arch A Pathol Anat Histopathol 1985; 406: 475-481 [PMID:
3925620 DOI: 10.1007/BF00710238]
The neuro-psychiatric syndrome associated with chronic
liver disease and an extensive portal-systemic collateral circulation. Cent Afr J Med 1967; 13: 147 [PMID: 6077488]
Santos-García D, Arias-Rivas S, Dapena D, Arias M. [Past
hepatitis B virus infection and demyelinating multiphasic
disease: casual or causal relationship?]. Neurologia 2007; 22:
542-546 [PMID: 17602335]
Khemiri M, Ouederni M, Barsaoui S. [A new case of acute
transverse myelitis following hepatitis A virus infection].
Med Mal Infect 2007; 37: 237-239 [PMID: 17336018 DOI:
10.1016/j.medmal.2006.12.010]
Misumi H, Ishibashi H, Kanayama K, Kajiyama W, Nomura
H, Sugimoto T, Hiroshige K, Niho Y. Necrotizing myelopathy associated with hepatocellular carcinoma. Jpn J Med
1988; 27: 333-336 [PMID: 2848146 DOI: 10.2169/internalmedicine1962.27.333]
Wu R, Zhang X, Wu XL, Wu XC, Liu H. [A case report of
hepatic myelopathy with abnormal brain MR imaging in the
globus pallidus]. Zhonghua Ganzangbing Zazhi 2005; 13: 604
[PMID: 16092987]
Rovira A, Córdoba J, Sanpedro F, Grivé E, Rovira-Gols A,
Alonso J. Normalization of T2 signal abnormalities in hemispheric white matter with liver transplant. Neurology 2002;
59: 335-341 [PMID: 12177365 DOI: 10.1212/WNL.59.3.335]
Kulisevsky J, Pujol J, Balanzó J, Junqué C, Deus J, Capdevilla A, Villanueva C. Pallidal hyperintensity on magnetic
resonance imaging in cirrhotic patients: clinical correlations. Hepatology 1992; 16: 1382-1388 [PMID: 1446893 DOI:
10.1002/hep.1840160613]
Skehan S, Norris S, Hegarty J, Owens A, MacErlaine D.
Brain MRI changes in chronic liver disease. Eur Radiol 1997; 7:
905-909 [PMID: 9228107 DOI: 10.1007/s003300050225]
O’Brien J, Staples C, Florin T. Trouble with a shunt: alcohol
and spastic paraparesis. Hepatic myelopathy. Gastroenterology 2010; 139: 1099, 1428 [PMID: 20800654 DOI: 10.1053/
j.gastro.2009.10.059]
Tuite DJ, Kessel DO, Nicholson AA, Patel JV, McPherson
SJ, Shaw DR. Initial clinical experience using the Amplatzer
Vascular Plug. Cardiovasc Intervent Radiol 2007; 30: 650-654
[PMID: 17497066 DOI: 10.1007/s00270-007-9044-3]
Kessler J, Trerotola SO. Use of the Amplatzer Vascular Plug
for embolization of a large retroperitoneal shunt during transjugular intrahepatic portosystemic shunt creation for gastric
variceal bleeding. J Vasc Interv Radiol 2006; 17: 135-140 [PMID:
16415142 DOI: 10.1097/01.RVI.0000186958.59457.10]
Ha CD, Calcagno D. Amplatzer Vascular Plug to occlude
the internal iliac arteries in patients undergoing aortoiliac
aneurysm repair. J Vasc Surg 2005; 42: 1058-1062 [PMID:

March 14, 2014|Volume 20|Issue 10|

Nardone R et al . Spinal cord involvement in cirrhosis

52

53
54

55

16376192 DOI: 10.1016/j.jvs.2005.08.017]
Ferro C, Rossi UG, Bovio G, Seitun S, Rossi GA. Percutaneous transcatheter embolization of a large pulmonary arteriovenous fistula with an Amplatzer vascular plug. Cardiovasc
Intervent Radiol 2007; 30: 328-331 [PMID: 16967219 DOI:
10.1007/s00270-005-0348-x]
White HA, Travis SJ. The Amplatzer vascular plug. Cardiovasc Intervent Radiol 2008; 31: 448-449 [PMID: 18180988 DOI:
10.1007/s00270-007-9259-3]
Pattynama PM, Wils A, van der Linden E, van Dijk LC.
Embolization with the Amplatzer Vascular Plug in TIPS patients. Cardiovasc Intervent Radiol 2007; 30: 1218-1221 [PMID:
17546399 DOI: 10.1007/s00270-007-9089-3]
Boixadera H, Tomasello A, Quiroga S, Cordoba J, Perez M,

56

57

Segarra A. Successful embolization of a spontaneous mesocaval shunt using the Amplatzer Vascular Plug II. Cardiovasc
Intervent Radiol 2010; 33: 1044-1048 [PMID: 19908090 DOI:
10.1007/s00270-009-9739-8]
Sakurabayashi S, Sezai S, Yamamoto Y, Hirano M, Oka H.
Embolization of portal-systemic shunts in cirrhotic patients
with chronic recurrent hepatic encephalopathy. Cardiovasc
Intervent Radiol 1997; 20: 120-124 [PMID: 9030502 DOI:
10.1007/s002709900118]
Baccarani U, Zola E, Adani GL, Cavalletti M, Schiff S,
Cagnin A, Poci C, Merkel C, Amodio P, Montagnese S.
Reversal of hepatic myelopathy after liver transplantation:
fifteen plus one. Liver Transpl 2010; 16: 1336-1337 [PMID:
21031552 DOI: 10.1002/lt.22149]
P- Reviewers: Ferraioli G, Kaplan DE, Misiakos EPP, Silva G
S- Editor: Wen LL L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

2585

March 14, 2014|Volume 20|Issue 10|

World J Gastroenterol 2014 March 14; 20(10): 2586-2594
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i10.2586

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (11): Cirrhosis

Cirrhosis and hepatopulmonary syndrome
Gokhan Tumgor
Gokhan Tumgor, Department of Pediatric Gastroenterology,
Cukurova University Medical Faculty, 01380 Sarıcam, Adana,
Turkey
Author contributions: Tumgor G solely contributed to this paper.
Correspondence to: Gokhan Tumgor, MD, Associate Professor, Department of Pediatric Gastroenterology, Cukurova
University Medical Faculty, 01380 Sarıcam, Adana,
Turkey. gtumgor74@yahoo.com
Telephone: +90-506-5443280 Fax: +90-322-3386060-3116
Received: October 27, 2013 Revised: January 5, 2014
Accepted: January 20, 2014
Published online: March 14, 2014

reserved.

Key words: Cirrhosis; Hepatopulmonary syndrome; Pathophysiology; Liver transplantation
Core tip: Hepatopulmonary syndrome (HPS) is an important complication of cirrhosis. HPS is a significant
factor in dyspnea and cyanosis in cirrhotic cases. At
present, the most effective and only radical treatment
is a liver transplant. Cirrhotic patients who are on the
waiting list for a liver transplant have a shorter survival
period if they develop HPS. Therefore, it is suggested
that all cirrhotic cases should be followed closely for
HPS and they should have priority in the waiting list.
This review aims to reevaluate the recent progress in
the diagnosis, pathophysiology and treatment of HPS.

Abstract
Hepatopulmonary syndrome (HPS) is characterized as
a triad: liver disease, intrapulmonary vascular dilatation and arterial hypoxemia. HPS is reported to be
present in 4% to 32% of adult patients with end-stage
liver disease and in 9%-20% of children. The pathogenesis of HPS has not been clearly identified. Portal
hypertension causes impairment in the perfusion of the
bowel and increases the enteral translocation of Gram
(-) bacteria and endotoxins. This stimulates the release of vasoactive mediators, such as tumor necrosis
factor-alpha, heme oxygenase-derived carbon monoxide and nitric oxide. Genetic alterations have not been
associated with this syndrome yet; however, cytokines
and chemokines have been suggested to play a role.
Recently, it was reported that cumulated monocytes
lead to the activation of vascular endothelial growth
factor-dependent signaling pathways and pulmonary
angiogenesis, which plays an important role in HPS
pathogenesis. At present, the most effective and only
radical treatment is a liver transplant (LT). Cirrhotic
patients who are on the waiting list for an LT have a
shorter survival period if they develop HPS. Therefore,
it is suggested that all cirrhotic cases should be followed closely for HPS and they should have priority in
the waiting list.

Tumgor G. Cirrhosis and hepatopulmonary syndrome. World J
Gastroenterol 2014; 20(10): 2586-2594 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i10/2586.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i10.2586

INTRODUCTION
Pulmonary complications related to chronic liver diseases
are frequently observed. The two most significant complications among them are hepatopulmonary syndrome
(HPS) and portopulmonary hypertension (POPH). HPS
is observed more frequently than POPH in patients with
chronic liver diseases. HPS has been reported to be present in 4% to 32% of adult patients with end-stage liver
disease[1,2], and in 9%-20% of children[3-5].
Kennedy et al[6] first defined HPS in 1977. HPS is
characterized as a triad: liver disease, intrapulmonary vascular dilatation and arterial hypoxemia[7]. Cirrhosis is the
most common condition associated with HPS. The cause
of liver disease leading to portal hypertension does not
seem to affect the development of HPS. HPS has been
reported in patients with prehepatic portal hypertension

© 2014 Baishideng Publishing Group Co., Limited. All rights
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Figure 1 Possible mechanisms of hepatopulmonary syndrome. TNF-α: Tumor necrosis factor-alpha; ET-1: Endothelin-1; ETBR: Endothelin B receptors; NO:
Nitric oxide; eNOS: Endothelial NO synthase; iNOS: inducible NO synthase; HO-1: Heme oxygenase-1; CO: Carbon monoxide; VEGF: Vascular endothelial growth
factor.

in the absence of chronic liver disease, in Budd-Chiari
syndrome and even in patients with acute or chronic inflammatory liver disease without evidence of cirrhosis or
portal hypertension[8-12].
Prognosis is poor with the development of HPS in
patients waiting for a liver transplant (LT). Therefore,
these patients should be followed closely. This review
aims to reevaluate the recent progress in the diagnosis,
pathophysiology and treatment of HPS.

suggested to play a role. It is more common in patients
carrying the monocyte chemoattractant protein-1 (MCP-1)
2518G gene; conversely it is less frequent in patients with
the endothelial NO synthase (eNOS) 298Asp allele and
those carrying eNOS 298Asp[29]. These results suggest
that the eNOS 298Asp polymorphism can prevent the
development of HPS in cirrhotic patients. In addition,
the G allele may be associated with higher MCP-1 expression in certain inflammatory conditions. The effect
of the G allele appears to be dose dependent: cells
from individuals homozygous for G at -2518 produced
more MCP-1 than cells from G/A heterozygotes [30].
Higher levels of MCP-1, an inflammation marker, in
HPS suggest the role of inflammation in the development of pulmonary shunts. Moreover, macrophages
produce HO-1, which leads an increase in the production of CO and contributes to the vasodilatation [15].
CO is produced by the catabolism of heme with heme
oxygenase[15,31].
Recently, cumulated monocytes have been observed
to lead to the activation of vascular endothelial growth
factor-dependent signaling pathways and pulmonary angiogenesis, which plays an important role in HPS pathogenesis[32]. Gene polymorphisms involved in the regulation of angiogenesis have also been associated with the
risk of developing HPS[33].
Although other mediators, such as somatostatin analogue (octreotide), glucagon, prostacyclin, angiotensin-2,
vasoactive intestinal peptide, calcitonin, substance P,
atrial natriuretic factor and platelet-activating factor, may
play a role in the pathogenesis of vascular changes in
HPS, no clear relation was found between any of these
mediators and vascular dilatation[34-39].
Important mechanisms mentioned above result in
ventilation-perfusion (V/Q) mismatch, diffusion limitation of oxygen and, less commonly, direct arteriovenous
connections[40,41]. The capillaries dilate to 15-500 μm (n:
8-15 μm) in HPS[42].
The hypoxia occurs because of the increased cardiac
output caused by pulmonary vasodilatation and the inadequate oxygenation of the blood, which runs through

PATHOPHYSIOLOGY
The pathogenesis of HPS has not been clearly identified. However, there are some important clinical clues.
Although it has been observed in cases without cirrhosis
and portal hypertension, most patients with HPS have
cirrhosis and portal hypertension[4,13].
Portal hypertension causes impairment in the perfusion of the bowel and increases the enteral translocation of Gram (-) bacteria and endotoxins. This
stimulates the release of vasoactive mediators, such as
tumor necrosis factor-alpha (TNF-α), heme oxygenase
(HO)-derived carbon monoxide (CO) and nitric oxide
(NO)[14-18] (Figure 1).
In clinical studies, the increase of nitric oxide production in the lung plays a role in HPS pathogenesis[16-23].
When compared with cirrhotic control patients, exhalation NO levels increase in the cases with cirrhotic HPS.
Plasma endothelin-1 (ET-1) levels increase in cases with
cirrhosis and intrapulmonary vascular dilatation [24-26].
ET-1 causes NO-related vasodilatation with the activation of endothelin B receptors (ETBR) on endothelial
cells[27,28]. In addition, increased phagocytosis of bacterial
endotoxin in the lung promotes activation of inducible
NO synthase (iNOS), which also contributes toward
increased NO production. Bacterial translocation, and
subsequent monocyte accumulation, may also stimulate
pulmonary angiogenesis in HPS, which may partly be
controlled by genetic factors[13].
Genetic alterations have not been associated with
HPS yet; however, cytokines and chemokines have been
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Figure 2 Ventilation-perfusion mismatch; diffusion limitation of oxygen. The capillaries are known to dilate to 15-500 μm (n: 8-15 μm) in hepatopulmonary syndrome (HPS).

enlarged pulmonary microcapillaries (Figure 2). In addition, hypoxia worsens as a result of the vasoconstrictor
response to hypoxia, especially in the lower zones where
there is less ventilation[43]. Lowered V/Q ratios result in
elevated ΔP (A-a) O2, which is correctable only by 100%
oxygen inhalation. However, hypoxemia caused by larger
arteriovenous shunts (AVS) does not respond to inhalation of 100% oxygen[44].
Previous studies have shown that certain changes
occur in lungs of animals with HPS. Melo-Silva et al[45]
showed that in rat models, the tidal volume, minute
ventilation and mean inspiratory flow were significantly
reduced, chest wall pressure dissipation against the resistive and viscoelastic components and elasticity were
increased, and the lung resistive pressure dissipation was
lower; however, the viscoelastic pressure was higher in
the HPS group. The proportion of collagen volume in
the vasculature increased by 29% in the HPS animals.
Furthermore, patients with hepatic cirrhosis have an
elevated plasma level of lipopolysacchride (LPS)[46]. Extra
LPS was given to rats with cirrhosis, which resulted in
further widening of the alveoli wall, a decreased density
of cells, narrowed alveoli space and destruction of the
integrity of type Ⅰ cell membrane, with infiltration of
polymorphs and fibrinous exudates, indicating interstitial
pulmonary edema and an inflammatory reaction. There
was severe stasis of the blood in alveolar walls and numerous red cells extravasated the airspace, resulting in the
widespread dilatation of alveolar capillaries and the augmentation of the permeability of the microvasculature[18].

HPS had symptoms and findings related to liver disease,
and the time period from the respiratory complaints to
the diagnosis of HPS was an average of 4.8 ± 2.5 years.
In the same study, 18% of the patients complained of labored breathing and the liver disease was diagnosed after
further tests[47]. The most frequent symptom was progressive dyspnea. Platypnea is defined as dyspnea of a patient
when he/she is in an upright position. Digital clubbing
and cyanosis are also frequent in HPS patients[29,48,49]. Spider angioma is not specific for the diagnosis of HPS[50].
The findings of chest radiography and decreased CO diffusion capacity determined by pulmonary function tests
for the patients with HPS were nonspecific[51].
There is a poor correlation between liver disease and
the level of oxygenation. While it has been reported
mostly in patients with severely decompensated end-stage
liver disease, namely child C patients, it has been also observed in patients with child A and child B cirrhosis[13,52].
In cirrhotic cases with suspicion of HPS, other cardiopulmonary diseases, such as pulmonary atelectasis,
ascites, chronic obstructive pulmonary diseases, hepatic
hydrothorax and infections should be ruled out.
Two types of HPS have been defined. While type 1
is related to precapillary dilatations, AVS is associated
with type 2 HPS. In addition, while type 1 HPS responds
to oxygen support, type 2 does not[53]. If PO2 ≥ 600
mmHg when the patient is given 100% oxygen, it is
considered that it is probably not AVS. If the PO2 fails
rise to 150-200 mmHg or over, then the hypoxia may be
considered to be caused by AVS[54].

CLINICAL FEATURES

DIAGNOSIS

Cases of HPS can be asymptomatic or they can present
with growth retardation, cyanoses, dyspnea, platypnea,
orthopnea, spider angioma or finger clubbing. In a study
conducted in The Mayo Clinic, 82% of 22 patients with

HPS is a serious complication frequently seen in cirrhotic patients and results from hypoxemia. The clinical
findings in HPS are the same as those of hypoxemia.
Contrast echocardiography (CEE) is accepted as a sen-
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Table 1 Grading of the severity of hepatopulmonary syn[58]
drome
Stage

LV

RV

LA

Mild
Moderate
Severe
Very severe

RA

PaO2 mmHg

≥ 15

≥ 80
< 80 - ≥ 60
< 60 - ≥ 50
< 50 (< 300 on 100% O2)

≥ 15
≥ 15
≥ 15

PA-aO2: Alveolar-arterial oxygen tension difference; PaO2: Arterial oxygen
tension.

low cost, and widely available technique to screen for
HPS. With a threshold value of < 96%, pulse oximetry has a sensitivity and specificity of 100% and 88%,
respectively, for detecting patients with a PaO2 < 60
mmHg. A pulse oximetry value of < 94% detected all
patients with a PaO 2 < 60 mmHg with an increased
specificity of 93%[65,66]. Contrary to these findings, CEE
may be positive despite normal arterial blood gases. In a
prospective study of candidates for LT, Krowka et al[67],
found that 9.7% of 31 normoxemic patients had positive
CEE. These findings suggested that mild or subclinical
intrapulmonary vasodilatations insufficiency in cirrhotic
patients may not alter gas exchange.
In the Technetium 99m-labeled MAA scan, MAA
particles are given intravenously. The diameter of the
marked particles is 20-50 μm and normally they cannot
pass through pulmonary veins, which have a diameter of
8-15 μm. However, in the presence of an intrapulmonary shunt, these marked particles enter the circulatory
system and appear in the kidneys and the brain. In the
diagnosis of HPS, a value greater than 6% is significant
and specific for HPS. However, as MAA provides positive results in the presence of intracardiac shunts as well;
therefore, its sensitivity is low[41,68].
Unless there is an accompanying pulmonary disease,
the spirometric tests in HPS are not impaired. However, abnormal diffusion capacity for carbon monoxide
(DLCO) is frequently observed in patients with HPS[69].
In one study, the DLCO was decreased in 80% of the
cases[70]. However, its specificity is low; therefore, it is
not used in practice.
Pulmonary angiography is more invasive and less
sensitive compared with high resolution chest computed
tomography CEE[71] (Figures 4 and 5).

Figure 3 “Bubble” or contrast echocardiogram (apical four chamber
view). A stream of microbubbles filling the left atrium following systemic venous
injection is shown.

sitive screening test for HPS. Other techniques, such
as technetium 99m-labeled macroaggregated albumin
(MAA) scan, computed tomography or pulmonary angiography, have also been used to diagnose HPS[55]. Saline
microbubbles are used for CCE. A transpulmonary passage was considered present if microbubbles appeared
in the left atrium at least three heartbeats after the initial
appearance of contrast in the right side of the heart[56-59]
(Figure 3).
Transesophageal CEE increases the imaging quality
of the heart; therefore, it is more sensitive than transthoracic CEE to identify intrapulmonary vasodilatation and
may detect HPS, which can go unnoticed by transthoracic CEE[60]. For patients with hypoxemic HPS, there is no
study that shows it is more superior. The detection of
intrapulmonary shunts by this method is not sufficient
to diagnose HPS and impaired oxygenation is required
to be shown.
In addition, in cases with HPS, left ventricle enlargement and higher systolic velocity in the mitral valve
represent satisfactory indirect markers of HPS[41], in addition to CEE[61].
Orthodeoxia, positional modification of abnormal
shunting, was defined as a fall in PaO 2 ≥ 5% when
upright, or 4 mmHg. While the PaO2 is normal in the
horizontal position, it decreases in the upright position, depending on the increase of blood flow velocity
in arteriovenous anastomosis in the basal segments of
the lungs, caused by the effect of the gravity. This increases the ventilation-perfusion mismatch and hypoxia
becomes apparent[62]. Orthodeoxia has been reported
to be present in 20% to 80% of patients with HPS[63,64].
Hypoxemia is defined as PaO2 < 70 mmHg, and severe
hypoxemia is defined as PaO2 < 50 mmHg. At sea level,
and while breathing room air, a resting PA-aO2 of ≥ 2.0
kPa (≥ 15 mmHg) can be considered abnormal. For the
people over 64, it should be evaluated as PA-aO2 ≥ 20
mmHg. Accordingly, the PA-aO2 vs PaO2 calculation is
done to grade the severity of HPS[58] (Table 1).
In recent years, transcutaneous oxygen saturation
measurement with pulse oximetry has emerged a simple,

WJG|www.wjgnet.com

PA-aO2 mmHg

TREATMENT
Currently, there are no effective medical therapies for
HPS. In the past, HPS was considered as a contraindication for LT because of serious operative and perioperative complications in adults[72]. Today, LT is the only effective treatment option for patients with this condition,
because of the underlying liver disease.
Although several investigations have been performed,
no effective medical treatment has been found. Several
attempts have been made to inhibit the development
of HPS by administering nitric oxide, using diets low in
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Figure 4 Right pulmonary artery angiogram (posteroanterior projection)
showing a diffuse fine reticular pattern of multiple pulmonary telangiectasias consistent with type I hepatopulmonary syndrome.

Figure 5 Normal pulmonary angiography.

compared to earlier HPS transplants.
The severity of preoperative hypoxemia, underlying liver disease and comorbidities appear to be factors
that increase postoperative mortality[88,89]. While some
studies show that the mortality rate of cases with HPS
are 29%-38.5%[4,90], there are other studies that show
the survival after an LT is not different to that od the
cirrhotic cases without HPS[84,89]. In fact Iyer et al[87] suggested that survival post-LT was not dependent on baseline PaO2 values obtained at the time of HPS diagnosis.
85%-100% of patients have an improvement in oxygenation within 1 year of an LT[4,53]. However, in some
severe cases with hypoxemia, lung function may not recover up to one year after the operation. Most of these
cases need oxygen for 5 to 700 d, and spend longer in
hospital[89].
After liver transplantation and after all the factors
that led to HPS have disappeared, patients recover from
HPS[91,92]. In a single post mortem study, the changes after the transplantation in lungs in HPS could be related
to collagen tissue deposition in pulmonary capillary and
venule walls[93]. However, the recovery from HPS after
transplantation shows that the pathological changes in
the lungs in Type Ⅰ HPS are reversible.
In our center, the perioperative and postoperative
outcomes were uneventful in all patients. Even if previous reports indicated that patients with HPS require ventilatory support after an LT[67,94], two patients remained
on mechanical ventilation and they were extubated two
and five days post-transplant, respectively. If the postoperative hypoxemia is refractory to standard treatments,
NO and trendelenburg positioning (supine position with
feet elevated 15°-30° higher) and oscillator ventilation
therapy are reported to be effective[89]. Experiences related with outcome of HPS after an LT are limited; portal
venous thrombosis, intracranial events and multiorgan
failure are seen more commonly in patients with HPS,
and these complications are associated with a higher
mortality rate[95]. In our series, we did not observe these
complications, except for one case of acute respiratory
distress syndrome, which was observed on postoperative
day 1. This was probably related to systemic inflammatory response syndrome, because the patient had arterial

L-arginine using methylene blue, which is an inhibitor
of guanylate cyclase[73], aspirin[36], somatostatin[49,74], almitrine[75], N-acetylcysteine[76], indomethacin[51], garlic[77,78],
mycophenolate mofetil (an inhibitor of angiogenesis and
nitric oxide production)[79], pentoxifylline[80], decreasing
the increased portal pressure by transjugular portosystemic shunt[81-83], and using antibiotics to decrease bacterial translocation in the bowel[84]. However, a role for any
of these drugs in the long-term treatment of HPS has
not been demonstrated. Currently, the most effective
treatment is LT.
In cirrhotic cases with HPS, survival was significantly
decreased compared with cirrhotic cases without HPS.
In one study, the five-year survival rate was determined
as 23% for cases with HPS and 67% for patients without HPS[85]. In studies performed at The Mayo Clinic,
33%-40% of patients with HPS died within 2.5-4 years.
Most of the patients having clinically stable hepatic
function worsened with the development of HPS[47].
In our center, eleven of 16 patients (68.7%) with HPS
died before LT. The main causes of deaths were variceal
bleeding accompanying multiorgan failure, pneumonia
and sepsis[4].
Therefore, in addition to their Model for End-Stage
Liver Disease (MELD) scores, it is very important for
patients on the waiting list to be diagnosed as having
HPS or not. However, many clinical features of HPS
that might influence exception to the MELD scoring
system, including standardized diagnostic criteria, preand post-LT mortality rates, and the rate of progression
of hypoxemia, are not fully characterized[86]. In the United States, UNOS allows patients with confirmed HPS to
be listed for an LT. For this reason, it is suggested that
the patients with PaO2 < 60 mmHg on room air in the
sitting position, should receive an increase in their MELD
scores, and during their waiting period they should get a
2- to 3-point increase in their MELD scores every three
months[86]. The indications are that patients who had an
LT this way showed better survival. Iyer et al[87] observed a
trend (without reaching statistical significance) for better
5-year survival in the MELD exception era (since 2002) as
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hypoxemia, fever and ground glass opacity on the chest
radiography.
In conclusion, HPS is an important complication of
cirrhosis, causing dyspnea and cyanosis in cirrhotic cases.
There is no relation between the development of HPS
and the severity of cirrhosis. At present, the most effective and only radical treatment is an LT. Cirrhotic patients
who are on the waiting list for an LT have a shorter
survival period if they develop HPS. Therefore, it is suggested that all cirrhotic cases should be followed closely
for HPS and should have priority in the waiting list.
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including platelet transfusion, interventional partial
splenic embolization, and surgical splenectomy, are
now available for severe thrombocytopenia in cirrhotic
patients. Although thrombopoietin agonists and targeted agents are alternative tools for noninvasively treating thrombocytopenia due to liver cirrhosis, their ability
to improve thrombocytopenia in cirrhotic patients is
under investigation in clinical trials. In this review, we
propose a treatment approach to thrombocytopenia
according to our novel concept of splenic volume, and
we describe the current management of thrombocytopenia due to liver cirrhosis.
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Core tip: The major mechanisms for thrombocytopenia
in liver cirrhosis are (1) platelet sequestration in the
spleen; and (2) decreased production of thrombopoietin in the liver. For thrombocytopenia that is caused
by platelet sequestration in the spleen, partial splenic
embolization or laparoscopic splenectomy are effective. Thrombopoietin agonists and targeted agents are
alternative tools for noninvasively treating thrombocytopenia due to decreased thrombopoietin production,
although their ability to improve thrombocytopenia is
under investigation in clinical trials. In this review, we
describe the current management of thrombocytopenia
due to liver cirrhosis, and we propose the novel concept of using the splenic volume to discern the primary
cause of thrombocytopenia due to liver cirrhosis.

Abstract
Thrombocytopenia is a common complication in liver
disease and can adversely affect the treatment of liver
cirrhosis, limiting the ability to administer therapy and
delaying planned surgical/diagnostic procedures because of an increased risk of bleeding. Multiple factors,
including splenic sequestration, reduced activity of the
hematopoietic growth factor thrombopoietin, bone
marrow suppression by chronic hepatitis C virus infection and anti-cancer agents, and antiviral treatment
with interferon-based therapy, can contribute to the
development of thrombocytopenia in cirrhotic patients.
Of these factors, the major mechanisms for thrombocytopenia in liver cirrhosis are (1) platelet sequestration in the spleen; and (2) decreased production of
thrombopoietin in the liver. Several treatment options,
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and platelets. Experimentally, when TPO or its receptor (c-Mpl) has been “knocked-out” by homologous
recombination in mice, the megakaryocyte and platelet
masses are reduced to approximately 10% of the normal
value, even though the animals are healthy and do not
spontaneously bleed[14-16]. Cirrhotic patients with thrombocytopenia have lower circulating TPO levels than do
cirrhotic patients with normal platelet counts, possibly
as a result of diminished TPO production[17]. Interestingly, following successful liver transplantation or splenic
embolization, the TPO levels appear to normalize,
suggesting that decreased TPO production in the liver
may also contribute to thrombocytopenia in cirrhotic
patients[17-19]. This review describes the current management of thrombocytopenia in cirrhotic patients and also
proposes a treatment approach for thrombocytopenia
based on using the splenic volume to distinguish among
the major causes of thrombocytopenia (splenic and
other mechanisms, such as decreased TPO production).

INTRODUCTION
Thrombocytopenia is a common complication in liver
disease, and liver disease-related thrombocytopenia is
often defined as a platelet count < 100 × 109/L, including moderate (less than 100 × 109/L) and severe (less
than 50 × 109/L) thrombocytopenia. Although clinically
significant spontaneous bleeding does not usually occur
until the platelet count is less than 10 × 109/L-20 × 109/L,
cirrhotic patients with or without cancers often require
numerous medical and/or surgical procedures during
diagnosis and therapy. The presence of thrombocytopenia can aggravate surgical or traumatic bleeding and can
also significantly complicate routine patient care, such
as liver biopsy, antiviral therapy, and medically indicated
or elective surgery for cirrhotic patients, resulting in
delayed or cancelled medical management and affecting the administration of effective treatment for several
conditions (e.g., antiviral therapy for chronic hepatitis C
virus (HCV) infection or cancer chemotherapy). Indeed,
the degree of thrombocytopenia has been shown to be
a useful prognostic marker in cirrhotic patients because
the finding of severe thrombocytopenia (< 50 × 109/L)
in liver disease can be associated with significant morbidity[1,2]. Additionally, a decreased platelet count can often be a diagnostic clue to unsuspected cirrhosis and to
the presence of esophageal varices[3-6]. Multiple factors,
including splenic sequestration, reduced activity of the
hematopoietic growth factor thrombopoietin (TPO), cirrhotic coagulopathy, cirrhotic bone marrow suppression
by chronic HCV infection and anti-cancer agents, and
antiviral treatment with interferon (IFN)-based therapy,
can contribute to the development of thrombocytopenia in cirrhotic patients. Of these factors, the major
mechanisms for thrombocytopenia in liver cirrhosis are
(1) platelet sequestration in the spleen; and (2) decreased
production of TPO in the liver. Historically, thrombocytopenia has been thought to arise from the increased
pooling of platelets in an enlarged spleen (splenomegaly).
While the normal splenic volume has been reported to
range from 50-200 mL[7], splenomegaly sometimes increases it to even more than 1000 mL. Platelet sequestration is seen in congestive splenomegaly due to cirrhosisinduced portal hypertension and is characterized by a
redistribution of platelets from the circulating pool to
the splenic pool[8]. However, the interventional and/or
surgical treatments aimed at reversing portal hypertension do not always correct thrombocytopenia in the
clinical setting. Indeed, decreased platelet production
has been noted, even in patients without splenomegaly[9],
suggesting that other factors are involved in thrombocytopenia due to liver cirrhosis. Platelets are derived
from megakaryocytes, and TPO is known to be a potent cytokine that regulates megakaryocyte and platelet
production[10,11]. TPO, which is primarily produced in
the liver but is also produced, to a lesser extent, in the
bone marrow and kidney[12,13], binds to the TPO receptor (c-Mpl), which is expressed on the surface of stem
cells, megakaryocyte progenitor cells, megakaryocytes,
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MANAGEMENT OF
THROMBOCYTOPENIA DUE TO LIVER
CIRRHOSIS
Several treatment options, including platelet transfusion,
interventional splenic artery embolization, and surgical
splenectomy, are now available for thrombocytopenia
in cirrhotic patients. Therapeutic options to safely and
effectively raise the platelet level can have significant effects on the care of cirrhotic patients. Specifically, an increase in platelet levels can significantly reduce the need
for platelet transfusions and facilitate the use of IFNbased antiviral therapy and other medically indicated
treatments in cirrhotic patients. Recently, treatments
such as interventional management using partial splenic
embolization (PSE) and surgical splenectomy have often
attempted to correct splenomegaly-associated thrombocytopenia as the only current tool that noninvasively
improves thrombocytopenia is the administration of
platelet infusions. For example, antiviral therapy against
HCV using peginterferon (Peg-IFN) alfa-2a plus ribavirin was discontinued in up to 2.6% of patients because
of laboratory abnormalities, including thrombocytopenia, and 3%-5% of patients receiving Peg-IFN alfa-2a or
alfa-2b plus ribavirin required dose modification because
of thrombocytopenia[20,21]. In contrast, the management
of thrombocytopenia using PSE or splenectomy prior to
antiviral therapy successfully enables avoidance of discontinuation because of thrombocytopenia[22,23]. Recently, a low platelet count has been reported to be a predictor of liver atrophy and long-term mortality in patients
on a liver transplant waiting list[24]. Additionally, experimental studies have shown that platelets can promote
liver regeneration and improve liver fibrosis[25-27]. Indeed,
PSE has a clinically improved prognostic outcome in cirrhotic patients[28]. Although invasive procedures such as
PSE and splenectomy are occasionally underused due to
potential interference with treatment options, including
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Table 1 Thrombopoietin-receptor agonists for the treatment of thrombocytopenia
Agent

Target disease

Dose (route)

Recombinant human thrombopoietin
rhTPO
PEG-rHuMGDF
rhIL-11

Withdrawn from clinical use
(intravenous)
Withdrawn from clinical use
(subcutaneous)
Chemotherapy-induced TCP[40,42]
50 μg/kg per day (subcutaneous)
TCP in patients with cirrhosis[43]
50 μg/kg per day (subcutaneous)
TPO mimetrics (peptide TPO receptor agonists and nonpeptide TPO receptor agonists)
Romiplostim
ITP[47-50]
0.2-10 μg/kg once a week (subcutaneous)
Myelodysplastic syndrome[51-53]
Once a week (subcutaneous)
HCV-related TCP[54,97]
2 μg/kg once a week (subcutaneous)
Eltrombopag
ITP[55,56]
50 mg once daily (oral)
HCV-related TCP
25 mg once daily (oral)
E5501
HCV-related TCP (phase Ⅱ; NCT00914927)
TPO: Thrombopoietin; PEG-rHuMGDF: Pegylated recombinant human megakaryocyte growth and development factor; rhIL-11: Recombinant human interleukin-11; TCP: Thrombocytopenia; ITP: Immune thrombocytopenic purpura; HCV: Hepatitis C virus.

liver transplantation, aggressive rather than passive management for thrombocytopenia may improve long-tern
survival in cirrhotic patients. Although TPO agonists
and targeted agents are alternative tools for noninvasively treating thrombocytopenia due to liver cirrhosis, their
ability to improve thrombocytopenia in cirrhotic patients
is under investigation in clinical trials.

such as recombinant TPO, interleukin (IL)-11, and TPO
mimetrics (peptide and nonpeptide TPO receptor agonists), have been evaluated (Table 1).
Recombinant TPO and other thrombopoietic agents
Two forms of recombinant human TPO were evaluated
in clinical trials and shown to increase megakaryopoiesis
and thrombopoiesis: recombinant human TPO (rhTPO)
and its pegylated recombinant human megakaryocyte
growth and development factor (PEG-rHuMGDF).
rhTPO is a glycosylated form of TPO consisting of
the full-length, native human amino acid sequence.
rhTPO has been shown to be a potent stimulator of
megakaryocyte growth and platelet production, and it is
biologically active in reducing the thrombocytopenia of
nonmyeloablative chemotherapy[11]. Although rhTPO
could significantly increase platelet counts, the reduction
of thrombocytopenia was not always accompanied by
a decrease in transfusions[32]. In addition, rhTPO failed
to demonstrate the clinical benefits of time to platelet
recovery or platelet transfusion requirements in stem cell
transplantation or leukemia chemotherapy[11]. Thus, the
role of rhTPO in the treatment of thrombocytopenia
was limited, and the clinical development of rhTPO was
halted. PEG-rHuMGDF is an N-terminal TPO derivative that was pegylated to extend its half-life and retain
its TPO activity[11,33]. In initial trials in patients undergoing chemotherapy, PEG-rHuMGDF treatment increased
the median platelet nadir counts and enhanced recovery in a dose-dependent manner[34-36]. However, some
subjects, including normal platelet donors treated with
PEG-rHu-MGDF, developed neutralizing antibodies
that cross-reacted with and inactivated endogenous TPO,
resulting in extremely severe thrombocytopenia[32,37,38].
The clinical development of PEG-rHuMGDF by Amgen was stopped in 1998 due to this side effect[11].

Platelet transfusion
Patients with platelet counts below 50 × 109/L may benefit from prophylactic transfusions to increase platelet
counts before procedures. Guidelines for when to use
platelet transfusions are available, but the relevance of
these published guidelines for liver cirrhosis is unclear.
The American Society of Clinical Oncology recommends
platelet transfusions for cancer patients with platelet
counts of 10 × 109/L-20 × 109/L, depending on the
type of cancer[29]. Currently, there is no consensus on
the appropriate threshold values for prophylactic platelet transfusions in cirrhotic patients. Complications and
limitations of platelet transfusion include febrile nonhemolytic and allergic reactions, the need for hospitalization, iron overload (with chronic transfusions), the risk
of infection, platelet refractoriness due to HLA alloimmunization (occurring in up to 40% of patients), and
cost[30,31]. Furthermore, platelet transfusions do not ensure a hemostatic platelet level, especially when the risk
of bleeding is high[29]. While red blood cells have a lifespan of approximately 120 d, transfused platelets have a
shorter life span and will need to be re-dosed within 3-4
d if given for prophylaxis.
Agents targeting the TPO receptor
TPO plays an important role in regulating thrombopoiesis. The decrease in TPO production or activity in
cirrhotic patients suggests that TPO can serve as a rational therapeutic target to stimulate platelet production.
Several promising novel agents that stimulate TPO and
increase platelet levels have been under development for
the prevention and/or treatment of thrombocytopenia. Several types of TPO agonists and targeted agents,
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IL-3, -6, and -11
The interleukins IL-3, IL-6, and IL-11 produce a significant stimulation of platelet production. However, the
clinical uses of recombinant IL-3 or IL-6 are severely
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limited by their proinflammatory properties, which induce flu-like symptoms, including hypotension, fatigue,
and myalgias[39]. However, recombinant human IL-11
(rhIL-11) was approved by the United States Food
and Drug Administration for use in the prevention of
chemotherapy-induced thrombocytopenia[40]. IL-11 acts
synergistically with IL-3, TPO, and stem cell factors to
increase the number and maturation of megakaryocytic
progenitors[41]. IL-11 has also been shown to increase
spleen megakaryocyte colony-forming cells and spleen
colony-forming units in mice[41]. In patients with cancer who were receiving chemotherapy, a subcutaneous
injection of rhIL-11 at a dose of 25-50 μg/kg per day
increased their platelet levels and reduced their need for
platelet transfusions[40,42]. In cirrhotic patients (Child A
and B) with thrombocytopenia, a daily subcutaneous injection of rhIL-11 at 50 μg/kg per day improved platelet counts within 6 to 8 d from the treatment initiation,
and the platelet counts doubled in 89% of the cirrhotic
patients, achieving > 80 × 109/L in 78%[43]. However,
rhIL-11 can cause significant toxicity, including edema,
fluid retention, cardiovascular events, and, in some studies, myalgias and arthralgias[44]. Therefore, the use of
rhIL-11 in cirrhotic patients requires careful attention
due to the high frequency of regimen-related toxicity[43].

patients of Asian ancestry). One potential advantage of
Eltrombopag that makes it superior to the TPO peptide
(Romiplostim) is that Eltrombopag may be administered
orally. A phase Ⅱ, multicenter, randomized trial of daily
Eltrombopag in patients with HCV-associated thrombocytopenia and compensated liver disease showed that, after 4 wk of therapy, platelet count increases to > 100 ×
109/L were achieved in 75%, 79%, and 95% of patients
treated with 30 mg, 50 mg, and 75 mg Eltrombopag,
respectively, compared to 0% of placebo patients (P <
0.001)[57]. None of the patients with liver disease had a
worsening of their liver function tests[57]. Additionally,
significantly more patients in the Eltrombopag treatment groups completed 12 wk of antiviral therapy (36%,
53%, and 65% in the 30-mg, 50-mg, and 75-mg groups,
respectively), compared with 6% of placebo patients[57].
The latest study revealed that Eltrombopag administration prior to elective invasive procedures reduced the
need for platelet transfusions in patients with chronic
liver disease compared with placebo, with platelet transfusion frequencies of 28% and 81%, respectively [58].
Nonetheless, the use of Eltrombopag has been reported
to be associated with an increased incidence of portalvein thrombosis compared to placebo, at 4% and 1%,
respectively[58]. Collectively, although rhIL-11 and TPO
mimetics are alternative tools for noninvasively treating
thrombocytopenia due to liver cirrhosis, the evidence
for their ability to improve thrombocytopenia is mainly
based on patients with ITP; few studies have evaluated
cirrhotic patients. A further investigation of their usefulness for the treatment of thrombocytopenia due to liver
cirrhosis is expected through clinical trials.

Mimetics (TPO peptide and nonpeptide mimetics)
Recently, great interest has been focused on the development of TPO peptide and nonpeptide mimetics. These
mimetics are designed to bind to the TPO receptor but
have no sequence homology with endogenous TPO.
Two TPO receptor agonists (Romiplostim and Eltrombopag) are currently available.
Romiplostim is a 60 kDa molecule that is composed
of 4 TPO-mimetic peptides that are attached via glycine
bridges to an IgG heavy-chain Fc molecule[45]. This agent
increased the platelet count in healthy individuals[46] and
in patients with immune thrombocytopenia (ITP)[47-50] and
myelodysplastic syndrome[51-53]. Romiplostim has been
evaluated in patients with HCV-related thrombocytopenia.
In patients with chronic liver disease and severe thrombocytopenia secondary to HCV infection, preoperative
Romiplostim administration increased platelet counts to a
level acceptable for elective surgical interventions without
postoperative bleeding episodes[54]. Romiplostim is currently approved by the FDA only for the treatment of
chronic ITP in adults and is administered weekly as a subcutaneous injection at a dose of 1 to 10 mg/kg.
Eltrombopag is a small-molecule nonpeptide oral
platelet growth factor that acts as a TPO-R agonist. The
binding of eltrombopag to the transmembrane domain
of the TPO receptor activates intracellular signal transduction pathways that stimulate megakaryocyte proliferation and differentiation and increase platelet counts in a
dose-dependent manner in healthy subjects and patients
with chronic ITP[55,56]. Eltrombopag is FDA-approved
for the treatment of adults with ITP and is administered
orally at a dose of 25 to 75 mg per day (lower doses in
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INTERVENTIONAL MANAGEMENT
PSE
PSE is an interventional, non-surgical procedure that was
developed to treat hypersplenism secondary to hepatic
disease. PSE for hypersplenism can be carried out with
almost no blood loss under local anesthesia. In 1973,
Maddison[59] proposed total splenic embolization using
interventional techniques instead of splenectomy for
the treatment of hypersplenism. Initially, patients with
complete splenic embolization had severe complications,
including splenic abscess, splenic rupture, serious pneumonia, sepsis, hematoma, bleeding, pancreatic and hepatic infarction, and death. Thus, an important limitation
of complete splenic infarction was the high incidence of
morbidity. Six years later, Spigos et al[60] developed PSE
and treated 13 patients with PSE, antibiotic coverage,
and post-embolization pain control, which were performed safely and effectively. A significant reduction in
both the morbidity and mortality rates was obtained by
PSE compared with complete splenic embolization.
As for the clinical effects, PSE for hypersplenism
has been reported to achieve prolonged improvement in
blood cell counts[61,62]. The platelet count rises after PSE
and then reaches the peak value in 1-2 wk. The platelet
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counts stabilize in 2 mo at approximately 2-fold higher
than their value before PSE, slightly less than the peak
value. This PSE-derived clinical benefit is mainly due to
the resolution of the platelet sequestration in the spleen.
As an alternative possible mechanism of increasing the
platelet counts after PSE, Hidaka et al[19] reported that
TPO production, the score of megakaryocytes with
platelet production, and an index of platelet production
by megakaryocytes in the bone marrow were restored
after PSE in cirrhotic patients but not in patients with
idiopathic portal hypertension. In addition to the prolonged improvement in blood cell counts, several studies
have reported PSE-associated fringe benefits, such as
individual liver functional improvement[61,63]. The mechanism of these liver functional changes is not well elucidated but may be related to increases in hepatic arterial
and superior mesenteric vasculature blood flow after
embolization[64]. Porter et al[65] used a video dilution technique to demonstrate that the splenic arterial flow was
reduced from 19% to 3% post-embolization, whereas
there was a concomitant increase in the hepatic arterial
flow from 3% to 15% and an increase in the superior
mesenteric blood flow from 6% to 19%. However, Mukaiya et al[66] reported that PSE decreased splenic arterial
flow and reduced splenic vein pressure without altering
portal blood flow by a thermodilution method. Bárcena
et al[67] reported that PSE could resolve splenic artery
steal syndrome, which resulted in improved graft function in liver-transplanted patients.
PSE, like laparoscopic splenectomy, has recently been
highlighted and widely applied to improve thrombocytopenia in cirrhotic patients prior to the administration of
Peg-IFN and ribavirin for the treatment of HCV infections. PSE prior to IFN-based therapy, compared with
no PSE, produced advantageous maintenance of higher
platelet counts and an increase in adherence to PegIFN[23,68]. PSE can also be adapted to improve esophagogastric varices and portal hypertension in cirrhotic
patients. In other medical treatments, such as hepatectomy for hepatocellular carcinoma[69], chemotherapy for
cancer, and orthotopic liver transplantation[70,71], clinical
benefits, such as improved thrombocytopenia and neutropenia, have been reported for PSE as a pre- and posttreatment procedure.

the novel concept that infarcted splenic volume, and
not the splenic infarction rate, is a determinant factor
for increases in the platelet count after PSE and that an
infarcted splenic volume of greater than 388 mL could
induce a sufficient increase in the platelet count at 1 year
after PSE [formula of the increased platelet counts at
1 year = 2.19 + 0.01 × infarcted splenic volume (mL),
R2 = 0.203][72]. This easy prediction method would help
to determine the necessary infarcted splenic volume or
spleen embolization ratio during PSE. As an adequate
preoperative splenic volume and infarcted splenic volume are required for an effective increase in platelet
counts after PSE, the PSE for cirrhotic patients with
small spleens, such as those smaller than 400 mL, must
embolize nearly the entire volume of the spleen (388 mL
= 97% of 400 mL). Based on the above concept, which
applies to cirrhotic patients with preoperative splenic
volumes < 400 mL, a laparoscopic splenectomy, which
can remove the total spleen, has been recommended to
obtain as great an increase in the platelet counts as possible[62,72]. In cirrhotic patients with preoperative splenic
volumes greater than 400 mL, a prolonged increase in
the platelet counts could be achieved by PSE with sufficient infarcted splenic volume. As for the upper limit
of infarcted splenic volume in a single PSE, however,
there is evidence that a massive infarcted splenic volume
of greater than 540 mL in a single PSE is a significant
risk factor for severe complications, such as splenic abscess, refractory ascites, or pleural effusion post PSE[73].
Although recent advances in interventional radiology
have further decreased the side-effects of PSE and have
greatly expanded the indications of PSE, the morbidity rate of PSE for hypersplenism has still been shown
to fall within the range of 0% to 17% [28,73-76]. As for
mortality, some studies have reported that PSE for hypersplenism is associated with no deaths[28,76,77], whereas
others have reported a mortality rate ranging from 1%
to 12%[73-75,78].
A relapse in thrombocytopenia is occasionally observed in patients following PSE. In general, the residual
splenic volume will decrease gradually over a period of
months after PSE. In contrast, a re-enlargement of the
residual splenic area after PSE, accompanied by a relapse
of thrombocytopenia, has been reported in some cases[62]. Indeed, in cirrhotic patients with massive splenomegaly above 700 mL, the non-infarcted splenic volume
plays an important role in long-term platelet increases[62].
In cases of relapse after PSE, laparoscopic splenectomy
as a salvage treatment can provide a sufficient increase
in platelet counts [79]. However, for an inexperienced
surgeon, splenectomy following PSE is very difficult
because of the inflammatory reaction around the spleen.
As an alternative procedure, repeated PSE might be a
safe and effective strategy against the relapse of thrombocytopenia post PSE. Furthermore, Child-Pugh class C
is known as a significant risk factor of severe complications after PSE[73]. Additionally, in patients with ChildPugh class C and massive splenomegaly above 1000 mL,

Splenic infarction ratio or splenic infarcted volume?
Classically, the splenic infarction ratio ranges from 50%
to 80%; this range has been used routinely as the target
of PSE. While the splenic infarction rate correlated positively with increases in the platelet count, no therapeutic
differences were found in patients with splenic infarction
rates of 50%, 70% and 80%. Therefore, more reliable
predictive factors of the increase in platelet counts after
PSE and the recommended extent of splenic infarction
in PSE for liver cirrhosis are needed. Recently, contrastenhanced computed tomography (CT) scanning has enabled us to accurately measure the area of splenic infarction. A previous study by the present authors proposed
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Table 2 Approaches to treat thrombocytopenia induced by liver cirrhosis based on preoperative splenic volume

[62]

Splenic volume

SV < 400 mL

400 mL ≤ SV ≤ 700 mL

700 mL< SV

Procedure

L-splenectomy

L-splenectomy
or
Single PSE
Infarcted splenic area
(infarcted splenic volume)

L-splenectomy
or
Repeated PSE
Non-infarcted splenic area
(infarcted splenic ratio and non-infarcted splenic volume)

Target in PSE

SV: Splenic volume; L-Splenectomy: Laparoscopic splenectomy; PSE: Partial splenic embolization. Modified and adapted from reference[62].

liver dysfunction were independent risk factors for massive intraoperative bleeding during laparoscopic splenectomy. Furthermore, massive intraoperative hemorrhage,
which is usually difficult to control by laparoscopic
procedures alone, is a risk factor for serious postoperative morbidity in patients with liver dysfunction. The
surgeon’s use of one hand in HALS can control a sudden massive intraoperative hemorrhage and can easily
mobilize a huge spleen, which is likely to result in less
intraoperative blood loss and shorter operative times in
comparison to conventional laparoscopic splenectomy.
Similar to PSE, laparoscopic splenectomy has been
performed for hypersplenism-induced thrombocytopenia in patients with cirrhosis. Yoshida et al[85] reported
that the platelet count after splenectomy in cirrhotic
patients can be predicted based on preoperative clinical
characteristics [the increased platelet count at 1 mo (×
109/L) = 6.320 + 0.011 (preoperative splenic volume)
- 0.004 (lymphocyte count/μL) + 2.25 (preoperative
platelet count × 109/L), R2 = 0.336]. Thus, similar to
PSE, the laparoscopic splenectomy-derived clinical benefit for thrombocytopenia depends on the preoperative
splenic volume, indicating that preoperative splenic volume will help physicians to discern the primary cause of
thrombocytopenia due to liver cirrhosis among splenic
and other mechanisms, such as decreased TPO production (Figure 1).
The morbidity and mortality rates following laparoscopic splenectomy for hypersplenism are 11%-36% and
0%, respectively[86-88]. Among the severe complications
that can occur after splenectomy, portal and splenic vein
thrombosis (PSVT) and overwhelming post-splenectomy
infection (OPSI) are well known adverse events. The
former originates from hemodynamic changes that occur post-splenectomy, such as a complete lack of splenic
vein flow following decreased portal vein flow. Recent
advances in diagnostic modalities, such as enhanced CT
or Doppler ultrasonography, reveal that PSVT is a common complication after splenectomy, despite the endogenous coagulopathy of cirrhosis[89-92]. Previous studies
demonstrated that massive splenomegaly and the splenic
vein diameter were significant risk factors for PSVT after
laparoscopic splenectomy in cirrhotic patients[93,94]. Both
the spleen size and splenic vein diameter are thought
to be proportional to the splenic venous flow and pressure, suggesting that the rapid drop in the flow of the
splenic vein after splenectomy contributes to thrombus
formation. As the clinical manifestations of PSVT are

repeated PSE may be a safe and effective strategy to
achieve a sufficient infarcted splenic volume and a smaller non-infarcted splenic volume. Therefore, depending on the preoperative splenic volume, laparoscopic
splenectomy (preoperative splenic volume < 400 mL),
a single PSE (400 mL < preoperative splenic volume <
700 mL), or repeated PSE (preoperative splenic volume
> 700 mL) may be recommended[62]. This new approach,
based on the preoperative splenic volume, will help us to
select a suitable operative procedure for thrombocytopenia preoperatively, as shown in Table 2.
Thus, the volume of the embolized spleen has been
found to be critical in PSE. If the embolization volume
is too small, then the therapy will not be effective, and
if it is too large, then the risk of serious complications
is increased significantly. Therefore, the quantitative
evaluation of the embolized volume during PSE is both
desirable and useful. The blood flow rate has traditionally been used as an indicator of the embolized volume,
but the results have largely depended on the experience
of the operator. Making an accurate estimation of the
embolized splenic volume during PSE is still difficult.
Further developments in the technique of real time assessment for embolized splenic volume are expected to
produce a safer and more effective PSE.

SURGICAL MANAGEMENT
Splenectomy
As a surgical option, open splenectomy has been performed for hypersplenism since the 1950s. Since the first
report of laparoscopic splenectomy for ITP by Delaitre
and Maignien[80] in 1991, recent advances in laparoscopic
surgical techniques have enabled the performance of
laparoscopic splenectomy, even for hypersplenism, with
advantages over conditional open splenectomy that include less blood loss, less pain, a shorter hospital stay,
better cosmetic outcomes, and fewer surgery-related
complications[81-83]. Laparoscopic splenectomy can also
be performed as a hand-assisted laparoscopic splenectomy (HALS) in cirrhotic patients with hypersplenism.
Several studies have demonstrated that HALS is more
appropriate than total laparoscopic splenectomy in cirrhotic patients with portal hypertension as laparoscopic
splenectomy is technically difficult due to the splenomegaly, well-developed collateral circulation, and the
increased risk of bleeding caused by thrombocytopenia.
Ohta et al[84] reported that portal hypertension and severe
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Thrombocytopenia due from liver cirrhosis

Splenic CT volumetry

Splenomegaly
(+)

Therapeutic target

(-)

Splenic factor

Non-splenic factor

Platelet
sequestration

Thrombopoietin

etc .

BM suppression by HCV

Chemotherapy

Management

PSE, L-splenectomy

TPO agonist, virus treatment

Figure 1 Approaches to treat thrombocytopenia due to liver cirrhosis according to splenic volume. Thrombocytopenia is defined as fewer than 100 × 109/L.
CT: Computed tomography; PSE: Partial splenic embolization; L-splenectomy: Laparoscopic splenectomy; BM: Bone marrow; HCV: Hepatitis C virus; TPO: Thrombopoietin.

OPSI originates mainly from encapsulated bacteria, such
as Streptococcus pneumoniae, Hemophilus influenzae,
and Neisseria meningitidis. Because capsules made of
polysaccharides (sugars) permit bacteria to evade phagocytosis by macrophages, opsonization is required for the
complete phagocytosis of an encapsulated bacterium.
The spleen produces immunoglobulin M antibodies and
complements, both of which can be used to opsonize
bacteria. Thus, the spleen plays an important role in both
the tagging of bacteria for destruction and the actual
destruction of the bacteria through phagocytosis. As
infecting bacteria cannot be adequately opsonized in conditions such as post-splenectomy, this infection becomes
more severe. OPSI is a rare but rapidly fatal infection that
occurs in patients following the removal of the spleen.
Therefore, post-splenectomy patients require immunizations (pneumococcal conjugate vaccine, Hib vaccine,
and the meningococcal vaccine) against pathogens that
normally require opsonization for phagocytosis by the
splenic macrophages.

Figure 2 Portal vein thrombosis after splenectomy (arrow).

nonspecific, asymptomatic PSVT is diagnosed in 52.5%
(21/40) of patients[94]. Among the types of PSVT, portal
vein thrombosis (PVT) and mesenteric vein thrombus
extending from the distal splenic vein should be treated
with anti-coagulation therapy (Figure 2). Kawanaka et
al[95] reported a 36% incidence of PVT after splenectomy
in cirrhotic patients and a low antithrombin Ⅲ (AT-Ⅲ)
activity; any further decreases in this activity were associated with PVT. They showed that treatment with ATⅢ concentrates [prophylactic administration of AT-Ⅲ
concentrates (1500 U/d)] on postoperative days 1, 2, and
3 was likely to prevent the development of PVT after
laparoscopic splenectomy[95].

CONCLUSION
The major mechanisms of thrombocytopenia in liver
cirrhosis are (1) platelet sequestration in the spleen; and
(2) decreased production of TPO in the liver. The concept of splenic volume helps us to discern the primary
cause of thrombocytopenia due to liver cirrhosis among
splenic sequestration and other mechanisms, such as decreased TPO production. For thrombocytopenia caused
by platelet sequestration in the spleen, either PSE or
laparoscopic splenectomy is effective against thrombocytopenia in cirrhotic patients. The choice between PSE
and splenectomy depends upon the splenic volume, the
intention of the treatment (required increase in platelet
counts), and the conditions of the patient (whether gen-

Overwhelming post-splenectomy infection
The spleen contains many macrophages (part of the
reticuloendothelial system), which are immune cells that
phagocytose (eat) and destroy bacteria. Since overwhelming post-splenectomy infection (OPSI) was first described
by King and Schumaker[96] in 1952, OPSI has become
another well-known adverse event post-splenectomy.
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Table 3 Comparison between partial splenic embolization and laparoscopic splenectomy for thrombocytopenia caused by liver cirrhosis
Procedure
Invasiveness

Platelet increase
Specific complication
Available in case with HCC

PSE

L-splenectomy (HALS)

+
(no transfusion)
(local anesthesia)
++
Splenic abscess
Synchronous TACE

+++
(rarely with major bleeding)
(general anesthesia)
+++
Portal thrombosis, OPSI
Synchronous RFA or hepatectomy

PSE: Partial splenic embolization; L-Splenectomy: Laparoscopic splenectomy; HALS: Hand-assisted laparoscopic splenectomy; OPSI: Overwhelming postsplenectomy infection; HCC: Hepatocellular carcinoma; TACE: Trans-arterial chemoembolization; RFA: Radio frequency ablation.

eral anesthesia is available) (Table 3). For thrombocytopenia caused by a decreased production of TPO, TPO
agonists and targeted agents may represent alternative
tools for noninvasive treatment of thrombocytopenia
due to liver cirrhosis in the near future.
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Core tip: While the presence of antimitochondrial
antibodies is pathognomonic to Primary biliary cirrhosis (PBC), more than 60 autoantibodies have been
detected in patients with PBC. Antinuclear antibodies (ANA) become positive in approximately 30% to
50% of patients with PBC. Among ANA, anti-gp210
and anticentromere antibodies have been indicated as
significant prognostic markers. Previous studies have
shown that unique characteristics of biliary epithelial
cells during apoptosis may result in the presence of a
direct and specific immune response to mitochondrial
autoantigens. Moreover, recent studies have indicated
that chemicals originating from the environment are
associated with a breakdown in the tolerance against
mitochondrial autoantigens.

Abstract
Primary biliary cirrhosis (PBC) is a chronic progressive cholestatic liver disease characterized by immunemediated destruction of the small- and medium-sized
intrahepatic bile ducts and the presence of antimitochondrial antibodies (AMA) in the serum. AMA are
detected in over 90% of patients with PBC, whereas
their prevalence in the general population is extremely
low, varying from 0.16% to 1%. Previous studies have
shown that the unique characteristics of biliary epithelial cells undergoing apoptosis may result in a highly
direct and very specific immune response to mitochondrial autoantigens. Moreover, recent studies have demonstrated that serum from AMA-positive PBC patients is
reactive with a number of xenobiotic modified E2 subunits of the pyruvate dehydrogenase complex, which is
not observed in the serum of normal individuals. These
findings indicate that chemicals originating from the
environment may be associated with a breakdown in
the tolerance to mitochondrial autoantigens. While it
is currently generally accepted that AMA are the most
specific serological markers of PBC, more than 60 au-
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INTRODUCTION

ANTIMITOCHONDRIAL ANTIBODIES

Primary biliary cirrhosis (PBC) is a chronic progressive cholestatic liver disease characterized by immunemediated destruction of small- and medium-sized intrahepatic bile ducts and the presence of antimitochondrial
antibodies (AMA) in serum of affected patients[1,2]. PBC
is considered a model autoimmune disease on the basis
of several features, including the presence of a highly direct and very specific immune response to mitochondrial
autoantigens, female predominance, and homogeneity
among patients[3]. Despite the fact that the mitochondrial
targets are ubiquitous proteins expressed in all nucleated
cells, the immunopathology of PBC is characterized by
the presence of CD4+ and CD8+ T-cell infiltrates in the
liver and targeted destruction of biliary epithelial cells
(BECs)[4,5]. This suggests that BECs may have unique immunological characteristics. While it is currently accepted
that AMA are the most specific serological markers of
PBC, more than 60 autoantibodies have been investigated
in PBC patients, some having previously been considered
specific for other autoimmune diseases[6].
The immune system has an extraordinary capacity of
preventing self-antigens from provoking an inflammatory
reaction. Therefore, the presence of autoantibodies is the
consequence of a breakdown in or complete failure of B
cell tolerance to corresponding autoantigens[7]. However,
antibodies against self-antigens are also found in cancer,
during massive tissue damage, and even in healthy subjects. Natural autoantibodies (NAAs) are immunoglobulins produced at tightly regulated levels in the complete
absence of external antigenic stimulation[7]. Although
NAAs have long been considered a sign of a breakdown
in tolerance, these antibodies appear to play an important
role in the innate immune system as a first line of defense
against pathogens as well as in the prevention of autoimmune diseases[8,9]. It was recently demonstrated that
NAAs bind to apoptotic cells and thereby facilitate their
uptake by dendritic cells, thus preventing activation of
the adaptive immune system by molecules released upon
apoptosis, which may trigger autoimmune events[7,10].
Considering the many nonspecific autoantibodies are
detected in patients with PBC, we speculate that these
antibodies may be NAAs that are not associated with the
development of autoimmunity. Interestingly, the majority
of NAAs are of the IgM type, with a smaller proportion
of IgG and IgA types[11]. The elevated serum IgM level,
which is a well-known characteristic of PBC, may reflect
such an increase of IgM-type NAAs, although recent
studies have stressed that environmental factors also play
a major role[12,13]. However, the importance of innate immunity, including NAAs, in autoimmune responses has
been only recently appreciated, and its role remains to be
clarified. The present review focuses mainly on recent
progress in studies of the pathogenetic and clinical significance of the more significant autoantibodies detected
in PBC patients.

AMA are detected in over 90% of patients with PBC,
whereas their prevalence in the general population is
extremely low, varying between 0.16% and 1%, and only
reaching 8% in hepatitis C virus (HCV)-infected patients[13]. AMA seropositivity is a strong predictor for the
development of PBC. Mitchison et al[14] found that only
two of 29 AMA-positive healthy patients had a normal
liver histology pattern. Ten years later, 76% of those
patients had developed clinical signs and symptoms of
PBC[14,15]. Thus, despite their high predictive value, AMA
are not useful for prognostication in terms of clinical
course of PBC. Moreover, most studies indicate that
AMA levels are unaffected by treatment[13].
The autoantigens of AMA have been identified as the
E2 subunits of the 2-oxo-acid dehydrogenase complexes,
including the E2 subunits of the pyruvate dehydrogenase
complex (PDC-E2), branched chain 2-oxo acid dehydrogenase complex, 2-oxo-glutarate dehydrogenase complex, and the E3 binding protein of dihydrolipoamide
dehydrogenase[5,16-18]. The AMA target antigens are all
localized within the inner mitochondrial matrix and catalyze the oxidative decarboxylation of 2-oxo-acid acid
substrates[5,19]. In approximately 95% of patients, AMA
are directed towards the 74 kD mitochondrial polypeptide identified as PDC-E2. During apoptosis of BECs,
PDC-E2 remains immunologically intact without being
glutathiolated, and becomes the source of the PDC-E2
apotope. The term apotope specifies an epitope created during the processes of apoptosis[20,21]. PDC-E2
contained within apoptotic bodies can be recognized
by circulating AMA, and the resulting apotope-AMA
complex then stimulates the innate immune systems in
genetically susceptible individuals[21]. Immune destruction is restricted to BECs due to their unique physiology
and is exacerbated by retention of PDC-E2 in apoptotic
blebs resulting from apoptosis of BECs[21]. Several previous studies of the liver in PBC patients have reported
accentuated apical expression of PDC-E2 in BECs,
and induction of PDC-E2 cell-surface expression during BEC autophagy[22]. The accumulation of autophagic
vacuoles appears to be critical for the cell-surface expression of PDC-E2, and such expression may play a role in
antigen presentation on BECs, followed by autoimmunemediated cell injuries of BECs[22].
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Association between xenobiotic and antimitochondrial
antibodies
Although bacteria and viruses may induce PBC through
molecular mimicry, other environmental factors, xenobiotics, or chemical compounds foreign to a living organism may exert similar effects[18]. Previous analysis of the
specificity of anti-PDC-E2 has revealed a number of
anti-PDC-E2 antibody subpopulations that recognize
either the PDC peptide, PDC peptide conjugated with
lipoic acid, or lipoic acid itself[23,24]. The immunodominant

2607

March 14, 2014|Volume 20|Issue 10|

Yamagiwa S et al . Autoantibodies in primary biliary cirrhosis

epitope of PDC-E2 is the lipoylated domain, and the
lipoic acid residue attached to AMA epitopes is necessary
for autoantibody binding[24]. Moreover, recent studies involving quantitative structure-activity relationship analysis
have demonstrated that serum from AMA-positive PBC
patients, but not that from controls, is reactive with a
number of xenobiotic modified PDC-E2 structures[25].
These findings indicate that chemicals of environmental
origin may be associated with the breakdown of tolerance to mitochondrial autoantigens.

inflammatory cells, rather than retention of bile constituents, is potentially critical for the induction of ductular
reaction[32]. In chronic hepatitis, this type of ductular
reaction is also known to promote fibrosis via the production of transforming growth factor-β, monocyte
chemoattractant protein-1, and platelet-derived growth
factor by proliferating ductular epithelia[33,34]. Therefore, it
is reasonable to speculate that more severe ductular reaction may play a crucial role in the progression to portal
hypertension in PBC patients who are ACA-positive.
However, the mechanism of bile duct damage appears
to lead to chronic cholestasis and development of biliary
cirrhosis, even in ACA-positive patients[20,35].

ANTINUCULEAR ANTIBODIES
Antinuclear antibodies (ANA) are serological markers that can be found in a wide variety of liver diseases
(drug-induced, viral, alcoholic hepatitis, nonalcoholic
steatohepatitis, AIH, PBC, and PSC) and non-hepatic
autoimmune diseases (Hashimoto thyroiditis, systemic
lupus erythematosus, Sjögren syndrome), as well as in a
subgroup of healthy individuals, though usually at a low
titer levels[12]. Antinuclear indirect immunofluorescence
patterns are characterized by anti-multiple nuclear dots,
rim-like/membrane antibodies and less specific anticentromere antibodies (ACA). The molecular target of
anti-multiple nuclear dots is the protein sp100 and the
promyelocytic leukemia (PML) protein[12,26]. The antirim-like/membranous antibodies are mainly represented
by the protein glycoprotein (gp)-210[12,27]. Muratori et
al[28] demonstrated that ANA were present in almost
50% of patients with PBC and that their prevalence
reached 85% in AMA-negative sera. Specifically, 27%
of patients had anti-sp100, 16% had anti-gp210, and
16% had anticentromere antibodies. In other reports,
the prevalence of ANA in PBC patients has been approximately 30%-50%[12]. Although the significance and
predictive value of ANA have been confirmed in other
autoimmune diseases such as type 1 diabetes, rheumatoid
arthritis, systemic lupus erythematosus, and inflammatory bowel disease, the predictive significance of ANA in
PBC remains unclear[20,29].

Antinuclear pore antibodies (gp210)
A number of nuclear antigens have been recognized as
targets of ANA in patients with PBC, including several
components of the nuclear pore complex, such as the
gp210 and p62 proteins[6]. Gp210 is an integral glycoprotein of the nuclear pore consisting of three main
domains: a large glycosylated luminal domain, a single hydrophobic transmembrane segment, and a short cytoplasmic tail. Gp210 is recognized by antibodies in approximately 25% of patient with PBC[6,36]. The association
between the presence of anti-gp210 antibodies and the
outcome of PBC was first reported by Itoh et al[37], and
subsequently confirmed by several additional studies[38-40].
Ishibashi et al[20] and Nakamura et al[41] reported that PBC
patients with consistently high levels of anti-gp210-C
terminal peptide antibody have a higher risk of progression to end-stage hepatic failure than do those without
such antibodies, or those in whom antibody levels are
initially positive but drop to low levels after treatment
with ursodeoxycholic acid. These reposts demonstrate
that antibodies against nuclear pore complexes, especially
gp210-C terminal peptides, may serve as important surrogate predictors of PBC progression to end-stage hepatic failure. It has been shown that the presence of antigp210 antibodies was most significantly associated with
more severe interface hepatitis and lobular inflammation[31]. Furthermore, there was a tendency for relatively
more severe ductopenia (ductular reaction) in late stages
of disease anti-gp210-positive patients[31]. These findings
suggest that two main processes - bile duct destruction
and interface hepatitis - are more severe in PBC patients
positive for anti-gp210 antibodies compared to those
negative for anti-gp210 antibodies; thus, leading to more
frequent progression to end-stage hepatic failure[20,31]. Nakamura et al[42] found that expression of gp210 antigens
was increased on the nuclear envelope of epithelial cells
in small bile ducts in the liver of PBC patients and that
the intensity of gp210 staining by immunofluorescence
was positively correlated with the intensity of inflammation around small bile ducts. These observations indicate
that gp210 may be a target antigen, reactivity against
which plays an important role in both bile duct destruction and interface hepatitis.

Anticentromere antibodies
In patients with calcinosis cutis, Raynaud phenomenon,
esophageal dysmotility, sclerodactyly, and telangiectasia
(CREST) syndrome or limited cutaneous systemic sclerosis, ACA positivity may be as high as 50%-90%. Although
they are not specific to systemic sclerosis, ACA are usually associated with a good prognosis for that condition[6,30].
In patients with PBC, the ACA positivity rate is approximately 30%[6]. Nakamura et al[31] conducted a retrospective
multi-center cohort study of 276 patients with biopsyconfirmed PBC, and found that positivity for ACA was a
significant risk factor for the development of portal hypertension. The findings from histological observations
indicate that the presence of ACA is most significantly
associated with a relatively severe ductular reaction[31]. In
PBC, the production of cytokines or growth factors from
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junction with rheumatic co-morbidities[6]. Anti-p97/VCP
(valosin containing protein) antibodies are detected in
approximately 12.7% of PBC cases, and their presence
suggests a less progressive disease course and a benign
prognosis[48-50]. Eosinophil peroxidase (Anti-EPO) antibodies have been detected in 52.5% of patients with PBC
and 29.0% of patients with AIH. PBC patients who were
positive for anti-EPO antibodies had a significantly smaller number of peripheral eosinophils than did patients
who were anti-EPO negative[51]. As mentioned above,
more than 60 autoantibodies have been detected in PBC
patients, but some are not specific for any disease, while
some are thought to be more closely related to other autoimmune diseases[6]. Among those autoantibodies, the
more significant autoantibodies detected in PBC patients
are summarized in Table 1[6,13,48-68]. A comprehensive review of these autoantibodies in PBC was published by
Hu et al[6] in 2010.

Table 1 Serum autoantibodies in primary biliary cirrhosis
Autoantibody

Prevalence

Comments

Ref.

Related to the diagnosis and prognosis of PBC
AMA
90%-95%
Diagnostic value
[1]
Anti-sp100
30%-50%
Diagnostic value
[13,43-46]
Anti-gp210
30%-50% Possible prognostic value [6,31,36-42]
(hepatic failure)
Anticentromere
16%-30% Possible prognostic value [6,30-35]
antibodies
(portal hypertension)
Anti-p97/VCP
12.5%
Possible prognostic value
[48-50]
(favorable)
Anti-EPO
52.5%
Diagnostic value
[51]
Less peripheral
eosinophils
Anti-β2GPI
2%-15% Possible prognostic Value
[52,53]
(poor)
Related to the pathogenesis of PBC
ASCA
24.2%
Enhanced mucosal
[54-56]
immunity
Anti-ClpP
30%-47%
Infectious factor
[57,58]
Anti-β-subunit
32.8%
Bacterial triggers
[59]
of bacterial RNA
polymerase
Related to other autoimmune diseases
Anti-SMA
8.0%-25.0%
PBC-AIH overlap
[6,40,60]
Anti-dsDNA
17.0%-22.0%
PBC-AIH overlap
[39,61,62]
Anti-SSA
5.0%-33.0%
Sjogren syndrome
[63,64]
Anti-CCP
2.7%-4.0%
Rheumatoid Arthritis
[65-67]

Line immune assay
Previous studies of autoantibodies in PBC have primarily
focused on only a single type of autoantibody, whereas
the positivity pattern of different autoantibodies in a
single serum sample, as well as their clinical significance,
have not been elucidated. A line immune assay (LIA) kit
that can simultaneously measure different autoantibodies known to be involved in autoimmune disease has recently become available and has been employed in clinical
practice. Using a LIA kit that can detect 9 autoantibodies
against AMA-M2, M2-3E (a fusion protein of the E2
subunits of alpha-2-oxoacid dehydrogenases of the inner
mitochondrial membrane), sp100, PML, gp210, Ro-52,
LKM-1 (liver-kidney microsomes-1), LC-1 (cytosolic liver
antigen type 1), and SLA/LP (soluble liver antigen/liverpancreas antigen), Saito et al[68] examined the prevalence
and positivity pattern of those autoantibodies in 80 patients with PBC, 40 patients with AIH, and 16 patients
with PBC-AIH overlap. They found that the prevalence
of positivity for anti-sp100, anti-PML, anti-gp210, antiRo-52, and ACA were 13.8%, 8.7%, 40%, 27.5%, and
32.5% in PBC, respectively. In the PBC-AIH overlap
group, the prevalence of both anti-gp210 (68.7%) and
anti-Ro-52 (81.2%) were significantly higher than those
in the PBC and AIH groups. The authors concluded that
LIA is useful for the diagnosis of PBC and PBC-AIH
overlap, although AMA-M2 should be measured by the
conventional ELISA-based method, as LIA is less sensitive than ELISA in detecting AMA[68].

PBC: Primary biliary cirrhosis; CCP: Cyclic cirtullinated peptide; SMA:
Smooth muscle antigen; ClpP: Caseinolytic protease P; ASCA: Antisaccharomyces cerevisiae antibodies; EPO: Eosinophil peroxidase; β2GPI:
β(2)-glycoprotein I; VCP: Valosin containing protein; AMA: Antimitochondrial antibodies.

Antinuclear dot antibodies (Anti-sp100)
Sp100 was discovered in the context of leukemic transformation and as an autoantigen in PBC[43]. Sp100 antigen is a 480 amino acid peptide with a calculated molecular weight of 53 kDa that shows aberrant electrophoretic
mobility to 100 kDa[44]. The prevalence of anti-sp100
antibodies in patients with PBC is approximately 25%.
Anti-sp100 antibody, which has a specificity of 94%,
has an important diagnostic role in PBC, particularly in
AMA-negative patients[26,45,46]. However, anti-sp100 antibodies have been increasingly found in many other autoimmune diseases, including systemic lupus erythematosus
and systemic sclerosis. Interestingly, among PBC patients,
approximately 74% of those with urinary tract infections
are positive for anti-sp100, whereas the positivity rate is
only 4.8% in those without such infections[6,47]. Given the
high specificity of anti-sp100 as an immunoserological
hallmark of PBC, these findings support the hypothesis
that some bacterial infections might be involved in the
induction of PBC-specific autoimmunity.

CONCLUSION
We have provided an overview of the recent developments in the general understanding of the pathogenetic
and clinical significance of the autoantibodies that significantly impact PBC. Although there have been substantial
advances, determining the pathogenic role of autoantibodies in PBC remains a priority of basic and clinical
research.

OTHER AUTOANTIBODIES IN PBC
Other autoantibodies against nuclear constituents (dsDNA, ssDNA, histone, scl-70, Sm, SSA-SSB, RNP, Jo-1,
U1RNP) have also been detected in PBC, mostly in con-
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is not a perfect surrogate endpoint marker. Accordingly, recent studies have focused on assessing the
performance of non-invasive methods through longterm, longitudinal, follow-up studies with solid clinical
endpoints related to advanced stages of liver fibrosis
and cirrhosis. As a result, current view is that these
alternative methods can independently predict future
cirrhosis-related complications, such as hepatic decompensation, liver failure, hepatocellular carcinoma,
or liver-related death. The clinical role of non-invasive
models seems to be shifting from a simple tool for predicting the extent of fibrosis to a surveillance tool for
predicting future liver-related events. In this article, we
will summarize recent longitudinal studies of non-invasive methods for predicting forthcoming complications
related to liver cirrhosis and discuss the clinical value
of currently available non-invasive methods based on
evidence from the literature.

Abstract

Core tip: In this article, we summarized recent longitudinal studies of non-invasive methods - including
transient elastography, European Liver Fibrosis scoring
system, Fibrotest, and acoustic radiation force impulse
technique - for predicting forthcoming complications
related to liver cirrhosis. We also discussed the clinical value of currently available non-invasive methods
based on evidence from the literature and finally proposed areas for future research directions.

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

Key words: Non-invasive model; Prediction; Cirrhosis;
Complication; Liver-related events

In patients with chronic liver diseases, identification
of significant liver fibrosis and cirrhosis is essential for
determining treatment strategies, assessing therapeutic response, and stratifying long-term prognosis. Although liver biopsy remains the reference standard for
evaluating the extent of liver fibrosis in patients with
chronic liver diseases, several non-invasive methods
have been developed as alternatives to liver biopsies.
Some of these non-invasive methods have demonstrated clinical accuracy for diagnosing significant fibrosis or cirrhosis in many cross-sectional studies with
the histological fibrosis stage as a reference standard.
However, non-invasive methods cannot be fully validated through cross-sectional studies since liver biopsy
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logical reference. They also help to establish the clinical
importance of non-invasive methods, including prediction of long-term prognosis[31,32]. Recent studies suggest
that serial assessments of non-invasive methods reflect
changes in the risk of developing LREs in patients with
CLD[33]. Thus, non-invasive methods are proposed to
be valuable tools for monitoring changes in prognosis,
which cannot be assessed with a liver biopsy.
In this article, we will summarize recent longitudinal
studies of non-invasive methods for predicting forthcoming complications related to liver cirrhosis, such as
hepatic decompensation, liver failure, development of
HCC, or liver-related death. We will also discuss the clinical value of currently available non-invasive methods
based on evidence from the literature. Finally, we will
discuss future research directions.

INTRODUCTION
Viral hepatitis accounts for the majority of chronic
liver diseases (CLDs) worldwide[1-4]. In the absence of
appropriate therapeutic interventions, CLD can progress to significant liver fibrosis or cirrhosis, resulting
in complications, such as portal hypertension, ascites,
or hepatocellular carcinoma (HCC)[5-7]. In recent years,
secondary prevention of CLD progression to significant
liver fibrosis or cirrhosis has been quite successful due
to the development and application of antiviral therapies. However, liver-related events (LREs), especially cirrhosis-related complications, occur despite appropriate
management with antiviral treatments. These LREs are
clinically important and abruptly change the prognosis
of patients with CLD.
Therefore, the identification of significant liver fibrosis and cirrhosis is essential for determining treatment
strategies, assessing therapeutic response, and stratifying
long-term prognosis based on the risk of developing
LREs. For evaluating the extent of liver fibrosis, liver
biopsy remains the reference standard. However, liver
biopsies are often considered “imperfect” surrogate
markers for liver fibrosis because of inherent limitations,
including invasiveness, risk of life-threatening complications, intra- and inter-observer variability, and sampling
error[8-11]. Moreover, monitoring the extent of liver fibrosis through serial liver biopsies during antiviral or antifibrotic treatments is not feasible in practice.
Accordingly, several non-invasive methods have been
developed as alternatives to liver biopsies for evaluating
the extent of liver fibrosis in patients with CLDs. Alternative approaches include measuring serum hyaluronic
acid levels, the ratio of aspartate aminotransferase (AST)
to alanine aminotransferase (ALT), AST-to-platelet
ratio index (APRI), age-spleen-platelet ratio index (ASPRI), Fibrosis-4 (FIB-4), Forns’ index, Fibrotest (FT),
FIBROSpect, Hepascore, Lok index, European Liver
Fibrosis (ELF) panel scoring system, and transient elastography (TE, FibroScan®)[12-25]. The diagnostic performance of these non-invasive methods has been assessed
in many cross-sectional studies by comparing the areaunder-the-receiver operating curves (AUROCs) for these
methods with the histological fibrosis stage as a reference standard. Accordingly, some of these tools have
demonstrated clinical accuracy for diagnosing significant
fibrosis or cirrhosis and have provided reproducible and
reliable results[26-30].
However, liver biopsy is not a perfect surrogate endpoint marker for the aforementioned reasons. Thus,
non-invasive methods cannot be fully validated through
cross-sectional studies[31]. Recent studies have focused
on assessing the performance of non-invasive methods
through long-term, longitudinal, follow-up studies with
solid clinical endpoints related to advanced stages of
liver fibrosis and cirrhosis, including liver failure, hepatic
decompensation, development of HCC, and/or liverrelated death. These longitudinal studies do more than
simply comparing the AUROCs with an imperfect histo-
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Transient elastography
Measurement of liver stiffness (LS) by TE has been
proposed as a new non-invasive method for assessing
the degree of liver fibrosis. The ability of TE to predict
development of cirrhosis-related complications has also
been explored in several prospective, longitudinal studies
(Table 1).
Gastroesophageal varices
An important cirrhosis-related complication is the development of gastroesophageal varices and bleeding.
Gastroesophageal varices are present in 30%-60% of
patients with liver cirrhosis. Variceal bleeding is an independent predictor of mortality[34-36]. Although several
cross-sectional studies[37-42] have reported significant correlations between TE and the presence of esophageal
varices (EVs) and/or EV bleeding, the performance of
TE alone as a predictor of EVs is far from satisfactory.
Thus, it has been suggested that TE alone cannot replace
esophagogastroduodenoscopy for identifying patients
with EVs[43]. A novel prediction model was recently introduced by Kim et al[44]. This model combines TE with
different pathophysiological parameters of liver cirrhosis. The LS-spleen diameter to platelet ratio score (LSPS)
combines the LS measurement obtained by TE with the
spleen diameter measured by ultrasonography and the
platelet count from a routine complete blood count. The
LSPS has excellent accuracy for diagnosing and predicting high-risk EVs in patients with compensated hepatitis
B virus-related CLD (AUROC = 0.953; negative predictive value 94.7%, positive predictive value 93.3%).
Based on a follow-up prospective, longitudinal study,
Kim et al[45] concluded that LSPS is a reliable method for
predicting variceal bleeding in hepatitis B virus-related
liver cirrhosis. In this study, patients with LSPS ≥ 5.5
showed higher cumulative incidences of EV bleeding
during the follow-up period. Among those with highrisk EVs, those with an LSPS ≥ 6.5 were at an increased
risk of developing variceal bleeding (Figure 1).
The clinical significance of LSPS for predicting EVs
in patients with compensated cirrhosis of different eti-
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Table 1 Description of prognostic studies assessing non-invasive tools for the prediction of forthcoming cirrhosis-related complications
1

Etiology of liver disease

n

Kim et al
Berzigotti et al[46]

LC (HBV)
LC (mostly HCV)

Masuzaki et al[49]
Jung et al[33]
Kim et al[50]
Kim et al[51]
Chon et al[52]

CLD (HCV)
LC (HBV)
LC (HBV)
CLD (HBV)
CLD (HBV)

577
117 (T)/
56 (V)
866
1130
217
128
1126

Ref.
[45]

Kim et al[53]

Assessment modality

AUROC
0.929
0.882 (T), 0.808 (V)
0.918 (T), 0.906 (V)
N/A
N/A
0.773 (LS); 0.790 (LSPS)
0.772
0.789 (LS); 0.790 (LSPS)
0.820 (LS); 0.848 (LSPS)
0.736

CLD (HBV) on antiviral
therapy
LC (HBV) on antiviral
therapy
CLD (various)
CLD (various)
CLD (HBV)
CLD (HCV)

103

LS

Liver-related events

7058
457
170
1457

Liver-related events
Liver-related events
Liver-related events
Overall survival (5-yr)

N/A
0.82
0.808
0.861 (FT)

de Ledinghen et al[67]

CLD (HBV)

600

Overall survival (5-yr)

0.82 (FT)

Park et al[68]

CLD (HBV)

151

LC (HCV)
LC (mostly HCV)

135
340

LS
ELF
ELF
FT, LS, APRI, FIB-4,
LB
FT, LS, APRI, FIB-4,
LB
FT, LS, FT + LS, FT ×
LS, LB
ARFI (LS)
ARFI (SS, LS)

Kim et al[54]
Singh et al[56]
Parkes et al[58]
Kim et al[62]
Vergniol et al[66]
2

3

Morishita et al[77]
Takuma et al[78]

3

162

Endpoint

LSPS
Esophageal variceal bleeding
LSPS, platelet count,
Esophageal varices
spleen diameter, LS Clinically significant portal hypertension
LS
Hepatocellular carcinoma
LS
Hepatocellular carcinoma
LS, LSPS
Hepatic decompensation
LS
Liver-related events
LS, LSPS,
Hepatocellular carcinoma
ASPRI, P2/MS, FIB-4
Hepatic decompensation
LS
Liver-related events

Liver-related events
Esophageal varices (high-risk)
Esophageal varices (high-risk)

N/A

0.748 (FT + LS);
0.868 (FT × LS)
0.890 (0.868)
0.993 (0.930)

1

Bold face denotes main assessment modality; 2Meta-analysis; 3Cross-sectional study. AUROC: Area-under-the-receiver-operating curve; LC: Liver cirrhosis; CLD: Chronic liver disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; T: Training set; V: Validation set; LSPS: Liver stiffness-spleen diameter to
platelet ratio score; LS: Liver stiffness; ASPRI: Age-spleen-platelet ratio index; ELF: European Liver Fibrosis; FT: Fibrotest; APRI: Aspartate aminotransferase to platelet ratio index; ARFI: Acoustic radiation force impulse; SS: Spleen stiffness; N/A: Not available.
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B
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0.6
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Figure 1 Cumulative incidence rate of variceal bleeding based on liver stiffness measurement-spleen diameter to platelet ratio score values. Reproduced
with permission from Kim et al[45]. A: Among patients with liver cirrhosis related to hepatitis B virus, those with higher LSPS values had significantly higher cumulative
incidences of bleeding from EVs during the follow-up period; n = 577; B: Among patients with high-risk EVs, patients with LSPS ≥ 6.5 had higher risks for variceal
bleeding; n = 150. LSPS: Liver stiffness measurement-spleen diameter to platelet ratio score; EV: Esophageal varice.

ologies was further confirmed by Berzigotti et al[46]. In
this European multi-center study, which included a training set of 117 patients and a validation set of 56 patients
with compensated cirrhosis, LSPS showed good diagnostic performance for predicting the presence of EVs
(AUROC = 0.882; negative predictive value 90.8%, positive predictive values 73.2%). Patients with LSPS ≥ 3.21
were considered to have EVs with an accuracy of 84.6%
in the training set and 75.0% in the validation set. Interestingly, whereas the diagnostic performance of LSPS
by AUROC was similar between the two studies[45,46], the
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cut-offs were different: 5.5 vs 3.21. The disparity between
cut-offs is presumably due to differences in the etiologies of the CLDs. The original publication consisted of
patients with hepatitis B virus-related liver cirrhosis only,
whereas the latter study included patients with liver cirrhosis of various etiologies, mainly hepatitis C virus. The
cross-sectional utility of LSPS demonstrated in Asian
studies was validated in a European multicenter trial.
However, similar to variceal bleeding, the utility of LSPS
as a long-term prognostic factor should be validated
through longitudinal, prospective studies performed by
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A

B

% (person-year)

P < 0.001

7.0

5.84%

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

P < 0.001
LS > 25 kPa
20 < LS ≤ 25 kPa
15 < LS ≤ 20 kPa
10 < LS ≤ 15 kPa
LS ≤ 10 kPa
0

1

No. at risk
≤ 10 kPa
511
10.1-15 kPa 142
15.1-20 kPa 79
20.1-25 kPa 47
> 25 kPa
87

Incidence rate of HCC

Cumulative incidence

6.0

476
111
63
36
54

4.0

2.0

0.0
427
94
51
29
41

3.26%

3.0

1.0

2
3
Years after enrollment
501
130
76
41
75

5.0

P = 0.518
0.89%

0.87%

Chronic hepatitis
Clinically
Chronic hepatitis
B
diagnosed liver
B
cirrhosis
LS ≤ 13 kPa

Clinically
diagnosed liver
cirrhosis

LS > 13 kPa

Figure 2 Cumulative incidence of hepatocellular carcinoma. A: The cumulative incidence of hepatocellular carcinoma (HCC) showed a step-wise increase according to the stratified liver stiffness (LS) measurement; n = 866. Reproduced with permission from Masuzaki et al[49]; B: Patients with higher LS values had significantly higher risks of developing HCC. Transient elastography (TE) and clinical criteria produced conflicting results for diagnosing liver cirrhosis. Patients diagnosed
with liver cirrhosis based on TE findings were at higher risk of developing HCC than those diagnosed by clinical criteria (3.26% vs 0.87% per person-year); n = 1110.
Reproduced with permission from Jung et al[33].

large, prospective cohort study, a significant step-wise
association was confirmed between LS values and the
risk of developing HCC. Compared to patients with LS
values ≤ 8 kPa, patients with higher LS values had significantly increased risks of developing HCC (LS values,
8.1-13 kPa, HR = 3.07; LS values, 13.1-18 kPa, HR = 4.68;
LS values, 18.1-23 kPa, HR = 5.55; and LS values > 23
kPa, HR = 6.60). The diagnosis of liver cirrhosis may
show conflicting results based on TE findings and clinical criteria. Patients diagnosed with liver cirrhosis based
on TE findings showed increased risks of developing
HCC than those diagnosed with liver cirrhosis based
on clinical criteria (3.26% vs 0.87% per person-year)
(Figure 2B). These findings indicate that TE might be a
more precise indicator of compensated liver cirrhosis in
comparison to clinical criteria. Furthermore, changes in
the risk of developing HCC according to the pattern of
changes in LS values were observed in the study. These
data suggest that serial TE measurement may be a dynamic monitoring tool for estimating the risk of developing HCC in patients with liver cirrhosis.
These two large studies confirmed the clinical implications of TE as a non-invasive tool for assessing the
risk of developing HCC. However, incorporation of TE
into the routine surveillance strategy should be further
investigated to determine if this increases the accuracy
of detecting risk.

multiple investigators in patients of varying ethnicities
and disease etiologies.
Hepatocellular carcinoma
Advanced liver fibrosis and cirrhosis are regarded as
major risk factors for the development of HCC. Early
detection of HCC is critical for successful treatment[47,48].
In addition to the clinical application of TE for diagnosing the extent of liver fibrosis and predicting the development of gastroesophageal varices and hepatic decompression, recent studies suggest that TE can predict
the development of HCC. Masuzaki et al[49] performed
a large, prospective cohort study to assess the ability of
TE to predict the development of HCC among Japanese
patients with hepatitis C-related liver cirrhosis. In addition to age, male gender, and clinical cirrhosis, the LS
value stratified by TE was identified as an independent
risk factor for developing HCC. Compared to patients
with LS values ≤ 10 kPa, patients with higher LS values
had a significantly increased risk of developing HCC (LS
values, 10.1-15 kPa, HR = 16.7; LS values, 15.1-20 kPa,
HR = 20.9; LS values, 20.1-25 kPa, HR = 25.6; and LS
values > 25 kPa, HR = 45.5). In addition, the cumulative incidence of HCC increased in a step-wise manner
according to the stratified LS value (Figure 2A). These
findings suggested that a greater extent of liver fibrosis,
as assessed by higher LS values, was closely associated
with an increased risk of developing HCC. Thus, TE is
a clinically useful method for predicting development of
HCC.
The clinical role of TE for predicting the development of HCC was further validated in patients with liver
cirrhosis of different etiologies. Jung et al[33] conducted a
study in Korean patients with chronic hepatitis B. In this
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Hepatic decompensation and liver-related events
Development of overall hepatic decompensation, not
merely variceal bleeding, is another critical factor related
to morbidity in advanced stages of liver fibrosis and cirrhosis. Hence, early prediction of hepatic decompensation is important for establishing therapeutic plans. Kim
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et al[50] conducted a prospective, longitudinal study to
assess the abilities of TE and LSPS to predict the first
event of hepatic decompensation in patients with liver
cirrhosis. The study included patients with cirrhosis related to hepatitis B virus without histories of hepatic decompensation, which was defined as a newly-developed
ascites, hepatic encephalopathy, variceal bleeding, and/or
deterioration of liver function to Child-Pugh class B or C.
The risk of hepatic decompensation was stratified into
three groups based on the LS or LSPS value. The results
suggested that patients with higher LS values (13-18 and
≥ 18 kPa) had significantly higher risks of developing
hepatic decompensation compared to those with lower
values (< 13 kPa) (HR = 4.547, P = 0.044 and HR =
12.446, P < 0.001, respectively). Similarly, the risk of
developing hepatic decompensation was increased in
patients with higher LSPS values (1.1-2.5 and ≥ 2.5)
compared to those with lower values (< 1.1) (HR = 5.796,
P = 0.004 and HR = 13.618, P < 0.001, respectively).
Another study[51] investigated the potential role of
TE for predicting the development of overall LREs
in patients with hepatitis B virus-related CLD. Overall
LREs included HCC, hepatic decompensation, and liverrelated mortality. In this prospective study, 128 patients
with chronic hepatitis B who were receiving antiviral
therapy and had histologically-confirmed advanced liver
fibrosis (≥ F3) and high viral loads (pre-treatment levels
of HBV DNA ≥ 2000 IU/mL) were stratified into two
groups based on the optimal cut-off (19 kPa). The patients with high LS values (≥ 19 kPa) had an increased
risk of developing LREs compared with those who had
lower LS values (< 19 kPa) (HR = 7.176; P = 0.001).
The incidence of LREs in patients with F3 and F4 were
not statistically different (22.2% vs 13.6%; P = 0.472).
However, there was a significant difference in the incidence of LREs between patients with higher and lower
LS values (44.4% in ≥ 19 kPa vs 6.9% in < 19 kPa; P
< 0.001). These results suggest that TE has superior
performance for predicting LREs compared to that of
histology for predicting long-term prognosis.
The role of TE-based non-invasive tools for predicting development of cirrhosis-related events was also
analyzed in another study[52]. In this prospective study,
the LS values and LSPS showed good performance for
predicting the development of HCC (AUROC, 0.789 for
LS value, 0.788 for LSPS) and hepatic decompensation
(AUROC, 0.820 for LS value, 0.848 for LSPS). Furthermore, the LS value and LSPS were identified as independent predictors of HCC (HR = 1.040 for LS value, 1.001
for LSPS) and hepatic decompensation (HR = 1.033 for
LS value, 1.002 for LSPS).
Antiviral treatments are actively administered to
patients with hepatitis B virus. It is important to understand if TE can predict the long-term prognosis of
patients with advanced liver fibrosis or cirrhosis who
are being treated for hepatitis B viral infection. Recently,
there were two publications attempting to answer this
issue. One study[53] indicated that the LS value can pre-
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dict the development of LREs in patients with chronic
hepatitis B receiving entecavir therapy. Another prospective, longitudinal study[54] showed that stratified LS values based on the Laennec system for histologically subclassifying liver cirrhosis[55] and dynamic changes in LS
values at follow up were significantly related to different
risks of developing LREs in patients with advanced liver
fibrosis who were receiving antiviral therapy for chronic
hepatitis B virus infection.
Recently, Singh et al[56] performed a comprehensive
meta-analysis of 17 prospective cohort studies and confirmed the association between LS values and LREs in
patients with CLDs. According to this meta-analysis, a
greater degree of LS was significantly associated with
an increased risk of developing LREs, including hepatic
decompensation (RR = 1.07), HCC (RR = 1.11), overall
mortality (RR = 1.22), or a composite of these events
(RR = 1.32). Furthermore, a high LS value predicted
the development of liver-related events, such as hepatic
decompensation, HCC, and overall mortality, in a dosedependent manner.
Thus, in addition to identifying liver fibrosis, TE appears to accurately predict long-term prognosis. However, several issues, such as determination of cut-off
values, TE measurement interval, and cost-effectiveness,
remain unresolved.

ELF scoring system
Serum levels of extracellular matrix proteins and degradation products are increased in advanced liver fibrosis.
The Original European Liver Fibrosis (OELF) panel of
serum markers (aminoterminal propeptide of procollagen type Ⅲ, hyaluronic acid, and tissue inhibitor of
matrix metalloproteinases-1), which reflects the dynamics of liver fibrosis, was combined with age in 2004[23]. It
showed good diagnostic accuracy for evaluating liver fibrosis in CLDs of different etiologies[23]. Later, this panel was simplified to the ELF scoring system by removing
age as a factor from the OELF panel, and the diagnostic
accuracy remained intact[57]. ELF accurately predicted
the extent of liver fibrosis in several cross-sectional validation studies[58-61]. However, there are limited studies on
the longitudinal performance of the ELF scoring system
for predicting LREs in patients with liver cirrhosis beyond the cross-sectional aspects of ELF.
Parkes et al[58] investigated the performance of the
ELF scoring system for predicting the development of
LREs in Caucasian patients with diverse etiologies of
CLDs using paired ELF scores and liver biopsy data. In
this multi-center study from the United Kingdom, the
study population was stratified into four groups according to the ELF score for precise assessment of the risk
of developing LREs. The performance of the ELF scoring system was compared with that of histopathology of
a liver biopsy. The fully adjusted HRs for LREs showed
a graded response according to the stratified ELF-score
group. Compared to patients with ELF scores < 8.34,
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Figure 3 Kaplan-Meier analysis of liver-related events in patients stratified according to enhanced liver fibrosis scores. Reproduced with permission from
Parkes et al[58]. The study population was stratified into four groups according to the enhanced liver fibrosis (ELF) score for precise assessment of the risks of developing liver-related events (LREs). LREs showed a graded response according to the stratified ELF score groups. Patients with higher ELF scores had significantly higher
risks of having LREs; n = 457.

increased incidence of LREs (HR = 1.438; P < 0.001).
Patients were subdivided into two groups based on a
calculated optimal cut-off of 10.1. Patients with lower
ELF scores had significantly reduced risks of developing
LREs compared with those who had higher ELF scores
(HR = 0.24; P < 0.001). Similar to the original publication[58], stratification of patients into three groups based
on the ELF score showed that the fully-adjusted HRs
for LREs had a graded response. Compared to patients
with ELF score ≥ 10.40, patients with lower ELF scores
had significantly lower risks of developing LREs (ELF
score, < 8.10, HR = 0.072; and ELF score, 8.10-10.39,
HR = 0.286). The superior diagnostic performance of
the ELF scoring system for predicting overall mortality
compared with a liver biopsy was also confirmed in this
study (AUROC, 0.749 for ELF, 0.651 for liver biopsy).
Similar to TE, the ability of ELF to predict the development of cirrhosis-related complications has been
confirmed in several studies. However, the clinical utility
of the ELF scoring system is limited to centers at which
extracellular matrix serum markers can be routinely measured. Thus, the general clinical applicability of the ELF
scoring system requires extensive validation and a costeffective analysis.

patients with higher ELF scores had significantly higher
risks of developing LREs (ELF score, 12.52-16.67, HR
= 75; ELF score, 10.426-12.51, HR = 20; and ELF
score, 8.34-10.425, HR = 5) (Figure 3). Similarly, compared to patients with no fibrosis or mild fibrosis on liver biopsies, patients with advanced liver fibrosis were at
increased risk of developing LREs (HR = 2.4 for moderate fibrosis; 8.3 for severe fibrosis/cirrhosis). Thus, the
ELF scoring system was better than a liver biopsy for
predicting development of LREs.
In addition, during the follow-up period, 82% of patients within the highest ELF-score group (12.52-16.67)
experienced an LRE. In contrast, only 46% of those
identified with severe fibrosis/cirrhosis based on a
liver biopsy experienced an LRE. Moreover, when the
risk of developing an LRE was analyzed with ELF as a
continuous variable, the fully-adjusted OR for LRE was
2.2 (95%CI: 1.7-2.9). This result indicates that a unit
increase in the ELF score was associated with a twofold risk of developing an LRE. Furthermore, the ELF
scoring system showed better diagnostic performance
than a liver biopsy (AUROC, 0.82 for ELF, 0.70 for liver
biopsy; P = 0.004) for predicting overall mortality.
Recently, the ELF scoring system was further confirmed to predict the development of LREs in a prospective study with a cohort of 170 Asian patients with
hepatitis B virus-related CLDs[62]. The ELF scoring system showed good diagnostic performance for predicting
the development of LREs (AUROC = 0.808). There
was a significant association between the ELF score
and the risk of developing LREs (ρ = 0.449; P < 0.01).
A unit increase in the ELF score was associated with a
1.4-fold increase in the risk of developing an LRE. A
higher ELF score at enrollment was correlated with an
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Fibrotest
The FT scoring system was developed by Imbert-Bismut
et al[17] in 2001. The system is based on a panel of five
serum markers, which includes α2-macroglobulin, haptoglobin, apolipoprotein A1, gamma-glutamyl transpeptidase (GGT), and total bilirubin adjusted by age and
gender. The performance of FT as a surrogate marker
for liver biopsy has been extensively studied. FT is ac-
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Figure 4 Cumulative rate of liver-related events in patients stratified according to the combination of Fibrotest and liver stiffness values. Reproduced with
permission from Park et al[68]. The study population was stratified into three groups according to FT + LS (A) and FT × LS (B) values for precise assessment of the risk
of developing LREs. The cumulative risk of developing LREs showed a significant graded response according to the stratified groups in both FT + LS (P = 0.029) and
FT × LS (P = 0.008) analyses. n = 151. FT: Fibrotest; LS: Liver stiffness; LRE: Liver-related event.

cepted as a promising non-invasive method with a high
degree of accuracy and reproducibility for predicting
advanced liver fibrosis and cirrhosis in patients with
CLDs[63,64]. The prognostic value of FT for predicting
five-year survival in patients with CLDs of various etiologies has been previously studied[65-67]. Vergniol et al[66]
conducted a prospective five-year study to assess whether FT can predict overall survival (OS) in patients with
chronic hepatitis C. In this study, FT showed a high level
of accuracy for predicting OS with an AUROC of 0.861.
The risk of mortality was increased with a cut-off value
of 7.4 (adjusted HR = 90). Furthermore, risk stratification based on the FT score was able to predict five-year
OS (FT, ≤ 0.75, OS = 97%; FT, 0.75-0.80, OS = 87%;
FT, 0.81-0.85, OS = 84%; FT, 0.86-0.90, OS = 75%; FT,
0.91-0.95, OS = 69%; and FT > 0.95, OS = 0%). Comparable results were observed in a similar prospective,
single-center study in patients with chronic hepatitis B[67].
The prognostic performance of FT for predicting OS
was good with an AUROC of 0.82. The five-year OS
rates were 96.8% for FT ≤ 0.73 and 49.2% for FT > 0.85,
respectively.
The FT and measurement of LS by TE have high
degrees of accuracy and reproducibility for predicting
the extent of liver fibrosis and development of LREs
in patients with CLDs. Thus, combined application of
these two methods may provide additional discriminatory potential for predicting LREs. Indeed, the combination of LS and FT increased the cross-sectional diagnostic performance for assessing the degree of liver fibrosis
and the diagnosis of liver cirrhosis (AUROC, 0.910
for LS only; 0.866 for FT only; 0.915 for FT + LS; and
0.929 for FT × LS)[64]. Park et al[68] recently conducted a
prospective five-year longitudinal study to assess if the
combination of FT with LS values enhanced the overall
performance of predicting LREs in patients with hepatitis B virus-related liver cirrhosis. The combination was
calculated as either the sum or multiplication of the FT
score and LS values (FT + LS or FT × LS, respectively).
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In this study, 151 patients were analyzed, and the timedependent AUROCs for predicting LREs were 0.748
(95%CI: 0.621-0.868) and 0.785 (95%CI: 0.647-0.906)
at five-year follow-ups of FT + LS and FT × LS, respectively. Data were adjusted for age and histological
fibrosis staging, which were the two significant factors
according to univariate analysis (P < 0.05). Multivariate
analysis revealed that FT + LS and FT × LS were independent predictors of LREs (P = 0.001, HR = 1.116;
P = 0.001, HR = 1.137, respectively). Stratification of
the study population into three groups showed that the
cumulative risk of developing LREs was significantly
graded according to the stratification. The study population was stratified with cut-off values of 9.4 and 17.5 for
the FT + LS analysis. The cumulative incidence rates of
developing LREs at 2, 3, and 5 years were 2.1%, 4.4%,
and 6.7%, respectively, for the low group (FT + LS <
9.4); 3.9%, 6.7%, and 13.0%, respectively, for the intermediate group (FT + LS 9.4-17.5); and 8.0%, 12.2%,
and 16.8%, respectively, for the high group (FT + LS >
17.5) (P = 0.029). Similarly, for the FT × LS analysis, the
study population was stratified with cut-off values of 3.6
and 11.0. The cumulative incidence rates of developing
LREs at 2, 3, and 5 years were 1.8%, 2.7%, and 4.5%, respectively, for the low group (FT × LS < 3.6); 3.8%, 6.1%,
and 14.2%, respectively, for the intermediate group (FT
× LS 3.6-11.0); and 8.3%, 12.8%, and 17.5%, respectively, for the high group (FT × LS > 11.0) (P = 0.008).
The prognostic role of FT was demonstrated exclusively in a French study of a cohort of patients with
chronic hepatitis C. Thus, the clinical value of FT requires
further validation in a diverse population of patients with
CLDs of varying etiologies. Fortunately, the prognostic
performance of FT has recently been demonstrated in
several Asian studies of a cohort of patients with chronic
hepatitis B in cross-sectional and longitudinal studies[64,69].
Based on current findings, further research is warranted
to define the clinical utility of FT for predicting the longterm prognosis of patients with liver cirrhosis.
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showed excellent diagnostic performance (AUROC, 0.933
for EVs; 0.930 for high-risk EVs) and a high negativepredictive value (98.4% for EVs; 99.4% for high-risk
EVs). However, the positive-predictive value was low
(61.0% for EVs; 47.8% for high-risk EVs). In contrast,
Vermehren et al[81] reported that the diagnostic performance of spleen stiffness measured by ARFI elastography for predicting large EVs was not satisfactory (AUROC = 0.58). Moreover, Mori et al[82] showed that there
was no significant association between spleen stiffness
measured by ARFI elastography and the presence of
EVs in patients with chronic hepatitis C. Furthermore, a
recent meta-analysis conducted by Singh et al[83] showed
that the current techniques of spleen stiffness measurement - either by ARFI or TE - are suboptimal for predicting EVs in patients with CLDs. Hence, further welldesigned prospective studies are desired for evaluating
the diagnostic role of spleen stiffness measurement in
predicting EVs.
There have been no longitudinal studies of the role
of LS measurements by ARFI elastography and spleen
stiffness measurements with TE or ARFI elastography
for risk assessment of LREs in patients with CLDs.
Therefore, longitudinal, multi-center studies are warranted to establish a standardized protocol for measuring LS
values by ARFI elastography and spleen stiffness by TE
or ARFI elastography. Further studies are also needed to
validate the clinical role of these non-invasive tools for
assessing the risk of liver cirrhosis-related complications.

Other models
Several simple non-invasive methods including APRI,
FIB-4, Forns’ index and Lok index have been found to
be useful in assessing the extent of fibrosis in patients
with CLD. Given their universal availability without additional economic burden, several studies evaluated the
clinical significance of these simple non-invasive scoring
systems for prediction of forthcoming complications
related to liver cirrhosis.
A retrospective, multicenter, large-scale study of cirrhotic patients by Sebastiani et al[70] demonstrated that
a combination of the Lok index and the Forns’ index
had a high negative predictive value (> 90%) to exclude
clinically relevant EVs with an AUROC of 0.80, and
suggested that these non-invasive markers may be useful as an initial screening tool for cirrhotic patients to
exclude the presence of clinically relevant EVs. Another
study by Angulo et al[71] showed that simple non-invasive
methods including APRI and FIB-4 can identify patients
with nonalcoholic fatty liver disease at higher risk for development of LREs and higher overall mortality. However, due to the limitations inherent in the retrospective
studies, the clinical value of these non-invasive methods
needs to be further validated in additional large-scale,
prospective, and preferably, longitudinal studies.
Acoustic radiation force impulse (ARFI) elastography
is a novel technology based on conventional B-mode
ultrasonography, which provides numeric measurements
of tissue stiffness as the shear wave velocity[72]. Several
publications suggest that LS values and spleen stiffness
measured by ARFI elastography both correlate well with
the extent of liver fibrosis in patients with CLDs[73-75].
The role of ARFI elastography for assessing the risk of
cirrhosis-related complications has been investigated in
several studies[76-79].
A recent cross-sectional study by Morishita et al[77]
showed that LS measurements by ARFI elastography
predicted the presence of EVs (cut-off value of 2.05
m/s) or high-risk EVs (cut-off value of 2.39 m/s) in
patients with hepatitis C virus-related liver cirrhosis.
The diagnostic performance of this method was good
(AUROC, 0.890 for EVs; 0.868 for high-risk EVs) with
a high negative-predictive value (81% for EVs; 89% for
high-risk EVs) and an acceptable positive-predictive
value (78% for EVs; 69% for high-risk EVs).
In addition, a study by Bota et al[79] proposed a scoring system for predicting high-risk EVs based on liver
stiffness and spleen stiffness assessed by ARFI elastography. The diagnostic performance of this scoring system
was acceptable (AUROC = 0.721), yet further validation
is desired.
Several studies[78,80] also reported that spleen stiffness
measurement by TE can provide non-invasive assessment of the presence of EVs in patients with liver cirrhosis. Recently, a prospective study by Takuma et al[78]
showed that spleen stiffness assessed by ARFI elastography was able to predict the presence of EVs (cut-off
value of 3.18 m/s) or high-risk EVs (cut-off value of
3.30 m/s) in patients with liver cirrhosis. This method
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CONCLUSION
The current view from a limited number of studies is
that the recently-introduced non-invasive models can
independently predict future cirrhosis-related complications, such as hepatic decompensation, liver failure,
HCC, or liver-related death. In addition, some non-invasive tools, such as TE or TE-based models (i.e., LSPS),
appear to exhibit superior performance compared to
histology and other non-invasive methods for predicting
development of LREs.
Non-invasive models may no longer simply be tools
for predicting the extent of fibrosis in patients with
CLDs. Instead, current literature supports the use of
these methods as surveillance tools for predicting future
LREs and determining long-term prognosis, which will
help to make informed treatment decisions. Future studies should assess whether serial changes in non-invasive
measurements or scores reflect the dynamic changes in
the risk of developing LREs. In addition, the combination of two or more non-invasive methods should be
tested to determine if this approach provides greater
discriminatory power for predicting LREs. Significant
progress in this field will allow new strategies for risk
management in patients with CLD to be developed in
the near future.
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Core tip: Among the strategies that host cells have
evolved in the hard fight for their survival against viruses, auto/mitophagy processes have an emerging
role. As preferential targets of hepatitis C virus (HCV)
attack, mitochondria effectively establish themselves
as an integral part of the host cell defense and mitophagy, as very recently unveiled, seriously impacts
the course of hepatitis C infection. Aim of this review is
to explore the current literature about the mechanisms
that regulate the critical interplay between HCV and
mitochondria, with particular regard to the strategies
that the virus evolved to subvert and manipulate the
auto/mitophagy pathways to its purposes.
Ruggieri V, Mazzoccoli C, Pazienza V, Andriulli A, Capitanio N,
Piccoli C. Hepatitis C virus, mitochondria and auto/mitophagy:
Exploiting a host defense mechanism. World J Gastroenterol
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wjgnet.com/1007-9327/full/v20/i10/2624.htm DOI: http://
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Abstract
Hepatitis C virus (HCV) is the major reason for liver
transplantation and the main cause of liver-related morbidity and mortality in a great number of countries. As
for the other viruses, this pathogen interferes in more
than one process and in more than one way with host
cell biology. A mounting body of evidence points, in particular, toward the drastic alterations of mitochondrial
physiology and functions that virus is able to induce, albeit the mechanisms have partly remained elusive. Role
of the mitochondria in immunity and in quality control
systems, as autophagy, as well as the strategies that
HCV has evolved to evade and even to manipulate mitochondrial surveillance for its benefit, highlights the importance of deepening the mechanisms that modulate
this virus-mitochondrion interaction, not only to intensify
our knowledge of the HCV infection pathogenesis but
also to design efficient antiviral strategies.

INTRODUCTION
Hepatitis C virus (HCV) is a leading cause of chronic
hepatitis, liver cirrhosis and hepatocellular carcinoma
worldwide. It is a small-enveloped positive-strand RNA
virus whose natural targets are hepatocytes and, possibly, B lymphocytes[1,2]. HCV belongs to the Hepacivirus
genus of the family of Flaviviridae, that also contains
the classical flaviviruses such as dengue virus and yellow
fever virus, and chronically infects 120 to 180 million
people worldwide[3,4]. The mechanisms of liver injury in
chronic HCV infection are poorly understood though an
emerging feature in the pathogenesis of the HCV-related
disease is the presence of dysfunctions of mitochondria,
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proved to be targets of viral proteins. A novel pathogenetic aspect about HCV-mitochondria interaction has
recently emerged, disclosing HCV aptitude to hijack mitophagy pathway, a pivotal mitochondrial quality control
system.

nel protein, composed of two transmembrane domains,
that is crucial for production of infectious viral progeny
but not for RNA replication[10]. Another non-structural
protein dispensable for RNA replication is NS2, the viral
autoprotease essential for the cleavage of the polyprotein
precursor at the NS2-NS3 junction, that is crucial for the
viral assembly. NS3 is a multifunctional protein harbouring a N-terminal HCV serine protease, which mediates
the downstream cleavage events in the nonstructural
region and a C-terminal RNA helicase-NTPase, which
is vital for HCV RNA replication[3]. NS3 forms a stable
complex with its cofactor NS4[11], that plays a major role
in regulating NS3 helicase activity and a variety of NS3mediated processes[12]. NS4B is the least characterized
HCV protein and its role is not well understood even if it
is known that its expression triggers a specific membrane
alteration, designated as “membranous web”, probably
forming the scaffolds necessary for virus multiplication[5].
NS5A is a membrane-associated phosphoprotein whose
functions are strongly debated, although it has been
demonstrated that its modifications affect HCV replication and that it is potentially involved in HCV response
to interferon[11,13,14]. Finally, the NS5B RNA dependent
RNA polymerase (RdRp) is a fundamental enzyme in the
promotion of synthesis of new RNA genomes and it is
considered a major target for anti-HCV intervention[1,4].
As for all positive-strand RNA viruses, HCV RNA
replication occurs on modified intracellular membranes,
forming the above-mentioned endoplasmic reticulum
(ER)-derived membranous web, in a poorly understood
process. Remodeled intracellular membranes serve as
a scaffold for the assembly of the replication complex
composed of viral proteins, cellular components, and
nascent RNA strands[15]. HCV replication is thought to
be a semiconservative and asymmetric process, catalyzed by the NS5B RdRp, in which the positive strand
RNA genome serves as a template for the NS5B RdRp
to generate the negative strand replicative intermediate,
that will be used, subsequently, as a template to produce
further positive sense genomes. Finally, the numerous
strands of positive polarity produced can be translated
to produce new viral proteins, or used for further RNA
replication, or be packaged into new virus particles[16].
The HCV particles are composed of HCV RNA genome, core and the envelope glycoproteins, E1 and E2,
and are characterized by an irregular and globular shape
with a mean diameter of 100 nm. Typically, they also
show a tight association with cellular lipoproteins and
lipids that affect both morphology and biophysical properties of the virion[17]. Although the molecular events
that regulate the assembly and the release of infectious
HCV particles have yet to be understood, the interaction
of viral core protein assembly with intracellular lipid
droplet structures is presumable. In addition to viral
factors, several host cell factors have been described as
participating in HCV assembly, including components
of the very-low-density lipoprotein synthesis and secretion pathway, like the apolipoprotein E[18]. Once a newly

HCV: FROM MOLECULAR VIROLOGY TO
PATHOGENESIS OF INFECTION
HCV genome, an uncapped RNA molecule of approximately 9.6 kb, is composed of an open reading frame
encoding a polyprotein precursor of approximately 3000
amino acids, flanked at the 5’ and 3’ ends by non-translated regions (NTRs) that are highly conserved among
different HCV isolates and contain essential structural
motifs exerting critical regulatory functions in viral RNA
translation and replication processes[5].
HCV entry into the host cell is mediated by complex
processes including the timely coordinated interaction
of virus particles with cell surface receptors and entry
factors like the low density lipoprotein receptor, the tetraspanin CD81, and the tight junction proteins claudin 1
and occludin[1], the HCV clathrin-mediated endocytic uptake of the lipoviral particle within an acidic endosomal
compartment, followed by the pH-dependent fusion of
the viral and endosomal membranes, essential for the
release of genome-containing viral nucleocapsid into the
cytosol[6]. The positive-strand genomic RNA, free in the
cell cytoplasm following decapsidation of viral nucleocapsids, serves together with newly synthesized RNA, as
messenger RNA for synthesis of the HCV polyprotein
precursor. HCV genome translation is under the control
of an internal ribosome entry site within the 5’ NTR and
produces a large polyprotein that undergoes proteolytic
cleavage catalysed by host and viral proteases[7].
The co- and post-translational processing of protein
precursor leads to the mature structural core protein and
the E1 and E2 envelope glycoproteins, as well as to the
nonstructural proteins p7 viroporin, NS2, the NS3 serine protease, the NS4A, NS4B, NS5A proteins and the
NS5B RNA-dependent RNA polymerase[3,5] involved in
the enzymatic functions of viral replication and processing of the viral polyprotein.
The core protein is a RNA-binding protein involved
in the viral nucleocapsid assembly. This highly basic
membrane protein contains two domains and is able to
interact with a growing list of cellular proteins and to
regulate a variety of host cell biological processes such
as apoptosis, cell trasformation and immune modulation [8]. The envelope glycoproteins E1 and E2 are
type Ⅰ transmembrane proteins with N-terminal ectodomains and short C-terminal transmembrane domains that
heterodimerize to form a non-covalent complex, which
presumably represents the building block for the viral
envelope[9]. However, the structure of the HCV E1-E2
complex, as well as the processes that are involved in
HCV attachment, entry and fusion remain virtually unknown[5]. It is known, instead, that p7 is a small ion chan-
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produced HCV nucleocapsid is formed in the cytoplasm
and it acquires an envelope by budding through an intracellular membrane, virus particle is released from the cell
through the constitutive secretory pathway[16].
More than 10 trillion virion particles are produced
per day, even in the chronic phase of infection and, as a
small RNA virus with an error-prone RNA polymerase,
HCV exhibits enormous genetic variability, strongly
challenging the host immune-mediated control. Six
distinct genotypes and multiple subtypes have so far
been identified, associated to specific clinical aspects
including response to antiviral treatment. Despite international research efforts, much remains to be defined
regarding clinical course of HCV infection and pathogenesis, mainly due to the frequent silent onset of the
acute phase, as well as the asymptomatic early stages of
chronic infection. Moreover, although chronic liver diseases such as hepatitis, cirrhosis and hepatocellular carcinoma, are considered the archetypal HCV-associated
diseases, HCV is also involved in the pathogenesis of a
number of extrahepatic manifestations like autoimmune
and rheumatic disorders as well B-cell lymphoproliferative diseases[19,20]. However, morbidity and mortality
of persistent HCV infection are mainly due to hepatic
fibrosis and to the subsequent occurrence of cirrhosis
and hepatocellular carcinoma[21]. Both innate and adaptive immune responses are the first barrier against HCV
infection and multiple and complex HCV interactions
with the host immune system, including elusion mechanisms, have been described. As well as being a crucial
line of defense in the fight against the virus, immune
response, mainly based on T lymphocytes and helper
T cells intervention, represents, on the other side, the
main cause of liver collateral damage in a long-lasting
inflammation and fibrosis context. A qualitatively insufficient CD8+ T lymphocyte responses, as well as viral
inhibition of host defense strategies and the presence
of multiple viral species in the same patient are probable reasons for the HCV persistence[20,22]. Therefore,
immunotherapeutic strategies designed to reinforce
the cellular immune response against HCV are largely
attractive, even if any step of the HCV life cycle is a
potential novel target of antiviral therapy [16]. Several
antiviral agents directly targeting HCV life cycle, including NS3/4A protease, NS5B and NS5A inhibitors, have
been clinically approved whereas promising host-targeting antiviral agents, offering the benefit of virtually pangenotypic activity, like inhibitors of cyclophilin A and
of miR122 have advanced to phase 2 or 3 clinical trials.
Extraordinary progress in the molecular virology of
HCV has been done so far, but a further effort in the
understanding of the viral life cycle and pathogenesis
should improve therapeutic and preventive strategies for
HCV infection[23,24].

firmed, mitochondria are one of the favorite targets of
HCV attack. As sensors of the cell energy status, these
organelles are involved in a myriad of cell physiological functions and are essential for crucial decisions like
cell death, growth, proliferation and differentiation[25].
It is not surprising, therefore, that the HCV impact on
mitochondria deeply affects different molecular pathways. Liver samples from patients with chronic hepatitis
C typically show mitochondrial dysfunction along with
ultrastructural abnormalities and oxidative stress associated to the presence of lipid peroxide-protein adducts
and glutathione depletion, as well[26-28]. A correlation between the presence of oxidative protein derivatives and
disease severity has also been shown and, concurrently,
a decrease of oxidative stress markers has been found to
be associated with viral eradication[29,30]. Chronic hepatitis C patients’ oxidative stress phenotype has been successfully reproduced in transgenic mouse models for the
hepatic disease with an increased lipid peroxidation and
an oxidized mitochondrial glutathione pool reported[31].
Multiple and complex mechanisms of HCV interference
with mitochondrial functions have been described and,
although the consequences of this interplay remain to be
elucidated, it has a considerable impact on the pathogenesis of infection, contributing to HCV evasion of the
host innate immune response and infection persistence
and, at the same time, potentially favoring both fibrogenesis and carcinogenesis processes[32]. The molecular
mechanisms underlying the HCV-mitochondria interplay
and how this may affect the viral lifecycle and translate
in pathogenic effects for the host are not clear issues
yet. As supported by increasing experimental data, HCV
core protein is mainly responsible for the viral damaging action on mitochondria. Different phenomena,
principally the widely observed increased mitochondrial
reactive oxygen species (ROS) production seem to be,
in fact, a direct consequence of core protein interactions with mitochondria, irrespectively of the context,
either in infection, full-length replicon-bearing cells or
in over-expression systems[33]. Even though core protein
represents the paradigm of HCV-induced mitochondria
impairment, other viral proteins have been shown to directly interact with mitochondria into the matrix or intermembrane space, or by binding to the outer membrane
or to membrane sites closely associated with the ER (the
mitochondria associated membranes, MAMs), supporting the idea that HCV proteins migrate to mitochondria
by lateral diffusion from the ER via transient fusion of
the membranous sub-compartments[34-36]. Although diverse, the molecular mechanisms that HCV adopts in
disturbing mitochondria functions, generally concern
redox state and calcium (Ca2+) homeostasis. NS3 and E1
proteins, in fact, have been shown to induce enhanced
ROS production and mitochondrial membrane potential
(mtΔΨ) reduction in a transient-expression system[37],
as well as NS4A, that is able to provoke the release of
cytochrome c from mitochondria into the cytosol[38] and
NS5A, whose action on mitochondria most probably
results from the drastic effects it produces on intracellu-

HCV AND mitochondria: A LIFE AND
DEATH STRUGGLE
As clinically observed and widely experimentally con-
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lar Ca2+ signaling[39-41]. Taking up substantial amounts of
Ca2+ from the cytosol or the ER, mitochondria behave
as large and dynamic Ca2+ buffers and mitochondrial
Ca2+ uptake can be considered a real cellular mechanism
which has a critical function in modulating physiological events like metabolic activity and cell fate[23,42]. The
outward Ca2+ flux from the ER to the mitochondria is
facilitated by MAMs that provide local microdomains
where the high localized Ca2+ levels enable the functioning of the Deltapsim-driven Ca2+ uniport at the inner mitochondrial membrane, which, together with the voltagedependent anion channel (VDAC)/porin of the outer
mitochondrial membrane (OMM), is mainly responsible
for the entrance of Ca2+ into the mitochondria[44,45]. The
enhanced steady-state intramitochondrial Ca2+ concentration has different functional consequences, among
which the allosteric activation of tricarboxylic acid cycle
(TCA cycle) and oxidative phosphorylation (OXPHOS)
enzymes, resulting in an overall stimulation of respiratory chain (RC) activity and higher ATP output, is one of
the best characterized[46,47]. However, if excessive, Ca2+
accumulation by mitochondria could turn into a powerful trigger of the mitochondrial permeability transition
pore (MPTP) permanent opening, resulting in osmotic
swelling, breaking of the outer membrane, and finally,
in the release of cytochrome c and other pro-apoptotic
signalling molecules as a prelude to the programmed cell
death activation[48]. Even though their relationship has
not been completely clarified, several lines of evidence
suggest that the directly induced oxidative stress is intimately connected to the alteration of mitochondrial Ca2+
homeostasis provoked by HCV infection. The interplay
between Ca2+ and redox unbalance is far from being a
linear cause-effect relationship, but novel outcomes resulting by our previous work[49] unequivocally identify
the Ca2+ overload in the mitochondrial compartment as
the primary event leading to the profound mitochondrial
oxidative metabolism alterations induced by the coordinated expression of all HCV proteins in a well-defined
cellular context.
To the aim to gather and reorganize the complex and
abundant available data on the subject and to delineate
a possible sequence of molecular events following HCV
infection a comprehensive mechanistic working model
was recently proposed by our group[50].
It was proposed that the HCV-related outward flux
of Ca2+ from ER stores, following a direct interaction or
an ER stress-mediated indirect effect of the virus[51-53],
causes a reduction of the electrochemical transmembrane potential and thereby affects the efficiency of
ATP synthesis. If timely limited, this effect may be counterbalanced by an adaptive stress-response consisting
in the Ca2+-mediated activation of TCA cycle and upregulation of OXPHOS[45] but, in the case of a chronic
viral infection, the persistent insult becomes very hard to
counteract. High levels of mitochondrial Ca2+ may in fact
severely impair OXPHOS, provoking electron leakage
to O2 with formation of the superoxide anion O2•- over
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the basal level[54]. Since the main source of ROS, under
these conditions, is the RC complex Ⅰ that is also one of
the major targets of superoxide, a kind of self-inhibition
mechanism is established [32,49]. In addition, enhanced
intramitochondrial Ca2+ and ROS activate the MPTP
whose opening causes flush out of low molecular weight
metabolites comprising NAD(P)+/NAD(P)H and the
anti-oxidant molecule glutathione[55]. This further impairs
the RC and the OXPHOS activity and reduces cellular
ROS scavenging reserve with consequent worsening of
the redox balance that strongly impacts on ER-mitochondria Ca2+ homeostasis[56] and triggers a detrimental
self-nourishing cycle.
The pathological outcomes of this profound HCVrelated subversion of mitochondrial physiology strictly
depend on the severity of ROS and mitochondrial
Ca2+-related insult and may also diverge in virus load
or viral protein expression and/or in clinical features
of the host. Under conditions of low ROS and Ca2+dependent stress level, a pro-survival and proliferative
adaptive response is induced by redox signaling and, in
spite of the impairment of the RC activity, ATP levels
are even higher in HCV protein-expressing cells, as we
reported in a previous work[57]. This apparently inconsistent phenomenon may be explained with the HCVlinked activation of the hypoxia-inducible factor 1
and the resultant shift of the energetic metabolism of
infected cells toward glycolysis[57,58]. If low production
of ROS is not damaging to the infected cell, it may in
turns favor HCV maintenance and lead to accumulation
of mutagenic hits resulting in carcinogenic priming of
the host cell and ultimately in hepatocellular carcinoma
development. Under conditions of high concentrations
of mitochondrial Ca2+ and ROS, instead, the MPTP permanent opening may lead, depending on the prevailing
conditions, to selective removal of damaged organelles,
apoptosis or necrosis[59]. If inadequate, apoptosis fails to
remove cells carrying genetic alterations, promoting the
development of hepatocellular carcinoma, that can be
favored, at the same time, by chronic apoptotic stimulation and by the high rate of tissue regeneration induced
that exposes cell to the risk of mitotic errors. However,
the HCV struggle against mitochondria is not restricted
to the injury of their cellular bioenergetic competence
but it is also extended to hit the mitochondrial immune
response. The recent identification of the MAVS protein (also known as CARDIF, VISA or IPS-1), which
contains a C-terminal mitochondrial localization domain
that targets it to the mitochondrial outer membrane,
highlighted the so far underrated role of mitochondria
in the antiviral innate immune response[60,61]. Recognition of early replication intermediates of HCV such as
double-stranded RNA by the upstream sensors RIG-I
and MDA5 induces a conformational change that results
in their binding to MAVS that behaves as an essential
adaptor propagating the signal downstream and ﬁnally
inducing interferon-γ (IFN-γ) production[62]. Mitochondrial localization of MAVS is absolutely necessary for

2627

March 14, 2014|Volume 20|Issue 10|

Ruggieri V et al . HCV, mitochondria and auto/mitophagy

its function, mistargeting of the protein away from mitochondria, in fact, completely abolishes this antiviral
defense pathway[60]. Shortly after discovery of MAVS it
was shown that the HCV NS3/NS4A complex avidly
cleaves MAVS in a C-terminal anchor loop site, releasing
the protein from the mitochondria. This mechanism enables HCV to paralyze the MAVS-downstream signalling
pathway leading to IFNβ production, and to elude the
host innate immunity in a continuously evolving fight for
its survival[63].

autophagy-related proteins, Atg, have been identified
to date, in yeast, many of which are evolutionarily conserved, such as the mammalian Atg6/Vps30 ortholog
Beclin 1[68,69]. The core machinery of macroautophagy
and the various steps of this process are similar whether
invoked for the clearance of bulk cytosol or for the selective elimination of mitochondria that are specifically
removed by a dedicated pathway called “mitophagy[70].
Whether serving as a quality control mechanism to
eliminate harmful damaged mitochondria, maintaining mitochondrial functional and genetic integrity, or to
modulate the steady-state turnover of mitochondria and
their number in response to developmental or physiological cues, mitophagy has established itself as an
increasingly important process[71]. In many metazoan cell
types, mitophagy is mediated by a pathway comprised of
PTEN-induced putative protein kinase 1 (PINK1) and
the E3 ubiquitin ligase Parkin, whose defects are associated with a form of autosomal recessive juvenile Parkinson’s disease. Pink1 and Parkin physically interact with
each other and, as suggested by genetic studies, Pink1 is
upstream of Parkin. Pink1/Parkin pathway is triggered
when PINK1, accumulated on the outer membrane of
damaged mitochondria, facilitates recruitment of cytosolic Parkin, promoting mitochondria segregation from
the mitochondrial network and targeting these organelles
for their mitophagic clearance[70,72,73]. In mammalian cells,
Parkin normally resides in the cytosol but it is selectively recruited to depolarized mitochondria, promoting
the colocalization of mitochondria with the autophagy
marker LC3[74]. How does Parkin promote mitophagy?
Emerging evidence has suggested that Parkin plays a
dual role in mitophagy process, priming the mitochondria through the ubiquitination of OMM proteins on the
depolarized mitochondria[75], and promoting induction
of autophagy by interacting with Ambra1 and activating class Ⅲ PI3K[76]. Initially supposed to be exclusively
dedicated to the “recycling” of macromolecular material
within the cell, the autophagy machinery is now emerging as a process that interfaces with most cellular stressresponse pathways, including those involved in controlling immune responses and inflammation[77,78]. The immunological role of autophagy is, in fact, a newly recognized facet of innate and adaptive immunity against viral
infection and certain viruses have developed strategies to
counteract these antiviral mechanisms while others have
become even able to co-opt the autophagy machinery
as a proviral host factor favoring their own survival[79].
Recognition of viral RNA by innate immune sensors,
as well as engagement of CD46, a cell surface receptor
required for entry of a variety of pathogens[80], are only
some of the different mechanisms of autophagy induction in infected cells. Liang et al[81] were the first to demonstrate the antiviral potential of autophagy by showing
that the overexpression of Beclin1 by a recombinant
Sindbis virus (SV) decreases SV replication and SVinduced neuronal apoptosis, protecting mice from fatal
SV encephalitis. The innumerable strategies that viruses,

HCV AND AUTO/MITO-PHAGY: HOW
A VIRUS CAN BENEFIT FROM A HOST
DEFENSE MECHANISM
By putting into action stress relief responses, induction
of cytokines and apoptosis, as well as by functioning
as the powerhouses of the cell, mitochondria are key
players in the life of a eukaryotic cell. Accordingly, it
is not surprising that mitochondrial dysfunctions can
also potentially damage cells and have been implied in a
wide range of age-related disorders and various forms
of cancer [64]. Accurate removal of functionally compromised mitochondria is, therefore, crucial to prevent
cellular damage and to sustain cellular well-being. Thus,
the finely regulated process of lysosomal-mediated bulk
degradation of cytosolic components and organelles,
including mitochondria, known as autophagy (from
Greek, meaning “self-eating”), represents an important protection mechanism of the cell against stressful
conditions, promoting cellular survival, differentiation,
development and homeostasis[65]. Originally characterized as an evolutionarily conserved cellular response to
nutrient starvation, this “self-digestion” pathway not
only contributes to maintain vital cellular functions in
fasting conditions by mobilizing nutrients from macromolecular degradation, but also can rid the cell of
unnecessary or damaged organelles, protein aggregates
and even invading microorganisms[66]. Three types of
autophagy, i.e., macroautophagy, microautophagy, and
chaperone-mediated autophagy, have been described to
date, even if macroautophagy is the most extensively
studied autophagy pathway that mediates the large-scale
degradation of intracellular molecules. In the initial steps
of this process, cytoplasmic material is engulfed by an
isolation membrane, which is also called phagophore
whose edges then fuse to form the double-membraned
vesicles named autophagosomes. This is followed by
fusion of the autophagosome with a lysosome to form
an autolysosome where the captured material, together
with the inner membrane, is degraded[67]. In addition to
the master regulator of autophagy, the target of rapamycin, TOR kinase, which acts by inhibiting autophagy
in response to insulin-like and other growth factor signals, other regulatory molecules of autophagy including
Bcl-2, ROS, Ca2+, and the AMP-activated protein kinase
have recently been reported. In addition, more than 30
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Figure 1 Schematic representation of the hepatitis C virus-induced auto(mito)phagy in infected host cell. The cartoon illustrates the suggested sequential
steps leading to activation of the macro-autophagic process by the hepatitis C virus (HCV) proteins, which are shown as pale-blue circles localized at the endoplasmic
reticulum (ER) membranes where translation and proteolytic processing of the HCV polyprotein take place. Through the mitochondria associated membranes (MAMs)
the HCV proteins partly transfer to mitochondrial membranes inducing therein a number of alterations comprising enhanced influx of Ca2+, decrease of the respiratory
chain activity and of the transmembrane potential, increase of reactive oxygen/nitrogen species (RO/NS), promotion of the mitochondrial network fragmentation (fission).
The dysfunctional mitochondria recruit on the their outer membrane the kinase PTEN-induced putative protein kinase 1 (PINK1), which phosphorylates and activates
the ubiquitin ligase Parkin. Ubiquitinated mitochondrial proteins target the organelle to the nascent macrophagic vescicles (isolation membranes) through interaction
with autophagy-related gene (Atg) factors thereby leading to progressive engulfment of mitochondria in the auto(mito)phagosomes. If the rate of macrophagosomes
formation overwhelms that of their degradation, via fusion with lysosomes (mitolysophagosomes), this leads to accumulation of macrophagic vesicles that combines to
lipid droplets developing a membranous web. This provides a structural/functional platform where the HCV replication complex assembles and releases viral particles.
Although the scheme highlights a major role of the HCV protein-mediated mitochondrial dysfunctions in the induction of the autophagic process the participation of the
HCV protein-induced ER stress-mediated unfolded protein response (UPR) is also shown. See text for further explanations and references.

as well as bacteria, developed to neutralise the host autophagic defense mechanisms highlight the importance
of this process in immunity. These include the blockade
of positive upstream regulators of autophagy, such as
the IFN-inducible RNA-activated eIF2α protein kinase
(PKR) signalling pathway, the activation of negative
upstream regulators of autophagy, such as the nutrientsensing TOR kinase signalling pathway or direct antagonism of the autophagy machinery. As mentioned above,
certain viruses might manipulate the autophagic pathway
or at least specific autophagy genes to foster their own
self-serving purposes. It is the case of poliovirus, rotavi-
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rus, HIV, coronaviruses, dengue virus, and the hepatitis
B and C viruses, which exploit autophagy proteins for
their membrane formation and/or trafficking functions[82].
Interestingly, as cellular membranous structures, autophagosomes have been proposed to act as a scaffold for
intracellular membrane-associated replication of certain
cytoplasmic RNA viruses[83]. Actually, it has been demonstrated that negative inhibition and down-regulation of
different regulators of the autophagy pathway strongly
suppress productive HCV infection. Autophagy proteins
(i.e., Beclin-1, Atg4B, Atg5, and Atg12) behave, in fact,
as proviral factors, required to initiate translation of the
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incoming HCV RNA in de novo infected cells, but they
are not required once infection is established[84]. Interestingly, several independent studies suggest that HCV is
able to induce a cellular ER stress response, also termed
the unfolded protein response (UPR), inducing the accumulation of autophagosomes in cells without enhancing
autophagic protein degradation. Therefore, autophagosomes turn into sanctuaries for HCV replication and
protection from host immune surveillance that favour
chronic infection and liver injury. The inhibition of UPR
signaling pathways in fact suppresses HCV-induced
lipidation of LC3 protein, a necessary step for the formation of autophagosomes, suggesting a positive role
of UPR and the partial autophagic response in HCV
replication[85-87]. Moreover, Chu et al[88], also showed that
HCV-induced ROS production, both in the cytosol and
mitochondria of HCV protein-expressing hepatoma cell
lines might contribute to the activation of autophagy.
Considering the above-mentioned multitude of
HCV-induced pathophysiological insults leading to mitochondrial dysfunction, it might sound unsurprising that
HCV also affects mitophagy. The first demonstration
of the direct effect of HCV on a key mechanism responsible for mitochondrial turnover and quality control
resulted from very recent studies by Kim et al[89], that
revealed the ability of HCV to induce Parkin-dependent
mitophagy. Using multiple strategies including confocal
and electron microscopy, the authors observed a striking phenomenon of clustering of mitochondria in the
perinuclear regions of the infected cells associated to
mitochondrial translocation and aggregation of Parkin,
irrespective of HCV genotypes. They also proved that
HCV infection enhances Parkin-mediated ubiquitination
of its known substrates Mfn2 and VDAC1 and that this
process is attenuated by Parkin silencing. Furthermore,
it was also shown that HCV infection induces an increase in both mRNA and protein levels of Parkin and
PINK1. Significantly, increased Parkin protein levels
were also found in liver tissues samples obtained from
chronic HCV patients. An enhanced Parkin-mediated
mitophagosome formation process also characterized
HCV-infected cells in comparison to uninfected cells,
followed by their later delivery to lysosomes to originate mitophagolysosomes. Once again, therefore, HCV
usurps a physiological cell function to its own purposes,
but which are these purposes? Kim et al[89] also highlighted that Parkin and PINK1 silencing negatively affects
HCV RNA replication, suggesting a possible role of
mitophagy in the viral life-cycle (Figure 1). Finally, it was
demonstrated that the above-mentioned HCV-induced
decrease in mitochondrial complex Ⅰ activity, is surprisingly reversed by knockdown of Parkin that, similarly,
also restores the number of mitochondria, usually reduced in HCV infected cells. Based upon these observations, the authors proposed a functional involvement of
HCV-induced mitophagy in the impairment of oxidative
phosphorylation and depletion of mitochondria that
HCV typically provokes in the host cells.
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CONCLUSION
Despite large research effort, knowledge about the intersection between the auto/mitophagy pathway and HCV
infection is still quite rudimentary. However, among the
diverse and complex physiological processes that can
negatively or positively impact the course and natural
history of the HCV-infection and the survival of both
virus and host, these fundamental quality control systems undoubtedly play a pivotal role. Recent advances
about autophagy functions are in fact reshaping our
understanding of the pathogenesis of infective diseases.
Since, further detailed analyses of the molecular mechanisms whereby virus exploits, for its benefit, the various
components of the same auto/mitophagy machinery
on which host relies to defend itself will greatly enhance
our understanding of HCV associated liver disease
pathogenesis and possibly, lead to the design of new selective antiviral therapeutic approaches.
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have been implicated in the serrated pathway include
microsatellite instability and the CpG island methylator
phenotype. In the present review we will address the
current knowledge of serrated polyps, clinical pathological features and will update the most recent findings of its molecular pathways. The understanding of
their biology and malignancy potential is imperative to
implement a surveillance approach in order to prevent
colorectal cancer development.
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Core tip: This paper reviews the pathologic and molecular features of serrated polyps and the serrated
pathway to colorectal cancer and its clinical impact. The
serrated pathway has recently emerged as the second
pathway leading to colorectal cancer, and the genetic
alterations occurring in this pathway are not still clarified. It’s imperative to understand the molecular profile
of colorectal lesions with higher malignancy potential
to implement a surveillance and screening approach in
order to prevent colorectal cancer development.

Abstract
Serrated adenocarcinoma is a recently described subset
of colorectal cancer (CRC), which account for about
10% of all CRCs and follows an alternative pathway in
which serrated polyps replace the traditional adenoma
as the precursor lesion to CRC. Serrated polyps form a
heterogeneous group of colorectal lesions that includes
hyperplastic polyps (HPs), sessile serrated adenoma
(SSA), traditional serrated adenoma (TSA) and mixed
polyps. HPs are the most common serrated polyp followed by SSA and TSA. This distinct histogenesis is
believed to have a major influence in prevention strategies, patient prognosis and therapeutic impact. Genetically, serrated polyps exhibited also a distinct pattern,
with KRAS and BRAF having an important contribution
to its development. Two other molecular changes that
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INTRODUCTION
Colorectal cancer (CRC) is the third most frequent
cancer worldwide, with more than one million incident
cases and is the fourth most common cause of cancer
deaths accounting for approximately 609000 deaths[1]. In
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finding that helps to make a diagnostic of serrated carcinoma is the presence of serrated lesion in the periphery
of the infiltrative carcinoma[6].
Due to this well recognized step-wise progression of
premalignant lesions to carcinomas, CRC has a particular and outstanding feature in that make it amenable to
prevention strategies with detection of removal of those
susceptible lesions[16]. Therefore, it is imperative to understand the lesions with higher malignancy potential and
with the use of their molecular profile to implement a
surveillance approach in order to prevent colorectal cancer development[17].
In this article, we review the pathologic and molecular
features of serrated polyps and the serrated pathway to
colorectal adenocarcinoma.

Table 1 Frequency of hyperplastic polyps subtypes n (%)
Author
Kim et al[24]
Carr et al[18]
Spring et al[27]

Population

HPs, n

MVHP

South Korea
Australia
Australia

45
36
120

30 (66.7)
34 (94.4)
54 (45.0)

GCHP

MPHP

11 (24.4) 4 (8.9)
2 (5.6)
0 (0.0)
66 (55.0) 0 (0.0)

HP: Hyperplastic polyp; MVHP: Microvesicular hyperplastic polyp;
GCHP: Globet cell hyperplastic polyp; MPHP: Mucin-poor hyperplastic
polyp.

the classical genetic model for colorectal tumorigenesis
described by Fearon and Vogelstein[2] the evolution of
colorectal cancer follows the adenoma-adenocarcinoma
sequence, which is driving by the progressive accumulation of a number of critical mutations[2]. In this model
the adenomatous polyp is the principal precursor of
colorectal cancer[2,3]. More than 90% of colorectal cancers are adenocarcinomas and subtypes include medullary, micropapillary, mucinous, serrated and signet ring
cell[4]. Serrated carcinomas were first described by Jass
and Smith[5] and represents the progression of a dysplastic serrated lesion, most commonly serrated adenomas.
Serrated adenocarcinomas accounts for about 10% of all
CRCs, and follows an alternative pathway in which serrated polyps replace the traditional adenoma as the precursor lesion to colorectal cancer[6]. Serrated polyps form an
heterogeneous group of colorectal lesions that includes
hyperplastic polyps (HPs), sessile serrated adenoma (SSA),
traditional serrated adenoma (TSA) and a combination of
two or more characteristics, formerly classified as mixed
polyps (MP)[4,7-9]. This distinct histogenesis is also believed to have a major influence in prevention strategies,
patient prognosis and therapeutic impact[6,10-12].
Molecularly, the classical adenoma-carcinoma sequence pathway is mainly governed by chromosomal
instability (CIN) and KRAS mutations[3], whereas in the
serrated pathway the genetic alterations include BRAF
mutation and gene promoter hypermethylation (CpG
island methylator phenotype or CIMP)[13]. Microsatellite
instability (MSI) is another molecular pathway that can be
detected in both the adenoma-carcinoma sequence and
the serrated pathway[14,15].
Morphologically colorectal carcinomas that harbors
CIN and arises from adenoma have a classical histological
feature of dirty necrosis[6]. The carcinomas with microssatelite instability generally occurs in the right colon, are
mucinous or poorly differentiated (medullary histology)
and also have intraepithelial lymphocytes and lymphoid
aggregates “Crohn like”[4]. The serrated carcinomas that
originate from traditional serrated adenomas generally are
MSS or MSI-L and those that originate from a sessile serrated adenoma are MSI-H. Some histological features are
typically found and used to classify colorectal carcinoma
as serrated carcinoma. The most important histological
features are: presence of epithelial serrations, clear or eosinophilic cytoplasm, abundant cytoplasm, vesicular nuclei, absence of necrosis, mucin production and presence
of cell balls and rods. Other very important histological
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Morphological aspects of serrated polyps
The serrated polyps are characterized by the serrated
morphology, hypermaturation of the gland epithelium
due to low extent of the cell loss by apoptosis[18,19]. The
classification of the serrated lesions by a pathologist is
based mainly on architectural criteria like growth pattern,
cytological dysplasia and serration of the crypts[4,8,19-21]
(Figure 1). The reliable classification of serrated polyps
is fundamental to surveillance of patients with these
precursor lesions[4]. Yet, this is difficult task, due to the
problems with accurate histological definition, leading to
a high inter-observer variation, even among expert pathologists[4,8,13,19,21,22].
HPs are the most common serrated polyp of the
colon accounting for about 80% to 90% of all serrated
polyps and around 10% to 15% of all polyps of the
colon. HPs are generally small (< 5 mm) and frequently
located in the distal colon (75%-80% in the rectosigmoid)[6,23]. According to the World Health Organization,
three subtypes of HP have been recognized: the microvesicular (MVHP), goblet-cell rich hyperplastic polyps
(GCHP) and mucin-poor types (MPHP). The differences
between them are based mainly in morphology and on
the cellular mucin distribution[4,13,24]. All HPs subgroups
are histopathology distinguished by elongation of the
crypts with different degrees of serration[4,25] and tend to
have no dysplasia[8]. MVHP, the most frequent subtype,
is characterized by epithelial cells with vesicular mucin
and decrease in the goblet cells, concomitantly with conspicuous serration often located in the basal portion of
the crypts[4,13,24]. On the other hand, the GCHP has many
mature cells in the upper crypt with subtle serration[4,13,26].
The MVHP is often seen in the right colon, whereas the
GCHP is more frequently observed in the left-sided colon. The MPHP is rare and therefore, less frequently discussed. It seems to be more frequent in the left colon[6].
There are still great divergences about the frequency of
each HP subtypes (Table 1). Spring et al[27] reported that
MVHP was observed in 45% and GCHP in 55% of
120 hyperplastic polyps in the unselected series of 190
patients and 414 lesions. Recently, Kim et al[24] related
that MVHP, GCHP and MPHP accounted with 66.7%;
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A

B

C

D

Figure 1 Hematoxylin and eosin of representative cases of serrated lesions. A: Microvesicular hyperplastic polyp (× 100); B: Goblet cell hyperplastic polyp (×
100); C: Sessile serrated adenomas (× 100); D: Traditional serrated adenomas (× 100).

24.4% and 8.9%, respectively, of the 45 HPs studied. On
the other hand, Carr et al[18] found only 2 (5.6%) GCHPs
among 34 HPs studied. Despite these divergences, the
clinical relevance in the recognition of the HPs subtypes
is still indefinite, suggesting that more studies are needed
to clarify this aspect[13,25].
The SSAs account for about 3%-9% of all the
colorectal polyps[18,21,27] and 10%-25% of all serrated polyps[4,26,27] and are generally located in the right colon. The
TSAs are infrequent lesions, located predominantly in the
left colon and account for about 1%-2% of the serrated
lesions[18,27]. The histopathology characteristics of the SSA
includes dilatation of the base of the crypts which often
grow parallel to the muscularis mucosa forming L shaped
or inverted T-shaped crypts (anchor form)[4,13,19]. SSAs have
elongation of crypts with prominent serration[4,7,27]. These
lesions might have subtle nuclear atypia, where mitoses
may be seen in the crypts. Since the SSA has similarities
with MVHP the classification is made based mainly in the
analysis of the crypts: if two or three adjacent crypts demonstrate features of SSA, it must be classified into SSA[4].
When conventional cytological dysplasia is observed,
the serrated polyps are classified as TSA[18]. Nonetheless,
due to the similarities with conventional adenomas, it is
recommended that this term never be used without qualifier[4]. The TSA has overall complex and villiform growth
pattern, showing cells with cytological dysplasia that may
indicates progression to carcinoma. TSA differ from SSA
mainly because TSA lose the anchoring leading the formation of ectopic crypts[4,18]. Further, it is rare to observe
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mitosis in TSA and columnar cells with eosinophilic cytoplasm are features of these lesions[4,13].
MPs account for about 0.7%-1.5% of all colonic polyps and for 1.7% to 4.7% of the serrated polyps[18,27,28].
Mixed polyps combine at least two characteristics of
conventional adenomas, SSA, TSA or HPs[18,21,28-30]. The
main feature of MP is the combination of nondysplastic
polyps (HP or SSA) with the dysplastic one (TSA or conventional adenomas)[21,27].
Serrated polyps and natural history of CRC: evidence
linking serrated polyps with CRC
In the classic adenoma-carcinoma sequence model of
colorectal tumorigenesis proposed by Fearon and Vogelstein, HPs were described as harmless non neoplastic
lesions with no malignant potential[2,24,31]. Though, a new
understanding of the pathology and natural history of
CRC has emerged over the past decade. Approximately,
10% of sporadic colorectal cancers, named “serrated
adenocarcinoma” will arise via serrated polyp-carcinoma
sequence[11]. In this context, hyperplastic polyps were
recently recognized as neoplastic lesions included in the
serrated group and may predispose to cancer. In this
new model, HPs may progress to other serrated polyp
including sessile serrated adenomas, traditional serrated
adenomas or mixed polyps and then evolve to colorectal
cancer[32]. It has been estimated that HPs take 7.5 years
to progress to serrated adenoma[33]. However, only a tiny
percentage of hyperplastic polyps will progress to cancer[30,31,34,35]. Large and often right-sided HPs are more
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Table 2 Description of molecular alterations reported in serrated lesions
Ref.

Population

Molecular
alterations

Serrated polyp
HP

Kim et al[24]

Sandmeier et al[30]

Kim et al[10]

O´Brien et al[40]

Spring et al[27]

Konishi et al[34]

Yang et al[33]

KRAS
BRAF
MSI-H
CIMP positive
Switzerland
KRAS
BRAF
MSI-H
CIMP positive
United States
KRAS
BRAF
MSI-H
CIMP positive
United States
KRAS
BRAF
MSI-H
CIMP positive
Australia
KRAS
BRAF
MSI-H
CIMP positive
Japan
KRAS
BRAF
MSI-H
CIMP positive
United States
KRAS
BRAF
MSI-H
CIMP positive
South Korea

MVHP

GCHP

MPHP

16.7%
66.7%
NA
73.3%

72.7%
0.0%
NA
18.2%
17.0%
83.0%
0.0%
NA
8.0%
75.0%
0.0%
8.0%
42.9%
21.4%
0.0%
14.3%
50.0%
20.0%
NA
NA
13.0%
NA
8.0%
NA
46.2%
23.1%
NA
15.4%

25.0%
25.0%
NA
75.0%

6.0%
88.0%
0.0%
41.%%
13.2%
76.3%
0.0%
47.4%
11.0%
70.0%
NA
NA

13.2%
76.3%
NA
47.4%

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

Carcinoma

SSA

TSA

MP

Serrated ADC

12.5%
60.7%
1.8%
76.8%
25.0%
63.0%
0.0%
NA
8.0%
81.0%
0.0%
44.0%
6.9%
82.9%
0.0%
75.9%
8.0%
78.0%
NA
NA
8.0%
32.0%
36.0%
NA
7.1%
82.1%
NA
75.0%

NA
NA
NA
NA
NA
NA
NA
NA
17.0%
76.0%
3.0%
43.0%
NA
NA
NA
NA
0.0%
66.0%
NA
NA
NA
NA
NA
NA
28.0%
60.0%
NA
80.0%

NA
NA
NA
NA
NA
NA
NA
NA
25.0%
75.0%
0.0%
50.0%
NA
NA
NA
NA
43.0%
57.0%
NA
NA
22.7%
40.9%
5.0%
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0.0%
82.0%
81.8%
90.0%
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

HP: Hyperplastic polyps; MVHP: Microvesicular hyperplastic polyp; GCHP: Globet cell hyperplastic polyp; MPHP: Mucin-poor hyperplastic polyp; SSA:
Sessile serrated adenoma; TSA: Traditional serrated adenoma; MP: Mixed polyp; MSI-H: High microsatellite instability; CIMP: CpG island methylator phenotype; ADC: Adenocarcinoma; NA: Not applicable.

lesions[33]. Stefanius et al[39] demonstrated a high frequency
of KRAS mutations (45.2%) in serrated adenocarcinoma,
suggesting that a significant proportion of KRAS mutated
CRC originates from serrated polyps. O´Brien et al[40] showed
high frequency of BRAF mutation (V600E) among serrated carcinomas (82%), emphasizing that this mutation
is a specific marker in the serrated pathway.
KRAS mutations occur predominantly at codon 12
and less frequently at codon 13, and the most common
mutations are G12D, G12V and G13D[27], being mutated
in 0%-73% of serrated polyps[6,10,27,30,33,34,40], 6%-73% of
HPs, 7%-25% of SSA[10,24,27,30,33,34,40], and in 0%-28% of
TSA[10,27] (Table 2). These codons are also the most frequent mutated in colorectal cancer[41]. Concerning BRAF,
the most frequent mutation is V600E which occur in
0%-88% of HPs, 32%-82.9% of SSA, and in 60%-76%
of TSA[24,27,33,34,40,42] (Table 2). BRAF mutations are more
frequent than KRAS mutations in MVHP and SSA (Table
2)[24,27,33,34,40]. On the other hand, in GCHP, KRAS mutations are likely the most important genetic alteration.
One study, by Kim et al[10] showed higher frequencies of
BRAF mutations than KRAS mutation in both MVHP
and GCHP.
Another molecular alteration described in serrated
lesions is MSI, a hallmark of colorectal cancer arising

likely to have malignant potential[35-37].
At the genetic level, there are also evidences showing
that serrated polyps are strongly associated with the development of colorectal neoplasms, as further discussed.
Putative genetic pathways in serrated carcinomas
Serrated pathway has recently emerged as the second
pathway leading to colorectal cancer, therefore, the genetic alterations occurring in this pathway are not clarified
and there is great variability in the frequency of molecular changes described. Results of recent studies reporting
genetic analysis in the serrated lesions are summarized in
Table 2. A schematic view of serrated polyps-carcinoma
sequence is shown in Figure 2.
The most frequent genetic alterations involve BRAF
and KRAS mutations. Both KRAS and BRAF encodes
kinases that belong to the mitogen-activated protein kinase (MAPK) cascade that mediates the cellular signaling
involving cell proliferation, apoptosis and differentiation[38]. Mutations in KRAS and BRAF oncogenes result
in the constitutive activation of the MAPK pathway and
in uncontrolled cell proliferation, cell survival, invasion
and metastisation[38]. Mutations in both oncogenes are
frequently found as mutually exclusive events in serrated adenocarcinoma[39] and in the precursor serrated
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Serrated pathway

AF

BR

MVHP

SSA

CIMP (+)

CIMP (+)
MSI-H
BRAF

KRAS

GCHP

Normal mucosa

CIMP (-)
CIMP (+)

BRAF

KRAS

TSA
CIMP (+)
MSI-Lor MSS

?

MPHP

MP

CIMP (+)

CIMP (+)
MSI-H

or

KRAS

Colorectal cancer
CIMP (+)
MSI-Lor H/MSI-L
or MSS

Figure 2 Schematic view of serrated polyps: Carcinoma sequence. MVHP: Microvesicular hyperplastic polyp; GCHP: Globet cell hyperplastic polyp; MPHP:
Mucin-poor hyperplastic polyp; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; MP: Mixed polyp; MSI-H: High microsatellite instability; CIMP:
CpG island methylator phenotype.

in the context of Hereditary Non Polyposis Colorectal
Cancer or Lynch syndrome[43] (Table 2 and Figure 2). The
MSI is caused by the lost of mismatch-repair genes[43],
which leads to an increased susceptibility to accumulate
mutations in genes with microsatellite regions[43]. The
MSI status can be classified according to the markers
that show instability[34]. It was proposed a panel of five
microsatellites sequencing, known as Bethesda panel,
for identify the MSI status[4,10,11,44]. This panel include
two mononucleotide markers (BAT 25 and BAT 26) and
three dinucleotide microsatellites (D5S346, D2S123 and
D17S250), but three other mononucleotide markers can
be included (NR21, NR22 and NR24) in a pentaplex
PCR[45]. Tumors that have two or more unstable markers
are considered high MSI (MSI-H), when only one marker
is unstable tumors are defined as low MSI (MSI-L)[4,10,11,44],
and tumors are defined as microsatellite stable (MSS),
when no instability is identified at those five loci[4,11,44].
About 15%-20% of sporadic colorectal cancers are
MSI-H. Importantly, MSI-H tumors exhibited a distinct
genetic pathway of the MSS and MSI-L tumors, without
major chromosomal alterations, but showed the presence
of mutations in genes with microsatellite regions, known
as MSI-target genes[4,24,44]. Stefanius et al[39] reported that
20.6% of serrated cancer showed MSI-H. Studies show
that the precursor serrated lesions rarely demonstrate
high levels of MSI (Table 2). Kim et al[10], observed that
MSI-H was presented in 3.0% of TSA (Kim, 2008).
Contrastingly, Konishi et al[34] reported that MSI-H was
observed in 36% of sessile serrated adenomas (Table 2).
The CpG island methylator (CIMP) phenotype is
also strongly related to the colorectal serrated carcinogenesis[24,44] (Table 2 and Figure 2). The methylation in
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the CpG island may cause transcriptional silencing, and
inhibits gene expression by the binding of methyl groups
to recurrent cytosine-guanine dinucleotides sequences,
commonly in promoter region. This is an epigenetic
event observed in the precursor serrated lesions and
colorectal polyps[4,10]. The CIMP is frequent in serrated
polyps mainly in the proximal colon[13]. The phenotype
of CpG island methylator in hyperplastic polyps account
for 41.0%-73.3% of MVHP, 8.0%-18.2% of GCHP and
75% of MPHP[24,33] (Table 2). Among serrated adenomas, CIMP-H is frequently observed in 44.0%-76.8% of
SSA[24,33,40] and in 43%-80% of TSA[10]. Aberrant hypermethylation of CpG island is more frequently associated
with BRAF mutation than with KRAS mutation in serrated cancers. It is frequently described that serrated lesions
with KRAS mutation demonstrate low levels of CIMP
distinctly to BRAF serrated lesions, often characterized
by CIMP-H (Figure 2 and Table 2). High frequency of
methylation was associated with polyps with large size
that are > 1 cm and with high-grade dysplasia[10]. The status of CIMP is also often correlated with MSI status and
mutations in both, KRAS and BRAF oncogenes[3,4,8,29].
According to Sandmeier et al[30], BRAF mutations were
associated with MLH1 and/or p16 methylation in 88%
of right-sided SSAs.
Clinical impact of the serrated pathway
Understanding of natural history and malignant potential
of colorectal polyps is essential for management of these
lesions. After complete removal of adenomatous polyps,
surveillance recommendations are well established based
on risk for subsequent adenomas[14]. On the other hand,
there is still lack of studies of follow up intervals of ser-
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rated polyps and more accurate information about management of serrated polyps of the colon is not yet available[17,23]. The great majority of serrated polyps will never
progress to carcinoma, nevertheless, it has been described
that some patients harboring mainly sessile serrated lesions larger than 10 mm have increased risk to develop
neoplasia. Therefore, despite absence of controlled studies TSA and SSA have been included among the lesions
requiring surveillance[23]. Detecting and removing theses
lesions may contribute to the prevention of colorectal
cancer arising via the serrated pathway.
In addition, there is also growing evidence that cancers arising through the serrated pathway may differ from
cancers arising through adenoma pathway in their prognosis and response to therapy. Serrated adenocarcinoma
is likely to have a less favorable 5-year survival than conventional cancers[6,12]. The differences in the MSI status
in the serrated adenocarcinomas may have therapeutic
implications, which require that the patient be followed
carefully[6,46,47].
The knowledge of serrated pathway during colorectal
carcinogenesis represents a clinical challenge in the surveillance of patients harboring serrated polyps. Despite of
gaps in our knowledge about biological behavior of serrated polyps, the molecular alterations reported so far, has
allowed the understanding of serrated carcinogenesis and
paving the way for future direction in CRC prevention.
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gastrointestinal mucosal injury via inhibiting translocation
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stomach and small intestine. AL-Na prevented increases in microvascular permeability, superoxide dismutase
content, glutathione peroxidase activity and catalase
activity in small intestinal injury induced by indomethacin. AL-Na also prevented decreases in red blood cells
and white blood cells in small intestinal injury induced
by indomethacin. Moreover, AL-Na suppressed mucin
depletion by indomethacin and inhibited infiltration of
enterobacteria into the small intestine.
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Abstract
AIM: To investigate the effects of sodium alginate (ALNa) on indomethacin-induced small intestinal lesions in
rats.

Core tip: Sodium alginate ameliorates small intestinal
enteritis via bacterial translocation.

METHODS: Gastric injury was assessed by measuring
ulcerated legions 4 h after indomethacin (25 mg/kg)
administration. Small intestinal injury was assessed by
measuring ulcerated legions 24 h after indomethacin (10
mg/kg) administration. AL-Na and rebamipide were orally administered. Myeloperoxidase activity in the stomach
and intestine were measured. Microvascular permeability, superoxide dismutase content, glutathione peroxidase activity, catalase activity, red blood cell count,
white blood cell count, mucin content and enterobacterial count in the small intestine were measured.

Yamamoto A, Itoh T, Nasu R, Nishida R. Sodium alginate
ameliorates indomethacin-induced gastrointestinal mucosal
injury via inhibiting translocation in rats. World J Gastroenterol
2014; 20(10): 2641-2652 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i10/2641.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i10.2641

INTRODUCTION
It is well-known that non-steroidal anti-inflammatory
drugs (NSAIDs) damage the stomach. Small bowel injuries from these drugs have also been reported. Patients

RESULTS: AL-Na significantly reduced indomethacininduced ulcer size and myeloperoxidase activity in the
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who are on long-term NSAIDs treatment develop mucosal injuries of the small intestine, including bleeding,
erosion, and ulcers[1-4]. In rats, indomethacin, one of
the most commonly used NSAIDs, causes significant
gastrointestinal damage[5,6], and several enteropathic consequences have been identified, including bacterial translocation[7], neutrophil activation[8], oxidative stress[9], and
mucin deficiency[10].
Proton pump inhibitors (PPIs) significantly improve
NSAIDs-induced pathologies of the gastrointestinal
tract[11]. However, PPI may not demonstrate a therapeutic effect on NSAIDs-induced small bowel disease
because gastric acid contributes little to small intestinal
ulceration[12,13]. Moreover, it has been reported that PPIs
exacerbate NSAIDs-induced small intestinal injury in
rats by causing dysbiosis[14]. Therefore, drugs that protect against NSAID-induced gastrointestinal injury are
needed. Rebamipide, a mucosal protective agent, has
been reported to suppress NSAIDs-induced intestinal
injury[15,16]. However, the development of a better therapeutic agent is needed. It was reported that rebamipide,
one of mucosal protective agent, suppressed NSAIDsinduced intestinal injury[15,16]. But, the development of
more therapeutic agent is demanded.
Sodium alginate (AL-Na) is a polysaccharide with homopolymeric blocks of (1-4)-linked β-D-mannuronate,
and its C-5 epimer α-L-glucuronate residues are widely
distributed in the cell walls of brown algae. AL-Na elicits a muco-protective effect by covering the surface of
the gastrointestinal tract. Therefore, it may be useful
for the treatment of gastric and esophageal ulcers and
bleeding[17-22]. Recently, it was reported that AL-Na may
be an efficacious, non-erosive treatment for reflux disease[23], and it may also be a useful in the treatment of
upper gastrointestinal disease. Moreover, Humphreys et
al[24] reported that AL-Na was poorly absorbed, primarily through the gastrointestinal tract, and was excreted
in the feces. Therefore, AL-Na may be effective in both
the upper and lower gastrointestinal tracts. Additionally,
AL-Na is reportedly an effective treatment for experimental colitis[25,26] and for radiation-induced colon damage[27,28]. Therefore, we hypothesised that AL-Na may
ameliorate small intestinal damage and evaluated its effects on indomethacin-induced small intestinal injuries
in rats.

ducted in accord with the guidelines for Animal Experiments of Sakai Chemical Industry.
Induction of gastric lesions
Animals were fasted for 18 h, orally administered indomethacin (Wako, Japan) at a dose of 25 mg/kg and
sacrificed after 6 h. Stomachs were removed, inflated by
injecting 10 mL of 2% formalin for 10 min to fix the
tissue walls, and opened along the greater curvature. Visible hemorrhagic lesions were examined, and the areas
(mm2) of visible lesions were calculated using Image J
software.
Induction of small intestinal lesions
Animals were not fasted, orally administered indomethacin at a dose of 10 mg/kg and sacrificed after 24 h
under deep ether anesthesia. The small intestines were
removed, and the organ length and wet weight were
measured. Evans blue (1 mL; Sigma Aldrich Corp., St.
Louis, MO, United States) was intravenously injected
into the animals 30 min before sacrifice. The small intestines were opened along the anti-mesenteric attachment
and examined for lesions, and the areas (mm2) of visible
lesions were calculated using Image J software. Blood
sampling was conducted before Evans blue injection,
and hematocyte numbers were determined using an automated blood cell counter (KX-21NV; Sysmex, Japan).
Drug administration
AL-Na was obtained from Kyosei pharmaceutical (Japan),
and low molecular weight AL-Na was provided by Kaigen (Japan). AL-Na and low molecular weight AL-Na
were dissolved in distilled water. Rebamipide (Mucosta;
Otsuka Pharmaceutics, Japan) was suspended in a 0.5%
carboxymethylcellulose (CMC-Na; Wako) solution. In
the small intestinal studies, AL-Na (250 and 500 mg/kg),
low molecular weight AL-Na (500 mg/kg), rebamipide
(100 mg/kg), and CMC-Na (250 mg/kg) were orally
administered 30 min before and 6 h after treatment with
indomethacin[29]. Indomethacin-treated control animals
were administered distilled water at the same time.
Assessment of myeloperoxidase activity
Myeloperoxidase (MPO) activity in the stomach and
small intestine were measured. The animals were sacrificed under deep ether anesthesia, and the stomachs and
small intestines were removed. After rinsing the tissues
with saline, the mucosa was scraped, weighed, and homogenised in 50 mmol/L phosphate buffer containing
0.5% hexadecyl trimethyl ammonium bromide (HTAB,
pH 6.0; Sigma). Homogenised samples were frozen,
thawed twice and then centrifuged at 8000 g for 20 min
at 4 ℃. Supernatants were then assayed using a fluorometric detection kit (Assay Designs, Taiwan). Changes
in fluorescence were measured using a plate reader with
545 nm excitation and 590 nm emission filters (ARVOsx;
Wallac, United States).

MATERIALS AND METHODS
Animals
Six-week-old male Sprague-Dawley rats (body weights
of 160-200 g) were purchased from Japan SLC, Shizuoka, Japan. Animals were maintained in an air-conditioned
room with controlled temperature (24 ℃ ± 2 ℃) and
humidity (55% ± 15%). They were housed in steel cages
with a 12 h light-dark cycle (lights on from 0700 to 1900
h). Food and water were freely available except during
test periods. All animal handling procedures were con-
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Determination of mucosal microvascular permeability
Microvascular permeability was evaluated in intestinal
mucosa following treatment with indomethacin by measuring the amount of extravasated Evans blue dye.
After the removal of ileal tissue, the tissue was diluted with 1N KOH (0.7 mL) at 37 ℃ for 24 h. Acetonephospholic acid was then added, and the sample was
shaken. The sample was prepared after deposit filtration.
The quantity of accumulated dye in the sample dilution
was measured after 30 min using a spectrophotometer
(JASCO; V-560, Japan) at 620 nm and was expressed as
μg per 100 mg wet tissue.

colony-forming units (CFU), were analysed and summed
to determine the total number of enterobacteria, and the
number of enterobacteria that were present the small
intestine was expressed as log CFU/g tissue.
Pathological studies
Stomach and ileal tissues were immediately fixed in 10%
neutral buffered formalin. After fixation, the materials were dehydrated with ethanol, cleared using xylene,
and embedded in paraffin. From these specimens, 3 μm
paraffin sections were stained with hematoxylin and
eosin (HE) and periodic acid-Schiff (PAS) for immunohistochemical analyses. The sections were cut, dewaxed,
rehydrated, and immersed in methanol containing 0.3%
(w/v) H2O2 for 30 min to inactivate endogenous peroxidases. Sections were incubated overnight at 4 ℃ with
monoclonal mouse anti-proliferating cell nuclear antigen
(PCNA; Dako, Denmark). After washing with PBS, the
slides were incubated for 30 min with biotinylated horse
anti-mouse serum (Vector, Burlingame, United States)
followed by avidin-conjugated horseradish peroxidase
(Vector, Burlingame, United States). The enzyme activity
was detected using DAB (3,3’-diaminobenzidine).

Determination of superoxide dismutase content,
glutathione peroxidase activity, and catalase activity
After rinsing the ileal tissues with saline, the mucosa
was scraped, weighed, and homogenised in 50 mmol/L
phosphate buffer containing 5 mmol/L Tris-HCl buffer
solution (pH 7.4), 5 mmol/L EDTA, and 1 mmol/L
2-mercaptoethanol. After centrifugation at 15000 g for
20 min at 4 ℃, the superoxide dismutase (SOD) content
of the supernatants was determined using a superoxide
dismutase ELISA kit (Northwest Life Science Specialties;
NWLSS, United States). Subsequently, the glutathione
peroxidase (GPx) and catalase activities were measured
using a glutathione peroxidase assay kit (NWLSS) and a
catalase activity assay kit (BioVision, United States). The
absorbance was measured at 450, 340, and 570 nm using
a plate reader (iEMS reader MF; Labsystems, Finland).

Evaluation of indomethacin absorption
Blood samples were collected 1 h after administration
of indomethacin for evaluation of its absorption. The
concentration of indomethacin in plasma was measured
using high-performance liquid chromatography (HPLC).
The HPLC system consisted of an AS-2055 injector,
a UV-2070 detector, and a PU-2080 chromatographic
pump (Nihonbunkoh, Japan). Separation was achieved
on a reversed-phase column (4.6 mm × 250 mm, 3 μm,
ODS, Waters, United States). The mobile phase was acetonitrile-phosphoric acid (60:40 v/v), and the flow-rate
was 0.8 mL/min. The chromatogram was monitored at
a wavelength of 254 nm throughout the experiments.
Blood samples were centrifuged at 500 g for 20 min and
subsequently at 1000 g for 20 min. The resulting plasma
was mixed with 0.15 mL of acetonitrile containing 5 μg/
mL of the internal standard, mefenamic acid. Denatured
protein precipitates were separated using a solid-phase
extraction cartridge (Waters). The extract was evaporated
at 40 ℃ under N2 gas, and 100 μL of the supernatant
was redistilled into the mobile phase and injected into
the HPLC column.

Measurement of mucin content
Rats were anesthetised with diethyl ether, and the small
intestines were excised. The luminal contents were collected by flushing with 15 mL of ice-cold PBS (pH 7.4)
containing 0.02 mol/L sodium azide and the same volume of air. The contents were freeze-dried and stored for
luminal mucin analysis. Total freeze-dried samples were
suspended in a sodium chloride solution (0.15 mol/L)
containing 0.02 mol/L sodium azide at 4 ℃. The samples
were homogenised for 1 min and immediately centrifuged
at 10000 g for 30 min to obtain the supernatant. Mucin
was recovered as a 60% ethanol precipitate of the supernatant and was dissolved in 3.0 mL of distilled water for
analyses using a MUC2 enzyme-linked immunosorbent
assay kit (USCN life science, China). Absorption at 450
nm was measured using a plate reader (ARVOsx).

Statistical analysis
All data are presented as the mean ± SE. Statistical analyses were performed using one-way analysis of variance
(ANOVA) with Dunnett’s test or Student’s unpaired t
test. Significant differences were indicated by P values
less than 0.05.

Measurement of enterobacterial count in the intestinal
mucosa
After rinsing the ileal tissues with saline, the mucosa was
scraped, weighed and homogenised in 1 mL of sterile
PBS per 100 mg of wet tissue. Aliquots of the homogenate were placed on blood agar and Gifu anaerobic
medium (GAM) agar (Nissui, Osaka, Japan). Blood agar
plates were incubated at 37 ℃ for 24 h under aerobic
conditions, and GAM agar plates were incubated at
37 ℃ for 24 h under anaerobic conditions (BBL GasPack Pouch Anaerobic System, BectonDickinson, MD).
Both types of plates, containing between 10 and 200
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RESULTS
Effects of drugs on indomethacin-induced gastric
lesions
Administration of indomethacin at 25 mg/kg caused

2643

March 14, 2014|Volume 20|Issue 10|

Yamamoto A et al . Sodium alginate protects against enteritis

B

50
b

40

a

30

d

20

d

10
0
Cont

IND

250

500

AL-Na

100

MPO activity (mU/g tissue)

2

Gastric lesions (mm )

A

3
b
2

1
d

d

0
Cont

IND

Reb

250

500

AL-Na

C

D

E

F

100
Reb

G

Figure 1 Effects of drugs on indomethacin-induced gastric lesions. Animals were given indomethacin (25 mg/kg, po) and killed 6 h later. AL-Na (250 and 500
mg/kg) or Reb (100 mg/kg) was given orally at 30 min before administration of indomethacin. The lesion areas (A) and myeloperoxidase (MPO) activity were measured (B). C: Hematoxylin and eosin stained microscopic observations of the rat gastric mucosa of the control (Cont) group; D: Indomethacin (IND); E: AL-Na (250
mg/kg); F: AL-Na (500 mg/kg); G: Reb (100 mg/kg). Each column and vertical bar represents the mean ± SE (n = 8). Significantly different from the Cont group at bP <
0.01 (Student’s t-test). Significantly different from the IND group at aP < 0.05 and dP < 0.01, respectively (Dunnett’s test). AL-Na: Sodium alginate; Reb: Rebamipide.

severe hemorrhagic lesions covering the entire glandular
area of the stomach (Figure 1A). Oral treatment with
AL-Na at 250 and 500 mg/kg significantly reduced the
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areas of indomethacin-related ulcers relative to those
of indomethacin-treated control animals. Rebamipide at
100 mg/kg also reduced indomethacin-induced gastric
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Figure 2 Effects of drugs on indomethacin-induced small intestinal lesions. Animals were given indomethacin (10 mg/kg, po) and killed 24 h later. AL-Na (250
and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. (A) The lesion areas and (B) myeloperoxidase (MPO) activity were measured. C: Hematoxylin and eosin-stained microscopic observations of the rat small intestinal mucosa of the control (Cont) group; D:
Indomethacin (IND); E: AL-Na (250 mg/kg); F: AL-Na (500 mg/kg); G: Reb (100 mg/kg). Each column and vertical bar represents the mean ± SE (n = 8). Significantly
different from the cont group at bP < 0.01 (Student’s t-test). Significantly different from the IND group at aP < 0.05 and dP < 0.01, respectively (Dunnett’s test). AL-Na:
Sodium alginate; Reb: Rebamipide.

lesions. Figure 1B shows the effect of AL-Na on gastric
MPO induction by indomethacin. A single oral dose of
500 mg/kg AL-Na significantly inhibited indomethacin-
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mediated increases in MPO activity. Moreover, 100
mg/kg rebamipide also reduced indomethacin-induced
MPO activity. Histological comparisons of treated and
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Figure 3 Effects of drugs on indomethacin-induced anemia. Animals were given indomethacin (10 mg/kg, po), and blood samples were obtained 24 h later. ALNa (250 and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A: Erythrocyte; B: Haemoglobin; C:
Haematocrit. Each column and vertical bar represents the mean ± SE (n = 8). Significantly different from the control group at bP < 0.01 (Student’s t-test). Significantly
different from the indomethacin group at dP < 0.01 (Dunnett’s test). Cont: Control; IND: Indomethacin; AL-Na: Sodium alginate; Reb: Rebamipide.

untreated tissues indicated that indomethacin caused
exfoliation of gastric epithelial cells and disrupted the
mucosal layer of the stomach (Figure 1D), compared
with the controls (Figure 1C). Administration of AL-Na
alleviated the ulceration induced by indomethacin (Figure
1E and F). Rebamipide also ameliorated indomethacininduced gastric injury (Figure 1G).

Table 1 Effects of drugs on loss of body weight, food intake
and feces weight

Control
Indomethacin
AL-Na (250 mg/kg)
AL-Na (500 mg/kg)
Reb (100 mg/kg)

Effects of drugs on indomethacin-induced small
intestinal lesions
Administration of indomethacin at 10 mg/kg caused severe hemorrhagic lesions in the small intestine, primarily
the jejunum and ileum (Figure 2A). Oral treatment with
AL-Na at 500 mg/kg significantly reduced the areas of
indomethacin-related ulcers compared to those of the
indomethacin-treated control animals. Rebamipide at
100 mg/kg also reduced indomethacin-induced small
intestinal lesions. Figure 2B shows the effect of AL-Na
on intestinal MPO induction by indomethacin. A single
oral dose of 500 mg/kg AL-Na significantly inhibited
indomethacin-mediated increases in MPO activity. Moreover, 100 mg/kg rebamipide also reduced indomethacininduced MPO activity. Histological comparisons of
treated and untreated tissues indicated that indomethacin
caused an inflammatory reaction that was characterised
by epithelial losses; ulcers; inflammatory infiltration into
the lamina propria, submucosa, and serosa; and shortening of crypts (Figure 2D) compared with indomethacinuntreated groups (Figure 2C). The severity of these
inflammatory reactions was reduced in animals treated
with AL-Na (Figure 2E and F). Rebamipide also ameliorated indomethacin-induced small intestinal injury (Fig-
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Change body

Change food

Change feces

weight (g)

intake (g/rat)

weight (g/rat)

7.5 ± 2.2
-5.2 ± 5.8b
1.8 ± 7.6
7.5 ± 2.8d
-1.2 ± 4.9

19.7 ± 1.4
8.5 ± 2.6b
15.1 ± 4.2a
19.2 ± 2.3d
15 ± 3.1

6.3 ± 0.7
3.5 ± 0.6b
4.7 ± 1.2
5.8 ± 0.8d
5 ± 0.7

Differences of weigh change 24 h after indomethacin were measured. Data
are presented as the means ± SE (n = 8). Significantly different from the
control group at bP < 0.01 (Student’s t-test). Significantly different from
the indomethacin group at aP < 0.05 and dP < 0.01 (Dunnett’s test). AL-Na:
Sodium alginate; Reb: Rebamipid.

ure 2G).
Effects of drugs on body weight, food intake, and feces
weight
Indomethacin caused decreases in body weight, daily
food intake, and feces weight. These changes were almost completely ameliorated by treatment with AL-Na
(Table 1), with significant differences observed in the
decreases of body weight, food intake, and feces weight
between indomethacin-treated control and AL-Na-treated (500 mg/kg) animals. In contrast, rebamipide did not
prevent decreases in body weight, food intake, or feces
weight.
Effects of drugs on indomethacin-induced anemia
Figure 3 shows the effects of AL-Na on indomethacin-
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Figure 4 Effects of drugs on indomethacin-induced atrophy. Animals were given indomethacin (10 mg/kg, po) and killed 24 h later. AL-Na (250 and 500 mg/kg) or
Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A: The small intestinal length was measured; B: Microscopic observations with proliferating cell nuclear antigen (PCNA) positive cells of the rat ileal mucosa of the control (Cont) group; C: indomethacin (IND); D: AL-Na (250 mg/kg); E:
AL-Na (500 mg/kg); F: Reb (100 mg/kg). Each column and vertical bar represents the mean ± SE (n = 8). Significantly different from the Cont group at aP < 0.05 (Student’
s t-test); Significantly different from the IND group at cP < 0.05 (Dunnett’s test). AL-Na: Sodium alginate; Reb: Rebamipide. The allows show PCNA positive cells.

induced anemia. The administration of 10 mg/kg indomethacin lead to decreased blood cell numbers. The
number of erythrocytes, hemoglobin levels, and hematocrit were significantly reduced compared with those
in untreated rats (Figure 3A-C). Oral administration of
AL-Na at 250 or 500 mg/kg significantly preserved the
erythrocyte numbers, hemoglobin levels, and hematocrit.
In contrast, rebamipide at 100 mg/kg had no significant
effect on these parameters.

intestines compared with those of the untreated animals.
A dose of 500 mg/kg AL-Na significantly ameliorated
the losses in intestine length compared with those of
indomethacin-treated control rats. However, a dose of
100 mg/kg rebamipide showed no significant effect. To
confirm these data, we performed immunostaining for
PCNA. As shown in Figure 4B, only a few crypt cells
were positive for PCNA in the animals treated with
indomethacin alone, and disintegration of the crypt
structures was observed (Figure 4C). In contrast, strong
PCNA staining was detected in ileal crypts of animal
tissues treated with AL-Na (500 mg/kg) (Figure 4D).
However, rebamipide at 100 mg/kg had no effect on
PCNA staining in indomethacin-treated control animals
(Figure 4F).

Effects of AL-Na on indomethacin-induced atrophy of
the small intestine
Figure 4A shows the effects of AL-Na on indomethacin-induced atrophy of the small intestine. The administration of indomethacin reduced the length of the small
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Figure 5 Effects of drugs on indomethacin-induced vascular permeability and oxidative stress. Animals were given indomethacin (10 mg/kg, po) and killed 24
h later. AL-Na (250 and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A Vascular permeability; B:
Superdismdeoxidase content; C: Glutathione peroxidase activity; D: Catalase activity were measured. Each column and vertical bar represents the mean ± SE (n = 8).
Significantly different from the control group at aP < 0.05 and bP < 0.01 (Student’s t-test); Significantly different from the indomethacin group at cP < 0.05 and dP < 0.01,
respectively (Dunnett’s test). Cont: Control; IND: Indomethacin; AL-Na: Sodium alginate; Reb: Rebamipide.

Effects of drugs on vascular permeability and oxidative
stress in the small intestine
Figure 5 shows the effects of AL-Na on vascular permeability and oxidative stress induced by indomethacin. Indomethacin significantly increased ileal vascular permeability
(Figure 5A). Oral doses of 500 mg/kg AL-Na or 100
mg/kg rebamipide significantly inhibited indomethacininduced vascular permeability. At a dose of 10 mg/kg,
indomethacin significantly reduced the SOD, GPx, and
catalase activities in ileal tissues (Figure 5B-D). At 500
mg/kg, AL-Na significantly restored the GPx and catalase activities in indomethacin-treated control rats. At 100
mg/kg, rebamipide also inhibited indomethacin-mediated
decreases in the GPx and catalase activities.

Effects of drugs on indomethacin-induced mucin
depletion
Figure 6A shows the effects of AL-Na on indomethacininduced mucin depletion. Administration of 10-mg/kg indomethacin decreased the MUC2 protein levels. Oral doses
of 500 mg/kg AL-Na significantly inhibited this decrease
in MUC2 protein. Rebamipide at 100 mg/kg also reduced
the indomethacin-induced decreases in MUC2 protein levels. Hence, we examined goblet cells, which are the major
source of mucin, through the PAS staining of ileal tissues.
Indomethacin-treated control animals showed depleted goblet cell numbers (Figure 6C) compared to untreated animals
(Figure 6B). Treatment with AL-Na or rebamipide ameliorated this indomethacin-induced deficiency (Figure 6D-F).

Influence of drugs on absorption of indomethacin
Plasma indomethacin concentrations were measured using HPLC. In plasma from indomethacin-treated control
animals, indomethacin was detected at 30.7 ± 7.3 mg/mL.
In animals that were treated with AL-Na at 250 mg/kg
or 500 mg/kg, the indomethacin concentrations were
not different from those in indomethacin-treated control
animals, with 32.5 ± 7.0 mg/mL and 31.5 ± 5.8 mg/mL
detected, respectively. Rebamipide treatment also had no
effect, with 31.5 ± 5.7 mg/mL indomethacin detected in
the plasma of these animals.

Effects of AL-Na on changes in enterobacterial count in
small intestinal mucosa
Indomethacin caused a marked increase in the mucosal
invasion of enterobacteria (Table 2). Administration of
AL-Na (500 mg/kg) significantly decreased the number
of enterobacteria compared with the indomethacintreated control group.
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Effects of low molecular AL-Na on indomethacininduced small intestinal lesions
Oral administration of 5% low molecular weight (7.26

2648

March 14, 2014|Volume 20|Issue 10|

Yamamoto A et al . Sodium alginate protects against enteritis

MUC2 (ng/mL)

A

B

0.8
0.6

d
c

0.4
0.2

b

0
Cont

IND

250
AL-Na

500

100
Reb

C

D

E

F

Figure 6 Effects of drugs on indomethacin-induced mucin depletion in small intestine. Animals were given indomethacin (10 mg/kg, po) and killed 24 h later.
AL-Na (250 and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A: The mucin of the small intestine was measured; B: PAS-stained microscopic observations of the rat small intestinal mucosa of the control (Cont) group; C: Indomethacin (IND); D: AL-Na (250
mg/kg); E: AL-Na (500 mg/kg); F: Reb (100 mg/kg). Each column and vertical bar represents the mean ± SE (n = 8). Significantly different from the Cont group at bP <
0.01 (Student’s t-test). Significantly different from the IND group at dP < 0.01 and cP < 0.05 (Dunnett’s test). AL-Na: Sodium alginate; Reb: Rebamipide.

± 0.6 mPas) or original AL-Na solutions (360 ± 4.4
mPas) at a dose of 500 mg/kg significantly reduced
indomethacin-induced small intestinal lesions and vascular permeability compared with those of indomethacintreated control rats (Figure 7). However, treatments with
2.5% CMC-Na solutions, which show similar viscosity
to original AL-Na (CMC-Na, 376 ± 5.6 mPas), did not
affect indomethacin-induced small intestinal lesions or
vascular permeability.

show that AL-Na enhances the production of gastric
hexosamine in hydrochloric acid-induced gastric ulcers
in rats[30]. Presently, we confirmed the effects of AL-Na
on indomethacin-induced gastric ulcers, and additional
protection from indomethacin-induced small intestinal
injury, symptoms of anemia, reduction of intestinal
length, increases in inflammatory response, and oxidative stress in small intestine has been observed. has been
observed. Next, we tested the influence of AL-Na on
indomethacin plasma concentration, and results in ALNa had no influence. Therefore, the effect of AL-Na
on indomethacin-induced gastrointestinal injury is not
thought to be involved in the inhibition of indomethacin absorption. Several studies have reported intestinal
bleeding and chronic anemia associated with indomethacin[2,31]. Moreover, decreased haemoglobin levels have

DISCUSSION
Previous studies have demonstrated that AL-Na layers cover lesions, inhibit the lytic actions of pepsin and
hydrochloric acid, and protect the mucosal surface of
the upper gastrointestinal tract[17]. These studies also
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Figure 7 Effects of low molecular sodium alginate on indomethacin-induced small intestinal lesions. Animals were given indomethacin (10 mg/kg, po) and
killed 24 h later. Original AL-Na (500 mg/kg), low AL-Na (500 mg/kg) or CMC-Na (250 mg/kg) was given orally twice at 30 min before and 6 h after administration of
indomethacin. (A) The lesion areas were measured. (B) The vascular permeability was measured. Each column and vertical bar represents the mean ± SE (n = 8).
Significantly different from the control group at bP < 0.01 (Student’s t-test). Significantly different from the indomethacin group at aP < 0.05 and dP < 0.01 (Dunnett’s
test). Cont: Control; IND: Indomethacin; AL-Na: Sodium alginate; Low AL-Na: Low molecular sodium alginate; CMC-Na: Sodium carboxymethylcellulose.

by AL-Na is the main mechanism involved in the healing
of NSAIDs-induced enteritis. Mucin genes are broadly
classified as secretory or membrane-associated. MUC2,
MUC5AC, MUC5B, and MUC6 have been identified as
gel-forming secretory mucin proteins. MUC2 is the major mucin produced by the goblet cells of the intestinal
mucosa[38]. In stomach, AL-Na increased hexosamine
levels, which are glycoprotein constituting gastric mucus[30]. Next, we examined MUC2 production in rat small
intestines and showed that AL-Na inhibited indomethacin-induced MUC2 reduction in goblet cell.
Mucin plays an important role in intestinal barrier
function[36] and in protection from bacterial translocation[39]. Bacterial translocation is the one of main sources
of pathogenicity arising from NSAIDs-induced enteritis[7]. In these studies, the mucin inducer AL-Na affected
bacterial infiltration into the small intestine, and administration of AL-Na prevented an increase in the number
of enterobacteria in ileal tissue. These data suggest that
AL-Na-induced MUC2 production in intestinal goblet
cells defended against the infiltration of enterobacteria
from small intestinal injuries caused by NSAIDs, in addition to protective effect on stomach.
Satoh et al[40] reported that foods containing soluble,
but not insoluble, dietary fibers ameliorated the induction of intestinal lesions by indomethacin. Subsequently,
they reported a strong correlation between the viscosity
and the muco-protective actions of soluble dietary fibers. Hence, we also tested the effects of low molecular
AL-Na and CMC-Na, which have low viscosities, on
indomethacin-induced small intestinal injury. Low molecular AL-Na also prevented small intestinal injury, but
CMC-Na did not. Hence, we suggest that the protective
effects of AL-Na are independent of viscosity. Barcelo
et al[37] also reported that AL-Na increased the secretion
of mucin, but not cellulose, in control rat colons. They
reported that glucuronic acid and galacturonic acid also
increased mucin content[37] and indicated that uronic
acid, which is a major constituent of AL-Na, may play
an important role in mucus secretion.
In conclusion, AL-Na prevented indomethacin-induced
lesions in the stomach and small intestines of rats via

Table 2 Effects of sodium alginate on number of enterobacteria in ileal mucosa
n

Total number of enterobacteria
log CFU/g tissue

Control
Indomethacin
AL-Na (250 mg/kg)
AL-Na (500 mg/kg)

6
6
6
6

6.84 ± 0.44
7.82 ± 0.42b
7.26 ± 0.53
6.96 ± 0.83a

Number of enterobacteria 24 h after indomethacin administration was
counted. Data are presented as the means ± SE. Significantly different
from the control group at bP < 0.01 (Student’s t-test). Significantly different
from the indomethacin group at aP < 0.05 (Dunnett’s test). AL-Na: Sodium
alginate.

been reported as a consequence of indomethacin treatment in rodents[32]. In the present study, AL-Na also inhibited indomethacin-induced decreases in haemoglobin
levels, whereas rebamipide showed no significant effect.
Daigo et al[19] reported that AL-Na precipitated fibrinogen and increased fibrin polymerisation. They also demonstrated enhanced aggregation of platelets following
AL-Na treatment [20]. Hence, we suggest that AL-Na
elicits mucoprotective effects and a hemostatic effect in
the lower gastrointestinal tract in addition to protective
effect on stomach.
Subsequently, we focused on the effects of AL-Na in
small intestinal mucosa. The importance of mucus to the
physiological defence mechanisms of the gastrointestinal tract is well documented[33]. Mucin comprises highly
glycosylated large glycoproteins with protein backbone
structures that are rich in serine and threonine and are
linked to a wide variety of O-linked oligosaccharides[34].
It has been reported that indomethacin decreases the
mucus content of the small intestine in rats[12]. In addition, higher magnification of the surface mucus gel
layer of the small intestine has been reported during the
healing process of NSAIDs-induced enteritis in rats[35,36].
Therefore, it is clear that mucin plays an important role
in NSAID-induced gastrointestinal disease. Barcelo et
al[37] reported that AL-Na induced mucin secretion in rat
colon. Therefore, we hypothesised that mucin induction
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inhibiting bacterial translocation. In addition, the results
suggest that the therapeutic effects of AL-Na are independent of its viscosity. Therefore, AL-Na may be an
effective treatment for NSAID-induced gut and small
intestinal mucosal injury.
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COMMENTS
Background

8

Non-steroidal anti-inflammatory drugs (NSAIDs) damage the stomach. Small
bowel injuries from these drugs have also been reported. Patients who are on
long-term NSAIDs treatment develop mucosal injuries of the small intestine,
including bleeding, erosion, and ulcers. Therefore, the development of a better
therapeutic agent is needed. It was reported that rebamipide, one of mucosal
protective agent, suppressed NSAIDs-induced intestinal injury. But, the development of more therapeutic agent is demanded.

9

Research frontiers

Sodium alginate (AL-Na) elicits a muco-protective effect by covering the surface
of the gastrointestinal tract. Therefore, it may be useful for the treatment of gastric and esophageal ulcers and bleeding. In this study, the authors demonstrate
that the effect of AL-Na on NSAIDs-induced enteropathy in rats.

10

Innovations and breakthroughs

AL-Na is a useful in the treatment of upper gastrointestinal disease. Therefore,
AL-Na may be effective in both the upper and lower gastrointestinal tracts. ALNa is reportedly an effective treatment for experimental colitis and for radiationinduced colon damage. Therefore, the authors hypothesised that AL-Na may
ameliorate small intestinal damage and evaluated its effects on indomethacininduced small intestinal injuries in rats. This is the first study to report that the
effect of AL-Na on small intestinal injury.

11

Applications

The study results suggest that the AL-Na is a potentially therapeutic agenta
that could be used for preventing NSAIDs-induced small intestinal enteritis via
bacterial translocation.

12

AL-Na is a polysaccharide with homopolymeric blocks of (1-4)-linked β-Dmannuronate, and its C-5 epimer α-L-glucuronate residues are widely distributed in the cell walls of brown algae.
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Terminology

Peer review

This is a good descriptive study in which the authors analyzed the preventive
effect of AL-Na on enteropathy induced by NSAIDs in rats. The results are interesting and suggest that AL-Na is a potential therapeutic agent that could be
used for small intestinal injury induced by NSAIDs.
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wk of treatment. Histological assessments were performed in liver and adipose tissue. RNA expression levels of lipid metabolism related genes were evaluated in
liver, skeletal muscle, and adipose tissue.
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RESULTS: Exenatide attenuated weight gain [HFDEx(-) vs HFD-Ex(+)] and reduced energy intake, which
was accompanied by an increase in oxygen consumption and a decrease in the respiratory exchange ratio
[HFD-Ex(-) vs HFD-Ex(+)]. However, exenatide did
not affect glucose tolerance. Exenatide reduced lipid
content in the liver and adipose tissue. Exenatide did
not affect the expression of lipid metabolism-related
genes in the liver or skeletal muscle. In adipose tissue, exenatide significantly upregulated lipolytic genes,
including hormone-sensitive lipase, carnitine palmitoyltransferase-1, long-chain acyl-CoA dehydrogenase,
and acyl-CoA oxidase 1 [HFD-Ex(-) vs HFD-Ex(+)].
Exenatide also upregulated catalase and superoxide
dismutase 2 [HFD-Ex(-) vs HFD-Ex(+)].
CONCLUSION: In addition to reducing appetite, enhanced lipid use by exenatide in adipose tissue may
reduce hepatic lipid content in NAFLD, most likely by
decreasing lipid influx into the liver.

Abstract
AIM: To investigate the metabolic changes in skeletal
muscle and/or adipose tissue in glucagon-like peptide1-induced improvement of nonalcoholic fatty liver disease (NAFLD).

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

Key words: Adipose tissue; Energy expenditure; Exenatide; Glucagon-like peptide-1; Hepatic steatosis;
Lipolysis; Nonalcoholic fatty liver disease

METHODS: Male Wistar rats were fed either a control
diet (control group) or a high-fat diet (HFD). After 4
wk, the HFD-fed rats were subdivided into two groups;
one group was injected with exenatide [HFD-Ex(+)
group] and the other with saline [HFD-Ex(-) group]
every day for 12 wk. The control group received saline
and were fed a control diet. Changes in weight gain,
energy intake, and oxygen consumption were analyzed. Glucose tolerance tests were performed after 8
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Core tip: Glucagon-like peptide-1 (GLP-1) is reported
to improve nonalcoholic fatty liver disease (NAFLD),
mainly via direct action on the liver. However, organs
other than the liver may also be involved in regulation of hepatic lipid contents. In this study, we found
significant upregulation of lipolytic genes in adipose
tissue in exenatide-treated NAFLD rats. Up-regulation
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acid oxidation in skeletal muscle, as well as triglyceride
storage and hydrolysis in adipose tissue. Therefore,
changes in lipid metabolic activities in these tissues
should reduce hepatic lipid content.
We hypothesized that GLP-1 would affect lipid metabolism in skeletal muscle and/or adipose tissue, leading
to the reduction of lipid influx into the liver, resulting
in the suppression of hepatic lipid accumulation. In the
present study, we show that exenatide enhanced triglyceride hydrolysis and fatty acid oxidation in adipose tissue
during the improvement of hepatic steatosis in a high-fat
diet (HFD)-induced rat model of NAFLD. Additionally,
upregulation of mitochondrial morphologic regulators
was observed in adipose tissue. Exenatide increased the
systemic energy expenditure and decreased the respiratory exchange ratio (RER). Collectively, the enhancing
effects of exenatide (and hence GLP-1) on lipid use in
adipose tissue may play a role in the improvement of hepatic steatosis in NAFLD.

of catalase, superoxide dismutase and mitochondrial
morphological regulators was observed in adipose tissue. These metabolic changes were accompanied by
increased oxygen consumption and decreased respiratory exchange ratio. Taken together, enhanced lipid
use by GLP-1 in adipose tissue may play an important
role in the improvement of NAFLD.
Tanaka K, Masaki Y, Tanaka M, Miyazaki M, Enjoji M, Nakamuta
M, Kato M, Nomura M, Inoguchi T, Kotoh K, Takayanagi R.
Exenatide improves hepatic steatosis by enhancing lipid use in
adipose tissue in nondiabetic rats. World J Gastroenterol 2014;
20(10): 2653-2663 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i10/2653.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i10.2653

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is considered
a hepatic manifestation of metabolic syndrome. The
significant increase in the prevalence of NAFLD in the
general population indicates that NAFLD is a burgeoning problem[1]. NAFLD is a chronic liver disease that is
characterized by steatosis that is histologically similar to
that in alcoholic liver injury, without excessive alcoholic
intake or hepatitis viral infection[2,3]. Nonalcoholic steatohepatitis, a severe stage of NAFLD, frequently progresses into liver cirrhosis and hepatocellular carcinoma[4-6].
Body weight reduction and control of complicated
diabetes are essential to improve NAFLD[7,8]. However,
the attempts to restrict food intake and increase physical
exercise are often insufficient to treat NAFLD[9].
Glucagon-like peptide-1 (GLP-1), an incretin hormone
produced by intestinal L cells, is an effective therapeutic
agent for type 2 diabetes mellitus[10,11]. GLP-1 regulates
plasma glucose levels by promoting insulin secretion and
inhibiting glucagon secretion in a glucose-dependent
manner [12,13]. Exenatide is a GLP-1 receptor agonist,
sharing 53% sequence homology with GLP-1[14,15]. Exenatide has a longer half-life and enhanced potency
compared with GLP-1 because it is less susceptible to
degradation by dipeptidyl pepdidase-4[16].
GLP-1 may also be able to treat obesity by controlling
gastrointestinal motility, which may suppress appetite
and promote satiety[17,18]. GLP-1 was also reported to reduce hepatic steatosis in animal models of NAFLD[19-22].
Although the mechanism underlying this effect of
GLP-1 is not completely understood, earlier studies
suggested that GLP-1 had direct effects on the liver by
improving hepatic insulin sensitivity[19,20] and enhancing
lipid hydrolysis and oxidation[21-23]. Because the GLP-1
receptor is expressed in many organs, including the
brain, heart, kidney, stomach, liver, muscle, and adipose
tissue[12,24], GLP-1 may reduce hepatic lipid accumulation
via extrahepatic pathways. In particular, skeletal muscle
and adipose tissue are potential targets for GLP-1. Fatty
acid influx into the liver is affected by the extent of fatty
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MATERIALS AND METHODS
Animals
Four-week-old male Wistar rats weighing 80 g were purchased from Japan SLC (Hamamatsu, Japan). Rats were
maintained under standard conditions with a 12-h light/
dark cycle. All studies were performed in accordance
with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health) and were approved
by the Animal Care Committee of Kyushu University.
The rats were divided into two groups and fed a control
diet (n = 8; control group) or an HFD diet (n = 16). The
control diet (3.73 kcal/g) comprised 20.8% protein, 4.8%
fat, and 58.2% carbohydrate. The HFD (5.06 kcal/g)
comprised 18.2% protein, 62.2% fat, and 19.6% carbohydrate. Following 4 wk of feeding, HFD-fed rats were
subdivided into two groups (n = 8 per group) and intraperitoneally injected with either 10 μg/kg body weight
exenatide [Eli Lilly, Indianapolis, IN, United States;
HFD-Ex(+) group] or saline [HFD-Ex(-) group] every
day for 12 wk. Rats in the control group were injected
with saline and fed a control diet. Body weight was measured every 4 wk. Starting from week 6 of feeding (week
2 of exenatide/saline injection), daily food consumption
in each cage (2 rats) was measured every 2 wk for 6 wk
and averaged levels of energy intakes were calculated.
At week 16 of feeding (week 12 of injections), rats were
sacrificed after an overnight fast, and the liver, gastrocnemius muscle, and epididymal white adipose tissues
were removed.
Indirect calorimetry
At week 12 of feeding (week 8 of injections), oxygen
consumption (VO2, mL/kg/h) and RER were determined in the HFD-Ex(-) group and HFD-Ex(+) group
(n = 4 per group) using an Oxymax indirect calorimeter
(Columbus Instrument, Columbus, OH, United States).
After 3 d of acclimation, VO2 and RER were measured
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Table 1 Primer sequences
Gene
SREBP1c
FAS
ACC1
LPL
HSL
ApoB
CPT-1
LCAD
ACOX1
Catalase
SOD2
TNF
MCP1
Mfn1
Mfn2
Opa1
Dnm1
GAPDH

Forward

Reverse

GGAGCCATGGATTGCACATT
CTAGGTGGCTTTGGCCTGGA
GTTCTGTTGGACAACGCCTTCA
GTGACCAGGGACATGTGACTTTG
TTGCCTACTGCTGGGCTGTC
TAGCATGCTTGCTGACATAAATGGA
CTGCCAGTTCCATTAAGCCACA
AAGGCCTGCTTGGCATCAAC
GGCCGCTATGATGGAAATGTG
GAACATTGCCAACCACCTGAAAG
GACTAGGCCACAGGGCATTCA
TGGCCCAGACCCTCACACTC
TCACCAGCAGCAGGTGTCCCAAAGA
CCTTGTACATCGATTCCTGGGTTC
TCAGCCCGAGTACACCTACAGAGA
ATGCTCGCTATCACTGCCAAC
ATGCCTGTGGGCTAATGAACAA
GGCACAGTCAAGGCTGAGAATG

AGGAAGGCTTCCAGAGAGGA
CGAACGTGCTTGGCTTGGTA
GTCGCAGAAGCAGCCCATTAC
CTTGTACTTCGTTGTGGTGGGACTA
GACACGGTGATGCAGAGGTTC
ATGGAGCTGCCGGAGGTAATC
CAGCTATGCAGCCTTTGACTACCA
CAGGGCCTGTGCAATTTGAGTA
GGGCTTCAAGTGCTTGTGGTAA
GTAGTCAGGGTGGACGTCAGTGAA
ACTCAGAAACCCGTTTGCCTCTAC
CTCCTGGTATGAAGTGGCAAATC
ACAGAAGTGCTTGAGGTGGTTGTGG
CCTGGGCTGCATTATCTGGTG
TGAGGGCCAAATGCAAGACA
CGTTTGCCAGTAAGCAATTTAACC
GTCTCGCGATACAGCGGAAG
ATGGTGGTGAAGACGCCAGTA

SREBP1c: Sterol regulatory element-binding protein-1; FAS: Fatty acid synthase; ACC1: Acetyl-CoA carboxylase 1; LPL: Lipoprotein lipase; HSL: Hormonesensitive lipase; ApoB: Apolipoprotein B; CPT1: Carnitine palmitoyltransferase-1; LCAD: Long-chain acyl-CoA dehydrogenase; ACOX1: Acyl-CoA oxidase-1; SOD2: Superoxide dismutase 2; TNF: Tumor necrosis factor; MCP1: Monocyte chemotactic protein-1; Mfn1: Mitofusin 1; Mfn2: Mitofusin 2; Opa1:
Optic atrophy-1; Dnm1: Dynamin-1; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

Glucose tolerance test
At week 12 of feeding (week 8 of injections), intraperitoneal glucose tolerance tests (IPGTTs) were performed
in the HFD-Ex(-) group and HFD-Ex(+) group. After
a 14-h fast, the rats were injected with glucose solution
(2 g/kg body weight) and serum glucose levels were
measured before (0 min) and at 15, 30, 60, 90, and 120
min after glucose injection using a portable glucometer
(Lifescan, Bucks, United Kingdom).

every 4 min for 24 h. The rats were kept in a stable environment with a temperature of 25 ℃, 12-h light/dark
cycle, and airflow of 2 L/min. RER was calculated as the
ratio of the volume of CO2 produced to O2 consumed.
Histological analysis
The liver and epididymal adipose tissue samples were
fixed in 10% formalin and embedded in paraffin. Serial sections (5 μ m thick) were cut from each block.
Histological features were evaluated after staining sections with hematoxylin and eosin. The numbers of lipid
droplets in liver tissue sections and the diameters of
adipocytes in adipose tissue sections were determined
using BIOREVO BZ9000 and BZ Ⅱ (Keyence, Osaka,
Japan). The numbers of hepatic lipid droplets per unit
area (/mm2) and the diameters in 100 adipocytes were
evaluated in five animals from each group.

Immunoblotting
Adipose tissue samples (250 mg) were homogenized
in 1 mL of lysis buffer (25 mmol/L Tris-HCl pH 7.6,
150 mmol/L NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% sodium dodecyl sulfate). The lysates were
centrifuged at 8050 g for 20 min. The upper lipid phase
was discarded and the lower aqueous phase was recentrifuged under the same conditions. The supernatant
was collected and loaded onto Mini-Protean TGX gels
(Bio-Rad, Hercules, CA, United States) and transferred
onto polyvinylidene difluoride membranes. After blocking the membranes with 5% albumin, immunoblotting
analyses were performed using antibodies raised against
AMP-activated protein kinase (AMPK), phosphorylated
AMPK (P-AMPK; Cell Signaling Technology, Beverly,
MA, United States), and β-actin (Santa Cruz Biotechnology, Dallas, TX, United States).

Reverse transcription-polymerase chain reaction
Total RNA was prepared from all tissues using TRIzol
reagent (Invitrogen, Carlsbad, CA, United States) and
cDNA was synthesized from 1.0 μg of RNA by GeneAmp RNA polymerase chain reaction (PCR) (Applied
Biosystems, Hammonton, NJ, United States) with random hexamers. Real-time PCR was performed using
LightCycler FastStart DNA Master SYBR Green Ⅰ
(Roche, Basel, Switzerland). The reaction mixture (20 μL)
contained Master SYBR Green Ⅰ, 4 mmol/L MgCl2, 0.5
μmol/L of the upstream and downstream PCR primers,
and 2 μL of first-strand cDNA as a template. To control
for variations in reactions, all PCR data were normalized against glyceraldehyde 3-phosphate dehydrogenase
expression. The primer sequences used in this study are
listed in Table 1.

WJG|www.wjgnet.com

Statistical analysis
All results are expressed as the means ± SD. Statistical
analyses were performed using JMP v. 8.01 (SAS Institute, Cary, NC, United States). The differences of means
were tested by Tukey-Kramer test (among 3 groups) or
Kruskal-Wallis test (between 2 groups) to identify signifi-
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Figure 1 Changes in body weight and energy intake. A: Time-course of body weight. Four-week-old rats were fed a control diet (control group; n = 8) or a highfat diet (HFD) (n = 16). After 4 wk of feeding, HFD-fed rats were subdivided into two groups (n = 8 per group) and intraperitoneally injected with either 10 μg/kg body
weight exenatide [HFD-Ex(+) group] or saline [HFD-Ex(-) group] every day for 12 wk. Rats in the control group were injected with saline. At week 16 of feeding, the
body weight was significantly lower in the HFD-Ex(+) group than in the control and HFD-Ex(-) groups. n = 8. aP < 0.05 vs other groups; B: Daily energy intake during
the treatment period. Energy intake was lower in the HFD-Ex(+) group than in the control or HFD-Ex(-) group.

cance. Values of P < 0.05 were considered statistically
significant.

decreased in the HFD-Ex(+) group compared with the
HFD-Ex(-) group (Figure 3A, C). In adipose tissue, the
adipocytes were frequently enlarged in the HFD-Ex(-)
group, reflecting lipid accumulation. However, enlarged
adipocytes were not observed in the HFD-Ex(+) or control groups (Figure 3B). Furthermore, the mean diameter
of adipocytes in the HFD-Ex(+) group was similar to
that in the control group and was significantly smaller in
both groups than in the HFD-Ex(-) group (Figure 3D).

RESULTS
Exenatide attenuated weight gain and increased oxygen
consumption
No apparent differences in weight gain were observed
among the three groups after 4 wk of feeding the experimental diets. After this time, body weight gain was generally suppressed in rats treated with exenatide, whereas
the body weight of rats in the control and HFD-Ex(-)
groups continued to increase. At 16 wk, the body weight
of rats in the HFD-Ex(+) group was significantly lower
than that of the control and HFD-Ex(-) group (376 ±
36 g vs 587 ± 27 g and 376 ± 36 g vs 655 ± 81 g, respectively, P < 0.05) (Figure 1A). To assess the effects of exenatide on food intake, we measured energy intake (kcal/
day per body) between weeks 6 and 12 of the feeding
protocol. Energy intake was lower in the HFD-Ex(+)
group than in the other groups throughout this time
(Figure 1B). Using indirect calorimetry, we determined
systemic energy consumption and RER in the HFDEx(-) and HFD-Ex(+) groups at week 12 of feeding. Indirect calorimetry revealed that oxygen consumption was
significantly greater in the HFD-Ex(+) group than in the
HFD-Ex(-) group (1269 ± 67 mL/kg/h vs 1114 ± 97
mL/kg/h, P < 0.05), and this increase was predominant
during the dark cycle (Figure 2A). RER was significantly
lower in the HFD-Ex(+) group than in the HFD-Ex(-)
group (0.748 ± 0.02 vs 0.791 ± 0.01, P < 0.05) (Figure
2B). These findings indicate that exenatide enhanced systemic energy consumption by increasing lipid oxidation.

Effects of exenatide on the expressions of genes
involved in lipid metabolism in the liver and skeletal
muscle
Because exenatide increased oxygen consumption, decreased RER, and decreased lipid accumulation in the
liver and adipose tissue, we hypothesized that exenatide
altered lipid metabolic activities, including triglyceride
hydrolysis and lipid oxidation. To confirm this hypothesis, we determined the expression of lipid metabolismassociated genes in the liver, skeletal muscle, and adipose
tissue. In liver, we found that the expression levels of
sterol regulatory element-binding protein-1c (SREBP1c),
fatty acid synthase (FAS), acetyl-CoA carboxylase-1
(ACC1), hormone-sensitive lipase (HSL), and apolipoprotein B (ApoB) were not significantly different among
the three groups [HFD-Ex(-) vs HFD-Ex(+); 2.20 ± 1.29
vs 0.91 ± 0.57, 1.37 ± 0.51 vs 1.15 ± 0.68, 1.03 ± 0.29 vs
1.03 ± 0.29, 1.61 ± 0.69 vs 1.27 ± 0.21, and 0.99 ± 0.29
vs 0.89 ± 0.15, respectively, P > 0.05] (Figure 4A). Additionally, exenatide did not affect the expression of carnitine palmitoyltransferase-1 (CPT1), long-chain acyl-CoA
dehydrogenase (LCAD), or acyl-CoA oxidase 1 (ACOX1)
[HFD-Ex(-) vs HFD-Ex(+); 1.06 ± 0.50 vs 0.95 ± 0.39,
1.11 ± 0.41 vs 0.83 ± 0.21, and 0.85 ± 0.14 vs 0.74 ± 0.25,
respectively, P > 0.05]. In skeletal muscle, the expression
of lipoprotein lipase (LPL) was significantly increased
in the HFD-Ex(+) group compared with the control
group [control vs HFD-Ex(+); 1 ± 0.60 vs 5.48 ± 4.47,
P < 0.05] but not compared with the HFD-Ex(-) group
[HFD-Ex(-) vs HFD-Ex(+); 3.24 ± 2.19 vs 5.48 ± 4.47,
P > 0.05]. As in the liver, exenatide did not affect the

Exenatide reduced lipid accumulation in the liver and
adipose tissue
Lipid accumulation in the liver and epididymal white
adipose tissue was histologically analyzed at week 16 of
feeding. Although marked accumulation of lipid droplets was observed in the livers of the HFD-Ex(-) group,
the number of hepatic lipid droplets was significantly
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Figure 2 Oxygen consumption and respiratory exchange ratio evaluated by indirect calorimetry in the high-fat diet-Ex(+) and high-fat diet-Ex(-) groups at
week 12 of feeding. A: Oxygen consumption was significantly greater in the high-fat diet (HFD)-Ex(+) group than in the HFD-Ex(-) group, particularly during the dark
cycle; B: Respiratory exchange ratio (RER) was significantly lower in the HFD-Ex(+) group than in the HFD-Ex(-) group. n = 4. aP < 0.05 between groups.

by-product[25-27]. Therefore, we determined the adipose
tissue expression levels of catalase and superoxide dismutase (SOD)2 and found that they were significantly
greater in the HFD-Ex(+) group than in the control and
HFD-Ex(-) groups [HFD-Ex(-) vs HFD-Ex(+); 1.12 ±
0.29 vs 2.37 ± 0.66 and 0.99 ± 0.21 vs 1.49 ± 0.23, respectively, P < 0.05] (Figure 5B).
Because macrophage infiltration into adipose tissue
plays an important role in the development of insulin
resistance[28-30], we determined the expression levels of
tumor necrosis factor and monocyte chemotactic protein 1. However, the expression levels of these genes
were not significantly different among the three groups
[HFD-Ex(-) vs HFD-Ex(+); 1.01 ± 0.40 vs 1.27 ± 0.30
and 0.90 ± 0.41 vs 0.76 ± 0.49, respectively, P > 0.05],
which suggests that the metabolic changes in adipose
tissues induced by exenatide did not involve macrophage
activation (Figure 5B).

expression of HSL, CPT1, LCAD, or ACOX1 in skeletal
muscle [HFD-Ex(-) vs HFD-Ex(+); 1.44 ± 0.65 vs 1.87
± 0.88, 1.26 ± 0.51 vs 1.53 ± 0.63, 2.15 ± 0.78 vs 1.88 ±
0.77, and 1.40 ± 0.33 vs 1.32 ± 0.61, respectively, P > 0.05]
(Figure 4B). These results imply that exenatide improves
hepatic steatosis without affecting lipid metabolism in
the liver or skeletal muscle, except for a potential increase in triglyceride hydrolysis in skeletal muscle.
Exenatide upregulated genes involved in triglyceride
hydrolysis and fatty acid oxidation in adipose tissue
In adipose tissue, exenatide significantly increased the
expression of HSL in the HFD-Ex(+) group compared
with the control and HFD-Ex(-) groups [HFD-Ex(-)
vs HFD-Ex(+); 0.98 ± 0.37 vs 1.61 ± 0.42, P < 0.05]
(Figure 5A). The expression of LPL was also increased
in the HFD-Ex(+) group, albeit not significantly. In
terms of genes involved in mitochondrial β oxidation
of fatty acids, the expression levels of CPT1, LCAD,
and ACOX1 were significantly increased in the HFDEx(+) group compared with the control and HFD-Ex(-)
groups [HFD-Ex(-) vs HFD-Ex(+); 1.04 ± 0.27 vs 1.88
± 0.97, 1.26 ± 0.23 vs 2.52 ± 1.00, and 1.58 ± 0.45 vs 2.41
± 0.85, respectively, P < 0.05], suggesting that exenatide
enhanced lipid oxidation in adipose tissue.
Enhanced lipid oxidation results in the accumulation
of intracellular reactive oxygen species (ROS), which
induces the cellular response to eliminate this harmful

WJG|www.wjgnet.com

Effects of exenatide on mitochondrial morphologic
regulators in adipose tissue
In response to changes in the nutritional environment,
mitochondria can change their morphology through
two coordinated processes, fusion and fission, which are
transcriptionally regulated by a group of genes[31,32]. In
this group, mitofusin-1 (Mfn1) and mitofusin-2 (Mfn2)
regulate mitochondrial fusion of the outer membrane
and are believed to play a role in intracellular lipid con-
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Figure 3 Histological evaluation of lipid accumulation in the liver and adipose tissue. A: Numerous hepatocytes containing lipid droplets were observed in the
high-fat diet (HFD)-Ex(-) group, whereas scant lipid-containing hepatocytes were found in the HFD-Ex(+) group; B: In epididymal white adipose tissue, there were
abundant enlarged adipocytes in the HFD-Ex(-) group but not in the HFD-Ex(+) group; C: The number of hepatic lipid droplets was significantly decreased in the HFDEx(+) group compared with the HFD-Ex(-) group; D: The mean diameter of adipocytes in the HFD-Ex(+) group was significantly smaller than that in the HFD-Ex(-)
group and was similar to that in the control group. The fold changes were calculated as the ratio of the average size of adipocytes in the HFD-Ex(+) or HFD-Ex(-)
group to that in the control group. n = 5, aP < 0.05 between groups. Scale bar = 100 μm. ND: Not detected.

sumption[33]. In addition, optic atrophy-1 (Opa1) regulates the fusion of the inner membrane while dynamin-1
(Dnm1) regulates mitochondrial fission and is involved
in intracellular lipid accumulation[33]. Therefore, to determine whether the induction of lipid oxidation in adipose
tissue is accompanied by changes in mitochondrial morphologic regulation, we determined the expression levels
of these regulators. Notably, the expression levels of
Mfn1, Mfn2, and Opa1 were significantly greater in the
HFD-Ex(+) group than in the control and HFD-Ex(-)
group [HFD-Ex(-) vs HFD-Ex(+); 1.13 ± 0.17 vs 2.08 ±
0.40, 0.99 ± 0.28 vs 1.76 ± 0.50, and 1.08 ± 0.19 vs 1.76
± 0.30, respectively, P < 0.05] (Figure 6). Additionally,
the expression of Dnm1 was significantly greater in the

WJG|www.wjgnet.com

HFD-Ex(+) group than in the control group [control
vs HFD-Ex(+); 1 ± 0.50 vs 1.58 ± 0.27, P < 0.05], but
was not significantly greater than that in the HFD-Ex(-)
group [HFD-Ex(-) vs HFD-Ex(+); 1.28 ± 0.23 vs 1.58
± 0.27, P > 0.05]. These findings indicate that exenatide
not only induces lipid consumption or accumulation, but
also that it might regulate mitochondrial reorganization
of adipose tissue, most likely reflecting increased use of
intracellular lipid.
Exenatide had limited effects on glucose tolerance
This NAFLD model was based on nondiabetic, wildtype rats to minimize the effects of exenatide on diabetes control. However, improvement in hepatic lipid accu-
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mulation might be due to an improvement in glucose intolerance, which occasionally develops in obese animals.
Thus, we performed IPGTTs in rats in the HFD-Ex(-)
and HFD-Ex(+) groups. Interestingly, fasting plasma
glucose levels were slightly higher in the HFD-Ex(-)
group than in the HFD-Ex(+) group, but no significant
differences were observed at 15, 30, 60, 90, or 120 min
after glucose injection (Figure 7). The nondiabetic profiles and the similar responses in both groups suggest
that the effects of exenatide on lipid metabolism are unlikely to be due to improvements in glucose intolerance.

DISCUSSION
The mechanism by which GLP-1 and its analogs improve hepatic steatosis is still not fully understood, although changes in hepatic lipid metabolism are thought
to be involved in these effects[20-23]. Because hepatic lipid
content is determined by intrahepatic lipogenesis and
lipolysis, as well as the extent of fatty acid influx into the
liver, changes in lipid use in skeletal muscle and adipose
tissue may contribute to hepatic lipid metabolism. Thus,
we investigated the effects of exenatide, a GLP-1 receptor agonist, on lipid metabolism in the liver, skeletal
muscle, and adipose tissue. To minimize the effects of
exenatide on glycemic control in the diabetic state, we
used a nondiabetic, HFD-induced rat NAFLD model.
Exenatide reduced lipid accumulation in the liver and in
adipose tissue and decreased the size of adipocytes. The
reduction of body weight gain by exenatide was accompanied by a significant reduction in food intake. Using
indirect calorimetry, we showed that exenatide increased
oxygen consumption and reduced the RER. These findings suggest that reduced food intake and increased

Adipose tissue AMPK is not activated by exenatide
Following an increase in intracellular AMP, AMPK plays
an essential role in the consumption of intracellular
lipid by suppressing fatty acid synthesis and stimulating
fatty acid oxidation[34]. To determine whether AMPK
activation was involved in the effects of exenatide, we
determined the protein expression of total AMPK and
P-AMPK in adipose tissue. As shown in Figure 8, there
were no obvious differences in AMPK or P-AMPK levels among the three groups.
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energy consumption, most likely through increased lipid
use, contribute to the exenatide-induced reduction in
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FAS, and ACC1) and lipolytic genes (HSL, CPT1,
LCAD, and ACOX1) were unaffected by exenatide. The
expression of ApoB was also unaffected. These results
are inconsistent with those of previous reports, which
revealed that GLP-1 and its analogs directly modulate
hepatic lipid metabolism[20,23,35,36]. Because these findings
were mainly observed in diabetic animals or in cultured
hepatocytes, we speculated that organs other than the
liver might be more sensitive to GLP-1 or its analogs
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hepatic response. In skeletal muscle, exenatide did not
affect the expression levels of HSL, CPT1, LCAD, or
ACOX1, but LPL expression was significantly higher in
the HFD-Ex(+) group compared with the control, but
not compared with the HFD-Ex(-) group, which suggests that lipid consumption is not increased in skeletal
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muscle. However, lipolytic genes were upregulated by exenatide in adipose tissue. Notably, the expression levels
of HSL, CPT1, LCAD, and ACOX1 were significantly
greater in the HFD-Ex(+) group than in the control and
HFD-Ex(-) groups. To evaluate whether these changes
were associated with changes in nutrient oxidation, we
analyzed the expression levels of catalase and SOD2,
which are responsible for eliminating ROS produced
during oxidative phosphorylation[37,38]. We showed that
exenatide significantly upregulated the expression of
both enzymes. Therefore, exenatide seemed to promote
nutrient oxidation, especially of lipid, in adipose tissue. To analyze the effects of exenatide on lipid use, we
determined the expression levels of genes regulating
mitochondrial morphology, which responds to changes
in the nutritional environment[33,39,40]. In particular, intracellular lipid content is greatly affected by the correlation
between mitochondrial fusion and fission[31,32]. In this
study, we showed that exenatide significantly upregulated
the expression levels of Mfn1, Mfn2, and Opa1, which
regulate mitochondrial fusion and promote the consumption of intracellular lipid[31,32]. Taken together, our
observations suggest that exenatide enhanced lipid use
in adipose tissue, which contributed to the improvement
in hepatic steatosis, most likely by reducing lipid influx
into the liver.
The mechanisms by which GLP-1 modulates lipid
use in adipose tissue are largely unknown. The GLP-1
receptor has been detected in 3T3-L1 adipocytes and in
human adipose tissue[24,41,42], and GLP-1 was reported to
stimulate lipolysis in a receptor-dependent manner[42].
These findings suggest that exenatide enhances lipid
use by signaling via the GLP-1 receptor in adipocytes.
Another mechanism may involve activation of the sympathetic nervous system. It was reported that treatment
with a dipeptidyl peptidase 4 inhibitor increased lipolysis
in adipose tissues, and this was associated with elevated
plasma norepinephrine levels[43]. Furthermore, intracerebroventricular infusion of GLP-1 decreased lipid storage
in white adipose tissue in a manner that was partially
mediated via sympathetic nerve activation[44]. These findings are consistent with our observation that exenatide
enhanced adipose tissue expression of HSL, which is
activated by the sympathetic nervous system via the
cAMP-dependent pathway[45,46]. Not only white adipose
tissue, but also brown adipose tissue might be involved
in the actions of GLP-1 observed in this study. Recently,
Lockie et al[47] reported that intracerebroventricular injection of GLP-1 induced thermogenesis in brown adipose
tissue, accompanied with increased activity of innervated
sympathetic fibers. Taken together, we hypothesize that
GLP-1 enhances lipid utility in both the adipose tissues, lipolysis in white adipose tissue and thermogenesis
in brown adipose tissue, leading to increased energy
consumption, resulting in the improvement of hepatic
steatosis. However, the precise roles of these adipose tissues need further investigation.
In conclusion, this study showed that reduced food
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intake and enhanced lipid use by exenatide in adipose
tissue contributed to an improvement in hepatic steatosis in a rat model of HFD-induced NAFLD. The
mechanism by which exenatide (and therefore GLP-1)
modulates lipid metabolism in adipose tissue should be
investigated further.

COMMENTS
COMMENTS
Background

Nonalcoholic fatty liver disease (NAFLD) is considered a hepatic manifestation
of metabolic syndrome. Recently, with the prevalence of metabolic syndrome,
NAFLD-patients are increasing. If untreated, NAFLD or nonalcoholic steatohepatitis (NASH), a severe stage of NAFLD, frequently progresses into liver
cirrhosis and hepatocellular carcinoma. Body weight reduction and control of
complicated diabetes are essential to improve NAFLD. However, attempts to
restrict food intake and increase physical exercise are often insufficient to treat
NAFLD.

Research frontiers

Glucagon-like peptide-1 (GLP-1) was reported to reduce hepatic steatosis in
animal models of NAFLD. In addition to suppressing appetite, direct action of
GLP-1 on the liver is reported to enhance hepatic lipolysis to prevent lipid accumulation. Because GLP-1 receptor distributes widely in various tissues, authors
supposed that organs other than the liver might also be involved in the regulation of hepatic lipid contents. In this study using a rat model of NAFLD, authors
evaluated the changes in lipid metabolism induced by GLP-1 treatment in liver,
skeletal muscle, and adipose tissue.

Innovations and breakthrough

In the high-fat diet (HFD)-induced NAFLD model, GLP-1 treatment reduced lipid
accumulations in liver and adipose tissues. Authors found that increased expressions of genes were involved in lipolysis and lipid oxidation in adipose tissue, but not in the liver or skeletal muscle. In adipose tissue, GLP-1 significantly
upregulated catalase, superoxide dismutase 2, and mitochondrial morphological regulators. Because the improvement of hepatic steatosis by GLP-1 was
accompanied with increased energy expenditure and decreased respiratory
exchange ratio, enhanced lipid utility by GLP-1 in adipose tissue may reduce
lipid influx into the liver, resulting in the reduction of hepatic lipid accumulation.

Application

In this study, authors show that GLP-1 improves hepatic steatosis in the HFDinduced nondiabetic NAFLD model, which seems to be mediated by enhanced
lipolysis with increased systemic energy expenditure. These actions of GLP-1
would be ideal for the treatment of human disease of NAFLD, with or without
diabetes.

Terminology

NAFLD is a chronic liver disease that is characterized by steatosis that is
histologically similar to that in alcoholic liver injury, without excessive alcoholic
intake or hepatitis viral infection. NASH, a severe stage of NAFLD, frequently
progresses into liver cirrhosis and hepatocellular carcinoma. GLP-1, an incretin
hormone produced by intestinal L cells, is an effective therapeutic agent for
type 2 diabetes mellitus but is immediately degraded by dipeptidyl peptidase-4
(DPP4). Exenatide, a GLP-1 receptor agonist, has a longer half-life and enhanced potency compared with GLP-1 because it is less susceptible to degradation by DPP4.

Peer review

The authors focused on a different point, i.e., adipose tissue to elucidate the
mechanism of improving NAFLD by GLP-1. This unique study related the
enhanced lipid metabolism of adipose tissue by GLP-1 with improvement of
NAFLD.
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ATG16L1 and NOD2 polymorphisms enhance phagocytosis
in monocytes of Crohn’s disease patients
Simone CS Wolfkamp, Caroline Verseyden, Esther WM Vogels, Sander Meisner, Kirsten Boonstra,
Charlotte P Peters, Pieter CF Stokkers, Anje A te Velde
tide-binding ligomerization domain-containing protein
2 (NOD2 ) has been identified as a potent inducer of
autophagy we genotyped the patients for these variants and correlated this to the phagocytic reaction.
The genotyping was done with restriction fragment
length polymorphisms analysis and the phagocytosis
was determined with the pHrodo™ Escherichia coli
Bioparticles Phagocytosis kit for flowcytometry.
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RESULTS: In this study, we demonstrate that analysis of the monocyte and granulocyte populations
of patients with CD and ulcerative colitis showed a
comparable phagocytic activity (ratio of mean fluorescence intensity) between the patient groups and
the healthy controls. CD patients show a significantly
higher phagocytic capacity (ratio mean percentage of
phagocytic cells) compared to healthy controls (51.91%
± 2.85% vs 37.67% ± 7.06%, P = 0.05). The extend
of disease was not of influence. However, variants of
ATG16L1 (WT: 2.03 ± 0.19 vs homozygoot variant:
4.38 ± 0.37, P < 0.009) as well as NOD2 (C-ins) (heterozygous variant: 42.08 ± 2.94 vs homozygous variant: 75.58 ± 4.34 (P = 0.05) are associated with the
phagocytic activity in patients with CD.
CONCLUSION: Monocytes of CD patients show enhanced phagocytosis associated with the presence of
ATG16L1 and NOD2 variants. This could be part of the
pathophysiological mechanism resulting in the disease.

Abstract
AIM: To investigate if the presence of relevant genetic
polymorphisms has effect on the effectual clearance
of bacteria by monocytes and granulocytes in patients
with Crohn’s disease (CD).

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

METHODS: In this study, we assessed the differential
responses in phagocytosis by measuring the phagocytic activity and the percentage of active phagocytic
monocytes and granulocytes in inflammatory bowel
disease patients as well as healthy controls. As both
autophagy related like 1 (ATG16L1 ) and immunityrelated guanosine triphosphatase gene are autophagy
genes associated with CD and more recently nucleo-
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thus a loss of function. Furthermore, NOD2 deficiency
in mice caused exaggerated intestinal inflammation as a
result of disrupted immune responses[8,9].
The genome-wide association studies performed in
the first half of this decade, have identified over 30 susceptibility loci that are independently associated with CD,
of which two are involved in autophagy[10-13]. One of the
strongest associations was found in the variant of the
autophagy related like 1 (ATG16L1) gene[14]. ATG16L1
encodes an autophagy pathway protein that forms a noncovalent protein complex with ATG5 and ATG12 (800
kD). This complex is essential for the autophagosome
formation. A threonine to alanine substitution at position 300 (T300A) of the WD domain is associated with
CD. The second autophagy gene associated with CD is
Immunity-related GTPase family M protein (IRGM)[15].
IRGM belongs to a family of genes encoding interferoninducible guanosine triphosphatases involved in newly
recognised forms of pathogen clearance. The singlenucleotide polymorphisms (SNPs) associated with CD in
IRGM are located in the flanking region of the gene[16].
Sequencing of the gene in both CD patients as well as
healthy controls did not identify any non-synonymous
variation in linkage disequilibrium with the associated
allele. It has been suggested by Xavier et al[17] that susceptibility to CD could operate via modulation of IRGM
gene expression. Because dysregulated host responses to
intracellular organisms could contribute to the development of CD we hypothesize that one of the underlying
mechanisms of this inadequate response is an impaired
innate immune response showing in either a disabled or
overly active phagocytic uptake of antigens by granulocytes and monocytes. It has recently been shown that
there is a physical interaction between NOD2 and ATG16L1 and that this interaction is required for autophagic clearance of intracellular pathogens[18]. In this study
we first assessed the differential responses in phagocytosis by measuring phagocytic activity and the percentage
of active phagocytic monocytes and granulocytes in IBD
patients as well as healthy controls (HC). Secondly, we
correlated phagocytic capacity to the known associated
variant in ATG16L1, IRGM and NOD2 (C-ins). This
revealed an impaired phagocytic reaction in IBD patients
that carried the mutant alleles.

K, Peters CP, Stokkers PCF, te Velde AA. ATG16L1 and NOD2
polymorphisms enhance phagocytosis in monocytes of Crohn’s
disease patients. World J Gastroenterol 2014; 20(10): 2664-2672
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i10/2664.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i10.2664

INTRODUCTION
Inflammatory bowel disease (IBD) is comprised of two
major disorders: ulcerative colitis (UC) and Crohn’s disease (CD). IBD is a complex genetic and immunological
disease, wherein antigens in the lumen of the gut initiate
an inadequate immune response in a genetically susceptible host. In normal healthy individuals the immune response to commensals in the intestine is kept under strict
regulation. When these regulatory mechanisms fail, for
instance when bacterial clearance is impaired, an inflammatory response in the intestines can result in IBD. For
effective extracellular bacterial clearance there should be
accurate phagocytic activity in the gut by phagocytes like
monocytes, macrophages, dendritic cells (DC) and granulocytes. Mononuclear phagocytes are able to present bacterial-derived antigens after phagocytosis via major histocompatibility complex (MHC) class Ⅱ complex to CD4+
T cells to initiate an adaptive immune response. However,
several pathogens are capable of evading this mechanism
and survive in the cytoplasm. For intracellular bacterial
clearance there exists a similar efficient pathway of antigen delivery for MHC class Ⅱ presentation called (macro)
autophagy[1,2]. This is a complex cellular process, present
in all eukaryotic cells in which intracellular components
including organelles but also bacteria, are sequestered in
double-membrane vesicles or vacuoles called autophagosomes that eventually fuse with lysosomes, resulting in
the degradation of their contents.
In 2001 NOD2 was the first gene to be identified as
being associated with CD. The discovery led to extensive
genetic research of this gene[3]. Nucleotide-binding ligomerization domain-containing protein 2 (NOD2) encodes
an intracellular receptor that recognizes the bacterial component muramyl dipeptide (MDP) of both gram positive
and negative bacteria. NOD2 thus detects invading pathogens and plays a central role in the production of cytokines and antimicrobial peptides[4] via the receptors for
inacitive C-kinase/phosphatidylinositol-4,5-bisphosphate,
nuclear factor kappa B and mitogen-activated protein kinases[5]. Three major NOD2 variants are associated with
CD: R702W, G908R and L1007fsinsC. The latter, being
a frameshift mutation, causes an incapability of transcription activation in response to MDP. It has also been
shown that this mutation is involved in other functional
abnormalities such as enhanced cytokine expression[6]
and decreased expression of interleukin (IL)-10[7]. It has
been shown in several studies that in cells of patients carrying the NOD2 mutations, there is an impaired immune
response to microbial infections and bacterial ligands and
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MATERIALS AND METHODS
Patients and electronic data collection
In this study 99 IBD patients (65 CD and 34 UC) were
included, along with 8 healthy controls. All patients were
recruited through the outpatient clinic at the department of Gastroenterology of the Academic Medical
Centre (AMC) Amsterdam, the Netherlands as part of
the Elephant Study. This study was initially designed to
associate the immunological phenotype of IBD patients
to the genotype of the known susceptibility genes and
clinical phenotype. All clinical phenotypic patient data
is available in an electronic patient file, part of which is
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particles are not detected. The pHrodo™ Escherichia coli
BioParticles® Phagocytosis assay was performed according to the manufacturer’s protocol using heparinized
blood from all included patients and HCs. Granulocytes
and monocytes were discriminated on the basis of their
forward and site scatter profiles by flow cytometry using
the FACSscan from BD Biosciences (Erembodegem,
Belgium). Phagocytic activity of monocytes and granulocytes was measured as the ratio of the mean of the
mean fluorescent intensity of the positive control at 4 ℃
compared to the one at 37 ℃. Percentage phagocytic
cells were calculated using the ratio of gated cells in M1
at 4 ℃ and 37 ℃.

Table 1 Clinical phenotypic characteristics of study population n (%)
CD (n = 65)
Gender: M/F
Montreal classification
Age at diagnosis (yr)
< 17
17-40
> 40
Disease localisation
Terminal ileum (L1)
Colonic (L2)
Ileocolonic (L3)
Upper gastrotractinal (L4)
Disease behavior
Non-stricturing
/non-penetrating
Stricturing
Penetrating
Missing
Age at diagnosis (yr)
< 40
> 40
Disease localisation
Proctitis (L1)
Left sided (L2)
Pancolitis (L3)
Missing
Disease activity (Y/N)
Positive family history
Operated on

UC (n = 34)

29/36
27 (9-68)
10 (15.4)
44 (67.7)
9 (13.8)
17 (26.2)
8 (12.3)
23 (35.4)
0

Statistical analysis
Statistical analyses were performed using SPSS (SPSS
Inc., Chicago, IL, United States) or GraphPad (GraphPad Software Inc., La Jolla, CA, United States). All
comparisons with phagocytic activity and the percentage of phagocytic cells were tested between the different groups using non-parametric Mann-Whitney and
Kruskall-Wallis tests. Significance level was set at 0.05.
Association of the different genotypes with the phagocytic activity or cells was tested using a one-way ANOVA
and linear regression analysis. P-values of 0.05 or less
were considered significant.

20 (30.8)
15 (23.1)
11 (16.9)
19 (29.2)
32 (19-74)
25 (73.5)
7 (20)

17/47
12
40

3 (8.8)
11 (32.4)
10 (29.4)
10 (29.4)
14/10
8
7

RESULTS

CD: Crohn’s disease; UC: Ulcerative colitis; M/F: Male/female; Y/N: Yes/
no.

Phagocytosis in granulocytes and monocytes in IBD
patients
To test for phagocytic capacity in both granulocytes and
monocytes the phagocytic activity and the percentage of
phagocytic cells was measured by flow cytometry. Analysis of both the granulocyte population and the monocyte
population showed a comparable phagocytic activity between the patient group and the healthy controls (Figure
1). When comparing the amount of active phagocytic
granulocytes of both the IBD patient group and the
healthy controls, similar results were obtained for both
groups (Figure 2). Interestingly, a significant difference
was found in the percentage of active phagocytic monocytes of IBD patients when compared to the healthy
controls (P < 0.04). When comparing all three groups a
significant difference was found between the CD patient
group and the healthy controls (P = 0.05) (Figure 2). A
similar pattern was seen in the group of the UC patients
when compared with the healthy controls. As expected,
both CD and UC patient groups showed a comparable
percentage of active phagocytic monocytes and granulocytes (see Figure 2 and data not shown).

excerpted and listed in Table 1. All patients and controls
gave informed consent and the Elephant Study was approved by the ethics review committee of the AMC.
Genotyping with restriction fragment length polymorphisms
The Elephant Study cohort was genotyped for three of
the CD-associated genes ATG16L1, IRGM and NOD2.
DNA was isolated from venous blood, which was collected within the framework of the Elephant Study.
Genotyping for the SNPs was performed by polymerase
chain reaction restriction fragment length polymorphisms assay. Designed primers, thermal cycling and restriction enzymes (New England BioLabs, Ipswich, MA,
United States) are listed in Table 2. Restriction fragments
were separated and visualised using 3% agarose gel containing ethydium bromide.
Phrodo assay and flow cytometry
The pHrodo™ Escherichia coli BioParticles® Phagocytosis Kit for Flow Cytometry from Invitrogen Molecular
Probes (Eugene, OR, United States) was used to assess
the phagocytic capacity of our Elephant Study cohort
and HCs. The dye is nonfluorescent at neutral pH and
bright red fluorescent in acidic environments. The advantage of this is that actual phagocytosis and lysosomal
acidification is measured while extracellular adherent
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Phagocytosis correlated with disease activity
Since monocytes display an enhanced amount of active
phagocytic cells in comparison with the healthy controls,
disease activity and possibly the extend of the disease
might be of influence. Disease activity was defined as
the patient having a leucocytosis, elevated C-reactive
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Table 2 Designed primers and restriction enzymes for genotyping by restriction fragment length polymorphisms
Gene
ATG16L1
rs2241880
IRGM
rs13361189
NOD2
rs2066847
rs5743293

Forward

Reverse

Restriction enzyme

GGTACCCTCACTTCTTTACCAGAA CCAGGAAGAG

TGGAGTCCACAGGTTAGTGTGCAGGAGAGTAAGG

Sap1

CCCGTGTCGTACCCAAGCAGAGTGTGCTTGAAGA

CTTTACCATTGTACTCCTTGTGCCCAGCAGGTG

MboI

ATGTGTCTAAGGGACAGGTG

AACTGAGGTTCGGAGAGCTA

NlaIV

rs2066847 and rs5743293 are the same single-nucleotide polymorphism (SNP) in nucleotide-binding ligomerization domain-containing protein 2 (NOD2).
ATG16L1: Autophagy related like 1; IRGM: Immunity-related GTPase family M protein.

B
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Phagocytic activity (ratio mean)
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0

Granulocytes

D
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UC

4

2

0

HC

Phagocytic activity (ratio mean)

Phagocytic activity (ratio mean)

C

IBD

6

HC
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Figure 1 Phagocytic activity of the disease groups compared to healthy controls. Bars represent ratio of the mean phagocytic activity. Total inflammatory bowel
disease patients (IBD) patients (A, B for granulocytes and monocytes respectively) were analyzed as well as for separate Crohn’s disease (CD) and ulcerative colitis
(UC) patients compared to healthy controls (C, D). HC: Healthy controls.

patient cohort for ATG16L1, IRGM and NOD2 were
associated with the overall phagocytic activity and the
percentage of active phagocytic cells (Figure 4). Figure
4C shows a positive association of the variants of ATG16L1 and the phagocytic activity of the monocytes (P
< 0.009). A P-value of 0.08 was found for the amount
of active phagocytic monocytes when all three groups
were compared. Although we do see the same trend for
the variant in IRGM, no significant association has been
found (Figure 4A, B). The homozygous mutant genotype of the variant 3020 C-ins of NOD2 influences both
phagocytic activity and the percentage of active monocytes, the latter showing a significant difference (P = 0.05)

protein level and clinical view of the gastroenterologist.
The extent of the disease was established and defined
using the Montreal Classification (Table 1). Analysis of
the influence of the disease activity on phagocytic activity did not reveal any differences between the different
categories in UC or CD (Figure 3). The extent of the
disease also does not influence on both the phagocytic
activity and the percentage of active phagocytic cells (results not shown).
Phagocytosis associated with variants in IRGM,
ATG16L1 and NOD2
We next investigated whether the genotypes of our CD
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Figure 2 Percentage of phagocytic cells in inflammatory bowel disease patients patients and healthy controls. A: Percentages of active granulocytes are
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(Figure 4E, F).

in IBD approximate to the natural situation. The increased
phagocytosis in CD patients can result in an accumulation
of bacterial products in the cell and secondarily lead to an
increased inflammatory reaction.
Phagocytosis and autophagy are processes that are of
major importance regarding bacterial clearance. Phagocytosis by professional phagocytes like macrophages,
monocytes and granulocytes is responsible for clearing
the extracellular compartment; autophagy plays its role
in intracellular bacterial clearance. Just a few years ago it
has been shown that impaired bacterial clearance is a potential pathogenic factor in IBD. Monocytes are immediate effector cells and produce cytokines and perform

DISCUSSION
Monocytes are of importance in extracellular bacterial
clearance and therefore play a role in the regulation of the
innate immune response of IBD patients. We demonstrate
that monocytes of CD patients show enhanced phagocytosis. In addition we show that the enhanced phagocytosis is not influenced by disease activity and is associated
with the disease-related variants of both ATG16L1 and
NOD2. The ex vivo model we use gives us the opportunity
to study the functional consequences of polymorphisms
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phagocytosis during inflammation[19,20]. Monocytes derive
from a myeloid precursor and in mice two subsets of
monocytes, Ly-6C+ and Ly-6C–, leave the bone marrow
to enter the blood. The Gr1+/Ly-6C+ monocytes give
rise to macrophages and DCs during different infections,
such as Listeria monocytogenes and Toxoplasma gondii, but are
also found in tumors as suppressor cells, as well as contribute to the recovery of spinal cord injury. Monocytes
can therefore have activating as well as inhibiting functions in the immune response[20].
Not only genes involved in primary recognition of
bacterial compounds such as NOD2, but also genes involved in autophagy were found to be of interest due to
the genome-wide association studies, which identified
several autophagy genes as susceptibility genes for CD.
Autophagy serves its purpose in the innate immune response by clearing several intracellular pathogens, such as
Salmonella enterica, Mycoplasma tuberculosis and Listeria monocytogenes[16]. When this system fails, pathogens are able to
expand and an adaptive response should start to remove
these pathogens. The failure of the innate response,
called the theory of innate immune deficiency, has been
proposed as responsible for the elevated immune activation seen in CD patients carrying this SNP[21]. This is in
concordance with our data. Patients carrying the mutant
allele have higher phagocytic activity (P < 0.009). This
can be explained by the fact that when the innate immune response is inadequate, because of diminished autophagy due to impaired autophagosome formation, the
adaptive immune response is overactivated, resulting in a

WJG|www.wjgnet.com

higher percentage of activated monocytes. However, this
does not mean that these monocytes have a more effective phagocytic capacity, measured in phagocytic activity.
This was shown to be somewhat higher in the healthy
controls. Two other studies looked at the phagocytosis
of monocytes in relation to NOD2 polymorphisms.
Henckaerts et al[22] showed that NOD2 variants were associated with reduced phagocytosis and bacteremia in
critically ill patients and Glubb et al[23] demonstrated that
NOD2 was shown to affect the elimination of the Mycobacterium avium subspecies paratuberculosis from peripheral
blood monocytes, whereas ATG16L1 polymorphism
showed increased expression of IL-10 and IL-6. Concerning the effect of the ATG16L1 polymorphism on
cytokine production, Plantinga et al[24] demonstrate that
the genetic variation in ATG16L1 is associated with
higher production of pro-inflammatory cytokines (IL-1β
and IL-6) upon NOD2 stimulation in CD patients that
could drive the chronic inflammation.
A physical interaction between NOD2 and ATG16L1
appears to be essential for autophagic clearance of intracellular pathogens; NOD2 seems to be an autophagy
inducer[18,25]. Our data are in accordance with this observation. We have shown that IBD patients carrying
both risk alleles show a significantly higher phagocytic
capacity in both ATG16L1 and NOD2. In the case of
ATG16L1 this can be due to loss of response showing
that carrying one or more risk alleles interferes with autophagy and enhances the phagocytic capacity as a backup mechanism. The same holds true for the NOD2 vari-
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Figure 4 Phagocytosis and variants in Crohn’s disease associated genes autophagy related like 1, immunity-related guanosine triphosphatase gene and
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activity (P = 0.009) and percentage of active monocytes respectively. bP < 0.01 vs genetype 3; E, F: The genotype of the variant 3020 C-ins of nucleotide-binding
ligomerization domain-containing protein 2 and phagocytic activity as well as the percentage of active monocytes (P = 0.05) respectively. Genotypes 1: Wild type;
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ant as this causes a loss of function. When patients carry
this risk allele they have a dysfunctional protein causing a
direct problem in the formation of the autophagosome,
thereby impairing autophagy. In this case an enhanced
phagocytic capacity is also observed, strengthening the
hypothesis of a backup mechanism. Our data also demonstrate the same trend in the patients who carry the
variety in IRGM (P < 0.08), however the sample size
was too small to show significant differences. Therefore,
future studies with a higher number of participants must
be undertaken to explore the role of IRGM in phagocytosis of monocytes.
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Background

Single-nucleotide polymorphisms (SNPs) in susceptibility genes in inflammatory
bowel disease (IBD) can contribute to the disease. The autophagy related like
1 (ATG16L1) and nucleotide-binding ligomerization domain-containing protein
2 (NOD2) susceptibility genes and their role in autophagy and elimination of
intracellular bacteria are extensively studied. Most studies were done in mice
and cell lines. Authors demonstrate that in humans with variants of ATG16L1
and NOD2 the clearance of bacteria by phagocytosis is enhanced compared to
controls.

Research frontiers

There are at the moment 163 different SNPs that are associated with IBD
described. The focus on the current research is to analyse the relationship be-
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tween genotypes and phenotypes for all IBD-associated polymorphisms.

Innovations and breakthroughs

The analysis of the relationship between genotypes and phenotypes is currently
mainly focussed on elucidating the correlation with the clinical phenotype. The
research toward the determination of functional differences in the innate and
adaptive immune responses that could play a role in the IBD risk is the challenge for the coming years.

11

Applications

IBD patients that have the risk alleles ATG16L1 and/or NOD2 have a different
immunologic reactivity and might benefit from a treatment regimen focused on
the specific disease variant effects

12

Peer review

The authors present an interesting study showing that in Crohn’s disease (CD)
patients phagocytic activity of monocytes is enhanced. Moreover they could
demonstrate that this increased activity is associated with the genotype. This
information is interesting for all of those who try to uncover the pathophysiological mechanism resulting in CD.
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RESULTS: In patients who underwent TACE or RFA,
BCAA pre-intervention significantly suppressed the development of post- intervention hypoalbuminemia and
reduced inflammatory reactions during the subsequent
clinical course. After TACE, the ΔAlb peaked on day 2,
remained constantly lower in BCAA-treated patients,
compared to the control group, and was -0.13 ± 0.42
g/dL in BCAA-treated patients and -0.33 ± 0.51 g/dL
in untreated patients on day 10. The ΔCRP was also
significantly lower in BCAA-treated patients on days
2, 5 and 10 after TACE. Like the trends noted after
TACE, a similar tendency was noted as to the ΔAlb and
ΔCRP after RFA. The changes in serum Alb level were
inversely correlated with CRP changes; therefore, a
possible involvement of the anti-inflammatory effect of
BCAAs was inferred as a factor contributory to the suppression of decrease in serum Alb level.
CONCLUSION: Pre-intervention with BCAAs may hasten the recovery of serum Alb level and mitigate postoperative complications in patients undergoing TACE or
RFA.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To investigate the usefulness of branched-chain
amino acids (BCAA) before transarterial chemoembolization (TACE) or radiofrequency ablation (RFA).

Key words: Branched-chain amino acids; Cirrhosis; Hepatocellular carcinoma; Transarterial chemoembolization; Radiofrequency ablation; Hypoalbuminemia

METHODS: We investigated the usefulness of preintervention with BCAAs by comparing patients treated
with BCAAs at 12.45 g/d orally for at least 2 wk before
TACE or RFA and those not receiving such pretreatment. A total of 270 patients with hepatocellular carcinoma complicated by cirrhosis were included in the
study. Mean changes from baseline (Δ) in serum albumin (Alb), C-reactive protein (CRP), and transaminase
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Core tip: This study investigated whether the short-term
effect of branched-chain amino acid (BCAA) for transarterial chemoembolization (TACE) or radiofrequency
ablation (RFA), focusing on BCAA treatment prior to
therapeutic intervention, suppresses the decrease in
serum albumin (Alb) level associated with TACE or RFA
and reduces postoperative complications. We thought
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in 162 patients (of them, 76 and 86 patients were treated
with BCAAs and untreated before TACE, respectively)
and RFA in 108 patients (of them, 40 and 68 patients
were treated with BCAAs and untreated before RFA, respectively). Cirrhosis and HCC were diagnosed based on
the findings in various imaging studies and hematological/blood chemical test results, and, where deemed necessary, liver biopsy and/or tumor biopsy findings were
also used. Anticancer agents, cisplatin and epirubicin hydrochloride, were used in patients who underwent TACE.
In the BCAA-treated group, patients received Livact®
Granules (Ajinomoto Pharma Co., Ltd., Tokyo) at 12.45
g/d orally (in 3 divided doses daily, after each meal) for at
least 2 wk before TACE or RFA, and the oral dosage of
the drug remained unchanged throughout the study period. Patients who had not received such treatment constituted the non-BCAA-treated group (control group).
Patients who received transfusion of Alb preparation,
blood transfusion, and/or newly instituted BCAA treatment and patients who underwent TACE in combination
with RFA during the course of study treatment were excluded from the study.
Patients were compared with respect to the following
clinical parameters: pre-treatment (baseline) Child-Pugh
score [serum Alb level, prothrombin time (PT) expressed
as a percentage, total bilirubin (T-Bil), and severity of ascites/encephalopathy], clinical stage of HCC, maximum
tumor diameter, C-reactive protein (CRP) level, and tumor markers. Mean changes from baseline (Δ) in serum
Alb, CRP, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) levels, as well as peak body temperature were also determined and compared at days 2, 5,
and 10 after the start of treatment.

that C-reactive protein (CRP) elevation was suppressed
in BCAA-treated patients, that the severity of fever was
milder as a result of BCAA treatment, and that the serum Alb level decreased to a lesser extent in patients
with milder changes in CRP level.
Ishihara T, Iwasa M, Tanaka H, Kaito M, Ikoma J, Shibata T,
Takei Y. Effect of branched-chain amino acids in patients receiving intervention for hepatocellular carcinoma. World J Gastroenterol 2014; 20(10): 2673-2680 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i10/2673.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i10.2673

INTRODUCTION
Decrease in plasma albumin (Alb) level occurs early after
therapeutic intervention such as transarterial chemoembolization (TACE) and radiofrequency ablation (RFA) for
treatment of hepatocellular carcinoma (HCC), and the
underlying mechanism of this condition includes the extravasation of Alb into the embolized or ablated hepatic
region and the involvement of inflammatory cytokine[1].
HCC arises in association with cirrhosis in most patients,
readily produces hypoalbuminemia, edema, ascites, and
impairs the patient’s quality of life, with a poor vital prognosis[2,3]. Measures to cope with hypoalbuminemia are
needed in that therapeutic intervention options as well
as the prognosis in HCC patients are dependent on this
condition[4-7].
When administered to cirrhosis patients presenting with hypoalbuminemia, the branched-chain amino
acids (BCAA) efficiently increase the Fisher ratio and
thus improve hypoalbuminemia[8-13]. Improved eventfree survival rate has been reported in patients with liver
cirrhosis maintained on long-term continuous BCAA
treatment[14,15], and the use of such treatment is recommended in guidelines in various countries[16]. In recent
years, a liver-protective effect, e.g., lessening of oxidative
stress, of BCAAs has been attracting attention[17-19] and
BCAA treatment has been reported to maintain skeletal
muscles; these multifunctional pharmacological effects
of this preparation have become the focus of increased
interest[4].
Hypoalbuminemia is noted often early after TACE
or RFA in patients with HCC complicated by cirrhosis[1].
This retrospective study was conducted to determine
whether pre-intervention with BCAAs is effective in suppressing such hypoalbuminemia early after the intervention, as well as factors involved in such effect.

Statistical analysis
Data obtained were expressed as the mean ± SD, and
comparisons between the patient groups were performed
using χ 2 test and t test. Changes in laboratory test parameters and body temperature from baseline (Δ) were analyzed using t test. Pearson’s product-moment correlation
coefficient was used for testing the correlation between
the two groups.

RESULTS
Patient demographic characteristics of the two groups
prior to TACE or RFA
Table 1 summarizes the demographic characteristics of
patients who underwent TACE in this study. Patients
in whom cirrhosis was etiologically not attributable to
hepatitis virus were more frequent in the control group.
There was a greater percentage of patients with advanced
(stage-IVa) HCC in the BCAA-treated group although no
significant difference was noted between the two groups
in respect of maximum tumor diameter. BCAA-treated
patients had a lower hepatic functional reserve, as indicated by a serum Alb level of 3.3 ± 0.4 g/dL, than nonBCAA-treated patients with a serum Alb level of 3.8 ± 0.5

MATERIALS AND METHODS
A total of 270 patients with HCC complicated by cirrhosis who were admitted to Yokkaichi Digestive Disease
Center and treated there between April 2004 and April
2012 were included in the study. TACE was performed
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Table 1 Characteristics of study groups underwent transarterial chemoembolization and radiofrequency ablation
Characteristics

Male/female
Age (yr)
Cause of hepatic cirrhosis
(B/C/non B non C)
Child-Pugh (A/B/C)
Child-Pugh score
HCC clinical stage
(Ⅰ/Ⅱ/Ⅲ/Ⅳa/Ⅳb)
Alb (g/dL)
CRP (mg/dL)
Body temperature (℃)
PT
T-Bil (mg/dL)
AFP (ng/mL)
PIVKA-Ⅱ (mAU/mL)
Max tumor size (mm)

Control group
n = 86
57/29
72.2 ± 8.6
13/49/24

TACE
BCAA group
n = 76
46/30
71.7 ± 7.2
9/64/3

0.746
0.055
0.025

Control group
n = 68
47/21
71.9 ± 6.5
7/47/14

RFA
BCAA group
n = 40
13/27
73.0 ± 6.0
0/34/6

11/1/1974
5.6 ± 0.9
21/49/11/5/0

35/36/5
6.8 ± 1.4
13/14/21/27/1

< 0.001
< 0.001
< 0.001

59/9/0
5.7 ± 0.9
21/40/6/0/1

23/16/1
6.6 ± 1.1
16/16/7/1/0

< 0.001
0.001
0.276

3.8 ± 0.5
1.0 ± 0.3
36.2 ± 0.4
95% ± 10%
0.9 ± 0.5
392 ± 70
334 ± 975
29 ± 26

3.3 ± 0.4
0.3 ± 0.5
36.4 ± 0.5
86% ± 15%
1.3 ± 1.1
1657 ± 434
385 ± 1180
29 ± 32

< 0.001
< 0.001
0.006
< 0.001
0.007
0.009
0.819
0.937

3.6 ± 0.4
1.0 ± 0.3
36.3 ± 0.5
94% ± 10%
0.8 ± 0.3
392 ± 70
334 ± 975
21 ± 8

3.2 ± 0.4
0.3 ± 0.5
36.4 ± 0.4
87% ± 14%
1.0 ± 0.5
1657 ± 434
385 ± 1180
20 ± 8

< 0.001
0.010
0.006
0.008
0.014
0.009
0.819
0.364

P value

P value
< 0.001
0.386
0.068

Data were assessed using student’s t test. HCC: Hepatocellular carcinoma; Alb: Albumin; CRP: C-reactive protein; PT: Prothrombin time; T-Bil: Total bilirubin; AFP: α-fetoprotein; PIVKA-Ⅱ: Prothrombin induced by vitamin K absence-Ⅱ; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation;
BCAA: Branched-chain amino acids.
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Figure 1 Changes in serum albumin (A), C-reactive protein (B) and body temperature (C) levels in comparison to the baseline level after transarterial chemoembolization. Data were assessed using student’s t test (mean ± SD). aP < 0.05 vs control group. CRP: C-reactive protein; BCAA: Branched-chain amino acids.

g/dL. PT% and T-Bil were also poorer in BCAA-treated
patients; hence the significantly higher Child-Pugh score
for these patients. The doses of cisplatin and epirubi-
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cin hydrochloride used in combination with TACE did
not significantly differ between BCAA-treated and nonBCAA-treated patients. The demographic characteristics
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Figure 2 Comparison in Child A and B patients with serum albumin and C-reactive protein levels after transarterial chemoembolization. The analysis revealed a tendency for Child A patients to show a faster recovery in serum albumin level (A) and suppression of C-reactive protein (CRP) elevation (B). The analysis
revealed a tendency for Child B patients to show a faster recovery in serum albumin level (C) and suppression of CRP elevation (D). Data were assessed using student’s t
test (mean ± SD). BCAA: Branched-chain amino acids.

of patients receiving RFA in this study are shown in
Table 1. Depression of hepatic functional reserve, such
as a significantly higher Child-Pugh score, was noted for
the BCAA-treated group, as was the case with patients
who underwent TACE. There was no significant difference between the BCAA-treated and non-BCAA-treated
groups with respect to the cause of cirrhosis, clinical
stage of HCC, or maximum tumor diameter.

evation (Figure 2A and B). Child B patients exhibited the
same trends (Figure 2C and D), indicating that responses
to BCAA therapy were independent of pre-TACE hepatic functional reserve.
Laboratory values and body temperature over time after
RFA
Like the trends noted after TACE, a similar tendency was
noted as to the ΔAlb and ΔCRP after RFA; the elevation
was suppressed in the BCAA-treated group (Figure 3).
The ΔAlb and ΔCRP peaked on days 2 and 5 after RFA,
respectively, in these groups, as with the case with these
parameters after TACE. As seen in the case of TACE, no
significant difference was observed in respect of ΔAST
or ΔALT between BCAA-treated and untreated patients.
The stratified analysis of data on patients having undergone RFA also revealed a tendency for the serum Alb
level to be recovered earlier and the CRP elevation to be
suppressed (the suppression was significant especially in
Child B on day 2) in both Child A and Child B patients,
again indicating that pre-RFA hepatic functional reserve
was unlikely to be involved in the patient response to
BCAA therapy (Figure 4).

Laboratory values and body temperature over time after
TACE
After TACE, the ΔAlb peaked on day 2, remained constantly lower in BCAA-treated patients, compared to
the control group, and was -0.13 ± 0.42 g/dL in BCAAtreated patients and -0.33 ± 0.51 g/dL in untreated patients on day 10, thus returning almost to the baseline
level in the BCAA-treated group (Figure 1A). The ΔCRP
was also significantly lower in BCAA-treated patients
on days 2, 5 and 10 after TACE, and peaked on day 5
in both treated and untreated patients (Figure 1B). The
maximum body temperature was significantly lower on
day 10 post-TACE in the BCAA-treated group (Figure
1C). No significant difference was noted as to ΔAST or
ΔALT between BCAA-treated and untreated patients.
As there was a significant difference in the hepatic
functional reserve of BCAA-treated and untreated patients before TACE, we carried out an additional analysis
with stratification by Child-Pugh A and B. The analysis
revealed a tendency for Child A patients to show a faster
recovery in serum Alb level and suppression of CRP el-
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Correlation between ΔAlb and ΔCRP
The correlation between ΔAlb on day 2 post-TACE and
ΔCRP on day 10 post-TACE tended to indicate that the
greater the serum CRP elevation, the more decreased was
the serum Alb level (Figure 5A). Furthermore, there was
a significant negative correlation between ΔAlb on day 2

2676

March 14, 2014|Volume 20|Issue 10|

Ishihara T et al . Effect of BCAA for hepatoma
BCAA group (n = 40)
Control group (n = 68)

0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8

pre

d2

d5

C
Changes in body temperature (℃)

B
Changes in serum CRP (mg/dL)

Changes in serum albumin (g/dL)

A

5.0
4.0
3.0
2.0
1.0
0.0

d10

BCAA group (n = 40)
Control group (n = 68)

6.0

pre

d2

d5

d10

BCAA group (n = 40)
Control group (n = 68)

2.5
2.0
1.5
1.0
0.5
0.0

pre

d2

d5

d10

Figure 3 Changes in serum albumin (A), C-reactive protein (B) and body temperature (C) levels in comparison to the baseline level after radiofrequency
ablation. Data were assessed using student’s t test (mean ± SD). aP < 0.05 vs control group. CRP: C-reactive protein; BCAA: Branched-chain amino acids.
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Figure 4 Comparison in Child A and B patients with serum albumin and C-reactive protein levels after radiofrequency ablation. A: A faster recovery of serum
albumin level was noted in Child A; B: No difference of C-reactive protein (CRP) was noted in changes in Child A; C: A faster recovery of serum albumin level was
noted in Child B; D: A significant difference of CRP was noted in changes in Child B. Data were assessed using student’s t test (mean ± SD). aP < 0.05 vs control
group. BCAA: Branched-chain amino acids.

post-RFA and ΔCRP on day 10 post-RFA (Figure 5B).
Analyses for correlation at time points of days 2, 5 and
10 revealed no significant correlation.
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DISCUSSION
TACE and RFA are established treatment modalities for
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Figure 5 Relationship between Δalbumin (day 2) and ΔC-reactive protein (day 10). A: Transarterial chemoembolization; B: Radiofrequency ablation correlation
between each variable was tested using Pearson’s correlation coefficient.

hepatocellular carcinoma[20]. However, depression of hepatic functional reserve including hypoalbuminemia may
develop after these therapeutic interventions[1]. It was
reported that treatment with the BCAAs efficiently increases in Fisher ratio and improves hypoalbuminemia in
cirrhosis patients presenting with hypoalbuminemia, and
such treatment has become extensively used in daily clinical practice[4,5,14,15]. This effect is thought to result from
enhanced mRNA translation for Alb with a consequent
promotion of protein synthesis via activation of the
mammalian target of rapamycin (mTOR) of hepatocytes
that occurs in response to the BCAA supplement[21,22].
The effect of BCAA treatment on post-TACE hypoalbuminemia has already been investigated; Takeshita et
al[23] reported that administration of BCAAs at 22:00 after every evening meal inhibited the development of hypoalbuminemia at 2 wk after TACE. Recently, Nishikawa
et al[24] also reported that BCAA treatment was useful for
long-term maintenance of nutrition after TACE in that
the development of hypoalbuminemia was found to be
suppressed at 1, 3, and 6 mo post-TACE. However, in
the former study, nevertheless, patients had newly started
BCAA treatment at the time TACE was performed, and
the latter report does not refer to the changes during the
early stage after TACE; the two reports differ from the
present article in these respects.
On the other hand, based on their findings demonstrating a significant correlation between CRP elevation
and decrease in serum Alb level, Koda et al[1] reported
that the underlying mechanism of hypoalbuminemia
developed following RFA was as follows: inflammatory
cytokines liberated due to inflammation at the sites of
cauterization act upon liver cells, thereby inducing production of acute inflammatory reactive proteins such as
CRP and inhibiting Alb synthesis. They concluded that
BCAA treatment was not effective in reversing a shortterm decrease in serum Alb level early after RFA because
there was no significant difference in serum Alb level de-

WJG|www.wjgnet.com

crease at 1 wk post-RFA between BCAA-pretreated and
untreated patients[1].
The results of our review of a number of TACE- or
RFA-treated patients demonstrated that the decline in
serum Alb level was suppressed over 10 d post-treatment
in BCAA-treated patients. BCAA pre-treatment might
be effective in suppressing an early decline in serum Alb
level after the therapeutic intervention. We inferred that
the inflammation-inhibitory effect of BCAA treatment
might be involved in the suppression of the decrease in
serum Alb level[4,17-19] on the grounds that CRP elevation
was suppressed in BCAA-treated patients, that the severity of fever was milder as a result of BCAA treatment,
and that the decrease in serum Alb level was also to a
lesser extent in patients with milder changes in CRP level.
The following mechanism seemed likely to be operating:
serum Alb level falls into a trough due to extravasation
mainly into the embolized or ablated hepatic region as
early as 2 d after TACE or RFA, and in patients receiving
BCAA pre-treatment, its anti-inflammatory effect and
sustained stimulation of mTOR from continued BCAA
treatment lead to serum Alb level restoration nearly to
the baseline level by day 10 post-intervention. While a
direct hepatocyte damage-mitigating effect of BCAA
treatment was demonstrated in an animal study[18,25,26],
there was no significant difference in ΔAST or ΔALT
between the BCAA-treated and untreated patients in this
study; therefore, BCAA treatment is thought to be virtually devoid of hepatocyte damage-mitigating effect in the
clinical setting.
The present results suggest that BCAA treatment
prior to therapeutic intervention suppresses the decrease
in serum Alb level associated with TACE or RFA and
may reduce postoperative complications although confirmation of such effect observed in this study through
prospective investigation and clarification of the underlying mechanism are needed.
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Background

Decrease in plasma albumin (Alb) level occurs early after therapeutic intervention such as transarterial chemoembolization (TACE) or radiofrequency ablation
(RFA) for treatment of hepatocellular carcinoma (HCC). Measures to cope with
hypoalbuminemia are needed in that therapeutic intervention options as well as
the prognosis in HCC patients are dependent on this condition.

9

Research frontiers

When administered to patients with cirrhosis, branched-chain amino acids
(BCAA) not only raises serum Alb level but also exerts a liver-protective effect
such as lessening of oxidative stress. Authors investigated the usefulness of
pre-intervention with BCAAs by comparing patients treated with BCAAs for at
least 2 wk before TACE or RFA and those not receiving such pretreatment.

10

Innovations and breakthroughs

The inflammation-inhibitory effect of BCAA treatment might be involved in the
suppression of decrease in serum Alb level on the grounds that C-reactive
protein (CRP) elevation was suppressed in BCAA-treated patients, and that the
decrease in serum Alb level was also to a lesser extent in patients with milder
changes in CRP level.
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Applications

Pre-intervention with BCAAs may hasten the recovery of serum Alb level and
mitigate post-operative complications in patients undergoing TACE or RFA.

13

Terminology

In recent years, a liver-protective effect, e.g., lessening of oxidative stress, of
BCAAs has been attracting attention and BCAA treatment has been reported to
maintain skeletal muscles; these multifunctional pharmacological effects of this
preparation have become the focus of increased interest.
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The study found BCAA pre-intervention could significantly suppress the development of post-operative hypoalbuminemia and reduce inflammatory reactions
during the subsequent clinical course in 162 patients, the changes in serum Alb
level were inversely correlated with CRP changes. It is very important for patients with HCC to avoid hypoalbuminemia after the treatment of TACE or RFA.
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METHODS: A retrospective study with prospectively
entered database. From March 2012 to February 2013,
a total of 21 patients (11 men) (mean age 64.2 years)
with colon cancer beyond the rectum were recruited.
The novel forward-viewing radial-array echoendoscope
was used for ultrasonographic staging of colon cancer
beyond rectum. Ultrasonographic T and N staging were
recorded when surgical pathology was used as a gold
standard.

Abstract

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

AIM: To evaluate feasibility of the novel forward-viewing radial-array echoendoscope for staging of colon
cancer beyond rectum as the first series.

Key words: Colon cancer; Neoplasm; Colon; Endoscopic ultrasound; Neoadjuvan therapy; Staging; Forward-
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RESULTS: The mean time to reach the lesion and the
mean time to complete the procedure were 3.5 and 7.1
min, respectively. The echoendoscope passed through
the lesions in 13 patients (61.9%) and reached the cecum in 10 of 13 patients (76.9%). No adverse events
were found. The lesions were located in the cecum (n
= 2), ascending colon (n = 1), transverse colon (n =
2), descending colon (n = 2), and sigmoid colon (n =
14). The accuracy rate for T1 (n = 3), T2 (n = 4), T3
(n = 13) and T4 (n = 1) were 100%, 60.0%, 84.6%
and 100%, respectively. The overall accuracy rates for
the T and N staging of colon cancer were 81.0% and
52.4%, respectively. The accuracy rates among traversable lesions (n = 13) and obstructive lesions (n = 8)
were 61.5% and 100%, respectively. endoscopic ultrasound and computed tomography had overall accuracy
rates of 81.0% and 68.4%, respectively.
CONCLUSION: The echoendoscope is a feasible staging tool for colon cancer beyond rectum. However, accuracy of the echoendoscope needs to be verified by
larger systematic studies.
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and accuracy of the new scope in the T staging of colon
cancer, using surgical pathology as a gold standard.

viewing; Colonoscopy
Core tip: endoscopic ultrasound staging of rectal cancer has higher accuracy rate than computed tomography (CT) scan. Unfortunately, with the current design
of conventional oblique-viewing radial-array echoendoscope that cannot readily be introduced beyond rectum, staging of colon cancer beyond rectum nowadays
depends on results of CT scan. With a design of the
novel forward-viewing radial-array echoendoscope that
can be easily passed through the entire colon, it was
firstly used in this study for staging of colon cancer.
The study showed feasibility of the scope and its superiority over CT scan in terms of accuracy rate of colon
cancer staging.

MATERIALS AND METHODS
From March 2012 to February 2013, patients with colon
cancer beyond the rectum identified by colonoscopy in
King Chulalongkorn Memorial Hospital, Bangkok, Thailand were eligible for this study. The inclusion criteria
included patients aged 18-80 years with colon cancer
and with an endoscopic or surgical resection scheduled
within 4 wk. The exclusion criteria included patients
with contraindications for surgery and/or EUS examination of the colon. The recruited patients were examined
by colon EUS with a radial-array echoendoscope [radial
Scan Ultrasonic Video Endoscope EG-530UR2 (FUJIFILM Corporation, Tokyo, Japan) and an Ultrasound
Processor SU-8000 (FUJIFILM Corporation, Tokyo,
Japan)]. The risks and benefits of the procedure were
described to the patients before the operation. The study
protocol was approved by our university institutional
review board as a retrospective study with prospectively
entered database. The study was funded by King Chulalongkorn Memorial Hospital and faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand.
Demographic data, including gender, age, and symptoms at presentation, were recorded. The endoscopic
and EUS data, including the location of the lesion, the
percent of circumferential involvement, the duration of
the procedure, endoscopic findings, EUS findings, extent
of tumor invasion, and the ability to pass the echoendoscope through the lesion, were also recorded. Ultrasonographic T staging was determined and recorded onsite
by the endosonographer of the hospital (P.Kongkam).
He was blinded to CT results prior to the procedure,
as the results of the pre-procedural T stage would influence his judgments. The patients were sedated with
conscious sedation (Meperidine and Midazolam) during
procedures. Next, the patients were postoperatively observed in the recovery room according to the standard
protocol for the endoscopy. After the procedure, the
patients were followed up postoperatively by a physician
on the team (S.L.). Any adverse events that arose during the procedure were noted. The clinical follow-up to
detect any procedure-related adverse event was finished
before any subsequent endoscopic or surgical removal.
Within the next 4 wk, endoscopic or surgical resection
was subsequently performed, and the surgical specimens
were examined and pathologically T staged. The surgical pathological T stage was used as the gold standard
against which the EUS T stage was compared. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy were also calculated for each
pathological T stage.

Kongkam P, Linlawan S, Aniwan S, Lakananurak N, Khemnark
S, Sahakitrungruang C, Pattanaarun J, Khomvilai S, Wisedopas N, Ridtitid W, Bhutani MS, Kullavanijaya P, Rerknimitr
R. Forward-viewing radial-array echoendoscope for staging of
colon cancer beyond the rectum. World J Gastroenterol 2014;
20(10): 2681-2687 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i10/2681.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i10.2681

INTRODUCTION
Preoperative colon and rectal cancer staging are the main
factors in determining the subsequent treatment modality for patients with these types of cancer. Accurate preoperative staging is crucial, as it can greatly influence the
results[1]. For rectal cancer, endoscopic ultrasound (EUS)
demonstrates a higher accuracy of T and N staging compared to computed tomography (CT). Hence, EUS, rather than CT, was suggested as the staging tool of choice
for rectal cancer, and it has had a significant impact on
the management of rectal cancer[2]. Consequently, we
speculated that if EUS can stage colon cancer beyond
the rectum, it may yield more accurate results than CT
and may improve the outcomes for colon cancer. Unfortunately, with the current design of EUS, it is not
possible to use the EUS to stage colon cancer beyond
the rectum. Through the scope, a miniprobe can be used
to stage colon cancer; however, only a few studies thus
far have reported its accuracy rate. Although it has been
used for this purpose for over a decade, the supporting
data are not well established[3].
The current radial-array EUS has a limited oblique
endoscopic view that precludes deep intubation of the
EUS probe into the colon beyond the rectum. With the
new design of a forward-viewing radial-array echoendoscope [radial Scan Ultrasonic Video Endoscope EG530UR2 (FUJIFILM Corporation, Tokyo, Japan) and
Ultrasound Processor SU-8000 (FUJIFILM Corporation, Tokyo, Japan)], the scope can readily pass to the
cecum to locally stage colon cancer. We pioneered this
procedure and initiated this study to report the feasibility
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Equipment and endoscopic technique
The forward-viewing radial-array echoendoscope [radial
Scan Ultrasonic Video Endoscope EG-530UR2 (FUJIF-
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A

B

Figure 1 Forward-viewing radial-array echoendoscope is a newly designed echoendoscope that provides a forward endoscopic view similar to that of a
regular forward-viewing endoscope. A: Echoendoscope provides forward endoscopic view (illustrated as yellow line), ultrasound wave is distributed perpendicularly
to the tip of the echoendoscope as regular radial echoendoscope (illustrated as green line); B: Figures show the model of the forward-viewing radial-array echoendoscope (radial Scan Ultrasonic Video Endoscope EG-530UR2 (FUJIFILM Corporation, Tokyo, Japan).

A

B

Figure 2 Endoscopic and endosonographic images of colon cancer obtained from the novel forward-viewing radial-array echoendoscope (radial Scan
Ultrasonic Video Endoscope EG-530UR2 (FUJIFILM Corporation, Tokyo, Japan) and Ultrasound Processor SU-8000 (FUJIFILM Corporation, Tokyo, Japan). A:
An endoscopic view of a colonic mass in sigmoid colon demonstrated by the echoendoscope; B: It demonstrated a hypo-echoic circumferential mass invading through
muscularis propria layer (T3).

optimal endosonographic view for the staging of colon
cancer. Water was not necessary if the endosonographic
view was sufficient for staging. The balloon was not used
to illustrate the endosonographic images. If the echoendoscope could pass through the lesions, it was placed
in the middle of the lesion to most effectively stage the
cancer. Nonetheless, if the echoendoscope could not be
passed through the lesion, the stage was decided by the
endosonographer at the location he deemed optimal.
Figure 2A and B demonstrate the endoscopic and endosonographic images of malignant masses in the sigmoid
colon. The lesion was endosonographically and pathologically staged as T3.

ILM Corporation, Tokyo, Japan) and Ultrasound Processor SU-8000 (FUJIFILM Corporation, Tokyo, Japan)] is
a newly designed echoendoscope that provides a forward
endoscopic view similar to that of a regular forwardviewing endoscope (Figure 1). Ultrasound waves were
distributed perpendicularly to the tip of the echoendoscope, as in a regular radial echoendoscope. The frequencies included 5, 7.5, 10 and 12 MHz. In our study, we
typically used 12 MHz for the staging of the tumor, as it
was considered the optimal frequency to provide the best
endosonographic imaging; however, the frequency was
adjusted from 5 to 12 MHz to acquire the finest image.
Theoretically, a lower frequency should provide farther
endosonographic images, whereas a higher frequency
should provide nearer images. All equipment was packaged in the format of a one-cart system. The echoendoscope had a small outer diameter of 11.4 mm with a
forward endoscopic view of 140° and measured 120 cm
in length.
Inserting the echoendoscope into the colon utilized
the same maneuver as that used in the standard colonoscopy technique. However, because the echoendoscope
was shorter than the regular colonoscope, the use of
endoscopic techniques, such as pulling and shortening
the scope, was encouraged. To illustrate the endosonographic images, water immersion was used to create an
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RESULTS
During the study time, 82 patients with colon cancer located beyond rectum underwent colectomy. Twenty-one
patients (25.6%) were recruited into the study. Eleven of
them were male, and the mean age was 64.2 years (SD
= 11.91), ranging from 43 to 85 years old. The presenting symptoms were abdominal pain (n = 9), weight loss
(n = 8), hematochezia (n = 3), melena (n = 4), anemic
symptoms (n = 5), bowel habit changes (n = 13), small
caliber of stool (n = 7), partial gut obstruction (n = 4)
and complete gut obstruction (n = 2). A positive family
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Table 2 This table demonstrates the endoscopic ultrasound vs
computed tomography staging of colon cancer in comparison
with the surgical pathology classified into early (T1/T2) and
advanced (T3/T4) stages

Table 1 Number of patients with colon cancer classified according to endoscopic ultrasound vs surgical pathological T
staging
EUS/Histology
uT1
uT2
uT3
uT4
Total

T1

T2

T3

T4

Total

2
0
1
0
3

0
3
1
0
4

0
2
11
0
13

0
0
0
1
1

2
5
13
1
21

Pathological stage
EUS (n = 21)
CT (n = 19)

T3/T4

Total

5
4

12
9

17
13

EUS and CT had overall accuracy rates of 81.1% and 68.4%, respectively.
Data from CT was available in 19 patients. EUS: Endoscopic ultrasound;
CT: computed tomography.

Tumors were pathologically staged as T1 (n = 3), T2 (n = 4), T3 (n = 13) and
T4 (n = 1). Ultrasonographic T staging was T1 (n = 2), T2 (n = 5), T3 (n =
13) and T4 (n = 1). EUS: Endoscopic ultrasound; u: Ultrasound; T: tumor.

Table 3 Diagnostic values of endoscopic ultrasound vs computed tomography scan for staging of colon cancer

history of colon cancer was found in 2 patients. Distant
metastasis at the time of the EUS procedure was evident
in 1 patient.
The mean time to reach the lesion was 3.52 min (SD
= 2.09), and the mean procedural time was 7.10 min (SD
= 1.41). The echoendoscope could pass through the lesions in 13 patients (61.9%). Among these, the echoendoscope reached the cecum in 10 patients (76.9%). The
mean depth of the echoendoscope before reaching the
lesions was 44.39 cm (SD = 27.21). No adverse events
were found. The median duration from the date of EUS
to surgery was 7 d (range from 1-40 d), and lesions were
located in the cecum (n = 2), ascending colon (n = 1),
transverse colon (n = 2), descending colon (n = 2), and
sigmoid colon (n = 14).
The tumors were pathologically staged as T1 (n = 3),
T2 (n = 4), T3 (n = 13) and T4 (n = 1). The ultrasonographic T stagings were T1 (n = 2), T2 (n = 5), T3 (n =
13) and T4 (n = 1), as shown in Table 1. The overall accuracy rates of the echoendoscope for the T and N staging of colon cancer were 81.0% and 52.4%, respectively.
The accuracy rates for T1, T2, T3 and T4 were 100%,
60.0%, 84.6% and 100%, respectively, as shown in Table
2. The accuracy rates among the traversable lesions (n
= 13) and obstructive lesions (n = 8) were 61.5% and
100%, respectively. In comparison with other radiological imaging modalities, EUS and CT had overall accuracy
rates of 81.0% and 68.4%, respectively (the data for CT
were not available in 2 patients). The results are shown
in Tables 2 and 3.

Modality
EUS (n = 21 )
CT scan (n = 19)

Sensitivity Specificity
85.0%
76.5%

-

PPV
94.4%
86.7%

NPV Accuracy
-

80.9%
68.4%

EUS: Endoscopic ultrasound; CT: computed tomography; PPV: positive
predictive value; NPV: negative predictive value.

lesions in the colon beyond the rectum, this study utilized the forward-viewing radial-array echoendoscope,
making us among the first in the world to assess its efficacy in evaluating and staging colon cancer in the colon
far beyond the rectum. Bhutani et al[4] previously used
a forward-oblique-viewing upper echoendoscope for T
staging of sigmoid/left colon cancer and reported high
accuracy rate. However, with the design of forwardoblique-viewing, it is not practical to pass it far beyond
the rectum.
The physical properties of the first two echoendoscopes result in limitations in their capacity to stage
colon cancer. For the miniprobe echoendoscope, the
scope is so small that it can be inserted through the biopsy channel of the regular colonoscope. This allows
the scope to pass through the entire colon. Therefore,
this type of echoendoscope has been used to evaluate
colon cancer in some studies[5]. A large German study
prospectively recruited 50 patients with colonic tumors.
Lesions were correctly classified in 17 adenomas: 16 T1,
8 T2, 5 T3 and 1 T4 cases of colon cancer. The total
accuracy rate for T staging was 94%[6]. Considering the
high accuracy rate of T staging with the miniprobe in
colon cancer, this technique should be recommended as
the tool of choice for staging colon cancer. However,
in the German study, patients with locally advanced colon cancer were excluded, as the recruited patients were
primarily referred for laparoscopic surgical removal.
In addition, the majority of lesions were adenoma, not
cancer. Therefore, the accuracy rate of 94% from the
German study could not be directly compared with
that in our study[6]. Another study from Germany of 88
patients with colon tumors reported an accuracy rate
of 87%; however, similar to the prior study, 25 of the
88 patients had adenoma (T0), with an accuracy rate of
100%. Therefore, the reported accuracy rate once again

DISCUSSION
The current echoendoscope provides an oblique endoscopic view. This makes passing an echo-endoscope
through the sigmoid colon impossible or significantly
limited, as this part of colon is redundant and any scope
with oblique viewing could not easily pass through it.
Currently, only 3 types of echoendoscope can readily
pass through the sigmoid colon: the miniprobe echoendoscope, the forward-viewing linear-array echoendoscope, and the forward-viewing radial-array echoendoscope, which was used in this study. While some studies
use the first two types of echoendoscope to evaluate
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Table 4 Advantages and disadvantages of the 3 types of echoendoscopes that have been used for the evaluation of lesions on the
colon beyond the rectum
Advantages

Disadvantages

A miniprobe echoendoscope

Widely available
Cannot be properly used for evaluation of thickCan be used together with regular colonoscope
ened-wall colon cancer
A forward-viewing linear-array echoendoscope Ability to perform EUS guided fine needle aspira- Inconvenient to evaluate circumferential colonic letion for colonic lesions
sions like colon cancer
A forward-viewing radial-array echoendoscope Ability to evaluate circumferential colonic lesions Inability to perform EUS guided FNA for colonic
lesions
EUS: Endoscopic ultrasound.

could not be directly compared with that of the current
study[7]. A small study using a miniprobe involving 17
and 13 patients with colon and rectal cancer, respectively,
reported an accuracy of 70% [8]. Another study used
the miniprobe to detect residual disease in malignant
polyps, 12 of which were intra-mucosal and 9 of which
were sub-mucosal. The results showed that the surgical
pathology was free of cancer in 6 patients with normal
endosonographic findings who underwent surgery[9]. In
conclusion, the range of sound waves used by the miniprobe was too shallow to examine all of the layers of the
colonic wall, particularly in advanced stages of cancer
that infiltrate into the deeper colonic wall, leading to a
much thicker colonic wall[10]. Therefore, it is considered
unsuitable for colon cancer staging, particularly in cases
of locally advanced colon cancer. In other cases, the results from past studies, including the above, showed that
miniprobes, particularly those with high frequencies, are
more suitable for the evaluation of early stages of colon
cancer, classified as T1/T2[11-14].
The forward-viewing linear-array echoendoscope
provides a front endoscopic view, allowing the echoendoscope to be readily passed to the cecum, according
to the standard techniques for colonoscopy. However,
because the sound wave was distributed in a linear direction, this technique is not suitable to evaluate circumferential lesions, such as colon cancer. In a feasibility study
that used the forward-viewing linear-array echoendoscope in 15 patients with right side colonic sub-epithelial
lesions, it was reported that the cecum was reached
within 10 min in all patients. FNA was performed in 6
patients without any post-procedural adverse events[15].
This echoendoscope was then used to perform FNA
from extra-colonic lesions. A study using a forwardoblique-viewing upper echoendoscope for the evaluation
of 32 benign and malignant lesions reported an 85%
accuracy rate for T staging in 20 patients with available
surgical pathologies[4]. Another recent study reported
data from the forward-viewing linear-array echoendoscope for an evaluation of 23 sub-epithelial lesions in
the gastrointestinal tract. In 6 patients with colonic lesions, the echoendoscope could not reach the cecum in 1
patient[16]. This study, to our knowledge, is the first study
in the world using the novel forward-viewing radialarray echoendoscope for colon cancer staging. The front
endoscopic view makes the procedure’s technique nearly
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the same as that used in standard colonoscopy, as it
provides a similar endoscopic view, and the scopes have
similar diameters. At present, a radial-array sound wave is
suitable for the evaluation of circumferential lesions, as
in colon cancer. Moreover, a wide range of wavelengths
allows the echoendoscope to scan the extra-colonic area
to search for any surrounding lymph node. The results
from this study show that, in all patients, the lesions were
reached without any adverse event. The time to reach the
lesions was similar to that in standard colonoscopy techniques. This suggests that the forward-viewing radialarray echoendoscope [radial Scan Ultrasonic Video Endoscope EG-530UR2 (FUJIFILM Corporation, Tokyo,
Japan)] and Ultrasound Processor SU-8000 (FUJIFILM
Corporation, Tokyo, Japan) can be used safely as the
staging tool of choice for colon cancer. The advantages
and disadvantages of these 3 types of echoendoscope
are compared and shown in Table 4.
The preoperative T staging of rectal cancer can
be accurately performed by trans-rectal EUS and or
MRI[10,17-20]. A recent meta-analysis of 42 studies (n =
5039) using trans-rectal EUS for the staging of rectal
cancer showed that the sensitivity and specificity rates
of T1, T2, T3, and T4 were 87.8% and 98.3%, 80.5%
and 95.6%, 96.4% and 90.6%, and 95.4 and 98.3%, respectively[21]. Based on the results of this meta-analysis,
the accuracy rate of T2 tumors was the lowest. This
was a common finding from the recruited studies in this
meta-analysis. Similar trend was observed in our study.
Our results suggested that the new type of EUS for the
staging of colon cancers beyond the rectum provided an
acceptable accuracy rate for T staging; however, it had
a relatively low accuracy rate for N staging. Although
surgical pathology was available for calculation in all of
the cases in this series, the accuracy of this procedure
from this study should not be consider conclusive, as
the number of cases was too small. Furthermore, as the
first study to use the echoendoscope to stage colon cancer, the learning curve could have reduced the accuracy
of colon cancer staging. Future studies with a greater
number of patients are thus required to definitively determine the accuracy of EUS for the T and N staging
of colon cancer. The number of patients in future studies can be calculated based on the data from this study.
As N staging significantly impacts the management of
these cancers, further studies to clarify these answers are
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in the colon beyond the rectum. The physical properties of the first two echoendoscopes result in limitations in their capacity to stage colon cancer. For the
miniprobe echoendoscope, the scope is so small that it can be inserted through
the biopsy channel of the regular colonoscope. This allows the scope to pass
through the entire colon. However, the range of sound waves used by the
miniprobe was too shallow to examine all of the layers of the colonic wall, particularly in advanced stages of cancer that infiltrate into the deeper colonic wall,
leading to a much thicker colonic wall. Therefore, it is considered unsuitable for
colon cancer staging, particularly in cases of locally advanced colon cancer.
The forward-viewing linear-array echoendoscope provides a front endoscopic
view, allowing the echoendoscope to be readily passed to the cecum, according to the standard techniques for colonoscopy. However, because the sound
wave was distributed in a linear direction, this technique is hence not suitable to
evaluate circumferential lesions, such as colon cancer.

strongly needed.
An accurate preoperative staging of rectal cancer
by trans-rectal EUS influences definitive management.
For example, T1/T2 rectal cancer can be managed with
either endoscopic mucosal resection or endoscopic submucosal dissection, with a 5-year survival rate higher
than 90%, whereas T3/T4 cancers should be removed
with surgery[22-24]. For colon cancer, the data from the
pilot phase of a recent randomized controlled trial (The
FOxTROT trial) suggested that neoadjuvant therapy for
locally advanced operable colon cancer significantly decreased TNM staging, compared with the postoperative
group[25]. Therefore, if EUS was proven to be the most
reliable tool for preoperative colon cancer staging, it
should be combined with clinical practice before a decision is made to offer specific treatment to patients. CT
data for the staging of colon cancer from a multi-center
study in the UK showed that when CT was used for differentiation between early (T1/T2) and advanced stages
of colon cancer, the sensitivity and specificity rates were
95% (95%CI: 87%-98%) and 50% (95%CI: 22%-77%),
respectively[26]. The data from our study, despite the small
number of patients, suggest that accuracy rate of EUS is
clearly higher than that of CT scans, which are currently
the tool of choice for staging colon cancer. In addition,
with the current design of this new echoendoscope, it
may be used in the future as a standard colonoscope for
patients who have suspicious symptoms of colon cancer,
as endoscopists can perform colonoscopy, tissue biopsy
and endosonographic staging in the same procedure
without the significant technical differences or adverse
events from standard colonoscopy.
This study demonstrated that the forward-viewing
radial-array echoendoscope is a feasible technique for
staging colon cancer. The success and adverse event
rates were low and similar to those of standard colonoscopy. However, systematic and larger studies with more
patients must be conducted to specify the accuracy of
the echoendoscope for this purpose.

Innovations and breakthroughs

The forward-viewing radial-array echoendoscope [radial Scan Ultrasonic Video
Endoscope EG-530UR2 (FUJIFILM Corporation, Tokyo, Japan) and Ultrasound
Processor SU-8000 (FUJIFILM Corporation, Tokyo, Japan)] is a newly designed
echoendoscope that provides a forward endoscopic view similar to that of a
regular forward-viewing endoscope. Ultrasound waves were distributed perpendicularly to the tip of the echoendoscope, as in a regular radial echoendoscope.
All equipment was packaged in the format of a one-cart system. The echoendoscope had a small outer diameter of 11.4 mm with a forward endoscopic view
of 140° and measured 120 cm in length. Inserting the echoendoscope into the
colon utilized the same maneuver as that used in the standard colonoscopy
technique. The novel forward-viewing radial-array echoendoscope can be readily passed through the colon.

Applications

In this study, EUS was proven to be the most reliable tool for preoperative colon
cancer staging. It hence should be combined with clinical practice before a decision is made to offer specific treatment to patients particularly in patients with
locally advanced operable colon cancer.

Peer review

Twenty-one colon cancers enrolled in 11 mo looks not really a relevant number.
Authors should clarify their hospital volume (number of colectomies performed
for cancer and number of standard endoscopies performed for cancer each
year). Moreover, even though authors declared to have calculate the sensitivy,
specificity, positive predictive value, negative predictive value of the EUS and of
the standard radiology, the show exclusively the accuracy results.
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RESULTS: The frequencies of CC, CT and TT genotypes in the CD14-260 C/T locus in gastric cancer patients were 19.1%, 38.7% and 42.2%, respectively,
whereas they were 33.3%, 32.5% and 34.2%, respectively, in healthy control subjects. CT genotype carriers were more frequently found among gastric cancer
patients than healthy controls (OR = 2.076; 95%CI:
1.282-3.360). Also, TT genotype carriers were more
frequently found among gastric cancer patients (OR =
2.155; 95%CI: 1.340-3.466). Compared to the C allele of CD14/-260, the T allele was associated with an
increased risk for gastric cancer (OR = 1.574; 95%CI:
1.121-2.045). Furthermore, the frequencies of CC, CT
and TT in the CD14-651 C/T locus in gastric cancer
patients were 64.4%, 29.3% and 6.2%, respectively,
while they were 56.5%, 35.0% and 8.4%, respectively,
in the healthy control subjects (P > 0.05). Data obtained using the luciferase reporter assay showed that
the p260T homozygote was associated with greater
CD14 promoter activity (P < 0.01).
CONCLUSION: CD14/-260 polymorphism is associated
with gastric cancer risk in Highland Tibetans and affects CD14 promoter activity, thereby regulating CD14
expression.

Abstract
AIM: To investigate the relationship between CD14-260
and -651 polymorphisms and the risk of developing
gastric cancer.

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

METHODS: DNA was extracted from peripheral blood
samples obtained from 225 Tibetans with gastric cancer and 237 healthy Tibetans, and analyzed using the
polymerase chain reaction/ligase detection (PCR/LDR)
method to determine the genotypes at -260 and -651
loci of the CD14 promoter. The allele frequencies,
genotype frequencies, and haplotypes were analyzed
for their association with gastric cancer risk using online SHEsis software. The luciferase reporter assay and
point mutation analysis were used to construct in vitro
plasmids expressing a C/T homozygote at the -260 lo-
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Core tip: This is the first study to report that CD14 gene
polymorphisms in Highland Tibetans are associated
with gastric cancer risk. We also identified a biomarker
that can be used in gastric cancer research and clinical
practice.
Li K, Dan Z, Hu XJ, Gesang LB, Ze YG, Bianba ZX, Ciren CM,
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allergies[13-16], and gastric cancer[17,18]. Tibetans have one
of the highest prevalences of gastric cancer in China, and
the prevalence in Tibet is higher than the average prevalence in China[19]. In this study, we used the ligase detection reaction (LDR) for nucleotide typing to examine the
distribution of alleles and genotypes for the CD14 loci in
Highland Tibetan gastric cancer patients, and compared
the results with those obtained from healthy Highland
Tibetans. This study was conducted to explore the association between CD14 polymorphisms and the risk of
gastric cancer, and provide information regarding the molecular basis of gastric cancer risk in Highland Tibetans.

Nie YQ. Association of CD14/-260 polymorphism with gastric
cancer risk in Highland Tibetans. World J Gastroenterol 2014;
20(10): 2688-2694 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i10/2688.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i10.2688

INTRODUCTION
Gastric cancer is a significant health problem and was
the fourth most common malignancy worldwide in 2008,
with an estimated 989600 incident cases. Approximately
72% of incident cases are diagnosed in developing
countries; however, the incidence of gastric cancer in
developed countries, including North America and Europe, has actually declined during the past 50 years[1]. The
known risk factors for gastric cancer include Heliobacter
pylori (H. pylori) infection, exposure to tobacco smoke,
and high consumption of smoked foods, salted meat or
fish, and pickled vegetables. Additionally, these risk factors augment the risk of gastric cancer in individuals who
are genetically predisposed to the disease. However, consumption of fresh fruits and vegetables appears to lower
the risk of gastric cancer[2-5]. Epidemiological studies have
reported the presence of family clusters of gastric cancer
and coincident cases of gastric cancer in identical twin
siblings[6], suggesting that genetic susceptibility may impact the risk of developing gastric cancer. The genomic
region of differentiation antigen 14 (CD14), especially
the CD14 C→T polymorphisms in the -159/-260 and
-651 promoter regions, has attracted significant attention
regarding a possible role in gastric cancer. Such genetic
polymorphisms might affect CD14 expression in cells
and subsequently alter expression of genes downstream
of CD14, thereby altering CD14 biological function and
the development/outcome of CD14-related diseases[7,8].
CD14 is a glycoprotein located on the cell surface and
functions as a receptor for lipopolysaccharides (LPSs).
CD14 is mainly produced by monocytes, macrophages
and neutrophils, and CD14-TLR4 is an important receptor complex in the LPS-presenting pathway[9]. H. pylori is
a micro-aerophilic Gram-negative bacterium recognized
by the World Health Organization (WHO) as a group I
carcinogen for gastric cancer and lymphoma of gastric
mucosa-associated lymphoid tissue. CD14 has multiple
roles in the mediation of primary immune and inflammatory responses[10-12]. During an immune response, CD14
mediates cellular recognition of LPS, phosphorylation of
cellular tyrosine, and translocation of nuclear factor (NF)κB, to trigger release of cytokines and production of
oxygen radicals. During an inflammatory response, CD14
functions in conjunction with LPS binding protein (LPB)
to form a LPS-LPB-CD14-TLR4-MD2 complex, which
then activates monocytes and macrophages to produce
inflammatory cytokines.
To date, CD14-159 and/or -260 polymorphisms have
been associated with susceptibility to or development of
various diseases, including inflammatory bowel disease,
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MATERIALS AND METHODS
Study subjects
A total of 225 gastric cancer patients and 237 healthy
individuals were recruited from the Gastroenterology
Unit and Oncology Unit of Tibet People’s Hospital. This
study was approved by the hospital’s Institutional Review
Board, and signed informed consent was obtained from
all patients and healthy subjects before enrolling in the
study. Gastric cancer was diagnosed based on criteria
described by the WHO in 1979. Subjects with autoimmune disorders, including systemic lupus erythematous,
rheumatoid arthritis, and inflammatory bowel disease,
were excluded from this study. All study subjects were
Highland Tibetans who had been living in Tibet for several generations and were not biologically related to one
another.
Cell line and culture
Gastric cancer cell line MGC-803 was obtained from the
Shanghai Cell Bank of the Chinese Academy of Science
(Shanghai, China) and cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum, 100 U/mL
penicillin, and 100 mg/L streptomycin in a humidified
incubator with 5% CO2 at 37 ℃.
Genomic DNA extraction and PCR amplification
Samples of venous blood (2 mL) were drawn via the
cubital vein from fasting study subjects and stored in
EDTA-containing anti-coagulative tubes at -70 ℃. DNA
was extracted using a genomic DNA extraction kit (Beijing TIANGEN Biology Co., Ltd, Beijing, China) according to the manufacturer’s protocol. CD14 gene polymorphisms were identified by searching GenBank for
relevant CD14 sequence and polymorphism information.
This information was then used to design PCR primers,
which were synthesized and purified by Shanghai Sangon
Biotech (Shanghai, China) (Table 1). PCR amplification
was carried out in a 20 μL reaction volume containing 2.0
μL of 1 × PCR buffer, 0.4 μL of each primer (10 pmol),
2.0 μL of each dNTP (2.0 mmol/L), 9.3 μL of sterilized water, 0.6 μL of MgCl2, 0.3 μL of Taq enzyme (2.5
U/μL), and 5 μL of template DNA. The PCR reaction
conditions consisted of an initial denaturation at 95 ℃
for 15 min, followed by 35 cycles of 94 ℃ for 30 s, 53 ℃
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Table 1 Primers and probes used for genotyping CD14-260C/T and -651C/T
Polymorphism
-260 C/T
Common probe
Discriminating
probes

-651C/T
Common probe
Discriminating
probes

Primers and probes

Length, bp

5'-CACCCACCAGAGAAGGCTTA-3'
5'-ATCACCTCCCCACCTCTCTT-3'
5'-CCCCCTCCCTGAAACATCCTTTTTTTTTTTTTTTTTTT-FAM-3'
260C/T-R_G
5'-TTTTTTTTTTTTTTTTTGCAGAATCCTTCCTGTTACGGC
260C/T-R_A-3'
5'-TTTTTTTTTTTTTTTTTTTGCAGAATCCTTCCTGTTACGGT-3'
5'-GGGTAGAATTAGGTTCAAG-3'
5'-CTTAATCAAAGGAGCAAGG-3'
5'-GTCTAAAGAAAAATTCCCCCTTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTFAM-3'
651C/T_C

212

5'-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTAGGTTCAAGAAAAGGAAGTTG-3'
651C/T_T
5'-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTAGGTTCAAGAAAAGGAAGTTA-3'

for 1 min and 65 ℃ for 1 min, and a final extension cycle
at 72 ℃ for 7 min. The PCR products were separated by
3% agarose gel electrophoresis and used for the LDR.

79
103
1

150

152

polymorphism on CD14 expression, and primers were
used to amplify the -360 to +29 region of the CD14 promoter. The relevant primer sequences were: 5’-GACCGCTAGCCGAGTCAACAGGGCATTCAC-3’ and
5’-CGTCAAGCTTGTT CGACCCCAAGACCCTAC-3’,
while primers for the mutated-260 site (changed to C)
were 5’-CCTTCCTGTTACGGCCCCCCTCCCTG-3’
and 5’-GTTTCAGGGAGGGGGGCCGTAACAGGA-3’. Cleavage sites of NheⅠ and HindⅢ were also introduced on both ends of the primers, respectively. The
PCR products were inserted into a pGL3-Basic reporter
vector (Promega, Madison, WI, United States). After
cloning, amplification, and DNA sequence confirmation, these vectors were designated as p260C and p260T,
respectively, and subsequently used to transfect gastric
cancer MGC-803 cells. Co-transfection with the renilla
luciferase reporter vector pRL-TK was also performed
at this time. After 12 h, LPS was added to the cell culture
at a final concentration of 1 μg/mL, and the cells were
incubated for an additional 12 h and then analyzed using a dual-luciferase assay kit (Promega) according to the
manufacturer’s instructions. Measurements of fluorescence intensity were expressed as the mean ± SE of firefly/renilla obtained from three readings at each setting.

LDR
The LDR was used to measure the distribution of CD14
alleles and genotypes in the aforementioned PCR products. The upstream and downstream probes for multiple
LDRs were designed as shown in Table 1. The upstream
probe was modified by phosphorylation at the 5’-terminal
region. The LDR reaction mixture contained 2 μL of
PCR product, 1 μL of LDR probe mixture (1 mmol/L),
1 μL of 1 × buffer, and 0.05 μL of ligase (2 U), and the
total volume was adjusted to 10 μL using PCR-grade
water. LDR conditions were 95 ℃ for 2 min, followed
by 30 cycles of 95 ℃ for 15 s and 50 ℃ for 25 s. The
PCR/LDR gel electrophoresis and DNA sequencing
experiments were conducted by Shanghai Biowing Applied Biotechnology Co., Ltd. (Shanghai, China) using
the following equipment: Gene Amp PCR System 9600
(Perkin-Elmer, Waltham, MA, United States); PTC-200
Gradient Cycler (MJ Research, Waltham, MA, United
States); PRISM 3730 and 3100 DNA Sequencer (Applied
Biosystems Inc., Carlsbad, CA, United States); JY600+
Electrophoresis System (Beijing Junyi-Dongfang Electrophoresis Equipment Co., Ltd, Beijing, China); FR-200A
Automatic Ultra-violet and Visible Light Analyzer and
the Biological Electrophoretic Image Analyzer (Shanghai
Furi Technology Co., Ltd, Shanghai, China); Agarose LE
(Shanghai Genebase Gene-Tech Co., Ltd, Shanghai, China); Flouroskan Ascent FL (Thermo Scientific, Waltham,
MA, United States).

Statistical analysis
Frequencies of CD14 genotypes and alleles in gastric
cancer patients and control subjects were calculated and
tested using the Hardy-Weinberg equilibrium equation.
Allele frequencies, genotype frequencies, and haplotypes
were analyzed using SHEsis online software (http://analysis.bio.-x.cn/myAnalysis.php). Comparisons of demographic and clinical data between groups were conducted
using the χ 2 test and Student’s t test. The Student’s t test
was also used to analyze genotype and luciferase levels. P
values were generated using the SPSS statistical software
suite for Windows (SPSS Inc., Chicago, IL, United States);
a P-value < 0.05 was considered statistically significant.

Construction of reporter vectors
The luciferase reporter assay was used to examine the effects of different genotypes (C and T) of CD14 on regulation of CD14 expression in gastric cancer cells. Reporter
vectors were constructed to verify the effect of -260C/T
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Table 2 Characteristics of study subjects n (%)
Variable
Age, yr
Male
Clinical stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Controls

GC patients

n = 237

n = 225

54.8 ± 11.2
175 (73.8)

54.0 ± 12.3
172 (76.4)

Table 3 Genotype and allele frequencies ofCD14-260C/T
and -651C/T in gastric cancer patients and healthy control
subjects n (%)

a

P value

Polymorphism

NS
NS

-260 C/T
Genotypes
CC
CT
TT
Alleles
C
T
-651 C/T
Genotypes
CC
CT
TT
Alleles
C
T

7 (3.1)
21 (9.3)
126 (56.0)
71 (31.6)

GC vs controls by Student’s t test or χ 2 test. GC: Gastric cancer; NS: Not
significant.
a

RESULTS
Characterization of gastric cancer and control subjects
Genotyping for the CD14 polymorphisms was conducted in 225 patients pathologically diagnosed with gastric
adenocarcinoma and 237 healthy control subjects. The
gastric cancer patients had a mean age of 54.8 ± 11.2
years, and included 172 males and 53 females. The 237
healthy control subjects were recruited among individuals
who received a routine health examination at the hospital
during the concurrent period. The control subjects had
a mean age of 54.8 ± 11.2 years, and included 175 males
and 62 females (Table 2). The results of genotyping studies showed that genotype frequencies of CD14 -260C/T
and -651 C/T were not significantly different (P > 0.05)
between gastric cancer and control subjects. The population was in Hardy-Weinberg equilibrium.

95%CI

P value

79 (33.3)
77 (32.5)
81 (34.2)

1.000
2.076
2.155

(reference)
1.282-3.360
1.340-3.466

0.003
0.001

173 (38.4)
277 (61.6)

235 (49.6)
239 (50.4)

1.000
1.574

(reference)
1.121-2.045

0.001

145 (64.4)
66 (29.3)
14 (6.2)

134 (56.5)
83 (35.0)
20 (8.4)

1.000
0.735
0.647

(reference)
0.493-1.096
0.314-1.332

0.130
0.234

356 (79.1)
94 (20.9)

351 (74.1)
123 (25.9)

1.000
0.753

(reference)
0.55-1.024

0.07

Control

n = 237

43 (19.1)
87 (38.7)
95 (42.2)

differences were also not statistically significant (P > 0.05;
Table 3). The DNA sequences of CD14-651C/T polymorphism are shown in Figure 1B.
Haplotype analysis of CD14-260C/T and -651 C/T loci
Linkage disequilibrium (LD) analysis showed linkage disequilibrium between the CD14/-260C/T and
CD14/-651 C/T loci (|D’| > 0.50). Haplotype analysis
showed that the -260C/T--651 C/TT-C haplotype was
associated with an increased risk of developing gastric
cancer (OR = 1.58; 95%CI: 1.21-2.07, P = 0.001; Table 3),
and the -260C/T--651 C/TC-C haplotype was associated
with a decreased risk of developing gastric cancer (OR =
0.70; 95%CI: 0.51-0.96, P = 0.028; Table 4).

Distribution of genotypes and alleles of CD14-260C/T
Gastric cancer patients showed CD14-260 C/T CC,
CT and TT genotype frequencies of 19.1%, 38.7% and
42.2%, respectively, whereas these frequencies in healthy
control subjects were 33.3%, 32.5% and 34.2%, respectively. These results showed that frequencies of the CT
and TT genotypes of CD14 were significantly higher in
gastric cancer patients than in healthy control subjects (for
CT: OR = 2.076; 95%CI: 1.282-3.360, P = 0.003; for TT:
OR = 2.155; 95%CI: 1.340-3.466, P = 0.001). Additionally, the T allele carried by gastric cancer patients was associated with a diagnosis of gastric cancer (OR = 1.574;
95%CI: 1.121-2.045, P = 0.001) (Table 3). The DNA
sequences of CD14-260C/T polymorphism are shown in
Figure 1A.

Effect of -260C/T gene promoter on CD14 expression
The luciferase reporter assay was used to determine the
effect of the CD14-260C/T gene promoter on CD14
expression. The results showed that luciferase activity in
p260T-transfected cells was 2.05-fold higher than that
in p260C-transfected cells (P < 0.01). LPS treatment induced 5.19- and 6.09-fold increases in relative luciferase
activity in p260C- and p260T-transfected cells, respectively (P < 0.01). The 1.54-fold increase in relative luciferase
activity produced by LPS treatment in p260T-transfected
cells compared to p260C-transfected cells (P < 0.01) indicated that the CD14-260 polymorphism did affect CD14
expression in gastric cancer cells (Figure 2).

Distribution of genotypes and alleles of CD14-651 C/T
The frequencies of CD14-651C/T CC, CT and TT genotypes in gastric cancer patients were 64.4%, 29.3% and
6.2%, respectively, and 56.5%, 35.0% and 8.4%, respectively, in the healthy control subjects. The differences in
genotype frequencies between the two groups of subjects
were not statistically significant (P > 0.05). Moreover, the
frequencies of C and T alleles were 79.1% and 20.9%,
respectively, in gastric cancer patients, and 74.1% and
25.9%, respectively, in healthy control subjects, and these
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OR

Case

n = 225

DISCUSSION
This study analyzed polymorphisms of CD14/-260 and
CD14/-651 loci in Tibetan gastric cancer patients and
healthy control subjects. The results showed that compared to the C allele, the T allele of CD14/-260 was
associated with an increased risk for gastric cancer. However, the CD14/-651 polymorphism was not associated
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A
T GC A GAA T CC T T C CT G T T AC GG CC CC CC
75
80
85
90
95
100

T G CA GAA T CC T T C CT G T T AC GG TC CC C C T G CA G AAT C C T T C CT GT T AC GG T CC CCC
80
85
90
95
100
75
80
85
90
95

B
GAAT TA G GTT CAA GAAAA GGAAGTT GGTC TAAA
65

70

75

80

85

90

GAAT TA G GTT CAA GAAAA GGAAGTT GGTC TAAA GAAT TA GGTT CAA GAAAA GGAAGTT AGTC TAAA
60
65
70
75
80
85
90
65
70
75
80
85
90

Figure 1 DNA sequences of CD14-260C/T and CD14-651C/T polymorphisms. A: CD14-260C/T polymorphism; B: CD14-651C/T polymorphism.

Table 4 Haplotype distribution of CD14-260C/T and -651
C/T in gastric cancer patients and healthy control subjects n (%)
Haplotypes
-260C/T - -651 C/T
T-C
C-C
C-T
T-T

Case

Control

OR (95%CI)

P value

244 (57.9)
87 (20.8)
76 (18.1)
13 (3.3)

206 (46.5)
120 (27.2)
97 (21.9)
19 (4.4)

1.58 (1.21-2.07)
0.70 (0.51-0.96)
0.79 (0.56-1.10)
0.73 (0.36-1.47)

0.001
0.028
0.157
0.371

Without LPS
With LPS

pGL3

b

p260C

f
bd

p260T

fh
0

Global χ 2 is 11.44, degrees of freedom = 3, P = 0.009. Bolded values are statistically significant.

4

6
8
10
12
Relative luciferase activity

14

16

Figure 2 Effect of CD14-260C/T polymorphism and lipopolysaccharide
treatment on CD14 expression. Luciferase reporter vectors carrying the
CD14-260C/T polymorphism and renilla luciferase reporter vector pRL-TK were
co-transfected into gastric cancer MGC-803 cells and treated with 1 μg/mL
of LPS. Later, cells were lysed and assayed for luciferase activity. Data are
normalized to the mean ± SE value of Firefly/Renilla. bP < 0.01 vs control cells
without LPS; dP < 0.01 vs p260C-transfected cells without LPS treatment; fP <
0.01 vs control cells with LPS treatment; hP < 0.01 vs p260C-transfected cells
with LPS treatment. LPS: Lipopolysaccharide.

with a risk of gastric cancer. Moreover, the CD14/-260
polymorphism was found to affect CD14 promoter activity and therefore regulate CD14 expression. Our current
study confirmed that the CD14/-260 polymorphism is
associated with a higher risk for developing gastric cancer in Highland Tibetans. A further study with a larger
number of subjects will be conducted to investigate the
molecular mechanism underlying the role of CD14 in development of gastric cancer.
Gastric cancer is associated with H. pylori infection
and subsequent inflammation, and thus the role of cytokines in gastric cancer has received increased attention.
Because environment, lifestyle, and other extrinsic factors also impact gastric cancer development, research
on gene-environment interactions may provide a better
understanding of the genetic background of various ethnic groups and why certain ethnic groups have increased
susceptibility to developing gastric cancer.
Various epidemiological studies have shown in-
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2

consistent correlations between different diseases and
CD14 polymorphisms, and some of these contradictory
results might be due to the inclusion of heterogeneic
genetic groups in such studies. Highland Tibetans live
in a hypoxic environment and have a unique genetic
makeup that permits adaptation to such environmental
conditions. Highland Tibetans also frequently suffer
from certain pre-cancerous conditions, such as chronic
atrophic gastritis and gastric ulcer. These conditions may
be due to high levels of circulating H. pylori, which are
associated with the high prevalence of gastric cancer in
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Tibetans[20]. The current study demonstrated a higher rate
of CD14/-260 CT genotype polymorphism in gastric
cancer patients (38.7%) than in healthy control subjects
(32.5%). Additionally, the CD14/-260 TT genotype was
found more frequently in gastric cancer patients (42.2%)
compared to healthy subjects (32.2%). The T allele of
CD14/-260 was also found significantly more often in
gastric cancer patients than in healthy subjects, and individuals carrying the T allele had a 1.6-fold increased risk
of developing gastric cancer compared to individuals
carrying the C allele. Highland Tibetans carrying the T
allele of CD14/-260 might have an increased risk of gastric cancer, because the T allele promotes high levels of
CD14 expression. CD14/-651 C/T polymorphism was
not associated with a risk for gastric cancer in Highland
Tibetans. Our current data support results from a previous study by Zhao et al[18], which showed an association
between genetic polymorphism in this locus and H. pylorirelated gastric cancer.
As a receptor for LPS, CD14 plays a crucial role in innate immunity and is mainly expressed in mature monocytes, macrophages, and activated neutrophils[21]. Inflammatory signals induced by LPS initiate signal transduction
through TLR4 and CD14. These events trigger activation
of transcription factors, such as NF-κB, which regulate
secretion of interleukins-1, 6, 8 and 12, and TNF-α. The
latter cytokine subsequently triggers a series of immune
and inflammatory responses that can damage the gastric
mucosa[22]. However, the mechanism by which H. pylori
infection causes gastric cancer remains to be determined.
One hypothesis is that inflammation triggered by H. pylori
infection causes the gastric mucosa to undergo atrophy,
intestinal metaplasia, and dysplasia, leading to eventual
development of gastric cancer[23]. In this context, polymorphism of CD14/-260 may alter the host’s immune
system, weaken defenses against H. pylori infection, and
allow the gastric mucosa to become susceptible to infection, inflammation, and formation of cancerous lesions.
At the molecular level, the C260T polymorphism harbors
the S1 binding site of the CD14 promoter, and a C/T
polymorphism may alter CD14 promoter activity, leading
to increased CD14 gene transcription. Thus, the T allele
homozygote can enhance CD14 expression on circulating monocytes and therefore promote inflammation. Our
current data support this notion, because CD14/C260T
was associated with very high luciferase activity, and such
high transcriptional activity will induce high levels of
CD14 expression, especially during H. pylori infection[18].
Gastric cancer is a multi-factorial disease, and our
current study suggests that gastric cancer may be induced
by several events, including oncogene activation and the
down-regulation of tumor suppressor genes. Nevertheless, this study does not provide evidence associating
CD14 polymorphisms with these events or explain how
CD14 polymorphisms subvert the immune response to
trigger gastric cancer development. However, our study
does provide novel information which may link CD14
polymorphisms in Highland Tibetans with an increased
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risk of developing gastric cancer. Future studies will
further investigate the role of CD14 in development of
gastric cancer.
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RESULTS: After full-text review, nine studies with a total of 176 patients were included in our MA. All the included studies were of low to moderate quality. Patients
who have received antiviral treatment had a higher risk
2
of 30-d colectomy (OR = 2.40; 95%CI: 1.05-5.50; I =
37.2%). A subgroup analysis including only patients in
whom CMV diagnosis was based did not demonstrate a
significant difference between the groups (OR = 3.41;
2
95%CI: 0.39-29.83; I = 56.9%). Analysis of long-term
colectomy rates was possible for 6 studies including
110 patients. No statistically significant difference was
found between the treated and untreated groups (OR
2
= 1.71; 95%CI: 0.71-4.13; 6 studies, I = 0%). Analysis of mortality rate was not possible due to a very limited number of cases. Stratification of the outcomes by
disease severity was not possible.
CONCLUSION: No positive association between antiviral treatment and a favorable outcome was demonstrated. These findings should be interpreted cautiously due to primary studies’ quality and potential biases.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Ulcerative colitis; cytomegalovirus; colectomy; antiviral treatment; gancyclovir; foscarnet

AIM: to evaluate the impact of antiviral treatment on
cytomegalovirus (CMV)-positive ulcerative colitis patients.

Core tip: We have undertaken a meta-analysis of the
existing literature in order to evaluate the impact of
antiviral therapy on the outcome (colectomy rate) of
ulcerative colitis patients with documented presence of
cytomegalovirus. Nine studies of low to moderate quality with significant heterogeneity were included. Patients
treated with antivirals did not have a better outcome in
comparison to those who were not. These results should
be interpreted with caution in view of low quality of the
included studies and several potential biases. Additional
high-quality studies are required to define the optimal
diagnostic and therapeutic strategy for these patients.

METHODS: We performed a systematic review and
meta-analysis (MA) of comparative cohort and casecontrol studies published between January 1966 and
March 2013. Studies focusing on colectomy series
and studies including only less than 3 patients in the
treated or non-treated arm were excluded. The primary outcome was colectomy within 30 d of diagnosis.
Secondary outcomes included colectomy during the
follow-up period Subgroup analyses by method of detection of CMV, study design, risk of bias and country
of origin were performed. Quality of studies was evalu-
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databases for articles published between 1966 and March
2013. In addition, we manually scanned the abstracts
presented at the following medical conferences: DDW,
UEGW, ECCO for the years 2004-2012. In our analysis,
we have included studies published as full papers or conference abstracts.
The search strategy included the following search
terms: “ulcerative colitis” or “inflammatory bowel disease” and “cytomegalovirus” or “CMV”. Their MESH
terms were crossed. We manually scanned references of
all included studies to identify additional relevant publications.

Kopylov U, Eliakim-Raz N, Szilagy A, Seidman E, Ben-Horin
S, Katz L. Antiviral therapy in cytomegalovirus-positive ulcerative colitis: a systematic review and meta-analysis. World J
Gastroenterol 2014; 20(10): 2695-2703 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i10/2695.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i10.2695

INTRODUCTION
Cytomegalovirus (CMV) infections are very common in
the general population[1]. The infection is usually clinically mild and often confused with other minor viral infections. Reported rates of CMV-IgG positivity, signifying
past exposure to the virus, are as high as 100%, depending on the age and geographic location of the population studied[2]. Even though systemic CMV disease in the
immunocompetent patients is extremely rare, primary
CMV infection or reactivation may lead to disseminated
disease or end-organ involvement in immunocompromised patients (post-solid organ transplantation, chemotherapy-treated, HIV, recipients of immunosuppressive
drugs, etc.)[3]. CMV is the most common virus causing
disease and death in solid organ transplant recipients
(kidney, heart, liver, lung and pancreas)[4].
The role of CMV infection in patients with inflammatory bowel disease (IBD) is controversial. Although
CMV has been specifically associated with refractory
disease, the strength and nature of this association has
been a subject of debate[5]. The detection of CMV in the
colon is frequent in patients with acute severe ulcerative
colitis (UC). CMV has been reported to be present in
colonic tissue of 21%-34% of all UC patients and in
33%-36% of steroid refractory patients[6].
The clinical significance of detecting CMV in UC
remains debatable[7]. It has been suggested that intestinal
CMV detection may be a marker of severe disease that
is more likely to be refractory to corticosteroid and immunosuppressive therapy. Alternatively, CMV might only
be an “innocent bystander”, reflecting a remote infection
of the involved mucosa, without significantly impacting
on outcomes[2]. Conversely, CMV is often considered an
undisputable infection with potentially grave outcome.
As such, the standard therapy for CMV infection in UC
patients includes intravenous gancyclovir, with a possible
switch to oral valgancyclovir upon improvement. Intravenous foscarnet is usually reserved for patients who do not
tolerate or respond to gancyclovir[2]. However, prospective controlled trials to validate the clinical benefit of such
treatment in IBD patients are still largely unavailable.
The aim of this study is to evaluate the impact of
antiviral therapy on the outcome of CMV-positive UC
patients using a systematic review and meta-analysis (MA)
of the published studies pertaining to the subject.

Study selection
We included prospective and retrospective cohort studies comparing outcomes of treated and untreated CMVpositive UC patients.
The following types of studies were excluded: (1)
Studies including less than 4 patients in one or more of
the arms (treated and non treated patients); (2) Studies
pertaining exclusively to CD patients. For studies involving mixed cohorts (CD and UC), we analyzed only the
UC data. If this was not possible, we contacted the first
and last author of the study and requested that they provide the relevant data. If no response was received, the
study was excluded from analysis; (3) Studies describing
antiviral treatment with an antiviral agent other than gancyclovir, valgancyclovir or foscarnet were also excluded;
and (4) Series exclusively reporting colectomy data, i.e.
only patients who reached the outcome of colectomy,
were included. Patients were excluded from the analysis
if they underwent colectomy before gancyclovir treatment was considered or the results of CMV assessment
were available.
Outcome measures
The primary outcome assessed was the rate of colectomy during the hospitalization period or within 30 d of
diagnosis. Secondary outcomes was colectomy rate for
the available follow-up duration (3 mo since the index
hospitalization).
Subgroup analysis was done according to the method
of CMV diagnosis, study design, study location and
quality of studies, based on Newcastle Ottawa Scale (see
below).
Data extraction and quality of data assessment: Two
reviewers (UK, NE) independently applied inclusion criteria, selected the studies, and extracted data, outcomes
and quality. In cases with disagreement between the two
reviewers, the issues were resolved by discussion. Authors
of studies were contacted if clarification was needed.
The following data were collected: period and location
of the studies, year of publication, inclusion criteria for
participants in each study, demographic and disease characteristics of the included patients, method of diagnosis
of CMV colitis, details of anti-inflammatory treatment
preceding the diagnosis of CMV, type, duration and dose
of the antiviral treatment, and outcome measures as
mentioned above.

MATERIALS AND METHODS
Search strategy
We searched Pubmed, Embase and World of Science
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Citations identified from electronic databases

n = 448
Citations excluded after scanning of titles and abstracts

n = 396
Potentially relevant citations identified by
titles and abstracts- for further assessment
n = 52

Studies retrieved for further assessment

Citations excluded after reading the full text n = 27
CD/mixed cohort- 6 patients
No outcome or treatment data- 15
Colectomy only-2
Duplicate data-4

n = 25
Not anti-tumor necrosis factor-1
Studies included in the review

n =9

Figure 1 Selection of studies on cytomegalovirus infection complicating ulcerative colitis.

ticles[8,12-14,16,17] and three[9,10,15] as conference abstracts.
Duration of follow-up ranged between 1 to 40 mo. Four
studies[8,12,13,17] were prospective and five[9,10,14-16] retrospective. In four studies, the primary objective was to
compare the outcome of patients treated with antivirals
to the outcome of patients who did not receive antiviral
therapy[9,12,15,16]. The quality of the included studies was
determined according to the modified Newcastle Ottawa
Scale (Table 2). The overall quality of the studies was
moderate-low; no study met the criteria for high quality.

Quality of studies was assessed using the Newcastle
Ottawa Scale (NOS), modified for this review. The
quality of the included studies was evaluated based on
questions regarding the selection and comparability of
the cohort (treated and non-treated CMV-infected UC
patients) and the outcome of the study. A higher score
indicates higher methodological quality. We defined highquality studies as mean total points ≥ 5; low quality as <
4, and moderate, between those values.
Statistical analysis
Study results were expressed as odds ratio (OR) with
95%CI. We used a fixed-effect model to pool results. We
assessed heterogeneity using the χ 2-test of heterogeneity
and the I2 measure of inconsistency. If significant heterogeneity had a χ 2-test P value < 0.1 or an I2 measure
> 50% we conducted a random effects meta-analysis.
Sensitivity analysis was done without the less qualified
studies or the study which showed the most significant
difference, with the same statistical methods. Analyses
were performed using RevMan 4.2 (The Nordic Cochrane Centre, The Cochrane Collaboration Copenhagen, 2003).

Outcomes
Analysis of colectomy rates during hospitalization was
possible for all included studies[8-16] (Figure 2) and for all
patients (70 treated, 106 controls). Patients who had received antiviral treatment had a higher risk of requiring
a subsequent colectomy (OR = 2.40; 95%CI: 1.05-5.50;
I2 = 37.2%). Subgroup analysis including only patients
in whom CMV diagnosis was based on immunohistochemistry (IHC) staining showed the same trend, with
much wider CI (OR = 3.41; 95%CI: 0. 39-29.83; 5 studies, Random effect, I2 = 56.9%). Subgroup analyses using only the prospective studies (n = 4) or studies with
moderate (n = 3) vs high risk of bias (n = 6) showed the
same trend, but without reaching statistical significance
because of small group size and wide CI. We performed
an additional subgroup analysis, comparing studies
conducted in Europe [9,10,13,17] to those taken place in
Asia[8,12,15] (omitting the Canadian and Israeli studies). No
case of colectomy during hospitalization was reported
among the non treated group in the Asian studies, therefore, patients who received antivirals underwent more
colectomies than the non treated patients in the Asian
studies. In the European studies no difference was recorded between the two groups (OR = 19.85; 95%CI:
1.94-203.61; and OR = 0.81; 95%CI: 0.24-2.79 for studies taken in Asia and in Europe, respectively).

RESULTS
Our search yielded 448 studies. After title and abstract
scanning 397 of them were excluded. An additional 42
studies were excluded after full-text review (Figure 1). A
total of 9 studies[8-16] were included in our systematic review and MA, with data available for 176 patients. Table
1 shows the characteristics of the included studies.
All studies collected data on patients admitted between 1990-2011 and published between 2010 and 2013.
Four studies were conducted in Europe[9,10,13,17], two in
Japan[8,15] and the others in Canada[14], South Korea[12]
and Israel[16]. Six studies were published as ull text ar-

WJG|www.wjgnet.com

2697

March 14, 2014|Volume 20|Issue 10|

Kopylov U et al . Antivirals in CMV-positive ulcerative colitis
Table 1 Characteristics of the included studies and patients on cytomegalovirus in ulcerative colitis
Ref.

n

Year of
publication

Type

Design

Included
patients

TX

C

Omiya et al[8]

2010

Full

P1

10

Zeki et al[9]1

2010

Abstract

R2

7

Maconi et al[10]3

2011

Abstract

R2

6

Criscuoli et al[17]

2011

Full

P1

7

Kim et al[12]

2012

Full

P1

14

Roblin et al[13]3

2011

Full

P1

8

Al-Zafiri et al[14]3

2012

Full

R2

7

10 Moderate to Seo’s score Tissue PCR
GCV
severe UC
(IHC/HE -)
10 UC (no seNA
HE/IHC+
GCV-5,
VGCV-2
verity data)
14 Moderate to Mayo/
HE/IHC+
GCV
severe UC
Baron
score
21 Moderate to Truelove/ IHC +, pp65+ GCV-5
severe UC
Witts
FC-2
17 Moderate to Mayo/
HE/IHC/
GCV
severe UC
Baron
PCR+
score
8 Moderate to
Mayo
qPCR, IHC/
GCV
severe UC,
HEfailure of
CS +rescue
therapy
(IFX/CSA)
8
HospitalNA
IHC/HE+
GCV
ized UC

Maruyama et al[15]

2012

Abstract

R2

4

Kopylov et al[16]

2013

Full

R2

7

12 Moderate to
severe UC
6

UC

Severity
criteria

Method of
diagnosis

Anti-viral FollowShort-term
Long-term
tx
up (mo) colectomy rate colectomy rate

NA

IHC/HE+

GCV

NA

IHC/HE+

GCV-6
VGCV-1

TX

C

TX

C

12

0/10

0/10

3/10

0/10

12

4/7

7/10

4/7

7/10

12

0/6

0/14

0/6

2/13

12

2/7

4/21

2/7

4/18

hospitalization
≥ 10

3/14

0/17

NA

NA

1/8

2/8

3/8

2/8

hospitalization
Hospitalization
13

3/7

0/8

NA

NA

3/4

0/12

NA

NA

1/7

0/6

3/7

0/6

1

P: prospective design; 2R: retrospective design; 3Some of the data was obtained through personal communication; TX: patients treated with antivirals; C:
patients who did not receive antivirals. PCR: polymerase chain reaction; qPCR: quantitative PCR; IHC: immunohistochemistry; HE: hematoxylin-eosin
staining; pp65: antigenemia; GCV: gancyclovir; VGCV: valgancyclovir; FC: foscarnet. Short -term outcome- during the initial hospitalization or within 30
d of the diagnosis; long-term outcome- > 3 mo after the initial hospitalization.

Table 2 Quality of studies on cytomegalovirus in ulcerative colitis assessed according to modified New-Castle Ottawa Scale
Total

Outcome

1
3
4
1
3
3
4
4
1
24/54 (44.4%)

*
*

*
*
4/9 (44.4%)

Comparability

*
*
*
*

4/18 (22.2%)

Selection

Ref.

*
**
**
*
**
**
**
***
*
16/27 (59.3%)

Al-Zafiri et al[14], 2012
Criscuoli et al[17], 2011
Kim et al[12], 2012
Kopylov et al[16], 2013
Maconi et al[10], 2011
Maruyama et al[15], 2012
Omiya et al[8], 2010
Roblin et al[13], 2011
Zeki et al[9], 2010
Total

in each category, a number of points from 1 (minimal) to 3 (maximal) are attributed by each reviewer. The total score represents a sum of the points
achieved at every category.

these results should be interpreted cautiously in view of
important confounders and biases that are discussed in
detail below.
Although CMV infection in IBD patients is frequently described, the vast majority of the studies pertaining
to the outcome of this condition are case-reports and
case series[18]. Very few prospective studies evaluating
the outcomes of such cases have been published, and
none employed a randomized blinded design. The true
pathological and clinical consequences of the presence
of CMV in the colonic tissue in patients with ulcerative

DISCUSSION
In this systematic review and MA, we have attempted to
compare the outcome of CMV-positive UC patients who
were treated with antivirals to that of untreated patients.
We did not observe a favorable effect of antiviral therapy for either the primary (short-term colectomy rate)
or the secondary (long-term colectomy rate) outcomes.
In fact, the patients who had not been treated had a
significantly lower risk of a short-term colectomy, and a
trend towards improved long-term outcome. However,
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A
Colectomy during hospitalization
Study or sub-category Antiviral treatment No antiviral Weight
n /N
n /N
%
Al-Zafiri 2012
3/7
0/8
3.64
Criscuoli 2011
2/7
4/21
19.65
Kim 2011
3/14
0/17
4.79
Kopylov 2013
1/7
1/6
12.70
Maruyama 2012
3/4
0/12
1.15
Omiya 2010
0/10
0/10
Zeki 2010
4/7
7/10
33.99
Maconi 2011
0/6
0/14
Roblin 2011
1/8
2/8
24.08
Total (95%CI)
70
106
100.00
Total events: 17 (antiviral treatment), 14 (No antiviral)
2
2
Test for heterogeneity: χ = 9.55, df = 6 (P = 0.14), I = 37.2%
Test for overall effect: Z = 2.07 (P = 0.04)

OR (fixed)
95%CI
13.22 [0.55, 316.64]
1.70 [0.24, 12.17]
10.65 [0.50, 226.09]
0.83 [0.04, 16.99]
58.33 [1.92, 1770.83]
Not estimable
0.57 [0.08, 4.30]
Not estimable
0.43 [0.03, 5.98]
2.40 [1.05, 5.50]

OR (fixed)
95%CI

0.1

0.2

0.5

1

Favours treatment

B
Colectomy during hospitalization
Study or sub-category Antiviral treatment No antiviral Weight
n /N
n /N
%
Criscuoli 2011
5/7
15/21
19.77
Kopylov 2013
3/7
0/6
2.77
Omiya 2010
3/10
0/10
3.15
Roblin 2011
5/8
2/8
6.92
Suzuki 2010
3/15
1/3
12.30
Zeki 2010
4/7
7/10
22.80
Kambham 2004
0/3
6/8
32.29
Total (95%CI)
57
66
100.00
Total events: 23 (Treatment), 31 (Control)
2
2
Test for heterogeneity: χ = 9.43, df = 6 (P = 0.15), I = 36.4%
Test for overall effect: Z = 0.73 (P = 0.47)

OR (fixed)
95%CI
1.00 [0.15, 6.64]
10.11 [0.41, 247.48]
9.80 [0.44, 219.25]
5.00 [0.58, 42.80]
0.50 [0.03, 7.54]
0.57 [0.08, 4.30]
0.50 [0.00, 1.49]
1.43 [0.61, 2.96]

2

5

10

Favours control

OR (fixed)
95%CI

0.1

0.2

0.5

Favours treatment

1

2

5

10

Favours control

Figure 2 Colectomy rate in cytomegalovirus infection complicating ulcerative colitis. A: The rate of colectomy during hospitalization tended to be lower among
the patients who did not receive antiviral treatment; B: No significant difference was found in the rate of colectomy during follow-up period.

fection[1], and the risk of CMV infection in patients negative for both IgG and IgM is extremely low[23]. None of
the studies included in this MA used positive serology as
a sole criterion for definition of CMV infection or colitis. Viral particles (pp65 antigen) can be detected in fluid
specimens. However, this technique is susceptible to
subjective interpretation and can be positive without evidence of colitis[6,24]. Only one of the studies included in
this systematic review employed pp65 antigenemia as an
indicator of a need for antiviral therapy, along with positive immunohistochemistry[11]. CMV antigenemia testing
has generally been replaced by viral DNA detection.
CMV DNA can be identified by PCR with a sensitivity
of 65%-100% and specificity of 40%-92%[2]. PCR can
be positive in patients without colonic involvement, and
a correlation with histologic CMV disease has not been
universally reported[6,22,25].The presence of CMV in colonic tissue can also be detected by histological methods
[hematoxylin-eosin staining (HE), IHC] (Figure 3), as
well as PCR. Earlier reports have included steroid-resistant patients with evidence of CMV-induced cytopathic
damage on HE staining (“inclusion bodies”) [20,26,27].
These patients usually had a severe disease and high

colitis have been debated for many years, since the initial
report by Powell et al[19]. Although evidence of CMV infection in the inflamed colonic mucosa of IBD patients
is quite common, particularly in steroid-resistant patients[20,21], the actual clinical significance of this finding
remains unclear. CMV is trophic for inflamed and replicating tissue, and commonly affects immunosuppressed
patients[6,7]. Evidence of viral shedding and replication is
often found in IBD patients, almost exclusively in the inflamed mucosa[2]. However, the virus has been shown to
disappear from the colonic tissue of UC patients without the administration of antiviral therapy[22]. We will try
to address some of the more important controversies
on the subject of CMV colitis that are the focus of the
present study.
The first issue is the method of diagnosis of CMV
infection. Several diagnostic techniques have been described for UC patients. In the past, viral culture was
considered a “gold standard” technique for detection
of CMV. However, this technique is not sufficiently
sensitive and is cumbersome. CMV serology is usually
uninformative, as positive CMV IGG is very common.
However, a positive CMV IgM is indicative of acute in-
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A

the intravenous treatment and whether the patients were
eventually switched to oral valgancyclovir were not available for majority of the studies. Importantly, administration of both gancyclovir and foscarnet is associated with
significant adverse effects (for gancyclovir- bone marrow
depression, headaches, somnolence, psychosis, abnormal
liver function, fever, and rash; for foscarnet-nephrotoxicity and severe electrolyte abnormalities[2]. These adverse
effects were not clearly reported in the majority of the
included studies. Two of the studies[9,16] included a total
of 3 patients initially treated with oral valgancyclovir. An
additional important question that we could not address
due to very limited data was whether anti-inflammatory
treatment should be stopped when antiviral treatment is
instituted.
The included studies were heterogeneous with regards to the severity of disease, as well as the clinical
severity score employed (Table 1). Most of the studies
included patients with at least moderate colitis, although
the scoring system employed was not uniform. In addition, it was not possible to extract data pertaining to
individual patient severity categories in order to determine whether severity of underlying disease affected the
outcome, as might be expected. The same is true with
regards to anti-inflammatory medications used by the
patients and the proportion of steroid resistant patients,
which could have served as a surrogate marker of severity and the degree of immune suppression. One study[13]
included only steroid resistant patients who had failed
a rescue medication (infliximab or cyclosporine), while
other studies included patients with a wide variety of
anti-inflammatory medications. Most of the included
studies did not describe a clear strategy supporting the
decision to institute or withhold antiviral therapy. Omiya
et al[8] administered antiviral treatment only to patients
with ulcers > 10 mm on colonoscopy. Kim et al[12] treated
only steroid resistant patients, with steroid-responsive
patients having excellent outcome without antiviral treatment. Criscuoli et al[17] based the decision to treat on a
combination of positive IHC and pp65 antigenemia.
Roblin et al[13] treated only steroid-resistant patients who
were not improved after rescue infliximab or cyclosporine therapy. The rest of the studies treated all CMVpositive patients; however, it appears that patients who
quickly responded to anti-inflammatory treatment after
hospitalization were less likely to be treated with antivirals and have a favorable outcome without antivirals. On
the contrary, patients with a very severe clinical presentation were frequently operated early in the course of the
hospitalization, in many cases before their CMV status
was established.
There are several important drawbacks to our study.
The main weakness was the quality of the included
studies. None of the included studies was randomized
controlled trial. Only 4 of the studies had a prospective
design. The total number of patients included in the
analysis is small, reflecting a lack of well-designed large
studies. The most significant drawback stems from in-

B

Figure 3 Cytomegalovirus demonstrated on a colonic biopsy in a patient
with ulcerative colitis (arrows). A: Hematoxylin eosin staining; B: Immunohistochemistry, adapted from [16].

rates of colectomy (up to 67%)[21,26,28]. The detection of
inclusion bodies on HE staining is clinically relevant[6]
and implies ongoing destruction of the colonic epithelial
cells by the virus. Unfortunately, this technique has low
sensitivity (10%-87%)[2]. Immunohistochemistry with a
monoclonal antibody targeting the early CMV antigen
has been reported to improve the diagnostic sensitivity
to 78%-93%[2,29]. Current ECCO guidelines recommend
the combination of HE staining and IHC for detection
of CMV infection in patients with a flare-up of UC[30].
Detection of CMV DNA in the colonic tissue by PCR
is highly sensitive, but in the absence of histological evidence of tissue damage possibly represents a remote or
latent infection or a low-key viral replication of unclear
significance[2]. Recently, reports have been published[13,25]
utilizing a quantitative cut-off for a number of CMV
particles detected by real-time PCR.
Despite the available evidence, the question as to
what test truly defines CMV disease in the colon and
thus signifies the need for treatment remains unanswered. There was significant heterogeneity in the
definition of CMV among the studies included in this
MA. Five[9,10,14-16] defined CMV colitis by presence of a
positive IHC staining for CMV. Two studies[8,13] included
IHC/HE-negative patients who were positive for CMV
in colonic tissue using PCR. Two additional studies[11,12]
employed a combination of several techniques to define
CMV positivity. A subgroup analysis of studies including
only IHC-positive patients did not demonstrate a significant difference in the outcome between the groups (OR
= 3.41; 95%CI: 0. 39-29.83, 5 studies).
The standard treatment recommended for CMV
colitis employs intravenous gancyclovir (5 mg/kg intravenously every 12 h for 2-3 wk) with a possible switch
to oral gancyclovir (1 g/8 h) after clinical improvement
for the reminder of the course[2]. These recommendations are not based on experience in IBD, but are derived from data in organ transplant patients[31]. The vast
majority of patients in the included studies were initially
treated intravenously, usually with gancyclovir, or with
foscarnet in gancyclovir-resistant cases. The duration of
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UC patient hospitalized
for exacerbation

Initiate anti-inflammatory
treatment

Flexible signoidoscopy/
colonoscopy with HE +
IHC staining for CMV

Negative for CMV

IHC/CMV staining
for CMV positive

Continue anti-inflammatory
treatment

Improvement on antiinflammatory treatment

Failure to improve
on anti-inflammatory
treatment

Continue antiinflammatory treatment
monitor closely

1

Initiate antiviral

Figure 4 Proposed algorithm for decision on initiation of antiviral therapy in a ulcerative colitis patient with histological evidence of cytomegalovirus in
the colonic mucosa. 1unclear whether antiviral treatment should be tapered/stopped. UC: ulcerative colitis; HE: hematoxylin-eosin staining; IHC: immunohistochemistry; CMV: cytomegalovirus.

ability to stratify the patients by disease severity, along
with an inherent selection bias that resulted in administration of the antiviral therapy to the sicker patients in
the majority of the studies. In addition, the definition of
CMV infection differed significantly. We have attempted
to overcome this heterogeneity in diagnostic criteria by
performing a subgroup analysis of studies with a histological definition of CMV colitis. Mortality (2 patients
overall) was reported in only 2 of the included studies,
precluding any analysis of the impact of antiviral treatment on mortality.
Our MA has several strengths. We employed a stringent inclusion strategy aimed at minimizing selection
and publication bias. Primarily, we excluded exclusive
colectomy series, as they naturally included only patients
who had reached the primary outcome (colectomy). In
addition, we excluded the patients in whom the diagnosis of CMV was only available after colectomy, as these
patients had never had a chance to receive the treatment.
In order to minimize reporting bias, we excluded studies
that did not compare patients with and without antiviral
therapy, or included 3 or less patients in each arm, as
these studies were likely to be biased towards one of the
strategies.
In summary, our MA did not demonstrate a benefit
of antiviral therapy in CMV-positive patients with UC.
The results were not changed if the analysis was restricted to studies using histological (IHC/HE) criteria for
diagnosis of CMV. Based on the available literature, we
are suggesting an algorithm for management of CMV-
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positive (as demonstrated by HE/IHC staining) patients
hospitalized for UC exacerbation, stratified by clinical
response to initial anti-inflammatory treatment (Figure
4). To the best of our knowledge, this is the first attempt
to perform a systematic analysis of the multiple studies
published on the subject. While the results are hampered
by the weakness of the included studies, they do indicate
the heterogeneity of this challenging patient cohort,
showing that at least some patients with CMV probably
do not require antiviral therapy. Thus, these findings
underscore the dire need for prospective studies employing stringent clinical, endoscopic and virologic measures
to identify the subgroups of patients who are likely to
benefit from antiviral therapy, vs those who recuperate
without this intervention. Such a study should also aim
to establish the optimal dose and duration of treatment
and the clinical benefit of withholding anti-inflammatory
agents.
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Cytomegalovirus (CMV) is a very common infection endemic almost ubiquitously. In immunocompromised patients CMV infection can be associated with
severe end-organ and systemic infection. CMV presence is frequently detected
in the mucosa of patients investigated for exacerbation of ulcerative colitis (UC).
However, the impact of CMV infection on the prognosis of UC patients is unclear, and the impact of antiviral therapy on the outcome of these patients has
not been well established.
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Multiple studies describing the outcome of CMV-positive UC patients had been
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published in the last twenty years. However, a vast majority of these publications are case series or small case-controlled studies with heterogenous patients cohorts. In this study, we aimed to evaluate the impact of antiviral therapy
on the outcome of CMV-positive UC patients using a meta-analysis of the currently available literature.

9

Innovations and breakthroughs

10

The authors did not demonstrate a positive impact of antiviral therapy with gancyclovir on either a short-term (colectomy within 30 d) or long-term (colectomy
for the duration of follow-up) outcomes. These results should be addressed
with caution due to a low quality of the included studies and important potential
biases. The results underline a significant heterogenity of these population, that
potentially includes both patie ts with mild disease who do not necessarily require antiviral therapy along with severy ill patients refractory to several lines of
anti-inflammatory treatment. This study was underpowered to detect the impact
of the disease severity on the outcome of these patient.

11

12

Applications

The results point out that not all of these patients benefit from antiviral therapy,
and it is quite possible that patients with good initial response to conventional
antiviral treatment may do well on this treatment alone. Well designed randomized controlled studies with stringent disease and outcome definitions are required in order to delineate the optimal treatment strategy for CMV-positive UC
patients, and to define the patient subgroups that benefit from such treatment.

13

Terminology

Cytomegalovirus - a very common virus that is rarely associated with significant
morbidity in healthy individuals, but may be associated with severe complications in immunocompromised patients. It is commonly treated with intravenous
gancyclovir
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Peer review

This is an interesting paper on one of the controversial issues in inflammatory
bowel disease (IBD) literature on whether to treat or not and under which conditions CMV infection in patients with IBD. The methodology and analysis is technically solid, however a cautious interpretation due to a heavy selection bias is
required.
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TIPS improves liver transplantation-free survival in cirrhotic
patients with refractory ascites: An updated meta-analysis
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RESULTS: Six randomized controlled trials with 390
patients were included. In comparison to paracentesis,
TIPS significantly improved LTF survival (HR = 0.61,
95%CI: 0.46-0.82, P < 0.001). TIPS also significantly
decreased liver disease-related death (OR = 0.62,
95%CI: 0.39-0.98, P = 0.04), recurrent ascites (OR =
0.15, 95%CI: 0.09-0.24, P < 0.001) and hepatorenal
syndrome (OR = 0.32, 95%CI: 0.12-0.86, P = 0.02).
However, TIPS increased the risk of HE (OR = 2.95,
95%CI: 1.87-4.66, P = 0.02) and severe HE (OR = 2.18,
95%CI: 1.27-3.76, P = 0.005).
CONCLUSION: TIPS significantly improved the LTF
survival of cirrhotic patients with refractory ascites and
decreased the risk of recurrent ascites and hepatorenal
syndrome with the cost of increased risk of HE compared with paracentesis. Further studies are warranted
to validate the survival benefit of TIPS in clinical practice settings.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To compare the liver transplantation-free (LTF)
survival rates between patients who underwent transjugular intrahepatic portosystemic shunts (TIPS) and
those who underwent paracentesis by an updated
meta-analysis that pools the effects of both number of
deaths and time to death.

Key words: Transjugular intrahepatic portosystemic
shunt; Ascites; Paracentesis; Survival; Meta-analysis
Core tip: We evaluated the effects of transjugular intrahepatic portosystemic shunts (TIPS) vs paracentesis on
the liver transplantation-free (LTF) survival in patients
with cirrhosis and refractory ascites. Both the number
of deaths and the time to death were considered in the
present meta-analysis. We found that TIPS significantly
improved LTF survival, liver disease-related death,
recurrence of ascites, and hepatorenal syndrome;
however, TIPS increased the risk of post-TIPS hepatic
encephalopathy.

METHODS: MEDLINE, EMBASE, and the Cochrane
Library were searched from the inception to October
2012. LTF survival, liver transplantation, liver diseaserelated death, non-liver disease-related death, recurrent ascites, hepatic encephalopathy (HE) and severe
HE, and hepatorenal syndrome were assessed as outcomes. LTF survival was estimated using a HR with a
95%CI. Other outcomes were estimated using OR with
95%CIs. Sensitivity analyses were performed to assess
the effects of potential outliers in the studies according
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TIPS on LTF survival in cirrhotic patients with refractory
ascites.
The purpose of the present study was to update the
previous meta-analyses to evaluate the effect of TIPS on
patient survival by appropriate survival analysis. LTF survival was employed as the primary endpoint. Additionally,
the causes of death, the number of patients who underwent liver transplantation, the frequency of recurrent
ascites, the risk of HE, and the incidence of hepatorenal
syndrome were evaluated.

proves liver transplantation-free survival in cirrhotic patients with
refractory ascites: An updated meta-analysis. World J Gastroenterol 2014; 20(10): 2704-2714 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i10/2704.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i10.2704

INTRODUCTION
Refractory ascites is observed in 5%-10% of advanced
cirrhosis cases and has a one-year mortality rate of
20%-50%[1-3]. Liver transplantation is the only definitive
treatment for these patients, but the procedure is limited
by donor liver resources and high cost. Repeated largevolume or total-volume paracentesis with intravenous
albumin infusion is currently recommended as the firstline treatment for patients with refractory ascites [4,5].
Although therapeutic paracentesis relieves symptoms
rapidly with few technical complications, it does not correct the underlying mechanisms of ascites formation and
has negative effects on systemic hemodynamics and renal
function[2]. Although surgical portal-caval shunts are effective in the treatment of refractory ascites by reducing
the portosystemic pressure gradient (PSG), these shunts
have been abandoned because of the high postoperative
morbidity and mortality rates[6]. Transjugular intrahepatic
portosystemic shunts (TIPS) decompress the PSG and
correct the formation of ascites in most cases without
the need for general anesthesia, avoiding the risk of major surgery[4,5,7].
Several randomized controlled trials (RCTs) have
compared uncovered TIPS with paracentesis in the management of refractory ascites in cirrhotic patients[8-13].
Despite the demonstration by these studies that TIPS
was effective in controlling ascites, it was associated with
an increased risk of hepatic encephalopathy (HE) and
controversial results in survival benefits[8-13]. Based on
the data reported in the literature about the five available
RCTs[8-12], four previous meta-analyses concluded that
TIPS could not significantly decrease patient mortality when compared with paracentesis[6,14-16]. It is notable
that all four of these meta-analyses simply combined the
number of deaths without considering the effect of the
time to death. Thereafter, a meta-analysis by Salerno et
al[17] pooled individual patient data from four RCTs to
overcome this inappropriate survival analysis and demonstrated that TIPS significantly improved liver transplantation-free (LTF) survival. However, the impossibility of
collecting individual patient data from all of the identified
RCTs is a potential drawback for the meta-analysis conducted by Salerno et al[17] and Higgins et al[18]. Most likely,
the inconsistent conclusions among these meta-analyses
were due in part to the hesitation of recommending TIPS
as the primary therapy[4,5]. After these meta-analyses, one
additional RCT was published in 2011[13]. Thus, it is useful to conduct an updated meta-analysis using an appropriate survival analysis method to evaluate the effect of
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MATERIALS AND METHODS
Searching for and selection of studies
Eligible studies were identified by a comprehensive search
of MEDLINE, EMBASE, and the Cochrane Library
from their inceptions to October 2012. The following
key words were used in our searches: ascites, TIPS, paracentesis, and RCT. Reference lists in primary study publications, review articles, editorials, and the proceedings of
international congresses were also manually examined.
The following criteria were employed for study selection: (1) study publication: full-text in the English
language; (2) study design: RCT; (3) study participants:
cirrhotic patients with refractory or recurrent ascites; (4)
study interventions: TIPS vs large-volume or total-volume
paracentesis (with/without intravenous albumin); and
(5) one or more of the following outcomes estimated:
LTF survival, liver transplantation, cause of death (liver
disease-related death or non-liver disease-related death),
recurrence of ascites, HE, and hepatorenal syndrome.
Outcomes and definitions
LTF survival (primary endpoint): patient survival without liver transplantation. Liver transplantation: number
of patients who underwent liver transplantation. Liver
disease-related death: number of patients who died of
liver disease-related causes, including hepatic failure,
variceal bleeding, hepatorenal syndrome, and hepatocellular carcinoma. Non-liver disease-related death: number
of patients who died of non-liver disease-related causes,
such as sepsis, cerebrovascular accident, and cardiac dysfunction[16]. Recurrence of ascites: number of patients
who required a new paracentesis after the interventions.
HE and severe HE: number of patients who presented
with HE after intervention and the number of patients
with severe HE (grades Ⅲ/Ⅳ HE according to Conn et
al[19] or equivalent classification), respectively. Hepatorenal syndrome: number of patients with type 1 or type 2
hepatorenal syndrome.
Risk of bias assessment
According to the Cochrane risk of bias tool[18], the following six items were used in the assessment of risk of
bias: generation of random allocation sequence, concealment of allocation sequence, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, and selective outcome reporting.
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155 references were identified
40 duplications were excluded
115 references examined in detail

7 RCTs were candidates for the
meta-analysis

108 references were excluded:
62 review articles
10 systematic reviews
15 non-RCTs
7 abstracts without full-text
8 editorial comments
2 letters
2 RCTs about other topics
2 case reports

1 RCTs did not reported any of
the targeted outcomes
6 RCTs were included in the
meta-analysis

Figure 1 Randomized controlled trial selection flowchart. RCT: Randomized controlled trial.

Data extraction
Determination of trial eligibility and extraction of data
were performed independently by two investigators (Bai
M and Qi X). Agreements on disagreements were made
through discussion. The following data were extracted:
patient selection criteria, number of patients screened,
number of patients allocated to each study group, detailed information of interventions, study design, duration of follow-up, age, gender, etiology of cirrhosis,
Child-Pugh class and score, HE, history of gastrointestinal bleeding, serum bilirubin, serum albumin, serum
creatinine, serum sodium, technical results, method of
randomization, allocation concealment, blinding, analysis
methods, description of drop-outs, and detailed data of
outcome measures.

absent, trials were combined using a fixed-effect model.
Otherwise, the results of both fixed-effect and randomeffect model were reported. To assess the stability of
results, sensitivity analyses were performed on the effects of potential outlier studies according to the risk of
bias and the study characteristics. A P value of 0.05 was
adopted as the criterion for statistical significance. All
analyses were performed using Review Manager (RevMan)
[Computer program]. Version 5.1. Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration,
2011.

RESULTS
Among the 155 identified publications, 40 duplicates
were excluded. The remaining 115 papers underwent detailed examination, and 109 were subsequently excluded
(Figure 1). Six RCTs including 390 patients reported
between 1996 and 2011 were ultimately included in the
meta-analysis[8-13].

Statistical analysis
For outcomes reported as time-to-event variables, the
HRs are the most appropriate measures to be pooled because both the number of events and the time to events
are important[20,21]. The Log (HR) and its standard error for a study are needed to evaluate the pooled HRs.
These values were calculated according to the methods
described by Parmar et al[22] and Tierney et al[20]. In summary, randomization ratio, number of analyzed patients,
number of observed events, number of expected events,
HR and its 95%CI, logrank variance, logrank observedminus-expected events, and P value of logrank test were
all used when available. When these variables were insufficient, Kaplan-Meier curves were employed to calculate
the Log (HR) and its standard error. These calculations
were accomplished by the calculation spreadsheet provided by Tierney et al[20]. For outcomes reported as binary
variables, the numbers of observed events were extracted
and OR were used to evaluate the pooled effect. Heterogeneity was assessed by the χ 2 test and the I2 statistic.
Upon confirmation that significant heterogeneity was

WJG|www.wjgnet.com

Characteristics of the selected trials
The characteristics of the six included RCTs are summarized in Table 1. The control treatment was largevolume paracentesis[9,12,13] and total paracentesis[8,10,11] in
three studies each. Intravenous albumin infusion was
prescribed after paracentesis in four studies[8,11-13], employed when clinically indicated in one study[9], and used
when patients had a creatinine clearance < 60 mL/min
in the remaining studies[10]. In five studies[8,9,11-13], refractory ascites was defined according to the criteria reported
by the International Ascites Club in 1996[23]. Two trials
included patients with recidivant ascites, which was defined as more than three episodes of tense ascites within
a 12-mo period despite the administration of standard
treatment[9,12].
Five of the studies employed survival as the primary
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Table 1 Characteristics of the included studies
Study characteristics
Study design
Para

Study population

Definition of
refractory ascites

Exclusion criteria

Primary outcomes

Lebrec et al

[10]

Single-center, RCT
TP with albumin infusion (unclear dose)
if creatinine clearance < 60 mL/min
Cirrhotic patients
with refractory
ascites
Adequate diuretic
and sodium restriction: body weight
loss < 200 g/d in 5 d
or > 2 tense ascites
in 4 mo.
> 70 yr, HE, severe
non-hepatic disease,
pulmonary hypertension, PVT/HVT,
HCC, active bacterial infection, severe
alcoholic hepatitis,
biliary obstruction,
creatinine > 1.7
mg/dL

Rössle et al

[9]

[8]

Sanyal et al

[11]

Salerno et al

[13]

Multi-center, RCT
LVP with albumin
infusion (8 g/L of
ascites removed)

Single-center, RCT
LVP with albumin
infusion (6 g/L of
ascites removed)

Cirrhotic patients
with refractory
ascites
Definition reported
in 1996 by International Ascites Club

Cirrhotic patients
with refractory or
recidivant ascites
Definition reported
in 1996 by International Ascites Club

Cirrhotic patients
with refractory
ascites
Definition reported
in 1996 by International Ascites Club

HE ≥ grade
2, bilirubin > 5
mg/dL, creatinine
> 3 mg/dL, PVT,
hepatic hydrothorax,
advanced cancer,
failure paracentesis

Bilirubin > 5 mg/dL,
INR > 2, heart or
renal failure, PVT,
active bacterial infection, HE > grade
2, severe alcoholic
hepatitis, HCC or
incurable cancers,
GI bleeding within 6
wk

> 72 yr, HE > grade
2, bilirubin > 6
mg/dL, Child-Pugh
> 11, creatinine > 3
mg/dL, PVT, HCC,
active bacterial
infection, cardiac or
pulmonary failure,
GI bleeding within
15 d

> 70 yr, HE, HCC or
other malignancy,
PVT, active infection,
severe cardiac or
pulmonary disease,
organic renal disease

Recurrence of ascites
and transplantationfree survival
Recurrence of asci- Overall survival, HE,
tes, liver and renal
GI bleeding, liver
function, HE, GI
and renal function,
bleeding, HRS
quality of life
119
525

Transplantation-free
survival

Overall survival

Recurrence of asci- Recurrence of ascites, HE, GI bleeding,
tes, HE
liver and renal function, HRS
137
78

NR

155

1:01
25

1:01
60

1:01
70

1:01
109

1:01
66

2

4

6

3

7.5/12.4

Narahara et al

Multi-center, RCT
TP with albumin
infusion (6-8 g/L of
ascites removed)

< 18 or > 75 yr, bilirubin > 10 mg/dL,
INR > 2.5, PLT <
40000/mm3, creatinine > 3 mg/dL,
HCC, complete PVT,
cardiac or respiratory failure, organic
renal failure, bacterial infection, and
chronic HE
Recurrence of ascites Transplantation-free Transplantation-free
survival
survival

1

[12]

Multi-center, RCT
Multi-center, RCT
LVP with albumin
TP with albumin
infusion (8 g/L of as- infusion (8 g/L of
cites removed) when ascites removed)
clinically indicated
Cirrhotic patients
Cirrhotic patients
with refractory or
with refractory
recidivant ascites
ascites
Definition reported Definition reported
in 1996 by Interna- in 1996 by International Ascites Club tional Ascites Club

Secondary outcomes Overall survival, HE, Recurrence of ascihemodynamic, liver tes, liver and renal
and renal function
function, HE
Number of patients
screened
Randomized ratio
Number of patients
randomized (total)
Number of
participating centers
Mean follow-up time
(TIPS/Para)

Ginès et al

45/44

9.5/10.8

41/38

21/15

1:01
60
1
27/13

RCT: Randomized controlled trial; NR: Not reported; TIPS: Transjugular intrahepatic portosystemic shunt; Para: Paracentesis; TP: Total paracentesis; LVP:
Large-volume paracentesis; HE: Hepatic encephalopathy; PVT: Portal vein thrombosis; HVT: Hepatic vein thrombosis; HCC: Hepatocellular carcinoma;
INR: International normalized ratio; PLT: Platelet count; GI: Gastrointestinal; HRS: Hepatorenal syndrome.

endpoint[8,9,11-13], and one study used recurrent ascites as
such[10]. The frequencies of recurrence of ascites, HE,
and liver transplantation were reported in all studies.
Severe HE and hepatorenal syndrome were reported in
four[8,10-12] and two trials[8,12], respectively.

between the TIPS and paracentesis groups in all studies.
Technical results
Table 3 presents the technical results of the included
RCTs. The TIPS technical success rate was at least 89%
in five studies[8,9,11-13] but was only 77% in the study by Lebrec et al[10]. The average post-TIPS PSGs were 14 mmHg
in one study[10], and lower than 12 mmHg in all others[8,9,11-13]. Severe procedure-related complications were
reported in three trials, including cardiac arrhythmias[10],
hemolytic anemia[8], and cerebrovascular embolism[12].
The proportions of TIPS dysfunction ranged from 30%
to 87%. The TIPS-assisted patency rates were higher than
80% in five studies[8,9,11-13]. However, more than 50% of
the TIPS patients in the study by Lebrec et al[10] did not

Characteristics of patients in the selected trials
Table 2 summarizes the characteristics of the patients
in the six selected trials. The number of randomized
patients was at least 60 in all trials except for the study
by Lebrec et al[10], which only enrolled 25 patients. The
percentage of Child-Pugh C patients was 26%-33% in
four studies[8-10,13], and 76% in the study by Salerno et al[12].
Baseline serum concentrations of bilirubin, albumin,
creatinine, and sodium were not significantly different
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Table 2 Characteristics of the patients in the included studies
Patient characteristics
Number of randomized
patients
Age, yr (mean)
Percentage of refractory
ascites (total)
Percentage men (total)
Percentage alcohol-induced
cirrhosis (total)
Percentage Child-Pugh class
C (total)
Mean Child-Pugh score
Percentage with HE (total)
Percentage with previous GI
bleeding (total)
Serum bilirubin, mg/dL
Serum albumin, g/dL
Serum creatinine, mg/dL
Serum sodium, mmol/L

Lebrec et al

[10]

Rössle et al

[9]

Ginès et al

[8]

Sanyal et al

[11]

Salerno et al

[12]

Narahara et al

[13]

12/13

29/31

35/35

52/57

33/33

30/30

50/52
100/100 (100)

58/61
58/52 (55)

59/56
100/100 (100)

56/52
100/100 (100)

58/60
72/64 (75)

58/61
100/100 (100)

77/66 (72)
77/83 (80)

72/68 (70)
83/74 (78)

69/74 (71)
51/60 (56)

63/70 (66)
62/58 (60)

72/76 (74)
45/39 (42)

77/70 (73)
37/33 (35)

31/33 (32)

38/22 (30)

37/43 (26)

NR

79/73 (76)

37/30 (33)

9.3/9.2
15/17 (16)
NR

9.1/8.7
46/39 (40)
NR

9.3/9.2
37/40 (39)
34/23 (29)

9.2/9.3
NR
23/25 (24)

9.4/9.4
27/21 (24)
18/21 (20)

8.9/8.9
10/7 (8)
NR

2.04 ± 0.5/1.57 ± 0.2 1.8 ± 1.2/1.8 ± 1.0 2.0 ± 0.2/2.4 ± 0.3 1.9 ± 1.2/1.9 ± 1.4 1.7 ± 0.15/1.9 ± 0.24
1.3 ± 0.7/1.4 ± 0.7
3.0 ± 0.1/3.1 ± 0.2 3.5 ± 0.6/3.5 ± 0.4 2.8 ± 0.1/3.0 ± 0.1 2.9 ± 0.4/2.7 ± 0.4
2.9 ± 0.7/2.9 ± 0.8
2.7 ± 0.5/2.7 ± 0.6
0.9 ± 0.7/0.9 ± 0.6 1.3 ± 0.4/1.4 ± 0.9 1.4 ± 0.1/1.4 ± 0.1 1.1 ± 0.3/1.0 ± 0.3 1.12 ± 0.06/1.15 ± 0.09 1.03 ± 0.30/1.03 ± 0.35
130 ± 2/130 ± 2
130 ± 6/131 ± 6
129 ± 1/130 ± 1
NR
133 ± 1/133 ± 1
134 ± 7/133 ± 5

All of the comparisons between groups were not statistically significant (P > 0.05) in any of the included studies. TIPS: Transjugular intrahepatic portosystemic shunt; HE: Hepatic encephalopathy; NR: Not reported; GI: Gastrointestinal.

Table 3 Technical results of the included studies
Technical results
Successful stent placement
(n/randomized)
PSG change, mmHg
Severe TIPS procedurerelated complications
TIPS dysfunction
Irreversible stent
obstruction
TIPS-assisted patency,
(n/randomized)
Patients crossed over from
paracentesis to TIPS
TIPS patency surveillance

Lebrec et al

[10]

Rössle et al

[9]

Ginès et al

[8]

Sanyal et al

[11]

Salerno et al

[12]

Narahara et al

[13]

10/13 (77)

29/29 (100)

34/35 (97)

49/52 (94)

29/33 (89)

30/30 (100)

From 20 ± 1
to 14 ± 1
1 severe cardiac
arrhythmias
3/10 (30)
1/10 (10)

From 24 ± 6
to 10 ± 4
None

From 19.8 ± 4.8
to 8.3 ± 3.6
NR
34/49 (70)
NR

From 22.5 ± 1.1
to 8.7 ± 0.6
1 cerebrovascular
embolism
12/29 (41)
2/29 (7)

From 20.3 ± 4.6
to 8.5 ± 4.7
None

13/29 (45)
2/29 (7)

From 19.1 ± 0.8
to 8.7 ± 0.4
3 severe hemolytic
anemia
13/34 (38)
1/34 (3)

6/13 (46)

27/29 (93)

32/35 (91)

> 90%

27/33 (82)

26/30 (86)

NR

10/31 (32)

3/35 (9)

2/57 (4)

11/33 (33)

6/30 (20)

Doppler
sonography

Doppler
sonography

Hepatic vein
catheterization if
ascites recurred

Angiography

Doppler
sonography

Doppler
sonography

26/30 (87)
2/30 (7)

Data are expressed as absolute numbers (percentage) or mean ± SD. TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic pressure gradient.

the follow-up in the study by Narahara et al[13], the LTF
survival in this study was certainly equal to the overall
survival. Thus, the HRs for LTF survival were available in
five RCTs[8,9,11-13]. Compared with the paracentesis group,
the LTF survival of the patients in the TIPS group was
significantly increased in two studies[12,13], was almost significantly increased in one study[9], and was nearly equivalent in two studies[8,11]. After pooling the five studies with
365 patients, the estimated LTF survival was significantly
in favor of the TIPS group using a fixed-effects model
(HR = 0.61, 95%CI: 0.46-0.82, P < 0.001) without significant heterogeneity (I2 = 19%, P value for heterogeneity
= 0.30, Figure 2).
In the study by Lebrec et al[10] patient LTF survival
was not assessed. Only one patient in the paracentesis
group underwent liver transplantation during follow-up.

have TIPS-assisted patency during the follow-up.
Risk of bias assessment
All of the studies were unblinded to participants, personnel, and outcome assessment, employed intention-totreat analysis with description of drop-outs, did not demonstrate the method of generation of random allocation
sequence, and reported all of the outcomes described in
the methods section (Table 4). The study by Rössle et al[9]
did not state the concealment of the allocation sequence,
while the others concealed the randomization numbers
with sealed opaque envelopes (Table 4)[8,10-13].
LTF survival
LTF survival was directly reported in four studies[8,9,11,12].
Because no patient underwent liver transplantation during

WJG|www.wjgnet.com
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Table 4 Risk of bias assessment of the included studies
Lebrec et al

Risk of bias

[10]

Rössle et al

[9]

Ginés et al

[8]

Sanyal et al

[11]

Salerno et al

[12]

Narahara et al

[13]

Generation of random
NR (unclear)
NR (unclear)
NR (unclear)
NR (unclear)
NR (unclear)
NR (unclear)
allocation sequence
(risk)
Concealment of
Sealed opaque
NR (unclear)
Sealed opaque
Sealed opaque
Sealed opaque
Sealed opaque
allocation sequence
envelopes (low)
envelopes (low)
envelopes (low)
envelopes (low)
envelopes (low)
(risk)
Blinding of
Unblinded (high)
Unblinded (high)
Unblinded (high)
Unblinded (high)
Unblinded (high)
Unblinded (high)
participants and
personnel (risk)
Blinding of outcome
Unblinded (high)
Unblinded (high)
Unblinded (high)
Unblinded (high)
Unblinded (high)
Unblinded (high)
assessment (risk)
Incomplete outcome
Intention-to-treat
Intention-to-treat
Intention-to-treat
Intention-to-treat
Intention-to-treat
Intention-to-treat
data (risk)
analysis, description analysis, description analysis, description analysis, description analysis, description analysis, description
of drop-outs (low)
of drop-outs (low)
of drop-outs (low)
of drop-outs (low)
of drop-outs (low)
of drop-outs (low)
Selective outcome
All of the outcomes All of the outcomes All of the outcomes All of the outcomes All of the outcomes All of the outcomes
reporting (risk)
in the methods
in the methods
in the methods
in the methods
in the methods
in the methods
section were
section were
section were
section were
section were
section were
reported in the
reported in the
reported in the
reported in the
reported in the
reported in the
results section (low) results section (low) results section (low) results section (low) results section (low) results section (low)
NR: Not reported.

TIPS Para
Study or subgroup

log [HR]

SE

Total

Total

Weight

Rössle, 2000

-0.52

0.32

29

31

20.7%

0.59 [0.32, 1.11]

Ginès, 2002

-0.21

0.32

35

35

20.7%

0.81 [0.43, 1.52]

Sanyal, 2003

-0.09

0.31

52

57

22.0%

0.91 [0.50, 1.68]

Salerno, 2004

-0.80

0.35

33

33

17.3%

0.45 [0.23, 0.89]

Narahara, 2011

-0.92

0.33

30

30

19.4%

0.40 [0.21, 0.76]

179

186

100.0%

0.61 [0.46, 0.82]

155

100.0%

0.62 [0.45, 0.85]

13

12

5.9%

192

198

100.0%

Total

Fixed
2

HR, 95%CI

2

Heterogeneity: χ = 4.92, df = 4 (P = 0.30); I = 19%
Test for overall effect: Z = 3.35 (P = 0.0008)
Without Rössle, 2000

Fixed

150

2

2

Heterogeneity: χ = 4.91, df = 3 (P = 0.18); I = 39%
Test for overall effect: Z = 2.93 (P = 0.003)
Sensitivity analysis including the study by Lebrec, et al .
Lebrec, 1996

1.19

0.58

Fixed
Random
2

3.29 [1.05, 10.24]
0.68 [0.51, 0.89]
0.72 [0.46, 1.13]

2

Heterogeneity: χ = 12.79, df = 5 (P = 0.03); I = 61%
Test for overall effect: Z = 2.75 (P = 0.006)
0.01

0.1
Favours TIPS

1

10

100

Favours Para

Figure 2 Liver transplantation-free survival in trials compared transjugular intrahepatic portosystemic shunt with paracentesis. Forest plots represent HR
and 95%CI. TIPS: Transjugular intrahepatic portosystemic shunt.

Thus, the estimated LTF survival of the patients in the
paracentesis group would be higher than the overall survival, and the estimated LTF survival of the patients in
the TIPS group would be similar to the overall survival.
Therefore, we performed an additional sensitivity analysis
that included the overall survival of this study to estimate
a conservative pooled HR for LTF survival. The results
significantly favored the TIPS group that underwent
fixed-effect modeling (HR = 0.68, 95%CI: 0.51-0.89, P =
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0.006, Figure 2) and tended to favor the TIPS group that
underwent random-effect modeling (HR = 0.72, 95%CI:
0.46-1.13, P = 0.16, I2 = 61%, P value for heterogeneity
= 0.03, Figure 2).
The subgroup analysis that included the two studies
with both refractory and recidivant ascites patients[9,12]
demonstrated that LTF survival significantly favored
TIPS without significant heterogeneity (HR = 0.52,
95%CI: 0.33-0.83, P = 0.006, I2 = 0%, P value for het-
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TIPS Para
Study or subgroup

log [HR]

SE

Total

Total

Weight

HR, 95%CI

Studies with both refractory and recidivant ascites patients
Rössle, 2000

-0.52

0.32

29

31

54.5%

0.59 [0.32, 1.11]

Salerno, 2004

-0.80

0.35

33

33

45.5%

0.45 [0.23, 0.89]

62

64

100.0%

0.52 [0.33, 0.83]

Total

Fixed
2

2

Heterogeneity: χ = 0.35, df = 1 (P = 0.55); I = 0%
Test for overall effect: Z = 2.74 (P = 0.006)
Studies with only refractory ascites patients
Ginès, 2002

-0.21

0.32

35

35

33.3%

0.81 [0.43, 1.52]

Sanyal, 2003

-0.09

0.31

52

57

35.4%

0.91 [0.50, 1.68]

Narahara, 2011

-0.92

0.33

30

30

31.3%

0.40 [0.21, 0.76]

117

122

100.0%

0.68 [0.47, 0.97]

Total

Fixed
2

2

Heterogeneity: χ = 3.83, df = 2 (P = 0.15); I = 48%
0.01

Test for overall effect: Z = 2.11 (P = 0.03)

0.1
Favours TIPS

1

10

100

Favours Para

Figure 3 Subgroup analyses of liver transplantation-free survival in trials compared transjugular intrahepatic portosystemic shunt with paracentesis. Forest plots represent HR and 95%CI. TIPS: Transjugular intrahepatic portosystemic shunt.

1.87-4.66, P < 0.001) without significant heterogeneity
(I2 = 11%, P value for heterogeneity = 0.35, Table 5). Patients treated with TIPS presented a significantly higher
risk of severe HE than those treated with paracentesis
(39% vs 23%, OR = 2.18, 95%CI: 1.27-3.76, P = 0.005,
Table 5).
Hepatorenal syndrome was assessed in two studies
with 136 patients[8,12] and was less frequently observed
in the TIPS group (9% vs 24%, OR = 0.32, 95%CI:
0.12-0.86, P = 0.02, I2 = 0%, P value for heterogeneity =
0.34, Table 5).

erogeneity = 0.55, Figure 3). Furthermore, the subgroup
analysis that included the three studies with only refractory ascites patients[8,11,13] also demonstrated that LTF
survival significantly favored TIPS without significant
heterogeneity (HR = 0.68, 95%CI: 0.47-0.97, P = 0.04, I2
= 48%, P value for heterogeneity = 0.15, Figure 3).
Other outcomes
The proportions of liver disease-related death were 30%
and 40% in the TIPS and paracentesis groups, respectively. The OR of liver disease-related death was 0.62 without significant heterogeneity (95%CI: 0.39-0.98, P = 0.04,
I2 = 31%, P value for heterogeneity = 0.21, Table 5). The
pooled proportions of non-liver disease-related death
were not significant different between the two groups (OR
= 1.27, 95%CI: 0.68-2.38, P = 0.46, I2 = 0%, P value for
heterogeneity = 0.64, Table 5).
The proportions of patients who underwent liver
transplantation ranged from 0% to 30%[8-12]. No significant difference was observed between the TIPS and
the paracentesis groups in the numbers of patients who
underwent liver transplantation (OR = 0.94, 95%CI:
0.53-1.67, P = 0.83, I2 = 0%, P value for heterogeneity =
0.94, Table 5).
TIPS was significantly more effective in the reduction
of recurrent ascites than paracentesis in four of the included RCTs[8,9,11,12] but was not significantly more effective in the other two studies[10,13]. The overall proportions
of patients with recurrent ascites were 51% for the TIPS
group and 87% for the paracentesis group (OR = 0.15,
95%CI: 0.09-0.24, P < 0.001). Values for this variable
showed no statistically significant heterogeneity (I2 = 2%,
P value for heterogeneity = 0.40, Table 5).
HE occurred more frequently in the patients who underwent TIPS procedures (51% vs 29%). The OR of any
degree of HE between the two groups was 2.95 (95%CI:
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Potential outlier studies and sensitivity analyses
The study by Lebrec et al[10] was considered an outlier for
the following two reasons: (1) it was the only trial that
employed survival as a secondary endpoint; and (2) it
achieved the lowest successful TIPS placement rate, the
highest post-TIPS PSG, and the lowest TIPS-assisted patency rate, which indicated a less refined TIPS technique
compared with the subsequent trials published 4-15 years
later[6,8,9,11-13]. Sensitivity analyses that excluded this trial
yielded very similar results (Figure 2, Table 5).

DISCUSSION
This updated meta-analysis, including appropriate survival analysis of six RCTs, shows that TIPS significantly
improves LTF survival and decreases the risk of liver
disease-related death in cirrhotic patients with refractory
ascites. Additionally, the rates of recurrent ascites and
hepatorenal syndrome were significantly reduced, but the
risk of HE was significantly increased in the patients who
underwent TIPS in comparison to those who underwent
paracentesis.
Four previously reported meta-analyses only evaluated the number of deaths without considering the effect
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0.32
(1.27-3.76)b
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-

52/133 32/137

-

14/33 10/33

15/52 10/57

21/35 12/35

-

2/13

TIPS

Severe HE

of time to death. All of them showed similar mortality between the TIPS group and the paracentesis group[6,14-16]. According to the PRISMA Statement, the HR is the most
appropriate measure to be pooled, because both the number of deaths and the time to the death are important to time-to-event outcomes[21]. For example, in the meta-analysis
by D’Amico et al[6], the pooled mortality was not significantly different (OR = 0.90, 95%CI: 0.44-1.81). Despite excluding the outlier RCT by Lebrec et al[10] which was the only
trial that favored paracentesis on survival, the pooled mortality of the remaining four RCTs was still not significantly different (OR = 0.74, 95%CI: 0.40-1.37)[6]. However, if the
HRs of the same four RCTs were pooled, the benefit of TIPS on survival was significant (HR = 0.68, 95%CI: 0.50-0.94). This heterogeneity suggested that these two groups
of patients had similar numbers of deaths but different survival times. Thus, the HRs were pooled in our present meta-analysis[20,21]. Conversely, because liver transplantation
has a very important role in the survival of patients with end-stage liver cirrhosis, this meta-analysis evaluated LTF survival, which isolated the important effect of liver transplantation on survival.
The accumulated LTF survival was available for five of the six included RCTs[8,9,11-13]. All five of these trials evaluated LTF survival using a Kaplan-Meier curve and log-rank
test, which gave us facilities to estimate survival difference between the TIPS group and the paracentesis group by pooling the HRs.
After pooling the HRs of the five RCTs, the estimated LTF survival was significantly improved by TIPS compared with paracentesis. Similar improvements were observed
when the study by Lebrec et al[10] was excluded as an outlier. Furthermore, two of the six RCTs included patients with recidivant ascites (three recurrences of ascites within 12
mo), which represents an earlier stage and has a potentially better prognosis than patients with refractory ascites (recurrence within 4 wk)[23]. Thus, subgroup analyses were performed and showed that TIPS significantly improved LTF survival regardless of if recidivant ascites patients were included or not in the trials.
In a previous study that showed relatively poor survival with TIPS[10], the technical failure rate was more than two-fold higher than the remaining five RCTs (23% vs <

P < 0.05, bP < 0.01; No significant heterogeneity was observed among these meta-analyses (I2 = 0%-31%). All of these meta-analyses were performed under the fixed-effect model. TIPS: Transjugular intrahepatic portosystemic
shunt; Para: Paracentesis; HE: Hepatic encephalopathy.
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Table 5 Results of each study and pooled estimations of recurrence of ascites, hepatic encephalopathy, severe hepatic encephalopathy, gastrointestinal bleeding and hepatorenal syndrome by
sensitivity analysis

Bai M et al . TIPS improves survival in cirrhotic patients with refractory ascites

March 14, 2014|Volume 20|Issue 10|

Bai M et al . TIPS improves survival in cirrhotic patients with refractory ascites

11%)[8,9,11-13], and all three of the patients with unsuccessful TIPS procedures died within 3 mo after TIPS. All of
these characteristics obviously had a negative contribution to the survival of the TIPS group. We pooled the
overall survival of this study in a sensitivity analysis to
demonstrate a conservative result, which also showed an
improvement of LTF survival in the TIPS group. All of
these results suggest that TIPS could improve LTF survival in selected cirrhotic patients with refractory ascites.
An improvement of LTF survival was also reported
in a previous meta-analysis that pooled individual patient
data from four RCTs[17]. The present study confirmed the
effect of TIPS on LTF survival with appropriate survival
analysis by pooling data from the literature from six available RCTs. The consistency of survival improvement in
these two meta-analyses with different methods makes us
more confident that TIPS can do better than paracentesis
in the management of refractory ascites.
The improvement of LTF survival in the patients
who underwent a TIPS procedure is mostly attributed to
the reduction of liver disease-related deaths, especially
deaths related to severe complications of portal hypertension. Three studies reported the number of deaths
caused by massive variceal bleeding, and all three of the
studies showed a lower risk of this type of death in the
TIPS group[9-11]. Another cause of the improved LTF
survival is that TIPS prolonged the time to liver transplantation, which was reported by two of the enrolled
trials[11,12].
TIPS dramatically reduced the incidence of recurrent
ascites in the present meta-analysis. This result was consistent with the results of previous meta-analyses[6,14-17].
TIPS procedure also has a positive effect on renal function[2,24]. Thus, it is reasonable that the risk of developing
hepatorenal syndrome was reduced by TIPS by more
than a half when compared to paracentesis (from 24% to
9%). Because spontaneous bacterial peritonitis and hyponatremia occur more frequently in patients with ascites,
TIPS most likely can reduce these events by eliminating
the ascites and improving renal function[4,17]. Because
hepatorenal syndrome, spontaneous bacterial peritonitis, and hyponatremia are usually associated with high
mortality, TIPS most likely improves patient survival by
reducing these complications[4,17].
Furthermore, the pooled results showed that TIPS
increased the risk of HE and severe HE by almost twofold in comparison to paracentesis (HE: 51% vs 29%, severe HE: 39% vs 23%). Similar results were also found in
the sensitivity analyses. Although almost all of the postTIPS HE cases could be successfully managed by medical
treatment[8-13,25,26], the reduction level of PSG should be
considered with caution, especially in patients with high
post-TIPS HE risk (old age, previous HE or high ChildPugh class)[27-29].
One limitation of this meta-analysis is that all of the
included RCTs were designed as open-label trials, which
could most likely bias the results by affecting the judgment of actual outcomes, especially subjective outcomes
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(i.e., HE)[30]. Because blinding is unavailable for these two
obviously different interventions, the results presented are
most likely the highest quality evidence we can currently
obtain. Furthermore, only one of the six RCTs provided
raw data by Child-Pugh class[8]. Thus, the subgroup analysis according to liver function is not evaluated in this
meta-analysis. However, patient survival was improved
by TIPS in both the study including a high proportion of
Child-Pugh C patients (76%)[12] and the study including a
low proportion of Child-Pugh C patients (33%)[12]. This
result indicates that TIPS may be superior to paracentesis
regardless of Child-Pugh classes. Additionally, only 48%
(median, 21% to 77%, Table 1) of the screened patients
could be included in the RCTs, which suggests that studies based on real clinical practice scenarios are needed to
validate the universal nature of the results of the present
meta-analysis.
In conclusion, this updated meta-analysis of data
from six RCTs shows that TIPS significantly improves
the LTF survival, the control of refractory ascites, and
the prevention of hepatorenal syndrome in patients with
cirrhosis and refractory ascites. The increased risk of HE
is a major drawback of the TIPS procedure. Further studies based on real clinical practice scenarios are needed.
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Background

The survival benefit of transjugular intrahepatic portosystemic shunt (TIPS) in
cirrhotic patients with refractory ascites requires further evaluations. Previous
meta-analyses of the data reported in the literature considered only the number
of deaths, but not the time to death. Furthermore, an additional study on this
subject has been recently published. The primary aim of the present study is to
compare the liver transplantation-free (LTF) survival between TIPS and paracentesis groups by pooling the effects of both number of deaths and time to
death.

Research frontiers

A meta-analysis was conducted to evaluate the effectiveness of TIPS vs paracentesis in patients with cirrhosis and refractory ascites.

Innovations and breakthroughs

In the present meta-analysis of randomized controlled trials, it was observed
that TIPS significantly improved the LTF survival of patients with cirrhosis and
refractory ascites. Additionally, TIPS was superior to paracentesis in terms of
liver disease-related death, recurrence of ascites, and hepatorenal syndrome.
However, patients who underwent TIPS were associated with an increased risk
of hepatic encephalopathy (HE) and severe HE.

Applications

The results of the present meta-analysis suggest that TIPS could potentially be
recommended as the first-line treatment for patients with cirrhosis and refractory ascites.

Terminology

LTF survival (primary endpoint): patient survival without liver transplantation.
Liver-disease-related death: number of patients who died of liver-disease-related causes including hepatic failure, variceal bleeding, hepatorenal syndrome,
and hepatocellular carcinoma. Recurrence of ascites: number of patients requiring a new paracentesis after the interventions. HE and severe HE: the number
of patients presenting with HE after intervention and the number of patients
with severe HE (grades Ⅲ/Ⅳ HE or equivalent classification), respectively.
Hepatorenal syndrome: number of patients with type 1 or type 2 hepatorenal
syndrome.

Peer review

The effects of TIPS vs paracentesis for patients with cirrhosis and refractory
ascites have been investigated for more than two decades. The present meta-
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analysis included the updated data and found that TIPS could improve the LTF
survival rate and alleviate recurrence of ascites, hepatorenal syndrome, and
liver disease-related death alone with an increase in HE risk. The paper is exciting and important and brings forth new knowledge.
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Esophageal stent fracture: case report and review of the
literature
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geal SEMS. It usually requires endoscopic therapy
and may unfortunately require surgery for retrieval
of a distally migrated fragment. Early recognition and
prompt management may be able to prevent further
problems.
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Core tip: Esophageal self expanding metal stents are
widely used for the treatment of a variety of benign
and malignant esophageal conditions. A rare and infrequently reported complication of this procedure is
stent fracture and subsequent migration of the broken
pieces. There have only been a handful of case reports
describing this problem. We report a case of spontaneous fracture of a nitinol esophageal self expanding
metal stent, the first reported case from the United
States, and review the available literature on this unusual occurrence.

Abstract
Endoscopic esophageal stent placement is widely used
in the treatment of a variety of benign and malignant
esophageal conditions. Self expanding metal stents
(SEMS) are associated with significantly reduced stent
related mortality and morbidity compared to plastic
stents for treatment of esophageal conditions; however they have known complications of stent migration,
stent occlusion, tumor ingrowth, stricture formation,
reflux, bleeding and perforation amongst others. A
rare and infrequently reported complication of SEMS is
stent fracture and subsequent migration of the broken
pieces. There have only been a handful of published
case reports describing this problem. In this report we
describe a case of a spontaneously fractured nitinol
esophageal SEMS, and review the available literature
on the unusual occurrence of SEMS fracture placed
for benign or malignant obstruction in the esophagus.
SEMS fracture could be a potentially dangerous event
and should be considered in a patient having recurrent
dysphagia despite successful placement of an esopha-
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INTRODUCTION
Esophageal stent placement is widely used for the palliative treatment of esophageal and gastric cardia cancer.
More recently, fully covered esophageal stents have been
used for benign esophageal conditions such as refractory
stricture, tracheoesophageal fistula, iatrogenic perforation, and post-surgical leaks[1,2]. Esophageal stents have

2715

March 14, 2014|Volume 20|Issue 10|

Khara HS et al . Esophageal stent fracture

A

B

Figure 1 Endoscopic view of the fractured pieces of the esophageal self expanding metal stent with the proximal fragment embedded in the upper esophagus and the distal migrated fragment wedged in the hiatal hernia. A: proximal fragment; B: distal migrated fragment.

evolved from rigid polyvinyl plastic prostheses (“Celestin
tubes”) to self-expanding metal stents (SEMS) which
may be uncovered, partially covered, or fully covered.
SEMS are associated with significantly reduced rates
of stent related mortality and morbidity in the form of
esophageal perforation and stent migration as compared
to plastic stents[3]. SEMS offer a safe and effective means
of treatment, which can be placed as an outpatient procedure at low costs[4].
However, SEMS are associated with their own complications. Early complications include chest pain, aspiration from gastroesophageal reflux, bleeding, perforation
and stent migration. Delayed complications include stent
migration, stent occlusion, tumor ingrowth or overgrowth, stricture formation, reflux, tracheoesophageal
fistula formation, bleeding and perforation. Stent migration is the most common complication amongst all,
with a frequency of 7%-75%[5,6]. A rare complication of
esophageal SEMS is stent fracture described in a handful of case reports, dating as early as 1999 with periodic
reports since then. We report a case of a spontaneously
fractured nitinol SEMS, which is the first recorded instance in the United States and present a review of all
previously published reports of esophageal SEMS fracture.

cm from the incisors. The stricture could only be traversed with an ultra-thin endoscope (outer diameter 5.5
mm) with some resistance. An 18 mm diameter by 12
cm long fully covered Nitinol SEMS (Bonastent, Standard Sci-Tech, Inc, Seoul, South Korea) was successfully
deployed across the stricture with its proximal end at 24
cm. Radiographic images of the deployed stent revealed
that it was correctly positioned and post-placement
fluoroscopy showed complete passage of contrast. The
patient also received targeted stereotactic radiotherapy
to the right upper lobe of her lung after the stent was
placed due to enlarging pulmonary lesions. The radiation field for the lung did not overlap the position of the
esophageal stent.
An episode of food impaction within the stent occurred 7 mo after deployment which was cleared endoscopically and she was found to have candida esophagitis
with food stasis. During that endoscopy, it was noted
that the esophageal stent had Nitinol wire disruption at
the 9 o’clock position in the middle of her stent however, the stent lumen was intact. Four months later (11
mo after stent placement), she presented again with
dysphagia. Endoscopy showed recurrence of stenosis
from the tumor and a complete fracture of the stent
at its mid-point with the proximal half embedded into
the esophageal lumen and the distal fragment migrated
and wedged in a hiatal hernia (Figure 1). Endoscopic
dilation was performed using a 10 to 13.5 mm throughthe-scope balloon catheter. After dilation, the distal fragment of the broken stent was gently directed down into
the stomach. The retrieval lasso at the flared end of the
distal fragment was grasped with retrieval forceps and
the stent fragment was removed with careful maneuvering. The retrieval lasso at the flared end of the proximal
piece was pulled, but the stent could not be moved due
to embedding into the esophageal mucosa. The distal
end of the proximal fragment was then grasped with an
alligator forceps and turned inside out finally allowing
successfully removal (Figure 2). A new 18 mm diameter
by 10 cm long partially covered Nitinol SEMS (WallFlex,
Boston Scientific, Marlborough, MA, United States) was
deployed successfully under fluoroscopic and endoscop-

CASE REPORT
A 71-year old female with history of squamous cell carcinoma (SCC) of the tongue was treated with radiation
and surgical excision 10 years ago. She presented with
worsening dyspnea, progressive dysphagia and weight
loss. CT scan showed a subcarinal mediastinal mass with
extension to the mid-esophagus and metastatic disease
to the right upper lung. Endoscopic ultrasound with fine
needle aspiration of a lymph node confirmed recurrence
of SCC. Chemotherapy was begun and the esophageal
lesion was treated with four rounds of liquid nitrogen
cryotherapy resulting in shrinkage of the esophageal tumor with symptomatic improvement of her dysphagia.
One year later, she again developed dysphagia; repeat
endoscopy showed a malignant stricture from 26 to 31
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tion and only 6 of these cases required placement of
new stents through the lumen of the damaged stent due
to symptomatic dysphagia, tumor ingrowth and stenosis.
Since these stents did not fracture completely, migration
of the stent was not an issue.
Fracture of Nitinol SEMS used for the management
of malignant obstruction in other parts of the gastrointestinal tract have also been reported. One study reported 2 cases of partial break in the stent wall both in an
uncovered and covered enteral Nitinol SEMS placed for
symptomatic management of malignant gastric outlet
obstruction, with the latter one requiring cutting of the
broken part and placement of a second stent to manage
food impaction[20]. Two case reports described complete
circumferential stent fractures of enteral Nitinol SEMS,
one with 2 consecutive fully covered enteral Nitinol
SEMS placed for benign duodenal stricture in the same
patient[21] and another with an uncovered Nitinol SEMS
for duodenal obstruction from periampullary adenocarcinoma[22]. There have been 5 reports describing a total
of 14 cases of partial as well as complete fractures of
uncovered biliary Nitinol SEMS placed for palliation of
malignant biliary obstruction[23-27]. There have also been
3 reports of fracture of colonic Nitinol SEMS placed
for malignant large bowel obstruction[28-30].
The possibility of disease or treatment related factors
leading to stent fracture have been considered. The use
of balloon catheters to dilate Nitinol stents immediately
post deployment to guarantee rapid and complete stent
expansion to their maximum diameter has been associated with stent fracture in 1 reported case[17]. There have
been some instances where esophageal stent breakage
has occurred related to laser application to control bleeding from tumor ingrowth. In these cases the authors
have postulated that thermal straining of the nitinol alloy
could have resulted in stent fracture[18]. In another case
series, high dose radiation therapy was associated with
fracture of stainless steel tracheobronchial stents[31]. Our
patient had also undergone stereotactic radiotherapy
to the right upper lobe of her lung after the stent was
placed. However the area that was irradiated did not involve the esophagus and hence most likely this did not
contribute to the stent fracture.
Nitinol esophageal SEMS are a great improvement
over Celestin tubes for the management of malignant
dysphagia, mainly due to considerably easier and safer
deployment. In addition, they are seeing wider use for
management of refractory benign esophageal strictures.
However, there are potential complications that may occur following successful deployment. Stent fracture is a
rare but potentially dangerous occurrence that should
be considered in a patient having recurrent dysphagia
after successful placement of an esophageal SEMS. This
complication may occur as early as 2 mo after placement.
It usually requires endoscopic therapy and may unfortunately require surgery for retrieval of a distally migrated
fragment. Early recognition and prompt management
may be able to prevent further problems.

Figure 2 Endoscopically removed pieces of the fractured esophageal self
expanding metal stent.

ic guidance. The patient had significant improvement of
her dysphagia and tolerated an oral diet. The patient died
3 mo later after an episode of massive hemoptysis.

DISCUSSION
Esophageal SEMS may be made of stainless steel or Nitinol. Nitinol is an alloy made of 55% nickel and 45% titanium, whose name is derived from its composition and
its place of discovery: Nickel Titanium Naval Ordnance
Laboratory[7]. Nitinol’s biocompatibility and the unusual
and useful property of shape memory are the reasons
for its widespread use in medicine. These stents may
be exposed to significant stress-induced fatigue which
over a period of time may cause weakening of the metal
structure of the stent leading to subsequent fracture and
fragmentation.
There have only been 8 published cases of complete
esophageal SEMS fracture[8-14] (table 1). These were all
Nitinol stents from different manufacturers and the timing of stent fracture was anywhere from 8 to 40 wk after
initial stent placement. The mean patient age was 66
years (range 50-79 years) with 5 male patients, 1 female
patient and 2 with gender not reported. The presenting
complaint in all cases was dysphagia. They were managed in a variety of different ways. In some cases, the
fractured stent pieces were removed endoscopically and
a new stent was placed. In other cases, a new stent was
placed without removal of the fractured stent. Surgical removal of the distally migrated stent fragment was
required in 2 instances. Three of the SEMS were fully
covered stents and 5 uncovered. Half of these cases
involved the Esophacoil SEMS, which is no longer available. There has been a report of an esophageal fractured
stent fragment migrating into the stomach and resulting in the formation of a gastrocolic fistula[13] and thus
whenever possible, migrated stents should be retrieved.
Partial Nitinol esophageal stent fracture has been reported more commonly, with 6 publications accounting
for 33 patients[9,15-19]. However most of these cases did
not need any intervention as it did not affect stent func-
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Table 1 Review of all cases of complete esophageal self-expanding metal stent fracture
Ref.

Location Pre-stent Initial stent Stent fracture
Reason
procedures
time after
for stent
placement
placement
71/female DysphaMid
None
18 mm × 120
45 wk
gia from
esophamm, Fully
metastatic
gus
covered Niesophageal
tinol SEMS
squamous
- Bonastent,
cell carciStandard Scinoma
Tech, Inc,
Seoul, South
Korea
75/female DysphaDistal
None
22 mm × 120
8 wk
gia from
esophamm, Fully
refracgus
covered Nitory benign
tinol SEMS
esophageal
- EBN stent,
stricture
Diagmed
Healthcare
Ltd, Thirsk,
United Kingdom
69/not
DysphaDistal
None
22 mm × 160
20 wk
reported
gia from
esophamm, Fully
metastastic
gus
covered NiEAC
tinol SEMS Hanarostent,
M.I.Tech Co.,
Inc, Seoul,
South Korea
50/male Dysphagia Distal
Palliative 18 mm × 110
28 wk
from EAC esophachemomm, Fully
gus
therapy
covered Nitinol SEMS
- Choostent,
M.I.Tech Co.,
Inc, Seoul,
South Korea

Country of Age (yr)/
Origin
Gender

Current Case

United
States

Wadsworth et al[8], 2010

United
Kingdom

Wiedmann et al[9], 2009

Germany

Chhetri et al[10], 2008

United
Kingdom

Doğan et al[11], 2005

Turkey

50/not
reported

DysphaDistal
gia from
esophametastastic
gus
EAC

18 mm ×
100 mm,
Uncovered
Nitinol SEMS
- Esophacoil,
Medtronic
InStent Inc.,
Minneapolis,
MN, Unites
States

10 wk

United
Kingdom

76/male

Dysphagia GE junc- Dilation
18 mm ×
from EAC
tion
and argon
100 mm,
at the GE
plasma
Uncovered
junction
ablation Nitinol SEMS
- Esophacoil,
Kimal PLC,
Uxbridge,
United Kindom

22 wk

Reddy et al[12], 2003
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Stent fracture
management

Repeat stent
placement

Proximal piece in
18 mm × 100
the upper esophamm, Partially
gus and distal
covered Nitinol
fragment wedged in SEMS - Wallflex,
a hiatal hernia, both Boston Scientific,
removed endoscopi- Marlborough,
cally
MA, United
States
Proximal piece in Was under conesophagus removed sideration at the
endoscopically, and time of publicadistal fragment mition
grated to the colon,
passed rectally

Proximal piece in
22 mm × 120
esophagus and dismm, Fully
tal fragment in the covered Nitinol
gastric antrum, both SEMS - Hanaroremoved endoscopi- stent, M.I.Tech
cally
Co., Inc, Seol,
South Korea
Proximal piece in the 18 mm × 120
esophagus removed mm, Partially
endoscopically as it covered Nitinol
was causing trauma SEMS - Ultraflex
and bleeding, and
Boston Scienthe distal fragment tific, Natick, MA,
wedged in the distal United States,
two-thirds of the
was placed
tumor
across the exposed upper end
of the tumor and
through the prior
fractured stent
Proximal piece with
18 mm, Untumor overgrowth
covered Niand partial obstructinol SEMS tion in the esophaEsophacoil,
gus and distal fragMedtronic
ment migrated and InStent Inc., Minleft in the stomach
neapolis, MN,
United States
inserted through
the proximal
fractured fragment
Proximal piece in
Uncovered
the esophagus with Nitinol SEMS
tumor occlusion and - Esophacoil,
the distal fragment
Medtronic
in the stomach
InStent Inc., Minwhich subsequently neapolis, MN,
migrated into the
United States
right inguinal her- inserted through
nia, removed surgithe proximal
cally by enterotomy, fractured fragfollowed by herniorment
rhaphy
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Reddy et al[12], 2003

Altiparmak et al[13], 2000

Grimley et al[14], 1999

United
Kingdom

76/male
(same
patient)

Dysphagia GE juncfrom EAC
tion
at the GE
junction

None

Size NR,
Uncovered
Nitinol SEMS
- Esophacoil,
Kimal PLC,
Uxbridge,
United Kingdom

23 wk

Turkey

52/male

Dysphagia
from EAC

None

Size NR,
Uncovered
Nitinol SEMS
- Wallstent,
Schneider
Inc., Plymouth, MN,
United States

40 wk

United
Kingdom

79/male

Dyspha- Proximal Dilation of
gia from
esophaanastorefractory
gus
motic stricanastomotture
ic stricture
after resection of EAC

18 mm ×
100 mm,
Uncovered
Nitinol SEMS
- Esophacoil,
Medtronic
InStent Inc.,
Minneapolis,
MN, Unites
States

8 wk

NR

Stent fracture in 2
None
places with proximal piece in the
esophagus, middle
piece in the stomach
and the distal piece
in the small intestine, not removed as
patient died due to
aspiration pneumonia
Proximal piece in
None
the esophagus and
the distal fragment
in the stomach causing a gastrocolic
fistula with unsuccessful endoscopic
removal requiring
surgical gastrotomy
and fistula repair
Proximal piece
Partially covered
in the esophagus
Nitinol SEMS
and the distal 2 cm
- Ultraflex
fragment migrated
Boston Scieninto the stomach,
tific, Galway,
subsequently passed
Ireland, was
rectally
placed across the
exposed upper
end of the tumor
and through the
prior fractured
stent

SEMS: Self-expanding metal stent; EAC: Esophageal adenocarcinoma; GE: Gastroesophageal.
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Pancreaticoduodenectomy following total gastrectomy: A
case report and literature review
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limb (15 cm in length). We therefore performed receliotomy in which the hepaticojejunostomy was disconnected and reconstructed using a new Y limb 40-cm
in length constructed in a double Roux-en-Y fashion.
The refractory cholangitis resolved immediately after
the receliotomy and did not recur. Review of the literature revealed the lack of any current consensus for
a standard procedure for reconstruction following PD
in patients who had previously undergone TG. This issue warrants further attention, particularly given the
expected future increase in the number of PDs in patients with a history of gastric cancer.
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Core tip: We present a case of afferent loop syndrome
occurring after pancreaticoduodenectomy (PD) in a patient who had previously undergone total gastrectomy,
and review the English-language literature concerning
reconstruction procedures following PD in patients who
had undergone total gastrectomy (TG). Review of the
literature revealed the lack of any current consensus
for a standard procedure for reconstruction following
PD in patients who had previously undergone TG. This
issue warrants further attention, particularly given the
expected future increase in the number of PDs in patients with a history of gastric cancer.

Abstract
We present a case of afferent loop syndrome (ALS)
occurring after pancreaticoduodenectomy (PD) in a
patient who had previously undergone total gastrectomy (TG), and review the English-language literature
concerning reconstruction procedures following PD in
patients who had undergone TG. The patient was a
69-year-old man who had undergone TG reconstruction
by a Roux-en-Y method at age 58 years. The patient
underwent PD for pancreas head adenocarcinoma. A
jejunal limb previously made at the prior TG was used
for pancreaticojejunostomy and hepaticojejunostomy.
Despite normal patency of the hepaticojejunostomy, he
suffered from repeated postoperative cholangitis which
was brought on by ALS due to shortness of the jejunal
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INTRODUCTION
There is no general consensus regarding the method
of reconstruction following pancreaticoduodenectomy
(PD) in patients who have undergone total gastrectomy
(TG). Here, we present a case of afferent loop syndrome
(ALS) occurring after PD in a patient who previously
underwent TG. The ALS was considered to be due to
shortness of the jejunal limb used for hepatico- and
pancreatico-jejunostomy and was resolved by revision of
the hepaticojejunostomy using a newly-made jejunal limb
with sufficient length. In this paper, we detail the postoperative course of this patient, and review the Englishlanguage literature concerning methods of reconstruction following PD in patients who have undergone TG.

Figure 1 Hepaticojejunostomy was performed using the same previous
afferent loop after total gastrectomy. The afferent loop was only 15-20 cm
long.

CASE REPORT
The patient was a 69-year-old man who had undergone
TG for gastric cancer which was reconstructed by the
Roux-en-Y method at the age of 58. The patient underwent PD for adenocarcinoma of the pancreas head. The
surgery was uneventful. We used the jejunal limb made
at the previous TG for pancreaticojejunostomy and hepaticojejunostomy. As a result, the length of the afferent
loop was only 15-20 cm (Figure 1).
Although the immediate postoperative course was
uneventful, the patient suffered from repeated episodes
of cholangitis from 14 d after surgery. This was in spite
of normal patency of the hepaticojejunostomy, as confirmed by cholangiography via an external biliary stent
tube. Based on the findings of an upper gastrointestinal
study, which revealed reflux of contrast medium into the
biliary tree through the hepaticojejunostomy, ALS was
diagnosed. Because the ALS was considered to be due to
shortness of the jejunal limb, we performed receliotomy,
in which the hepaticojejunostomy was disconnected
and reconstructed using a new Y limb 40-cm in length
in a double Roux-en-Y fashion 6 wk after the previous
surgery (Figure 2). Following receliotomy, no further episodes of cholangitis were observed. The patient was discharged from hospital 4 wk after the receliotomy and remains well without symptoms at 6 mo after receliotomy.

Figure 2 Receliotomy was performed where the hepaticojejunostomy was
disconnected and reconstructed using a new Y limb 40 cm in length and a
double Roux-en-Y technique.

in all six cases. The reconstruction method used following TG was Roux-en-Y in five cases and Billroth Ⅱ in
one. The interval between TG and PD ranged from 15
to 132 mo, with a median of 56 mo. PD was performed
for pancreatic adenocarcinoma in four cases, pancreatic
gastrinoma in one, and distal bile duct carcinoma in one.
Of these six, a jejunal limb already constructed in the
previous TG was used for pancreatic and biliary reconstruction in three cases (including our own case). In the
other three cases, a newly-made jejunal limb was used
for pancreatic and biliary reconstruction in a Roux-en-Y
fashion. ALS was observed in two of the three cases in
which a jejunal limb made in a previous TG was used for
pancreatic and biliary reconstruction.

Review of the English-language literature
A PubMed search on July 2013 for articles published
since 1965 with the key words “pancreaticoduodenectomy” and “following total gastrectomy” yielded 18 articles
in the English-language literature. These publications
were all reviewed. Only four papers describing five cases
of PD following TG were found, which together with
our present case results in a total of six reported cases[1-5]
(Table 1). Previous TG was performed for gastric cancer

WJG|www.wjgnet.com

DISCUSSION
Pancreaticoduodenectomy in patients with a history of
major abdominal surgery is a challenging task. Notably,
PD in patients with previous TG is difficult, and can be

2722

March 14, 2014|Volume 20|Issue 10|

Yokoyama S et al . Pancreaticoduodenectomy following total gastrectomy
Table 1 List of patients who underwent pancreaticoduodenectomy after total gastrectomy
No.

Gastrectomy

Pancreaticoduodenectomy

Age

Indication

Type of
Gastrectomy

Anastomosis Age

1

65

Gastric cancer

Total

Roux-en-Y

2

45

Gastric ulcer

Total

3

61

Gastric cancer

4
5

64
58

6

36

Ref.

Interval
(mo)

Indication

Reconstruction Operative Complication
time (min)

69

43

Pancreatic cancer

Roux-en-Y2

509

Roux-en-Y

46

15

Pancreatic Gastrinoma

503

Total1

Roux-en-Y

71

120

Pancreatic cancer

Gastric cancer
Gastric cancer

Total
Total

Roux-en-Y
Roux-en-Y

68
69

48
124

Bile duct cancer
Pancreatic cancer

NewRoux-en-Y
NewRoux-en-Y
Roux-en-Y2
Roux-en-Y2

Gastric cancer

Total

Billroth-Ⅱ

56

56

Pancreatic cancer

NewRoux-en-Y

N/A
445
568
672

Afferent loop
syndrome
None

[1]
[2]

Pancreatic
[3]
fistula
None
[4]
Afferent loop Our case
syndrome
None
[5]

1

Total gastrectomy, distal pancreatectomy, and splenectomy; 2Previous afferent loop. N/A: Not available.

limited by adhesions and anatomical complexity around
the pancreas subsequent to the previous TG procedure.
In our patient, we performed PD with resection of the
duodenal part of a previous afferent loop, and used the
remaining part of the afferent loop for pancreatico- and
hepaticojejunostomy. We applied this procedure to reduce the number of intestinal anastomoses. As a result,
however, the jejunal limb used was markedly short, resulting in the development of refractory cholangitis due
to ALS.
There is no consensus regarding the standard procedure for reconstruction following PD for patients with
previous TG. Furthermore, our patient was seriously
affected by a resultant mistake in choosing a reconstruction procedure following PD. We therefore conducted a
review of the literature, with a focus on reconstruction
procedures following PD in patents who had previously
undergone TG. This review demonstrated that it is difficult to state that usage of a jejunal limb previously made
at a prior TG should be avoided, as only a few cases of
PD in patients with previous TG have been reported, although ALS, which is reportedly rare after PD[2], was observed in two of three cases where an already-made jejunal limb was used for pancreatic and biliary reconstruction. In contrast, ALS was not observed in any of the
other three cases in which a jejunal limb for reconstruction was newly made. Furthermore, ALS in our patient
was remedied by receliotomy, in which the hepaticojejunostomy was disconnected and reconstructed using a
new Y limb 40-cm in length, which was constructed in
a double Roux-en-Y fashion. We therefore consider that
jejunal limbs should be reconstructed following PD in
patients with previous TG in which the jejunal limb is
markedly short.
Because the outcomes of treatment for gastric cancer,
for which gastrectomy is most commonly performed,
have improved, the number of PD procedures in patients
with previous gastrectomy is expected to increase[6,7]. We
hope that high-volume centres will conduct studies of
sufficient size to allow the establishment of a standard
reconstruction procedure for this condition.
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COMMENTS
COMMENTS
Case characteristics

Although the early postoperative course was uneventful, the patient suffered
from repeated episodes of cholangitis from 14 d after surgery.

Clinical diagnosis

A case of afferent loop syndrome (ALS) occurring after pancreaticoduodenectomy (PD) in a patient who had previously undergone total gastrectomy (TG).

Imaging diagnosis

Based on the findings of an upper gastrointestinal study, which revealed reflux
of contrast medium into the biliary tree through the hepaticojejunostomy, ALS
was diagnosed.

Treatment

Because ALS was considered to be due to shortness of the jejunal limb, we
performed receliotomy, in which the hepaticojejunostomy was disconnected
and reconstructed using a new Y limb 40 cm in length in a double Roux-en-Y
fashion 6 wk after the previous surgery.

Related reports

Only four papers describing five cases of pancreaticoduodenectomy following
total gastrectomy were found, which together with the present case results in a
total of six reported cases.

Experiences and lessons

This study demonstrates that jejunal limbs should be reconstructed following
PD in patients with previous TG in which the jejunal limb is markedly short.

Peer review

The high-volume centres will conduct studies of sufficient size to allow the establishment of a standard reconstruction procedure for PD following TG.
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Core tip: Undifferentiated carcinoma of the pancreas
with osteoclast-like giant cells (OGCs) is very rare and
shows a poor prognosis. A 67-year female underwent
subtotal pancreatectomy, total gastrectomy, and segmental resection of the transverse colon for a mass
occupying the lesser sac and abutting the stomach and
pancreas. Histopathological examination confirmed an
11cm-sized undifferentiated carcinoma of the pancreas
with OGCs. The patient had suffered from multiple
bone metastases and survived 9 mo after surgery. This
case supports the ductal epithelial origin of undifferentiated carcinoma with OGCs and early diagnosis could
result in favorable surgical outcomes.

Abstract
Undifferentiated carcinoma of the pancreas with osteoclast-like giant cells (OGCs) is very rare, less than
1% of all pancreatic malignancies, and shows worse
prognosis than that of invasive ductal adenocarcinoma
of the pancreas. We present a case of en bloc resection for a huge undifferentiated carcinoma with OGCs
that invaded the stomach and transverse mesocolon.
A 67-year female was admitted for left upper quadrant
pain and computed tomography demonstrated a mass
occupying the lesser sac and abutting the stomach and
pancreas. There were no distant metastases and the
patient underwent subtotal pancreatectomy with splenectomy, total gastrectomy, and segmental resection
of the transverse colon. Histopathological examination
confirmed an 11 cm-sized undifferentiated carcinoma
of the pancreas with OGCs. Immunohistochemical
staining revealed reactivity with pan-cytokeratin in adenocarcinoma component, with vimentin in neoplastic
multinucleated cells, with CD45/CD68 in OGCs, and
with p53 in tumor cells, respectively. The patient had
suffered from multiple bone metastases and survived
9 mo after surgery. This case supports the ductal epithelial origin of undifferentiated carcinoma with OGCs
and early diagnosis could result in favorable surgical
outcomes. Investigations on the surgical role and prog-
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INTRODUCTION
Undifferentiated carcinoma of the pancreas is a rare
and aggressive tumor and a variety of other terms, such
as osteoclast-like, osteoclastic or pleomorphic giant cell
tumor, anaplastic carcinoma, pleomorphic (giant cell)
carcinoma, sarcomatoid carcinoma, and spindle cell
carcinoma, have been used to describe this type of tumor. These various terms are put together into a single
category designated as undifferentiated carcinoma of
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the pancreas in the current WHO Classification of the
tumours despite their histological differences[1]. In addition, as undifferentiated carcinoma of the pancreas may
accompany osteoclast-like giant cells (OGCs) that are
suggested to be a reactive non-neoplastic histiocytic origin, this WHO Classification separates undifferentiated
carcinoma with OGCs from plain undifferentiated carcinoma, implying there are a few clinical and histopathological distinctions between them.
Undifferentiated carcinoma of the pancreas has been
reported a rare tumor[2,3] and OGCs-accompanying undifferentiated carcinoma of the pancreas an extremely
rare tumor, less than 1% of all pancreatic malignancies[4].
This very rare undifferentiated carcinoma of the pancreas with OGCs shows worse prognosis than that of invasive ductal adenocarcinoma of the pancreas[5-8], because
it is frequently found to be unresectable at diagnosis
due to advanced stages[9,10] and tends to early recur even
after complete surgical resection[4,11,12]. Correspondingly,
median or average survival of patients with undifferentiated carcinoma of the pancreas with OGCs has been
reported less than 1 year with few exceptions[4,7,13-16].
There have been relatively few reports, primarily
based on case reports, regarding the clinical and histopathological features of this fatal tumor in literatures. In
this report, we present a case of a huge undifferentiated
carcinoma of the pancreas with OGCs which directly
invaded the stomach and transverse mesocolon but was
successfully en bloc resected, and review the literature
with emphasis on the histogenesis and surgical outcomes.

A

B

Figure 1 Huge undifferentiated carcinoma with osteoclast-like giant cells.
A: Computed tomography scans revealed the tumor occupying the lesser sac; B:
Tumor arose from the pancreas body and invaded directly the stomach wall and
transverse mesocolon.

like arising from the pancreas and compressing the main
hepatic artery and portal vein. Endoscopic ultrasonography (EUS) revealed a heterogeneous and poorly demarcated mass with small central cystic lesions between
the pancreas body and stomach; the mass seemed to be
originated from the pancreas body and abutted on the
gastric wall; portal vein and common bile duct were intact and pancreatic duct dilatation was not definite. EUSguided fine needle aspiration demonstrated malignant
tumor, suggestive of undifferentiated carcinoma of the
pancreas. As no definite distant metastases were found
on PET-CT, the patient was transferred for surgery.
On intraabdominal exploration, no metastatic peritoneal nodules were detected. The mass arose from the
pancreas and directly invaded the lesser curvature of
stomach and the mid portion of transverse mesocolon.
Fine dissection was initiated between the mass and major hepatic inflow vessels in order to investigate curative resectability. After confirming complete dissection
between them, further dissection proceeded and finally
en bloc resection was performed through subtotal pancreatectomy with splenectomy, total gastrectomy, and
segmental resection of the transverse colon (Figure 1B).
Histopathological examination confirmed an 11cmsized undifferentiated carcinoma of the pancreas with
OGCs, which extended beyond the pancreas to the
stomach wall and transverse mesocolon. The tumor
was predominantly composed of spindle-shaped, highly

CASE REPORT
A 67-year female was admitted to the department of
gastroenterology for left upper quadrant pain of two
months. The pain was aggravated by diet but no nausea
or vomiting was reported. The patient presented weigh
loss of about 3 kg over two months. She had no noticeable past medical history and underwent total vaginal
hysterectomy and appendectomy 10 years ago. No allergies or significant social or family history was noted. She
had taken medicine for esophagitis for two months. On
physical examination, chronically ill-looking appearance
was observed and vaguely palpable abdominal mass with
mild deep tenderness was detected.
Abnormal laboratory results were decreased hemoglobin at 11.3 g/dL (reference range, 12.0 to 16.0 g/dL),
elevated amylase at 157 U/L (reference range, 28 to 100
U/L), and elevated CA 19-9 at 73.2 U/mL (reference
range, 0 to 37 U/mL). Lipase, bilirubin and transaminases were normal.
Gastric endoscopy demonstrated a huge extrinsically compressing mass mainly against the lesser curvature side of the antrum and body. CT scans showed
an about 10cm-sized huge mass occupying the lesser
sac, involving parenchyma of the pancreatic body and
neck portion, and abutting the gastric posterior wall and
duodenal second portion (Figure 1A). This mass looked
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A

B

Figure 2 Histopathological characteristics. A: Tumor was composed of highly pleomorphic neoplastic cells and non-neoplastic osteoclast-like giant cells. Hematoxylin and eosin (H and E), × 100; B: Ductal adenocarcinoma component was also found in some areas. H and E, × 40.

A

B

C

D

Figure 3 Immunohistochemical staining. A: Reactivity with cytokeratin in ductal adenocarcinoma component; B: Reactivity with vimentin in pleomorphic neoplastic
cells; C: Reactivity with CD68 in osteoclast-like giant cells; D: Reactivity with p53 in tumor cells.

pleomorphic, neoplastic, mono- or multinucleated cells,
as well as non-neoplastic multinucleated OGCs, sporadically intermingled with neoplastic cells (Figure 2A).
Characteristically, ductal adenocarcinoma component
was found in some areas, providing evidence of ductal
cell origin of this undifferentiated carcinoma with OGCs
(Figure 2B). Additional reports of extensive hemorrhage
and necrosis of the tumor (up to 80%), negative resection margins, no lymphovascular invasion, and nodal
metastases (2/30) were given. Immunohistochemical
staining revealed reactivity with pan-cytokeratin in adenocarcinoma component, with vimentin in undifferentiated carcinoma component (neoplastic multinucleated
cells), with CD45/CD68 in OGCs, and with p53 in
tumor cells, respectively. Non-neoplastic OGCs did not
WJG|www.wjgnet.com

show reactivity with vimentin or p53 (Figure 3).
The patient commenced soft diet on postoperative
day (POD) 6th and was discharged on POD 19th without
significant complications. She had been followed free of
recurrence for a half year. Seven months after surgery
the patient complained lower back pain and lumbar MRI
revealed multiple mass lesions of myeloinfiltrative pattern in the thoracolumbar spines and pelvic bones. She
had suffered from multiple bone metastases and showed
9-mo survival after surgery.

DISCUSSION
Undifferentiated carcinoma of the pancreas with OGCs
is characterized by a dual component of undifferentiated
2727
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Table 1 Surgical cases diagnosed with undifferentiated carcinoma of the pancreas with osteoclast-like giant cells
Ref.

Year

Molberg et al[4]
Carvounis et al[24]
Bedioui et al[14]
Charfi et al[25]
Tezuka et al[16]
Jang et al[10]
Hirano et al[12]
Manduch et al[26]
Daum et al[27]
Mannan et al[22]
Maksymov et al[23]
Wada et al[11]
Hur et al[28]
Yoshioka et al[13]

1998
2003
2004
2006
2006
2006
2008
2009
2010
2010
2011
2011
2011
2012

Case Age (yr)
7
1
1
1
1
1
1
1
1
1
1
1
1
1

43-88
70
72
65
68
75
26
66
71
40
68
59
77
74

Sex

Location

Size (cm)

Operations

Outcomes

5F, 2M
F
F
F
F
M
F
M
F
F
F
M
F
F

Head, tail
Head and neck
Head
Tail
Head
Body and tail
Body and tail
Head
Body and tail
Head and neck
Uncinate process
Tail
Tail
Body

5-14
7
6
10
0.7
18
11
9.5
17
4
2
14
10
NA

PD, DP
PD
PD
DP
PD
Palliative DP
DP
PD
DP
PD
PD
DP and total gastrectomy
DP and left hemicolectomy
DP

DOC 1 mo-NED 14 yr
AWD 9 mo
NED 18 mo
DOD 12 mo
NED 22 mo
NA
NED 8 mo
DOD 12 mo
NA
NA
NED 14 mo
DOD 4 mo
DOC 3 mo
DOD 19 mo

M: Male; F: Female; PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; DOC: Died of other causes; NED: No evidence of disease; AWD: Alive with
disease; DOD: Died of disease; NA: Not available.

carcinoma cells (neoplastic mono- or multi-nucleated
cells) and multinucleated OGCs, mimicking giant cell
tumor of bone. Although there have been few reports
suggesting origins of undifferentiated carcinoma of the
pancreas from acinar cells, mesenchymal cells, undifferentiated precursor or stem cells, mucinous cystic neoplasms,
and ductal cells[9], a duct epithelial origin is now established and this tumor has been recognized as a variant
of ductal adenocarcinoma of the pancreas in the most
recent WHO classification[1]. Verbeke et al[17] confirmed
the duct epithelial origin of undifferentiated carcinoma
of the pancreas in their letter to the editor by demonstration of (1) foci of conventional ductal adenocarcinoma
component; (2) occasional association with mucinous
cystic neoplasia; (3) cytokeratin expression in at least
some of the pleomorphic tumour cells; and (4) K-ras
mutations in the pleomorphic tumour cells, with identical
mutations identified in associated foci of conventional
ductal adenocarcinoma or intraductal neoplastic lesions.
In this case, histopathological analysis of the resected
specimen revealed the coexistence of adenocarcinoma
component and undifferentiated carcinoma component
with reactivity with vimentin, suggesting that the tumor
originated from pancreatic ductal cells with mesenchymal
differentiation. These data provide evidence to support
the epithelial origin of these neoplastic components.
Non-neoplastic OGCs in undifferentiated carcinoma
of the pancreas is the histopathological hallmark. OGCs
present in this tumor are consistently found to be of a
reactive mesenchymal nature, characterized by the lack
of morphological atypia, proliferative activity, and K-ras
and p53 abnormalities[17]. In contrast to the established
origin of undifferentiated carcinoma of the pancreas,
there have been controversies regarding the origin of
OGCs. Proposed origins of OGCs have included epithelial, histiocytic, or mesenchymal metaplasia[18]. However,
their nuclear features, lack of reactivity with epithelial
markers, and CD68 and lysozyme reactivity are indicative of a histiocytic origin[4]. These characteristic giant
cells were suggested to result from fusion of mono-

WJG|www.wjgnet.com

nuclear histiocytes/marcophages attracted by growth or
chemotactic factors produced by the neoplastic cells[19].
The presence of OGCs in this tumor may reflect clinical significance, for example, a better prognosis or response to adjuvant therapy compared to undifferentiated
carcinoma without OGCs. In this context, the most
recent WHO Classification might have separated undifferentiated carcinoma with OGCs from undifferentiated
carcinoma without OGCs, though comments on clinical
differences between both tumors lack[20]. Some authors
reported that undifferentiated carcinoma with OGCs
might have a more favorable prognosis than pancreatic
ductal adenocarcinoma[21] or undifferentiated carcinoma
without OGCs[22,23].
A few cases diagnosed with undifferentiated carcinoma of the pancreas with OGCs have been reported
and are summarized in Table 1. Surgical outcomes in
patients with this unusual tumor have been disappointing. They are even worse than those of fatal invasive
ductal adenocarcinoma of the pancreas [5-7]. Although
few long-term survivors have been reported, even more
than 10-year survivors[4,7,29], most of the patients in case
reports showed early recurrence and rapid progression
even after complete surgical resection and died of tumor
within 1 year[4,11,12]. The patient in this case also suffered
from multiple bone metastases without definite evidence
of local recurrence and survived only 9 mo after curative
resection. Concerning the surgical role, there have been
no reports in undifferentiated carcinoma of the pancreas
with OGCs. Instead, some authors recommended appropriate surgery for pleomorphic carcinoma of the pancreas with favorable characteristics, absence of invasion
of adjacent organs and distant metastases[30], but others
did not due to poor surgical outcomes[31]. Interestingly, in
situ as well as early-stage undifferentiated carcinomas of
the pancreas with OGCs have been reported[9,16,23]. The
tumor size ranged from 2.0 to 5.3 cm and postoperative
outcomes, described in only one case[16], were satisfactory with no evidence of tumor recurrence or metastasis.
Accordingly, early diagnosis and subsequent complete
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Term explanation

resection, although it is exceedingly uncommon, could
be only chance to cure this fatal tumor. Tumor size tends
to be small in an early stage and smaller-sized undifferentiated carcinomas with OGCs have showed favorable
surgical outcomes in some cases[14,16]. However, overall
tumor size has not been reported to be a reliable prognostic indicator[7], because patients with even a large
undifferentiated carcinoma could show long-term survival[4]. Investigations on the surgical role and prognostic
factors need to be warranted based on multi-center cooperation and large cohort of patients with undifferentiated carcinoma with OGCs.
In summary, undifferentiated carcinoma of the pancreas with OGCs originates from duct epithelial cells and
is now recognized as a variant of ductal adenocarcinoma
of the pancreas. The present case supports evidence
of tumor origin from pancreatic ductal cells. Non-neoplastic OGCs in undifferentiated carcinoma derive from
histiocytic lineage and may reflect better clinical courses
compared to tumor without OGCs. Surgical outcomes
in patients with undifferentiated carcinoma with OGCs
have been disappointing. Early diagnosis and subsequent
complete resection could be only chance to cure this fatal tumor but tumor size may not prognostic indicator.

OGCs are non-neoplastic, reactive, multinucleated cells and similar to those
seen in giant cell tumor of bone.

Experiences and lessons

Though an aggressive surgery for selected cases of undifferentiated carcinoma
of the pancreas with OCGs may prolong survival duration, surgical role in this
tumor is to be established.

Peer review

This article is an interesting case report for a very rare tumor. To complement
weakness of case report, the author added a table summarizing all cases diagnosed with this tumor.
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Core tip: We report a rare case of primary malignant
melanoma of the esophagus (PMME). Although this disease is uncommon, a preoperative diagnosis of PMME
is important. PMME cannot be definitely diagnosed
from clinical symptoms or by X-ray barium meal examination but can be confirmed by endoscopic histological
examination or a pathological report after surgical excision. The diagnosis of primary malignant melanoma
should be suspected when a black or dark brown mass
is observed during endoscopy. However, the endoscopic
examination can complicate histological diagnosis due
to poor sample quality. In the case presented here, we
collected biopsies of the black surface, and the pathological report confirmed that the samples conformed to
the characteristics of melanoma.

Abstract
Primary malignant melanoma of the esophagus (PMME)
is a malignant tumor which occurs in the melanin cells
of esophageal mucosal epithelial basal layer. PMME is a
rare disease with an extremely poor prognosis. PMME
represents only 0.1% to 0.2% of all esophageal malignant tumors. Dysphagia, retrosternal or epigastric discomfort or pain is the most frequent symptom at presentation. Retrosternal, epigastric discomfort, melena
or hematemesis are the major clinical manifestations.
The tumor is often located from the middle to lower
thoracic esophagus. The characteristic endoscopic
finding of PMME is a polypoid lesion that is usually pigmented. Immunohistochemical examination with positive results of S100 protein, HMB45 and neuron-specific
enolase allow a definitive diagnosis. PMME metastasizes
via hematogenic and lymphatic pathways. Esophagectomy is believed to be an effective approach for localized PMME. Five-year survival rates of 37% or higher
have been achieved recently. Herein, we report a case
of an 65-year-old female admitted for progressive difficulty in swallowing for more than 4 mo. After upper
gastrointestinal endoscopy and biopsy, upper gastrointestinal series and computed tomography examination,
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INTRODUCTION
Primary malignant melanoma of the esophagus (PMME)
is rare tumor, representing only 0.1% to 0.2% of all
esophageal malignant tumors[1]. PMME often presents as
polypoid lesion and usually causes dysphagia, retrosternal or epigastric discomfort or pain. With the develop-
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A

Figure 1 Endoscopic examination findings. A: A large (20
mm × 40 mm) tumor in the esophagus 33 cm from the incisors and 3 pigmented spots (satellites) adjacent to the large
tumor 30-33 cm from the incisors; B: A partial stalk and the
black uneven surface of the large tumor and the dark smooth
surface of the 3 flat lesions.

B

Figure 2 Pathological findings (hematoxylin/eosin staining) from the endoscopy. The tumor contained variously pigmented bizarre cells.

Figure 4 Plain computed tomography scan of the cervical region, chest
and upper abdomen demonstrating the thickness of the middle esophagus wall.

Figure 3 Upper gastrointestinal
series showing a circular filling
defect in the lower esophagus.

pathologic and immunohistochemical examination.

CASE REPORT
A 65-year-old woman with progressive difficulty in swallowing for more than 4 mo recently came to our institute
for an examination. The dysphagia began 4 mo prior to
the examination, especially when eating solid foods, and
it became more serious 2 mo prior. Upper gastrointestinal endoscopy was performed and revealed a large tumor
(2 cm × 4 cm) in the esophagus 33 cm from the incisors
and 3 pigmented spots (satellites) adjacent to the large
tumor 30-33 cm from the incisors (Figure 1A). The large
tumor had a partial stalk and a black uneven surface,
and the satellites had dark smooth surfaces (Figure 1B).
Upon microscopic examination, the tumor was observed
to contain variously pigmented unusual cells (Figure 2).
An upper gastrointestinal series showed a circular filling defect in the lower esophagus (Figure 3). A plain CT
scan of the cervical region, chest and upper abdomen
showed thickness of the middle esophagus wall (Figure
4). The skin examination did not reveal any evidence of
melanoma. Our diagnosis was primary malignant melanoma of the esophagus, and the patient underwent an
esophagectomy. Postoperative specimens confirmed the
diagnosis of primary melanoma, and the surgical margin
of the esophagus was free from tumors (Figures 5 and
6). Immunohistochemical staining was positive for S100

ment of the endoscopic technique, the discovery rate of
PMME has gradually improved in recent years. However,
prognosis is not optimistic due to the high metastatic potential of PMME. Similar to most malignant tumors, early
detection and treatment of PMME can improve the fiveyear survival rates of patients. PMME postoperative fiveyear survival rates have risen from 4.2% in 1989 to 37%
in 2002 and may be higher now, according to current
reports[2,3]. In clinical practice upper gastrointestinal series
and computed tomography (CT) are also widely used
to diagnose and evaluate PMME. A definitive diagnosis
could be confirmed with positive results of S100 protein,
HMB45 and neuron-specific enolase from pathologic and
immunohistochemical detection. We recently encountered a case of PMME in endoscopy and diagnosed it by
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A

B

A

B

A

B

Figure 5 Pathological findings
(hematoxylin/eosin staining) from
the postoperative specimens. A:
Large tumor (× 100); B: Large tumor (×
200).

Figure 6 Pathological findings (hematoxylin/eosin staining) from the
postoperative specimens. A: One
of the satellites (× 100); B: One of the
satellites (× 200).

C

Figure 7 Immunohistochemical staining positive for S100 (A), HMB45 (B), and Ki67 (C).

(Figure 7A), HMB45 (Figure 7B), and Ki67 (Figure 7C).
After the surgery, the patient’s dysphagia was significantly
improved.

cal symptoms or by X-ray barium meal examination.
However, this disease can be confirmed by endoscopic
histological examination or by pathology after surgical
excision. An endoscopy may reveal friable pigmented
polypoid masses that are rarely accompanied by ulcers[4].
The diagnosis of primary malignant melanoma should be
suspected when a black or dark brown mass is observed

DISCUSSION
PMME cannot be definitely diagnosed from clini-
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enolase could allow definitive diagnosis.

during endoscopy. However, endoscopic examinations
can sometimes complicate histological diagnoses when
the sample is too small, no pigment granules are present or pigment granules can not be observed because of
ulceration, erosion or necrosis. When these situations
occur, PMME must be differentiated from low differentiated squamous carcinoma, sarcoma, carcinosarcoma,
undifferentiated carcinoma and metastatic melanoma[1].
In addition, specific pathological staining and boundary
changes around the tumor also contribute to the diagnosis[5]. Positive immunohistochemical staining results for
the S100 protein, HMB45 and neuron-specific enolase
aid in the diagnosis of melanoma[6]. A diagnosis can also
be made by observing premelanosomes in the intracytoplasm through electron microscopy[1,7].
In conclusion, we have presented a rare case of primary malignant melanoma diagnosed by endoscopic biopsy of the esophagus. We propose that the effectiveness
of diagnostic guidelines or treatment will increase with an
increase in the number of PMME case reports.

Treatment

An esophagectomy is recommended for localized PMME. The five-year survival
rate is almost 37%.

Experiences and lessons

Gastrointestinal endoscopy and biopsy, upper gastrointestinal angiography and
computed tomography examination, esophagectomy and the postoperative
pathological and immunohistochemical examination contributed to the diagnosis of PMME in this case report.

Peer review

This is a report about a primary melanoma of the esophagus. New standard
procedures are missing e.g., endoscopic ultrasound and the discussion needs
clinical updates.
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minimally invasive therapy, endoscopic therapy, transplantation
therapy, and surgical therapy; (5) Field of Vision: The editorial
board members are invited to write commentaries on classic
articles, hot topic articles, or latest articles to keep readers at
the forefront of research and increase their levels of clinical
research. Classic articles refer to papers that are included in Web
of Knowledge and have received a large number of citations
(ranking in the top 1%) after being published for more than
years, reflecting the quality and impact of papers. Hot topic
articles refer to papers that are included in Web of Knowledge
and have received a large number of citations after being published for no more than 2 years, reflecting cutting-edge trends
in scientific research. Latest articles refer to the latest published
high-quality papers that are included in PubMed, reflecting the
latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
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a hot topic to help improve the diagnostic and therapeutic skills
of readers; (9) Medical Ethics: The editorial board members are
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ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
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highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
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China. One author may be represented from two institutions,
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).
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Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and
end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
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these adjuncts showed that no single agent or method
has yet achieved the goal of completely overcoming
the limitations of the current gold standard preparation
method, they at least provide endoscopists with an array of alternatives to help improve the suboptimal efficacy of the main cleansing solutions when used alone.
To aid in this clinical endeavor, a subjective grade was
assigned to each adjunct to indicate its practical value.
In addition, the systematic review of the currently
available agents and methods provides insight into the
features of each that may be overcome or exploited
to create novel drugs and strategies that may become
adopted as effective bowel cleansing adjuncts or alternatives.
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Abstract

Key words: Colonoscopy; Cathartics; Adjuncts; Purgative agents; Bowel preparation

Pre-procedural cleansing of the bowel can maximize
the effectiveness and efficiency of colonoscopy. Yet,
efficacy of the current gold standard colonic preparation method - high-volume oral administration of
purgative agents 12-24 h prior to the procedure - is
limited by several factors, such as patient compliance
(due to poor palatability and inconvenience of the dosing regimen) and risks of complications (due to drug
interactions or intolerance). Attempts to resolve these
limitations have included providing adjunctive agents
and methods to promote the colonic cleansing ability
of the principal purgative agent, with the aim of lessening unpleasant side effects (such as bloating) and
reducing the large ingested volume requirement. Several promising adjunctive agents are bisacodyl, magnesium citrate, senna, simethicone, metoclopramide, and
prokinetics, and each are being investigated for their
potential. This review provides an up to date summary
of the reported investigations into the potencies and
weaknesses of the key adjuncts currently being applied in clinic as supplements to the traditional bowel
preparation agents. While the comparative analysis of
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Core tip: Fair bowel cleansing is a prerequisite for unobstructed visualization in colonoscopy. Since the gold
standard self-managed preparation procedure and purgative agent-related complications can limit thorough
cleansing, several adjunctive agents and methods
have been developed. Clinical experience with these
adjuncts have led to some being advocated by endoscopists as useful accessory drugs and to others being
criticized for causing further adverse effects or providing insufficient additional benefit. In this article, we
reviewed several of the agents that are currently used
as colonic cleansing adjuncts and provide a subjective
evaluation of their practical value based on their evidentiary strengths and drawbacks.
Park S, Lim YJ. Adjuncts to colonic cleansing before colonoscopy.
World J Gastroenterol 2014; 20(11): 2735-2740 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i11/2735.htm
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during the preparative period[5].
Comparative analysis of the adjunctive benefits of
bisacodyl to another common adjunctive agent - magnesium citrate (MC, discussed below) - confirmed the positive feature of bisacodyl substantially reducing the PEG
volume necessary for complete cleaning but indicated
that patients preferred MC, likely due to its lower rate of
side-effects[6]. Indeed, bisacodyl administration carries a
risk of inducing the life-threatening condition of ischemic colitis[7,8], and this potential complication, though
rare, is a serious consideration for cautious application.
Further research is needed to determine the precise indications for bisacodyl use that will correspond with maximal efficacy and safety profiles of this adjunctive agent.

INTRODUCTION
A number of purgative agents are currently in clinical
use for bowel preparation prior to colonoscopy. While
none has provided optimal safety and efficacy profiles,
each represents unique strengths and weaknesses (in
terms of efficiency, ingested volume, taste, and time
required for preparation) that may help to improve the
chances of achieving more thorough bowel cleansing.
For instance, polyethylene glycol (PEG) is generally
considered an adequate colonic cleansing agent, but its
salty taste is highly impalatable and cited by patients as
a key reason for not completing the dosing regimen; the
resultant inadequate bowel preparation has led to these
patients frequently requiring repeat colonoscopy, with
the extent of unremoved fecal obstruction sometimes
completely inhibiting visualization[1].
To overcome the limitations of the main colonic
cleansing agents, several adjunct purgative agents and
methods have been developed. While some adjuncts
have potential for use as independent colonic cleansing
agents, they have typically been applied in clinical practice as additive means to complement the main agent;
although, some reports exist in the literature of their use
as a surrogate under narrow indications. In this article,
we review the evidentiary information for several of the
agents and methods that are currently used as colonic
cleansing adjuncts and discuss the potential of each to
facilitate or substitute the cleansing function of the main
regimen.

MC and MC-adjunctive regimens (oral sodium
picosulfate/MC)
MC is a salt compound that functions as an osmotic
laxative and is administered as a hyperosmolar saline
solution. The solution draws water into the colonic lumen, thereby increasing intraluminal fecal volume and
stimulating gut motility. Clinical application of MC as
an adjunctive agent to the main isosmotic purgative solution regimens has been reported to provide effective
cleansing with substantially reduced volumes. Similar to
the volume-reducing effects of bisacodyl, MC adjunctive application increased cleansing efficacy of the main
PEG solution so that only 2 L of the main agent was
required (vs 4 L) and significantly enhanced patient tolerance of the cleansing regimen[9]. As cited above, MC
was also indicated by patients as preferable to bisacodyl,
likely because of fewer unwanted side-effects[6].
The osmotic laxative action of MC is enhanced by
co-administration of a stimulant laxative agent. Sodium
picosulfate/MC combination preparations (marketed
under the trade names Picolax, Picoprep, Prepopik,
Picolax, Citrafleet, and Picolight) are well-established
in clinical practice in the United Kingdom and Korea,
and have recently been approved for use in the United
States[10]. Several studies have compared the efficacies of
sodium picosulfate/MC preparations with conventional
isosmotic cleansing agents, such as PEG, as well as another common saline laxative (sodium phosphate). In
one comparative analysis of single-regimens of sodium
phosphate, PEG, and sodium picosulfate/MC, the latter
two agents were found to have similar bowel cleansing
performance (as indicated by the Ottawa bowel preparation assessment tool)[11]. Yet, another comparative analysis of single-regimen sodium picosulfate/MC (Picolax)
and PEG showed the two to be comparable in preparation efficacy but indicated that the former was superior
in promoting patient compliance since it produced significantly less nausea/vomiting and posed less difficulty
for patient consumption[12]. The lower level of nausea/
vomiting was confirmed by another comparative analysis
of a generic sodium picosulfate/MC preparation and
PEG, but in this study former was shown to produce
superior bowel cleansing than the 3 L of PEG[13]. Still

COMMONLY USED ADJUNCTS OF
COLONIC CLEANSING AGENTS
Bisacodyl
Bisacodyl is an unabsorbable diphenylmethane derivative
with stimulant laxative properties. Adjunct administration of bisacodyl is routinely carried out to facilitate
bowel preparation by high-volume balanced purgative
solutions, such as PEG. However, systematic evaluations
of bisacodyl’s efficacy when used with full-volume PEG
have yielded inconsistent results. One study showed that
a bisacodyl regimen of 20 mg over a 2 d period shortened the duration of the main gut irrigation procedure
and produced no side-effects[2]. However, a study of
the effective benefit of bisacodyl to the PEG-based
regimen found that it provided no significant improvement in cleansing quality as compared with a PEG-only
regimen[3]. Another study suggested that the benefit of
providing bisacodyl adjunct to the main regimens based
on isosmotic solutions (such as PEG) was a reduction
in the volume of purgative agent that needed to be ingested to achieve effective bowel cleansing[4]. Similarly,
when 15 mg of bisacodyl was administered with a PEGbased regimen not only was a lower volume of the main
solution required (down to 2 L from the 4 L required for
the PEG-only regimen) but the patients showed a better
compliance rate and reported experiencing less nausea
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another study revealed a higher rate of patient preference for the sodium picosulfate/MC preparation when
repetitive administrations were required among subjects
who experienced similar clinical side effects to the different regimens evaluated[14].
In an attempt to gain a better understanding of the
efficacy and safety profiles of sodium picosulfate/MC
preparations as an independent cleansing regimen, a
meta-analysis was performed by Tan and Tjandra[15]. The
sodium picosulfate/MC preparations were found to be
superior to PEG-based regimens, as they produced the
statistically significant benefit of fewer adverse events
and a comparable level of bowel cleansing. Indeed,
the European Society of Gastrointestinal Endoscopy
(ESGE) guidelines for bowel preparation for endoscopy
published in 2013 cited the comparable levels of bowel
cleansing achieved between the different regimens, as
reported in the collective literature[16].
Despite the promising findings related to the bowel
cleansing efficacy of MC, this osmotic laxative has some
drawbacks. MC should be cautiously applied to patients
with renal insufficiency or failure, who risk detrimental
accumulation of magnesium due to inefficient clearance
by the impaired kidney[17]. Moreover, concurrent medications or medical conditions that can influence renal and
intestinal function may also lead to elevated magnesium
levels in serum, a condition known as hypermagnesemia
that is accompanied fluid and electrolyte imbalance. Hypermagnesemia itself is a risk factor for cardiovascular
and neuromuscular complications[18], and particular caution should be taken in elderly patients who are already
at risk for these types of disorders and have worse prognoses related to them. Indeed, age-related increases in
blood levels of sodium, potassium, and urea have been
shown following MC administration[19]; it is theorized
that these potentially detrimental responses may stem
from age-related decrement of renal function and reduced intestinal peristalsis, as well as concurrent medications[20].

ume of PEG required to achieve effective bowel cleansing and to be associated with higher rate of patient tolerance than full-dose (4 L) PEG[23]. Another study also
reported improved compliance of subjects with senna
adjuvant and low-volume PEG, but demonstrated it
was less effective at bowel cleansing than full-dose PEG
alone[24]. It is important to note that senna is not widely
used in the United States and has not gained approval
from the nation’s federal drug administration for its use
as a colonic cleansing agent[17]; as such, fewer studies on
its efficacy and safety profiles are available, especially
when compared to the extensive research findings that
have been published for bisacodyl. Nonetheless, the collective findings on senna suggest that it is an adequate
adjunct colonic cleansing agent in that it lessens the
volume of PEG solution but may not be an effective
bowel cleansing agent in isolation due to its side effect
of abdominal pain. Comparative analyses with other
adjuncts should be carried out in order to gain a better
understanding of its efficacy and safety.
Simethicone
As an anti-gas and anti-flatulent agent, simethicone has
been suggested (and applied in clinic) as an accessory
agent of colonic preparation using the standard bowel
preparation regimens[15]. When combined with the traditional PEG preparatory solution, simethicone significantly decreases the formation of foam and patients
have less complaints of gas-related side-effects[25,26]. Adjunctive administration also has been shown to eliminate
bubbles and improve the cleansing quality of the sodium
phosphate preparation[27]. However, a meta-analysis of
the overall studies of simethicone adjunctive efficacy
failed to demonstrate a superior colonic cleansing ability[26]. There is still no consensus in the field as to whether simethicone should be recommended for adjuvant
use; for example, the American Society for Gastrointestinal Endoscopy recommended its use and the ESGE
recommended against its routine application as part of
the standard pre-procedural preparation[28]. Undoubtedly,
further investigations are needed to confirm the usefulness of simethicone as an adjunct agent for colonoscopy
preparation.

Senna
Extracts from the Senna genus of plants have well-established stimulant laxative properties. The collective investigations into the various known senna glycosides
have revealed that upon ingestion these derivatives are
activated by intestinal flora and directly interact with the
gut mucosa to stimulate bowel movement and to inhibit
electrolyte and water absorption. Senna has proven useful as a bowel preparative agent when applied at high
doses, both alone and as an adjunct. However, the sideeffect of considerable abdominal pain has limited its use,
and in the meantime balanced solution-type cleansing
agents have largely substituted its role as a colonoscopy
preparative agent[21,22]. As an adjunct, senna is commonly
applied with PEG, and the collective clinical experience
has led to its being generally characterized as an effective
agent to intensify the main agent’s cleansing ability.
Adjunct senna has been shown to decrease the vol-
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Metoclopramide and other prokinetics
Metoclopramide is a well-established dopamine antagonist, which sensitizes tissues to the action of acetylcholine. This agent exerts an appreciable influence on
peristalsis of the upper gastrointestinal regions but has
no appreciable effect on the colon[29]. Therefore, the
clinical utility of adjunctive metoclopramide is limited to
improvement of nausea or bloating side-effects related
to the main colonic cleansing agent, but it is not itself
a colonic preparation per se[30]. Some investigators have
expressed skepticism concerning the action of metoclopramide, reporting no apparent influence of this adjunct
on the abdominal symptoms[31,32]. In general, however,
metoclopramide use is limited by its associated risk of
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Table 1 Summary of the currently used colonic preparation adjuncts reviewed in this study
Adjunct

Substance/functions/
mechanism

Bisacodyl1

Strengths

Diphenylmethane;
stimulant laxative

Magnesium citrate2

Senna (sennoside)2

Simethicone1

Prokinetics1

Sports drink ingredient (Gatorade)

Useful for bowel preparation with
low-volume polyethylene glycol (PEG)
solution; reduces nausea and provides
comparable cleansing potency[4,5]
Osmotic laxative
Useful for bowel preparation with
low-volume PEG solution; superior to
other adjuncts in efficacy[9]
Cleansing effect is comparable to PEG;
has fair patient compliance[12]
Pod or leaf of Senna
Useful for bowel preparation with
alexandrina, stimulant
low-volume PEG solution[23]
laxatives
Anti-gas, anti-flatulent
May be useful for lessening bubble
formation[25]
Metoclopramide (dopamine antagonist)

Anti-emetic, anti-bloating effects

Mosapride (5-HT4 receptor agonist), itopride
(dopamine D2 receptor
antagonist)
MiraLAX/Gatorade

Stimulates colonic peristalsis[33,34]

Weakness

Conclusion

Rare complication risk of ischemic
colitis[7,8]

Controversial results on its
efficacy as an adjunct

Use with caution in patients with
May be used to reduce the
poor renal function, due to inlarge-volume dose of PEG
creased risk of hypermagnesemia[17] solution; generally considered
a useful substitute to the main
bowel cleansing agents[15]
Risk of abdominal pain with highGenerally considered an
dose; possible complication risk of adequate adjunctive agent
ischemic colitis
Limited usefulness for strengthen- Not widely used as an adjunct
ing colonic preparation[26]; some
experts do not recommend its use[28]
No apparent influence on colonic May be useful for preventing
cleansing[29]; extrapyramidal symp- or relieving nausea and bloattoms occur with high-dose
ing sensation
Unknown
Potential as an alternative
adjunct in geographic regions
with market availability

Superior palatability and higher bowel Risk of inducing fluid- electrolyte
preparation rates (i.e., cleaner bowel)[35,36] disturbances due to its non-isoosmolarity

Potential alternative in
available area

1

Recommendable agent; 2Fairly recommendable agent based on the collective findings from this literature review.

causing extrapyramidal symptoms.
New prokinetic drugs have been developed and introduced to the market over the past decades and systematic investigations into their usefulness as adjuncts for
bowel preparation are beginning to accumulate in the
literature. A study of mosapride, a selective 5-hydroxytryptamine-4 receptor agonist, administered at a dose
of 15 mg immediately prior to ingestion of the 2 L of
PEG solution provided superior colonic cleansing than
the same PEG regimen administered with placebo[33].
Itopride, another prokinetic, was also reported to decrease uncomfortable abdominal symptoms when used
as an adjunctive to the standard PEG or MC colonic
preparations[34].

purgative regimens applied in current clinical practice,
such as those involving PEG or sodium phosphate solution. To aid in decision-making by treating endoscopists,
the various adjunctive agents and methods described
herein are summarized in Table 1. In addition, a grade
has been assigned to each agent according to the collective findings from this literature review, with two asterisks indicating fairly recommendable and one asterisk
indicating recommendable agents. The sodium picosulfate/MC regimen is gradually being accepted as a major
bowel cleansing regimen, with its efficacy and safety
profiles being maximized according to the individual
patients indications (primarily, adequate renal function).
Senna, metoclopramide, and bisacodyl have the advantage of reducing volume of the large-amount balanced
solution that is required for bowel cleansing, thereby
enhancing patients’ compliance with the preparation
procedure. However, the exact efficacy and safety profiles of these agents remain to be definitely established
and cautious selection of adjuncts by endoscopists with
ample experience remains necessary.

Others
Gatorade sports drink has been combined with PEG
3350 powder (MiraLAX®) to provide better tolerability
of the PEG solution by decreasing the volume required.
Gatorade is not an isosmotic solution and represents
a risk of inducing electrolyte imbalance. Clinical studies have addressed its potential as a safe and effective
adjunct and have shown that a split-dose of MiraLAX/
Gatorade is an effective option for achieving adequate
colonic cleansing[35,36].
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What is the best strategy for successful bowel preparation
under special conditions?
Yun Jeong Lim, Su Jin Hong
such as those with chronic kidney disease, who are
taking drugs that affect renal function, or who suffer
from heart failure. Other special conditions that may
affect an individual’s tolerance of the cathartic agent or
ability to complete the administration routine include
stroke, severe constipation, hematochezia, suspicious
lower gastrointestinal bleeding, and mental disorders
such as dementia. All ingestible bowel preparation
solutions can be instilled into the stomach and duodenum through nasogastric tube or esophagogastroduodenoscope with the aid of a water irrigation pump for
patients with difficulties swallowing or ingesting the
large volumes of fluid required. In addition, dietary
regimens based on clear liquids and low-residue foods
for 1-4 d prior to the colonoscopy may be supplemental bowel preparation strategies. Achieving an effective
and safe cleansing of the bowel is important for successful colonoscopy in all patients, so full knowledge of
the individual’s condition and capabilities is necessary
to select the most appropriate colonic cleansing agent
and delivery regimen.
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Abstract
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Adequate bowel preparation is important for successful colonoscopic examination. Several effective colonic
cleansing agents are available and routinely prescribed,
but each carries its own limitations and benefits from
particular dosing regimens. The most frequently prescribed colonic cleansing agent, the polyethylene glycol (PEG) cathartic solution, suffers from low patient
compliance in general, due to its unpalatable taste
and smell coupled with the large ingested volumes
required. However, PEG is preferred over other cathartics for use in individuals of advanced age, sufferers of
chronic kidney disease, heart failure and inflammatory
bowel disease, and women who are pregnant or lactating. The laxative agents sodium phosphate (NaP) and
sodium picosulfate plus magnesium citrate have been
applied and have improved patient compliance and
tolerance. NaP, however, should be avoided in individuals with impaired renal function or plasma clearance,
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Core tip: Adequate bowel preparation is important for
successful colonoscopic examination. A patient’s general
health condition or concurrent medications may impair
their ability to tolerate a certain cathartic agent, and
mental or physical disabilities may preclude their ability to complete the ingestion regimen. While impaired
health increases the risk of agent-related complications,
failure to comply with bowel preparation instructions
in general limits adequate cleansing of the bowel. Unremoved fecal matter occludes the colonoscopic view,
necessitating repeat examination. This review discusses
the special conditions encountered most frequently in
the endoscopic clinic so that effective and safe bowel
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PEG combination (or NaP as an alternative single agent)
is generally not recommended in elderly patients, due to
the decrease in renal function that accompanies advanced
age and represents an increases risk of agent-related toxic
side effects[7]. However, when Seinela et al[8] performed a
comparative analysis of the efficacy and safety profiles of
NaP and PEG solution in elderly patients no differences
were detected; the study’s small sample size and in-patient
character limit the generalizability of these findings, and
the fact that confounding variables (such as education
level of the treating healthcare team and occurrences of
hypovolemia and electrolyte imbalance) were not evaluated limits the statistical strength of the findings.
Recent investigations have provided insights into
the effects of age-related renal failure on oral NaP and
aimed to design safe dosing regimens or effective alternatives[9-16]. Since NaP use in the elderly has been reported
to induce serious electrolyte abnormalities, assessing and
monitoring the levels of serum electrolytes, phosphorus,
potassium, and calcium is recommended when the agent
is considered superior to all other potential agents/regimens for a particular patient. Practice of a dietary regimen including clear liquids and low-residue foods over
the course of 1-4 d prior to the main preparation procedure or colonoscopy is helpful in the difficult bowel
preparation. While comparative analyses of efficacy and
tolerability of split-dose and single-dose regimens have
yielded inconsistent findings, consumption of the PEG
solution less than at least 5 h before the procedure has
shown superior bowel cleansing, particularly for the right
colon.

preparation agents/regimens can be chosen.
Lim YJ, Hong SJ. What is the best strategy for successful bowel
preparation under special conditions? World J Gastroenterol
2014; 20(11): 2741-2745 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i11/2741.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i11.2741

INTRODUCTION
Bowel preparation for colonoscopy was designed as a
means to improve the diagnostic and therapeutic accuracy and safety of this semi-invasive visualization procedure. The most common method of bowel preparation
involves oral ingestion of a large volume of a cathartic
agent with laxative properties over a defined period of
time. The most commonly prescribed cathartic regimen is
4 L of polyethylene glycol (PEG; an osmotically balanced
electrolyte lavage solution). Unfortunately, the regimen
suffers from poor compliance rates, for which patients
have cited the unpalatable taste and smell of the PEG
solution, as well as difficulty of consuming such a large
volume. Complimenting the PEG regimen with other
laxative agents, such as sodium phosphate (NaP) and sodium picosulfate plus magnesium citrate, has proven useful in helping to improve the compliance[1-5].
A patient’s age (i.e., the elderly and pediatric populations), general health condition [(i.e., pregnancy or lactation, renal or cardiac insufficiency or failure, severe
constipation, and hematochezia or suspicious lower gastrointestinal (GI) bleeding)] or concurrent medications (i.e.,
drugs that impair renal function) may lower their tolerance
to a certain cathartic agent, and mental or physical disabilities (i.e., dementia or stroke) may preclude their ability
to complete the ingestion regimen. While impaired health
increases the risk of agent-related complications, failure
to comply with bowel preparation instructions in general
limits adequate cleansing of the bowel. Unremoved fecal
matter occludes the colonoscopic view, resulting in missed
lesions, cancelled procedures, increased procedural time,
and a potential increase in procedure-related complications, such as perforation, hemorrhaging and infection.
Repeated colonoscopy may be unavoidable. This review
discusses the special conditions encountered most frequently in the endoscopic clinic so that effective and safe
bowel preparation agents/regimens can be chosen.

Pediatric patients
No standardized guidelines for bowel cleansing prior
to colonoscopy have been established for the pediatric
patient population. The most widely reported regimen
in children is 1.25 mg/kg PEG administered over a 4 d
period with a liquid diet given on the fourth day[9]. The
lack of evidence from systematic investigations leaves the
possibility open for a shorter and simpler regimen, such
as that used in adults of PEG only over a 6-8 h period
prior to the colonoscopy[9,10,17]. In pediatric cases, delivery
of the PEG solution through a nasogastric tube is commonly used when the patient cannot tolerate the oral
ingestion method. The common dosage for nasogastric
administration is 20-30 mL/min delivered over a 1.2-1.8
h period[16]; however, as with adult patients, it is important
to modulate the speed of administration via nasogastric
tube according to subject’s situation. Enemas have also
been reported as alternative bowel cleansing strategies in
pediatric patients, but their effect is limited to the distal
colon.

SPECIAL CONDITIONS AFFECTING
BOWEL PREPARATION FOR
COLONSCOPY

Pregnant and lactating/breastfeeding women
PEG and NaP solutions are Pregnancy Category C
drugs, as designated by the Food and Drug Administration according to their potential benefit to the gravida
and inconclusive risk to the fetus[10]. Although the need

Elderly patients
Elderly patients (≥ 80-year-old) show higher rates of
inadequate colon cleansing for colonoscopy by the common preparation strategies[6]. Application of the NaP-
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Table 1 Bowel preparation under special conditions
Special condition
Elderly
Childhood
Pregnancy
Breastfeeding
Severe/chronic constipation

Stroke, dementia
IBD
Diabetes
Hypertension
Chronic kidney disease
Congestive heart failure
Lower GI bleeding

Considerations for appropriate bowel preparation
Avoid NaP to reduce risk of electrolyte imbalance and phosphate accumulation
1.25 mg/kg PEG for 4 d with liquid diet on the fourth day
PEG may be preferable to NaP
Interrupt breastfeeding during and after bowel preparation
Extend the liquid diet requirement
Alternate the bowel preparation agent (PEG or NaP)
Provide adjunctive laxative agents (magnesium citrate, bisacodyl, or senna)
Apply a combined bowel preparation agent (both PEG and NaP) or double the dosage of PEG solution
If patients have difficulty swallowing, provide the bowel preparation agent via endoscopic irrigation pump or nasogastric tube
NaP and sodium picosulfate plus magnesium citrate should be avoided because of mucosal damage and irritation
Appropriate dose and proper tempo of fluid intake is important because of delayed colonic transit time
NaP should be avoided due to possible risk of hyperphosphatemia, metabolic acidosis, and renal failure
NaP should be cautiously applied in patients taking a drug that affects renal function (diuretics, ARB, ACEi)
NaP preparation is not recommended because of increased risk of renal dysfunction
PEG solution should be cautiously applied because of an association with increased intravascular volume
NaP preparation is not recommended because of electrolyte imbalance and volume loss
PEG solution may be more effective than enema
If a rectal bleeding focus is suspected or severe bleeding is present, enema can be useful

NaP: Sodium phosphate; PEG: Polyethylene glycol; ARB: Angiotensin receptor blockers; ACEi: Angiotensin converting enzyme inhibitors; IBD:
Inflammatory bowel disease; GI: Gastrointestinal.

for colonoscopy is rare during pregnancy and no wellcontrolled studies of pregnant women have been reported, PEG is generally preferred over NaP because
small amounts of PEG safely control constipation in
pregnancy[10]. In addition, no study in the publicly available literature has yet reported the safety profiles of the
various bowel preparation agents/regimens in lactating
patients. Interrupting breastfeeding during and after bowel preparation with cathartic agents or application of a
tap water enema for sigmoidoscopy have been suggested
as cautionary options[9].

the bowel preparation solution directly into the stomach
or duodenum through an esophagogastroduodenoscope
with the aid of a water irrigation pump or nasogastric
tube[9,10]. Dietary regimens including clear liquids and lowresidue foods 1-4 d before colonoscopy and enema can
sometimes be helpful in these patients as well.
Inflammatory bowel disease
NaP and sodium picosulfate plus magnesium citrate may
cause mucosal abnormalities that manifest symptoms
mimicking colitis[18]; thus, when an initial colonoscopic
evaluation is ordered for suspicious inflammatory bowel
disease, especially Crohn’s disease or colitis, NaP and sodium picosulfate plus magnesium citrate regimens should
be avoided. NaP, in particular, can cause aphthoid lesions,
erosions, or ulcers. The mucosal lesions caused by both
NaP and sodium picosulfate plus magnesium citrate often occur as multiples and are predominantly located in
the rectum and distal sigmoid colon[10,18] (Table 1)�.

Severe constipation
Delayed colon transit time from severe or chronic constipation resistant to laxatives can cause inadequate
bowel cleansing. Several approaches have been recommended to help overcome this challenge. First, a longer period of liquid diet has shown promising results.
Second, consecutive application of alternating bowel
preparations (i.e., switching from PEG to NaP or vice
versa) has been reported as a good option if the cleansing
regimen will be completed within 48 h. Third, use of an
adjunctive laxative, such as magnesium citrate, bisacodyl
or senna, may help to improve the efficacy of the main
full-dose regimen. The PEG-NaP combination preparation showed reasonable efficacy but may not be repeated
within 24 h because of NaP-related toxicity[10]. Fourth,
a double-dose of PEG solution has provided successful
bowel preparations.

Diabetes
The level of colon cleansing achieved by the common
cathartic drug-based regimens was shown to be less efficient in diabetics than their non-diabetic counterparts
in a prospective study[19]. Specifically, up to 40% of the
endoscopic visualization field was occluded by unremoved fecal matter in the diabetics (vs 97% in the nondiabetics) and approximately 10% of the diabetic patients
examined were characterized as having “very poor”
bowel preparation. The inadequate cleaning in diabetic
patients has been attributed to delayed colonic transit
time and constipation[20]. This diabetes-related delay in GI
transit time is also associated with more rapid and severe
manifestation of nausea and vomiting in response to the
ingested PEG[21]; therefore, diabetics may benefit from a
more flexible dose and timing regimen of the cathartic

Stroke and dementia
Patients who have suffered stroke may have physical
difficulties swallowing, and patients with dementia may
also be physically incapable of completing the preparation regimen, especially of ingesting the large amounts
of fluid required. In such cases, it is preferable to instill
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conditions has not yet been established. Lim et al[28] performed a comparative analysis of the clinical effectiveness of enema and PEG bowel preparation methods in
hematochezia patients and demonstrated that the latter
yielded a higher diagnostic rate and a lower rate of repeat
colonoscopy. Similarly, Saito et al[29] showed that PEG
solution was associated with better outcome of acute
lower intestinal bleeding. In general, when the amount
of bleeding is presumed to be small, bowel preparation
using PEG solution may be effective in hematochezia
patients; in contrast, if the bleeding focus is suspected
to involve the rectal area or if the amount of bleeding is
severe, an enema may be more useful and convenient.

agent(s). Diabetic patients have also been reported to be
at higher risk of developing acute renal failure following the oral NaP bowel preparation regimen[22]; thus, it is
recommended that NaP be avoided in diabetics to reduce
the potential risk of hyperphosphatemia and metabolic
acidosis related to effects on kidney function�����������
(Table 1)�.
Hypertension
Many of the hypertension drugs are known to affect renal function; these include diuretics, angiotensin receptor
blockers, and angiotensin converting enzyme inhibitors[9].
Therefore, the medication history and current medications of patients with hypertension should be carefully
considered when choosing a bowel preparation strategy.
In particular, NaP should be avoided to decrease the risk
of complications due to renal insufficiency.

CONCLUSION
Adequate bowel preparation is important for effective
colonoscopy but can be limited by an individual’s particular physical- and health-related conditions, such as age,
pregnancy and comorbidities, or even mental states that
inhibit the ability to comply with bowel preparation instructions. Therefore, it is necessary for the endoscopic
healthcare team to identify a patient’s specific conditions
and select an appropriate bowel preparation agent and
method in order to maximize the efficacy and safety
of both the preparation procedure and the subsequent
colonoscopy.

Chronic kidney disease
The renal insufficiency that accompanies chronic kidney
disease is a significant risk factor for acute phosphate
nephropathy[23], such as may be induced upon impaired
clearance of the NaP bowel cleansing agent[24,25]. The
higher risk of NaP for aggravating renal dysfunction in
patients with preexisting renal disease, compared to PEG,
is well established[25]. Thus, it is recommended to measure
a patient’s creatinine clearance by the estimated glomerular filtration rate (eGFR) prior to prescribing NaP in
order to avoid its use in patients with renal disease. The
specific contraindication for NaP bowel preparation is an
eGFR of < 60 mL/min/1.73 m2 (corresponding to stage
3-5 chronic kidney disease)[25].
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Core tip: Bowel preparation is one of the most frequent
reasons why patients object to participating in screening colonoscopies, and inadequate preparation is a
major obstacle to achieving a high-quality colonoscopy.
Furthermore, the two most important quality indicators of colonoscopy, the adenoma detection rate and
cecal intubation rate, are associated with the quality
of bowel preparation. Therefore, bowel preparation is
critical for high-quality colonoscopies because only optimal colonic cleansing allows the colonoscopist to view
clearly the entire colonic mucosa. A greater awareness
of the importance of adequate preparation will lead to
the improved quality of colonoscopies.
Jang JY, Chun HJ. Bowel preparations as a quality indicator for
colonoscopy. World J Gastroenterol 2014; 20(11): 2746-2750
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i11/2746.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i11.2746

Abstract
Colonoscopy is the principal investigative procedure for
colorectal neoplasms because it can detect and remove
most precancerous lesions. The effectiveness of colonoscopy depends on the quality of the examination.
Bowel preparation is an essential part of high-quality
colonoscopies because only an optimal colonic cleansing allows the colonoscopist to clearly view the entire
colonic mucosa and to identify any polyps or other lesions. Suboptimal bowel preparation not only prolongs
the overall procedure time, decreases the cecal intubation rate, and increases the costs associated with colonoscopy but also increases the risk of missing polyps
or adenomas during the colonoscopy. Therefore, a
repeat examination or a shorter colonoscopy follow-up
interval may be suitable strategies for a patient with
suboptimal bowel preparation.

INTRODUCTION
In 2008, the worldwide estimate of the number of new
cases of colorectal cancer was 1233000, with an estimated mortality of 608700[1]. Colonoscopy is currently
considered the gold standard diagnostic method for colonic disease and the most effective procedure to screen
for colorectal cancer (CRC)[2] for the following reasons:
(1) colonoscopy can detect and remove all suspicious
colorectal lesions; and (2) if any of the other three
recommended screening tests (fecal occult blood test,
flexible sigmoidoscopy and double contrast barium enema) are positive, they must be followed by a diagnostic
colonoscopy[3,4]. However, approximately 3% to 6% of
colorectal cancers are diagnosed between the screening
and post-screening surveillance examinations[5-7], and the
majority of these interval cancers are believed to origi-

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Table 1 Quality indicators that can be impacted by bowel preparation in colonoscopy
Indicator
Bowel preparation
Adenoma detection rate
Withdrawal time
Cecal intubation rate

Definition

Acceptable level

Proportion of procedures in which colon cleansing is considered excellent or good
Proportion of colonoscopies performed in asymptomatic individuals over 50 in which
at least one adenoma has been detected
Mean time from cecal intubation to colonoscopy extraction through the anus
Proportion of procedures in which cecal intubation is achieved

> 90%
> 20%
(men > 25% and women > 15%)
> 6 min
> 95%

generally refers to solid or semisolid debris that cannot
be cleared effectively (Figure 1)[16].

nate from missed lesions that were overlooked during
the screening colonoscopy[8,9]. According to emerging
evidence, the effectiveness of a colonoscopy depends on
the quality of the examination[10-12]. Bowel preparation is
an essential part of a high-quality colonoscopy because
only optimal colonic cleansing allows the colonoscopist
to clearly view the entire colonic mucosa (from the anal
verge to the ileocecal valve) and to identify any polyps
or other lesions. Even small amounts of residual stool
could prevent the visualization of clinically important
lesions. However, reports show that bowel preparation is
inadequate in up to 25% of patients undergoing a colonoscopy[13,14]. It is clear that poor preparation prolongs
the overall procedure time, decreases the cecal intubation
rates, reduces the detection of colorectal neoplasms and
increases the costs associated with colonoscopy.
The American Society for Gastrointestinal Endoscopy (ASGE) and American College of Gastroenterology
(ACG) guidelines include quality indicators to measure
the performance of colonoscopies[10,11]. A number of
factors were selected to establish competence in the performance of a colonoscopy and to help define areas for
continuous quality improvement. The factors that can be
affected by the quality of bowel preparation include (1)
cecal intubation, which should be achieved in 90% of all
cases and in 95% of screening procedures performed on
healthy adults; (2) photo documentation of the cecum
and its landmarks (the appendiceal orifice, cecal strap, ileocecal valve); and (3) adenoma detection, that is, adenomas, should be detected by a screening colonoscopy in
25% and 15% of healthy men and women, respectively,
who are aged 50 years or older (Table 1). In addition, the
ASGE-ACG Task Force recommends that the quality of
the bowel preparation should be documented in the procedure report. Currently, there is no standardized system
to describe the bowel preparation. The US Multi-Society
Task Force on Colorectal Cancer suggests the use of
the terms, ‘‘adequate’’ or ‘‘inadequate”; an adequate examination is one that allows for the detection of mass
lesions other than small (5 mm) polyps, which are generally not obscured by the preparation[15]. Many clinical
studies have used the terms ‘‘excellent’’, ‘‘good”, ‘‘fair’’
and ‘‘poor’’ to rate the quality of bowel preparation[16].
‘‘Excellent’’ is typically defined as no or minimal solid
stool and only small amounts of clear fluid that require
suctioning. ‘‘Good’’ is typically used to describe no or
minimal solid stool with large amounts of clear fluid that
require suctioning. ‘‘Fair’’ generally refers to collections
of semisolid debris that are cleared with difficulty. ‘‘Poor’’

WJG|www.wjgnet.com

BOWEL PREPARATION AND
COLONOSCOPY EFFICIENCY
The quality of bowel preparation is an important determinant of procedural success. A prospective study of
9223 colonoscopies performed in the United Kingdom
that was published in 2004 found that one in five incomplete colonoscopies (failures) was caused by poor bowel
preparation[17]. A prospective study of 693 consecutive
outpatient colonoscopies identified poor bowel preparation as a significant predictor of prolonged cecal intubation time (≥ 20 min, P = 0.0077)[18]. A prospective study
of 909 patients undergoing colonoscopy performed by
a single endoscopist reported that an inadequate bowel
preparation (fair or poor vs good) was a significantly predicted by a prolonged (≥ 10 min) insertion time [OR =
2.80, 95%CI: 1.41-5.56, P = 0.003][19]. Similarly, another
prospective, multicenter study of screening colonoscopy,
performed in 3196 individuals aged from 50 to 75 years,
reported that a poor-quality bowel preparation was the
only variable significantly related to incomplete colonoscopy. Procedural failure rates were significantly higher
in patients with poor-quality cleansing (19%) than in
patients with an adequate bowel preparation (2%, P =
0.001)[20]. In a retrospective review of 5477 colonoscopies performed by 10 gastroenterologists at a university
hospital, Aslinia et al[21] reported that inadequate bowel
preparation was a significant predictor of the inability to
reach the cecal base (OR = 0.15, 95%CI: 0.12-0.18, P <
0.001) (Table 2).
The quality of bowel preparation also greatly influences the cost of the colonoscopy; notably, it was estimated that inadequate bowel preparation increased the
cost of the colonoscopy by 12%-22% (which is attributable to the increased duration of the examination as
well as the need for repeated procedures or anticipated
surveillance)[22].
Another variable related to the efficiency and quality
of the colonoscopy is the colonoscope withdrawal time.
A study of 99 patients undergoing colonoscopy reported
a shorter mean withdrawal time when the quality of colon cleansing was adequate (4.4 min vs 5.8 min for an inadequate preparation, P < 0.001)[23]. Similarly, Froehlich
et al[13] reported a significantly shorter mean withdrawal
time in patients with high-quality colon cleansing (n =
3445) than in patients with a poor preparation (n = 360;
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A

B

C

D

Figure 1 Representative endoscopic image according to the bowel preparation scale. A: Excellent, there are no or minimal solid stool and only small amount of
clear fluid that require suctioning; B: Good, it is used to describe no or minimal solid stool with large amounts of clear fluid that require suctioning; C: Fair, it means the
presence of semisolid debris that are cleared with difficulty; D: Poor, it is impossible to observe the colonic mucosa because of solid or semisolid stools.

Table 2 Summary of studies demonstrates an association between bowel preparation and procedural success
Subjects (n )

Perspective

Outcomes

Results

Bowles et al[17]
Bernstein et al[18]
Kim et al[19]

9223
693
909

Prospective
Prospective
Prospective

Cecal intubation rate
Predictor of cecal intubation time (≥ 20 min)
Prolonged insertion time (> 10 min)

Nelson et al[20]

3196

Prospective

Predictor of incomplete colonoscopy

Aslinia et al[21]

5477

Retrospective

Cecal intubation rate

Poor bowel preparation (19.6%)
Poor bowel preparation (P = 0.0077)
Inadequate bowel cleaning
(OR = 2.8, 95%CI: 1.41-5.56, P = 0.003)
Poor bowel preparation
(failure rate = 19.3%, P = 0.001)
Inadequate bowel preparation
(OR = 0.17, 95%CI: 0.14-0.21, P < 0.001)

Study

OR: Odd ratio.

9.8 min vs 11.3 min, P < 0.001). In this study, the shorter
withdrawal time did not adversely affect the efficacy of
the colonoscopy because the detection of polyps was
more frequent in patients with a high-quality vs a lowquality cleansing.

that cleansing quality might influence the diagnostic yield
of a colonoscopy. In a larger retrospective study, Harewood et al[14] analyzed the impact of the quality of the
bowel preparation on the detection of polypoid lesions
in approximately 93000 colonoscopies recorded in the
Clinical Outcome Research Initiative database. Suspected neoplasms were identified in 26490 colonoscopies
(29%) overall; detection rates were higher in cases with
adequate preparation (rated excellent or good by the endoscopist) than in those with inadequate preparation (fair
or poor) (29% vs 26%, P < 0.0001). Although significant
lesions (polyps > 9 mm or mass lesions) were detected
in approximately 7% of these colonoscopies regardless
of the preparation quality (P = 0.82), smaller lesions,
≤ 9 mm, were more likely to be detected when bowel
preparation was adequate [15615 cases (22%)] than when
it was inadequate [4092 cases (19%), P < 0.0001]. Thus,

BOWEL PREPARATION AND
DIAGNOSTIC YIELD
In addition to affecting the speed and the completeness
of a colonoscopy, the quality of colon cleansing can
affect the detection of adenomas and CRCs. In a retrospective evaluation of more than 5000 colonoscopies
performed over a 3.5-year period, Leaper et al[24] identified 17 patients with a missed CRC. Poor bowel preparation was noted in six of these patients, which suggested
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the detection of a suspected neoplasia was critically dependent on the adequacy of the preparation (OR = 1.21,
95%CI: 1.16-1.25)[14]. These findings were supported by
another study of 5832 patients. These investigators reported that the detection of neoplasms, including polyps
of any size as well as large lesions (> 10 mm), was associated with the quality of bowel preparation; polyps were
detected more frequently in patients with high-quality
cleansing than in patients with low-quality cleansing
(29% vs 24%, P < 0.007). The identification of polyps
of any size was significantly associated with cleansing
quality (intermediate-quality vs low-quality preparation:
OR = 1.73, 95%CI: 1.28-2.36; high-quality vs low-quality
preparation: OR = 1.46, 95%CI: 1.11-1.93). For polyps
≥ 10 mm in size, the OR was 1.83 (95%CI: 1.11-3.05)
for intermediate-quality cleansing and 1.72 (95%CI:
1.11-2.67) for high-quality cleansing [13]. Flat and depressed neoplasms, which are common among Japanese
populations, are increasingly reported in Western countries[25,26]. Although flat and depressed lesions are rarer
than protruding lesions, they more frequently contain
advanced neoplasia, including invasive carcinoma[26,27]. In
one study, the number of flat lesions detected in patients
with inadequate bowel preparation was significantly
fewer than in patients with adequate bowel preparation (9
vs 28, P = 0.002)[28].
Medico-legal risks, which are due to colon cancers
that are missed due to an improperly performed colonoscopy, are another important consequence of inadequate bowel preparation. Of note, the accurate description and documentation of good colon cleansing are
important issues in the malpractice litigation of CRCs
discovered after “apparently negative” total colonoscopies[29].
Although guidelines advocate a repeat colonoscopy
when a suboptimal bowel preparation is detected[30,31],
in practice, shortening the interval to the next colonoscopy is often recommended despite the lack of evidence
to support this management approach[32]. To assess the
validity of such an approach, the relationship between
bowel preparation quality and the risk of missing polyps,
adenomas and advanced adenomas during the screening
colonoscopy should be investigated.

of missing polyps and adenomas according to the bowel
preparation status in average-risk patients undergoing
screening colonoscopy and to further describe the risk
of developing interval cancer as well as to compare the
cost-effectiveness of repeat colonoscopy to the shortening of the colonoscopy follow-up interval in patients
with suboptimal bowel preparations.
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Core tip: The incidence of gastric mucosa-associated
lymphoid tissue (MALT) lymphoma is increasing; however, early diagnosis is still difficult. Early detection
and accurate stage workup is essential for treatment
of MALT lymphoma. If gastric lymphoma is verified,
testing for Helicobacter pylori infection, bone marrow
biopsy, chest radiographs, endoscopic ultrasonography,
and computed tomography scans should be performed
for staging. We reviewed the most recent literature and
provide a comprehensive summary of the diagnosis,
treatment according to each stage, and follow-up on
this topic.

Abstract
Gastrointestinal lymphoma is the most common type of
extranodal lymphoma, and most commonly affects the
stomach. Marginal zone B-cell lymphoma of the mucosa-associated lymphoid tissue (MALT) and diffuse large
B-cell lymphoma are the most common histologic types
of gastric lymphoma. Despite its increasing incidence,
diagnosis of gastric lymphoma is difficult at an earlier
stage due to its nonspecific symptoms and endoscopic
findings, and, thus, a high index of suspicion, and
multiple, deep, repeated biopsies at abnormally and
normally appearing sites in the stomach are needed.
In addition, testing for Helicobacter pylori (H. pylori )
infection and endoscopic ultrasonography to determine
the depth of tumor invasion and involvement of regional lymph nodes is essential for predicting response
to H. pylori eradication and for assessment of disease
progression. In addition, H. pylori infection and MALT
lymphoma development are associated, and complete
regression of low-grade MALT lymphomas after H. pylori eradication has been demonstrated. Radiotherapy
and/or chemotherapy can be used in cases that show
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INTRODUCTION
Helicobacter pylori (H. pylori) infection, one of the most
common chronic infections, has a worldwide distribution. Infection rates differ by country; however, more
than half of the world’s population is infected. In addition, H. pylori infection is the primary pathologic cause of
development of low-grade, mucosa-associated lymphoid
tissue (MALT) lymphoma of the stomach. International
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guidelines strongly recommend bacterial eradication in all
gastric MALT lymphoma patients[1-4]. In fact, during the
early stages low-grade MALT lymphoma can be cured by
H. pylori eradication in 60%-80% of cases[5-7].
Primary gastrointestinal lymphoma accounts for
30%-40% of all extranodal lymphomas. In addition, the
incidence of primary gastric lymphoma has increased in
recent decades[8], however, it is still a rare disease. Its lack
of specific symptoms and various or nonspecific endoscopic findings make early detection and diagnosis difficult. Therefore, sufficient experience and endoscopic skill
are needed in order to determine an accurate pathologic
diagnosis and macroscopic lesion range. Here, we provide
a review of the characteristics, diagnosis and treatment
of primary gastric MALT lymphoma.

common symptoms include nausea, vomiting, anorexia,
weight loss, and early satiety[16]. Because these symptoms
are nonspecific and are observed in other gastrointestinal
diseases, final diagnosis is made by endoscopic biopsy.
Endoscopic evaluation
Gastric MALT lymphomas are evaluated by esophagogastroduodenoscopy. The most common sites of involvement in the stomach are the pyloric antrum, corpus,
and cardia; however, due to the possibility of multifocal
involvement, biopsies should be taken from all abnormal
and random sites, including the stomach, gastroesophageal junction, and duodenum[17,18]. Endoscopic appearances of MALT lymphoma varies, including erythema,
erosions, and ulcers (Figure 1). Diffuse superficial infiltration is common, whereas masses are more common in
diffuse large B-cell lymphoma[19]. Unlike benign ulcers
and early gastric cancer, the erosions and ulcers of MALT
lymphoma have an irregular or geographic appearance
and multifocal characteristics. They may also exhibit irregular mucosal nodularities or only color changes. Thus,
if lymphoma is doubted, biopsy is needed. Because some
lymphomas infiltrate the submucosal layer without mucosal layer involvement, biopsies should be sufficiently deep
and large enough for histopathologic and immunohistochemical analysis. Evaluations of H. pylori infection should
include histology, rapid urease testing, urea breath testing,
monoclonal stool antigen testing, or serologic studies.

PATHOLOGIC CHARACTERISTICS OF
GASTRIC MALT LYMPHOMA
Based on histologic characteristics, primary gastric lymphomas are classified as diffuse large B-cell lymphoma,
marginal zone B-cell lymphoma of the MALT type (MALT
lymphoma), follicular lymphoma, mantle cell lymphoma,
plasmacytoma, Burkitt’s lymphoma, and T-cell lymphoma.
Diffuse large B-cell lymphoma and MALT lymphoma
account for approximately 60% and 40% of all gastric
lymphomas, respectively[9]. MALT lymphoma is defined
as a diffuse proliferation of centrocyte-like cells with
lymphoepithelial lesions[10], whereas diffuse large B-cell
lymphomas are divided into two entities according to the
presence or absence of areas of MALT lymphoma[11].
H. pylori infection plays an important role in development of almost all MALT lymphomas. Gastric tissue
normally does not contain MALT, but may acquire it in
response to chronic H. pylori infection[12]. Chronic inflammation causes proliferation of T-cells and B-cells due to
antigen presentation. Malignant transformation occurs in a
small percentage of B-cells and results in lymphoma, and
the malignant process appears to be driven to a large degree
by chronic H. pylori infection, because H. pylori eradication
causes lymphoma regression in most cases[5]. However, four
main chromosomal translocations, that is t (11; 18) (q21;
q21), t (14; 18) (q32; q21), t (1; 14) (p22; q32), and t (3; 14)
(p14.1; q32), reduce the response to H. pylori eradication[13,14]
and are found in 30% of cases. The most common translocation type is t (11; 18) (q21; q21). This type is more common in cases involving the lung or stomach, and is significantly associated with infections by CagA-positive strains[14].

Pathologic evaluation
Histologic diagnosis of primary gastric lymphoma is
somewhat difficult because the endoscopic findings of
lymphomas are indistinguishable from those of benign
gastritis, and because they can involve the submucosal
layer without mucosal involvement[20,21]. A correct histologic diagnosis after first endoscopy is made in 75% of
low-grade and 79% of high-grade cases[19]; thus, suspicion
is most important during endoscopic examinations, and
multiple biopsies, including normal mucosa, are needed
due to the possibility of multifocal lesions or combined
cases of low and high-grade lymphoma.
The histologic characteristics of the low-grade MALT
lymphoma are: centrocyte-like cell proliferation; plasma
cell infiltration; and lymphoepithelial lesions defined as
the unequivocal invasion and partial destruction of gastric
glands or crypts. The key histologic feature of low-grade
MALT lymphoma is the presence of a lymphoepithelial
lesion[22,23] (Figure 2). However, lymphoepithelial lesions
can sometimes be seen in the context of florid chronic
gastritis, and can be present in other sites of both native
and acquired MALT[24]. The tumor cells of low-grade
MALT lymphoma are usually small- to medium-sized
lymphocytes with moderately abundant cytoplasm and
irregularly shaped nuclei resembling those of follicular
center cells (centrocytes) and have been designated centrocyte-like (CCL) cells[23]. There is a continuous spectrum
of lesions during the transition from H. pylori-associated
gastritis to low-grade MALT lymphoma. The histologic

DIAGNOSIS OF GASTRIC MALT
LYMPHOMA
Median age at diagnosis is approximately 60 years and
no gender predominance is shown. The most common
presenting symptoms of MALT lymphoma are nonspecific dyspepsia and epigastric pain, whereas constitutional
B symptoms and gastric bleeding are rare[15]. Other less
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C

D
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Figure 1 Variable endoscopic findings of gastric mucosa-associated lymphoid tissue lymphoma. A: Single erosive type; B: Ulcerative type; C: Atrophic type; D:
Cobblestone-mucosa type; E: Nodular type; F: IIc-like type.

A

B

Figure 2 Histopathological and immunohistochemical features of gastric mucosa-associated lymphoid tissue lymphoma. A: Histopathological finding. Gastric MALT lymphoma shows many lymphoepithelial lesions formed by the invasion of glands by centrocyte-like cells [hematoxylin and eosin (HE) stain, × 400]; B: Immunohistochemical finding. Centrocyte-like cells show strong positive signals for CD20 (× 400).

scoring system of the Wotherspoon criteria is widely used
in diagnosis of MALT lymphoma[5] and immunoglobulin
heavy chain gene rearrangement analyses by polymerase
chain reaction (PCR) are also used[25]. Southern blot or
PCR for immunoglobulin heavy chain rearrangement
can assist in revealing monoclonality and in prediction
of later lymphoma development; however the presence
of monoclonality alone does not allow for a diagnosis of
lymphoma. Accordingly, molecular tests should always be
considered in the context of histologic findings[26-31].
CCL cells of gastric MALT lymphoma and marginal
zone B cells in spleen, Peyer’s patches and lymph nodes
have almost the same immunophenotype. Both types of

WJG|www.wjgnet.com

cells are positive for surface immunoglobulins and pan-B
antigens (CD19, CD20, and CD79a) and lack CD5,
CD10, CD23, and cyclin D1 expression[24,32].
Other evaluations
If gastric MALT lymphoma is verified, other examinations, such as endoscopic ultrasound (EUS), bone marrow
biopsy, standard posteroanterior and lateral chest radiographs, upper airway examination, and CT scans of chest,
abdomen and pelvis, should be performed for staging.
Of these, EUS is recognized as valuable for diagnosis and
treatment of gastric MALT lymphoma. The EUS findings
of MALT lymphoma are superficially spreading, diffusely
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Stage ⅠE1

H. pylori test (+)

H. pylori test
Frist-line treatment

H. pylori test (+)

H. pylori test (-)

H. pylori test (-)

Radiation and

Radiation

eradication

Stage ⅡE2/ⅢE/ⅣE

Stage ⅠE2/ⅡE1

H. pylori eradication

Radiation

If failed

Second-line treatment

Chemotherapy
(or surgery)

Radiation

Chemotherapy

Chemotherapy

Chemotherapy and/or
H. pylori eradication

Figure 3 Ann Arbor staging system modified by Musshoff and suggested therapeutic algorithm for gastric mucosa-associated lymphoid tissue lymphoma.
H.pylori: Helicobacter pylori.

Table 1 Staging systems of gastric mucosa-associated lymphoid tissue lymphoma
Lugano staging system for gastrointestinal
lymphoma

TNM staging system modified
for gastric lymphoma

Ann Arbor staging system
modified by Musshoff

Tumor involvement

T1 N0 M0
T2 N0 M0
T3 N0 M0

ⅠE1

Mucosa, submucosa
Muscularis propria Serosa

T1-3 N1 M0
T1-3 N2 M0
T4 N0 M0

ⅡE1

T1-4 N3 M0

ⅢE

T1-4 N0-3 M1

ⅣE

Ⅰ = Confined to GI tract (single primary
or multiple, noncontiguous)

ⅠE2

Ⅱ = Extending into abdomen
Ⅱ1 = Local nodal involvement
Ⅱ2 = Distant nodal involvement
ⅡE = Penetration of serosa to involve

adjacent organs or tissues
Ⅳ = Disseminated extra-nodal
involvement or concomitant
supradiaphragmatic nodal involvement

ⅡE2
ⅠE

Perigastric lymph nodes
More distant regional lymph nodes
Invasion of adjacent structures
Lymph nodes on both sides of the
diaphragm
Distant metastases (e.g., bone marrow or
additional extranodal sites)

GI: Gastrointestinal; TNM: Tumor node metastasis.

infiltrating, mass forming, and mixed types. Superficially
spreading and diffusely infiltrative types are unique forms
of low-grade MALT lymphoma[33]. In addition, EUS-guided biopsies are helpful for histologic evaluations when endoscopic biopsies are insufficient[34,35] and for supplementation of false negative endoscopic biopsies[36,37]. EUS can
determine depth of infiltration and detect the presence of
enlarged perigastric lymph nodes[38-42]. In one study, EUS
produced a correct diagnosis of lymphoma with a sensitivity of 89%, specificity of 97%, and diagnostic accuracy
of 95% and evaluation of lymphoma depth invasion with
a sensitivity of 44%, specificity of 100%, and diagnostic
accuracy of 77%[43,44]. In addition, EUS can be used for
assessment of complete regression of MALT lymphoma
after eradication of H. pylori. However, in this context, the
effectiveness of EUS is controversial when verification of
the presence or absence of a lesion is difficult due to atrophic changes caused by MALT lymphoma after H. pylori
eradication[40]. Computed tomography is helpful for evalu-
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ation of lymph nodes on both sides of the diaphragm,
but shows low sensitivity for detection of perigastric
lymph node invasion[45]. Due to low fluorodeoxyglucose
uptake, small lesion sizes, and slow progression, PET is
not usually helpful[46-48].

TREATMENT OF GASTRIC MALT
LYMPHOMA
Low-grade MALT lymphoma (stage IE1 by Musshoff ’s
modification of the Ann Arbor classification[49,50], that is,
infiltration limited to mucosa and submucosa) can show
complete regression after H. pylori eradication, and thus,
surgery and chemotherapy options are held in abeyance
until the effects of H. pylori eradication are known (Figure
3)[42,51]. Therefore, accurate diagnosis and staging are essential before initiation of treatment (Table 1). Most lowgrade MALT lymphomas are limited to the mucosal or
submucosal layers, and response to H. pylori eradication is
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to other types of non-Hodgkin lymphomas, and it has
shown good results as a single agent[78-80] or in combination with chemotherapy[81-84]. Rituximab is also effective
in gastric MALT lymphoma resistant or refractory to antibiotics and negative for H. pylori infection[85,86]. If highgrade MALT lymphoma is positive for H. pylori infection,
H. pylori eradication treatment should be administered
because the presence of H. pylori could aid recurrence,
although the usefulness of eradication in such cases has
been questioned.

decreased in cases of deeper involvement. Accordingly,
evaluations of gastric wall involvement by EUS are important[42,52,53]. In general, MALT lymphoma shows slow
progression and its prognosis is good when the disease
is localized, before the terminal stage[54]. However, rate
of progression to high-grade lymphoma accelerates with
time; thus, early diagnosis and treatment is important.
H. pylori eradication
Numerous studies have confirmed that gastric MALT
lymphoma can show complete regression according to
endoscopic, histologic, and molecular criteria after H.
pylori eradication[52,55-58]; since the first such report was
issued[5], other studies evaluating the effectiveness of
H. pylori eradication in stage IE1 have reported complete
remission rates of 60%-92%[5-7,59-64]. In general, patients
who are positive for H. pylori are administered triple or
quadruple H. pylori therapy for 1-2 wk[52,59,60], and then retested 4-8 wk later. If this first-line therapy fails, bismuthbased quadruple therapy (excluding antibiotics previously
taken) is recommended[1,2,65]. Reported prevalence rates
of H. pylori negativity in gastric MALT lymphoma range
from 0% to 38%[66,67]. However, several factors should be
kept in mind, such as after H. pylori eradication, recovery
after H. pylori infection, non-H. pylori infection such as
Helicobacter heilmannii or Helicobacter felis, or autoimmune
effects can cause false negative results for H. pylori in early gastric MALT lymphoma. Thus, overlapping tests for
H. pylori infection and detailed history taking are needed.
Although five patients showing negative test results for H.
pylori who were cured after H. pylori eradication have been
reported[68-70], it is controversial. Successfully treated cases
after radiotherapy only have been reported[71], however
further studies are needed.

Follow-up
Complete remission of low-grade MALT lymphoma after
H. pylori eradication takes considerable time; thus, regular
endoscopic follow-up is needed. Regression may be indicated by an area of whitish or discolored mucosa with a
granular pattern[87,88]. Nevertheless, endoscopic findings
can be nonspecific in recurrent cases; thus, endoscopic
biopsies of normal and abnormal-looking gastric areas
are needed. Median time to remission is 5 mo, and is
usually achieved within 12 mo; however, in some cases,
time to remission has been reported to be as long as 45
mo[55,61,77]. Endoscopic examination with biopsies, tests
for H. pylori infection, and EUS are recommended every
3 mo until remission, and then every 6 mo or annually for
two years; however, the length of follow-up needed has
not been determined[57,89]. Histologic remission of MALT
lymphoma does not mean cure due to the possibility
of false-negative results and of the survival of some
malignant cells. Unfortunately, there is no unequivocal
indicator of cure. A PCR test was recently devised for
detection of tumor clones, and 50% of patients in clinical remission were found to have tumor clones by PCR.
Furthermore, a decrease in clone counts was observed
during continued follow-up[90]. In another study, these
remnant malignant clones detected by PCR had disappeared at 12 mo[91]. Accordingly, a positive PCR result after achievement of histologic remission does not predict
for subsequent relapse; thus, a long follow-up period is
needed[58].

Treatment of high-grade MALT lymphoma
Changes to high-grade MALT lymphoma result in proliferation regardless of H. pylori antigen, and correlation between increase of stage or histologic grade and decrease
of H. pylori infection rates has been reported[11]. More
than 80% of patients with stage IIE disease (lymphoma
additionally infiltrating lymph nodes on the same side
of the diaphragm) were reported to be cured after total
gastrectomy[72]; however, this technique has a marked
effect on quality of life[73]. On the other hand, involved
field radiotherapy at 30-40 Gy delivered in four weeks to
the stomach and perigastric nodes was found to result
in a complete remission rate of 90%-100% and a 5-year
disease-free survival rate of approximately 80%[74-76].
Radiotherapy is preferred in patients with advanced disease negative for H. pylori and in those with persistent
disease after H. pylori eradication[77]. Other treatments
include chemotherapy, immunotherapy, or combined
chemoimmunotherapy. Immunotherapy with rituximab,
a chimeric monoclonal antibody directed against B-cellspecific antigen CD20, was first demonstrated in patients
with follicular lymphomas[78]. In addition, the therapeutic
use of this antibody has been extended over recent years
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Core tip: In Japan and Korea, mucosal gastric cancer
without concomitant lymph node metastasis is usually
treated with endoscopic resection. However, gastric
cancer recurrence following endoscopic resection is a
significant problem������������
.�����������
Secondary ���������������������
metachronous gastric
cancers often develop due to atrophic mucosa left
untreated after endoscopic treatment.����������������
Currently,
���������������
all
available evidence suggests that Helicobacter pylori (H.
pylori ) eradication represents a primary chemopreventive strateg���
y��. However,
��������� the
����������������
efficacy of H. pylori eradication for the prevention of metachronous gastric cancer
has been controversial.��������������������������������
Therefore,
�������������������������������
endoscopists should
inspect the entire stomach for minute or occult metachronous gastric cancer. In addition, regular surveillance endoscopy should be performed.

Abstract
Helicobacter pylori (H. pylori )� plays
���������������������������
an important role in

gastric carcinogenesis, as the majority of gastric cancers
develop from H. pylori -infected gastric mucosa. The rate
of early gastric cancer diagnosis has increased in Japan
and Korea, where H. pylori infection and gastric cancer
are highly prevalent. Early intestinal-type gastric cancer
without concomitant lymph node metastasis is���������
usually�
treated by endoscopic resection. Secondary metachronous gastric cancers often develop because atrophic mucosa left untreated after endoscopic treatment confers a
high risk of gastric cancer. The efficacy of H. pylori eradication for the prevention of metachronous gastric cancer
remains controversial. However, in patients who undergo
endoscopic resection of early gastric cancer, H. pylori
eradication is recommended to suppress or delay metachronous gastric cancer. Careful and regularly scheduled
endoscopy should be performed to detect minute meta-
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INTRODUCTION
Gastric cancer ranks as the fourth most common cancer
and the second most frequent cause of death from can-
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cer, accounting for 10.4% of cancer deaths worldwide[1].
Although the incidence of gastric cancer has declined in
recent years, it remains a major health concern. Gastric
carcinogenesis is a multifactorial process influenced by
an interaction of host factors, including Helicobacter pylori
(H. pylori) ���������������������������������������������
infection and environmental factors, such as
diets rich in salt and nitrates/nitrites[2]. H. pylori plays an
important role in gastric carcinogenesis, as the majority of non-cardia gastric cancers develop from H. pyloriinfected mucosa[3]. H. pylori colonizes the gastric mucosa
and triggers a series of inflammatory reactions, which
are considered an important cause of chronic atrophic
gastritis[4,5], an early step in a series of mucosal changes
in the stomach leading to cancer. The current model
for stomach carcinogenesis begins with gastritis and
proceeds to chronic atrophic gastritis, followed by intestinal metaplasia, dysplasia, and, finally, carcinoma[6]. This
model is supported by a considerable number of clinicopathological and epidemiological studies conducted in
countries with a high incidence of gastric cancer; indeed,
the World Health Organization has categorized H. pylori
as a group 1 carcinogen for gastric cancer on the basis
of these epidemiological studies[7,8]. Furthermore, animal
models have clearly shown a causal link between H. pylori
and gastric cancers[9,10], and H. pylori eradication has been
shown to be a primary preventive measure for gastric
cancer in these models[11]. However, the primary prevention of gastric cancer through H. pylori eradication in
humans remains controversial.
In Japan and Korea, mucosal gastric cancer without
concomitant lymph node metastasis is ����������������
usually���������
treated
with endoscopic resection (i.e., endoscopic mucosal
resection and endoscopic submucosal dissection). Secondary metachronous gastric cancers often develop
due to atrophic mucosa left untreated after endoscopic
treatment, which confers a high risk of gastric cancer.
The Japanese Society for Helicobacter Research has recommended that patients undergo H. pylori eradication
therapy following endoscopic treatment of early gastric
cancer for the prevention of metachronous cancers[12].
However, few studies have evaluated the efficacy of H.
pylori eradication for metachronous gastric cancer prevention. The aim of this review ������������������������
is����������������������
to evaluate existing
evidence on the efficacy of H. pylori eradication for the
prevention of metachronous gastric cancer after endoscopic resection of early gastric cancer. We reviewed
large-scale epidemiological studies, meta-analyses, and
animal model���������������������������������������������
-��������������������������������������������
based investigations linking gastric cancer
to H. pylori infection. Literature searches using the Medline and PubMed databases were performed as part of
the preparation for the implementation of this guideline.
Our search was performed using index words related to
H. pylori (“Helicobacter pylori” OR “Helicobacter” OR “pylori” OR “eradication”), gastric cancer (“gastric cancer”
OR “stomach cancer” OR “metachronous”), and treatment (“endoscopic resection” OR “endoscopic submucosal dissection”).
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EFFECT OF H. PYLORI ERADICATION
ON PRIMARY PREVENTION OF GASTRIC
CANCER
Intervention studies completed in Columbia[13], China[14],
and Japan[15] have suggested that H. pylori eradication is
the most effective approach to gastric cancer prevention,
but that it is more effective in patients with no basal atrophic gastritis or intestinal metaplasia. A pooled analysis of
six studies with a total of 6695, largely Asian, participants
followed for 4�������������������������������������������
-������������������������������������������
10 years showed that the relative risk of
gastric cancer after H. pylori eradication was 0.65 (95%CI��:
0.43-0.98)[16]. However, a large-scale, double-blind randomized study in China showed that gastric cancer was
still diagnosed after successful eradication of H. pylori
and that eradication did not lead to a significant decrease
in the incidence of gastric cancer[17]. A meta-analysis of
four randomized intervention studies with gastric cancer
incidence serving as a secondary outcome showed a nonsignificant OR of 0.67 (95%CI��: ����������
0.42������
-�����
1.07)[18]. Currently,
all available evidence suggests that H. pylori eradication
represents a primary chemopreventive strategy in a subset of subjects. However, H. pylori eradication in patients
who have already developed advanced pre-neoplastic lesions does not prevent gastric cancer development.

RISK OF METACHRONOUS CANCER IN
PATIENTS WHO HAVE UNDERGONE
ENDOSCOPIC RESECTION AND H.
PYLORI ERADICATION FOR EARLY
GASTRIC CANCER
The rate of early gastric cancer diagnosis has increased
due to improved diagnostic procedures and use of endoscopy as a screening tool, particularly in asymptomatic individuals in Japan and Korea. In Japan, 60% of
gastric cancers are early-stage tumors[19]. Early intestinaltype gastric cancer without concomitant lymph node
metastasis is usually treated with endoscopic resection.
Guidelines for the treatment of gastric cancer state that
intestinal-type mucosal cancer <� �����������������������
20 mm in diameter with
no evidence of ulcer or ulcer scar is an indication for endoscopic resection[20]. However, gastric cancer recurrence
following endoscopic resection of early gastric cancer is
a significant problem, as gastric cancer patients may have
a higher H. pylori infection rate (71������
%�����
-95%)[21] and a more
abnormal mucosa with atrophic gastritis or intestinal
metaplasia than the general population. Therefore, field
carcinogenesis can result in gastric cancer, as the gastric
environment is likely to promote the occurrence of secondary cancer.
Gastric cancer can recur in the stomach as a local
recurrence or metachronous cancers. Metachronous
gastric cancer is defined as new carcinoma that develops
in areas other than the primary site at least 1 year after
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trol group, these findings may thus indicate that H. pylori
eradication decreases the rate of gastric cancer growth.
In contrast, a recently reported retrospective multicenter study showed that H. pylori eradication after endoscopic resection of early gastric cancer does not reduce
the incidence of metachronous gastric cancer[31]. During
overall follow-up periods of 1.1-11.1 (median, 3.0) years,
metachronous gastric cancer developed in 13 of 177
(14.3%) patients in the persistent group and 15 of 91
(8.5%) patients in the eradicated group (log-rank test, P
= 0.262). This finding is in agreement with a report from
China that H. pylori eradication did not significantly reduce the incidence of gastric cancer[17]. Based on a multivariate logistic regression analysis, severe mucosal atrophy
at baseline and during >� ��������������������������������
5 years of follow-up were found
to be independent risk factors for the development of
metachronous gastric cancer. The authors concluded that
H. pylori should be eradicated before the progression of
gastric mucosal atrophy. Haruma et al[32] also reported that
severe mucosal atrophy was more frequent in patients
with metachronous gastric cancer after H. pylori eradication than in those without, and that severe corpus atrophy was the only independent risk factor for cancer after
H. pylori eradication. According to one recent multicenter
retrospective study[26], the mean annual incidence rate of
metachronous cancers was 3.5% in 1258 patients with
early gastric cancer who were followed after endoscopic
resection. The incidence rate did not differ between patients with or���������
�����������
without H. pylori eradication[26].
Until now, the efficacy of H. pylori eradication for the
prevention of metachronous gastric cancer has been controversial. Despite incongruities, as suggested by the existence of several guidelines, H. pylori eradication has been
recommended to suppress or delay metachronous gastric
cancer in patients who have undergone endoscopic resection of early gastric cancer. At the very least, we suspect
that such benefits will be greater in patients without atrophy or intestinal metaplasia. However, eradication does
not completely eliminate the risk of developing gastric
cancer. Therefore, endoscopists using newly developed
imaging techniques, such as magnifying endoscopy and
narrow band imaging, should inspect the entire stomach
for minute or occult metachronous gastric cancer. In
addition, regular surveillance endoscopy should be performed every 6-12 mo��������������������������������������
�������������������������������������
for 5 years after initial endoscopic
resection.

endoscopic resection. As endoscopic resection spares a
larger area of the gastric mucosa, multiple metachronous
cancers may occur more frequently after endoscopic
resection than after partial gastrectomy. The estimated recurrence rate of early gastric cancer in the gastric stump
is 1.13�������
%-�����
1.9��
0�
%[22,23]. Hosokawa et al[24] reported that the
cumulative 5-year prevalence of residual gastric cancer
post-partial gastrectomy for early gastric cancer was 2.4%.
An increased risk of metachronous gastric cancers is
expected in patients treated by endoscopic resection, in
proportion to the larger area of gastric mucosa remaining in these patients. The length of follow-up has varied
in previous studies, but the annual incidence rate of
metachronous gastric cancer after endoscopic resection
ranged from 3.3������
%-����
3.5%[19,25,26]. H. pylori eradication from
the residual gastric mucosa after endoscopic treatment of
early gastric cancer has an inhibitory effect on the occurrence of metachronous gastric cancer[27,28], and has been
recommended in various guidelines[12,29]. Uemura et al[27]
assigned patients who had undergone endoscopic therapy
for early gastric cancer to an H. pylori eradication group
or a non-eradication group and performed long-term
follow-up. During a follow-up period of approximately 5
years, secondary gastric cancer was detected in 10 of 67
(15%) patients in the non-eradication group and 0 of 65
patients in the eradication group[27]. This study was not
evaluated highly because the sample size was small and
the patients were not strictly randomized. However, a
multicenter retrospective study by Nakagawa et al[28] yielded a similar result. This study included 2835 patients with
a median follow-up period of 2 years, during which H.
pylori was eradicated in 356 (13%) patients. Metachronous
gastric cancers developed in 8 (2%) patients successfully
treated for H. pylori, compared with 129 (5%) patients
with persistent H. pylori infection (OR = 0.42, 95%CI��:�
0.20-0.86, P = 0.021). A prospective randomized trial by
Fukase et al[30] showed a significant decrease in the incidence of metachronous gastric cancer after endoscopic
resection of early gastric cancer during a 3-year follow-up
period. Secondary cancers were observed in significantly
fewer (9 of 255) patients in the H. pylori eradication group
compared with the control group (24 of 250 patients;
HR = 0.339, 95%CI��:��������������
�������������
0.157-0.729, P = 0.003). In both
groups, intestinal metaplasia was observed in 45������
%-����
65%
of patients and gastric mucosal atrophy was moderate or
severe in 80�����������������������������������������
%-���������������������������������������
90% of patients. The authors concluded
that H. pylori eradication might also be effective in patients who have early gastric cancer with mucosal atrophy
and intestinal metaplasia. They suspected that eradication
would inhibit the occurrence of new gastric cancer and
reduce the growth rate of cancers that do occur. Because
the 3-year follow-up period of this study was too brief
to evaluate whether eradication prevents new occurrence
of gastric cancer, this study likely evaluated clinical cancers that developed from occult cancer; i.e., cancer that
existed but was not detectable at the time of endoscopic
treatment. If the detection time of residual cancer in the
eradication group was delayed compared with the con-
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Helicobacter pylori infection following partial gastrectomy for
gastric cancer
Sanghoon Park, Hoon Jai Chun
refluxate also has a significant influence on the colonization of the stomach stump, with several studies
reporting mixed results as well. In contrast, the elimination of H. pylori from the gastric stump has shown a
dramatic impact on eradication rate. H. pylori elimination is recognized to be important for cancer prevention
and considerable agreement of opinion is seen among
researchers. To overcome the current discrepancies in
the literature regarding the role of H. pylori in the gastric stump, further research is required.
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Core tip: Helicobacter pylori (H. pylori ) are colonizing
the remnant stomach after partial gastrectomy for gastric cancer interacts with the remaining gastric stump in
a unique way. Many theories have been proposed as to
the exact role or etiological manifestation of H. pylori on
the remnant stomach relating to prevalence rate, carcinogenesis, and extent of clearance. Yet, studies have
provided inconsistent results and no unified opinion has
been reached on each topic. This article summarizes
findings from the collective investigational reports on
the influence of H. pylori in the gastric remnant.

Abstract
Gastric remnants are an inevitable consequence of partial gastrectomy following resection for gastric cancer.
The presence of gastric stumps is itself a risk factor for
redevelopment of gastric cancer. Helicobacter pylori
(H. pylori ) infection is also a well-known characteristic
of gastric carcinogenesis. H. pylori colonization in the
remnant stomach therefore draws special interest from
clinicians in terms of stomach cancer development and
pathogenesis; however, the H. pylori -infected gastric
remnant is quite different from the intact organ in several aspects and researchers have expressed conflicting opinions with respect to its role in pathogenesis.
For instance, H. pylori infection of the gastric stump
produced controversial results in several recent studies. The prevalence of H. pylori infection in the gastric
stump has varied among recent reports. Gastritis developing in the remnant stomach presents with a unique
pattern of inflammation that is different from the pattern seen in ordinary gastritis of the intact organ. Bile
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INTRODUCTION
Curative attempts to resect gastric adenocarcinoma leave
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for the prevention of gastric cancer in populations at
high risk[1].
The reported rates of H. pylori infection in the remnant stomach after distal gastrectomy fall within a broad
range (19%-70%)[5-9]. Data from one group of researchers concluded that H. pylori prevalence is relatively low
in patients who have undergone distal gastrectomy[10,11].
Another study from Israel supports this data with demonstrated infection rates as low as 18%[12]. This low prevalence of H. pylori after distal gastrectomy is explained
by the decreased survivability of the microorganism in
patients with an absent antrum. The antrum serves as
the main colonizing location for H. pylori, as well as the
source of bile reflux that produces an increase in intragastric pH[13,14]. Some researchers have suggested that the
elevation in pH in the stomach leads to a reduction or
disappearance of H. pylori in the gastric stump; furthermore, the organism is detected more commonly in the
gastric corpus than near the anastomotic rim[7,15]. Biliary
reflux from the small intestine to the stomach after the
removal of the pyloric sphincter is suspected to further
inhibit H. pylori proliferation[16-18]. Some studies have suggested that bile inhibits H. pylori growth in vitro and may
play a role in eradicating H. pylori in vivo[14,19]. The type
of anastomosis utilized during surgical resection is also
known to influence the rate of H. pylori infection (Table
1). Several investigations have suggested that bile reflux
in conjunction with the type of anastomosis used for the
procedure inhibits H. pylori colonization[20,21].

Table 1 Differences in the characteristics and manifestations
of different gastric resections recently presented
Manifestations
Bile reflux
Polymorphonuclear infiltration
(i.e., rate of inflammation)
H. pylori infection rate
Chronic and active inflammation
Intestinal metaplasia

Distal
gastrectomy

Proximal
gastrectomy

↑
↑ (60.5%)

↓
↓ (12.9%)

↑
↑
↓

↓
↓
↑

It is suggested that the presence of a gastric stump after proximal
gastrectomy promotes the progression of intestinal metaplasia and hampers
the colonization of Helicobacter pylori (H. pylori). However, this notion is
contrary to results from previous studies showing a relatively low H. pylori
prevalence in the gastric stump.

a gastric stump, creating the possibility of metachronous
tumors arising from the remnant organ. A number of
post-surgical management strategies have been adopted
to lessen the risk of gastric malignancy recurrence, such
as adjuvant chemotherapy and regular endoscopic surveillance. Based on the strong and well-established association between Helicobacter pylori (H. pylori) and carcinogenesis in intact stomach, identifying and eradicating the
presence of this bacterial carcinogen has been suggested
as another approach for decreasing cancer recurrence in
the gastric stump[1,2]. However, some researchers have
refuted the evidentiary importance of this strategy, since
the carcinogenic role of H. pylori has yet to be definitively
established in remnant stomach[3].
Following surgical resection, remnant tissue provides
a unique environment for the propagation of H. pylori
as compared to the intact stomach. The natural course
of H. pylori infection is typified by atrophic changes that
result from microorganisms that migrate to the proximal
stomach. The role of H. pylori infection in subjects who
undergo distal gastrectomy for gastric cancer has been
unclear due to mixed results from recent studies. In this
article, we will review the research on the interaction
between H. pylori and its anatomically altered habitat. We
will further explore the role of bile refluxate on H. pylori
infection, and the effect of H. pylori eradication on the
progression of gastric carcinogenesis.

H. pylori mediated gastritis of the gastric stump
H. pylori infection in the gastric remnant after gastrectomy is known to be associated with a pattern of gastritis
that is characterized by active and chronic inflammatory
cell infiltration into the lamina propria[11,22]. Data has suggested that the presence of H. pylori infection mediates
the severity of inflammatory change seen in the remnant
stomach[23,24]. In a study utilizing a fiberoptic detector of
bilirubin, refluxate from gastrectomy subjects and endoscopic biopsy specimens were analyzed. The results suggest that mucosal erythema was induced by bile refluxate
and the active chronic inflammatory cell infiltration was
caused by H. pylori infection[11].
The presentation of inflammation is dependent on
the surgical type of gastric excision. One recent singlesite investigation revealed that neutrophilic infiltration
predominated in the gastric remnant of distal gastrectomy
subjects but not in the remnants of proximal gastrectomy
patients (Table 1, 60.5% vs 12.9%, P < 0.001)[25]. The authors explained this finding by suggesting that the gastric
stump remaining after proximal gastrectomy was prone to
intestinal metaplasia with continuing inflammation, creating a difficult environment for H. pylori colonization.
There are several factors that may influence the infection rate of H. pylori in the gastric stump. Early research
failed to yield sufficient data comparing different types
of surgery, such as the Billroth versus Roux-en-Y procedures. More recent investigations, however, have revealed

OBSERVATIONS OF H. PYLORI
INFECTION IN THE REMNANT STOMACH
Prevalence of H. pylori infection after partial gastric
resection
Several clinical conditions confer a high risk for gastric
cancer. These conditions include pan-gastritis, prior gastric neoplasia, and corpus-dominant gastritis. Among
clinical considerations, previous gastric procedures are
considered to be an indication for aggressive H. pylori
eradication[3,4]. According to guidelines from the Maastricht Ⅳ/Florence Consensus Report, eradication of H.
pylori is strongly recommended as an essential treatment
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Table 2 Some issues disputed among researchers regarding Helicobacter pylori infection in the gastric remnant after partial
gastrectomy
Issues

Prospective

Consequence

H. pylori infection decreases
after partial gastrectomy,
depending upon surgery
and anastomosis type

Distal gastrectomy leads to bile reflux and resultant
elevated intra-gastric pH, hampering H. pylori inhabitation;
this was also shown in an in vitro study[19]
Billroth type Ⅱ anastomosis has higher bile reflux
compared with Billroth type Ⅰ or vagotomy, with
concordant lower H. pylori infection prevalence[6,8]
Bile refluxate is toxic to H. pylori, leading to spontaneous
eradication[23]
H. pylori is a risk factor of
Some academic gastroenterological societies recognize H.
carcinogenesis in the gastric pylori as a risk factor equivalent to the intact organ[1,2]
stump
H. pylori eradication is
H. pylori-positive subjects with a remnant stomach after
required
gastrectomy for cancer showed a higher prevalence for
premalignant lesions compared to H. pylori-negative
subjects
H. pylori eradication is strongly recommended[1]
Bile reflux inhibits H. pylori Spontaneous eradication by the reflux of bile contents is
inhabitation in the gastric
suggested[23]
stump

Subjects with proximal gastrectomy are prone to intestinal
metaplasia, which is a difficult environment for H. pylori
survival[25]
Duodenogastric reflux “facilitates” the survival of H. pylori[27]

Showing a rather low H. pylori infection rate suggests a
different pathogenesis of gastric cancer from the remnant
stomach[3]
Eradication therapy improved intestinal metaplasia, preventing
premalignant changes[30]
Some academic gastroenterological societies do not advocate H.
pylori eradication in the gastric stump
There was no apparent inverse relationship between the
quantity of bile refluxate and H. pylori infection[11]
Pylorus-preserving gastrectomy led to the spontaneous
clearance of H. pylori[28]

H. pylori: Helicobacter pylori.

that the type of gastrectomy may influence the rate of
infection; that is, the H. pylori infection rate differed according to the type of surgery conducted. A systematic
review of 36 studies that assessed H. pylori infection after
several types of surgery for peptic ulceration showed a
mean infection rate of about 50% (ranging from 19% to
73%) in patients who underwent partial gastrectomy and
a relatively higher infection rate (about 83%) in subjects
who underwent vagotomy procedures[8]. Another study
addressed the difference in H. pylori infection rates in
different types of anastomoses after distal gastrectomy
(Billroth Ⅰ or Ⅱ). The Billroth type Ⅰ anastomoses had
an infection rate of 70.8%, significantly higher than that
of the type Ⅱ anastomoses (45.9%)[6]. Similarly, Billroth
type Ⅱ anastomoses showed significantly higher bile reflux compared with other surgical procedures such as pylorus-preserving gastrectomy or Roux-en-Y methods[10].
Infection rates also differed between proximal and
distal gastrectomy procedures. It was postulated that the
remnant stomach after proximal gastrectomy was prone
to intestinal metaplasia, an irreversible change that made
it difficult for H. pylori to thrive. In the case of distal gastrectomy, which is currently a more common procedure
among gastric cancer patients, bile reflux is known to
influence the biologic surroundings of H. pylori in the
stomach (Table 2).
Beyond the surgical approach employed, several
additional factors have been studied with regard to the
infection rate of H. pylori. One investigation found that
the prevalence of H. pylori in the gastric stump was significantly decreased with the patients’ age, time postgastrectomy, and presence of severe reflux gastritis[23].
Bair et al[17] presented an analogous report showing that
spontaneous H. pylori clearance was related to the type of
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surgery and time of post-operative resection.
Influence of bile reflux: Friend or foe?
There has been a debate regarding the exact role of bile
reflux on H. pylori colonization in the remnant stomach
after partial gastrectomy. One study demonstrated that
bile reflux induces glandular atrophy and chronic inflammation but does not increase polymorphonuclear cell
activity[10]. Investigations utilizing a precise bile reflux
measurement described no apparent inverse relationship between the quantity of bile refluxate and H. pylori
infection[11]. According to a study by Onoda et al[23], the
prevalence of H. pylori infection was lower in Billroth-Ⅱ
reconstruction patients with severe bile reflux and subsequent stomal gastritis, suggesting a spontaneous eradication of H. pylori by the reflux of bile contents.
In contrast, some investigators have questioned the
theory of biliary obliteration of H. pylori in the gastric
stump. One study showed that Roux-en-Y reconstruction after distal gastrectomy produces smaller amounts
of bile reflux and as a result had a lower rate of H. pylori
infection[26]. This study also observed a lower fasting enterogastric reflux in the patients who received the Rouxen-Y method (5.3%) compared with those who received
Billroth Ⅱ reconstruction (62.1%), as measured by biliary
scintigraphy. Nakagawara et al[27] reported that bile refluxate facilitated the survival of H. pylori, speculating that H.
pylori was perhaps inhibited by other bacteria in the gut.
Pylorus-preserving gastrectomy for gastric cancer also
resulted in significantly lower H. pylori prevalence after
surgery[28].
To date, the rate of H. pylori infection in the gastric
remnant seems to be smaller than the rates in the anatomically intact organ. These results, however, lack a
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another study from Korea, the eradication rate of H. pylori-infected gastric stumps was 82.7%[33]. In general, with
appropriate treatment, the rate of H. pylori eradication in
the gastric stump appears to be comparable to that of
intact organs.
The temporal timing of H. pylori eradication is an important issue to consider and has been studied by several
investigators[31]. For example, surgery can be delayed for
one or two weeks in order to complete H. pylori eradication. In addition to time considerations, bile reflux after
surgery, change in gastric emptying time, type of surgery
performed, perioperative antibiotic administration, and
changes in intragastric pH are other factors for consideration. One randomized controlled trial concluded that
pre- or post-operative H. pylori eradication treatment
did not affect the clinical outcome in terms of eradication rate[34]. Additionally, that study found no difference
among the methods for post partial gastrectomy in preventing the advance of gastric cancer. As the ordinary
antibiotic selections for gastrectomy patients are generally
insufficient for effective elimination, it is possible to assume that prophylactic antibiotics will not seriously affect
intragastric colonization of H. pylori.

thorough explanation of the precise mechanism providing for low H. pylori prevalence in the stump, and thus
further investigation is required.
Requirement for H. pylori eradication therapy
H. pylori infection in the remnant stomach after partial
gastrectomy is a causative factor in gastric cancer in the
residual organ[22]. Remnant stomachs that are infected
with H. pylori after partial gastrectomy for gastric cancer
are prone to develop premalignant lesions and subsequent gastric cancer [23,29]. Giuliani et al[29] studied the
manifestations of gastric cancer precursor lesions, such
as chronic atrophic gastritis, intestinal metaplasia and
dysplasia, among H. pylori-positive subjects. These patients had gastric remnants after gastrectomy for peptic
ulcer disease or gastric cancer. H. pylori-positive subjects
with a remnant stomach after gastrectomy showed a
higher prevalence of premalignant lesions compared
with H. pylori-negative subjects (OR = 4.20, 95%CI:
1.10-15.96). These results indicate a significant role of H.
pylori infection in the pathogenesis of disease. The authors concluded that H. pylori eradication might prevent
metachronous gastric cancer in subjects with higher risk
after gastrectomy.
There have been mixed results regarding the efficacy
of H. pylori eradication on the prevention of premalignant changes in the gastric mucosa such as intestinal
metaplasia. In one study, standard proton pump inhibitorbased eradication therapy resulted in significant atrophic
glandular improvement[30]. However, some investigators
have presented the opposite result, where atrophic glands
and intestinal metaplasia were not improved even after
successful H. pylori eradication[31]. After studying the
prevalence of several histological characteristics and H.
pylori infection in subjects with gastric stumps, some researchers have concluded that H. pylori eradication might
prevent cancer development in the remnant organ. In
particular, one investigation described the spontaneous
eradication of the organism in 78.8% of partial gastrectomy subjects[11].
Methods for diagnosing the infection of remnant
stomach by H. pylori have been another matter of discussion. In contrast to the case of an intact organ, the nature
of the gastric stump after partial gastrectomy appears to
affect the reliability of testing for H. pylori colonization.
Several reports showed that urease breath test (UBT)
provides lower diagnostic accuracy when using histology
as a reference. From a study performed by Adamopoulos
et al[32] a relatively poor agreement was shown by UBT (κ
= 0.41) in contrast to rapid urease test (RUT) (κ = 0.97)[32].
When UBT was compared with RUT retrospectively in
another recent study, however, UBT was comparable to
RUT in terms of accuracy (UBT 87% vs RUT 72%).
Attempts to eradicate H. pylori in the gastric stump
show a strong success rate of around 90% across several
studies[30,31]. Examining data from a study by Matsukura
et al[31], H. pylori eradication in gastric remnants had a success rate of 70%, comparable to non-surgery patients. In
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Relationship between H. pylori and distal esophageal
cancer
With respect to cancers on the distal esophagus, H. pylori infection is generally known to have an inhibitory
role against carcinogenesis[35]. In contrast, squamous cell
carcinoma in the upper or middle esophagus and adenocarcinoma adjacent to the gastro-esophageal junction is
inversely related to H. pylori infection of stomach. Presumably, H. pylori colonizing the gastric stump after partial gastrectomy will influence the development of distal
esophageal adenocarcinoma in some way. There is a scarcity in the literature regarding the relationship between
distal esophageal cancer and the gastric remnant infected
with H. pylori. Further investigations are needed to clarify
this concern.

CONCLUSION
H. pylori is a well-known etiologic factor for gastric cancer. Likewise, a remnant stomach after partial gastrectomy for gastric cancer is also an important etiological factor for gastric carcinogenesis. According to a number of
studies, H. pylori infection in the remnant stomach seems
to play a role in gastric cancer development, albeit with
contrary views from various research groups. A number
of questions remain, including the factors influencing the
infection state, the specific eradication rate and its role in
cancer development, and the exact effect of refluxed biliary contents on H. pylori. The prevalence of H. pylori in
the gastric stump seems to be lower than in the intact organ, with a significant rate of elimination when therapeutically targeted for eradication. We suggest that H. pylori
infection still needs to be eliminated from the gastric tissue to reduce the risk of stump cancer. Some researchers
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propose that bile refluxate facilitates the proliferation of
H. pylori, but most investigators advocate the inhibitory
effect of bile. Overall, the presence of H. pylori infection in the gastric stump requires further investigation to
clarify the function and role of the organism in cancer
reappearance.
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are candidates for HCV infection therapy. In this article,
we review the challenges in managing HCV infection in
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Core tip: Hepatitis C virus (HCV) infection adds com�
plexity to treatment considerations of cancer patients.
This is amplified by the absence of standard of care
guidelines for the management of cancer patients with
HCV infection. Not only can HCV infection result in the
development hepatocellular cancer and non-Hodgkin
lymphoma, but the presence of HCV infection in cancer
patients can affect the treatment of malignancies with
antineoplastic chemotherapies. Side effects of HCV
therapy can be exacerbated in cancer patients due to
underlying cytopenias and comorbidities. In those pa�
tients treated for HCV infection, cancer patients have
poorer response to treatment than the general noncancer population.

Abstract
Cancer patients have unique problems associated with
hepatitis C virus (HCV) infection and treatment not
seen in the general population. HCV infection poses
additional challenges and considerations for the man�
agement of cancer, and vice versa . HCV infection also
can lead to the development of cancer, particularly he�
patocellular carcinoma and non-Hodgkin lymphoma. In
severely immunocompromised cancer patients, diagno�
sis of HCV infection requires increased reliance on RNA
detection techniques. HCV infection can affect che�
motherapy, and delay of HCV infection treatment until
completion of chemotherapy and achievement of can�
cer remission may be required to decrease the poten�
tial for drug-drug interactions between antineoplastic
agents and HCV therapeutics and potentiation of side
effects of these agents. In addition, hematopoietic stem
cell transplant (HSCT) recipients have an increased risk
of early development of cirrhosis and fibrosis. Whether
this increased risk applies to all patients regardless of
cancer treatment is unknown. Furthermore, patients
with cancer may have poorer sustained virological
responses to HCV infection treatment than do those
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INTRODUCTION
Hepatitis C virus (HCV) is the most common bloodborne pathogen in the United States, infecting an estimated 2.7-3.9 million people or roughly 1.0%-1.5% of
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the population[1]. Chronic HCV infection is the principal
cause of liver disease-related deaths and the leading indication for liver transplantation in the United States[2].
HCV infection can also result in the development of hepatocellular carcinoma (HCC) and lymphoma, especially
non-Hodgkin lymphoma[3,4]. In 2010, the incidence of
new HCV infections in the United States was estimated to
be about 17000 per year[1]. Although effective treatments
that clear HCV infection are available, most affected individuals do not know they are infected[1]. Cancer patients
pose unique challenges to the management and treatment
of chronic HCV. In this patient population, there is an
increased risk of liver disease progression, occurrence of
occult HCV infection, development of viral reactivation,
and no standard of care to guide how and when to treat
such patients. In this article, we review the challenges in
managing HCV infection in cancer patients and hematopoietic stem cell transplant (HSCT) recipients.

infection who did not receive HSCTs[14]. Cirrhosis may be
a contraindication to high-dose conditioning regimens for
HSCTs. Therefore, physicians should consider performing a liver biopsy before the start of conditioning therapy
if they have a clinical suspicion of cirrhosis or extensive
fibrosis resulting from chronic viral infection, including
HCV infection, irrespective of the virus’s genotype[10,14].
Therapeutic challenges
No standard of treatment exists for patients with cancer and HCV infection. Treatment of this infection can
mitigate specific risks in certain cancer patients. Unfortunately, evidence-based knowledge regarding the effects of
treatment of HCV infection in cancer patients is lacking.
This is likely reflective of exclusion of cancer patients
from trials of HCV therapeutics owing in part to baseline
hematological abnormalities frequently observed in cancer patients.
In a retrospective study, we have observed poor efficacy of antiviral treatment in HCV-infected cancer
patients as a concern, as well. A sustained virological
responses (SVRs) was observed in 11 (41%) of 27 cancer patients with chronic HCV infection[15]. Of the 11
patients, 3 had genotype 1 infection, and none of these
patients achieved SVR.

HCV INFECTION PREVALENCE IN
CANCER PATIENTS
Although chronic HCV infection is common in cancer
patients, studies of HCV infection in this population are
lacking. Hence, the natural history of HCV infection and
infection treatment outcomes in cancer patients are poorly understood. The known facts about HCV infection in
cancer patients are limited. Estimates of the prevalence
of HCV infection in cancer patients range from 1.5% to
32%[5-8].

HCV GENOTYPE DISTRIBUTION IN
CANCER PATIENTS
HCV is genetically heterogeneous, with seven unique
identifiable genotypes[16,17]. These genotypes exhibit variable geographical distribution worldwide, with genotype 1
occurring most frequently in the United States, followed
by genotypes 2 and 3[18]. In a retrospective multicenter
study, we examined the distribution of HCV genotypes in
636 patients with proven HCV infection (detectable HCV
RNA). We found that genotype 1 was the predominant
genotype in cancer patients, with a prevalence of about
66%; in comparison, the prevalence of this genotype was
84% in immunocompetent patients and 99% in patients
co-infected with HCV and human immunodeficiency
virus[19]. Also, genotypes 2 and 3 were more common in
cancer patients than in the general population[19]. HCV
genotype 2 was most prevalent in lymphoma patients and
resulted in a threefold greater risk of lymphoma than did
the other genotypes[19]. These findings provide evidence
that the distribution of HCV genotypes 1, 2, and 3 differs
by underlying disease status among patients in the same
geographic region and suggest a carcinogenic association
for some genotypes.

DOES HCV INFECTION MANAGEMENT
DIFFER IN PATIENTS WITH AND
WITHOUT CANCER?
Management of HCV infection is more challenging in
patients with cancer than in those without it given several
diagnostic and therapeutic differences in these two patient groups (Table 1).
Diagnostic challenges
Cancer patients, especially those with hematologic malignancies, can have false-negative results of serological tests
using antibodies against HCV. In some of these severely
immunocompromised patients, conventional detection
of anti-HCV antibodies is not sufficient for diagnosis,
necessitating polymerase chain reaction analysis for HCV
RNA quantitation in blood to identify patients with occult infections[9-12]. Additionally, following chemotherapy,
HCV reactivation can occur[13] as described below.
HSCT recipients with HCV infection have a greater
risk of early cirrhosis and higher rate of fibrosis progression than do HCV-infected patients who do not undergo
this transplantation. For example, researchers observed
an expected median time to the development of cirrhosis
of 18 years in HSCT recipients with chronic HCV infection, but 40 years in control patients with chronic HCV

WJG|www.wjgnet.com

TREATMENT OF HCV INFECTION IN
CANCER PATIENTS
Cancer patients benefit from treatment of their HCV infections in several ways[20]. As in the general population[21],
the potential benefits of SVRs to this treatment include
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Table 1 Differences on hepatitis C virus infection in cancer
patients compared to those without cancer

Table 2 Side effects of drugs used to treat hepatitis C virusinfection that can be exacerbated in hepatitis C virusinfected cancer patients

Occurrence of occult infection
Higher risk of developing early cirrhosis
Higher rate of fibrosis progression
Development of viral reactivation
No standard of care treatment
Worse virological outcome

Drugs
Interferon and ribavirin

Fatigue
Flu-like syndrome
Nausea and vomiting
Low-grade fever
Weight loss
Irritability
Insomnia
Depression
Anemia
Thrombocytopenia
Neutropenia
Pruritus
Rashes
Dyspnea
Poor appetite
Difficulty concentrating
Severe infections (bacterial, fungal, or viral)
First generation protease inhibitors
Boceprevir
Anemia
Renal impairment
Telaprevir
Anemia
Rash
Gastrointestinal side effects (diarrhea and
rectal burning)
Renal impairment

longevity of response and impact on clinical events such
as prevention of liver disease progression, and improved
survival.
The durability of SVR seems to be unaffected by chemotherapy in cancer patients. In one study at our center
of 30 HCV-infected cancer patients who had SVRs before cancer diagnosis and then received chemotherapy or
immunosuppressive therapy, none of them had post-SVR
relapse of their infections following cancer treatment[22].
Compared with those who do not have responses
to pegylated interferon (pegIFN) alpha-2 and ribavirin
therapy, non cancer patients who undergo successful
treatment of HCV infections have fewer hepatic complications, lower liver disease-related mortality rates,
and lower HCC incidence rates[21]. Similarly, among 140
cancer patients with chronic HCV infection seen in our
institution, we observed progression of liver disease to
cirrhosis and portal hypertension in 7% and 9% of the
untreated patients, respectively[15]. None of the patients
who received treatment of HCV infection had progression of liver disease. Furthermore, HCV infection treatment is associated with reduced risk of cancer recurrence and improved survival rates in patients with HCVrelated HCC[23,24]. HCV infection increases mortality risk
in the posttransplantation period in HSCT recipients[25].
Therefore, HCV infection treatment should be considered for all eligible HSCT recipients[10], including cancer
patients.
In some instances, HCV infection can be eradicated
prior to the start of immunosuppressive therapy for cancer. This is of particular interest to oncologists, because
HCV reactivation can occur following chemotherapy[13]
and lead to discontinuation of or dose reduction for potentially life-saving chemotherapy[26].

without cancer, initiation of HCV infection treatment
can be associated with a rapid drop in hemoglobin level
in recipients of first-generation protease inhibitors (e.g.,
telaprevir, boceprevir) along with pegIFN alpha-2 plus
ribavirin. This adverse effect seems to be more common
in these patients than in recipients of dual therapy with
pegIFN and ribavirin alone[30]. Similarly, other types of
cytopenia can be encountered in cancer patients at baseline before treatment of HCV infection, such as leukopenia, thrombocytopenia, and neutropenia. These effects
also can be profound in these patients upon initiation of
HCV infection therapy, necessitating dose reduction for
anti-HCV medications.
Use of hematopoietic growth factors may be required
to restore baseline hemoglobin levels, white blood cell
counts, and platelet counts and help maintain and complete full-dose antiviral therapy for chronic HCV infections in cancer patients. In a series of cancer patients
receiving treatment of HCV infection at our institution
from 2009 to 2012, 24 (86%) of 28 patients experienced
antiviral-induced hepatotoxic effects[31]. We administered
growth factors (e.g., erythropoietin, granulocyte-macrophage colony-stimulating factor, thrombopoietin) to 15
patients (54%); with 9 (60%) of these patients received
more than one growth factor. Patients who completed
antiviral therapy were numerically more likely to have received growth factors than were those who did not (83%
vs 63%, P = 0.6). More patients undergoing dual therapy
than those undergoing triple therapy with first-generation
protease inhibitors were able to complete their antiviral
regimens when growth factors were included (0% vs 50%,
P = 0.1). Overall, maintenance of treatment with full-

CHALLENGES IN MANAGING HCV
INFECTION THERAPY IN CANCER
PATIENTS
Side effects of treatment of HCV infections are common in the general population[27-29]. Adverse events of
HCV therapy that, in our experience, can be worse in
patients than in those without it are listed in Table 2.
For example, HCV infection treatment-related anemia
and other blood abnormalities can be more profound in
cancer patients. Not uncommonly, pretreatment baseline
hemoglobin levels are decreased, especially in patients
with hematological malignancies. As reported in patients
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Cancer patient with chronic HCV infection

Yes, then monitor HCV infection

Evidence of metastatic disease
No

No, then monitor HCV infection

Six months after cancer remission
Yes
1

Candidate for HCV therapy

No, then monitor HCV infection

Yes
Initiate pegIFN plus ribavirin +/- protease inhibitor or other
direct-acting antiviral agents based on infecting genotype

Monitor laboratory parameters and side effects

Other side effects, treat accordingly

Significant treatment-related hematological toxicity

No, then monitor HCV therapy response

Yes
Consider pegIFN and/or ribavirin dose reduction, administer
hematopoietic growth factors, transfusions, treatment discontinuation

Monitor HCV therapy response

Figure 1 Algorithm for managing chronic hepatitis C virus infection in cancer patients. 1At least 6 mo after cancer remission before initiating myelosuppressive
hepatitis C virus (HCV) treatment with interferon-based therapy. Wait 2 years after hematopoietic stem cell transplant before initiation of interferon-based HCV therapy
for patients with normal serum creatinine, normal blood counts, off immunosuppressive therapy > 6 mo, and without evidence of original disease recurrence or graft
versus host disease[10]. PegIFN: Pegylated interferon.

dose antivirals was more common in those who received
growth factors than in those who did not (100% vs 33%,
P = 0.01); this was especially true for pegIFN alpha-2
(100% vs 17%, P = 0.04) and ribavirin (75% vs 36%, P =
0.3). We observed no major side effects with the use of
other growth factors. The effect of dose reduction for
anti-HCV medications and/or growth factors on the efficacy of treatment of this infection in cancer patients
remains to be determined.
Psychiatric disorders, such as severe depression, adjustment disorder, anxiety, and bipolar disorder, are not
uncommon in cancer patients[32]. Furthermore, depression is a major comorbidity in HCV-infected cancer
patients, even in untreated individuals[33]. Uncontrolled
major depression is an exclusionary criterion for initiation
of HCV infection treatment with interferon[2]. Cancer
patients may experience depression at any time throughout the course of their disease, ranging from prior to and
during cancer treatment to even the post treatment survivorship period[34,35].
HCV reactivation is a rare yet important problem
in cancer patients, particularly those with hematological
malignancies[13]. If a patient with chronic HCV infection
and cancer experiences viral reactivation while receiving
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chemotherapy, the management options are to reduce
doses in the current chemotherapy regimen, select an
alternative chemotherapy regimen with no overlapping
hepatotoxic effects, and discontinue chemotherapy.

HOW AND WHEN CAN CANCER
PATIENTS RECEIVE TREATMENT OF HCV
INFECTION?
In general, we recommend treatment of HCV infection
in cancer survivors without evidence of metastatic disease, which compromises life expectancy. In our practice,
we wait at least 6 mo after cancer remission before initiating myelosuppressive HCV infection treatment with pegIFN and ribavirin to allow patients’ bone marrow stem
cell counts to recover. However, the patient’s cancer can
relapse during this period. A discussion with the treating
oncologist is recommended to determine the time after
which the patient’s cancer is unlikely to relapse. Given
our limited clinical understanding of potential drug-drug
interactions between HCV therapeutics and chemotherapeutics and chemotherapy tolerability in HCV-infected
cancer patients, simultaneous treatment of cancer (e.g.,
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chemotherapy, radiation therapy) and HCV infection
should be avoided. Also, HCV infection treatment can be
administered to HSCT recipients who meet the following criteria: complete remission of the original disease, a
period of at least 2 years since the HSCT, no evidence of
protracted acute or chronic graft-vs-host disease, no immunosuppressive therapy for at least 6 mo, and normal
blood counts and serum creatinine levels[10]. An overview
for managing cancer patients with chronic HCV infection
is outlined in Figure 1. Clinical experience with use of
direct-acting antivirals in cancer survivors is very limited
and and thus requires further research.
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CONCLUSION

7

HCV infection is a unique challenge in the management
of cancer patients. These challenges include an increased
risk for liver disease progression, occurrence of occult
HCV infection and development of viral reactivation.
The potential manifestation of underlying psychiatric
disorders before or during HCV therapy requires close
monitoring and intervention as warranted. All these
challenges are confounded by the fact that there is no
standard of care for HCV management and treatment of
patients with malignancies. HCV-infected cancer patients
suitable for antiviral therapy may benefit from it, because
of the HCV-related complications or poor survival rates
seen in cancer patients and HSCT recipients with HCV
infection who do not receive this therapy. However, this
treatment requires close monitoring for side effects. Use
of hematopoietic growth factors enables continuation
of antiviral treatment in some cases. However, antiviral
dose reductions may be necessary because of underlying baseline hematological deficiencies or severe adverse
treatment responses. Experience with direct-acting antivirals in this patient population is very limited. The costeffectiveness and benefit-adverse reactions ratio have yet
to be clearly delineated. More research is required to establish these parameters. More effective and better tolerated antivirals are urgently needed to treat HCV-infected
cancer patients.
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monocytes and macrophages act as an amplification
system, in which these cells are infected and show few
cytopathic effects, but continuously produce HCV. This
allows them to produce virus over an extended time
and allows its spread to other cell types.
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Core tip: We review the evidence of infection of monocytes and macrophages by hepatitis C virus (HCV), both
in vivo and in vitro . There are two innovative ideas:
(1) the hypervariable region of HCV may vary due to
host range of variants in addition to immune pressure;
and (2) a novel model of the role of macrophages and
monocytes in HCV infections is proposed that is consistent with current evidence.

Abstract
A number of studies conducted over many years have
shown that hepatitis C virus (HCV) can infect a variety
of cell types. In vivo infection of monocytes, macrophages, and dendritic cells by HCV has been frequently
shown by a number of researchers. These studies have
demonstrated replication of HCV by detecting the presence of both negative genomic strands and a variety of
non-structural HCV proteins in infected cells. In addition, analyses of genome sequences have also shown
that different cell types can harbor different HCV variants. Investigators have also done preliminary studies
of which cellular genes are affected by HCV infection,
but there have not yet been a sufficient number of
these studies to understand the effects of infection
on these cells. Analyses of in vitro HCV replication
have shown that monocytes, macrophages and dendritic cells can be infected by HCV from patient sera or
plasma. These studies suggest that entry and cellular
locations may vary between different cell types. Some
studies suggest that macrophages may preferentially
allow HCV genotype 1 to replicate, but macrophages
do not appear to select particular hypervariable regions. Overall, these studies agree with a model where
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INTRODUCTION
Hepatitis C virus (HCV) is a cause of liver diseases as
well as other extrahepatic pathologies. A combination
of the drugs ribavirin and pegylated interferon is usually
used as therapy. More recently other drugs have been approved that may increase the chances of successful treatment. These other drugs are designed to interfere with
specific viral proteins. It is important to understand how
HCV replicates so that rational therapies can be designed.
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and translation[10,11]. The region of the genome located at
the amino end of the E2 protein is called the hypervariable region 1 (HVR1). The 5’UTR is the most conserved
region of the genome and the HVR1 is the most variable.

This review concentrates on the infection of monocytes,
macrophages, and dendritic cells by HCV so that we can
better understand the life cycle of HCV.
Macrophages are phagocytic cells that are found in
all tissues. They are produced from the differentiation of
monocytes. Macrophages are part of the innate immune
system, but they also have a role in adaptive immunity by
stimulating immune cells to respond to pathogens. Liver
macrophages are called Kupffer cells, which comprise
as much as 25% of the cells in the liver[1,2], while brain
macrophages are called microglial cells, which comprise
about 10% of the cells in the brain[3]. There is evidence
that Kupffer cells are involved in lipid homeostasis in the
liver[4], and that impaired activation of Kupffer cells can
result in hepatic steatosis and insulin resistance[5]. Similarly, microglial cell disfunction in the central nervous
system (CNS) can result in neurodegenerative diseases[3].
HCV has not only been implicated in liver diseases,
but also in a number of extrahepatic pathologies, including mixed cryoglobulinemia, B-cell non-Hodgkin
lymphoma, and porphyria cutanea tarda[6]. Most of these
diseases are thought to be due to indirect effects of HCV
infection, such as chronic inflammation, autoantibody
production, and the deposition of antibody-antigen complexes. A number of HCV-related nervous system disorders have also been found, including neurological problems such as confusion or seizures, cognitive problems
such as fatigue and depression, and neuropathies such as
pain and sensory problems[7]. There is some evidence of
direct involvement of HCV in some of these disorders,
but others are also probably due to secondary effects of
the infection. Since there are a large number of extrahepatic problems in HCV-infected individuals, studies have
been done to determine the types of cells that can be
infected by HCV. Many different cell types and tissues
have been reported to be infected by HCV[8], but proof
that they are the cause of particular problems in patients
is mostly lacking. In this review, we will be concentrating
on the evidence of infection of monocytes and macrophages, and the possible consequences of infection of
these cells.
HCV is a positive-strand virus about 9.6 kb in size.
Replication is through a negative-strand intermediate.
Evidence of negative strands of HCV in cells is often
used as indicating that the HCV present in particular
cells is replicating. When HCV replicates, it produces a
number of well characterized non-structural proteins not
found in the virus: NS2, NS3, NS4A, NS4B, NS5A, and
NS5B. The presence of these proteins in cells is interpreted as resulting from HCV replication. The proteins
in the virion are core, the envelope proteins E1 and E2,
and the ion channel protein p7. There is also one protein
produced from a ribosomal frameshift during translation,
called F or AFRP. All of these proteins are made from
cleavage of a polyprotein of approximately 3000 amino
acids. The HCV genome contains a 341 untranslated
nucleotide segment at the 5’ end of the genome called
the 5’UTR or 5’NTR that is important for replication[9]
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IN VIVO EXPERIMENTS SHOWING
INFECTION OF MONOCYTES
Soon after assays were developed for HCV, reports that
the replicative form, the negative strand of the HCV
genome, could be detected in peripheral blood mono
nuclear cells (PBMC)[12-15]. However, it was later shown
that false positives of HCV RNA could be a problem.
Therefore, modifications to the PCR protocols were
instituted, including the use of rTth polymerase. Since
then, over 20 additional studies have shown the presence of negative strands of HCV RNA in PBMC using
modified PCR methods[8]. In addition, many studies have
shown that B-cells, T-cells and other cell types in vivo also
can have detectable negative strands of HCV RNA.
After PBMC were shown to be infected by HCV,
studies were performed to determine which cell types
were infected. Flow cytometry was used to separate
monocytes from other cell types of PBMC from HCVinfected patients. These cells appeared to contain the
Core protein of HCV[14], suggesting that HCV was inside
the cells. In situ hybridization to locate negative strand
HCV RNA has also been used to show that HCV infects
monocytes/macrophages, B cells, and possibly T-cells[16].
Immunofluorescence experiments also have shown a
variety of HCV non-structural proteins in the cells, confirming they were infected[16]. RT-PCR has also been used
to test for negative strands of HCV. PBMC separated
into different cell types by immunomagnetic selection of
cell types show both HCV positive and negative strands
of HCV RNA in granulocytes, monocytes, and B-cells,
but not in T-cells or thrombocytes[17]. Other studies using
immunomagnetic selection of cell types have shown negative HCV strands in monocytes/macrophages, T-cells,
and B-cells[18] and in B-cells, monocytes, and polymorphonuclear leukocytes, but not in T-cells[19]. These studies
all agree that, in some patients, negative strands can be
found in monocytes or macrophages. HCV has also been
found to bind to natural killer, monocytes, and B-cells
found in PBMC, suggesting a role for these cells as carriers of HCV to various tissues[20].
Fluorescence microscopy and immunohistochemistry
have also been used to show that HCV in monocytes is
present and replicating. For example, studies have shown
the presence of NS4/NS4B[16,21-23] and NS5/NS5A[24,25] in
monocytes or macrophages.
As studies have shown that different cell types in
PBMC harbor replicating HCV, other work investigated
differences in quasispecies in these tissues. The predominant hypervariable region 1 (HVR-1) sequence of HCV
has been shown to be different in liver, PBMC, and plasma[26] or liver, PBMC, and serum in patients[27,28]. However,
these studies did not look at particular cell types in these
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samples. Significantly different sequences have been found
in different cell types found in PBMC, including monocytes and B-cells[29]. Different types of monocytic cell
lineages have been investigated, with CD14+, CD16++ and
CD14++, CD16++ but not CD14+, CD16- cells being found
infected[30]. These studies suggest that different cell types
allow replication of slightly different versions of HCV.
Studies have also investigated liver tissue for infection by HCV. One early study used in situ hybridization
to locate HCV and found a few positive cells, which were
most likely lymphocytes or macrophages[31], but they did
not positively identify the cell types. A more recent study
stained cells for both HCV Core and NS4 as well as cell
type specific markers CD68, CD3, and CD20[21]. They
found that macrophages were the major target of HCV
in liver, heart, kidney, and bone marrow cells. Other in situ
hybridization and immunohistochemical studies of liver
cells have not stained for both HCV and the cell type;
more studies are therefore needed.
Since cognitive impairment is a manifestation of
HCV infection, a number of studies of HCV infection
of neuronal cells have been performed. HCV negative
strands were found in brain tissues from three patients
that were obtained from autopsies[32]. They also showed
that in two patients the serum and brain derived HCV
had different HCV genotypes. As CD14 was detected in
the brain tissue samples but not CD2 (T-cells) or CD19
(B-cells), they suggest that macrophages/monocytes were
infected. HCV sequences from brain, liver, lymph node,
and serum samples were also found to have differences in
the HVR1 and IRES regions, providing evidence of tissue compartmentalization[33]. They also investigated translation efficiency of the IRES, and found the quasispecies
in the brain have lower translation efficiency than that of
liver or serum. RT-PCR has been used to show that HCV
is found in postmortem brain tissue[34]. Immunostaining
was also performed to determine that microglial/macrophage cells (CD68+ and CD45+) were infected by HCV,
while neurons and oligodendroglial cells did not stain.
Brain macrophages/microglial cells have also analyzed
for cytokine and chemokine expression[35]. Higher levels
of expression of the cytokines interleukin 1α and tumor
necrosis factor α, interleukin 1β, interleukin 12, and interleukin 18 and the chemokines interleukin 8, interleukin
16, and interferon-inducible protein 10 were found in
HCV infected CD68+ brain cells. They suggested that infected leukocytes could pass HCV to cells in the CNS.
Two groups have investigated expression of toll-like
receptors (TLR) in monocytes of infected individuals.
One study found that TLRs 2, 5, 6, 7, 8, 9, and 10 mRNA
levels were all upregulated compared to uninfected individuals[36]. In addition, MD-2, CD14, and MyD88 were
also upregulated in monocytes. However, they did not
check the monocytes to see if they were infected with
HCV. A second study looked primarily at expression levels in PBMC[37]. They found TLRs 4, 7, and 8 upregulated
in CD14+ monocytes, as well as TNFα, IL-6, and IL-
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12p35 in PBMC. Therefore, TLR7 and TLR8, which are
activated by single-strand RNA, were found upregulated
by both groups, and TLR3 did not significantly change in
either study, but they disagreed on the other TLR. This
could be due to a number of factors, including patient
differences and how the monocytes were collected. One
other group found no significant differences in the levels of CD14+CD16- and CD16+CD14- monocytes after
HCV infection[38], although there were differences in response to TLR8-ligation or LPS stimulation. Therefore,
they suggest that CD16+CD14- monocytes do not appear
to have a role in HCV pathogenesis, although they may
differentiate into Kupffer or Dendritic cells. However,
there is no reason to expect that levels of monocytes
would be related to the pathogenesis of HCV, so their
conclusions don’t seem reasonable.
Dendritic cells (DC), like macrophages, are derived
from monocytes. RT-PCR has been used to show that
monocyte-derived DCs contain HCV RNA[39]. Circulating DCs have also been shown to be positive for HCV
RNA[40,41]. Analysis of the HVR-1 quasispecies suggests
that HCV in dendritic cells were different than serum.
Myeloid dendritic cells (mDC) separated from plasmacytoid dendritic cells (pDC), and then sequenced, had
HVR-1 that was often significantly different between the
DC and sera. HCV was detected in monocytes, but not in
mature DC produced from the monocytes after stimulation with granulocyte macrophage colony-stimulating factor (GM-CSF) and IL-4[42]. They found the metabolism
of the DCs to be altered compared to monocytes from
uninfected patients. It may be that their conversion of
monocytes to DC only works well on HCV-negative cells,
e.g., HCV-infection may inhibit the conversion. However,
a recent review of the effects of chronic HCV infection
on dendritic cells found some agreement that there are
lowered numbers of mDC and pDC in infected individuals, but there have not been any convincing functional
defects found in the cells[43].
These in vivo studies show that monocytes, macrophages, and dendritic cells can be infected by HCV. The
HCV sequence results suggest that different cell types
can select slightly different HCV variants, producing separate pools or compartments. This suggests that at least
part of the reason that the major HCV variants change
in patients over extended times is due to changes in cell
tropism. A recent study of one HCV patient over an extended time suggests that the proportions of particular
variants changes over time[44]. It is hard to reconcile their
observations with the hypothesis that immune pressure is
the driving force for genetic variation of HCV. Instead, a
combination of changes in cell tropism and the immune
system adaptive system trying to eliminate the virus better accounts for HCV variation over extended times.
Studies that have investigated monocyte/macrophage cell
responses to HCV have not been extensive enough to
reach firm conclusions about changes in gene expression
by HCV infected cells.
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ity to HCV infection[53]. Negative strands were detected
in both immature and mature DC within 2 d after infection. Quasispecies analysis of the HVR-1 and SSCP of
the 5’UTR showed minor differences between HCV in
the patient sera and the DC HCV. One study of the infection of isolated dendritic cells, both myeloid DC and
plasmacytoid DC, using HCVcc provided evidence that
HCV uses different methods of entry into each of the
cell types[54]. They also provide evidence that the HCV
localizes in different places in the two cell types: endosomes in plasmacytoid DC and in lysosomes in myeloid
DC. The virus thus likely uses different sets of receptors
to enter each cell.
A culture system that has been extensively studied
uses primary macrophages generated from umbilical cord
blood[55]. In this system, HCV from serum or plasma of
an HCV-infected individual was used to infect the primary macrophages (Figure 1). After about 7 d, the HCV
in the cell culture supernatant was used to infect other
cell types, including B-cells, T-cells, and macrophage-like
neuronal cells (Table 1). Analysis of the 5’UTR of HCV
genotype 1 showed that there were only minor differences between the serum/plasma and the HCV produced
by the other cell types[56]. However, variants in serum that
contained a large deletion did not replicate in the macrophages[57]. This suggests that the macrophages are replicating most but not all HCV variants. Additional support
for this was seen when HCV genotype 3 was analyzed[58].
The 5’UTR for the HCV genotype 3 cultured in vitro had
changed significantly, and was now similar to HCV genotype 1. This suggested that the macrophages are selecting
sequences similar to HCV genotype 1. Culturing in other
cell types did cause selection of particular HVR-1. It was
also found that culturing in macrophages produced the
same variants as seen in one patient’s serum almost 18
mo later, suggesting macrophages tend to produce the
same variants in vitro as seen in vivo. Overall, these results
suggest that macrophages in HCV genotype 1 individuals
are producing HCV that is a little more infectious than
that found in the serum.
These results suggest that studying the infection of
monocytes and macrophages in vitro and in vivo may yield
insights into the life cycle of the virus. What is the role
of monocytes and macrophages? Are they important for
sustaining the infection or just innocent bystanders and
only transiently infected?

IN VITRO EXPERIMENTS INVESTIGATING
REPLICATION OF HCV IN MONOCYTES
As there is significant evidence for infection of monocytes, macrophages, and dendritic cells in vivo, a number
of groups have studied infection of these cell types in
vitro. The first study of monocytes/macrophages in vitro
isolated the cells from healthy donors[45]. They then incubated them with HCV positive sera. There was a low level
of infection, and the HVR-1 sequences of the serum and
cultured samples were very similar. A second study testing
the infection of Kupffer cells found no significant infection of them[46].
Monocytes/macrophages isolated from PBMC of
healthy donors were shown to be infectable by sera from
HCV-infected patients[47]. They found negative strands
of HCV present in the cells, and the quasispecies of the
5’UTR and NS5B regions were investigated by singlestrand conformation polymorphism (SSCP) and sequencing. They found some sequence changes in either the
NS5B or 5’UTR for samples from some patients. Monocytes/macrophages already infected with HIV have been
found to be more infectable by HCV, and they had higher
levels of HCV RNA than cells that were not pre-infected
with HIV[48]. PBMC from uninfected individuals that
was incubated with HCV genotype 4, and then separated
into cell types by flow cytometry, has detectable negative
strands by RT-PCR and immunofluorescence staining
against core and E1 24 h post infection[49]. The staining
was most frequently in monocytes, as determined by flow
cytometry.
A monocytoid cell line, THP-1, has been tested for
susceptibility to infection by HCV[50]. The presence of
HCV envelope protein E2 was found inside cells using
immunofluorescence, and HCV RNA was detectable in
cell culture supernatants seven days after infection. However, recently, another group found HCV to enter THP-1
cells in a manner that was insensitive to anti-CD81 blocking antibodies, but the HCV did not replicate[51]. These
cells, therefore, may not be useful as an in vitro model
for studying HCV replication. However, they showed
that Kupffer cells in the liver produce low but detectable levels of interferon-β in HCV-infected individuals
and THP-1 cells also produce interferon-β in response
to HCV infection, suggesting that THP-1 cells were
responding similarly to Kupffer cells. Livers of HCVinfected individuals were also analyzed for the source
of IL-1β production. Staining of liver sections using
antibodies against both IL-1β and CD68 showed that IL1β was produced in intrahepatic macrophages[52]. In vitro
cultured THP-1 cells also produced IL-1β in response
to cell culture-derived HCV (HCVcc). The THP-1 cells
had peak IL-1β production 3 h after virus exposure. The
virus was found to enter THP-1 cells in a method independent of the CD81 co-receptor. UV-inactivated virus
also caused the IL-1β response, suggesting that viral replication was not necessary for the response.
Dendritic cells have been tested in vitro for susceptibil-
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MODEL OF THE ROLE OF
MACROPHAGES
Most HCV investigators have likely regarded the productive infection of macrophages by HCV as either
something that does not happen or of little importance.
Researchers who have studied the in vivo infection of
macrophages and monocytes, however, have provided
a substantial amount of evidence that they are infected,
as detailed above. There has been little agreement of
whether infection of monocytes or macrophages is im-
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Mononuclear cells
from fetal cord blood

Induce with PMA

Specimen from HCV
infected patients
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Freshly transformed B
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HCV producing stock
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Figure 1 Isolation method for studying in vitro replication of hepatitis C virus. Macrophages are generated from mononuclear cells in fetal cord blood and
infected by hepatitis C virus (HCV). Adapted from reference[55]. EBV: Epstein-Barr virus; PWM: Pokeweed mitogen; PMA: Phorbol-12-myristate-13-acetate; PBMC:
Peripheral blood mononuclear cells.

appear to have sequences that are closest to those found
in the sera of patients. This suggests that monocytes/
macrophages have an important role in HCV replication
in vivo. The Trojan horse mechanism that has been proposed for infection of cells in the brain may also be valid
for other tissues. Therefore, monocytes/macrophages
in HCV infection may act as a carrier of the infection to
other cells. The monocytes/macrophages get infected,
but do not themselves have significant cytotoxic effects
or metabolic problems when infected. This allows them
to be infected for longer periods of time. Instead, they
replicate HCV in a relatively non-specific manner for as
long as they survive. Macrophages select against defective
HCV, probably, in other regions of the HCV genome.
Macrophages in HIV-1 infections have been shown to be
“holding compartments” for HIV-1, where membranous
labyrinths form and contain the virus[59]. Macrophages
may also act in a similar manner with HCV and therefore
produce and/or hold a lot of virus. Overall, we propose
a model where HCV infects macrophages. The macrophages replicate the HCV and then pass it on to other
cell types. Other cell types, on the other hand, often show
effects of HCV infection, including cytopathic effects
such as cell death. It may be that these cell types, when
infected, produce the diseases we associate with long
term infection by HCV, such as liver damage due to the
cytopathic effects of HCV on hepatocytes. It should be
noted that there are many types of macrophages, so each
particular type may act slightly differently with regards to
HCV, but our model extrapolates from the ones that have
been studied to date.
What are the clinical implications of the proposed
role of macrophages/monocytes? First, macrophages

Table 1 Transmission of hepatitis C virus into various
hematopoetic and liver cells

T-cells1
B-cells2
Monocytes/
macrophages3
Neuronal precursors4
Liver cells5
Kupffer cells
Hepatocyte

Short term replication

Long term replication

+
+
+

+
-

+

+

+
+

+/-

Adapted from reference[55]. 1T-cells isolated from human fetal cord blood;
2
B-cells immortalized by infection with transforming Epstein-Barr virus;
3
Monocyte/macrophages: adherent cells stimulated with phorbol-12myristate-13-acetate; 4Recently isolated neuronal cells from fetal human
brain; 5Freshly isolated liver cells from liver biopsies. Kupffer cells are
liver macrophages and hepatocytes are liver endothelial cells.

portant for the long term consequences of HCV infection. Some work has been performed on the infection of
neuronal cells in vivo, and it has been suggested that infection of microglial/macrophage cells may allow HCV to
pass through the blood-brain barrier to infect brain cells
such as astroglial cells[34,35,48]. This has been described as a
“Trojan horse” mechanism.
Evidence that HCV RNA purified from various tissues (compartments) has small differences in their HVR
and/or 5’UTR sequences suggests that different versions
of HCV replicate in different tissues. In addition, in vitro
evidence suggests that different cell types also preferentially replicate slightly different versions of HCV. Of the
cell types investigated in vitro, monocytes/macrophages
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are fairly long-lived cells, and generally survive for
weeks. It has been proposed that the presence of CD14
on the cells supports survival of the cells[60]. This long
life, even after HCV infection, suggests that not only is
HCV produced for extended periods, but the cells can
also produce cytokines that affect other immune cells
such as B-cells and T-cells[60,61]. The cytokines can cause
cytopathic effects on other nearby cells. Therefore, the
infection of long-lived cells may partially explain the long
treatment times needed to eradicate HCV. Second, results
of in vitro studies may explain differences in therapy for
different HCV genotypes. As described above, HCV
genotype 1 readily infects macrophages in vitro, but HCV
genotype 3 does not. Since therapy for HCV genotype
1 needs to be done for longer periods than HCV genotype 3[60], this may be due in part to the different cell
tropisms for the two genotypes. Evidence in support of
this has been shown in one report that showed that in
patients that did not have a sustained virologic response
to combination therapy with ribavirin and pegylated
interferon-α, 88% were infected with genotypes 1 or 4,
while 24% were infected with genotypes 2 or 3[62]. Some
patients were infected with two genotypes. Third, studies
of extrahepatic diseases resulting from HCV infection
suggest the presence of replicating virus in peripheral
blood or bone marrow-derived lymphocytes in patients
with mixed cryoglobulinemia[63], in carotid plaques[64],
and in peripheral blood leukocytes of patients with lichen planus[65]. The researchers did not determine which
specific cell types contained replicating HCV in any of
these reports, but it is likely that monocytes are infected.
Unfortunately, we can find no studies that have investigated which specific cell types produce replicating HCV
in any studies of extrahepatic diseases caused by HCV
infection. Last, one group has shown CD68-positive
macrophages in liver, heart, kidney, and bone marrow in
autopsy specimens from patients that had hepatocellular
carcinoma and cardiomyopathies[21]. This study therefore
suggests that many different tissues can contain infected
macrophages that may cause disease, either by passing
HCV or indirectly by releasing signaling molecules.
The study of HCV replication to date has mostly
concentrated on the JFH1/HuH 7.5 model system, to
the neglect of studying HCV isolated from patients. This
system is not relevant for the studies of the infection of
a variety of cell types by the natural virus, which will be
needed to let us understand how HCV causes disease.
Although the work performed to date has advanced our
understanding of HCV, the field needs to compare the
results obtained from the model systems with studies using the natural virus to obtain a better understanding of
how HCV is able to replicate in infected individuals.
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Establishment of chronic hepatitis C virus infection:
Translational evasion of oxidative defence
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that HCV is able to adapt to and utilize the host antiviral response to facilitate its own translation thus allowing the virus to thrive under oxidative stress condition to establish chronicity. Understanding how HCV
translation is regulated under oxidative stress condition
will advance our knowledge on how HCV establishes
chronicity. As chronicity is the initiator step in disease
progression this will eventually lead to a better understanding of pathogenicity, which is particularly relevant
to the development of anti-virals and improved treatments of HCV patients using anti-oxidants.
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Abstract
Hepatitis C virus (HCV) causes a clinically important
disease affecting 3% of the world population. HCV is
a single-stranded, positive-sense RNA virus belonging
to the genus Hepacivirus within the Flaviviridae family.
The virus establishes a chronic infection in the face of
an active host oxidative defence, thus adaptation to
oxidative stress is key to virus survival. Being a small
RNA virus with a limited genomic capacity, we speculate that HCV deploys a different strategy to evade
host oxidative defence. Instead of counteracting oxidative stress, it utilizes oxidative stress to facilitate its
own survival. Translation is the first step in the replication of a plus strand RNA virus so it would make sense
if the virus can exploit the host oxidative defence in
facilitating this very first step. This is particularly true
when HCV utilizes an internal ribosome entry site element in translation, which is distinctive from that of
cap-dependent translation of the vast majority of cellular genes, thus allowing selective translation of genes
under conditions when global protein synthesis is
compromised. Indeed, we were the first to show that
HCV translation was stimulated by an important prooxidant-hydrogen peroxide in hepatocytes, suggesting
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Core tip: Oxidative stress inhibits canonical translation,
however, emerging evidence suggests that oxidative
stress can actually stimulate alternative translation from
select internal ribosome entry site (IRES) elements including that involved in redox regulation and in persistent virus infection e.g. , human immunodeficiency virus
and hepatitis C virus (HCV). We postulate a novel role
of oxidative stress-activated IRES-mediated translation
in redox homeostasis and virus persistence. In the case
of HCV, we explore the idea that HCV exploits oxidative
stress to activate its own translation as a novel means
of evading the host oxidative defence to establish chronicity.
Chan SW. Establishment of chronic hepatitis C virus infection:
Translational evasion of oxidative defence. World J Gastroenterol
2014; 20(11): 2785-2800 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i11/2785.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i11.2785
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similar fitness values will out-compete those with a broad
range of fitness values even though the latter includes
mutants of high fitness values. This constitutes the basis
of “the survival of the flattest” in “quasispecies” theory
in contrast to Darwinian “the survival of the fittest”[23].
However, there is much debate on whether HCV or any
RNA virus ever exists as a “quasispecies” in evolutionary
term as the mutation rate of HCV is never high enough
to lead to “quasispecies” dynamics[23]. Nevertheless, this
“quasispecies”/intra-host variants phenomenon has great
impact on virus persistence, pathogenesis, anti-viral treatment and vaccine design. However, different regions of
the genome exhibit different degrees of sequence variability, with the envelope E2 region being the most variable harbouring hypervariable regions and the 5’ UTR
the most conserved[21,24,25]. Thus, targeting 5’ UTR may be
a solution to solve the problem of sequence variability in
anti-viral therapies[26,27].

INTRODUCTION
Hepatitis C virus (HCV) causes a clinically important
disease affecting 3% of the world population[1]. About
75% of the infection will develop into chronic hepatitis,
which can then progress into fibrosis, cirrhosis and hepatocellular carcinoma. A vaccine is not available. Current
interferon (IFN) treatments are expensive, with numerous side effects and are particularly ineffective against the
predominant genotype 1 in America and European countries[2]. The newly approved protease inhibitors likely promote the emergence of drug resistant mutants, owing to
the high mutation rate of the HCV genome[2]. Thus there
is a pressing need for alternative HCV therapies. HCV
establishes a chronic infection in the face of an active immune response and the host oxidative defence. A number
of mechanisms have been proposed to account for evasion of the antibody and cellular immunity and the natural killer, IFN and Toll-like receptor innate immunity[3-5].
However, little is known about how the virus can survive
in a highly oxidative environment given that oxidative
stress is such a prominent clinical feature associated with
hepatitis C infection[6-12]. Adaptation to oxidative stress is
key to virus survival. We postulate that adaptation can be
at the level of translation as HCV uses an internal ribosome entry site (IRES) element for translation, distinctive
from that of cellular translation[13]. Indeed, we were the
first to show that translation from the HCV IRES was
stimulated by an important pro-oxidant-hydrogen peroxide (H2O2) in hepatocytes, suggesting that HCV is able to
adapt to and utilize host anti-viral response to facilitate
its own translation thus allowing the virus to thrive under oxidative stress condition to establish chronicity[14].
Anti-oxidants are now in clinical trials in the treatment
of HCV patients[15-17]. Understanding the mechanisms of
how HCV evades host oxidative defence at the translational level may help shape the formulation of improved
and new anti-oxidant treatments for HCV.

TRANSLATION
The vast majority of proteins is synthesized by a process
known as cap-dependent translation, so named because
it requires a 7-methyl guanosine (m7G) cap-structure at
the 5’ end of the mRNA[28]. Translation is initiated when
the cap is bound by the cap-binding complex eukaryotic
initiation factor (eIF) 4F, which consists of eIF4E, eIF4A
and eIF4G (Figure 2A). eIF4E is the cap-binding protein.
eIF4A is a helicase, its unwinding activity is promoted
by another initiation factor, eIF4B. eIF4G is the scaffold
protein, which functions to recruit the 40S ribosomal
subunit-eIF3-eIF2 pre-initiation complex to the 5’ end
of the mRNA via protein-protein interaction between
eIF4G and eIF3. The ribosomal complex, primed by
eIF1/1A, then scans a short distance (50-100 nucleotides)
to (usually) the nearest AUG triplet within a favorable
(Kozak) sequence context to initiate translation[29].
IRES mediates an alternative form of translation
distinctive from that of cap-dependent translation of
the vast majority of cellular genes, thus allowing selective translation of genes under conditions when global
protein synthesis is compromised e.g., virus infection,
stress[30-32]. IRES translation is an important strategy employed by a subset of virus, mainly that of RNA viruses
belonging to the Picornaviridae family, to continue viral
protein synthesis during host translational shut off. IRESs found in cellular mRNAs mainly serve the function
of regulating cellular processes such as apoptosis, differentiation, angiogenesis, thus their activity is usually tightly
regulated and many are only responsive to stress. Studies
on viral IRESs suggest that the IRES element forms a
direct landing pad for the ribosome, therefore, the secondary and tertiary structures of the IRES are important
for its activity (Figure 2B)[33-36]. As a result, the viral IRES
element normally spans a considerably longer 5’ UTR
that folds into a higher order structure and is interspersed
with multiple AUG triplets[37]. However, short sequence
motif rather than secondary structure is important in

HCV
HCV is a Hepacivirus belonging to the family Flaviviridae[18]. As a single-stranded, positive-sense RNA virus,
translation is the first step in the life cycle of HCV upon
infection of a susceptible cell. Its 5’ untranslated region
(UTR) contains an IRES element used to translate the 9.6
kb RNA genome into a single polypeptide which is then
cleaved by the host and viral proteases into structural
proteins core, envelopes E1 and E2, and non-structural
(NS) proteins p7, NS2, NS3, NS4A, NS4B, NS5A and
NS5B (Figure 1)[19]. The RNA polymerase, NS5B, then
catalyzes replication of the viral genome. The genome
of HCV undergoes a high mutation rate giving rise to
genetic variants, thus HCV is divided into genotypes and
sub-types and is populated as “quasispecies”[20,21]. A “quasispecies” is a cloud of diverse, genetically linked mutants
that function cooperatively and behave as a unit for
natural selection[22]. Thus, a population of mutants with
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Figure 1 Hepatitis C virus genome. The 9.6 kb hepatitis C virus genome is flanked by highly structured 5’ untranslated region (UTR) and 3’ UTR which contain regulatory elements. The genomic sequence is translated into a polyprotein via internal ribosome entry site (IRES)-mediated translation. The polyprotein is then cleaved
into individual structural and non-structural (NS) proteins by cellular signal peptidase and signal peptide peptidase and viral auto protease (NS2) and serine protease
(NS3).

most cellular IRES activity[38,39]. As short as a 9-nucleotide sequence from the 5’ UTR of the cellular gene Gtx
exhibited IRES activity[40,41]. In yeast and Drosophila,
strong IRES activity was associated with weak secondary
structure[42]. Because IRES-mediated translation is independent of a cap many canonical eIFs are dispensable,
however, the requirement for canonical eIFs varies greatly amongst IRESs, ranging from the dependence of the
entire set of eIFs in the hepatitis A virus (a picornavirus
unrelated to HCV) IRES to none of them in the cricket
paralysis virus IRES[31,35,37]. Another characteristic of
IRES translation is that it is regulated by a diverse group
of proteins known as IRES trans-acting factors (ITAFs)[43].

onic lethal abnormal vision/protein (ELAV/HuR)[30,46-52].
ITAF modification by stress signals is an important
aspect in the regulation of IRES activity under stress
conditions, using mechanisms such as nuclear-cytoplasmic shuttling, protein cleavage, phosphorylation and
increased protein expression[53-58]. Many of the ITAFs are
abundant nuclear proteins, thus nuclear-cytoplasmic shuttling presents an effective means of a fast response[59].
hnRNP A1 shuttled to the cytoplasm during osmotic
shock to downregulate translation from the X-linked inhibitor of apoptosis protein (XIAP) IRES but upregulate
translation from the fibroblast growth factor-2 IRES[53].
hnRNP A1 also shuttled to the cytoplasm in rhinovirus2-infected and UVC-irradiated cells to enhance translation from the rhinovirus IRES but limit translation from
the apoptotic peptidase activating factor 1 IRES[60]. Proteolysis also plays an important part in regulating IRES
activity, either by directly conferring novel function to the
truncated protein or by causing protein shuttling after the
removal of the nuclear localization signal (NLS), or both.
Caspase cleavage of DAP5 during endoplasmic reticulum
(ER) stress released an active fragment with a novel ITAF
function to activate the cellular inhibitor of apoptosis
protein (HIAP2) IRES[54]. Cleavage of the La protein and
PTB by the poliovirus serine protease released truncated
fragments devoid of NLS to shuttle to the cytoplasm to
either activate or repress the poliovirus IRES[55,56]. Phos-

ITAF
Each IRES has a unique set of ITAFs, even within the
same group of IRES that shares primary sequence and
secondary structure [44]. On the other hand, IRES of
diverse origins can share common ITAFs[45]. Many of
these ITAFs are RNA chaperone proteins. Most of them
facilitate IRES-mediated translation although some are
negatively regulating. Common ITAFs include the La
autoantigen, polypyrimidine tract binding protein (PTB),
heterogeneous nuclear ribonucleoproteins (hnRNPs),
poly r(C) binding protein (PCBP), Upstream of N-ras
(unr), death-associated protein 5 (DAP5) and the embry-
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Figure 2 Two different modes of translational initiation. A: Cap-dependent translation. Initiation of translation of most cellular genes requires a 7-methyl guanosine
cap-structure at its 5’ end and a full set of canonical eukaryotic translation factors (eIFs) for ribosome binding and scanning to the AUG start codon[29]. The cap-binding
complex eIF4F consists of the cap-binding eIF4E, the scaffold eIF4G and the helicase eIF4A. eIF4B promotes the RNA unwinding activity of eIF4A. Recruitment of the
40S ribosomal subunit-eIF3-eIF2 pre-initiation complex to the 5’ end of the mRNA is via protein-protein interaction between eIF4G and eIF3. The ribosomal complex,
primed by eIF1/1A, then scans a short distance (50-100 nucleotides) to (usually) the nearest AUG triplet to initiate translation; B: Internal ribosome entry site (IRES)mediated translation. The viral IRES element spans a considerably longer 5’ untranslated region (UTR) (180-450 nucleotides) that folds into a higher order structure
and is interspersed with multiple AUG triplets[37]. The requirement for canonical eIFs varies greatly amongst IRESs, ranging from the dependence of the entire set of
eIFs in the picornavirus hepatitis A virus IRES to none of them in the cricket paralysis virus IRES. The hepatitis C virus (HCV) IRES has the second simplest requirement, only needing eIF2 and eIF3. In reminiscent of the prokaryotic ribosomal binding of the Shine-Dalgarno sequence, the HCV IRES can directly recruit the 40S
ribosome which lands on the authentic AUG initiator codon[35,63,65]. In some other IRESs, the ribosome lands on an upstream AUG and then scans or shunts to the
initiator AUG[37]. An important feature about IRES-mediated translation is that its activity is regulated by IRES trans-acting factors[43].

and eIF3 to form the 43S pre-initiation complex[35,63,65].
Structural and biochemical studies have indicated an unusually vast binding site for the ribosome encompassing
domains Ⅱ, Ⅲ and Ⅳ and conformational changes in
both the 40S ribosomal subunit and the IRES have been
observed upon their interaction[66]. Binding between the
IRES and the ribosome is thought to be mediated via
ribosomal proteins although the role of RNA-RNA interaction cannot be excluded[67-69]. eIF3 can bind both the
ribosome and junction domain Ⅲabc and domain Ⅲb of
the IRES, thus playing a significant role in stabilizing the
ribosome-eIF2 binary complex[70]. The ternary complex
eIF2α-GTP-the tRNA for the first methionine (MettRNAi)
does not directly bind the IRES, rather it forms a ternary
complex with eIF3 and the 40S ribosomal subunit to position MettRNAi directly onto the AUG codon in the P-site
of the ribosome[70].
A number of putative ITAFs for the HCV IRES have
been identified, including La, PTB, hnRNP D, hnRNP
L, HuR, the NS1-associated protein 1 and miR-122 (Fig-

phorylation of ITAFs is also commonly used to modify
ITAF function. Phosphorylation of the hnRNP C protein during differentiation stimulated translation from the
IRES of c-sis[57]. In some cases, over-expression of ITAF
is sufficient to promote IRES translation. Elevated expression of unr stimulated translation from the IRES of
PITSLRE cyclin-dependent protein kinase during G2/M
phase of the cell cycle[58].

HCV IRES
The HCV 5’ UTR is divided into four stem-loop domains
(Figure 3)[61]. The IRES element is made up of approximately 340 nucleotides and spans domain Ⅱ and extends
into the core-coding region encompassing a double pseudoknot fold[13,62-64]. The HCV IRES has the second simplest requirement of eIFs, only needing eIF2 and eIF3.
In reminiscent of the prokaryotic ribosomal binding of
the Shine-Dalgarno sequence, the HCV IRES can directly recruit the 40S ribosome before association with eIF2
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the highly conserved nature of the IRES[93]; (2) the distinctive mode of translation making it likely to produce
an anti-viral with a high therapeutic index[94]; and (3) the
use of cellular targets making it less ready to select for
resistant mutants.
HCV IRES activity can also be modulated by the
viral proteins core, NS2/3, NS3 and NS5A and the 3’
UTR[95-100]. A long range interaction between the IRES
and the 3’ UTR is thought to be essential for IRES activity[101]. However, it is still unclear what constitutes the bona
fide ITAFs and how they regulate HCV IRES activity, in
particular under stress.

Ⅲb

Py-3

Ⅲa

Ⅲc

Binding sites

Ⅱ
Ⅲd

40S
eIF3

Py-1

Py-2

Ⅲe

Pseudoknot

Ⅲf

La

OXIDATIVE STRESS IN HEPATITIS C

PTB (Py-1-3)

Accumulation of reactive oxygen species (ROS) and the
generation of oxidative stress are implicated in the development of a number of inflammatory diseases, including
viral hepatitis[102]. Chronic hepatitis C patients present elevated blood and hepatic levels of pro-oxidants, reduced
anti-oxidants levels, iron overload with increased lipid
peroxidation, decreased hepatic glutathione and increased
oxidative DNA damage[103-108]. Proteomic and microarray analysis of liver biopsies revealed increased oxidative
stress in hepatitis C samples[109,110].
Important ROS include superoxide anion O2.-, H2O2
and hydroxyl radical .OH. ROS exist in every cell as part
of the by-products of active respiration in the mitochondria (Figure 4)[111]. ROS are harmful to cells as they will
cause oxidative damage to intracellular macromolecules
and are eliminated by anti-oxidant enzymes such as superoxide dismutase, catalase and the glutathione system
to maintain redox balance (Figure 4). A low level of ROS,
in particular H2O2, is however, important mediator of
cellular signal transduction pathways[111,112]. A high level
of ROS is important in fighting infections[113]. Immune
recognition of infected cells triggers the release of ROS
from sequestered phagocytes and activated macrophages.
Endogenous ROS are also produced as a direct result
of hepatitis C viral replication and interactions of a
number of hepatitis C viral proteins with the host cell,
as evidenced by studying infected cultured cells and ectopically expressed viral proteins (core, NS3 or NS5A)
in cultured hepatocytes, monocytes and isolated mitochondria[6-12,114,115]. This is supported by data from in vivo
studies. Transgenic mice carrying the structural proteins
exhibited elevated levels of ROS and were more susceptible to oxidant injury[10]. Infection of a SCID/Alb/
uPA chimeric mouse (mouse with chimeric human and
mouse liver) also revealed increased oxidative stress in
infected hepatocytes[116]. It has recently been shown that
the NAD(P)H oxidases, Nox1 and Nox4, are two of the
endogenous ROS sources in HCV-infected cultured cells
and liver samples[117,118].

hnRNP L
NSAP1

Ⅳ

GCAC
miR122
AUG

Figure 3 The hepatitis C virus internal ribosome entry site. The hepatitis C
virus (HCV) 5’ untranslated region (UTR) is divided into four stem-loop domains
and sub-domains[61]. The internal ribosome entry site (IRES) element is made
up of approximately 340 nucleotides and spans domain Ⅱ and extends into the
core-coding region encompassing a double pseudoknot fold[13,62-64]. The stem,
loop and unpaired regions are all important in interaction with host factors. The
HCV IRES can directly recruit the 40S ribosomal subunit before association
with eukaryotic translation factor (eIF)2 and eIF3 to form the 43S pre-initiation
complex[35,65]. Structural and biochemical studies have indicated an unusually
vast binding site for the ribosome encompassing domains Ⅱ, Ⅲ and Ⅳ and
conformational changes in both the 40S ribosomal subunit and the IRES have
been observed upon their interaction[66]. Binding between the IRES and the
ribosome is thought to be mediated via ribosomal proteins although the role
of RNA-RNA interaction cannot be excluded[67-69]. eIF3 can bind both the ribosome and junction domain Ⅲabc and domain Ⅲb. The ternary complex eIF2αguanosine triphosphate (GTP)-the tRNA for the first methionine (MettRNAi) does
not directly bind the IRES, rather it forms a ternary complex with eIF3 and the
40S ribosomal subunit to position MettRNAi directly onto the AUG codon in the
P-site of the ribosome[70]. A number of non-canonical host factors are able to
bind the HCV IRES and likely play a facilitating role in IRES translation. However, there is evidence for a critical role of the La autoantigen in IRES translation,
by binding to and altering the conformation of the IRES to orchestrate assembly
of the ribosomal complex[82,83]. NS: Non-structural.

ure 3)[71-82]. There is evidence for a critical role of the
La autoantigen in IRES translation, by binding to and
altering the conformation of the IRES to orchestrate assembly of the ribosomal complex[82,83]. La is one of the
best known ITAFs and is pivotal in mediating translation
from a number of IRESs[72,82,84-89]. It normally functions
in RNA metabolism e.g., nascent polⅢ transcript processing and RNP assembly but is co-opted as an ITAF in
IRES translation[90]. Pathologically, La is an autoantigen
in a number of autoimmune diseases such as lupus and
Sjögren’s syndrome[91]. The binding site for the La autoantigen has been mapped to the initiator AUG and the
adjacent GCAC motif although additional binding sites
may exist[88,92]. The binding sites for some other ITAFs
have also been mapped[61,92]. Together with that of the
ribosomal subunit and eIF3, these binding sites offer attractive targets for antiviral intervention because of (1)
WJG|www.wjgnet.com
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Figure 4 Oxidant and anti-oxidant systems. During active respiration in the mitochondria, electron leaked from the respiratory chain reacts with oxygen (O2) to form
..reactive oxygen species (ROS) superoxide anion O2 and pro-oxidant-hydrogen peroxide (H2O2). O2 is quickly dismuted to H2O2 in a reaction catalyzed by superox.ide dismutase. Non-mitochondrial sources of O2 and H2O2 include cytosolic xanthine oxidase and plasma membrane nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase. H2O2 is decomposed by iron in the Fenton reaction to yield the highly oxidizing hydroxyl radical .OH, causing macromolecule damage, DNA damage and lipid peroxidation. H2O2 can be reduced to water (H2O) by catalase, glutathione peroxidases and peroxiredoxins.

teract the damaging effects of ROS? Bacteria do it at the
transcriptional level as they normally do. Some bacteria
such as Escherichia coli and Salmonella typhimurium can sense
and counteract oxidative stress by inducing transcription
of response genes from the OxyR regulon[119,120]. Viruses,
being obligatory intracellular parasites with limited genomic capacity, exploit different strategies to suit their
life style. The poxvirus molluscum contagiosum virus
has a large DNA genome thus is capable of encoding
their own anti-oxidant protein to become resistant to
the cytotoxic effect of H2O2[121,122]. HCV is a small RNA
virus with a limited genomic capacity. There is no evidence that HCV encodes an anti-oxidant protein. This
has led us to speculate that HCV deploys a different
strategy to evade the host oxidative defence. Instead of
counteracting oxidative stress, it utilizes oxidative stress
to facilitate its own survival. This would be advantageous
to the virus because it persists as a chronic infection.
Precedence can be found in human immunodeficiency
virus (HIV), which also establishes a chronic infection
and has been associated with increased oxidative stress in
HIV patients[123]. HIV replication was facilitated by ROS
via activation of the transcription factors nuclear factorkappa B and hypoxia inducible factor 1 alpha to stimulate
gene expression from the HIV long terminal repeat[124-126].
The effect of ROS on HCV replication is inconclusive, as
opposing results were obtained from laboratory studies
(most likely due to the use of different pro-oxidants and
HCV expression systems) although some clinical studies
and anti-oxidants trials do support a stimulatory role of
ROS on HCV replication[17,127-137]. Translation is the first
step in the replication of a plus strand RNA virus so it
would make sense if the virus can exploit the host oxida-
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tive defence in facilitating this very first step. Indeed, we
have previously shown that H2O2 stimulates translation
from the HCV IRES[14].
Amongst viruses, HCV and HIV infections are commonly associated with elevated oxidative stress in patients,
meaning that the viruses are continuously exposed to oxidative stress[123]. Coincidentally, they both cause chronic
infections and translation from their IRESs is both upregulated by H2O2, suggesting that the viruses can adapt
to and utilize oxidative stress to their own advantage[14,138].
Amongst cellular IRESs, translation from the IRESs of
nuclear factor erythroid-2 related factor 2 (Nrf2) and ferritin is stimulated by pro-oxidants[139-141]. Coincidentally,
these proteins are both involved in restoring redox balance, suggesting that upregulation of IRES translation
could be a homeostatic response to oxidative stress. Nrf2
is the coordinator of the anti-oxidant response to oxidative stress and translation from its IRES was stimulated
by H2O2[139,141]. Ferritin sequesters excess iron from catalyzing the Fenton reaction that leads to the production of
free radicals and translation from the ferritin IRES was
activated by iron (Figure 4)[140]. A protective response to
oxidative stress was also mediated by IRES translation in
a pathological setting of ischaemic insults[142]. A rapid rise
in the level of H2O2 damaged the neuron but at the same
time, conferred neuroprotection to ischaemic insults by
stimulating translation from the Sp1 IRES. Altogether
these results suggest that one of the adaptive responses
to oxidative stress could be at the level of translation
and that an IRES is being deployed to achieve this. It is
interesting to see whether viruses co-opted a homeostatic
cellular IRES in their counter-defence against oxidative
stress or vice versa.

2790

March 21, 2014|Volume 20|Issue 11|

Chan SW. Oxidative stress-activated IRES translation

persistent infection.
Met

tRNAi

eIF2a

+

MECHANISMS OF IRES TRANSLATION
UNDER OXIDATIVE STRESS CONDITION

40S
ribosome

GTP

How then could an IRES facilitate an adaptive oxidative response? All protein synthesis relies on eIF2α to
deliver MettRNAi to the 40S ribosomal subunit by forming a ternary complex eIF2 α -GTP- MettRNA i (Figure
5)[147]. Following hydrolysis of GTP to GDP, the eIF2αGDP complex leaves the ribosome. GDP is converted to
GTP in an exchange reaction catalyzed by the exchanger
eIF2B, allowing eIF2α-GTP to be recycled for more
complex formation with MettRNAi to continue translation
initiation. Phosphorylation of eIF2α at Serine-51 (Ser-51)
inhibits eIF2B, thus arresting protein synthesis at the
step of GDP-GTP exchange. To date four mammalian
eIF2α kinases have been known. They are the RNA-activated protein kinase (PKR), PKR-like ER eIF2α kinase
(PERK), heme-regulated inhibitor of translation (HRI)
and the mammalian homologue of yeast eIF2α kinase
general control nonderepressible 2 (GCN2)[148-151]. These
kinases share similarity in their kinase domains but differ
in their regulatory domains allowing them to respond to
distinct stress stimuli whilst phosphorylating eIF2α at
the identical residue Ser-51. PKR is specifically activated
by ds-RNA during virus infections; PERK is specifically
activated by ER stress; HRI is specifically activated by
heme deficiency in erythroid cells primarily involved in
the regulation of haemoglobin synthesis whereas GCN2
is specifically activated by amino acid starvation. We have
shown that H2O2 is also a stress signal to induce phosphorylation of eIF2α although currently we do not have
evidence to suggest which of the four mammalian kinases is operating in our system[14]. All of the four kinases
have been shown to be the eIF2α kinase under different
oxidative stress conditions and in different cell types:
HRI in arsenite-induced oxidative stress; GCN2 in UV-irradiation-induced oxidative stress and PKR and PERK in
H2O2-stimulated osteoblastoma and HEK293 cells[152-156].
It is equally possible that oxidative stress-induced eIF2α
phosphorylation is a result of inhibition of a phosphatase rather than activation of a kinase[157].
Little is known of how MettRNAi is delivered to maintain IRES translation under oxidative stress condition,
when eIF2α is phosphorylated. So the question will be
under this condition what is used to deliver MettRNAi?
Although many eIFs are dispensable for IRES-mediated
translation, almost all still rely on eIF2 α to deliver
Met
tRNAi, thus are sensitive to the inhibitory effect of
phospho-eIF2α. The HCV IRES is no exception. Under
non-stressed condition, translation from the HCV IRES
is still dependent on eIF2α to deliver MettRNAi[158-160].
However, some IRESs can evade this critical step of
translational control and allow them to maintain translation under conditions that would otherwise inhibit
protein synthesis. First, instead of downregulation by
phospho-eIF2α, translation from select viral and cellular

40s ribosome

eIF2a

mRNA

GTP
+

eIF2a
GDP
eIF2a

GTP

GTP
eIF2B
GDP

Figure 5 Delivery of MettRNAi to the ribosome. Eukaryotic translation factor
(eIF)2α forms a ternary complex with guanosine triphosphate (GTP) and the
tRNA for the first methionine (MettRNAi) to deliver MettRNAi to the 40S ribosomal
subunit. Following hydrolysis of GTP to guanosine diphosphate (GDP), the
eIF2α-GDP complex leaves the ribosome. GDP is converted to GTP in an exchange reaction catalyzed by the exchanger eIF2B. eIF2α-GTP can then be recycled for more ternary complex formation with MettRNAi to continue translation
initiation. When eIF2α is phosphorylated at Serine-51 (red), it inhibits eIF2B.
Thus GDP cannot be exchanged for GTP and protein synthesis is arrested at
this step.

Will all viruses possessing an IRES element be capable of taking advantage of oxidative stress to increase
their replication rate? IRES is present in all members of
the Picornaviridae family including poliovirus, rhinovirus
(common cold), encephalomyocarditis virus, foot-andmouth disease virus and hepatitis A virus[143]. Picornavirus IRESs are divided into Type I-V based on structural
and functional similarity[144]. Type Ⅳ IRES is grouped
with IRESs from the two genera Hepacivirus and Pestivirus
of the Flaviviridae family (here known as HCV-like IRES),
leading to the speculation that HCV acquired an IRES
element from picornavirus in the distant past by recombination[143,145]. This may explain why IRES is not a common feature of the Flaviviridae family and is absent from
the genus Flavivirus. IRESs have also been found in some
retroviruses and DNA viruses establishing chronic/latent
infections such as HIV and Kaposi’s sarcoma-associated
herpesvirus[138,146]. It is interesting to see whether responsiveness to oxidative stress is a function preserved in all
HCV-like IRESs regardless of whether they establish an
acute or chronic infection or it is a function evolved with

WJG|www.wjgnet.com

2791

March 21, 2014|Volume 20|Issue 11|

Chan SW. Oxidative stress-activated IRES translation

A derepression mechanism
This is similar to the positive regulatory mechanism in
which oxidative stress stimulates IRES translation by increasing cytoplasmic level of ITAF. However, in this case,
the IRES activity is normally repressed by being locked
into a weakly active conformation by a repressor protein. Oxidative stress induces eIF2α phosphorylation to
shut down global protein synthesis including that of the
repressor. As the repressor level drops, oxidative stress increases the cytoplasmic level of an activator ITAF, either
by promoting its cytoplasmic shuttling or by one of the
mechanisms mentioned above. The release of the repressor allows binding of the activator ITAF to induce a conformational change in the IRES to activate translation. In
this case, the H2O2-responsive element has been mapped
to a negatively regulating domain that inhibits basal IRES
translation. An example can be found in the HIV IRES,
although in this case the repressor and activator ITAFs
have yet to be identified to support this derepression hypothesis[138].
As for HCV, we currently do not have evidence to
suggest how H 2O 2 activates IRES translation. However, others have found that iron stimulates translation
from the HCV IRES, via upregulation of eIF3 and La
mRNAs[175,176]. Iron catalyzes the Fenton reaction in the
conversion of H2O2 into the highly oxidizing and damaging .OH (Figure 4)[111]. Thus iron promotes oxidative
stress and iron overload is frequent in HCV patients[105].
Although these studies did not show a direct correlation
between oxidative stress and IRES translation, they provide an indication of how this might work and the similarity with the two proposed mechanisms in that they all
involve an ITAF. Further work will be required to dissect
the mechanisms of how H2O2 activates translation from
the HCV IRES.
Still exactly how oxidative stress stimulates IRES
translation is far from clear. Despite collectively known as
IRES, each IRES is unique in terms of sequence, structure, use of eIF and ITAF, mechanism of translation and
response to stress. Cellular IRESs are distinctly different
from viral IRESs in that they are naturally capped, flatter
and for most, depend on short motif rather than overall
structure to function[38,39]. HIV-a retrovirus-has a capped
mRNA which is translated by a cap-dependent mechanism under normal circumstances[177]. For HIV and some
cellular genes, IRES-mediated translation serves as an
alternative mechanism of translation under stress conditions[138]. In contrast, when IRES-mediated translation
represents the main (sole) mechanism of translation in
RNA viruses such as picornavirus and HCV the mRNAs
are uncapped[38]. Thus it is anticipated that the mechanisms used to respond to oxidative stress would be as
diverse as the IRES itself.

IRESs is actually upregulated by phospho-eIF2α[161-163].
The exact mechanism of how phospho-eIF2α upregulates select IRES translation is unclear. Regarding HCV,
there is no evidence that translation from the HCV IRES
is upregulated by phospho-eIF2α, either under stress
conditions that induce phosphorylation of eIF2α or by
ectopic expression of a phospho-mimetic eIF2α-SD
(substitution of Ser-51 with Aspartate-51 which mimics
the structure of phospho-eIF2α)[14,164,165]. Secondly, a minority of IRESs does not require any eIFs for translation.
The cricket paralysis virus intergenic IRES simply folds
to mimic the function of MettRNAi[166]. The HCV IRES
can also operate without eIF. However, this “factor-less”
translation was performed under in vitro condition, using a non-physiological high concentration of Mg2+[167].
It is not known whether the HCV IRES can operate in
an eIF-less mode of translation in vivo. Thirdly, IRES
translation can switch from eIF2-dependent to eIF2independent mode of translation under stress conditions
or during virus infections that induce phosphorylation
of eIF2α. Translation from the poliovirus IRES during
early phase of infection was dependent on eIF2α but
was independent of eIF2α during late phase of infection
and this eIF2-independence was assisted by the viral 2A
protease[168]. HCV infection also induces phosphorylation
of eIF2α[169]. Translation from the HCV, classical swine
fever virus (CSFV) and the cellular XIAP IRESs was resistant to the inhibitory effect of eIF2α phosphorylation
by switching from eIF2-dependent to eIF2-independent
mode of translation, using alternative eIF such as eIF5B,
eIF2A or eIF2D/ligatin to deliver MettRNAi[158-160,170-173]. It
remains to be seen which mechanisms operate to deliver
Met
tRNAi in IRES translation under oxidative stress condition.
However, the use of an eIF2-independent mode of
translation simply allows translation to operate at a lower
efficiency when the more efficient canonical eIF2αdependent pathway is inhibited[158,160]. The HCV IRES
behaves in a very different way under oxidative stress
condition in that translation is not only maintained, but is
actually upregulated, suggesting a different or additional
way of regulation under oxidative stress condition[14,174].
This is similar to the HIV and Nrf2 IRESs, in which
translation is stimulated by oxidative stress[138-139,141]. Thus
far two mechanisms have been proposed by which oxidative stress stimulates IRES translation, both of which
involve ITAF, stressing the importance of ITAF in translational regulation during oxidative stress.
A positive regulatory mechanism
A positive regulatory mechanism in which oxidative stress
stimulates IRES translation by increasing cytoplasmic
level of ITAF, either by promoting its cytoplasmic shuttling or by one of the mechanisms mentioned above. An
example can be seen in the Nrf2 IRES. H2O2 stimulated
Nrf2 IRES translation by increasing shuttling of its ITAF,
La, to the cytoplasm[141]. In this case, the H2O2-responsive
element has been mapped to a region responsible for
both basal and H2O2-induced IRES activity[139].
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“QUASISPECIES”/INTRA-HOST IRES
VARIANTS IMPACT ON OXIDATIVE
RESPONSIVENESS AND PERSISTENCE
HCV genome exhibits a high degree of sequence varia-
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tion, with > 30% difference between genotypes and
20%-25% between sub-types[178]. Due to structural constraint, the 5’ UTR (which contains the IRES element) is
the most conserved region, but substitutions along the
IRES region are common amongst genotypes, sub-types
and even “quasispecies”/intra-host variants[93,179]. Substitutions have been mapped to the stem, loop and unpaired
regions[36,180,181]. Most of the substitutions in the stem regions are co-variants thus preserving the structural integrity of the IRES element. A minority of substitutions in
the stem regions results in loss of base-pairing and alteration in IRES structure and hence function. Substitutions
mapped to the loop or unpaired regions are important as
well, as they may contain binding sites for the ribosomal
subunit, eIF3 and ITAFs[36,182,183]. Therefore, despite being
a highly conserved region, slight alteration in the IRES
sequence can have a profound effect on basal IRES
translation and responsiveness to stresses. The efficiency
of genotypic IRESs has been compared in various studies. IRESs from some genotypes or sub-types were more
efficient in mediating basal translation (i.e., under nonstressed condition), however, the results are not consistent across studies, most probably due to the use of
different IRES regions in their studies and the existence
of intra-genotypic variation in the IRES sequences used
in different studies[184-186]. Indeed, substitutions are commonly found in closely related IRES sequences isolated
from a single patient and some of these substitutions impacted a substantial change in the translational efficiency,
highlighting the fact that HCV exists as a swarm of variants each with slightly different IRES sequence and structure hence efficiency in basal translation and responsiveness to stresses/IFN[187]. It is well known that genotype
is a determining factor in patients’ response to IFN treatment. Comparison of IRESs from six genotypes did not
reveal any differences in their translational responsiveness
to IFN, however, IRESs isolated from sustained responders of genotype 3a patients had lower translation efficiencies than that from non-responders and were more prone
to IFN inhibition[188,189]. Other studies also identified
marked differences in the distribution of substitutions
between sustained responder and non-responder IRESs
and between pre-treatment and post-treatment IRESs
in non-responders, regardless of genotypes[190-193]. These
results further emphasize the significance of intra-host
IRES variants in determining stress/IFN responsiveness.
Variation in IRES sequence can also have an effect on
virus replication via two mechanisms. First, as many of
the translated proteins are required for virus replication,
a change in the translation efficiency can alter the availability of proteins involved in virus replication. Second,
the antisense IRES contains the promoter for the plus
strand synthesis in virus replication, thus variation in
IRES sequence can affect the rate of replication[194,195]. It
is therefore interesting to see whether intra-host variation
in IRES sequence will also result in a swarm of variants
with different degrees of replication efficiencies under
oxidative stress condition. This may also explain why
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opposing results were obtained regarding the effects of
ROS on HCV replication[17,127-137].
Therefore, studies with viruses with high sequence
variability such as HIV and HCV have been complicated
by the existence of a population of intra-host variants
in each patient. The collective response of this population of intra-host variants will ultimately determine the
response to oxidative stress and outcome of infection
(persistence).

CONCLUSION
HCV establishes a chronic infection[1]. To survive in a
harsh environment the virus needs to deploy a number
of machinery to evade the host anti-viral responses,
one of which is oxidative stress[113]. H2O2 induces phosphorylation of eIF2α resulting in inhibition of global
(including that of viral) protein synthesis and constitutes
an important defence against virus infection[14]. Possession of an IRES element enables some viral and cellular
genes to continue protein synthesis when the majority
of protein synthesis is inhibited by phosphorylation of
eIF2α, by means of (1) a phospho-eIF2α-dependent
mechanism[161-163]; (2) an eIF-less mechanism[166,167]; and (3)
an eIF2α- independent mechanism[158-160,168,170-173]. At present, there is no evidence to suggest which mechanism is
operating to enable translation from the HCV IRES to
proceed when eIF2α is phosphorylated by H2O2[14]. Thus
far studies on other IRESs have led to the proposal of a
positive regulatory and a derepression mechanism, both
involving H2O2-responsive ITAF, such as the La autoantigen, implicating a pivotal role of ITAF in H2O2-regulated
IRES translation[138-139,141].
HCV IRES appears to belong to a class of IRESs that
is translationally upregulated by H2O2[14,138-142]. This category of IRESs includes a number of cellular IRESs that
orchestrate the anti-oxidants response and IRESs from
viruses that establish chronic infections in a highly oxidative environment. It is interesting to see whether viruses
co-opted a cellular homeostatic IRES or it is an inherent
property of the viral IRES in the facilitation of a persistent infection.
HCV exhibits a high degree of sequence variability[178].
One must therefore take into consideration the collective
response of a swarm of intra-host variants, each with
different IRES structure and function and hence different translation and replication efficiencies under oxidative
stress condition and, as a functional unit, will ultimately
determine how well the virus can survive a highly oxidative environment in the process leading to persistence.
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long-term results, which may be affected by the progression of liver disease in the recipients. An accurate
selection of both donor and recipient is mandatory to
achieve a satisfactory long-term outcome.
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Abstract
INTRODUCTION

The increasing demand for organ donors to supply the
increasing number of patients on kidney waiting lists
has led to most transplant centers developing protocols
that allow safe utilization from donors with special clinical situations which previously were regarded as contraindications. Deceased donors with previous hepatitis C
infection may represent a safe resource to expand the
donor pool. When allocated to serology-matched recipients, kidney transplantation from donors with hepatitis
C may result in an excellent short-term outcome and a
significant reduction of time on the waiting list. Special
care must be dedicated to the pre-transplant evaluation
of potential candidates, particularly with regard to liver
functionality and evidence of liver histological damage,
such as cirrhosis, that could be a contraindication to
transplantation. Pre-transplant antiviral therapy could
be useful to reduce the viral load and to improve the
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The increasing demand for available organ donors for
kidney transplantation has led many transplant centers
to expand their acceptance criteria by including deceased
donors with special clinical situations, such as potentially
transmittable infections.
Kidney transplantation is nowadays considered the
best replacement therapy for patients with end-stage
renal disease (ESRD); therefore, there is a clear need to
expand the current donor pool. One strategy focuses on
the use of donor kidneys with viral hepatitis, and several
organ procurement associations have adopted the policy
of accepting kidneys from deceased donors with hepatitis
C infection.
Defining the natural history of hepatitis C infection
in ESRD patients remains difficult for several reasons:
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et al[29] found that patients with active viral replication
at the time of kidney transplantation had a significantly
increased incidence of liver disease and reduced renal
function. Moreover, active viral replication was an independent risk factor for post-transplant mortality and graft
failure among HCV-positive recipients.
The prevalence of diabetes mellitus is higher in HCVinfected patients post-transplant, and chronic HCV infection is associated with decreased patient and graft survival
when compared with patients who are not infected with
HCV[26,27]. Additionally, liver failure has been implicated
as the cause of death in 8%-28% of renal transplant recipients in the long term[30], and death from hepatocellular carcinoma and cirrhosis was notably higher among hemodialysed patients who were HCV antibody-positive[9].
While short-term results are similar to those of patients who are not infected with HCV, data about the
long-term outcome of HCV-infected kidney transplants
showed a lower graft and patient survival among HCV
recipients, with liver failure being the primary cause of
death in these patients (10%-22%)[31,32].

the disease extends for many years, and the onset of the
disease is frequently unknown[1]. Moreover, the infection
is likely to be asymptomatic with an apparently indolent
course. HCV infection has been estimated to occur in
7.8%-9.2% of the ESRD population, and fortunately its
incidence is slowly declining all over the world[2-5]. ESRD
patients have a relative risk of death between 1.41 and
1.78[5-8], and a recent meta-analysis quantified the relative risk of death in ESRD patients with HCV infection
as 1.57[9]. The natural history of HCV infection in renal
transplant recipients is not well known[10]: most transplant
centers do not perform a liver biopsy before transplant
and in addition, compared to those with normal renal
function, ESRD patients with HCV have lower serum
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and albumin levels, lower viral loads (usually
<� 1 million copies/mL), and less hepatic steatosis[11-26].
Moreover, HCV-positive renal transplant recipients may
have higher morbidity and mortality, making long-term
consequences difficult to assess[1,26].
The presence of anti-HCV antibodies is an independent and significant risk factor for death and graft failure
in renal transplant recipients[11], and many transplant centers have recently reported a lower graft and patient survival in HCV-positive recipients[2-5,8,12-25]. Multicenter surveys[17-19] have confirmed that HCV-seropositivity confers
an additional risk for death in renal transplant recipients.
There are several factors that may influence patient
survival in HCV-seropositive patients: the progression of
liver disease[25-27] (although all studies have not incorporated a liver biopsy in the pre-transplant work-up), the immunosuppressive therapy, the development of new-onset
diabetes mellitus after transplantation, and the higher risk
of cardiovascular disease[1].
However, the benefit in terms of survival advantage
of renal transplantation in patients with HCV infection vs
long-term dialysis has been demonstrated in many retrospective studies[23-25,28], and no studies have demonstrated
a diminished survival after kidney transplantation, so that
kidney transplantation should now be considered the
treatment of choice for ESRD patients with HCV infection. HCV infection has a negative impact on the survival
of ESRD patients due to the increased risk of cardiovascular events[8,9]. Although some studies have reported
a high relative risk of death from liver disease of up to
5.79[8], only a small proportion of deaths were attributable to liver disease (2%-14%)[8,9], probably because most
patients die of other clinical conditions before the liver
disease can progress to a clinically relevant disease.
While survival is improved in this group of patients
compared to HCV-infected patients with ESRD who do
not undergo renal transplantation, debate in the literature
continues as to the short- and long-term outcomes of
patients with chronic HCV infection undergoing renal
transplantation compared with ESRD patients without
HCV infection who are transplanted. It is known that viral loads increase following renal transplantation (1.8- to
30.3-fold): in a recent retrospective study, Gentil Govantes
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KIDNEY TRANSPLANTATION FROM
DECEASED HCV-POSITIVE DONORS
The widely accepted opinion that HCV infection may
be transmitted from donors with HCV infection with a
frequency of 100%[33] has yielded the opinion that HCVpositive kidneys should not be transplanted. However,
this policy could determine a discard of about 5% of
organ donors, aggravating the organ shortage. A recent
survey[7] demonstrated that in 93825 deceased donors in
the United States between 1995 and 2009, HCV-positive
kidneys were 2.60-times more likely to be discarded. Interestingly, only 29% of HCV-positive recipients received
HCV-positive kidneys, and more than 50% of HCVpositive kidneys were discarded.
Nowadays, many transplant centers have adopted the
policy of accepting kidneys from HCV-positive organ donors for HCV-positive recipients, even if the safety of the
use of kidneys from HCV-infected donors has not been
fully elucidated[34-36]. Evidence suggests that outcomes
of HCV-positive recipients who receive kidneys from
HCV-positive donors are slightly worse than outcomes
of HCV-positive recipients who receive a kidney from
similar HCV-negative donors[7]. However, HCV-positive
recipients who received HCV-positive kidneys have a
significantly lower waiting time than their HCV-negative
counterparts[7], with no adverse effects on short-term patient and graft survival[37-40]. Although some authors have
advocated avoiding the use of HCV-positive kidneys in
recipients older than 65 years due to the higher risk of
infectious complications[3], there is no clear evidence that
older age may have an impact on graft survival in patients
receiving kidney transplantations from HCV-positive donors[40]. However, up to 20% of patients may have reactivation of the disease after transplantation[40], and the time
to reactivation may be shorter in renal transplant recipi-
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ents of HCV-positive kidneys. The clinical importance of
HCV reactivation following kidney transplantation from
HCV-positive donors is controversial and, although some
studies demonstrated a higher rate of liver disease in recipients of HCV-positive kidneys compared to recipients
of HCV-negative recipients, graft survival was not different between the two groups[41-43].
While kidney transplantation confers a significant
advantage in terms of patient survival in ESRD patients
with HCV infection when compared to maintenance
hemodialysis, donor HCV serologic status is independently associated with an increased risk of mortality[44].
Abbott et al[45] evaluated 38270 United States Renal Data
System (USRDS) Medicare beneficiaries awaiting kidney
transplantation and demonstrated that transplantation
from HCV-positive donors is associated with improved
survival when compared with patients on the waiting list,
although this advantage was not as substantial as transplantation from all deceased donors. However, a recent
survey by Kucirka et al[7] showed that kidney transplantation from HCV-positive donors was associated with
1.29-times increase in the risk of death; this was reflected
in a difference of only 1% in 1-year survival and 2% in
3-year survival.
In a recent study, Morales et al[43] compared 162 kidney transplant recipients receiving a graft from an HCVpositive donor with 306 receiving a kidney graft from an
HCV-negative donor: five- and ten-year patient survival
was 84.8% and 72.7%, respectively, in the group of patients receiving a graft from an HCV-positive donor vs
86.6% and 76.5% in recipients of an HCV-negative graft
(P = 0.250). Five- and ten-year graft survival was not statistically different between the two groups. Decompensated liver disease rate was also not significantly different
between the two groups (10.3% vs 6.2%).
A historical cohort study of 36 956 deceased United
States adult donor renal transplant recipients over a 5-year
period from 1996 to 2001 demonstrated that receiving
an HCV(+) donor kidney was independently associated
with increased mortality, primarily as a result of nonHCV infection, presumably due to the theory that acute
HCV infection places transplant patients at risk for overimmunosuppression as a direct inhibitory effect of HCV
on T-cell function[46].
Recent evidence has suggested that kidney transplantations from HCV-positive donors may have a worse graft
outcome when compared with HCV-negative recipients[8,47-49], and eradication of HCV infection before transplantation seems to reduce the risk for HCV-associated
renal dysfunction after transplantation and may reduce the
risk for HCV disease progression, thereby providing the
rationale for treatment of HCV before transplantation.
The issue of transplanting kidneys from HCV-positive organ donors into anti-HCV positive/HCV RNA
negative recipients has not been fully addressed: in a retrospective study, Morales et al[50] demonstrated a higher
rate of viral reactivation among anti-HCV positive/HCV
RNA negative recipients who received a kidney from an

WJG|www.wjgnet.com

anti-HCV positive donor. Based on these findings, many
transplant centers adopted the policy of transplanting
kidneys from anti-HCV positive donors into HCV RNA
positive recipients, restricting the use of HCV-positive
donors to recipients with active viremia[1,40]. The use of
organs from viremic HCV-positive donors into HCVRNA negative recipients would have the effect of reintroducing HCV infection, whereas using HCV-positive
kidneys in HCV RNA positive recipients can determine
a superinfection with a different genotype[1], with many
severe clinical consequences.
Ideally, donors and recipients should be matched for
HCV genotype to minimize the risk of superinfection,
even if this procedure is rarely performed during a deceased donor evaluation.
Organs from HCV-RNA positive donors should be offered only to viremic recipients or even discarded, due to
the high rate of viral reactivation after transplantation[40].
However, a large multicenter trial demonstrated that
the type of genotype might not have a significant impact
on survival among patients with ESRD, since the survival
in patients with mixed infection was similar to that of patients with a single HCV infection[51].

PRE-TRANSPLANT EVALUATION AND
TREATMENT
All kidney transplant candidates undergo a full evaluation
of serologic markers, including anti-HCV serology.
In dialysis patients with chronic HCV infection, serum
aminotransferase levels are not reliable in determining disease activity and fibrosis severity, and uremic patients may
be more likely than non-uremic patients to have persistently normal serum aminotransferase levels. Therefore, the
presence of persistently normal serum aminotransferase
levels does not exclude the presence of significant liver disease[52]. While recent observations suggest that liver biopsy
is not useful in anti-HCV positive/HCV-RNA negative
patients[53], all anti-HCV positive ESRD patients should undergo an HCV-RNA evaluation, and all HCV-RNA positive patients should undergo a liver biopsy (Figure 1).
The information obtained from liver biopsy is mandatory in the decision making for acceptance of an antiHCV positive ESRD patient to the waiting list for a
kidney transplantation. In fact, biochemical tests are not
useful for reflecting the histological severity of liver damage, and liver disease may progress rapidly after transplantation.
Although recent studies suggest that kidney transplantation alone could be feasible even in patients with biopsy-proven cirrhosis with a hepatic portal venous gradient
less than 10 mmHg[54], the finding of pre-transplant cirrhosis has been clearly associated with a strong reduction
of survival in renal transplant recipients[52,55], and now it
is considered a contraindication to kidney transplantation
alone. Information about the progression of liver disease
after transplantation is lacking: most of the studies have
demonstrated the progression of liver disease in kidney
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Anti-HCV positive ESRD renal transplant candidates

HCV-RNA positive

HCV-RNA positive

Liver biopsy

Minimal to mild activity
Minimal to mild fibrosis
No cirrhosis

Consider for antiviral
treatment
(PEG interferon monotherapy)

Severe fibrosis
Cirrhosis

Not responsive or not suitable
for antiviral treatment

Consider for combined
liver-kidney transplantation

Waiting list for kidney
transplantation from either
anti-HCV positive or negative
organ donors

Sustained viral response for 6 mo

Consider for Kidney transplantation
from anti-HCV negative donor

Figure 1 Proposed algorithm for the evaluation and allocation of renal transplant candidates with hepatitis C virus infection. ESRD: End-stage renal disease;
HCV: Hepatitis C virus; PEG: Polyethylene glycol.

histology remained stable (or even improved) in the majority of re-biopsied kidney transplant recipients: 16% of
the liver biopsies obtained after transplant showed histologic improvement when compared with the baseline pretransplant sample, whereas only 23% showed progression
of liver injury.
Kucirka et al[12] analyzed more than 6000 kidney transplantations from the UNOS database and demonstrated
that only 29% of HCV-positive deceased donor kidney
recipients received a graft from an HCV-positive donor.
It was of interest that kidney transplantation from HCVpositive donors could reduce by more than one year the
waiting time for HCV patients, but those who received a
kidney from an HCV-positive donor had a 2.6-fold higher
risk of joining the liver transplantation list.
Since most studies[61-66] demonstrated a rate of 20%-100%
of acute rejection in HCV-positive kidney transplant
recipients treated with interferon alfa, post-transplant
treatment is now contraindicated, and the only therapeutic management of HCV infection in ESRD patients
listed for kidney transplantation remains pre-transplant
treatment, whenever possible. Optimal management of
HCV infection should occur prior to the development of
ESRD, when both interferon and ribavirin can be used to
maximize viral response. However, for those patients who
are not diagnosed until after they have reached ESRD or
who contract HCV after ESRD develops, treatment options are more limited given the relative contraindication
to ribavirin in the setting of renal failure and the need for
close monitoring for hemolysis and anemia in the event

transplant recipients, but data on pre-transplant biopsies
are not reported.
Cross-sectional studies suggest that about 25% of
HCV(+) patients with ESRD have significant fibrosis
pre-transplant[1]. Zylberberg et al[56] retrospectively compared the liver histopathology of 28 HCV(+) kidney recipients to that of 28 controls. Over a period of 7 years,
hepatic fibrosis worsened in 50% of patients, and 21%
developed cirrhosis. In a prospective cohort study by
Alric et al[57], serial liver biopsies in 30 renal transplant recipients, performed at 4 and 7 years following renal transplant, demonstrated a progression of liver fibrosis in 30%
of the patients. In contrast, Kamar et al[58] demonstrated
no progression of liver fibrosis in 50% of patients. The
rate of progression among kidney transplant recipients
was lower than in HCV-infected patients without ESRD,
probably due to immunosuppressant effects that result
in less inflammation and subsequent fibrosis in response
to HCV infection[56-58]. Recently, in a study evaluating the
progression of liver disease in a HCV-positive cohort of
kidney transplant recipients, de Oliveira Uehara et al[59]
demonstrated a progression of liver fibrosis in 50% of
patients and a worsening of necro-inflammatory activity
in 32%: progression of liver disease was noted even in
patients without significant histological alteration before
transplant.
In contrast, Roth et al[60] evaluated the progression of
liver disease in 44 HCV-positive kidney transplant recipients, where pre-transplant biopsy was available. Unexpectedly, despite many years of immunosuppression, liver
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of ribavirin use[67]. In addition, ESRD patients have a lower tolerability to interferon, and two meta-analyses showed
a 17%-30% dropout rate in this patient population vs a
standard non-ESRD dropout rate of about 3%-10%[68].
Many small studies have demonstrated the efficacy of
interferon monotherapy in the treatment of HCV infection in ESRD patients. Two recent meta-analyses assessing the efficacy of interferon monotherapy have shown
sustained viral response (SVR, defined by an undetectable
HCV RNA <� 50
��������������������������������������
IU/mL in serum at least 6 mo after
stopping treatment) rates of 33%-37%[68] and this SVR
appears to continue post-transplant, minimizing the effect of post-transplant HCV glomerulonephritis.
The combination of ribavirin and interferon is problematic in ESRD patients, due to the low clearance of
ribavirin by dialysis, exacerbating the risk of hemolysis
in patients already at higher risk of anemia. Some small
studies demonstrated a SVR of 66% in ESRD patients[64],
but the risk/benefit ratio related to adding ribavirin was
not established. Given the difficulty with hemolysis when
using ribavirin in ESRD, extreme caution with close
monitoring of ribavirin levels is recommended[3].
At this time, there are data, albeit limited, supporting the safety of pegylated interferon as monotherapy
for the treatment of hepatitis C in patients with ESRD.
Gupta et al[69] showed that less than 50% of pegylated
interferon alfa-2b is renally cleared and that hemodialysis did not appear to affect its clearance. Unfortunately,
there are little data on tolerability, with a wide range of
withdrawal rates in the three studies performed above:
from 0% to 73%[3]. However, Werner et al[70] recently
reported a 45% SVR among 22 HCV-positive ESRD patients treated with PEG-IFN monotherapy.
In patients with normal renal function, similar enhancements in SVR rates are seen when pegylated interferon is combined with ribavirin. Based on this finding,
the most promising recent development in the treatment
of chronic HCV-infected patients with ESRD is the use
of pegylated interferon combined with low-dose ribavirin, despite the known risks with ribavirin use in patients
with chronic renal failure.
Rendina et al[71] completed a randomized, controlled
trial involving 35 patients treated with 135� μg/wk of
pegylated interferon alpha-2a and low-dose ribavirin 200
mg daily every other day for 48 wk. The study showed a
97% SVR rate despite an early withdrawal rate of 15%,
with only 6% withdrawal due to lack of tolerability and
no adverse events reported.
Summarizing, recent evidence suggests that the standard
of care for treatment of HCV-positive ESRD patients is
interferon monotherapy. Whether pegylated IFN offers
advantages over non-pegylated IFN is unknown[71,72]. The
treatment duration with IFN monotherapy is typically 48
wk[71,72], but non-responders may be identified even after
3-6 mo of treatment. Genotypes 1, 4, 5 and 6 are more
resistant to IFN therapy and need a longer course of
treatment[73]. Patients who fail to achieve HCV RNA of <
50 IU/mL after 6 mo of treatment should be considered
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as non-responsive and generally should have treatment
discontinued.

POST-TRANSPLANT TREATMENT AND
HCV GLOMERULONEPHRITIS
Treatment of HCV in kidney transplant recipients is not
routinely recommended[74,75] because of concerns about
IFN precipitating acute rejection. However, there are
clinical circumstances in which a risk/benefit assessment
may favor treatment.
In the study by Aljumah et al[55], 19 HCV-positive
kidney transplant recipients received treatment with a
combination of pegylated interferon and ribavirin for 48
wk, with an SVR in 42.1% of patients. Only one patient
developed a borderline acute rejection.
HCV-associated glomerulonephritis can recur after
kidney transplantation and cause progressive renal dysfunction, and antiviral therapy may be needed to prevent
graft loss; moreover, patients with advanced fibrosis or
severe cholestatic hepatitis warrant consideration of
treatment to prevent death as a result of liver-related
complications. Some data suggest that these transplant
recipients will benefit from treatment with IFN monotherapy or IFN plus ribavirin combination therapy[73-77].
Kidney injury in HCV-positive patients may be mediated through immunological and non-immunological
mechanisms. HCV-RNA and related proteins have been
found in mesangial cells, tubular epithelial cells and endothelial cells of glomerular and tubular capillaries, and
this has been associated with higher proteinuria, possibly
reflecting direct mesangial injury by HCV infection[77,78].
Kidney injury may be mediated by a systemic immune
response to HCV infection, which is mediated by cryoglobulins, HCV-antibody immune complexes or amyloid
deposition[79]. Persistence of HCV leads to chronic overstimulation of B-lymphocytes and production of mixed
cryoglobulins that are deposited in the mesangium and
glomerular capillaries[79]. This is usually associated with
histologic signs of vasculitis and downstream fibrinoid
necrosis of the glomeruli.
Non-immunologically mediated kidney injury may be
related to high levels of fasting serum insulin and insulin
resistance, which promote proliferation of renal cells[80].
This histological kidney injury represents HCV-related
glomerulonephritis, which may develop many years after
initial infection with HCV[72]. The most common HCVrelated nephropathy is membranoproliferative glomerulonephritis (MPGN), usually in the context of cryoglobulinemia. Most patients have no clear symptoms, but the
triad of purpura, asthenia and arthralgia is evident in 30%
of cases[81]. Renal involvement is reported in one third of
patients with cryoglobulinemia[82]. Glomerular disease may
manifest acutely in 5% of cases and the majority of patients develop hypertension: renal biopsy shows a pattern
of MPGN[82], and the diagnosis of HCV-related MPGN
is made by a positive test for serum HCV antibodies and
HCV RNA.
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The long-term outcome of HCV-related nephropathies is still not clearly defined; however, HCV-positive
patients were found to have a 40% higher likelihood for
developing renal insufficiency compared with seronegative
patients[83].
Hypertension, proteinuria and progressive renal failure
are the main clinical manifestations of HCV-associated
chronic kidney disease. Thus, renoprotection with either
angiotensin-converting enzyme inhibitors or angiotensin
[73]
Ⅱ receptor blockers must be applied . Antiviral therapy
should be attempted in hemodialysed patients[73]. In kidney transplant recipients with de novo glomerulonephritis
with low proteinuria and stable renal function, initiation
of antiviral therapy should be based on the degree of liver
damage. For patients with severe de novo glomerulonephritis and high risk of chronic graft failure, antiviral therapy
(IFN alone or in combination with ribavirin) should be
initiated as soon as possible[73].
Immunosuppressive treatment should be adapted to
prevent rejection while minimizing viral replication. Experimental studies[84] have shown that cyclosporine may
inhibit the intracellular replication of HCV, independently
of its immunosuppressive activity. However, in the clinical
setting this antiviral effect of cyclosporine remains controversial[50,85].
Findings of the USRDS registry reported a better
graft survival in recipients treated with mycophenolate
mofetil (MMF) than in those on other immunosuppressive therapy[50]. However, a prospective study reported
an increase in viral replication in patients on MMF therapy[86], suggesting that the immunosuppressive therapy
should be adapted to patients’ clinical conditions.
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FUTURE CHALLENGES
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Kidney transplantation is the best replacement therapy
for HCV-positive ESRD patients, as it confers a survival
advantage when compared to dialysis. Kidney transplantation from HCV-positive donors into HCV-positive
recipients may be useful to expand the donor pool, by
increasing the rate of utilization of these kidneys. While
short-term results are conflicting, kidney transplantations
from HCV-positive donors permit a reduction in waiting
time for kidney transplantation with long-term graft and
patient survival similar to HCV-positive recipients receiving a kidney from an HCV-negative donor. However,
de novo HCV-related glomerulonephritis and the higher
risk of chronic humoral rejection may hamper the graft
survival in these patients. Future studies should address
the optimal immunosuppressive therapy aiming to reduce the risk of liver disease progression and the risk of
cardiovascular complications, such as new-onset diabetes
mellitus after transplantation, which may be increased in
HCV-positive kidney transplant recipients.
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Histopathological evaluation of recurrent hepatitis C after
liver transplantation: A review
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tures with prognostic relevance (cholestasis above all).
The usefulness of ancillary techniques are discussed,
especially HCV RNA quantitation by RT-PCR. Finally, the
usefulness of long-term protocol biopsies is addressed:
their usefulness for the study of allograft disease progression is clear, but their meaning in the long term is
still debated. The significance of plasma cell infiltrate in
HCV-positive allografts, the prognostic weight of graft
steatosis, and the impact of donor age in recurrent
hepatitis C also represent additional open issues.
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Core tip: Recently, tissue hepatitis C virus (HCV) RNA
quantitation by means of reverse transcription-polymerase chain reaction has been largely used in the
early post-orthotopic liver transplantation (OLT) phases,
especially in the differential diagnosis of recurrent
hepatitis C vs mild acute rejection, replacing immunohistochemistry in some laboratories. Nevertheless, the
importance of tissue HCV RNA quantitation in the long
post-OLT term has not been clarified yet. The suitability
and usefulness of protocol biopsies are still debated:
protocol biopsies may be necessary in order to answer
other open questions, such as the significance of plasma cell infiltrate in HCV-positive allografts, the prognostic weight of HCV-induced steatosis, and the impact of
donor age in recurrent hepatitis C.

Abstract
Although the morphological features of hepatitis C virus
(HCV) recurrence after orthotopic liver transplantation
(OLT) have been well established in the last decades,
the differential diagnosis still represents a challenge
for the pathologist, especially early recurrent hepatitis
C vs mild acute cellular rejection. The present review
focuses on the role of the pathologist and the pathology laboratory in the management of recipients with
recurrent hepatitis C, the usefulness of early and late
post-OLT liver biopsies, and the potential role of ancillary techniques (immunohistochemistry and reverse
transcription-polymerase chain reaction, RT-PCR). The
English literature on the topic is reviewed, focusing
on the histopathology, the immunohistochemistry and
the use of RT-PCR on HCV-positive post-OLT biopsies.
The different histopathological illustrations of early and
chronic recurrent hepatitis C are presented, with special
focus on the main differential diagnoses and those fea-
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a progressive cessation of early protocol biopsies in many
centers. In our center, protocol biopsies are not performed, and we introduced the concept of “first-event”
biopsy. The “first-event” biopsy is defined as the biopsy
taken at the very first increase in transaminase level and/
or clinical worsening after OLT[22]. Although we realize
that this approach cannot be free from selection bias, the
histopathological and reverse transcription-polymerase
chain reaction (RT-PCR) studies of the tissue obtained
from the “first-event” biopsies can provide valuable diagnostic and prognostic data on HCV recurrent disease (see
also the RT-PCR section)[22,23].
The onset of “typical “ acute recurrent hepatitis C
is generally recorded within 4-12 wk after OLT, but according to Demetris, it “can be detected as early as 10 to
14 d”[12]. Saraf et al[24] reported a case of a woman who
experienced recurrent hepatitis C at day 9, attributing
the early onset to the advanced donor and recipient ages.
In our most recent experience, 75% of HCV-positive
recipients had a histopathological diagnosis of recurrent
hepatitis C after a mean of 86 d, but with a high variability, including a case of recurrent hepatitis C after 3 d[22].
This finding is in agreement with Pacholczyk et al[13], who
reported the minimum recurrence time in their series at
5 d. These “extreme” cases of early recurrent hepatitis C
are very rare, but they are not to be excluded a priori, also
taking into account HCV virulence and immunosuppression suitability. In any case, experience has taught us that
the diagnosis of recurrent hepatitis C after such a short
period requires tissue HCV RNA quantitation, as well
as the clinical and histopathological exclusion of other
possible causes of graft damage, e.g., ACR, early surgical
complications, ischemia/reperfusion injuries, and other
early complications, which have a much higher incidence
in the first days after OLT.

org/10.3748/wjg.v20.i11.2810

INTRODUCTION
End-stage liver disease due to chronic hepatitis C virus
(HCV) infection is the leading indication for orthotopic
liver transplantation (OLT) in Western countries[1]. HCV
reinfection is virtually universal after OLT, and up to
70% of patients are expected to experience histological
recurrent hepatitis C[2-13], with a higher risk of graft loss
and mortality compared to recipients undergoing transplantion for other etiologies[5,14-16]. It is noteworthy that
the incidence of HCV disease in allografts has increased
since the nineties according to the literature, probably
due to the application of more effective immunosuppression regimens. Indeed immunosuppression, especially the
steroid boluses given in the case of acute cellular rejection (ACR), inevitably accelerate the virus-mediated graft
damage, with a more aggressive course compared with
HCV disease in native livers[17-20]. Although some authors
have recently underlined a good outcome of HCV-positive recipients at 5 years after OLT[13], recurrent hepatitis
C still represents the major cause of graft failure.
In this setting, it is now recognized that the histopathological analysis of post-OLT liver biopsies can produce
valuable data for the diagnosis and prognosis of recurrent hepatitis C, and therefore for the management of
HCV-positive recipients, though in this case, no universal
approach is recognized. Moreover, the histopathological
diagnosis of recurrent hepatitis C implies many pitfalls
and a wide range of differential diagnoses, and it can be
very challenging especially in the early post-OLT phases.
The present review focuses on the role of pathologist and pathology laboratory in the diagnosis of recurrent hepatitis C, the objective usefulness of early and late
post-OLT liver biopsies, and the potential role of ancillary techniques in the diagnosis and prediction of the
disease progression.

HISTOPATHOLOGY OF EARLY
RECURRENT HEPATITIS C
Typical acute recurrent hepatitis C
On the basis of nearly 20 years of publications, Demetris
classified the histopathological presentation of recurrent
hepatitis C into three groups: the “typical” presentation
(acute and chronic), fibrosing cholestatic HCV hepatitis
(FCH), and a plasma cell-rich variant[12]. Each of these
histopathological variants can be intertwined with other
post-OLT complications (ACR above all).
Lobular hepatitis observed in “typical” acute recurrent hepatitis C is similar to the acute viral damage
observed in the very first phases of hepatitis C in nontransplanted livers, but has very low (or absent) portal
tract involvement. In particular, early recurrent hepatitis
C is characterized by lobular architectural disarray with
Councilman bodies and spotty necrosis, Kupffer cells activation, and mild lymphocytic sinusoidal infiltrate[1,12,25,26]
(Figure 1). The Councilman bodies (or acidophilic bodies) are the expression of the apoptotic death of hepatocytes during lobular damage. The formation of apoptotic

LIVER BIOPSY IN EARLY ACUTE
RECURRENT HEPATITIS C
The timing and the indications of post-OLT liver biopsies represent a key step in the management of HCVpositive recipients. Although the decision is normally
made by the surgical team, and therefore does not directly
involve the pathologist, the practice of protocol biopsies
after OLT might influence the whole transplant team.
As early recurrent hepatitis C, as well as the early allograft damage that can simulate it, are clinically and
serologically evident, early liver biopsies are usually performed for established clinical indications. Moreover,
complications after liver biopsy are rare but potentially
serious, and the histopathological report of a biopsy performed with normal tests does not usually influence the
therapeutic approach[21]. For these reasons, there has been
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Figure 1 Typical histopathological appearance of acute recurrent hepatitis C. A: Lobular architectural disarray, lobular necrosis with lymphocytic sinusoidal
infiltrate and visible Councilman bodies (black arrow) are evident, as well as a mild portal tract inflammation (arrowhead); hematoxylin-eosin stain, × 20 magnification;
B: Detail of the same case at × 40 magnification: note the high number of Councilman bodies in a single field (black arrows), and a minimal amount of macrovesicular
steatosis.

bodies was described during hepatitis C, both in native
livers and OLT allografts, as a consequence of several
mechanisms including direct cytotoxicity by HCV, activation of the extrinsic apoptotic pathway by the recipient
immune system, and sensitization to the FasL/CD95
intrinsic pathway by HCV core proteins[27-29]. In the OLT
setting, the morphological features are further complicated by immunosuppression. The first quantitation of
Councilman bodies in the allograft differential diagnosis
was performed in 2002 by Saxena et al[30], who found a
two-fold higher mean number of apoptotic bodies per
cm2 in recurrent hepatitis C than in ACR. The authors
also suggested that the finding of > 50 acidophilic bodies in the whole biopsy was strongly indicative of recurrent hepatitis C[30]. Some years later, in order to obtain
more reproducible results, our group evaluated the socalled “Councilman bodies/portal tract ratio” (“C/P
ratio”), which simply represents the mean number of
Councilman bodies for each portal tract counted in the
biopsy[22,23]. The C/P ratio was the only histopathological
variable able to discriminate recurrent hepatitis C from
other conditions, as well as the only variable directly correlated with the intrahepatic HCV RNA load. Moreover,
high-risk recipients showed more Councilman bodies
than others, with a mean C/P ratio of 1.5 (see below)[22].

the median hepatitis activity grade and the Banff score
were significantly higher than in “usual” acute recurrent
hepatitis C[34]. The occurrence of a peculiar sinusoidal
pattern of fibrosis was also described as important for
the diagnosis of FCH[34]. According to a recent paper,
the diagnosis of “cholestatic HCV” requires at least three
out of four histological features (ductular reaction, cholestasis, hepatocyte ballooning and periportal sinusoidal
fibrosis), 1 mo after OLT, after exclusion of other causes
of cholestasis. These histological features seem to have a
prognostic meaning as well[35].
FCH is likely to affect over-immunosuppressed recipients[36], with a massive viral replication, as reflected by the
occurrence of very high viral loads in both serum and
liver tissue, as reported in different papers from the end
of the nineties[22,33,37]. Notably, in one paper, the tissue
HCV RNA levels in the native explanted liver correlated
with a higher risk of FCH[38].
Histopathological variants: Plasma cell-rich recurrent
hepatitis, a still open issue
In 2007, Khettry et al[11] described nine cases (10% of
their series) of recurrent hepatitis C with periportal and
centrolobular necrosis and inflammation, characterized
by a prominent plasma cell component. The authors
named this entity “post-liver transplantation autoimmune-like hepatitis” and postulated that the interplay
among the recipient’s immune system, HCV replication
and antigenicity, and immunosuppression therapy might
occur in the development of this “hyperimmune” inflammatory reaction. Furthermore, although on the basis of
non-scheduled biopsies, this “autoimmune-like hepatitis”
seemed to be related to fibrosis progression[11]. In the
same period, Fiel et al[39] highlighted that more than 80%
of “plasma cell hepatitis” in their series occurred after a
reduction in immunosuppression (calcineurin inhibitors),
and that 55% had at least one previous episode of rejection. These findings led the authors to the conclusion
that the plasma cell hepatitis was a form of rejection. An
editorial by Demetris et al[45] in the same year underlined

Histopathological variants: Fibrosing cholestatic HCV
hepatitis
FCH is a quite peculiar presentation of recurrent hepatitis C, although it was first described in a HBV-positive
OLT recipient[31]. FCH is characterized by an early onset
(within 1 year) and an overall poor prognosis, due to the
rapid fibrosis progression and the poor response to conventional antiviral therapies[6,32]. At histology, FCH shows
hepatocyte swelling and ballooning, spotty necrosis with
Councilman bodies, cholestasis with ductular reaction and
a ductular-type interface activity, with a mild mixed portal
infiltrate (Figure 2A-C). Late alterations include periportal fibrosis and cirrhosis (Figure 2D)[6,12,32-35]. In a previous
study on 10 FCH cases (on 135 HCV-positive recipients),
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Figure 2 Histopathological appearance of fibrosing cholestatic recurrent hepatitis C. Hematoxylin-eosin stain × 10 (A) and × 40 (B) magnification: note the
lobular architectural disarray, the portal tract fibrosis and distortion, the lobular necrosis with Councilman bodies and the cholestasis with hepatocellular feathery
degeneration and ballooning. The immunohistochemistry for keratin 19 (C) highlights the prominent ductular reaction, while the reticulin stain (D) indicates advanced
fibrosis.

that HCV can stimulate some types of autoimmune alterations both in allografts and native livers[12]. Moreover,
antiviral therapy can unleash “autoimmune-mediated”
liver damage, as described for pegylated-interferon with
or without ribavirin[40-43]. Finally, a case-control study described the worse prognosis of plasma cell-rich hepatitis,
which interestingly was also correlated with the presence
of plasma cells in the explanted liver in one study, suggesting the existence of an immunological “disposition”
in some patients[44]. In 2009, Demetris classified the
plasma cell-rich “autoimmune” hepatitis as a histopathological variant of recurrent hepatitis C, albeit stating that
“determining whether this represents an autoimmune
variant of HCV, acute rejection, actual autoimmune
hepatitis, or a combination of these possibilities requires
a more thorough patient evaluation than what is currently
done at most centers and further study”[12,45].

other etiologies, the authors ascribed the granulomatous
disease to hepatitis C. In another retrospective study in
the same period, granulomas were found in 14 (1.7%) out
of 820 HCV-positive recipients[49]. In this series, 10 cases
were found on protocol biopsies, and four on biopsies
performed for clinical indications: the prevalent lobular
localization of the granulomas was confirmed, and since
most patients received pegylated interferon, the authors
hypothesized that “granuloma formation may be indicative of antiviral stimulation against intrahepatic HCV”[49].
The question whether this very rare biopsy finding represents a form of antiviral immune reaction, ultimately
drug-modulated, still remains open, as is the role of the
granulomatous reaction in fibrosis progression and graft
survival.

“CHOLESTATIC” RECURRENT HEPATITIS
C: PROGNOSTIC ROLE OF POST-OLT
LIVER BIOPSY

Histopathological variants: recurrent hepatitis C with
granulomas
Not included in the Demetris’ classification of 2009[12],
was the possibility of a liver granulomatous reaction as
presentation of HCV recurrent disease, first postulated
in a case reported by Bárcena et al[46], although HCV was
already listed as a possible cause of post-OLT granulomas in a series of 42 recipients in 1995[47]. Ten years later,
non-necrotizing lobular (more rarely portal) granulomas
were observed in unscheduled biopsies of four (8%) out
of 53 HCV-positive recipients[48]. After the exclusion of
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Apart from the assessment of fibrosis progression,
which will be discussed below, histopathological evaluation can play a prognostic role in the identification of
those morphological features predictive of a worse outcome. In addition to some still debated histopathological
characteristics, e.g., steatosis[50,51], apoptosis, or bile duct
proliferation[52], another feature with a well-known impact on recipient outcome is cholestasis (Figure 3). The
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Figure 3 Histopathological features with a prognostic significance in recurrent hepatitis C. Steatosis (A) and cholestasis (B) are well shown. Cholestasis can
be associated with bile duct proliferation (C) and/or hepatocellular ballooning (D). Hematoxylin-eosin stain, × 10 (A) and × 40 (B-D) magnification.

proposed[55]. We found that most recipients with previous
biliary complications belonged to the “high risk group”[22].
Future studies are required to investigate the intriguing
cross-connection among biliary complications, HCV replication and recurrent hepatitis C.

relationship between cholestasis and a more severe form
of recurrent hepatitis C is well established[6,53]. Recently,
Moreira et al[54] proposed the so-called “Histological Aggressiveness Score”, based on the presence or absence
of a prominent ductular reaction, hepatocellular ballooning, cholestasis, and periportal/sinusoidal fibrosis,
all features typical of the most severe form of recurrent
hepatitis C, i.e., FCH. In this study, 170 recipients were
stratified into three risk groups using these four histopathological features, which are not included in the conventional grading systems of chronic hepatitis[54]. In our
recent experience, the occurrence of a cholestatic recurrent hepatitis C was associated with a significantly higher
tissue HCV RNA, and also with a poorer outcome[22].
Although we agree that FCH is by far one of the most
aggressive forms of recurrent hepatitis C, we also believe
that severe HCV recurrence is not always an indication of
FCH. In our routine experience, more “traditional” features such as the amount of lobular necrosis (i.e., Councilman bodies), as well as the quantitation of intrahepatic
HCV RNA (as mentioned below), are strong predictors
of a poor outcome as well. Nonetheless, our results are
in agreement with Moreira’s, since 35% of our “high-risk
group” (or group 3, with both tissue and serum high viral
loads) experienced a cholestatic recurrent hepatitis C[22].
It should be borne in mind that Moreira et al[54] excluded
recipients with post-OLT biliary complications from their
study; conversely, we included these recipients in our
series, since a connection between recurrent hepatitis C
and post-OLT biliary complications has been previously
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CHRONIC RECURRENT HEPATITIS C: THE
PROTOCOL LIVER BIOPSY QUESTION
Protocol biopsies and fibrosis progression
Chronic (late) recurrent hepatitis C generally presents
6-12 mo after OLT. The main morphological features are
portal tract inflammatory infiltrate, mostly composed of
lymphocytes, with interface hepatitis and ductular reaction; the lobular necrosis with hepatocellular polymorphism persists depending also on the response to antiviral therapy[4,12,20,56]. The overall picture becomes similar
to the histopathological presentation of C hepatitis in native livers. The differential diagnosis of chronic recurrent
hepatitis C is usually not difficult for the pathologist, because of the typical histological picture, and because the
diagnosis of hepatitis C in liver allograft has already been
made on clinical grounds, if not with a previous biopsy.
Therefore, there is no full agreement on the usefulness
and indications of liver biopsy in this phase, since fibrosis progression in allografts represents the only valuable
parameter in the long term for prediction of OLT outcome[10,57-60]. The severity of fibrosis progression in the
allograft is determined early: some authors demonstrated
that hepatitis grade and fibrosis stage within the first year
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after OLT might identify those patients with a possible
rapid fibrotic evolution[18,52,61]. In order to evaluate and
follow fibrosis progression, some centers adopt annual
protocol liver biopsies, while others favor the clinical
follow-up, with the execution of biopsies only in the case
of an increase in transaminase levels or worsening of the
clinical picture.
In a first key study conducted on recipients followed
by protocol biopsies, Gane et al[5] concluded that recipients with moderate chronic hepatitis at 1 year bore a significantly higher risk of cirrhosis development at 5 years,
than recipients with mild hepatitis activity. Years later,
large analyses on the usefulness of long-term protocol
biopsies showed that the proportion of healthy allografts
tended to decrease with time after OLT[62,63]. Moreover,
in a series of 245 patients with at least 1 year of followup the presence of normal transaminase levels virtually
excluded liver damage in non-HCV recipients, while in
HCV-positive recipients, the serum tests seemed to be
less sensitive, and the authors concluded that the longterm protocol biopsies were useful to assess the progression of recurrent hepatitis C[62]. This is confirmed by the
fact that most centers worldwide do not perform longterm protocol biopsies for indications other than HCV[21],
while in HCV-positive recipients protocol biopsies are
still applied in most centers.
The assessment of the hepatitis grade is important
as well, as it correlates with staging and fibrosis progression[57,64,65]. Firpi et al[66] found that a fibrosis stage > 2
according to Ishak and/or an hepatitis activity index > 4
at 1 year correlated with a faster fibrosis progression. In
a highly selected series of patients, Baiocchi et al[67] found
a strong relationship between grade (especially portal inflammation) and fibrosis progression after 1 year. Furthermore, in a series of 159 patients, Ghabril et al[68] found that
the HCV activity grade (Ishak > 4) even in the explanted
liver was predictive of a more rapid graft fibrosis progression after OLT.
In a series, the fibrosis progression in HCV-positive
recipients was calculated as 0.8 units (according to Ishak)
per year; interestingly, this mean value increased with
donor age > 55 years, and decreased with donor age <
35 years[66]. Donor age was confirmed to be an important
predictor of faster fibrosis progression in HCV-positive
recipients also in further studies[69-74], although not in
others[65,75]. Other risk factors include viral quasi-species,
number of episodes of ACR, and changes in immunosuppression, as well as the sustained virological response
to antiviral therapy[52,58,76].

positive recipients 1 year after OLT, especially with genotype 3 infection. HCV can directly induce steatosis by
alteration of mitochondrial functions or by interference
with the lipid metabolism pathway[79]. However, many
factors other than HCV infection are likely to play a role
in graft steatosis, including donor-specific characteristics
such as donor age, or the occurrence of pre-transplant
hypertension[50]. This issue surely deserves further studies,
since post-OLT steatosis and metabolic syndrome seem
to be related, with a higher risk of fibrosis progression
1 year after OLT[50,70,81,82], although not all investigators
agree[83,84].

HISTOPATHOLOGICAL DIFFERENTIAL
DIAGNOSES OF RECURRENT HEPATITIS C
Recurrent hepatitis C vs acute cellular rejection
The most important differential diagnosis in the early
post-transplant phases lies between recurrent viral hepatitis and ACR, especially of mild grade, and is primarily
based on liver biopsy[12,26]. Actually, fully reliable guidelines clearly distinguishing recurrent hepatitis C from
mild ACR at histology are not available yet, and the
diagnosis is still characterized by low inter- and intraobserver agreement[85]: pathologist experience and the
interplay between clinician and pathologist play a pivotal
role in diagnosis and recipient management. The more
characteristic histopathological features of early recurrent
hepatitis C are lobular necrosis, steatosis, and Kupffer cell
hyperplasia[26,30,32]. Conversely, the commonest findings in
ACR include mixed portal tract inflammatory infiltrate
with interface hepatitis, bile duct damage and venulitis,
with or without lobular damage[30,86,87] (Figure 4), although
in mild ACR these morphological features can be lacking
in small biopsies. Since ACR and recurrent hepatitis C often co-exist in the same allograft[12], and since early HCV
recurrent disease can sometimes mimic some ACR features (e.g., venulitis or biliary damage)[88,89] (Figure 4C and
G), it was also suggested that the Banff criteria should
be downgraded in HCV-positive recipients. For example,
ACR should be diagnosed only in cases with > 50% of
portal tract inflammation with biliary damage and/or >
50% of venulitis[26]. The relevance of this topic is that
an ACR over-diagnosis might lead to over-immunosuppression, with serious consequences on HCV replication
and graft survival. In fact, in order not to lose any graft
to rejection, it is the protocol of many institutions to
give the recipient a steroid bolus even only on the basis
of a clinical suspicious of ACR, sometimes without liver
biopsy. Although the typical features of ACR and HCV
recurrence are easily recognizable when singularly present, the “overlap” of the two conditions still represents
a challenge for the pathologist; in our institution RTPCR for HCV RNA quantitation is mostly used for this
differential diagnosis, as also suggested by others[23,28,90,91].
Other important, albeit less frequent conditions that are
included in the differential diagnosis with early recurrent

Graft steatosis in recurrent hepatitis C
Steatosis is another long-term histopathological alteration
that was firstly considered specific of HCV recurrent
disease after OLT in the past[77], especially in association with the HCV genotype 3[78,79], and it was described
also in C hepatitis in non-transplanted livers[80]. Recently,
Brandman et al[50] have confirmed the presence of some
degree of steatosis in nearly 30% (45 out of 152) HCV-
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Figure 4 Histopathological appearance of recurrent hepatitis C (left) and acute cellular rejection (right). Portal inflammation is commonly mild in recurrent
hepatitis C (A), with a predominant lympho-monocytic infiltrate and mild bile duct invasion (B), while in acute cellular rejection there is a mixed and more pronounced
inflammatory infiltrate (E), with evident bile duct invasion (F). Endothelialitis can be found in both conditions (C, G). Lobular necrosis is more typical of recurrent hepatitis C (D); in acute cellular rejection hemorrhage and sinusoid dilatation are more evident (H).

hepatitis C are ischemia/reperfusion injury, post-OLT
surgical complications, and drug reactions. Of note, the
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occurrence of preservation injuries in HCV-positive recipients was correlated with a poorer outcome[92].
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Other differential diagnoses
The FCH histopathological picture is quite peculiar, and
the main differential diagnoses include: ischemic injury
due to hepatic artery thrombosis, extrahepatic biliary
obstruction, adverse drug reactions, and chronic rejection (after 6 mo). All these conditions are characterized
by hepatocyte ballooning, perivenular centro-lobular
necrosis, cholestasis and Kupffer cell activation, as seen
in FCH[32,35,93]. However, some features are distinctive of
particular conditions, such as pilocytic neutrophil infiltrate
in ascending cholangitis, portal edema, ductular reaction
with neutrophils, and periductular fibrosis in large bile
duct obstruction, and a scarcity of biliary ducts with mild
portal inflammation in chronic rejection. In this latter
case, the timing is important too. Finally, the distinction
between FCH and “typical” recurrent hepatitis C, with
or without fibrosis or cholestasis, is mainly based on the
rapidity of graft failure and the lack of response to antiviral therapy. However, histology alone cannot be enough
for a certain diagnosis of FCH, and the clinical picture,
together with HCV RNA quantitation are required[94].
As discussed above, the differential diagnosis of
plasma cell-rich hepatitis is very difficult, also because the
distinction between “autoimmune” damage, “hyperimmune” damage (HCV- or drug-induced), and “alloimmune” damage (i.e., a plasma cell-rich rejection) is not
always sharp. The clinical setting is crucial for the correct diagnosis of the recipient: the occurrence of de novo
autoimmune antibodies (antinuclear antibodies, smooth
muscle antibodies, LKM1 > 1:320 and anti-GSTT1), a
concurrent autoimmune disease and/or the serum markers can lead to the diagnosis of de novo autoimmune hepatitis[12,39]. According to a recent proposal by Fiel et al[39], a
diagnosis of de novo autoimmune hepatitis is recommended when plasma cells represent at least 30% of the total
inflammation, and interface hepatitis and lobular necrosis
are mainly represented by plasma cells.
Cytomegalovirus (CMV) infection is a common complication of OLT (up to 17%)[95], and is not likely to
influence the course of HCV disease or ACR[96]. Since
the distinctive features of CMV infection (e.g., nuclear
inclusions) are frequently absent in the post-OLT biopsy,
lobular necrosis and disarray together with variable portal
inflammation can add to the differential diagnosis in early
recurrent hepatitis C[95]. Other non-specific, albeit helpful
morphological findings in CMV infection, apart from the
typical inclusions, are represented by mild bile duct damage, lobular microabscesses and lobular microgranulomas. In cases where CMV infection is suspected, specific
immunohistochemistry (IHC) is recommended.
Chronic recurrent hepatitis C is characterized by a
portal mononuclear infiltrate with variable degrees of
interface hepatitis. The biliary damage can be present,
but it is not as severe and/or widespread as in chronic
rejection, where bile duct regression can be the prevalent
feature, also in the absence of inflammatory infiltrate[12].
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ANCILLARY TECHNIQUES:
IMMUNOHISTOCHEMISTRY
HCV detection in liver tissue
Since the nineties, many studies have tried to investigate
the possible use of IHC to establish the presence of
HCV antigens (mainly nonstructural antigen 4 or NS4,
and c-100) in liver tissue. Notably, almost all these studies
identified some grade of IHC positivity in HCV-positive
patients, but without correlations with the histological
findings and the clinical data[97-101]. However, it must be
borne in mind that these IHC techniques often lacked
reproducibility between laboratories, and cross-reactions
were found in some cases[37,102].
Ballardini et al[103] first applied IHC for different HCV
antigens (c100, c33, c22, NS5) in HCV-positive OLT
recipients, and showed that IHC positivity appeared in
hepatocyte cytoplasm “in almost all livers at day 20 postOLT”[104]. Among the cases with acute lobular hepatitis,
a median of 80% of positive hepatocytes was found,
while in all other cases the percentage positivity was
never greater than 30%[103]. The authors concluded that
IHC might be used to support the diagnosis of recurrent
hepatitis C when histology alone was not conclusive[104].
Studies from our group confirmed a strong correlation
between IHC positivity in hepatocyte cytoplasm and
intrahepatic viral load with RT-PCR[23,105]. IHC detection
of HCV was associated with the typical histopathological
features of hepatitis C (hepatocyte single-cell necrosis,
bile duct damage, cholestasis, lymphoid aggregate) in a
single study[106], while in another paper post-OLT IHC
positivity for anti-HCV core proteins correlated with
IHC positivity in explanted livers and with the development of a cholestatic recurrent hepatitis C[107]. Finally, a
recent work with a monoclonal antibodies against HCVenvelope 2 found a stronger positivity in definite or
probable recurrent hepatitis C than in other conditions
(including ACR)[108]; this IHC positivity did not correlate
with HCV RNA serum levels.
Hepatic stellate cell activation
IHC has been used in the investigation of some features
which can indirectly be related to recurrent hepatitis C
diagnosis and progression. Some papers of the same
period applied IHC for α smooth muscle actin (α-SMA)
in order to detect activated mesenchymal hepatic stellate cells (HSC) in the portal tracts and fibrous septa
in OLT specimens from HCV-positive recipients[109-111].
The amount of α-SMA-positive cells were predictive
of recurrent hepatitis C with high histological activity,
leading to an HSC-mediated rapid fibrosis[110], regardless
of the amount of collagen deposition measured by the
trichrome stain[111]. For the study of HSC activation in
recurrent hepatitis C, glial fibrillary acid protein has also
been proposed and compared with α-SMA[112].
Meriden et al[52] have studied keratin 19 (K19) in bile
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duct proliferation and the expression of vimentin in
HSC, portal mesenchymal cells and some biliary epithelial
cells, with an increased expression of both markers in
those patients with faster fibrosis progression, independently of the amount of collagen deposition as measured
by Sirius Red. Early activation of HSC preceding collagen
deposition was also described and, together with bile duct
proliferation, was determined to play a role in fibrosis
progression.

in biopsies of HCV recurrence with lobular hepatitis,
regardless of the occurrence of genotype 1b. Moreover,
tissue HCV RNA seemed to decrease in the transition
from lobular (acute) hepatitis to chronic hepatitis C,
probably due to the host’s response against HCV in the
long term. Finally, an interesting positive correlation between the levels of HCV RNA at the first pre-transplant
biopsy and the risk of chronization was found[122]. In the
same year, Cirocco et al[90] confirmed on a series of 23 biopsies that tissue HCV RNA was significantly higher in
recurrent hepatitis C cases than in other allograft conditions: moreover, the same authors confirmed these data
using in situ RT-PCR on 25 recipients[123]. According to
Aardema et al[124], who studied four sequential protocol
biopsies in 26 recipients, intrahepatic HCV RNA was
directly related to the degree of lobular hepatitis, but not
to serum HCV. A semi-quantitative analysis of the HCV
intermediate RNA filament, a marker of viral replication, showed that HCV started replicating very early after OLT: interestingly, this replication correlated with the
other viral antigens, but neither with histological hepatic
damage nor with serum HCV[125]. A further semi-quantitative PCR analysis on non-protocol biopsies showed that
intrahepatic HCV RNA correlated with Fas mRNA and
DNA fragmentation, which represent important indexes
of liver cells apoptosis[28].
Gottschlich et al[91] confirmed in 2001 the usefulness
of tissue HCV RNA quantitation in the differential diagnosis between recurrent hepatitis C and ACR, on 72 biopsies from a series of 36 OLT recipients. After stratifying the recipients into different histopathological groups,
i.e., recurrent hepatitis C (probable and definite), indeterminate, and ACR (probable and definite), they noticed
significantly higher HCV RNA levels in the HCV groups,
even if the “probable rejection” group had high levels as
well. The authors hypothesized that ACR episodes might
be able to increase viral replication or, more likely, that
recurrent hepatitis C and ACR can coexist, with hepatitis C as the predominant process. The conclusions were
that recipients with low intrahepatic HCV RNA were not
likely to have recurrent hepatitis C, although high HCV
RNA did not exclude ACR[91].
Starting from these assumptions, in 2008 our group
carried out RT-PCR quantitation of non-scheduled biopsies from 65 consecutive HCV recipients: in this work we
confirmed that intrahepatic HCV RNA correlated with
IHC positivity for viral antigens and Councilman bodies
(C/P ratio, see above), and we described a 73% sensitivity
and 85% specificity for RT-PCR in discriminating recurrent hepatitis C from other conditions, assuming a cut-off
value of 1.1 IU/ng[23]. One year later, in a methodological study on 215 biopsies, we described the correlation
between intrahepatic HCV RNA and IHC, serum HCV
RNA, and the main liver serum markers[105]. Finally, we
recently proposed that the quantitation of HCV RNA on
the “first biopsy”, together with the serum HCV RNA,
might have a prognostic impact. Indeed, on the basis of
tissue and serum HCV RNA loads, we stratified 83 HCV

Other applications of immunohistochemistry
Claudin-1 protein is a tight junction protein expressed
mainly on the apical-canalicular site of hepatocytes, and
represents one of the most important HCV receptors.
A recent study by Zadori et al[113] on 12 HCV-positive allografts found that cases with low apical Claudin-1 IHC
expression at 1 year after OLT had a better response to
antiviral therapy. Moreover, a correlation between Claudin-1 and the degree of fibrosis was found.
As far as the differential diagnosis between recurrent
hepatitis C and ACR is concerned, some markers have
been proposed. The utility of IHC for C4d is still debated: some preliminary analyses reported that C4d tissue
positivity, detected by means of IHC or immunofluorescence, was markedly higher in rejection cases than in
recurrent hepatitis C[114-116]. However, a more recent study
found C4d positivity in 17.6% of ACR biopsies vs 25.9%
of recurrent hepatitis C[117]. These results illustrate the
controversial use of C4d for routine diagnosis.
MacQuillan et al[118] studied the expression of MxA
protein, a GTPase involved in interferon pathway activation, on 14 HCV-positive OLT patients, and found
higher MxA expression in hepatocytes and monocytes of
recurrent hepatitis C cases. These results are in contrast
with Borgogna et al[119], who found a positive correlation
between MxA expression and ACR, although they also
observed a lower rate of fibrosis progression in patients
with recurrent hepatitis C and concomitant strong MxA
expression. These studies included cases with HCV-ACR
overlap and cases treated with steroid boluses, which
were likely to further confuse the scenario, and according to the same authors, validations on wider series are
required.
The IHC evaluation of the cell-cycle marker minichromosome maintenance protein-2 (Mcm-2) was also
proposed in the literature: a single study found up to 24%
of Mcm-2 positive hepatocytes in recipients who later
developed fibrosis, vs 5% of patients without fibrosis[120].
Moreover, the portal tracts in ACR biopsies were reported to show more Mcm-2-positive lymphocytes, than in
recurrent hepatitis C biopsies[121].

ANCILLARY TECHNIQUES: RT-PCR
HCV RNA quantitation in liver tissue
The first study of tissue HCV RNA quantitation was carried by Di Martino et al[122] on 84 biopsies from 33 HCVpositive recipients and HCV RNA was markedly higher
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recipients into three categories: (1) tissue HCV RNA ≤
1.5 IU/ng with any serum HCV RNA (68% recurrence
rate and 0% HCV-related mortality); (2) tissue HCV RNA
> 1.5 IU/ng and serum HCV RNA < 4 × 107 copies/mL
(91% recurrence rate and 14% mortality); and (3) tissue
HCV RNA > 1.5 IU/ng and serum HCV RNA ≥ 4 ×
107 copies/mL (100% recurrence rate and 45% HCVrelated mortality). Moreover, we lowered the diagnostic
cut-off value to 0.85 IU/ng, with 89% sensitivity and
71% specificity[22]. Prospective studies on larger series are
required in order to confirm the true prognostic value of
HCV RNA quantitation, and it is our opinion (together
with Gottschlich)[91] that RT-PCR alone can be misleading, and it must always be interpreted in the context of
the overall clinical and morphological background.

CONCLUSION
Although the morphological features of recurrent hepatitis C have been well described in the last few decades,
differential diagnosis can still represent a challenge for
pathologists, especially in the setting of early recurrent
hepatitis C and mild ACR. In addition to the clinical data,
essential for the exclusion of other pathological conditions, many ancillary techniques have been proposed, and
are mainly based on IHC. Very few of these techniques
have been used routinely, and nowadays HCV RNA
quantitation by means of RT-PCR has largely replaced
IHC for HCV in most laboratories. Indeed, albeit more
expensive, RT-PCR is by far more sensitive and specific
than IHC, and can be of great help in the early post-OLT
management of recipients, even if RT-PCR itself is likely
to be replaced in the future by some new technologies
(not included in the present review). An open question is
whether RT-PCR might be useful in the long post-OLT
term, i.e., if HCV RNA intrahepatic viral load after 1 year
or more might have a prognostic meaning, for example in
predicting fibrosis progression, or if other factors prevail,
such as the host immune system, HSC activation, etc.
Future prospective studies with an adequate follow-up
are surely required. Protocol biopsies represent another
important issue: without doubt they are very useful in the
study of allograft disease progression, but they are not
free from complications and might not be accepted by
patients. It is likely that each transplant team will formulate its policy for post-transplant biopsies in the future,
since arguments exist both in support of and against protocol biopsies.
There is no doubt that protocol biopsies will be indispensable in answering other open questions, such as the
significance of plasma cell infiltrate in HCV-positive allografts, the real prognostic weight of HCV-induced graft
steatosis, and the impact of donor age and graft characteristics in recurrent hepatitis C.

Interleukin-28B polymorphism
Apart from the quantitation of serum and intrahepatic
viral load, RT-PCR technology has recently also been
applied in the study of recipient genetic variability, such
as the case of interleukin 28B (IL-28B), or type-Ⅲ interferon, whose polymorphism has been correlated with
the response to antiviral therapy, or even spontaneous
viral clearance, in hepatitis C[126]. As for the OLT setting,
in an intriguing case report of a recipient engrafted with
two liver lobes from two different living donors, different
stages of fibrosis and different tissue HCV RNA were
found in the two grafts after 2 years; the authors attributed this diversity to the IL-28B genetic variants in the two
grafts[127]. In recent studies, different rates of sustained
virological response to therapy were reported according to the presence or absence of “favorable” IL-28B
genotypes (C/C and/or T/T genotype, according to the
different studies) both in donor and recipient livers[128-132].
Moreover, recipient IL-28B “non-C/C genotype” was an
independent risk factor for cholestatic recurrent hepatitis
C[133]. As underlined by Fabris et al[134] in non-transplanted
HCV patients, and also in OLT recipients, the decision
about antiviral therapy is driven by clinical indications,
such as transaminases level and HCV genotype, and
nowadays donor/recipient genotyping still does not help
the clinician in the decision. However, we guess that the
application of these technical procedures on donor and
recipient tissue will represent a valid aid for the pathologist (and the clinician) for the routine management of
HCV-positive recipients in the future.
Other cytokines analyzed by RT-PCR in the postOLT HCV setting are IL-2 and IL-4: in a series of
52 OLT recipients and 22 non-transplanted patients,
Dharancy et al[135] found that IL-4 expression was high
in severe hepatitis recurrence C cases, and lower in mild
HCV infection and HCV-negative cases; IL-4 expression
was confirmed in tissue by means of IHC.
Nowadays, molecular techniques such as microarrays
have been validated for use in the differential diagnosis
between recurrent hepatitis C and ACR[136]; this issue is
not discussed in the present review.
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Hepatitis C virus and metabolic disorder interactions
towards liver damage and atherosclerosis
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cardiovascular disease. The available clinical literature
on this item will be broadly reviewed and all the mechanisms possibly implied will be discussed.

Umberto Vespasiani-Gentilucci, Paolo Gallo, Antonio De
Vincentis, Giovanni Galati, Antonio Picardi, Internal Medicine
and Hepatology Unit, University Campus Bio-Medico of Rome,
00128 Rome, Italy
Author contributions: Vespasiani-Gentilucci U, Gallo P, De
Vincentis A, Galati G and Picardi A contributed to this manuscript.
Correspondence to: �����������������
Antonio Picardi, ��������
MD, PhD, Internal Medicine and Hepatology Unit, University Campus Bio-Medico of
Rome, Via Alvaro del Portillo 200, 00128 Rome,
Italy. a.picardi@unicampus.it
Telephone: +39-6-225411207 Fax: +39-6-225411944
Received: October 29, 2013 Revised: December 25, 2013
Accepted: January 3, 2014
Published online: March 21, 2014

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

Key words: �������������������
Hepatitis C virus; ������������
Metabolism; �����������
Insulin resistance; Diabetes mellitus; Steatosis; Fibrosis; Atherosclerosis; Cardiovascular risk
Core tip: In this review we will analyze the mechanisms
possibly contributing to the relationship between �����
hepatitis C virus (HCV)��������������������������������������
infection and altered metabolism, as
well as the clinical data suggesting that HCV-induced
metabolic disorders favour both the progression of liver
damage in terms of steatosis/fibrosis and the development of atherosclerosis. Particular attention will be
devoted to the highly debated topic concerning the link
between HCV infection and cardiovascular disease, a
time-related interpretation on the factors impacting cardiovascular risk in the course of HCV infection will be
provided, and, finally, the complex virus/host interplay
will be graphically synthesized to provide an intuitive
picture of the item.

Abstract
Hepatitis C virus (HCV) is one of the main causes of
liver disease worldwide, and alterations of glucose metabolism have reached pandemic proportions in western
countries. However, the frequent coexistence between
these two conditions is more than simply coincidental,
since ��������������������������������������������������
HCV can induce insulin resistance through several
mechanisms. Indeed, the virus interferes with insulin
signaling both directly and indirectly, inducing the production of pro-inflammatory cytokines. Furthermore,
the entire viral life cycle has strict interconnections with
lipid metabolism, and HCV is responsible for a “viral”
steatosis which is frequently superimposed to a “metabolic” one. Several evidences suggest that HCV-induced
metabolic disorders contribute both to the evolution of
liver fibrosis and, likely, to the progression of the other
disorders which are typically associated with altered
metabolism, in particular atherosclerosis. In the present review, we will examine in depth the links between
HCV infection and insulin resistance, liver steatosis and
diabetes, and analyze the impact of these interactions
on the progression of liver fibrosis and atherosclerosis.
Special attention will be focused on the highly debated
topic of the relationship between HCV infection and
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METABOLIC EFFECTS OF HEPATITIS C
VIRUS INFECTION
Hepatitis C virus (HCV) is one of the main causes of
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liver disease worldwide[1], with more than 150 million of
persons chronically infected, at risk of developing liver
cirrhosis and cancer. Moreover, HCV infection is associated with glucose and lipid metabolism disturbances.
Alterations of glucose metabolism, i.e., impaired fasting
glucose, impaired glucose tolerance and diabetes mellitus
(DM), have reached pandemic proportions in western
countries[2]. Their keystone is insulin resistance (IR),
they are closely linked to obesity and increase the risk
of cardiovascular events. Given the prevalence of HCV
infection and of these glucose metabolism disturbances,
their frequent relationship is not unexpected: however,
physiopathologically, it is not only coincidental. In fact,
the virus causes IR and predisposes to DM. Several
studies analyzed the frequency of DM in HCV-infected
patients and confirmed this association. IR and DM are
more prevalent in the course of HCV infection than in
other liver diseases, independently from the stage of fibrosis[3,4], and HCV infection increases the incidence of
DM after liver transplantation[5]; on the other side, the
prevalence of HCV infection among diabetic patients is
higher than in the age-matched general population[6].
The coexistence of these metabolic derangements affects the progression and prognosis of liver disease and,
at the same time, contributes to the systemic burden of
HCV infection. Indeed the virus, through interactions
with glucose and lipid homeostasis, via IR and steatosis,
adds other mechanisms of liver damage and participates
in the pathogenesis of non-liver-related disorders, such
as cardiovascular disease[7].

The target tissues of HCV-related metabolic disturbances are the liver, the primary site of infection, and
the skeletal muscle. It is very interesting to note that the
glucidic function of adipose tissue is not affected, unlike
what is commonly described in the course of “pure” IR
conditions[16]. Indeed, during euglycemic hyperinsulinemic clamp, patients with CHC without fibrosis and
metabolic syndrome show an endogenous glucose output more than three times the normal and an abnormal
muscle uptake of glucose, with a normal suppression of
lipolysis from adipose tissue[17]. The presence of hepatic
IR results in increased fasting glucose, while peripheral
IR determines a reduced uptake of glucose[17,18], with
the impairment of glucose oxidation. In a mouse model
transgenic for HCV core protein, Shintani et al[19] showed
that during a clamp with tracers infusion, the main site
of resistance was the liver, as demonstrated by the capability to stimulate the muscle uptake of glucose but the
failure to inhibit the endogenous glucose output. On the
contrary, in humans, Milner et al[18] demonstrated that IR
is principally peripheral, as evidenced by the decreased
glucose disposal in the absence of endogenous glucose
production (high dose clamp), without differences compared with healthy patients in glucose output at low
dose insulin. In addition, Vanni et al[17] confirmed the
predominant role of muscle in the development of IR,
with an approximate 80% of peripheral contribution,
demonstrating the higher glucose disposal during the
clamp in controls compared to HCV patients. Finally, after liver transplantation, HCV-diabetic patients show an
improvement in glucose tolerance but a persistent insulin
resistance in peripheral tissues, particularly in the skeletal
muscle[20,21]. �����������������������������������������������
All together, regardless
���������������������������������
of the prevalent site
of IR, whose analysis is likely influenced by the technique used (duration of clamp and dose of insulin) and
the population selected, it is evident that during CHC it
develops an exclusive insulin resistant state which is different, but often superimposed, to the host metabolic
derangements and that the two conditions influence and
enhance each other.

HCV and insulin resistance
Several epidemiological, experimental and clinical studies showed that chronic hepatitis C (CHC), from the
early stages of infection, is associated with alterations of
glucose metabolism. Indeed, both in retrospective and
in longitudinal studies, the risk of developing IR or DM
of HCV-infected patients, even when corrected for confounding factors, is approximately two-fold[8]. The most
commonly used surrogate measure of insulin-resistance,
i.e., the homeostatic model assessment (HOMA) index,
is elevated also in early stages of disease[9], and it is higher than in patients with chronic HBV-infection matched
for age, body mass index (BMI) and fibrosis[8].���������
Indeed,
although an association between HBV infection and glucose metabolism disorders has been suggested, possibly
secondary to HBV-induced pancreatic islet injury, epidemiological data are still highly controversial[10].
In addition, people with HCV infection are predisposed to develop DM approximately one decade earlier
that those without the infection[3]. Many studies demonstrated that eradication of HCV infection with antiviral
therapy is associated with a decrease of HOMA-index
and of the incidence of glucose metabolism alterations[11-13], although these data have not been universally
confirmed[14]. Moreover, the relationship between HCV
and IR seems to be dependent on viral load[8] and more
pronounced in genotypes (G) 1, 2 and 4[15].
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Molecular pathways of insulin resistance in HCV
infection
Many different mechanisms are associated with the development of IR during chronic liver disease and, in particular, in HCV-infection[10]. The virus directly interacts at
different points of the insulin signalling cascade. In liver
tissue from HCV-infected patients, Aytug et al[22] firstly
reported an inhibition of the ability of insulin receptor
substrate (IRS)-1 to associate with insulin receptor, a
critical point in the regulation of hepatic gluconeogenesis, mediated by a reduced tyrosine phosphorylation of
IRS-1 and a consequent defective downstream phosphorylation of phosphatidylinositol 3-kinase (PI3K) and
protein kinase Akt. In addition, the virus may interfere
with this pattern also through the up-regulation of the
protein phosphatase 2A (PP2A), which dephosphorylates and inhibits Akt[23], although other studies failed to
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demonstrate a correlation between intrahepatic levels of
PP2A and HOMA-IR. It is also interesting to note that,
in vitro, HCV leads to over-expression of PP2A by inducing endoplasmic reticulum stress[24]. In experimental
models based on the expression of HCV core protein,
Kawaguchi et al[25] described the involvement of suppressor of cytokine signalling-3 (SOCS-3), which promotes
the ubiquitin-mediated IRS-1 degradation; similarly,
HCV may activate the proteasome activator 28 gamma
(PA28γ) and, in the transgenic mouse, targeted delection
of PA28γ gene restores insulin sensitivity[26]. The HCV
core protein inhibits also the peroxisome proliferator
activated receptors (PPARs). In particular, an inhibition
of PPAR-α expressed in hepatocytes has been shown[27],
while the effect of the virus on PPAR-γ has been observed only in G3 infection, inducing an alteration of
adiponectin levels[28,29].
On the other side, HCV may also indirectly trigger IR
inducing the production of pro-inflammatory cytokines,
which contribute to the metabolic derangements not
only in infected tissues but also in uninfected ones, such
as the striated muscle. IL-18 and tumor necrosis factor
(TNF) are some of the main molecules involved[17,18].
The capability of these proinflammatory cytokines to
disturb insulin signalling is well recognized in the context
of DM and metabolic syndrome but it is also described
during chronic viral disease, irrespective of aetiology[30].
CHC is in fact associated with the up-regulation of T
helper 1 lymphocyte cytokines[19,31] and, in HCV-infected
patients, a relationship between the increased serum levels of soluble TNF receptors and HOMA-IR has been
described[32]. In a transgenic mice model expressing the
HCV core protein, IR was reverted by anti TNF-α antibodies[19]. In contrast, in a controlled study comparing
non diabetic patients with HCV infection to matched
uninfected controls, although serum levels of TNF-α
were significantly higher in the HCV cohort, correlating with the extent of histological injury, they were not
associated with IR in the multivariate model [33]. The
association between IL-18 and hepatic IR seems more
specific[17]. Indeed, IL-18 suppresses adiponectin expression in adipocytes and stimulates SOCS3 expression in
the adipose tissue of obese mice, providing an indirect
mechanism of IR.
A key
������������������������������������������������
role in the development of liver injury and
metabolic disturbances�������������������������������
is played by both hepatic and
systemic oxidative stress. In addition to chronic inflammation itself, t�������������������������������������������
he virus specifically induces reactive oxygen species (ROS) via multiple mechanisms involving the
core and other non-structural proteins. The result is the
loss of equilibrium between oxidants and antioxidant
defenses, which causes oxidative damage to liver cells
and interference with the mechanisms of DNA repair,
rendering hepatocytes more susceptible to mutageninduced alterations[34] and favouring fibrogenesis through
increased proliferation of hepatic stellate cells[35]. The
production of ROS may also be involved in the peroxidation of membrane lipids and structural proteins, such
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as those involved in lipid trafficking, therefore blocking
very low density lipoprotein (VLDL)��������������������
secretion and leading to steatosis[36].
HCV and steatosis
Steatosis is a typical feature of CHC, with a reported
prevalence of 40%-80%[37]. It is so frequent that, in the
past, it has been used as a diagnostic tool for the diagnosis of non-A non-B chronic hepatitis[38,39]. Among viral
hepatitides, the association between HCV and steatosis
seems somehow specific, since, for example, steatosis
�������������
in
HBV infection is as frequent as in the general population
and related to metabolic factors[40]. ���������������������
On the contrary, during CHC, steatosis prevalence remains so high also when
adjusted for metabolic risk factors (30%-40%)[41]. In fact,
although non-alcoholic fatty liver disease (NAFLD) and
CHC are both highly prevalent, epidemiological data
confirmed that the rate of steatosis in CHC is greater
than twice that expected on the basis of a simple random coexistence[42]. A direct viral effect on steatogenesis
is relevant, more frequent and severe in G3[43], where a
strong association is further supported by two observations: the correlation between steatosis grade and intrahepatic RNA titers and viral core protein expression[44,45];
the reduced or disappeared content of fat in the liver
after a successful antiviral treatment[46,47].
The exact mechanisms at the base of HCV-induced
steatosis are not definitely explained. HCV core protein
is able to increase free fatty acids synthesis[48], favours
the intracytoplasmic accumulation of lipids and reduces
their mechanisms of export and degradation[48,49]. The
entire HCV life cycle is in strict contact with lipid metabolism. HCV entry may be mediated by the low density lipoprotein (LDL) receptor[50]; HCV core protein
modifies VLDL secretion[51]; the virus diverts the host
lipoprotein assembly and secretion pathways for virion
export[52]; virions circulate complexed with lipoproteins
in low density lipo-viro particles that facilitate reuptake
by hepatocytes by fastening to the LDL receptor[53]. In
addition, it has been recently demonstrated that HCVinduced overexpression of seipin, a protein implicated
in maturation of lipid droplets whose surface is the seat
of the virus start of assembly[54], decreases virion export
and induces steatosis, possibly representing a defensive
mechanism against viral export. If confirmed, this evidence will lead to consider “viral steatosis” a defensive
mechanism. The accumulation of fatty acids in the
form of triglycerides may in fact represent a mechanism
through which render them not available for replication
complexes involving HCV. This hypothesis is supported
by the evidence that, when the degree of steatosis correlates with virus replication level, viral replication precedes fat accumulation and not viceversa[46,55,56]. On the
contrary, in metabolic patients, whose steatosis precedes
viral infection, the level of viral replication is not associated with the severity of fatty liver.
Going back to mechanisms specifically involved in
triglyceride accumulation, impaired secretion of lipids
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score is not correlated with HCV-RNA but with BMI[37],
and the steatosis is not or it is only partially modified by
antiviral treatment. Therefore, in patients with non-G3
infection, steatosis is regarded as more “metabolic” and
less “viral”, while in G3 ones, as more “viral” and less
“metabolic”. At the same time, it is not possible to assign
exclusively a type of steatosis to a specific or to a group
of genotypes. Indeed, it is clear that also genotypes
non-3 may induce some degree of viral steatosis and, at
the same time, also G3 may induce metabolic abnormalities. Many mechanisms, such as oxidative stress induced
by core protein, may simultaneously induce steatosis
(“viral”) and impair insulin signalling (“metabolic”). In
conclusion, the two types of steatosis can be observed
in all genotypes but steatosis phenotype, modulated by
metabolic abnormalities (primary metabolic dysfunctions
and host factors) and by all microheterogeneities in viral
genomic regions, will be more “viral” in G3 and more
“metabolic” in others.

from the infected hepatocytes has been the first historically considered. In fact, patients with CHC have low
levels of total cholesterol and triglycerides[57] and phenotypic similarities with familiar hypobetalipoprotinemia[58].
HCV induced hypobetalipoproteinemia is more commonly seen with G3 infection than with G1[59]. Moreover, in patients with G3 infection, but not in those with
G1, sustained virological response (SVR) significantly
reduced steatosis[46], and the disappearance of steatosis
in patients who responded to therapy was parallel to
the normalization of cholesterol and apolipoprotein B
levels[59,60]. Experimental models in transgenic mouse
showed that HCV core protein interfere with VLDL assembly by reducing the activity of microsomal triglyceride transfer protein (MTTP)[61,62], which is a rate-limiting
enzyme in lipoprotein metabolism. These data are
confirmed by the reduced intrahepatic levels of MTTP
mRNA observed in human liver of patients with CHC,
especially in those with G3[61]. Another contribute to
the blockage of lipoprotein secretion may be offered by
oxidative stress. In fact, the HCV core protein may accumulate in mitochondria and induce liver damage through
reactive oxygen species production[63], lipid peroxidation
of microsomal membranes and impaired VLDL secretion.
HCV induces steatosis also via ex-novo synthesis of
fatty acids. The virus activates the steroid responsive
element binding proteins (SREBP 1c e 2) that control
expression of enzymes involved in the fatty acid and
cholesterol metabolism[64], inducing de novo lipogenesis.
The virus can cause steatosis also by impairing metabolism and degradation of fatty acids. Indeed, HCV has
been shown to inhibit transcription of the nuclear factor
PPAR-α and this inhibition would reduce transcription
of enzymes involved in fatty acid oxidation, such as
the carnitine palmitoyltransferase-1 (CPT-1), which is
the rate-limiting enzyme of mitochondrial beta oxidation[65,66]. Finally, a great attention has been pointed on
the cytokines secreted by adipose tissue. For example,
serum adiponectin levels are low in patients with CHC,
with the lowest value observed in G3 infection[67], and
HCV can induce the overexpression of retinol binding
protein (RBP)-4 which is a steatogenic adipokine associated with the development of steatosis not related to
insulin resistance[68-70].
All these evidences are very important because they
highlight different possible meanings of the word “steatosis” in a patient with CHC. The virus can induce two
types of steatosis, i.e., metabolic and viral, with different
pathogenetic mechanisms, often overlapped. In addition, virus-induced steatosis may exist together with a
fatty liver due to other causes. The degree of steatosis
does not always have a direct correlation with the degree
of IR. It has been shown that patients with G1 and G4
infection have a level of IR, measured by the HOMA-index, greater than that of patients with G3 infection but
with a lower degree of steatosis (greater in G3)[8,9,19,57].
In most patients with non-G3 infection the steatosis
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Insulin resistance and steatosis: synergism with the
virus in the progression of liver disease
The clinical relevance of IR and steatosis in CHC resides
in the role played by insulin and fat accumulation in the
progression of fibrosis, response to antiviral therapy
and occurrence of hepatocarcinoma (HCC). ����������
While the
annual risk of developing HCC in HCV-related cirrhosis has been estimated to be 3% (2%-6%) per year[71],
a��������������������������������������������������������
recent metanalysis calculated that it is increased 17%
by overweight and 90%, almost doubled, by obesity[72].
Moreover, this risk is increased 3-fold by the presence
of DM, 37-fold by the co-existence of HCV and DM
and up to 100-fold by the association between HCV,
DM and obesity[42,72]. Despite most studies described an
association between steatosis and the degree of fibrosis,
at present, data are not univocal. Most of these studies
have a low statistical power and often lack multivariate
analysis. Moreover, this association may not be causal as
both conditions may simply represent the marker and
the consequence of the inflammatory activity[73-75]. In
this sense, in particular metabolic steatosis would also
be a marker of IR, responsible for both steatosis and
increasing fibrosis. In fact, by multivariate analysis, it was
IR and not steatosis that correlated with fibrosis, also in
G3[76,77]. IR represents a link between steatosis and fibrosis through the capability of insulin, glucose, and leptin,
whose receptors are expressed on stellate cells, to induce
the production of connective tissue growth factor[78].
Although the exact pathogenetic mechanisms are not
clearly understood, available data suggest a role also for
oxidative stress, lipid peroxidation and the higher levels
of proinflammatory cytokines, which are able to activate
stellate cells[79,80].
Concerning antiviral treatment, many studies reported that hepatic steatosis is negatively correlated
with SVR rates after peg-interferon and ribavirin treatment[69,81]. This association may be explained through
mechanisms that involve IR-induced SOCS, which in
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turn are responsible for a reduced activation of signal
transducer and activator of transcription (STAT) proteins involved in interferon signalling[82]. On the other
side, hepatic IR increases viral replication[83] and produces lipo-viro particles[84]. Since steatosis observed in G3
patients has not been related to decreased likelihoods of
SVR[47], it seems that the central and more specific role
is played by metabolic steatosis. At the same time, the
rationale of reducing IR to increase response to antiviral
treatment is not completely supported. A recent randomized clinical trial (TRIC-1) examined the effect of
adding metformin to standard therapy in the treatment
of CHC. The study demonstrated that patients infected
with G1 and with HOMA index > 2, treated with metformin, showed an early greater drop in viral load and
doubled SVR in women[85]. On the other hand, the correction of IR with pioglitazone didn’t improve response
to therapy in two different trials[86,87]. The different genotypes and design of the studies could explain, at least
in part, the discrepancies between these results. Further
evidence is needed in order to define the optimal therapeutic strategy for improving response to therapy in insulin resistant patients undergoing antiviral treatment.

in atherosclerotic plaque formation. More recently, HCV
seropositivity was identified as an independent predictor
of increased coronary atherosclerosis[102-104], even though
an increased incidence of acute myocardial infarction
(AMI) was demonstrated only in HIV/HCV coinfected
patients[105,106], but not in HCV mono infected ones[107-110].
Furthermore, the incidences of vascular events and of
cardiovascular mortality of HCV-positive patients were
reported to be either higher[104,105,111-116] or, at least, comparable to those observed in the general population[117,118].
In contrast with these data, other studies failed to
demonstrate any significant difference in IMT and in
the prevalence of carotid plaques between HCV-positive
and HCV-negative patients[107,119,120], and some others
reported an even lower risk of atherosclerosis in HCV
patients with respects to controls[121-123]. Three large population studies gave conflicting results concerning the
association between HCV-infection and the incidence
of stroke[107,113,124] and, recently, Younossi et al[125] found
HCV infection to be independently associated with IR,
hypertension and congestive heart failure, but not with
ischemic heart disease and stroke.
Many possible confounding elements should be considered while comparing these different studies and trying to interpret their sometimes divergent results. First
of all, the study populations were recruited from different contexts, namely hepatitis or cardiology outpatient
clinics, population registries or general health screening
programs. Some studies included and some others excluded HIV and HBV coinfected patients. Moreover,
not in all of these studies multivariate models were created in order to analyze if the association between HCVinfection and markers of subclinical atherosclerosis or
incidences of vascular events/cardiovascular mortality
was independent from the other metabolic risk factors.
In this regard, it should also be stressed that data on the
duration of HCV infection and of DM are not available
in any of these works, and that liver histology of HCV
patients, which gives the opportunity to correlate vascular outcomes with the histological grading and staging of
the hepatic disease, was available from only one study[99].
Finally, another important point to be considered is that
cirrhotic patients were frequently excluded or poorly
represented in the study populations. Notwithstanding
epidemiological data are very limited, cirrhosis is currently considered a condition associated with a decreased
risk of cardiovascular events[126]. Indeed, although clearly
predisposing to DM, cirrhosis is characterized by an
overall favourable risk profile (low blood pressure, low
cholesterol, impaired procoagulative cascade and low
platelet count).
In conclusion, even if literature on this topic is scant
and sometimes ambiguous, current evidence seems to
support an association between HCV and atherosclerosis, which can account for the increased prevalence and
incidence of vascular disease in patients with HCV infection. As supported by some studies, it seems reason-

HCV INFECTION AND ATHEROSCLEROSIS
As previously described, HCV is able to directly induce
metabolic and inflammatory alterations and is responsible for the occurrence of IR and DM. In view of this
complex interplay between HCV infection, metabolic
disorders and “classical” cardiovascular risk factors, several studies aimed to evaluate the possible role of HCV
in the development and progression of atherosclerosis
and in the incidence of vascular events and vascular
mortality (Table 1). To note, several retrospective and
cross-sectional studies have clearly demonstrated that
different infectious agents, such as chlamydia pneumoniae[88,89], cytomegalovirus[90], herpes simplex virus[91],
and hepatitis A virus[92], can participate the process of
atherosclerosis[93], suggesting that also HCV may play a
role through the potentiation of the inflammatory boost,
which is a key event in atherosclerosis.
Clinical evidences of the association between HCV and
atherosclerosis
In 2002 and 2003, Ishizaka et al[94,95] firstly described the
association between the presence of anti-HCV antibodies and/or serum HCV core protein and an increased
risk of carotid artery plaques. These findings were corroborated by other studies, which found intima-media
thickness (IMT) and the prevalence of carotid plaques to
be increased in HCV patients[96-100], and in which HCV
genomic and antigenomic RNA strands were identified
within carotid plaques tissue of HCV-positive patients
(even in three patients positive for anti-HCV antibodies
but with undetectable HCV-RNA in serum)[98,101], suggesting a possible direct local pathogenetic role of HCV
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Table 1 Overview of the main studies assessing the association between hepatitis C virus infection and the prevalence or incidence
of cardio-cerebrovascular disease
Ref.

Study design

Country-setting

Prevalence of cardio- or cerebrovascular disease
Ishizaka et al[94], 2002
Cross-sectional
Japan-general health
screening
Bilora et al[121], 2002
Case-control Italy-hepatitis outpatient
clinic
Ishizaka et al[95], 2003
Cross-sectional
Japan-general health
screening

Fukui et al[96], 2003
Volzke et al[107], 2004
Vassalle et al[102], 2004
Arcari et al[108], 2006

Cross-sectional Japan-ultrasound carotid
screening
Cross-sectional
Germany-population
registry data
Case-control
Not specified

Alyan et al[103], 2008

United States-United
States army
Cross-sectional
United Kingdomoutpatient clinic
Cross-sectional Italy-cardiovascular risk
factor centre
Case-control
Turkey-cardiology unit

Tien et al[119], 20095

Cross-sectional

Targher et al[97], 2007
Boddi et al[98], 2007

Mostafa et al[120], 2010
Adinolfi et al[100], 2012

Petta et al[99], 2012

Case-control

United States-women’s
interagency HIV study
Cross-sectional Egypt-village metabolic
study
Case-control
Italy-liver outpatient
clinic and general
population screening
Case-control
Italy-liver and
cardiology outpatient
unit

Younossi et al[125], 2013 Cross-sectional United States-NHANES
database
Miyajima et al[123], 2013 Cross-sectional

Japan-seven country
study

Incidence of cardio- or cerebrovascular disease
Younossi et al[116], 19996 Retrospective United States-transplant
24.6 yr FU
centre
Haji et al[104], 20047
Retrospective United States-transplant
4.2 yr FU
centre
Amin et al[111], 20061
Retrospective
Australia-Australian
national death index
Neal et al[117], 2007

Prospective
6.7 yr FU
Bilora et al[122], 2008
Case-control
prospective 5 yr
FU
Caliskan et al[133], 20092
Prospective
59 mo FU

United Kingdom-trent
hepatitis C cohort
Italy-not specified

Turkey-hemodialysis
unit

+

Total patients (%HCV )

Main results

4784 (2.1)

HCV+ independently associated with increased IMT [OR =
2.9 (2.3-3.6)] and CP [OR = 1.9 (1.6-2.4)]
HCV+ have lower prevalence of CP, no significant difference
of FP
HCV+ associated with CP [OR = 5.5 (2.4-12.8)] and IMT [OR
= NA]
HCV+ independently associated with CP [OR = 5.6
(2.1-15.3)], but not with IMT
HCV+ have higher prevalence of increased IMT and CP.
HCV+ is independently associated with CP [OR = NA]
HCV+ or HBV+ not associated with IMT, CP, MI or S

98 (49)
1992 (1.3)

210 (14.8)
4266 (5.5)

582 (8.9)

HCV+ independently associated with CAD [OR = 4.2
(1.4-13)]
HCV+ not associated with MI

120 (50)

HCV+ independently associated with IMT [OR = 1.6 (1.1-2.5)]

686 (5.1)

151 (20.5)
364 (38.2)
503 (10.5)
494 (37.9)
803 (40.6)

348 (50)

19741 (0.9)

1908 (2.1)

54 (22.2)
417 (8.2)
117547 (66.7)

22858
67 (50.7)

72 (50)

Butt et al[109], 2009

Prospective
5 yr FU

United StatesERCHIVES database

171665 (47.8)

Lee et al[113], 2010

Prospective
16.9 yr FU
Retrospective
3.9 yr FU

Taiwan-general
population
United States-HIV
infected United States
veterans
Japan-KAREN Study

23665 (5.5)

Bedimo et al[105], 20103

Ohsawa et al[114], 20112

Prospective
5 yr FU
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19424 (31.6)

1077 (10.1)

2830

HCV+ independently associated with IMT [OR = 4.4
(1.4-13.9)] , but not with CP
HCV+ independently associated with CAD [OR = 2.0
(1.6-2.6)]
HCV+ not associated with IMT or CP
IMT and CP not different in HCV+; HCV+ independently
associated with IMT and CP [OR = 3.5 (1.2-9.9)]
Increased IMT and CP more prevalent in HCV+; HCV-RNA
independently associated with CP [OR = 5.2 (2.6-10.5)]
Increased IMT and CP more prevalent in HCV+; HCV+
independently associated with IMT [OR = NA]. In HCV
patient, older age [OR = 1.04 (1.01-1.08)] and severe fibrosis
[OR = 2.18 (1.04-4.54)] are independently associated with CP
HCV+ independently associated with CHF [OR = 2.5 (1.1-6)],
but not with CHD
IMT significantly reduced in HCV+

HCV+ associated with CHD mortality [HR NA], but not
with CHD
HCV+ independently associated with increased mortality
[HR 2.8 (1.3-5.7)] and CAD [HR 3.1 (1.5-6.2)]
HCV+ independently associated with cardiovascular
mortality [HR 1.3 (1.2-1.5)]
HCV+ not associated with cardiovascular mortality
HCV+ have lower prevalence of CP, no difference in FP

HCV+ have lower increase of IMT, not significant difference
in increase of CP and FP
No differences in IMT, FMD and CP in HCV+
HCV+ not associated with CHD in univariate analysis, but
independently associated with CHD [HR 1.25 (1.2-1.3)], in
adjusted models
HCV+ independently associated with CVD mortality [HR 2.2
(1.5-3.2)]. CVD risk increases with HCV-RNA
HCV+ independently associated with CVD [HR 1.2 (1.1-1.4)],
but not MI
HCV+ independently associated with cardiovascular
mortality [HR 1.8 (1.1-3)]
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Freiberg et al[106], 20114

Retrospective
7.5 yr FU

United States-veterans
aging cohort study

Kristiansen et al[118],
2011
Forde et al[110], 2012

Prospective
7 yr FU
Retrospective
3.9 yr FU
Prospective
16.9 yr FU
Retrospective
case-control
5 yr FU

Norway-population
registry data
United Kingdom-health
improvement network
Taiwan-general
population
Taiwan-Taiwan national
health insurance
program

Lee et al[115], 2012
Hsu et al[124], 2013

4809 (6.3)

HCV+/HIV+ independently associated with incident CHD
as compared with HCV-/HIV+ or controls. HCV+ not
associated with incident CHD
HCV+ not associated with increased risk of cardiovascular
mortality
HCV+ not associated with incident MI

1095 (5.6)

HCV+ associated with vascular mortality [HR 1.5 (1.1-2)]

3113 (20)

HCV+ independently associated with S [HR 1.2 (1.1-1.4)]

8579 (16.8)

10108

Carried out in hepatitis C virus (HCV) and/or hepatitis B virus patient; 2Carried out in patients in hemodialysis; 3Carried out in human immunodeficiency
virus (HIV) mono-infected and HIV/HCV coinfected veterans; 4Carried out in HIV and/or HCV United States veterans (only males); 5Carried out in women
HIV and/or HCV positive: 220 HCV+/HIV+; 53 HCV+; 950 HIV+; 452 controls; 6Carried out in kidney transplant recipients with allografts functioning over 20
years; 7Carried out in cardiac transplant recipients who received hearths from HCV+ or - donors; 8Carried out on HCV patients compared to their reference
general population. IMT: Intima-media thickness; CP: Carotid plaques; FP: Femoral plaques; FMD: Flow-mediated-dilation; FU: Follow-up; CAD: Coronary
artery disease, angiographically documented; MI: Myocardial infarction; S: Stroke; CHD: Coronary hearth disease (myocardial infarction, unstable angina,
need for revascularization procedures); CHF: Congestive hearth failure; CVD: Cerebrovascular disease (transient ischemic attack or stroke); NA: Not available.

Cardiovascular risk

1
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Figure 1 Hypothetical trend of cardiovascular risk during the natural history of hepatitis C virus infection, from chronic hepatitis to decompensated cirrhosis. IR: Insulin resistance; HCV: Hepatitis C virus.

able to speculate that the contribution of HCV to the
atherogenic process, either direct or indirect, or both,
could increase with the duration of the infection, the
development of IR and eventually DM, and the increase
of circulating products of oxidative stress and inflammation. On the contrary, once cirrhosis has developed,
several mechanisms determining a reduction of the cardiovascular risk progressively come into play (Figure 1).

tion and migration of smooth-muscle cells. However,
the detection of HCV-RNA in carotid atherosclerotic
plaques, predominantly in patients with G2 HCVinfection, strongly suggested also a direct local role of
HCV in atherogenesis[98,101]. Consistent with this finding, viral load has been recently associated with carotid
atherosclerosis[100], and with the risk of cerebrovascular
mortality[113]. This hypothesis is also supported by several
experimental studies. For instance, some HCV proteins
can enhance local oxidative stress[128], and increase the
concentration of soluble intracellular adhesion molecules[129]. HCV particles have affinity with circulating
lipoproteins in the blood and HCV G2 seems to be the
most closely associated with these lipoproteins[130]. In addition to hepatocytes, HCV can also infect lymphocytes
and through these can induce vasculitis and the production of anti-endothelial antibodies[131].
HCV may also “indirectly” favour atherosclerosis, via
liver damage or virus-induced, metabolic disorders. Ac-

Hypothetical pathogenic processes “directly” or
“indirectly” linking HCV to atherosclerosis
Nowadays, it is widely accepted that infective agents contribute to the progression of chronic immuno-mediated
cell inflammation underlying atherosclerosis through
the inflammatory response elicited in the host[127]. They
can accelerate the occurrence of several key steps in the
plaque formation since they can promote endothelial
dysfunction, potentiate the recruitment and activation
of T-lympho-monocytes and enhance the prolifera-
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Figure 2 Mechanisms
����������� of
��� hepatitis
���������� C
�� virus-induced
���������������������������������
insulin resistance and
���� steatosis
���������� and
���� their
�������������
impact on
��� the
���� progression
������������ of
��� fibrosis
��������� and
���� cardiovascular
��������������� dis����
ease. In the hepatocyte, the virus interferes with insulin signalling, leads to overexpression of protein phosphatase 2A (PP2A) and suppressor of cytokine signalling-3
(SOCS-3), and down-regulates the expression of peroxisome proliferator activated receptors (PPAR) and of insulin receptor substrate (IRS): all these mechanisms
lead to hepatic insulin resistance (IR). By inducing hepatic injury and activating peripheral blood mononuclear cells (PBMC), HCV increases circulating levels of proinflammatory cytokines, such as tumor necrosis factor-α (TNF-α), interleukin-6 and -18 (IL-6 and IL-18), and leads to peripheral IR and hyperinsulinemia. “Viral” and
“metabolic” steatosis, together with the direct stimulus of increased insulin levels on hepatic stellate cells (HSCs), likely stimulate the progression of fibrosis. Furthermore, systemic inflammation, the procoagulative state and direct viral effects may contribute to the atherogenic process.

cordingly, in biopsy-proven chronic hepatitis C patients,
IMT and prevalence of carotid plaques were recently
found to be associated with the severity of fibrosis[99].
It can be speculated that oxidative stress and inflammation, which are associated with the evolution of liver
fibrosis, can be associated or directly contribute also to
the atherogenic process. After all, the well-known relationship between NAFLD and cardiovascular disease
has already demonstrated how liver damage could be
directly involved in the pathogenesis of cardiovascular
disease, through the systemic release of proatherogenic
mediators from the steatotic and inflamed liver or
through the worsening of IR and of atherogenic dyslipidemia[132]. However, in contrast with NAFLD, HCV is
associated with a favourable lipoprotein profile, namely
hypobetalipoproteinemia. The net effect of increased
IR and favourable lipoprotein profile on the cardiovascular risk was recently investigated by Mostafa et al[120],
who found IMT and carotid plaques to be significantly
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associated with HCV-infection only after adjustment for
“classical” cardiovascular risk factors, particularly LDL
cholesterol and systolic blood pressure. Accordingly, in a
larger prospective study, including HCV infected patient
owning better cardiovascular risk profile (lower prevalence of DM and lower cholesterol), HCV-infection was
found to be associated with coronary heart disease only
after correction for potential metabolic confounders[109].
These results may suggest that HCV affects the cardiovascular risk mainly via non-conventional pathways,
and not by virus-induced metabolic modifications, i.e.,
IR and good lipoprotein profile, which possibly balance
each other. In agreement with this hypothesis, in studies
where HCV was found to be independently associated
with vascular disease, the relationship between HCV
infection and vascular outcomes was generally adjusted
for metabolic risk factors, in contrast to what has been
done in the majority of studies failing to demonstrate
this association [108,117,118,123,133]. One exception is a big
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retrospective population study in which HCV was not
associated with AMI even after adjusting for all the
metabolic confounders[110].

2
3

HCV INFECTION AND METABOLIC
DISORDERS:� SUMMARY
�������� OF�����������
�������������
A COMPLEX
INTERPLAY

4

All the data provided above suggest a strong interrelationship between HCV infection and metabolic disorders, which is likely implicated in the progression both
of liver damage and of the atherogenic process (Figure
2). HCV can directly interact with intracellular mediators of insulin activity, such as PP2A, SOCS3, IRS and
PPARs[22-29], or indirectly hamper the insulin message
by inducing hepatic and low-grade systemic inflammation[17,18]. Moreover, the virus increases the synthesis of
free fatty acids and reduces their mechanisms of export
and degradation[48,49], therefore inducing a “viral” steatosis which is often superimposed to a “metabolic” one.
Progression of liver damage is favoured by the steatosisinduced hepatic reduction of antioxidant defenses and
by a direct stimulatory effect of hyperinsulinemia, oxidative stress and lipid peroxidation on hepatic fibrogenic
cells. At the same time, HCV-induced alterations of
glucose metabolism and the systemic release of inflammatory and procoagulative mediators by the diseased
liver may well contribute to the atherogenic process.
Moreover, experimental evidences support a direct role
of HCV proteins, which, for example, can enhance oxidative stress and increase the concentration of soluble
intracellular adhesion molecules at the atherosclerotic
plaque level[128,129].

5

6

7

8

9

10

CONCLUSION

11

In the present manuscript, an overview of the mechanisms which link HCV infection with insulin resistance
and metabolic disorders has been provided, as well as the
clinical data confirming that this association may contribute both to the progression of liver damage and to
atherosclerosis. All together, a complex scenario emerges
where the multiple interactions between the host and the
virus determine much more complications than those
possibly induced only by the virus itself. Together with
cryoglobulinemia, HCV-related arthritis and keratoconjunctivitis sicca, these evidences prompt to consider
CHC a systemic disease rather than a simple infection of
the liver.
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Core tip: Hepatitis C virus (HCV) is a major health problem with personal, social and economic implications.
In the past few years, advances in HCV molecular virology and host genetics revealed a complex interplay
between the virus and the host that influence the natural history of chronic hepatitis C (CHC) and response
to treatment. Besides, the management of CHC has
evolved with the development of direct acting antiviral
agents (DAAs). In this review, we have summarized the
knowledge regarding host determinants of HCV treatment outcome and consider how this knowledge might
help to individualize clinical management in the era of
DAAs.

Abstract
Hepatitis C virus (HCV) infection is a global health
problem that affects more than 170 million people
worldwide. It is a major cause of cirrhosis and hepatocellular carcinoma, making the virus the most common
cause of liver failure and transplantation. The standardof-care treatment for chronic hepatitis C (CHC) has
been changed during the last decade and direct acting
antiviral drugs have already been used. Besides, understanding of the pathogenesis of CHC has evolved rapidly during the last years and now several host factors
are known to affect the natural history and response
to treatment. Recent genome-wide association studies have shown the important role of interleukin-28B
and inosine triphosphatase in HCV infection. The present review article attempts to summarize the current
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INTRODUCTION
Chronic hepatitis C (CHC) is one of the most important
health issues problem worldwide with more than 170
million people infected and significant personal, social,
and economic impact[1]. The long-term sequelae of CHC
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have identified several clinically important genetic determinants of PEG-IFN/RBV treatment outcomes. The
most important are single nucleotide polymorphisms
(SNPs) in interleukin 28B (IL28B) gene, which is associated with spontaneous clearance and response to antiHCV treatment[16-18] and in inosine triphosphatase (ITPA)
gene, which protects against ribavirin-related hemolytic
anaemia and subsequent dose reductions[19,20].
In this review, we present in brief the major host factors that can modify the response to treatment of CHC,
focusing on the clinical utility of IL28B and ITPA genotyping for pretreatment counseling and individualization
of therapy modalities.
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NON-GENETIC HOST FACTORS

Insulin
resistance

Demographic host factors
It is well documented that race is associated with treatment response either with SOC or triple (SOC plus
DAAs) therapy[21-31]. In several controlled trials, it was
demonstrated that SOC in African-American patients
has a reduced likelihood of SVR, ranging between 19%
and 28%, compared to non-African-Americans in whom
SVR rate was 39%-52%, especially when HCV-1 is taken
into account[22,23,25]. The same was true for triple therapy
in naïve patients infected with HCV-1; SPRINT-2 trial
(boceprevir-based therapy)[30] as well as ADVANCED
study (telaprevir-based therapy)[29] showed that Black ethnic origin negatively affected SVR. In addition, HCV infected individuals of Asian origin seem to achieve better
SVR rates in comparison to Caucasians[26,31]. Differences
in population frequency of the favorable IL28B genotype
may explain the recognized ethnic disparity in treatment
response rates[16,32]. However, the response to treatment in
Black populations was poorer across all IL28B genotypes,
suggesting that there may be other viral and/or host factors influencing SVR[27,28]. Hispanics also tended to have
poorer SVR rates compared to Caucasian patients[21,24,27].
Although female gender was considered a positive
predictor of SVR in IFN plus RBV era [33], in PEGIFN/RBV trials no statistically significant correlation
was found on multivariate analysis between gender and
SVR[4,6,34-36]. Age has also been considered a significant
factor for predicting response to treatment. In particular,
large prospective studies of PEG-IFN/RBV combination therapy showed that patients younger than 40-45
years achieved significantly higher SVR rates compared to
older patients[4,6,33,34]. In triple therapy trials with boceprevir, age was also significant[30,37] regarding the achievement
of SVR in univariate investigation but not after multivariate analysis, especially when IL28B genotype was taken
into account[38].

Figure 1 Host factors associated with treatment outcomes of chronic
hepatitis C. SNP: Single nucleotide polymorphism; BMI: Body mass index.

include cirrhosis, decompensation, hepatocellular carcinoma and liver related death[2,3].
The standard-of-care (SOC) treatment for CHC during the last decade has been the combination therapy of
pegylated-interferon-α (PEG-IFN) with ribavirin (RBV),
a guanosine analogue that interrupts the viral RNA metabolism[4,5]. However, the rate of sustained virological
response (SVR), defined as having undetectable serum
hepatitis C virus (HCV) RNA at week 24 after treatment
discontinuation, is suboptimal for genotype 1 hepatitis C
virus (HCV-1), with less than 50% of patients achieving
viral eradication[4,6,7]. Moreover, PEG-IFN/RBV therapy
is associated with significant adverse effects, which
increase morbidity, while treatment is prolonged ranging from 24 to 48 wk or more, according to EASL and
AASLD guidelines[8,9]. As a result clinicians often have to
weigh the various viral and host characteristics for each
patient before initiating treatment[10].
Antiviral therapy is currently changing and various
direct acting antiviral drugs (DAAs) have been developed, which are directed against essential components
of viral replication[11,12]. In addition, understanding of
the pathogenesis of CHC has evolved rapidly, leading to
development of novel compounds, targeting host factors
that are potentially modifiable[13]. Given the high cost of
treatment and the increased possibility of adverse events,
identification of factors predicting SVR and the need to
individualize HCV therapy by incorporating new predictive data in clinical decision-making is urgent.
Several host factors such as age, gender, race-ethnicity,
fibrosis stage, obesity, hepatic steatosis, low-density lipoprotein cholesterol (LDLc), insulin resistance, and genetic
variances of the host[14,15], are known to affect the spontaneous clearance and treatment outcomes (Figure 1).
Recently, genome-wide association studies (GWAS)
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Metabolic parameters
Obesity is traditionally considered a significant predictor of disease progression in CHC, probably due to
increased inflammatory milieu, which promotes liver injury in overweight individuals[39]. In a prospective trial[40],
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fibrosis progression was associated with body mass index
(BMI). A high BMI was also inversely correlated with
SVR in both IFN and SOC treated HCV patients[41,42].
Furthermore, a lower baseline body weight was significantly associated with SVR across all genotypes in the era
of PEG-IFN/RBV combination therapy[4,6,34,42]. However, when RBV weight-based dosing was implicated, BMI
and body weight were no longer significant parameters
of SVR[43,44]. On the contrary, in a retrospective analysis
of SPRINT-2[30] and RESPOND-2[37] studies by Poordad
et al[38], low BMI proved to be one of the significant factors for achieving SVR in boceprevir-based therapy of
treatment-naïve patients.
In two recent meta-analyses, insulin resistance (IR)
was strongly associated with the probability of achieving SVR to dual treatment[45,46]. In Spanish[47] as well as
Japanese[48] patients, IR seemed to be an independent predictor of response irrespective of the IL28B genotype.
Concerning triple therapy, IR did not have any effect on
SVR when telaprevir was used in the combination[49].
Recent studies suggest that pretreatment serum lipid
levels may be important predictors of treatment response.
Several studies indicate that high pretreatment LDLc and
total cholesterol levels are associated with higher rates
of SVR to dual PEG-IFN/RBV therapy in multivariate
analysis[50-56]. In addition, pretreatment triglyceride levels
may also play a role in SVR[56]. LDLc remained a significant independent predictor of SVR in post hoc analysis
of the telaprevir-based REALIZE study[57] in treatment
experienced patients[58]. The abovementioned associations
between serum lipids and treatment response are supported by potential biological mechanisms. In vitro studies
suggest relationships between lipoproteins and HCV that
are important for viral entry into hepatocytes, viral replication and secretion. Indeed, several studies have shown
that HCV may combine with lipoproteins in the serum,
obscuring the virus from the host immune response,
which may in turn help viral entry into the hepatocytes[59-61]. Various receptors involved in lipoprotein-viral
particle entry into hepatocytes are posited, including the
scavenger receptor B1 (SR-B1) and LDLc receptor[62-65].
IFN therapy leads to down-regulation of SR-B1 expression[66]. Finally, statin use in HCV-1 has been associated
with increased SVR to dual PEG-IFN/RBV therapy[55]
and in boceprevir-based triple therapy[30]. Taken together
the above studies support the notion that decreased lipoprotein expression may in turn impact serum lipoproteins
and lipids profile measures affecting SVR. However,
these associations need to be interpreted with caution,
because the favourable IL28B CC genotype is also associated with increased LDLc[67-69].

Furthermore, in treatment-naïve patients, triple therapies with boceprevir and telaprevir (SPRINT-2[30] and
ADVANCE[29] studies, respectively), showed that the
severity of liver fibrosis together with IL28B genotype
affect treatment outcome. Similar results were found
when treatment-experienced patients were taken into account[57,71], although in these patients other factors such
as IL28B genotype and pattern of previous response
seemed to be the best predictors of response to triple
therapy[38].

GENETIC FACTORS OF THE HOST
Host genetic factors have long been suggested that might
play an important role for the observed differences in
HCV clearance and response to treatment among different ethnic groups. Over 40 genes have been linked
to modulation of anti-HCV therapy affecting either
response to treatment or side effects to drugs[72,73]. However, only after sequencing of the entire human genome
in 2001, major advances have been made in genotyping
technologies, with the large-scale discovery of SNPs and
the implementation of GWAS.
Initial studies investigated candidate genes to identify
differences or SNPs between two populations. Several
SNPs were identified in genes that are involved in the
innate defense against HCV including MxA, OAS1, EIF2AK2, IFNAR1, IL-6, MHC, MAPKAPK3 and KIR
receptors[74-82]. In addition, pretreatment hepatic gene
expression such as an 8-gene subset (GIP2/IFI15/ISG15,
ATF5, IFIT1, MX1, USP18/UBP43, DUSP1, CEB1,
and RPS28) [83] and a two-gene signature (IFI27 and
CXLC9)[84] predicted the response to treatment with a
sufficient predictive accuracy in the majority of patients
studied. Interestingly, in a recent paper by Chen et al[85],
treatment response was linked to cell-specific activation
patterns: interferon-stimulated gene 15 (ISG 15) protein
up-regulation was more pronounced in hepatocytes of
non-responders but also in Kupffer cells of responders. Even more recently, the same group showed that
the gene expression pattern, at either the mRNA or the
protein level, is more predictive of treatment outcome
than the host (IL28B) or viral genotype[86]. Furthermore,
the level of expression of intrahepatic mir-122 has been
associated with HCV treatment response[87]. Expression of mir-122 was significantly lower in primary nonresponders compared to early responders [86], while 8
other microRNAs (mir-34b, mir-145, mir-143, mir-652,
mir-18a, mir-27b, mir-422b, and mir-378) were also found
to be differentially expressed in responders and nonresponders[88].
However, the validity of the reported associations
varies, since a small number of them have repeatedly
been reported from several independent large cohorts
and have been verified to apply to different ethnicities.
For this reason, it is till now IL28B polymorphisms that
are considered as ‘‘state of the art’’ in HCV pharmacogenetics, which can potentially tailor future therapies[89].

Histologic parameters
The presence of advanced liver fibrosis and cirrhosis has
long been recognized to be associated with lower SVR
rates to IFN-based treatment[33,34,70]. Actually, advanced
fibrosis and cirrhosis have been shown to be major independent predictors of non-response to SOC[34,44,70].
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Figure 2 Single nucleotide polymorphisms of IL28B and ITPA gene location. ITPA: Inosine triphosphatase.

IL-28B
Independent GWAS have identified genetic variants near
the IL28B gene that are strongly associated with treatment
response[16-18] and spontaneous HCV clearance [32,90,91].
Two bi-allelic SNPs, in linkage disequilibrium[92], were
most strongly associated with favourable response; SNP
rs12979860 located 3 kb upstream of the IL28B gene
(favourable response CC genotype, and unfavourable
CT/TT genotypes) and rs8099917 located 8 kb downstream of the IL28B gene and 16 kb upstream of the
IL28A gene (favourable response TT genotype, and
unfavourable GT/GG genotypes) (Figure 2A). Subsequently, these treatment response findings were confirmed
by many studies in different populations such as HCV-1
patients[27,93-97], HCV-4 patients[98-101], patients with recent
HCV infection[102], adults and children with spontaneous HCV clearance[103-105], HCV/HIV co-infected patients[106-108], and patients with recurrent HCV infection
after orthotopic liver transplantation[109]. The results were
reproduced in five recent meta-analyses in Asian, Caucasian and African patients[110-114].
The influence of IL28B on treatment response in
genotype 2 or genotype 3 infections is less clinically
relevant. Several studies from Europe and Japan have
demonstrated an association between IL28B and SVR
rates[115,116], while other studies failed to show a clear
effect[117,118] although some studies showed that viral
elimination within the first weeks of treatment and the
achievement of rapid virological response (RVR) was significantly faster in CCrs12979860 and TTrs8099917 patients[118,119].
Thus, determination of IL28B genotype may be more
relevant in slow responders to treatment (e.g., non-RVR
patients)[120]. Recently, a meta-analysis of 23 studies involving 3042 patients showed that in HCV-2 and HCV-3
patients with favourable IL28B polymorphisms (either
CC rs12979860 or TTrs8099917 patients), RVR rates were increased by 13%-15% and SVR rates by 5%[121].
The mechanisms behind these associations are related
to the host innate immune response[122,123]. IL28B gene
along with IL28A and IL29 belong to the type Ⅲ IFN
family, also named IFN-λ and they are located on the hu-
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man chromosome 19. In particular, IL28A corresponds
to IFN-λ 2, IL28B to IFN-λ 3 and IL29 to IFN-λ 1[124].
The corresponding cytokines are induced by viral infection and their antiviral activity is mediated by triggering
the Janus kinase-Signal Transducer and Activator of
Transcription (JAK-STAT) pathway, following to their
interaction with a heterodimeric class Ⅱ cytokine receptor that consists of IL-10 and IL-28 receptors[125-127]. The
JAK-STAT pathway activates ISGs which are known to
cause apoptosis, growth inhibition, and inhibition of
viral replication[128]. IL28B genotype has strongly been
associated with intrahepatic ISGs expression, with the
unfavourable genotypes expressing higher baseline ISGs
levels compared with the favourable genotype[129,130]. This
finding could indicate an exhaustion of innate immunity
prior to treatment in patients with unfavourable IL28B
genotype. Raglow et al[131] showed that this relationship is
reversed in normal liver tissue, where TTrs12979860 genotype
expresses lower levels of ISGs than CCrs12979860 genotype.
Recently, two independent studies identified dysregulation
in several pathways of innate immunity and natural killer
cells activity in patients with unfavourable IL28B genotype, resulting in a muted response to IFN therapy[132,133].
However, it is not clear so far, if there is a direct correlation between IL28B polymorphisms and IL28B expression level. IL28 mRNA in the peripheral blood mononuclear cells (PBMCs) of patients with favourable IL28B
genotype was significantly higher, whereas the presence
of the risk alleles CT/CCrs8099917 were associated with
lower expression of IFN-λ [17,18]. Shi et al[134] demonstrated
that mRNA and serum levels of IL28B were lower in
patients with CT/TTrs12979860 unfavourable genotypes.
Moreover, in the era of liver transplantation, these genetic variations were significantly associated with IL28B
mRNA expression in both the resected liver derived from
the recipients and the donated liver[109]. On the contrary,
other studies have not found such a correlation between
IL28B genotype and IL28B gene expression[129,135]. Abe
et al[136] showed that the expression levels of IL28B in
the liver were lower in patients with the favorable IL28B
genotype. This is in discordance with what happens in
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ration of combination therapy. Sarrazin et al[154] in a following study showed that the CCrs12979860 polymorphism
was significantly associated with SVR, but in patients with
on-treatment virologic response, SVR rates were similar
for different IL28B genotypes. This finding indicates that
virological response during therapy seems to determine
the chance to achieve an SVR in an IL28B-independent
way. In addition, two cohorts[155,156] have analyzed the efficacy of prolongation of treatment duration in HCV-1
slow-responders up to 72 wk and demonstrated that the
benefits of extended therapy were restricted only to patients with CT/TTrs12979860 genotype.
Despite the fact that DAAs clearly attenuates the association between IL28B genotype and HCV treatment
response, there are studies suggesting that the favourable
IL28B alleles could also predict response to triple therapy
in treatment-naïve and treatment-experienced HCV-1 patients[157-160]. In SPRINT-2[30] and RESPOND-2[37], where
treatment-naïve or prior relapsers/non-responders were
included respectively, CCrs12979860 genotype was significantly associated with increased SVR rates and could be used
as a predictor for shortening therapy[161]. However, the
sub-analysis of the REALISE study[57] failed to prove a
significant association[162]. Further studies with DAAs are
needed to identify whether the predictive role of IL28B
genotype remains.
For the time being, studies with new DAAs and/or
IFN-free therapy regimens are being conducted. In INFORM-1 study, where 83 patients were treated with mericitabine plus danoprevir or placebo, CCrs12979860 was associated with an increased second phase decline of HCV
RNA[163]. In parallel, PROPEL[164] and JUMP-C[165] studies
showed higher SVR rates in IL28B CCrs12979860 genotype
patients receiving mericitabine plus PEG-IFN/RBV. The
efficacy of interferon-free combination of faldaprevir
and deleobuvir with RBV for the treatment of HCV-1
patients was also associated with IL28B genotype[166]
though in other IFN-free regimens[167,168] the effect of
IL28B genotype was unclear. For example, the ATOMIC
study[169], where the efficacy of treatment with sofosbuvir
along with PEG-IFN/RBV was investigated, showed
promising results in shortening the duration of treatment
to 12 wk, independently of the IL28B genotype. The
importance of IL28B genotype on response to future
interferon-free combination DAA regimens remains to
be determined with larger and longer duration studies.

the periphery (PBMCs).
Knowledge about the impact of IL28B SNPs on the
different phases of viral elimination shed light on the
functional implications of IL28B variability. The favourable IL28B genotypes enhance the reduction of HCV
RNA during the early phases (“first” and “second”) of
viral kinetics. This is translated into increased rates of
RVR, complete early virological response (EVR) ontreatment and finally SVR[27,133,137-143]. In fact, most RVR
patients carry the good-response IL28B genotype.
Furthermore, IL28B genotype can be combined with a
chemotactic chemokine, the interferon-gamma inducible protein 10 kDa (IP-10), which strongly predicts the
HCV RNA decline during the first days of therapy for
all HCV genotypes[144]. In fact, it has been shown that the
combination of increased baseline plasma IP-10 levels
in association with IL28B non-favourable genotypes can
accurately predict the first-phase decline of HCV RNA
during treatment[135,145,146]. Besides, in acute HCV infection, IL28B genotype together with serum IP-10 levels
can identify patients who are most likely to undergo
spontaneous clearance and those in need of early antiviral therapy[147].
The new DAAs along with PEG-IFN/RBV combination are the new SOC in HCV-1 patients. Thus, it
is necessary to redefine the role of the IL28B genotype
in the decision to treat and how to treat these patients.
SNPs in the IL28B region are the best baseline predictors
of SVR and could be used as independent factors for
treatment decision-making. In particular, treatment-naïve
HCV-1 patients with genotype CCrs12979860 have the same
probability (more than 80%) in achieving SVR either with
dual therapy or triple therapy with telaprevir or boceprevir[27,29,30]. So, in these patients, the best therapeutic choice
would be the standard PEG-IFN/RBV therapy, in order
to avoid the higher costs and significant side effects of
triple therapy[148,149]. However, during treatment, monitoring of HCV kinetics with milestones such as RVR and/
or EVR, has been proved stronger predictor of treatment
outcome[150,151]. Therefore, treatment-naïve HCV-1 patients with favorable IL28B genotype who do not achieve
RVR should be considered candidates for more effective
therapy with DAAs.
Response-guided therapy has become standard practice
for HCV-1 patients and guidelines recommend shortening
or prolongation of treatment duration, based on-treatment virological response. However, since the discovery
of its significance, the incorporation of IL28B genotype
in HCV management algorithms is intensively investigated. Huang et al[152] showed that IL28B genotype combined with baseline viral load might help in identifying
HCV-1 patients who will or will not benefit from a shortened 24-wk regimen. The positive predictive value of
these two factors (TTrs8099917 and lower baseline viral load)
was 80% and the negative predictive value 91%. In the
same line, Liu et al[153] showed that HCV-1 patients with
the TTrs8099917 genotype and low baseline viral load (HCV
RNA < 600000 IU/mL) could benefit from a shorter du-
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ITPA
RBV is a main component in the currently available antiviral regimens for the treatment of CHC. One of the
most common side effects of RBV therapy is anemia that
may result in dose reduction or discontinuation in up to
15% of patients[4,7,10], which may have deleterious impact
on SVR.
The mechanisms of hemolytic anemia induced by
RBV administration are complex. RBV causes a relative
deficiency of ATP in human erythrocytes by depleting
guanosine triphosphate (GTP) and subsequently leading
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of DAAs, because these newer therapies still require RBV
and PEG-IFN in combination, while in addition increases
the frequency as well as the severity, and hence, clinical
relevance of this adverse event[30,194-197]. Suzuki et al[198] studied 61 patients receiving triple telaprevir-based therapy
and showed that decreases in haemoglobin levels were
greater in patients with unfavourable (CCrs1127354) than
favourable (CA/AArs1127354) genotypes in the ITPA gene,
especially during the first 12 wk of treatment. Mean RBV
dose during the first 12 wk was lower in patients with
CCrs1127354 than CA/AArs1127354 genotypes, but the total
dose of RBV and SVR rates were not different. Similar
results obtained by Chayama et al[158] in a study of 94
Japanese HCV-1 patients treated with PEG-IFN/RBV
and telaprevir. Patients with the anemia-susceptible ITPA
SNP CCrs1127354 typically required ribavirin dose reduction
earlier than did patients with other genotypes. However,
this polymorphism was not proved to be a predictive
marker of SVR. Recently, Ogawa et al[199] in a prospective
multicenter study with 292 Japanese patients showed that
CCrs1127354 genotype along with baseline hemoglobin less
than 13.5 g/dL and estimated glomerular filtration rate <
80 mL/min per 1.73 m2 were independent pretreatment
predictors for developing severe anemia (Hb < 8.5 g/dL)
during the treatment period. No effect on treatment outcome was proved.
In sum, ITPA genotyping is able to detect HCV-infected patients who are at higher risk of developing anaemia. These patients should be monitored more closely in
order to avoid premature withdrawals from treatment.

Protection from
RBV-related
anemia
-

+

Figure 3 Inosine triphosphatase activity according to ITPA genotype.
ITPA: Inosine triphosphatase; RBV: Ribavirin.

to inhibition of the ATP-dependent oxidative metabolism. This causes oxidative damage to the erythrocyte
membranes and leads to extravascular hemolysis by
the reticuloendothelial system[170-172]. ITPA gene, which
encodes a protein that hydrolyses inosine triphosphate
(ITP), has been found to play a significant role in RBVinduced anemia. A reduced ITPA activity leads to the accumulation of ITP in erythrocytes, which allows for the
substitution of ITP for GTP in ATP biosynthesis. This
substitution reduces ATP depletion and protects against
hemolytic anemia[173-177].
In two large GWAS [19,20] , two functional SNPs,
rs1127354 and rs7270101, within the ITPA gene were
strongly associated with protection from RBV treatmentrelated hemolytic anemia and decreased the need for
RBV dose reduction. The rs1127354 SNP is a missense variant in exon 2 of ITPA gene, while rs7270101
is located in ITPA intron 2 and alters splicing (Figure
2B). The AA/ACrs1127354 protective genotypes, as well as
the CC/CArs7270101 protective genotypes, are associated
with decreased ITPase activity and as a consequence
decreased hemolytic side effects from RBV therapy
(Figure 3). Following studies steadily reproduces the
finding that polymorphic variation of the ITPA gene
leads to enzymatic deficiency, which in turn is a major determinant of RBV-induced hemolytic anemia in
HCV-1 patients[178-191]. However, ITPA SNPs effect on
therapeutic outcome is unclear. Some studies have shown
no association[19,178,180,186,191], and others have reported a
possible association with treatment outcomes in CHC patients[20,181,182,192]. These discrepancies could be attributed
to the geographic variance of ITPA SNPs and different
inclusion/exclusion criteria used for patient recruitment.
Taking into account that anemia is one of the main adverse events leading to premature termination of therapy,
any marker able to predict the risk of severe anemia before treatment would be of outmost importance. For this
purpose, Tsubota et al[193] and Kurosaki et al[192] constructed predictions models incorporating ITPA genotype
along with baseline hemoglobin, creatinine clearance and
quantitative hemoglobin decline at week 2 of treatment.
We need of course, further validation before entering
these algorithms into clinical practice
Prediction of anemia remains important in the era
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CONCLUSION
Prediction of SVR, which is translated in stopping disease progression, is the main requirement in CHC. Factors that predict SVR in turn have impact on treatment
decision making, treatment duration and planning for the
individual patient. Major advances in genetics during the
last decade allow the identification of specific markers
associated with viral response. Among them, IL-28B has
been strongly associated with response to current treatment for HCV-1, in all reports, including large cohorts of
patients. However, for the single patient, the use of IL28B alone as a predictive factor of treatment outcome
and decision to treat is not sufficient. An important question arising and needing an urgent answer is how host
and viral factors could be integrated in clinical practice.
However, since in the same patient various host and viral
factors interact, predictive analysis should be cautious,
considering all these factors in combination. In the upcoming years of personalized medicine, the comprehension of HCV pathogenesis based on the knowledge of
both host and viral genotypes could lead to individually
tailored HCV therapies.
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or imaging modalities that can be used separately or
combined in algorithms to improve accuracy. In this re�
view we will discuss the different noninvasive methods
that are currently available for the evaluation of liver
fibrosis in chronic hepatitis C, their advantages, limita�
tions and application in clinical practice.
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Core tip: There is increased interest in non-invasive
markers of fibrosis, especially in chronic hepatitis C
virus infection. Although several methodologies have
been proposed over the last few years, the limited
availability and concerns regarding the true accuracy of
these techniques has restricted their clinical application.
In this review we will discuss the different noninvasive
methods that are currently available for the evaluation
of liver fibrosis in chronic hepatitis C, their advantages,
limitations and application in clinical practice.

Abstract
Assessment of liver fibrosis in chronic hepatitis C virus
(HCV) infection is considered a relevant part of patient
care and key for decision making. Although liver biopsy
has been considered the gold standard for staging liver
fibrosis, it is an invasive technique and subject to sam�
pling errors and significant intra- and inter-observer
variability. Over the last decade, several noninvasive
markers were proposed for liver fibrosis diagnosis in
chronic HCV infection, with variable performance. Be�
sides the clear advantage of being noninvasive, a more
objective interpretation of test results may overcome
the mentioned intra- and inter-observer variability of
liver biopsy. In addition, these tests can theoretically
offer a more accurate view of fibrogenic events occur�
ring in the entire liver with the advantage of providing
frequent fibrosis evaluation without additional risk.
However, in general, these tests show low accuracy in
discriminating between intermediate stages of fibrosis
and may be influenced by several hepatic and extrahepatic conditions. These methods are either serum
markers (usually combined in a mathematical model)
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INTRODUCTION
Assessment of liver fibrosis in chronic hepatitis C virus
(HCV) infection is considered a relevant part of patient
care and key for decision making. Liver fibrosis stage is
probably the most robust prognostic factor in several
liver diseases; including hepatitis C. Higher stages of
fibrosis have been shown to be associated with progression to decompensated cirrhosis, the need for liver trans-
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Table 1 Major advantages and limitations of liver biopsy and noninvasive fibrosis markers
Liver biopsy

Noninvasive markers

Validated scoring systems
Differential diagnosis and associated conditions
Simultaneous evaluation of necro-inflammation

Absence of significant discomfort and risks
Allows frequent re-evaluation
Objective interpretation
Patient acceptance

Invasive
High cost
Sampling errors and intra- and inter-observer variability

Low accuracy to discriminate between intermediate stages of fibrosis
Nonspecific for the liver (biomarkers)
Influence of several extra-hepatic factors

Advantages

Limitations

plantation and liver-related death in HCV infection[1,2].
In addition, the severity of fibrosis may be used as a
selection criterion for antiviral therapy and can indicate
the need for further evaluations, such as surveillance for
hepatocellular carcinoma (HCC) and esophageal varices
screening[3,4]. For many years, liver biopsy has been considered the gold standard for staging liver fibrosis. Histological evaluation also provides information on necroinflammatory activity and other features such as steatosis
and iron overload. Several scoring systems have been
developed, the most common being the METAVIR,
Scheuer’s, the Batts-Ludwig, the International Association for the Study of the Liver (IASL) and the Ishak
scoring systems[5-9]. However, besides its advantages, liver
biopsy is an invasive technique with associated morbidity. Minor complications are relatively common and
about one fourth of patients have pain in the right upper
quadrant or right shoulder after liver biopsy[10]. Severe
complications are infrequent, with significant bleeding
rates varying from 0.05% to 5.3% and mortality of less
than 0.15% in the largest series[10]. The performance of
liver biopsy for fibrosis staging has also been questioned
and concerns regarding the possibility of sampling errors and significant intra- and inter-observer variability
were raised over the last few years. Since biopsy represents 1/50000 of the liver, the heterogeneity of liver
fibrosis in HCV infection and the inadequacy of sample
size can cause considerable bias in the assessment of hepatic histology[11-13]. A study which included 124 patients
with chronic HCV infection who underwent simultaneous laparoscopy-guided biopsies of the right and left
hepatic lobes showed that 33.1% of the subjects had a
difference of at least one stage between the two lobes[11].
Similarly, a study on virtual liver biopsy indicated that a
non-fragmented specimen of at least 25 mm in length
would be necessary to correctly evaluate fibrosis with a
semiquantitative score, a goal not always achievable in
daily practice[14].
Over the last few years, several noninvasive markers were proposed for liver fibrosis diagnosis in chronic
HCV infection. Table 1 summarizes the major advantages and limitations of these methods in relation to
liver biopsy. Besides the clear advantage of being noninvasive, a more objective interpretation of test results
may overcome the mentioned intra- and inter-observer
variability of liver biopsy. In addition, these tests can
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theoretically offer a more accurate view of fibrogenic
events occurring in the entire liver with the advantage of
providing frequent fibrosis evaluation without additional
risk. However, in general, these tests show low accuracy
in discriminating between intermediate stages of fibrosis and may be influenced by several hepatic and extrahepatic conditions. In this review we will discuss the different noninvasive methods that are currently available
for the evaluation of liver fibrosis in chronic hepatitis C,
their advantages, limitations and application in clinical
practice.

NONINVASIVE MARKERS OF LIVER
FIBROSIS
General considerations of noninvasive fibrosis markers
Because fibrosis denotes morphological changes, liver
biopsy became the natural gold standard for staging the
disease. However, the mentioned limitations of biopsy
make it very difficult to interpret the “real” performance
of surrogate markers of fibrosis in studies. In the vast
majority of studies, the diagnostic performance of noninvasive markers of liver fibrosis was evaluated by calculating the area under the receiver operating characteristic
(ROC) curve. The ROC curve is the plot that depicts
the trade-off between the sensitivity and 1-specificity
across a series of cut-off points when the diagnostic test
is a continuously variable[15]. Mehta et al[16] demonstrated
that, when a range of accuracies of biopsy and a range
of prevalence of fibrosis are taken into account, even
in the “best” scenario an area under receiver operating
characteristic curve > 0.90 cannot be achieved even for
a perfect marker. The perceived limitation in diagnostic accuracy of noninvasive markers of liver fibrosis is
probably the major reason why these tests have not been
widely adopted in clinical practice.
Noninvasive markers of liver fibrosis can be divided
into two groups: serum biomarkers and imaging techniques. These methodologies will be presented separately
and a combined approach will also be discussed in this
review.
Serum biomarkers
Indirect (or class Ⅱ) markers of liver fibrosis: This
group comprises, in general, routine tests usually com-

2855

March 21, 2014|Volume 20|Issue 11|

Schiavon LL et al . Non-invasive diagnosis of liver fibrosis
Table 2 Selected models including indirect markers of liver fibrosis
Score
(original
reference)

Variables

Performance in HCV patients
Significant fibrosis (≥ F 2)

APRI[24]
AST and platelet count
FIB-43[41]
Age, AST, ALT and platelet count
Forns index[48] Age, platelet count, cholesterol levels, and GGT
Fibro index[50]
Platelet count, AST, and gamma globulin

1

Cirrhosis (≥ F 4)

Median
AUROC

Median
2
sensitivity

Median
2
specificity

Median
AUROC

Median
2
sensitivity

Median
2
specificity

0.77
0.74
0.76
0.76

81%
64%
88%
94%

95%
79%
94%
97%

0.84
0.87
0.87
0.86

77%
90%
98%
70%

94%
92%
91%
91%

1

Based on reference number 49; 2Sensitivity values are presented for the lower cutoff and specificity for the upper cutoff (when multiple cutoffs are presented); 3Model originally proposed for HIV/HCV co-infected patients. HCV: Hepatitis C virus; AUROC: Area under the receiver operating characteristic
curve; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase; HIV: Human immunodeficiency virus.

bined with other laboratory or clinical parameters in a
specific model. The most commonly studied indirect
markers in HCV infection include aspartate aminotransferase (AST), alanine aminotransferase (ALT), platelet
count, gamma-glutamyltransferase (GGT), bilirubin,
haptoglobin, apolipoprotein A1, and alpha-2-macroglobulin. Models that combined indirect markers are usually
devised from retrospective studies and, as a rule for noninvasive fibrosis markers, are limited in discriminating
between intermediate stages of fibrosis. Table 2 depicts
the most common models including indirect markers
proposed for fibrosis estimation in hepatitis C.
The AST/ALT ratio has been used for several years
as a noninvasive method for assessing the severity of
chronic liver diseases, including chronic HCV infection[17-20]. Although some studies have found promising
results, its performance as a noninvasive marker of fibrosis is generally low, especially in the diagnosis of less
advanced stages of fibrosis[21,22]. In a recent study, we
showed that the AST/ALT ratio had a low diagnostic accuracy in detecting significant fibrosis (AUROC of 0.661)
as compared to other simple models, such as APRI (AUROC 0.793) and FIB-4 (AUROC 0.811)[23].
The AST-to-Platelet Ratio Index (APRI) is calculated
as (AST/upper limit of normal range)/platelet count
(109/L) × 100. This index was originally proposed by
Wai et al[24] in 2003 and became one of the most studied
noninvasive fibrosis markers in chronic HCV infection.
The APRI is based on the rationale that worsening of fibrosis and increasing portal pressure are associated with
reduced production of thrombopoietin by hepatocytes,
increased platelet sequestration within the spleen and reduced clearance of AST[25-27]. A meta-analysis exploring
the performance of this model in HCV infection was
published in 2011 and included 40 studies and a total
of 8739 subjects[28]. This study showed only a moderate
degree of accuracy for APRI in the detection of HCVrelated fibrosis. The summary AUROC of the APRI for
the diagnosis of significant fibrosis (≥ F2 according to
METAVIR), severe fibrosis (≥ F3), and cirrhosis was
0.77, 0.80, and 0.83, respectively[28]. In this meta-analysis,
the best cutoff for diagnosing significant fibrosis was
0.7, with a summary sensitivity and specificity of 77%
and 72%, respectively. For the detection of cirrhosis, the
optimal cutoff was 1.0, with a summary sensitivity and
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specificity of 76% and 72%, respectively. A threshold of
2.0 exhibited a specificity of 91% for diagnosing cirrhosis, but a low sensitivity of 46%[28]. A major advantage of
APRI is that it was validated in special populations, such
as HIV/HCV co-infection[28-37], in whom the overall performance seems to be lower than in HCV mono-infected individuals[28], and adjusted cutoffs may increase sensitivity and specificity, as we previously demonstrated[30].
APRI also proved to be a valuable tool in hemodialysis
patients with chronic HCV infection. In a study which
included 203 subjects, we demonstrated good performance of this model, especially in excluding significant
fibrosis, with a negative predictive value (NPV) of 93%
for a prevalence of significant fibrosis of 24%[38]. These
results were further validated in a cohort of 279 hemodialysis patients[39] and Canbakan et al[40] showed that APRI
was superior to FibroTest® in this population.
The FIB-4 is also a noninvasive method for the
evaluation of liver fibrosis, based on simple variables
such as age, AST, ALT and platelet count. It was initially
proposed by researchers in the APRICOT study (AIDS
Pegasys Ribavirin International Coinfection Trial) to
evaluate the presence of liver fibrosis in HIV/HCV
coinfected patients[41]. It was subsequently validated in a
large cohort of HCV mono-infected patients in whom
values < 1.45 had a NPV of 94.7% to exclude severe
fibrosis (F3-F4) with a sensitivity of 74.3%[42]. A FIB-4
value higher than 3.25 had a positive predictive value
(PPV) of 82.1% with a specificity of 98.2%[42]. The authors also showed a similar performance between FIB-4
and FibroTest®[42]. Several other studies reported that the
FIB-4 index had a variable degree of accuracy in HCVinfected subjects[43-47]. We performed a comparison between FIB-4 and APRI and found similar AUROCs for
both models (0.811 vs 0.793)[23]. However, the proportion
of biopsies that could have been correctly avoided was
substantially higher with FIB-4 than with APRI (63% vs
47%) suggesting that FIB-4 is probably a more useful
tool for incorporation into daily practice[23].
The Forns index is based on age and three additional simple tests: platelet count, cholesterol levels, and
GGT[48]. In the original study, the AUROC was 0.86 for
the estimation group and 0.81 for the validation group
in diagnosing significant fibrosis[48]. However, in a recent
systematic review, the median AUROC from 22 studies
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was 0.76 for significant fibrosis and 0.87 for cirrhosis[49].
When evaluating those studies that performed direct
comparisons, the Forns index and APRI showed a very
similar performance for both significant fibrosis and cirrhosis[49].
The Fibroindex was originally proposed for diagnosis of HCV-related fibrosis and includes the following
variables: platelet count, AST, and gamma globulin[50]. In
the original study, this model exhibited a higher AUROC
(0.83) for diagnosing significant fibrosis as compared to
APRI and the Forns index[50]. Fibro index was also correlated significantly with variation in fibrosis stage when
a subset of 30 patients who had undergone a liver biopsy twice was evaluated[50]. Nevertheless, in the mentioned
systematic review, the median AUROC for significant
fibrosis detection was 0.76 and for cirrhosis was 0.86[49].
Direct comparisons showed no superiority of Fibroindex over APRI for both significant fibrosis and cirrhosis
detection[49].

pooled adjusted AUROC of 0.83 for the FibroTest® in
HCV patients[54]. However, the systematic review published by Chou and Wasson[49] revealed that when only
studies that performed direct comparisons were considered, the APRI was associated with only a slightly
lower AUROC than the FibroTest® for significant fibrosis (median difference between AUROCs, -0.03; range,
-0.10 to 0.07), but there was no difference for cirrhosis
(median difference between AUROCs, 0.0; range, -0.04
to 0.06). In addition, the FibroTest® was not superior to
FIB-4 and other models such as the Fibrometer® and
Hepascore® for the diagnosis HCV-related fibrosis, as
shown in the same review[49]. Beyond the absence of a
clear superiority of the FibroTest® over other free and
readily available models, and given the variability of
components of assays and analyzers, FibroTest® assays
can only be performed in validated laboratories. In addition, the existence of hemolysis or Gilbert syndrome
can lead to false-positive results and must be taken into
account[55].
The enhanced liver fibrosis (ELF) score provides a
single value by an algorithm combining age as well as
quantitative serum measurements of TIMP-1, PIIINP
and HA[56]. Age was removed from the simplified ELF
score[56]. It was originally proposed in a cohort study
including 1021 subjects with various chronic liver diseases (496 with chronic hepatitis C). In contrast to the
good performance observed for alcoholic liver disease
(AUROC 0.944) and non-alcoholic fatty liver disease
(AUROC 0.870), a relatively low accuracy was observed
in chronic HCV infection (AUROC 0.773)[56]. ELF was
further validated in HCV patients[57-59], but it was not
superior to APRI for the detection of both significant
fibrosis and cirrhosis in studies that performed a direct
comparison between the two models[49,58]. A recent study
has shown that the ELF score is significantly influenced
by gender (higher values in men) and age (higher scores
in older persons), and this should be taken into account
when interpreting the results of this scoring system[60].
The Fibrometer ® is a patented and commercially
available proprietary panel of tests that combines platelet
count, prothrombin index, AST, α2-macroglobulin, HA,
blood urea nitrogen and age[61]. In addition to the typical
results of fibrosis stage corresponding to the METAVIR
system, the Fibrometer® may also indicate the amount
of liver fibrosis as a percentage of fibrous tissue within
the liver (area of fibrosis)[62]. In the systematic review
published by Chou and Wasson, the Fibrometer® exhibited a pooled AUROC of 0.82 for significant fibrosis
and 0.91 for cirrhosis[49]. Direct comparisons showed
that the Fibrometer® performed better than APRI and
the FibroTest® in detecting both significant fibrosis and
cirrhosis[43,49].
FIBROspect Ⅱ® is also a commercially available
panel that includes TIMP-1, α2-macroglobulin and HA
levels[63]. It was generated from a cohort of 696 HCVinfected patients and exhibited an AUROC of 0.831 for
diagnosing significant fibrosis in the original study[63].
FIBROspect Ⅱ® was subsequently validated[64,65] and the

Direct (or class Ⅰ) markers of liver fibrosis: Multiple
etiologies of liver disease, including chronic HCV infection, can lead to liver fibrosis through integrated signaling networks that regulate the deposition of extracellular
matrix[51]. This sequence of events drives the activation
of hepatic stellate cells into a myofibroblast-like phenotype that is contractile, proliferative and fibrogenic[51].
Collagen and other extracellular matrix (ECM) components are deposited as the liver generates a woundhealing response to encapsulate injury[51]. The direct (or
class Ⅰ) markers of liver fibrosis are usually fragments
of the liver matrix components produced by hepatic
stellate cells during the process of ECM remodeling,
usually reflecting the deposition or removal of ECM[52].
The most studied direct markers are hyaluronic acid (HA),
YKL-40, laminin, fibronectin, alpha-2-macroglobulin,
procollagen type Ⅰ carboxy terminal peptide (PICP),
procollagen type Ⅲ amino-terminal peptide (PIIINP),
N-terminal propeptide of type Ⅱ collagen, metalloproteinases (MMPs), tissue inhibitors of matrix metalloproteinases (TIMPs) and transforming growth factor-b1
(TGF-b1).
As stated for indirect tests, direct biomarkers are
usually combined in composite scores to increase the diagnostic performance (Table 3). It is important to point
out that these models are not liver-specific and have
limitations, such as low accuracy for intermediate stages
of fibrosis and limited availability (patented formulas
or tests not routinely performed). Below, we discuss
the most studied models combining direct and indirect
biomarkers for the diagnosis of liver fibrosis in chronic
hepatitis C.
The FibroTest ® score was originally proposed in
2001 and is one of the most validated models for predicting liver fibrosis in HCV-infected patients[53]. It is
computed by accessing a proprietary website and entering the patient’s age, sex, and serum haptoglobin, α2macroglobulin, apolipoprotein A1, GGT, and total
bilirubin. A meta-analysis published in 2007 showed a
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Table 3 Most studied models combining direct and indirect biomarkers for the diagnosis of liver fibrosis in chronic hepatitis C
Score (original
reference)

FibroTest[53]
ELF[56]
Fibrometer[61]
FIBROspect Ⅱ[63]
Hepascore[66]

Variables

Performance in HCV patients
Significant fibrosis (≥ F 2)

Age, sex, serum haptoglobin, α2-macroglobulin, apolipoprotein A1, GGT, and total bilirubin
Age, TIMP-1, PIIINP and hyaluronic acid
Platelet count, prothrombin index, AST, α2-macroglobulin,
hyaluronic acid, blood urea nitrogen and age
TIMP-1, α2-macroglobulin and hyaluronic acid
Age, sex, α2-macroglobulin, hyaluronic acid, GGT and
total bilirubin

1

Cirrhosis (≥ F 4)

Median
AUROC

Median
2
sensitivity

Median
Median
Median
2
2
specificity AUROC sensitivity

Median
2
specificity

0.79

92%

96%

0.86

85%

81%

0.81
0.82

85%
69%

70%
81%

0.88
0.91

-

-

0.86
0.79

80%
66%

70%
79%

0.89

72%

86%

1

Based on reference number 49; 2Sensitivity values are presented for the lower cutoff and specificity for the upper cutoff (when multiple cutoffs are presented). ELF: Enhanced liver fibrosis; HCV: Hepatitis C virus; AUROC: Area under the receiver operating characteristic curve; GGT: Gamma-glutamyltransferase; TIMP: Tissue inhibitor of matrix metalloproteinases; PIIINP: Procollagen type Ⅲ amino-terminal peptide; AST: Aspartate aminotransferase.

pooled AUROC in the mentioned systematic review was
0.86 for significant fibrosis[49].
The Hepascore® is a patented model that combines
age, sex and four biomarkers (α2-macroglobulin, HA,
GGT and total bilirubin)[66]. It was devised in a cohort
of chronic HCV patients[66] and further validated in several studies[67-72]. An interesting advantage of Hepascore®
is that it can be totally automated using a single analyzer
and only one serum sample[69]. However, data from comparative studies showed that this test was not superior to
APRI and FibroTest® in diagnosing significant fibrosis
and only slightly better for the detection of cirrhosis[49].

Several studies have shown a significant correlation
between TE and fibrosis stage, as assessed by the METAVIR scoring system[78-80], as well as by computer-assisted
morphometric image analysis[81]. TE by the FibroScan®
shows a similar performance for predicting significant
fibrosis and higher accuracy to identify liver cirrhosis, as
compared to other noninvasive tests. This has been shown
by Castera et al[78] who evaluated and compared the performance of FibroScan®, FibroTest® (FT, Biopredictive,
Paris, France) and the AST-to-platelet ratio index (APRI)
in 183 HCV patients. AUROCs of FibroScan®, FibroTest®
and APRI for the diagnosis of significant fibrosis (F ≥
2) were 0.83, 0.85 and 0.78, respectively. To predict the
presence of cirrhosis (F4), the AUROCs for each method were 0.95, 0.87 and 0.83, respectively. The diagnostic
superiority of TE was further confirmed in a study of
298 HCV patients by comparing the performance of
FibroScan®, FT, APRI, Lok index, platelet count (PC),
prothrombin index (PI) and AST/ALT ratio (AAR) for
the early detection of cirrhosis. In this study, TE was the
most accurate method for predicting cirrhosis (AUROCs:
TE 0.96 vs FT 0.82, Lok and APRI 0.80, PC 0.79, PI 0.73,
AAR 0.61, P < 0.0001)[82].
The most validated TE cutoff points are 7.1 kPa to
identify patients with significant fibrosis and 12.5 kPa to
recognize those with cirrhosis[78,82,83]. TE values ≥ 14.6
kPa exhibit a positive predictive value of 90% to predict
liver cirrhosis, with a positive likelihood ratio of 35.5[82].
TE was also evaluated in special populations of HCV
patients, such as those with HCV-HIV co-infection[84,85]
and post-transplant hepatitis C[86-88], with similar accuracy
to that observed in the general population of HCV patients.
Besides estimating fibrosis stage, TE has been used to
identify cirrhotic patients at risk of developing portal hypertension and liver-related complications[82,85,89,90]. However, several cutoff values have been used and many of
these studies have found weak correlation coefficients,
particularly among patients with high HVPG (> 10
mmHg). Altogether, these data indicate that the relationship between TE and HVPG is insufficiently linear to be

Imaging techniques
Transient hepatic elastography (TE) by FibroScan®: TE,
as assessed by FibroScan® (Echosens, Paris, France), is
a simple non-invasive method to measure liver stiffness,
based on unidimensional transient elastography, a technique that uses elastic waves and low frequency ultrasounds (50 Hz). The equipment is composed of a probe,
an in-built ultrasound system and an electronic unit for
data processing. Through a transductor, low amplitude
vibrations produced by the probe are transmitted to liver
tissue. Simultaneously, the ultrasound system generates
pulses that track and determine the rapidity of propagation of elastic waves within the parenchyma. The velocity of propagation is directly related to elasticity: the
harder the tissue, the faster the propagation of elastic
waves. Hence, tests with high results generally indicate
the presence of significant fibrosis in liver parenchyma.
The final result is the median of all valid acquisitions,
which is considered to be representative of the hepatic
elasticity, expressed in kilopascals (kPa), within a range
of 2.5-75.0 kPa. The test is simple, fast (usually performed in less than 5 min), and can be easily carried out
in both inpatient and outpatient settings. Neither special
preparation nor laboratory tests are necessary.
TE has been evaluated in several non-viral chronic
liver diseases[73-75] in both adults and children[76], it was,
initially projected and then validated in patients with
chronic hepatitis C[77-81].
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clinically useful.
In contrast to HCV, few studies with appropriate methodology have evaluated the accuracy of TE in patients
with chronic hepatitis B virus (HBV) infection[83,91-94]. An
algorithm has been proposed to adjust the interpretation of TE values according to ALT levels. Values < 6.0
kPa and < 7.5 kPa accurately predict the absence of advanced fibrosis or cirrhosis in patients with serum ALT
levels inferior to the upper limit of normality (ULN) and
in subjects with ALT activity between 1 and 5 times the
ULN, respectively[93]. Similarly, TE values > 9.0 kPa and
> 12.0 kPa predict advanced fibrosis or cirrhosis in subjects with normal ALT and in those with ALT 1-5 times
the ULN, respectively. A recent study suggested that TE
exhibits a similar diagnostic performance in HBV infection as compared to HCV patients[83].

within five minutes), and reproducible noninvasive
method for liver fibrosis assessment, especially in cirrhotic patients. However, ARFI reproducibility was lower in women, in patients with high BMI (≥ 25 kg/m2),
in the presence of ascites and in the absence of liver
cirrhosis[105]. Being included into a conventional ultrasound machine and the possibility of being performed
in patients with ascites are relevant advantages of ARFI
elastography over TE by FibroScan®. A standard procedure should include measuring in a supine position with
the convex transducer (4C1) without specific breathing
maneuvers (the patient is simply asked to stop breathing
for a moment). Elastometry values increase after food
intake, and measurements should be performed in the
fasting state (or at least 3 h after the last meal)[106,107].
Although in a limited number of studies, the method has been evaluated in a variety of liver conditions,
such as metabolic liver diseases[108-112], autoimmune liver
diseases[113], hepatic tumors[114,115], and chronic hepatitis
B[116,117]. However, like TE, ARFI has been most studied in patients with chronic HCV infection[118-128]. In a
pooled meta-analysis, Friedrich-Rust et al[129] evaluated
the original data of 518 patients from eight studies (73%
with HCV). The optimal cut-offs for diagnosing significant fibrosis (F ≥ 2), advanced fibrosis (F ≥ 3) and
cirrhosis were 1.34, 1.55, and 1.80 m/s, respectively,
with diagnostic accuracies (represented by AUROCs)
of 0.87, 0.91, and 0.93, respectively. In a large, international multicenter study, Sporea et al[119] retrospectively evaluated 914 HCV subjects. They observed a
significant positive correlation between liver stiffness
by ARFI and fibrosis stage (Spearman r = 0.654; P <
0.0001), and a good diagnostic performance for predicting fibrosis stage according to the METAVIR score.
Although with significant overlapping of ARFI measurements for fibrosis F0-F2, advanced fibrosis (F ≥ 3)
and cirrhosis could be accurately excluded. Generally,
the correlation with histological fibrosis was similar
between TE and ARFI elastography. Nevertheless, TE
was better than ARFI for predicting the presence of
liver cirrhosis and fibrosis (F ≥ 1)[119]. A recent metaanalysis which included 13 studies and 1163 patients
with different hepatopathies demonstrated that for the
detection of both significant fibrosis (F ≥ 2) and cirrhosis, the diagnostic performance of ARFI and TE
were comparable, but ARFI showed a higher rate of
reliable measurements as compared to TE[130].

Acoustic radiation force impulse imaging: Although
the acoustic radiation force impulse imaging technique
has been developed by two companies, Siemens and
Philips, most clinical studies have used the Siemens
S2000 conventional ultrasound equipment which uses
short-duration acoustic pulses (push-pulses) emitted
with a frequency around 2.6 MHz. The compression
induced by the pulse in the evaluated tissue generates
shear waves which propagate perpendicularly into the
tissue. These shear waves are tracked by the pulse-echo
ultrasound acquisitions and their velocity of propagation is measured inside a small region-of-interest (ROI)
of 5 mm × 10 mm located up to 8 cm in depth. The
stiffer the tissue, the faster the shear wave velocity,
which means that the speed of the shear wave increases
with the severity of liver fibrosis[95-97]. The results are
expressed in meters per second (m/s), ranging from 0.5
to 4.4 m/s (± 20% accuracy over the range). Higher
values are generally found in the left hepatic lobe, but
higher accuracy is obtained with ARFI measurements
in the right hepatic lobe[98-100]. Although not formally
recommended by the manufacturer, good quality technical parameters (especially an interquartile ratio < 30%)
yielded better correlations between elastometry measurements and liver fibrosis, as well as higher accuracies
for predicting fibrosis stages than those with inadequate
parameters [101,102]. Evaluating 106 subjects with HCV
infection, Bota et al[101] observed discordance of at least
two stages of fibrosis between ARFI results and histological assessment in 31.7% of patients; in multivariate
analysis, female gender and IQR ≥ 30% were associated with discordance. Finally, as observed with TE,
high aminotransferase levels (> 5 times the upper limit
of normal) are associated with higher liver stiffness as
assessed by ARFI, which should be taken into account
in order to interpret results adequately[103]. It is intuitive
to consider that the impact of higher aminotransferase
levels reflects the influence of higher levels of necroinflammatory activity, which has indeed been demonstrated by Chen et al[104].
ARFI elastography is an easy, fast (usually performed
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Combined approach
Algorithms combining different fibrosis tests have been
proposed to improve the accuracy of noninvasive methods for the correct diagnosis of liver fibrosis in HCV infection. They use two serum-based models either simultaneously or in a sequential procedure[72,131,132]. They may
also be based on agreement between a blood test and an
imaging technique[133,134]. The Leroy algorithm was proposed in a study that evaluated six non-invasive scores
in 180 HCV patients[72]. In this approach, the APRI and

2859

March 21, 2014|Volume 20|Issue 11|

Schiavon LL et al . Non-invasive diagnosis of liver fibrosis
Clinical evidence of
cirrhosis: (ascites,
jaundice, hepatic
encephalopathy)

Screening for
esophageal varices
and hepatocellular
carcinoma

Concordant results
No significant fibrosis
(< F 2)

Chronic HCV
infection

Model using routine
laboratory tests
(APRI or FIB-4) +
imaging technique

Discordant results

Concordant results
Significant fibrosis (≥
F 2)

Liver biopsy

Figure 1 Suggested algorithm for diagnosing liver fibrosis in chronic hepatitis C. Patients with concordant results in two techniques (serum and imaging) may
be followed without liver biopsy and histological analysis can be reserved for those with discordant results. HCV: Hepatitis C virus.

F2/3; F3±1 and F4) and requires no liver biopsy[134]. Using this approach, the proportion of discordant results
decreased as compared to the SAFE biopsy and Castera
algorithm. Although this new classification of liver
fibrosis appears to be more a formalization of uncertainty, it may also be an astute tactic for the practical
application of noninvasive fibrosis markers, allowing a
more precise interpretation of its results. However, the
employment of two relatively expensive methods will
increase costs and may limit application of the FM+FS
classification.
Although algorithms including every previously studied noninvasive marker are obviously not available, based
on the above data, a simple and plausible approach
would be to simultaneously perform two tests (serum
and imaging technique), and reserve liver biopsy for
discordant results (Figure 1). We suggest using models
based on simple blood tests, such as APRI or FIB-4, as
there is no clear evidence for the use of more complex
and expensive tests in this setting. Similar methodology
was proposed in other review articles[135,136]. Using this
system, it is probable that liver biopsy will still be necessary in a significant proportion of patients. However, the
number of misclassifications is likely to be low.

FibroTest ® were calculated simultaneously and concordant results below the lower cutoffs (FibroTest® <
0.22 and APRI < 0.5) could rule out significant fibrosis
with a NPV of 94.1%. Results above the upper cutoffs
(FibroTest® > 0.59 and APRI > 2) exhibited a PPV for
significant fibrosis of 96.7% and for extensive fibrosis
(F 3-F 4) of 92.2% [72]. However, only 32% of patients
presented concordant results. Therefore, a significant
proportion of subjects are expected to require a liver biopsy when using this system[72]. The sequential algorithm
(SAFE for fibrosis evaluation) biopsy algorithm was
proposed in a study that included 2035 HCV patients[131].
The SAFE biopsy for simultaneous detection of significant fibrosis and cirrhosis produced only 52 (2.6%)
misclassified cases, with an overall accuracy of 97.4%.
However, as stated for the Leroy algorithm, liver biopsy
would be required in the majority of cases (64%)[131].
A different approach was proposed by Castéra et al[133]
in an algorithm combining FibroTest® and TE simultaneously. In this method (called the Castera algorithm or
Bordeaux algorithm), the diagnosis of significant fibrosis
is based in the finding of concordant results for both
methods, and liver biopsy is recommended in discordant
results or for those individuals in whom liver stiffness
measurement was not possible[133]. For the diagnosis of
significant fibrosis, the number of saved liver biopsies
was significantly higher using Castera than the SAFE biopsy algorithm (71.9% vs 48.3%, respectively). However,
accuracy of the SAFE biopsy algorithm was significantly
higher than the Castera algorithm (97.0% vs 87.7%, respectively).
More recently, a combination of Fibrometer® and
FibroScan® was proposed in a study including 1785 patients with chronic hepatitis C[134]. The so-called FM+FS
classification includes 6 fibrosis classes (F0/1; F1/2; F2±1;
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COST-EFFECTIVENESS OF NONINVASIVE
MARKERS OF FIBROSIS
The total cost of each strategy for diagnosing liver fibrosis depends on several factors such as the need for
hospitalization or sedation in the case of liver biopsy,
potential risks, the modality of noninvasive tests and
finally, the diagnostic accuracy. Although the procedure
protocol varies greatly, liver biopsy usually requires short-
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term hospitalization, the administration of sedatives and
specialized nursing staff for post-biopsy care. In addition,
ultrasonography is often used to mark or guide the biopsy. These particularities and the need for interpretation
are responsible for the relatively high cost of liver biopsy,
ranging from $1200 in the United Kingdom[137] to $2200
in the United States[138]. There are limited data regarding the cost-effectiveness of noninvasive strategies for
liver fibrosis assessment, especially for indirect markers.
However, recent studies evaluating the FibroScan® and
FibroTest® showed a favorable cost-effectiveness profile
for both noninvasive tests as compared to the traditional
approach based on liver biopsy[139-142]. There is a need
for studies evaluating the cost-effectiveness of different
strategies of noninvasive liver fibrosis assessment, such
as the combined approach and the use of indirect markers. This information would be of special interest in
low-income countries where the costs of liver biopsy are
expected to be lower, but with limited availability.
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CONCLUSION
The accurate diagnosis of liver fibrosis is essential for
decision-making in chronic hepatitis C. Even though,
over the last decade, remarkable achievements have been
made in the noninvasive diagnosis of fibrosis, this is an
evolving field and there is still room for improvement.
It is possible that, in the near future, the incorporation
of other methodologies such as genetic, proteomic, and
metabolomics profiles will allow the diagnosis of fibrosis at earlier stages, even permitting the identification of
stellate cell activation in pre-fibrotic stages. In addition,
extensive validation of currently available tools, including the investigation of their prognostic value may extend the applicability of noninvasive fibrosis markers in
clinical practice.
Although noninvasive tests are now routinely used
in several countries, they are still very limited in differentiating between early stages of fibrosis, and this fact,
at least in part, may be related to liver biopsy limitations.
Along with the improvement in current noninvasive
markers, there is also a need for changes in the way we
look at fibrosis in the near future.
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with advanced fibrosis and cirrhosis will be those with
the greatest need for expedited therapeutic intervention. There remains a need, however, for establishing
definitive clinical management guidelines to maximize
the benefit of waiting for new drugs and minimize risk
of side effects and non-response to the current triple
therapy.
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Core tip: Identification of risk factors for progression
of chronic hepatitis C has allowed physicians to recommend treatment deferral (triple therapy) to wait for
anticipated new drugs with better efficacy and safety
profiles for patients with mild to moderate disease.
Patients with cirrhosis and prior null responders rarely
obtain sustained virological response with triple therapy
and the decision to wait for new treatments must be
considered. For each patient population, definitive clinical management guidelines are needed to maximize
the benefit of waiting for new drugs and minimize risk
of side effects and non-response to the current triple
therapy.

Abstract
Elucidation of the natural history of chronic hepatitis
C (CHC) and the identification of risk factors for its
progression to advanced liver disease have allowed
many physicians to recommend deferral treatment
(triple therapy) in favour of waiting for new drug availability for patients who are at low risk of progression
to significant liver disease. Newer generation drugs
are currently under development, and are expected to
feature improved efficacy and safety profiles, as well as
less complex and shorter duration delivery regimens,
compared to the current standards of care. In addition,
patients with cirrhosis and prior null responders have a
low rate (around 15%) of achieving sustained virological response (SVR) with triple therapy, and physicians
must also consider the decision to wait for new treatments in the future for these patients as well. Naïve
patients are the most likely to achieve a close to 100%
SVR rate; therefore, it may be advisable to recommend
that patients with mild to moderate CHC should wait
for the newer therapy options. In contrast, patients
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INTRODUCTION
More than 170 million people worldwide suffer from
chronic infection with the hepatitis C virus (HCV)[1]. In
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Brazil, a nationwide population-based survey conducted
in all macro-regions to estimate the seroprevalence of
HCV antibodies in the urban population showed an overall prevalence of 1.38% (95%CI: 1.12%-1.64%)[2].
Chronic hepatitis C (CHC) is a leading cause of endstage liver disease and hepatocellular carcinoma (HCC)[3,4],
as well as the most common indicator for orthotopic liver
transplantation in the Western world[1,5]. Following the
development of HCV-related cirrhosis, the annual risks
of clinical decompensation, death or transplantation, and
HCC are 6% (range, 4%-8%), 3% (range, 2%-6%), and
3% (range, 2%-6%), respectively[6-10]. A recent study estimated that the 5-year cumulative incidences of mortality,
hepatic decompensation, and HCC were significantly
higher (9%, 31%, and 17%, respectively) in HCV-related
compensated cirrhotic patients with esophageal varices
than in those without esophageal varices (2%, 7%, and
9%, respectively)[9].
The aim of therapeutic intervention for CHC patients is to halt disease evolution to cirrhosis, or if already
established, to prevent its complications[11]; these effects
will facilitate regression of fibrosis and help to avoid
reinfection of allograft in patients who underwent liver
transplantation[12].

peutic intervention program in southern Brazil. In the
cohort of 323 individuals treated with PEG-IFN and
RBV for 48 wk, SVR was achieved in 114 (35.3%) of the
patients. Thus, the SVR rate in patients with CHC HCV-1
achieved by PEG-IFN and RBV combination treatment
in a public health system did not reproduce the results
reported from the major clinical trials[18].
The effectiveness of PEG-IFN and RBV combination treatment of hepatitis C has also been evaluated in
urban ethnic minority patients[19]. Specifically, ITT analysis of 255 patients with a mean age of 50 years (60%
male; 68% genotype 1; 29% with cirrhosis) showed that
SVR was achieved in 14% of the genotype 1 patients and
37% of the genotype 2/3 patients (P < 0.001). Thus, the
dual treatment was less effective in this population than
in that reported from controlled trials, suggesting that
new strategies are needed to care for such patients.
One explanation for the differences between these
two effectiveness studies may be the fact that the Feuerstadt et al[19] study lost 26% of the patients to follow-up,
whereas the study conducted by de Almeida et al[18] did
not have such a problem. It is important to remember
that losses of more than 20% in cohort studies may reduce the reliability of their results[20].
Nonetheless, in a recent “real life” multicentric study
evaluating more than 7000 patients, Marcellin et al[21] observed SVR in only 41.8% of HCV-1 patients.

CLASSICAL MANAGEMENT
Interferon (IFN) has been the keystone of HCV therapy
for more than 20 years. In the early 1990s, only 5%-10%
of patients achieved sustained virological response (SVR)
after 24 wk of therapy with IFN[13], and extending the
treatment period to 48 wk only increased the rate of SVR
to nearly 20%. A considerable and clinically meaningful
increase in the rate of SVR (38%-43%) achieved with
IFN was finally obtained by the co-administration of
ribavirin (RBV), but this combination therapy was limited
by additional side effects[14,15].
Modification of the standard IFN molecule to couple
with a polyethylene glycol (PEG) further improved the
success rates of achieving SVR (54%-56%); unfortunately, the overall safety profile of IFN-based HCV targeted
therapy was not correspondingly improved, and the modification might have further increased side effects[16,17].
Nonetheless, the combination treatment with PEG-IFN
and RBV has been the standard-of-care (SOC) therapy
for CHC since 2003, despite that fact that the related rate
of response is suboptimal particularly for genotype 1
HCV (HCV-1), with a less than 46% cure rate[16,17].

PREDICTORS OF RESPONSE TO PEG-IFN
AND RBV THERAPY
The ability to identify which individuals will respond to
HCV treatment remains limited. Pre-treatment predictors
of response have became crucial to selecting therapy candidates, and include HCV genotype (2/3 best response),
ethnicity (Asians responding best and African Americans
worst, with Caucasians and Hispanics in-between), low
HCV baseline viral load, younger age, histology (low fibrosis and little or no steatosis), metabolic syndrome, and
interleukin 28B (IL28B) genotype[22,23].
Genetic variants in the region of the IL28B gene were
recently shown to have a strong association with the outcome of PEG-IFN and RBV therapy[24,25]. In the cohort
from the Individualized Dosing Efficacy vs Flat Dosing
to Assess Optimal Pegylated Interferon Therapy (IDEAL)
study, carriage of the favourable IL28B genotype was
associated with SVR rates of 70%-80% in Caucasian
patients treated with 48 wk of PEG-IFN and RBV,
compared to 30%-40% in patients carrying one of the
unfavourable genotypes. IL28B genotyping was recommended and immediately proved useful for pre-treatment
counselling for HCV-1 patients[26].
The rapid virological response (RVR) and early virological response (EVR) parameters are used as the ontreatment predictors of response. Clinical studies have
identified RVR as a valuable early predictor of SVR in
patients with CHC[27]. RVR is defined as undetectable
serum HCV-RNA level at week 4 of treatment, and is

PEG-IFN AND RBV IN “REAL LIFE”
CONTEXT
There remains a lack of independent studies on PEGIFN and RBV therapies that have been carried out in a
“real life” context (i.e., outside the context of clinical assays). Aiming to fill this gap, we performed an intentionto-treat (ITT) analysis to evaluate the SVR rates in CHC
HCV-1 patients who had participated in a public thera-
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of treatment in naïve patients, the SPRINT-2[30] trial
examined the effects of PEG-IFN-α-2b in association
with RBV and boceprevir, whereas the ADVANCE[31]
and ILLUMINATE[34] studies investigated the effects
of PEG-IFN-α-2a associated with RBV and telaprevir.
These studies observed SVR rates ranging between 63%
and 75%. Treatment-experienced patients were included
in the re-treatment groups with boceprevir and PEGIFNα2b plus RBV for the RESPOND-2 study[32] and
with telaprevir and PEG-IFN-α-2a plus RBV in the REALIZE study[33]. The SVR rates were between 69% and
88% for the prior relapsers, between 40% and 59% for
the prior partial responders, and between 29% and 33%
for the prior null responders.
The phase-Ⅲ trials for boceprevir and telaprevir have
provided several important insights into the opportunities
and limitations of triple therapy for diverse populations;
many patients given boceprevir and telaprevir were able
to receive a reduced duration of treatment without compromising efficacy. Among the treatment-experienced patients, prior relapsers showed the best responses, whereas
less than one-third of the prior null responders attained
SVR. For some other patient populations, such as those
with advanced fibrosis or cirrhosis, lower rates of SVR
were obtained even when the triple therapy approach was
applied. The many adverse effects related to telaprevir
and boceprevir have limited their preferred status among
patients and health professionals alike.
Approximately 60% of patients who initiate the triple
therapy regimen achieve an extended RVR[39,40], giving
them at higher chance of achieving SVR. For patients
who do not achieve an RVR, a delayed virological response (undetectable HCV-RNA before week 24 of treatment) is still beneficial, as it is associated with SVR rates
between 64% and 75% if these patients retain the HCVRNA undetectable status throughout the 48-wk treatment
period[30-34]. Such a delayed virological response has been
estimated to occur in 15%-20% of HCV patients[41].
The good rates of SVR achieved with triple therapy
have led to this therapeutic intervention strategy being
recommended as the SOC by the guidelines from the
various national Associations for the Study of Liver Disease, including the United States of America (AASLD)[39],
Europe (EASL)[42], Latin-America (ALEH)[43], Canada[44],
the United Kingdom[45], and France[46]. As with most
previous improvements in therapy for HCV, both of the
currently licensed DAAs, boceprevir and telaprevir, significantly increase the rate and severity of adverse events.
Thus, the higher efficacy that they provide is gained at
the cost of additional and potentially severe adverse effects (SAE), mainly in patients with advanced fibrosis[47].
Furthermore, it is important to emphasize that the DAAs
can interact with other drugs, as well as induce the emergence of HCV resistant variants[48]; the clinical significance of these potentially complicating features are not
yet definitely established.
The most significant “real life” study of triple therapy
treatment of cirrhotic patients was recently published by

considered an important milestone in the treatment of
patients with CHC. Patients who reach RVR have a 90%
chance of attaining SVR, regardless of genotype. RVR
assessment is also being used to individualize treatment
duration, and represents a key opportunity to individualize a patient’s therapy according to treatment-related viral
kinetics[27].
The other response predictor, EVR, is observed as a
viral load decline at week 12 and is capable of sufficiently
distinguishing non-responders from potential responders[28]; as such, EVR is used to modify treatment according to the negative predictive value. In an assessment
of HCV-1 patients treated with PEG-IFN and RBV, we
observed that the worst results were obtained in patients
with partial EVR, age > 40 years, high viral load, and
pronounced fibrosis (F4 stage); the expected probability
of SVR was only 3.8% for these patients. Thus, presence of these conditions also represents a low chance
of achieving SVR, especially if the patient did not show
negative PCR results in treatment week 12; it was recommended that treatment discontinuation be considered for
such patients[29].

FIRST DIRECTLY ACTING ANTIVIRALS
Elucidation of the natural history of CHC and the identification of risk factors for its progression to advanced
liver disease have allowed many physicians to recommend
deferral of treatment (triple therapy) in favour of waiting for new drug availability for patients who are at low
risk of progression to significant liver disease. Nearly a
decade passed after the licensing of PEG-IFN before a
new and more effective therapy was developed. Studies
published in 2011 introduced the directly acting antivirals
(DAAs), providing a promising new therapeutic approach
for treating HCV-1 patients in particular[30-34].
Telaprevir and boceprevir are non-structural serine
(NS3/4) protease inhibitors and the first DAAs approved
for use in the United States and in the European Union,
although many others are in the research and development pipeline[35]. Release of these drugs for clinical use
marked a new era in HCV therapy. For many patients
with HCV-1, DAA-based therapy has offered a significant improvement from the previous SOC[30,31]. Triple
therapy consisting of the immunomodulator PEG-IFN,
RBV and DAA agents rapidly became the gold standard
for this patient population.
Both telaprevir and boceprevir stop HCV replication
by inhibiting the NS3/4 protease, which is required for
processing the HCV polyprotein[36]. Although protease
inhibitors are potent antiviral agents, they must be given
in combination with PEG-IFN and RBV to prevent the
rapid selection of resistant variants[37,38]. Thus, optimizing
the rates of SVR by this approach will require strategies
that promote appropriate use and avoid misuse of these
drugs.
Five distinct phase-Ⅲ trials have been performed
with boceprevir and telaprevir to date[30-34]. For outcomes
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proval was given. This low percentage might reflect concerns about the related side effects and/or anticipation
for more effective medications becoming available in the
near future.

Table 1 New drugs for treating chronic hepatitis C
Class
NS3/4A protease inhibitors

Nucleoside/nucleotide analogue
inhibitors of HCV-RNA
dependent RNA polymerase

Non-nucleoside inhibitors of
HCV-RNA dependent RNA
polymerase

NS5A inhibitors of HCV-RNA
dependent RNA polymerase

Cyclophilin inhibitors

Drug

Phase of study

Telaprevir
Boceprevir
Simeprevir
Faldaprevir
Danoprevir
Vaniprevir
Narlaprevir
Asunaprevir
GS-9256
GW-9451
ABT-450/r
ACH-1625
ACH-2684
MK-5172
Sofosbuvir
Mericitabine
IDX184
PSI-938
INX-189
Tegobuvir
Filibuvir
Setrobuvir
BI207127
ABT-333
VX-222
TMC-647055
Daclatasvir
PPI-461
GS-5885
GSK2336805
Alisporivir
SCY-465

Approved
Approved
Ⅲ
Ⅲ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅰb
Ⅱ
Ⅲ
Ⅱ
Ⅱ
Ⅱ
Ⅰb
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅰb
Ⅱ
Ⅰb
Ⅰb
Ⅰb
Ⅲ
Ⅱ

NEW DRUGS
On-going clinical trials hold considerable promises for
advances in HCV therapy. A newer generation of NS3/
4A protease inhibitors are currently under development
to deliver more effective, safe, less complex and shorter
duration therapy than the current SOC. These new drugs
include the NS5A polymerase inhibitors, NS5B polymerase inhibitors, lambda interferon, and cyclophilin
inhibitors (Table 1). It is believed that agents featuring increased potency that allow for simultaneous targeting of
various aspects of HCV replication using multiple agents
will result in IFN-free therapy[50-61].
Amongst the many new drugs that were introduced
in mid-2013, two deserve distinction: sofosbuvir and
simeprevir. Both of these drugs have concluded the
phase-Ⅲ trials and been submitted to the appropriate
regulatory agencies. The results thus far have shown
that besides favouring a high SVR, both of these drugs
present excellent safety profiles (Table 2). Sofosbuvir is
a nucleotide analogue HCV NS5B polymerase inhibitor
with similar in vitro activities against all HCV genotypes (in
phase-Ⅱ studies). SVR rates of 87%-90% were obtained
in previously untreated patients with HCV-1 infection[62].
Moreover, no virologic breakthrough has been observed
during therapy with sofosbuvir in clinical trials, which is
consistent with the drug’s mechanism of action and high
genetic barrier to resistance. The phase-Ⅲ studies have
mainly evaluated patients with HCV-1 infection who had
not received previous treatment and the SVR rate is estimated to be 90% at 12 wk, supporting the use of sofosbuvir as an effective drug to treat CHC[63].
The new protease inhibitors simeprevir and faldaprevir are currently completing phase-Ⅲ clinical trials as
well. Similar to the currently available protease inhibitors,
these agents will be applied as triple therapy with PEGIFN and RBV combination treatment. In the phase-Ⅱ
clinical trials of both of these protease inhibitors, the
overall SVR rates in the treatment-naive population were
between 70% and 85%[51,60], for patients with a prior partial response to PEG-IFN and RBV the SVR rates were
between 40% and 70%, and for prior non-responders the
SVR rates were between 30% and 50%. These results are
similar to those observed with the current SOC[54,59]. The
advantages of these two new protease inhibitors are a
reduced pill burden and a more favourable adverse event
profile when compared with telaprevir and boceprevir[67].
When determining which patients should receive
therapy, some authors[68] have suggested considering
treating a broader population of patients who might have
had treatment delayed in the past. However, concerns
about adverse events from PEG-IFN-based regimens remain an obstacle. Additionally, patients with the CC poly-

Adapted from Pawlotsky et al[50]. HCV: Hepatitis C virus.

the Compassionate Use of Protease Inhibitors in Viral
C Cirrhosis (CUPIC) study group. CUPIC is an earlyaccess French program consisting of cirrhotic prior nonresponders. The study’s results indicated that the telaprevir and boceprevir-based treatments produced a smaller
virological response and had a general poor tolerability[47].
Specifically, a 16-wk analysis of 292 patients receiving
telaprevir and 205 patients receiving boceprevir showed
a significantly higher number of patients with SAE
compared to published clinical trials (32.7%-45.2% SAE
in CUPIC vs 9%-14% in the clinical trials). In addition,
death or severe complications were shown to be related
to platelet count of ≤ 100000/mm3 and albumin of < 3.5
g/dL, with a risk of 44.1% being estimated for patients
with both factors.
Future “real life” studies assessing patients with different fibrosis grade are expected to show lower SVR rates
(adherence to treatment will be an important factor in this
regard) and higher adverse effects than clinical trials.
It is interesting to consider that even in the United
States of America - the first country to approve the new
DAAs - a retrospective cross-sectional study[49] found that
boceprevir and telaprevir triple therapies were administered to only 18.7% of patients with HCV-1 infection in
the 12 mo after the Food and Drug Administration ap-
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Table 2 New directly acting antivirals submitted to regulatory agencies
Phase

Drug

Gen

n

Status

PEG-IFN

RBV

SVR

Kowdley et al[62]
(ATOMIC)
Lawitz et al[63]

Ⅱ

Sofosbuvir

1

316

Naïve

Y

Y

87%-89%

Ⅱ

Sofosbuvir

Y

Y

Ⅱa

Sofosbuvir

Ⅲ

Sofosbuvir

Ⅲ

Sofosbuvir

Y/N
Y
Y
Y
Y

Simeprevir

Naïve
Naïve/experienced
Naïve
Naïve
Naïve
Experienced
Naïve

Y/N
N
Y
N
N

Ⅱb

122
25
40
35
327
499
207
103
388

Naïve

Gane et al[56]
(ELECTRON)
Lawitz et al[64]
(NEUTRINO/FISSION)
Jacobson et al[65]
(POSITRON/FUSION)
Fried et al[51]
(PILLAR)
Zeuzem et al[54]
(ASPIRE)
Jacobson et al[66]
(QUEST 1)
Manns et al[67]
(QUEST 2)

1
2, 3
2, 3
1
1, 4, 5, 6
2, 3
2, 3
2, 3
1

Y

Y

90%
92%
60%-100%
10%-84%
90%
67%
78%
50%
75%-86%

Ⅱb

Simeprevir

1

Experienced

Y

Y

70%-96%

Ⅲ

Simeprevir

1

394

Naïve

Y

Y

80%

Ⅲ

Simeprevir

1

391

Naïve

Y

Y

81%

Ref

Gen: Genotype; RBV: Ribavirin; PEG-IFN: Polyethylene glycol-interferon; Y: Yes; N: No; SVR: Sustained virological response.

morphism of IL28B, which is associated with increased
response to therapy, should be able to achieve SVR from
dual therapy that is comparable to that anticipated for the
triple therapy; no randomized clinical trials testing this assertion have been published though[24].
Boceprevir and telaprevir must not be administered
as monotherapies and should only be given in combination with PEG-IFN and RBV in order to minimize
and prevent development of viral resistance[39]. The importance of adherence to all drugs in the triple therapy
regimen must be fully explained to each patient, and
potential barriers to adherence should be addressed prior
to initiation of the therapy regimen[68]. Regardless of
the noteworthy increase in the chance of obtaining SVR
with these protease inhibitors, the current treatment with
DAAs is more complex; it also increases the chance of
SAE, can promote viral resistance, and may not be effective in some sub-groups[69,70]. Patients with cirrhosis who
are prior null responders have a particularly low chance
of obtaining SVR with triple therapy (about 15%), and
the decision to wait for new treatments in the future
must be confronted with the consequences of not starting treatment immediately.

future (including those that are IFN-free), the decision
about whether or not to treat patients immediately may
present a challenge to clinical management. This decision
must take many factors into consideration, such as the
probability of obtaining SVR, the urgency of treatment,
contraindications, tolerability, motivation, and the actual
perspective of access to the new drugs. Though treatment duration of the new drugs is still evolving, a close
to 100% SVR rate is almost certain to become a reality
within the next 3 years, at least for treatment-naïve patients; cirrhotic patients will likely remain more difficult
to treat.
Thus, the major clinical question facing physicians
caring for patients with CHC in 2013 is: Does the patient need treatment now or is there time to wait for the
anticipated very promising newer treatments? In favour
of immediate treatment, independently from other factors, one should consider that triple therapy enhances the
chances of achieving SVR. Certainly, earlier initiation of
therapy increases the chance of success; from a practical standpoint, if SVR is achieved, disease progression
can be arrested. Furthermore, it is important to consider
the present difficulties in predicting the stage or time of
progression of a particular patient’s disease. Uncertainties
regarding the time of approval, dispensing, and cost of
these anticipated future drugs and therapies can affect the
decision as well[72].
The reasoning to defer therapy must consider the fact
that the first generation DAAs are associated with SAE;
if the therapy fails, it will affect future treatments. The
progression of liver disease is generally slow, and future
treatments will produce higher rates of SVR, including
for special patient populations. In addition, it is anticipated that the regimen for these future drugs will be simple
(greater adhesion), with less adverse events, and probably
IFN-free, and that the future treatments will be effective
in patients with non-genotype 1 HCV[72].

WHO SHOULD WAIT FOR TREATMENT?
Correct selection of patients for therapy initiation or delay is also necessary to make treatment as cost-effective as
possible. For the newly introduced DAA agents, professionals may be unable to initially treat all patients requesting therapy and will be forced to allocate scarce resources
appropriately. Some authors have shown that both universal triple therapy and IL-28B-guided triple therapy are
cost-effective when the least-expensive protease inhibitor
is used for patients with advanced fibrosis[71].
With the expectation of highly effective and bettertolerated new therapies becoming available in the near
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Shiffman and Benhamou[73] present a rather interesting position, suggesting to treat patients with F1/F2, as
not treating them would favour the reduction of SVR in
the population. Paradoxically, they consider postponing
treatment in patients who are difficult to treat (non-white,
high viral load, IL28 TT polymorphism carrier, advanced
fibrosis, and null responder).
Given the scenarios presented herein, we deem that
patients with mild to moderate disease should be advised
to wait for the newer drugs and therapies to become available, as IFN-free treatments are likely to emerge with
greater chance for SVR and fewer side effects than the
current treatments. In contrast, patients with advanced
fibrosis (F3), and more so those with cirrhosis (F4), will be
those with the greatest need for more expedited treatment.
We are particularly intrigued by the United Kingdom’s
consensus guidelines for the use of the protease inhibitors boceprevir and telaprevir in HCV-1 patients[45] for
cirrhotic patients who are also prior null responders. The
decision to wait for novel therapies or to use a 4-wk leadin with PEG-IFN and RBV to identify patients more
likely to achieve SVR should be made following careful
and balanced discussion with the patient. Patients with <
1 log decline during the lead-in phase have been shown to
have low SVR (about 6%), indicating that there is a low
chance of achieving SVR for those failing to reach the
1 log decline by week 4 in the lead-in period[32,74]. Therefore, it is important to determine whether and the extent
of treatment that should be given to prior null responder
cirrhotic patients, considering the high risk of SAE and
low chance of SVR.
In conclusion, we propose that treatment-naïve patients with HCV-1 CHC be evaluated for IL28B genotype
and fibrosis grade (by invasive or non-invasive methods).
Those with a favourable IL28B genotype (CC) and with
mild fibrosis can be treated with PEG-IFN and RBV.
If the IL28B TC or TT polymorphisms are present,
along with mild fibrosis (F1-F2), then treatment may be
deferred. In patients with pronounced fibrosis (F3-F4),
DAAs are indicated. On the other hand, for patients who
are prior relapsers, DAAs are recommended; DAAs may
be considered for prior partial responders, and prior nullresponders should be evaluated for fibrosis grade (by
invasive or non-invasive methods). If advanced fibrosis
is present (F3), treatment may be indicated. With cirrhosis (F4), lead-in is recommended; in this case, if < 1 log
decline occurs during the lead-in phase, then treatment
could be deferred, and if > 1 log decline occurs, then
DAAs may be indicated.
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Core tip: Liver cirrhosis (LC) is the critical stage of hepatitis C virus (HCV)-related chronic liver disease. Many
studies of HCV-related LC patients have indicated that
sustained virological response (SVR) after interferon
therapy is highly associated with reductions in hepatic
decompensation, hepatocellular carcinoma incidence,
and mortality. Furthermore, direct-acting antiviral agents
have shown excellent antiviral efficacy. Preliminary data
have indicated that an interferon-free regimen achieved
SVR for more than 50% of patients with LC due to HCV
genotype 1. Branched-chain amino acid supplementation, improvement of insulin resistance, and the use of
β-blockers for portal hypertension may also contribute
to a reduction in liver-related complications.

Abstract
Liver cirrhosis (LC) is a critical stage of chronic liver disease, including that caused by hepatitis C virus (HCV).
In the absence of antiviral therapy, 67%-91% of patients with HCV-related LC patients die of liver-related
causes, including hepatocellular carcinoma (HCC) and
liver failure. Among the therapeutic strategies used to
prevent liver-related complications in these patients is
standard therapy with pegylated interferon and ribavirin, which induces a sustained virological response (SVR)
in 25% of HCV genotype 1-infected patients and in 69%
of patients infected with genotypes 2 and 3. SVR in
patients with HCV-related LC has been associated with
reduced rates of hepatic decompensation, HCC, and
mortality. More recently developed direct-acting antiviral
agents have shown excellent antiviral efficacy, with preliminary data demonstrating that an interferon-free regimen that includes these direct-acting antiviral agents
achieved SVR in more than 50% of patients with HCV
genotype 1 LC. Branched-chain amino acid supplementation, improvement of insulin resistance, and the use of
β-blockers for portal hypertension may also reduce liver-
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INTRODUCTION
Hepatitis C virus (HCV) infection is one of the most
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Table 1 Comparison of natural histories among patients with hepatitis B virus-related, hepatitis C virus-related, nonalcoholic steatohepatitis-related, and alcoholic compensated liver cirrhosis
Natural history

HCV

HBV

Hepatic decompensation

5.6%
5.6%
6.0%
2.0%
8.3%
4.7%
6.1%
3.2%
6.3%
5.1%
2.0%
5.2%

3.2%

Hepatocarcinogenesis

Mortality

Alcoholic

NASH

4.4%
4.5%
1.8%
3.3%
0.6%
2.3%
2.8%
3.6%
4.3%
0.4%
5.0%

Ref.
[5]
[7]
[11]
[5]
[6]
[7]
[12]
[5]
[6]
[7]
[11]
[12]

All figures are expressed as average annual percentage rates. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis; LC:
Liver cirrhosis.

vs 14%, P = 0.89) rates were similar in untreated patients
with HCV- and HBV-related LC, although the 5-year rate
of hepatic decompensation was significantly higher in the
former than in the latter group (28% vs 16%, P = 0.0094)[5].
In a study that compared outcomes in untreated Asian
patients with HCV- and alcohol-related LC, the rates of
hepatic decompensation (5.6% per year vs 4.4% per year,
P = 0.77) and mortality (5.1% per year vs 4.3% per year, P
= 0.76) did not differ significantly, although the HCC rate
was significantly higher in the former group than in the
latter group (4.7% per year vs 0.6% per year, P = 0.0003)[7].
Furthermore, a recent analysis of a Caucasian population
found that the 10-year rates of hepatic decompensation
(60% vs 45%, P < 0.007) and death (20% vs 4%, P < 0.004)
were significantly higher in patients with HCV- than in
patients with NASH-related compensated LC. Analysis
of the entire cohort also revealed that HCC rates during the entire follow-period were significantly higher in
the former group (17% vs 7%, P < 0.01)[11]. However,
in Asian patients, the 5-year HCC (30.5% vs 11.3% at
5 years, P = 0.185) and mortality (26.2% vs 24.8% at 5
years, P = 0.393) rates were similar in patients with HCVand NASH-related LC[12].
Altogether, these studies indicate that the rates of
hepatic decompensation, HCC occurrence, and death
in patients with LC due to HCV are similar to or higher
than the rates in patients with LC due to other causes.

serious global health problems. The incidence of HCV
infection is increasing, with over 185 million people
infected worldwide[1]. Moreover, approximately 370000
HCV-infected individuals die of liver-related causes
each year[2]. HCV-related liver disease can progress in an
insidious manner over several decades. The advanced
forms of the disease are liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Approximately 20%-30% of
subjects chronically infected with HCV are estimated to
develop LC 15-25 years later[3]. A recent systematic review found that, in HCV-infected patients with compensated LC, 2.8%-11.7% develop hepatic decompensation,
1.8%-8.3% develop HCC, and 2.7%-6.7% die or undergo liver transplantation each year[4]. In the absence of
antiviral therapy, 67%-91% of patients with HCV-related
LC die due to liver-related causes, including HCC or
hepatic failure[5-7]. Hence, LC is a critical stage in HCVrelated chronic liver disease, as is LC due to other causes,
including hepatitis B virus (HBV)[8], alcohol abuse[9], and
nonalcoholic steatohepatitis (NASH)[10]. Here, we review
advances in therapeutic strategies to prevent hepatic
decompensation, hepatocarcinogenesis, and mortality in
patients with HCV-related LC.

OUTCOMES IN PATIENTS WITH
HCV-RELATED LC AND THOSE WITH LC
DUE TO OTHER CAUSES

RISK FACTORS FOR HEPATIC
DECOMPENSATION,
HEPATOCARCINOGENESIS, AND
MORTALITY

The outcomes of patients with LC due to HCV differ
somewhat from the outcomes of patients with LC due
to other causes. Table 1 summarizes the outcomes of patients with LC due to HBV, HCV, alcohol, and NASH. A
study of a large Asian population compared outcomes in
patients with HCV- and HBV-related compensated LC,
none of whom had received any antiviral therapy. HCC
(8.3% per year vs 3.3% per year, P < 0.001) and mortality
(6.3% per year vs 3.6% per year, P < 0.001) rates were significantly higher in patients with HCV- than HBV-related
LC[6]. In contrast, a study in a Caucasian population found
that 5-year HCC (10% vs 9%, P = 0.66) and mortality (16%
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Knowledge of the prognostic factors in patients with
HCV-related LC is essential for patient management.
Hepatic decompensation
Hepatic decompensation is generally defined as the development of ascites, jaundice, variceal bleeding, and/or
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Table 2 Antiviral therapies for hepatitis C virus-related liver cirrhosis
Antiviral therapy
IFN-based therapy aiming at SVR
IFN monotherapy
IFN + RBV
Pegylated IFN + RBV

Number of treated
patients

SVR rate

271

15.1% for genotype 1; 47.2% for
others
30.3% for genotype 1b; 80.0% for
others
24.2% for genotype 1; 70.8% for
others
20.5% for genotype 1/4; 72.1%
for genotype 2/3
24.4% for genotype 1; 54.9% for
others
59.0%
61.9%
70%-73% for relapsers; 15%-82%
for partial responders; 31%-46%
for null responders
38.1%

132
57
87
568

Pegylated IFN + RBV + boceprevir
Pegylated IFN + RBV + telaprevir
Pegylated IFN + RBV + simeprevir

39 (all genotype 1)
21 (all genotype 1)
83 (all genotype 1)

Pegylated IFN + RBV + mericitabine
21 (genotype 1/4)
IFN-based therapy after treatment for HCC
IFN monotherapy
76 (pure HCV, 42)
Pegylated IFN maintenance therapy
427
311 (portal hypertension, 39)
Faldaprevir + deleobuvir + RBV
34 (all genotype 1)

1

Decompensation

1

Severe Ref.
2
AE rate

0.65 (0.31) 0.54 (0.05)

[32]

HCC

1

(0.28)

Mortality

12.1%

[33]

10.5%

[26]

25.0%

[28]

29.6%

[36]
[79]
[24]
[82]

[83]

0.254

0.303
0.45

0%
17%

57% in patients treated thrice
daily; 54% in patients treated
twice daily

[74]
[57]
[56]
[85]

1

The relative risk reduction of clinical events is expressed as a hazard ratio: total cases (SVR cases); 2Severe AE rate is expressed as the rate of IFN discontinuation due to adverse events; 3HCC recurrence in adherent patients with pure HCV; 4Hepatic decompensation in patients with portal hypertension. HCV:
Hepatitis C virus; SVR: Sustained virological response; HCC: Hepatocellular carcinoma; AE: Adverse event; IFN: Interferon; RBV: Ribavirin; DAA: Directacting antiviral agent.

Antiviral therapy
Table 2 lists antiviral therapies for HCV-related LC.

hepatic encephalopathy. Factors predictive of hepatic decompensation include low serum albumin levels[5,7,13], elevated serum bilirubin levels[14,15], low platelet counts[5,15],
and the presence of esophageal varices[14,15].

IFN-based therapy: Early small randomized controlled
studies that examined the efficacy of IFN therapy in
patients with HCV-related LC yielded conflicting results [18,20,21]. However, accumulated data have shown
favorable outcomes in patients receiving IFN therapy,
particularly in patients who achieve a sustained virological response (SVR).

Hepatocarcinogenesis
Older age[5,15-17], male sex[7,14-17], low serum albumin levels[5,15], low platelet counts[16,17], elevated serum α-fetoprotein
levels[7,14,15,17,18], and the absence of interferon (IFN) therapy[18,19] have been found to be independent risk factors for
hepatocarcinogenesis.

IFN therapy targeting an SVR: HCV-related liver disease may be cured by methods that eradicate HCV. IFNbased regimens have been established as definitive and
curative treatments for patients with chronic hepatitis
C without LC. SVR has proven to be the best surrogate
marker for HCV eradication by IFN[22]. IFN therapy targeting an SVR is more challenging in HCV patients with
than without LC because of the relatively low response
rates and high rates of severe adverse events in patients
with LC. Studies in treatment-naïve HCV patients, most
of whom had chronic hepatitis without LC, demonstrated that the standard combination therapy with pegylated
IFN and ribavirin or triple therapy with pegylated IFN,
ribavirin, and a nonstructural protein 3/4A (NS3/4A)
protease inhibitor (boceprevir or telaprevir) achieved
SVR in 63%-75%[23,24] of patients with HCV genotype
1 and in 79%-93%[25] of patients with genotypes 2 and

Mortality
Low serum albumin levels[5-7,13,14,19], older age[5,15], male
sex[5,15], and elevated serum α-fetoprotein levels[6,15] have
been found to be independent risk factors for patient
mortality.

THERAPIES TO PREVENT
HEPATIC DECOMPENSATION,
HEPATOCARCINOGENESIS, AND
MORTALITY
Various treatments are used to prevent liver-related complications in patients with HCV-related LC. These methods may be classified as either antiviral or adjunctive
therapy. We describe their efficacies and limitations.

WJG|www.wjgnet.com
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LC[43].
LC patients generally have reduced daily activity levels
owing to impaired physical and neurocognitive functions[44-46]. As with LC due to other causes, neurocognitive impairment in patients with HCV-related LC has
thus far been considered as a sign of hepatic encephalopathy due to liver disease progression. However, recent
evidence has suggested that HCV infection per se also
can impair neurocognitive function, regardless of the
presence or absence of LC. In a recent study that supports the hypothesis that HCV may directly induce neurocognitive impairment, investigators not only detected
HCV RNA in brain tissue of individuals infected with
HCV but also noted that brain microvascular endothelia
and brain endothelial cells expressed all of the major
HCV entry receptors[47]. Furthermore, results from a
recent study that investigated the effects of combination
treatment with pegylated IFN and ribavirin on neurocognitive function in HCV patients revealed that patients
who achieved SVR had improved cerebral metabolism
and neurocognitive function[48]. Thus, SVR may contribute to the improvement of neurocognitive function in
HCV patients, including LC patients, and may lead to
increased daily activity levels.
Although HCV patients who achieve SVR as a result
of IFN-based therapy have the most favorable outcomes, there is evidence that a subset of patients without SVR may achieve equivalent outcomes. An elevated
serum α -fetoprotein level has been shown to be an
independent risk factor for HCC in patients with HCVrelated LC[7,14,15,17,18]. Thus, therapies that reduce serum
α-fetoprotein levels may prevent hepatocarcinogenesis
in these patients. A recent study involving a large cohort
of Japanese patients with chronic HCV infection, including patients with LC, who were treated with IFN, found
that the cumulative rate of HCC was significantly lower
in patients with post-treatment serum α -fetoprotein
levels below 6.0 ng/mL, even if these patients did not
achieve SVR[49]. Conversely, the rate of HCC was significantly higher in patients with post-treatment serum
α-fetoprotein levels ≥ 10 ng/mL, even if they achieved
SVR. Little is known about the relationship between
post-IFN serum α-fetoprotein levels and HCC in patients with HCV-related LC, which suggests a need for
future studies to assess this relationship.
Thus, in conclusion, IFN-based therapy that aims to
achieve SVR presents definite advantages for patients
with HCV-related LC, although many of these patients
may experience severe adverse events during therapy. A
recent large retrospective analysis of LC patients with
HCV genotype 1 who underwent IFN therapy determined that SVR was associated with reduced all-cause
mortality (HR = 0.15) and clinical disease progression
(HR = 0.16)[50]. This analysis also estimated that the number needed to treat to prevent clinical endpoints in those
patients has markedly declined in relation to the improvement of antiviral therapy over five years, i.e., from 302 at
2% SVR (IFN monotherapy) to 13 at 35% SVR (pegylated

3. In contrast, a study of treatment-naïve HCV patients with compensated LC found that combination
therapy with pegylated IFN and ribavirin achieved SVR
in 25% of genotype 1-infected patients and in 69% of
patients with genotypes 2 and 3[26]. Similar results have
been reported in other studies that included patients
infected with genotypes 1, 2, 3, and 4 and advanced fibrosis/LC[27-30]. Severe adverse events were reported for
14.5% of patients with HCV-related LC who received
IFN-based treatments, leading to the discontinuation of
therapy[31].
Nevertheless, IFN-based therapy that aims to achieve
SVR can provide significant benefits for patients with
HCV-related LC. The achievement of SVR is highly
associated with reductions in clinical events, including
hepatic decompensation, HCC, and mortality. A prospective study of patients with HCV-related LC revealed
that those who achieved SVR in response to IFN- α
monotherapy had lower risks for HCC (HR = 0.31)
and death (HR = 0.05) than untreated patients[32]. Furthermore, clinical trials and cohort studies showed that
combination therapy with IFN and ribavirin resulted in
significant benefits in patients with HCV-related LC. For
example, patients who achieved SVR with the combination of IFN-α2b and ribavirin had a significantly lower
cumulative 4-year rate of HCC than patients who did
not achieve SVR (8% vs 28%, P = 0.018)[33]. In a randomized controlled study in which most LC patients were
infected with HCV genotype 1b, the SVR rate tended
to be higher in patients treated with pegylated IFN-α2b
and ribavirin than in those treated with pegylated IFNα2b alone (21.6% vs 9.8%, P = 0.06), and the rates of
liver-related events, including hepatic decompensation
and HCC occurrence, were significantly lower in patients
who did than did not achieve SVR (P = 0.03)[34]. A recent study analyzing the relationship between response
to combination treatment with pegylated IFN and ribavirin and outcomes in HCV patients, more than half of
whom had LC, reported that non-achievement of SVR
was an independent risk factor for HCC (HR = 3.06),
liver-related complications (HR = 4.73), and liver-related
mortality (HR = 3.71)[35]. Moreover, a retrospective study
involving a large number of patients with HCV-related
LC who received pegylated IFN and ribavirin showed
that the 5-year event-free survival (91% vs 59%, P <
0.001) and overall survival (98% vs 86%, P = 0.005) rates
were significantly higher in patients who did than did not
achieve SVR[36]. Meta-analyses have revealed that SVR
after IFN therapy significantly reduced the rate of HCC
in HCV patients with and without LC[37-39].
Some data have suggested that SVR after IFN therapy can cause reversal of liver fibrosis. In studies that
compared the histological findings of liver biopsy specimens between pre- and post-IFN therapy, 44%-66% of
HCV-related LC patients who achieved SVR had regression of LC[40-42]. In support of these results, SVR was
reported to prevent or delay the de novo onset of esophageal varices in patients with compensated HCV-related
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Combination of statins with IFN-based therapy: The
HCV life cycle is unique in that its replication is highly
associated with host lipid metabolisms: HCV circulates
as lipo-viro particles that contain HCV core protein,
cholesterol, triglyceride, and apolipoproteins B and
E[58]. HCV-associated cholesterol plays a key role in virion maturation and infectivity[59]. HCV replicates by a
mechanism in which the HCV NS5A protein binds to a
host geranylgeranylated cellular protein, FBL2[60]. Statins
inhibit the synthesis of cholesterol and geranylgeranylated proteins, suggesting that statins may inhibit HCV
replication. Notably, although statin monotherapy was
reported to have no or little antiviral effect in HCV patients[61-63], the addition of statin to IFN-based therapy
may enhance the efficacy of the latter[64-66]. In a retrospective study involving a large number of patients, multivariate analysis revealed that the addition of statin to
pegylated IFN and ribavirin was an independent factor
that contributed to a higher SVR rate[67]. A recent metaanalysis of randomized controlled trials found that statin
supplementation increased SVR (OR = 2.02) without
additional adverse events observed in HCV patients
treated with IFN-based therapy[66]. Thus, statin supplementation may be a promising method to enhance the
efficacy of standard IFN-based therapy, particularly for
patients with HCV genotype 1 and/or contraindications
to protease inhibitors[66]. Further studies are needed to
establish the efficacy of these combinations in patients
with LC.

IFN and ribavirin). Nonetheless, long-term surveillance
is essential because even patients who achieve SVR have
a long-term risk of hepatocarcinogenesis[51].
Maintenance therapy with pegylated IFN: Despite recent advances in IFN-based therapy, the overall SVR rate
in patients with HCV-related LC has been reported to
be only approximately 30%[52]. Long-term, low-dose pegylated IFN maintenance therapy was therefore advised
for patients who do not achieve SVR. An early randomized trial of maintenance pegylated IFN-α2a in patients
with HCV-related compensated LC did not demonstrate
significantly enhanced complication-free 12- and 24-mo
survival rates, which were 98% and 72.3%, respectively,
in treated patients and 90% and 70.7%, respectively,
in untreated patients (P = 0.59)[53]. Three independent
mega-trials were conducted subsequently to evaluate the
efficacy of maintenance pegylated IFN in HCV patients
with advanced hepatitis or LC who had failed to achieve
SVR with IFN therapy: the Colchicine Versus PegIntron
Long-term Therapy (COPILOT) trial[54]; the Hepatitis
C Antiviral Long-term Treatment Against Cirrhosis
(HALT-C) trial[55]; and the Evaluation of PegIntron in
Control of Hepatitis C Cirrhosis (EPIC)[56]. The COPILOT trial, which included HCV patients with Ishak
stages 3-6 who were randomized to treatment with pegylated IFN-α2b or colchicine identified no significant
between-group differences in rates of liver-related complications and mortality/liver transplantation, although
complications of portal hypertension, mainly variceal
bleeding, occurred more frequently in the colchicine
group than in the pegylated IFN-α2b group[54]. In the
HALT-C trial, approximately 40% of HCV patients had
LC, while the remaining patients had advanced chronic
hepatitis; all the patients were randomly assigned to either the pegylated IFN-α2a group or the control group.
The rates of clinical events, including hepatic decompensation, HCC occurrence, and mortality, were similar
in the pegylated IFN-α2a and control groups (34.1% vs
33.8%, P = 0.90)[55]. After a long-term follow-up (median,
6.1 years), the rate of HCC in patients with LC, but not
those with fibrosis, was significantly lower in the treatment group than in the control group (7.8% vs 24.2% at
7 years, P = 0.009, HR = 0.45)[57]. In the EPIC3 trial, all
participants had compensated HCV-related LC and were
randomly assigned to pegylated IFN-α2b or a control
group. The overall rates of clinical events (9% vs 11%, P
= 0.14) and HCC were similar in both groups. However,
among patients with portal hypertension, the clinical
event rate was significantly lower in the pegylated IFNα2b group than in the control group (10% vs 33%, P =
0.016), primarily because of differences in the rates of
ascites and variceal bleeding[56].
In summary, these megatrials did not show any overall benefits of maintenance pegylated IFN therapy in patients with HCV-related LC. However, these trial results
suggested that certain subsets of patients might benefit
from treatment.

WJG|www.wjgnet.com

IFN therapy after curative treatment of HCC: Frequent
recurrence following curative treatment, such as surgical
resection and radiofrequency ablation, is a major issue in
the treatment of HCV-related HCC[68,69]. Because IFN
reduces the incidence of HCC in HCV patients, clinical
trials have addressed whether IFN-based therapy might
reduce the recurrence of HCV-related HCC after curative therapy. Earlier randomized controlled trials with
small numbers of HCV patients suggested that IFN-α
or IFN-β monotherapy might prevent HCC recurrence
after curative treatment of HCC[70-73]. In contrast, a randomized controlled study of HCV-related LC patients
with HCC reported that adjuvant IFN-α monotherapy
after surgical resection failed to reduce overall HCC
recurrence, although it reduced late HCC recurrence[74].
Two retrospective studies with small numbers of patients
suggested that pegylated IFN-based therapy after curative treatment may increase survival rates for patients
with HCV-related HCC and that SVR after IFN therapy
may contribute to prolonged patient survival[75,76]. Furthermore, a recent study involving a large number of
patients with HCV-related HCC showed that adjuvant
therapy with pegylated IFN-α (either 2a or 2b) and ribavirin significantly decreased the rate of HCC recurrence
after surgical resection (HR = 0.64)[77].
Taken together, these results indicate that standard
pegylated IFN-based therapy may prevent HCC recurrence and mortality after curative treatment of HCC.
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Studies that focus on patients with HCV-related LC and
HCC are warranted to confirm its efficacy. In particular,
the relationship between SVR after therapy and the rate
of HCC recurrence should be clarified.

antiviral DAAs in HCV-infected patients have only recently begun. Although future studies are required, the
high SVR rates reported in patients with HCV-related
LC treated with DAA(s)-containing regimens suggest
that these treatments may reduce or prevent liver-related
complications and deaths.

Direct-acting antiviral agents: IFN-based therapy has
limitations, including its relatively low efficacy in patients
infected with HCV genotype 1 and its capacity to cause
severe adverse events, particularly in patients with HCVrelated LC[26,31]. Hence, more effective, less toxic antiviral
agents are urgently needed to manage HCV patients.
In recent years, direct-acting antiviral agents (DAAs),
including NS3/4A protease inhibitors, NS5A inhibitors,
and NS5B polymerase inhibitors, have been developed,
and their efficacy and safety have been tested in many
clinical trials[78]. Boceprevir and telaprevir are first-generation NS3/4A protease inhibitors and have been used
combined with pegylated IFN and ribavirin in the antiviral therapy for HCV patients. Recent randomized controlled trials have demonstrated that triple therapy with
pegylated IFN, ribavirin, and boceprevir or telaprevir
resulted in a higher SVR rate than the combination of
pegylated IFN and ribavirin in HCV genotype 1 patients
with advanced fibrosis or LC (40%-68% vs 10%-39%, respectively)[24,79,80]. A large population-based study verified
the high efficacy of the triple therapy wherein an SVR
rate of 42.7% was reported in HCV genotype 1 patients
with LC[81]. Furthermore, several clinical trials with other
DAAs for HCV-related LC patients suggested promising results. In a phase 2b trial, previously treated patients
with HCV genotype 1, including those with LC, were
treated with pegylated IFN, ribavirin, and simeprevir (a
NS3/4A protease inhibitor) or pegylated IFN and ribavirin. The SVR rate at 24 wk was generally higher in the
triple than in the combination therapy group. Among LC
patients, the SVR rates were 70%-73% in relapsed patients, 15%-82% in partial responders, and 31%-46% in
null responders[82]. In another phase 2 trial of previously
untreated patients with HCV genotype 1 or 4, including patients with LC, the SVR rates in response to triple
therapy with pegylated IFN, ribavirin, and mericitabine
(a nucleoside analog NS5B polymerase inhibitor) and to
combination therapy with pegylated IFN and ribavirin in
patients with LC were 38.1% and 21.7%, respectively[83].
The phase 2b Safety and Antiviral Effect of Oral Combinations without Interferon in Patients Diagnosed with
Hepatitis C (SOUND-C2) trial tested the efficacy and
safety of faldaprevir (a NS3/4A protease inhibitor), deleobuvir (a non-nucleoside NS5B polymerase inhibitor),
and ribavirin in previously untreated HCV genotype 1
patients[84]. This trial was the first to report results from
patients with HCV-related LC who were treated with an
IFN-free regimen. Interim analysis revealed that SVR
rates were 57% in patients treated three times daily and
54% in patients treated twice daily[85]. Moreover, fewer
than 10% of the latter group discontinued treatment due
to adverse events.
Clinical trials evaluating the efficacy and safety of
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Adjunctive therapy
Although antiviral therapy plays a central role in the
prevention of hepatic decompensation, hepatocarcinogenesis, and mortality in patients with HCV-related LC,
not all such patients may benefit from these treatments,
whether due to poor response and/or severe adverse
events. However, several adjunctive therapies may prevent liver-related complications in these patients.
Branched-chain amino acid supplementation: Analyses of factors that are prognostic of clinical outcomes
in patients with HCV-related LC have suggested that low
serum albumin levels are highly associated with hepatic
decompensation and HCC[5,7,13], suggesting that agents
that maintain or increase serum albumin concentrations
may improve patient outcomes.
Protein-energy malnutrition is frequent in patients
with LC and is characterized by low serum albumin
concentrations and decreased skeletal muscle volume[86].
Moreover, serum concentrations of branched chain amino acids (BCAAs) are low in LC patients because large
amounts of BCAAs must be consumed for ammonia
detoxification[87] and energy generation[88]. Experimental
and clinical studies have revealed that BCAA supplementation increases serum albumin concentrations and improves protein malnutrition[86]. Based on these findings,
clinical trials were performed to determine whether longterm BCAA supplementation might improve event-free
survival and overall survival in patients with LC. An early
randomized clinical trial in patients with decompensated
LC suggested that long-term BCAA supplementation is
useful in preventing progressive hepatic failure[89]. Furthermore, a large randomized controlled trial, in which
approximately two-thirds of the enrolled patients had
HCV-related LC, found that long-term BCAA supplementation increased serum albumin concentrations and
was significantly associated with decreases in hepatic failure and mortality[90]. Subgroup analysis showed that the
benefits of BCAA treatment in patients with HCV-related LC were similar to those in the entire patient cohort.
BCAA supplementation may also prevent HCC occurrence. For example, although a phase 2 randomized
controlled trial involving patients with compensated
HCV-related LC found no significant difference in HCC
occurrence between the BCAA and control groups, subgroup analysis demonstrated that the HCC rate tended
to be lower in patients with serum albumin levels < 4.0
g/dL who were assigned to the BCAA group[91]. A recent
retrospective study examined the usefulness of BCAA
supplementation in preventing hepatocarcinogenesis.
Following one-to-one matching of propensity scores,
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the BCAA group had a significantly lower rate of HCC
occurrence than the control group (P = 0.032)[92].
Collectively, long-term BCAA supplementation may
be a promising method for improving event-free survival and overall survival in patients with HCV-related
LC. However, to date, the data remain insufficient, particularly regarding whether BCAA supplementation can
prevent hepatocarcinogenesis. Moreover, the timing of
BCAA treatment to obtain maximum benefits in patients
with HCV-related LC is unclear, although the results of
a randomized controlled trial suggested that patients
with molar ratios of BCAA to tyrosine (BTR) < 4 undergo BCAA treatment even if they have compensated
LC[93]. Further prospective studies are needed to assess
the efficacy of BCAA supplementation in the treatment
of patients with HCV-related LC.

improvements in dietary habits, although the therapeutic effects of diet require confirmation. Little is known
about the efficacy of medical treatments to improve IR.
A large case-control study, in which nearly 40% of the
enrolled patients with HCC or LC were infected with
HCV, suggested that treatment with metformin, an insulin-sensitizing agent used to treat patients with type 2
diabetes, was associated with a reduced risk of HCC[105].
Moreover, multivariate analysis of the results of a recent
prospective study of patients with HCV-related LC and
type 2 diabetes found that metformin treatment was
independently associated with decreases in HCC occurrence (HR = 0.19) and liver-related death/liver transplantation (HR = 0.22)[106].
Lifestyle modification and treatment with insulin-sensitizing agents may contribute to improved outcomes in
patients with HCV-related LC. Extensive efforts should
be made to assess the effectiveness of these therapeutic
strategies.

Improvement of insulin resistance: Insulin resistance
(IR) is commonly observed in HCV patients, with prevalence rates ranging from 30% to 70% [94]. Virus- and
host-related mechanisms have been associated with IR
in HCV patients. Accumulated evidence has shown
that HCV infection per se induces IR. The HCV core
protein activates suppression of cytokine signaling 3,
which causes proteasomal degradation of insulin receptor substrates 1 and 2 and inhibits the translocation of
glucose transporter 4, thereby resulting in IR. In addition, increases in inflammatory cytokines, such as tumor
necrosis factor α and interleukin 6, and decreases in
adiponectin may directly cause IR[94,95]. Furthermore, the
rates of overweight and obesity are increasing worldwide, with 39%-42% of HCV patients having body mass
indices (BMIs) ≥ 25 kg/m2[96,97]. Overweight can cause
IR, and many LC patients are overweight. A recent study
that examined the nutritional state of Japanese patients
with compensated HCV-related LC found that 72.4% of
these patients had excess energy and protein intake[98].
The development of IR in HCV patients can cause
serious problems, including the progression of fibrosis
and enhanced hepatocarcinogenesis. The degrees of IR
and hepatic fibrosis are closely related[96,99,100]. A recent
study of patients with HCV-related compensated LC
demonstrated that a high homeostasis model assessment
(HOMA)-IR score could predict the presence of esophageal varices, a manifestation of portal hypertension
induced by the progression of fibrosis[101]. IR is largely
responsible for the development of type 2 diabetes. A
recent meta-analysis found that type 2 diabetes is highly
associated with the risk of HCC (summary relative risks,
2.01)[102]. A study in patients with HCV-related or alcoholic LC indicated that overweight and type 2 diabetes
correlated significantly with an increased risk of HCC
occurrence[103]. Furthermore, a multivariate analysis of
results in patients with HCV found that type 2 diabetes
was predictive of the development of HCC in Ishak 6
LC patients (HR = 3.28)[104].
IR-associated problems in HCV patients may be
prevented or reduced by lifestyle modifications such as
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β-blockers: LC-associated portal hypertension is the
driving force behind hepatic decompensation, including
variceal bleeding and the development of ascites. Nonselective β-blockers reduce portal venous pressure by
reducing cardiac output via the blockage of β1 receptors,
produce splanchnic vasoconstriction, and reduce portal
flow via the blockage of β2 receptors[107]. Therefore, many
studies have assessed the capacity of β-blockers to prevent hepatic decompensation. These agents were shown
to prevent variceal bleeding in patients with LC, regardless
of the LC etiology[108], although another study found that
[109]
β-blockers did not prevent variceal formation . Recent
studies suggested that carvedilol is superior to propranolol in preventing variceal bleeding[110]. Moreover, a recent
study that assessed the capacity of nadolol to prevent
ascites in patients with compensated LC complicated with
esophageal varices, 75% of whom were infected with
HCV, found that a ≥ 10% reduction in hepatic venous
pressure gradient significantly reduced the risk of the
development of ascites and other related complications,
such as refractory ascites and hepatorenal syndrome[111].
Because studies have suggested that β-blockers have
anticancer effects[112], a retrospective study examined
whether propranolol treatment can prevent HCC occurrence in compensated patients with HCV-related LC.
Multivariate analysis showed that propranolol treatment
was associated with a decreased risk of HCC occurrence
(HR = 0.25) and was the only factor independently predictive of HCC in patients with esophageal varices (HR
= 0.16)[113]. These results encourage prospective studies
to examine the potential of β-blockers to prevent hepatocarcinogenesis.
Thus, accumulated evidence supports the usefulness
of β-blockers in preventing liver-related complications
in LC patients, including those with HCV. However,
from a practical standpoint, there are some limitations
to β-blocker treatment. Approximately 50% of patients
are nonresponders[111]. Although measurement of the
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hepatic venous pressure gradient can best distinguish
responders from nonresponders[107], this assessment cannot easily be performed in routine practice. Other limitations include contraindications to β-blockers and limited
tolerability to these agents due to adverse effects, such as
general fatigue and lightheadedness.
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CONCLUSION
Substantial progress has been made in the development
of treatment regimens to prevent liver-related complications and mortality in patients with HCV-related LC.
However, treatment results are not completely satisfactory. The key to improved results is the development of
more effective, less toxic antiviral agents that can achieve
SVR. With regard to antiviral therapy for chronic HCV
infection, we are transitioning from the “IFN” into the
“DAA” era[114]. We anticipate that this new era, along
with the DAAs being developed, will enhance outcomes
in patients with HCV-related LC.
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Interaction between hepatitis C virus and metabolic factors
Yasunori Kawaguchi, Toshihiko Mizuta
hepatitis C are basically the same as those for obesity,
diabetes, and metabolic syndrome. Specifically, patients are suggested to restrict their dietary iron intake,
abstain from alcohol and tobacco, and increase their
intake of green tea and coffee (to attain the beneficial
effects of caffeine and polyphenols). While successful
clinical management of HCV-infected patients with metabolic disorders has also been achieved with some antidiabetic (i.e. , metformin) and anti-lipid (i.e. , statins)
medications, it is recommended that sulfonylurea and
insulin be avoided.
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Abstract

Key words: Hepatitis C virus; Insulin resistance; Diabetes; Lipid metabolism abnormality; Hepatic steatosis;
Iron overload; Oxidative stress; Visceral obesity

Hepatitis C virus (HCV) infection disrupts the normal
metabolism processes, but is also influenced by several
of the host’s metabolic factors. An obvious and significantly detrimental pathophysiological feature of HCV
infection is insulin resistance in hepatic and peripheral
tissues. Substantial research efforts have been put
forth recently to elucidate the molecular mechanism of
HCV-induced insulin resistance, and several cytokines,
such as tumor necrosis factor-α, have been identified as important contributors to the development of
insulin resistance in the distant peripheral tissues of
HCV-infected patients and animal models. The demonstrated etiologies of HCV-induced whole-body insulin
resistance include oxidative stress, lipid metabolism
abnormalities, hepatic steatosis and iron overload. In
addition, myriad effects of this condition have been
characterized, including glucose intolerance, resistance
to antiviral therapy, progression of hepatic fibrosis,
development of hepatocellular carcinoma, and general
decrease in quality of life. Metabolic-related conditions
and disorders, such as visceral obesity and diabetes
mellitus, have been shown to synergistically enhance
HCV-induced metabolic disturbance, and are associated
with worse prognosis. Yet, the molecular interactions
between HCV-induced metabolic disturbance and hostassociated metabolic factors remain largely unknown.
The diet and lifestyle recommendations for chronic
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Core tip: A specific pathophysiologic feature of hepatitis C virus (HCV) infection is whole-body insulin
resistance, which is related to oxidative stress, lipid
metabolism abnormalities, hepatic steatosis, and iron
overload. Host metabolic factors synergistically enhance the HCV-induced metabolic disturbance, affectively deteriorating the clinical course in patients with
chronic hepatitis C. Consequently, diet, lifestyle and
medications appropriate for metabolic disorders are
important for management of HCV-infected patients to
improve their prognosis.
Kawaguchi Y, Mizuta T. Interaction between hepatitis C virus and
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INTRODUCTION
Epidemiological and clinical studies have shown that pa-
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tients with chronic liver disease, especially those infected
with the hepatitis C virus (HCV), have a higher prevalence of glucose intolerance than the general population[1-8]. Insulin resistance appears to be a central feature
of the pathogenesis of HCV-induced glucose intolerance.
Eradication of HCV by antiviral therapy has been shown
to ameliorate insulin resistance, both in hepatic tissues[4]
and whole body[9]; in addition, these patients with antiviral treatment response show significantly lower incidence
rates of glucose metabolism abnormalities during the
subsequent follow-up[10,11].
Insulin resistance has emerged as an important prognostic factor for the clinical course of HCV infection, due
to its association with resistance to antiviral therapy[12-18],
progression of hepatic fibrosis[13,19-24], development of
hepatocellular carcinoma (HCC)[25], and poor quality of
life[26]. In addition, insulin resistance, as well as oxidative
stress, has been shown to contribute to the HCV-related
disruptions in host metabolic factors, particularly lipids
and iron[27-31]. Visceral obesity has been shown to enhance
HCV-induced insulin resistance[32], and HCV infection in
patients with both obesity and diabetes mellitus has been
reported to strongly promote the development of HCC[33].
Thus, synergistic effects of viral and metabolic factors are
hypothesized to contribute to hepatocarcinogenesis.
Liver cirrhosis, regardless of etiology, leads to marked
metabolic disturbances in protein-energy malnutrition[34],
whole-body insulin resistance[35,36], and peripheral hyperinsulinemia[37-40]. Thus, the pathophysiology of liver cirrhosis is not included in the present discussion of interactive and synergistic relationships between HCV-specific
metabolic disturbances. Instead, we provide overviews of
the following: (1) insulin signaling factors and pathways
that play important roles in glucose and lipid metabolism;
(2) mechanism of HCV-induced insulin resistance in
multiple organs; (3) mechanisms of altered lipid metabolism and hepatic steatosis under conditions of HCV infection; (4) interactions between the iron metabolism and
oxidative stress pathways in HCV infection; (5) impact of
host-related metabolic factors on HCV-induced metabolic disturbance; and (6) recommendations for diet, lifestyle
and medications aimed at protecting against or resolving
metabolic disorders in HCV-infected non-cirrhosis patients.

location from the cytoplasm to the plasma membrane.
Although insulin does not affect GLUT2 in hepatocytes,
it blocks gluconeogenesis and glycogenolysis, and stimulates glycogen synthesis[41].
The biological action of insulin involves modulation of a cascade of intracellular signaling molecules
in response to circulating insulin binding to its cognate
cell surface receptor. The insulin receptor is a tetrameric
complex, consisting of two extracellular insulin-binding
α -subunits and two b -subunits transversing the cell
membrane; these subunits function as allosteric enzymes,
whereby the α-subunit inhibits the tyrosine kinase activity of the b-subunit[42]. Furthermore, insulin binding
promotes its receptor’s autophosphorylation, which leads
to tyrosine phosphorylation of the intracellular insulin
receptor substrate (IRS)-1 and IRS-2, initiating a cascade
of multifaceted events[41]. Conversely, serine phosphorylation of the IRS proteins attenuates insulin signaling by
decreasing insulin-stimulated tyrosine phosphorylation;
this action acts as a negative feedback signal under normal physiologic conditions, providing a crosstalk mechanism between pathways that are not directly modulated
by insulin but which can produce insulin resistance[43-46].
Additional factors that suppress activation of IRS proteins have also been implicated in development of insulin
resistance; these include the protein tyrosine phosphatases (PTPs), especially PTP1B, which dephosphorylate tyrosine residues on the insulin receptor or IRS-1/2[47], and
the suppressor of cytokine signaling (SOCS) proteins,
SOCS-1 and SOCS-3, which promote ubiquitin-mediated
IRS-1 and IRS-2 degradation[48].
The phosphatidyl inositol 3-kinase (PI3K)-Akt pathway is a key transducer of the insulin-mediated metabolic
signal[41,49]. PI3K itself consists of a p110 catalytic subunit and a p85 regulatory subunit. IRS proteins activate
PI3K by phosphorylating two SH2 domains in the p85
component[50]. Subsequently, the p110 component of
PI3K phosphorylates the membrane phospholipid phosphatidylinositol 4,5-bisphosphate at the 3’ position. The
resultant phosphatidylinositol 3,4,5-triphosphate (PIP3)
regulates the phosphoinositide-dependent kinase 1,
which phosphorylates and activates Akt[51]. Overexpression of the phosphatase and tensin homolog[52] and the
SH2 domain-containing inositol-5-phosphatase[53] leads
to decreased levels of PIP3, resulting in inhibition of the
PI3K-Akt pathway.
The following three pathways regulate glucose uptake:
PI3K-Akt[54]; PI3K-atypical protein kinase C (aPKC,
composed of PKC ζ/λ)[55]; and lipid raft-expressed CAPCbl-TC10[56,57]. For all, the PI3K-Akt pathway is critical
for GLUT4 translocation. Upon activation, Akt inhibits glycogen synthase kinase-3[58] and activates protein
phosphatase 1[59], thereby activating glycogen synthase by
promoting its dephosphorylation. Insulin itself inhibits
gluconeogenesis and glycogenolysis through its modulation of certain process-related transcription factors, such
as hepatic nuclear factor-4, members of the forkhead
protein family and peroxisome proliferator-activated re-

OVERVIEW OF INSULIN ACTION IN THE
REGULATION OF GLUCOSE AND LIPID
METABOLISM
Insulin controls postprandial blood glucose levels by increasing glucose uptake in muscle and fat, and reducing
hepatic glucose production. Insulin stimulates cellular
synthesis of glycogen, proteins and lipids, and inhibits
glycogenolysis, protein breakdown and lipolysis, thereby
facilitating storage of these substrates. The uptake of
glucose by muscle and fat cells is promoted through insulin’s stimulation of glucose transporter (GLUT) 4 trans-
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Figure 1 Overview of insulin signaling. Insulin binding promotes receptor autophosphorylation and subsequent tyrosine phosphorylation of insulin receptor substrates, which initiate a cascade of multifaceted metabolic actions. GLUT: Glucose transporter; IRS: Insulin receptor substrate; SOCS: Suppressor of cytokine signaling; aPKC: Atypical protein kinase; SREBP: Sterol regulatory element binding protein; mTOR: Mammalian target of rapamycin; MAPK: Mitogen-activated protein
kinase; PTEN: Phosphatase and tensin homolog; GSK3: Gen synthase kinase-3; SHIP: SH2 domain-containing inositol phosphatases.

ceptor (PPAR)γ co-activator 1, and increases lipogenesis
by modulating the sterol regulatory element binding protein (SREBP)-1[41]. Insulin-mediated PI3K pathway and
mammalian target of rapamycin (mTOR) signaling activate p70 ribosomal S6 kinase, which synthesizes proteins
and modulates the mammalian translation machinery[60].
Insulin can also stimulate cellular proliferation and differentiation by perturbing Ras activation by Grb2-SOS,
which modulates the downstream mitogen-activated protein kinase (MAPK) signaling cascade[61,62] (Figure 1).

core protein was responsible for inducing hepatic insulin
resistance via suppression of IRS-1 tyrosine phosphorylation, which was shown to ultimately lead to overt diabetes[64]. When human hepatoma cell lines were infected
with HCV genotype 1, the core protein-mediated induction of SOCS-3 was shown to promote proteosomal
degradation of IRS-1/2 through ubiquitination, resulting
in inhibition of the PI3K-Akt pathway[65]. Although another study demonstrated that HCV genotype 2 did not
mediate the same IRS-1/2 degradation via up-regulation
of SOCS-3[66], both of the core proteins derived from
genotype 2 and genotype 1 have been shown to increase
serine phosphorylation of IRS-1 through the c-Jun
N-terminal kinase (JNK) signaling pathway to decrease
tyrosine phosphorylation of IRS-1 and impair the PI3KAkt pathway[44]. In addition, the core protein of genotype
1 has been shown to promote IRS-1 degradation through
mTOR activation[67] and to suppress phosphorylation of
tyrosine on IRS-1, as well as the production of IRS-2,
through modulation of a proteasome activator (PA)28γdependent pathway[68]. The core protein of HCV genotype 3 can also promote IRS-1 degradation, and this
effect is mediating by its effects on PPARγ that lead to
up-regulation of SOCS-7[67,69]. In general, HCV can also

HCV-INDUCED METABOLIC
DISTURBANCE
Molecular mechanisms of insulin resistance in HCVinfected liver
A study using liver biopsy specimens obtained from
non-diabetic HCV-infected patients showed that HCV
impaired the insulin-stimulated tyrosine phosphorylation
of hepatic IRS-1, resulting in reduced PI3K-Akt activation without any alterations in the MAPK pathway[63].
Subsequent study of a transgenic mouse model expressing the HCV genotype 1 core protein indicated that the
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Figure 2 Molecular mechanisms of insulin resistance in hepatitis C virus-infected hepatocytes. Hepatitis C virus (HCV) can inhibit insulin signaling directly or
indirectly. GLUT: Glucose transporter; IRS: Insulin receptor substrate; SOCS: Suppressor of cytokine signaling; SREBP: Sterol regulatory element binding protein;
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phosphatases; GSK3: Gen synthase kinase-3; PI3K: Phosphatidyl inositol 3-kinase; TNF: Tumor necrosis factor; ER: Endoplasmic reticulum; PP2A: Protein phosphatase 2A; PA28γ: Proteasome activator 28γ.

peripheral, rather than hepatic, insulin resistance[74]. It is
assumed that some humoral factors are necessary for the
development of insulin resistance in peripheral tissues
that are distant from the HCV-infected liver. A study using the Zucker (fa/fa) rat model of obesity and insulin
resistance showed that tumor necrosis factor (TNF)-α
impaired insulin signaling by inhibiting the function of
insulin receptor or IRS-1 in the muscle and adipose tissues, but not in the liver[75]. Subsequent studies of the
TNF-α induced insulin resistance indicated that the underlying mechanism involved up-regulation of SOCS-3
and consequent promotion of ubiquitin-mediated
IRS-1/2 degradation[76], as well as activation of JNK and
consequent phosphorylation of serine 307 on IRS-1[45,46].
Furthermore, the levels of TNF- α in patients with
chronic hepatitis C were found to be strongly associated
with both hepatic and systemic insulin resistance[9,32,64,68,77]
and the development of diabetes[9,64,78]. While other cytokines, such as interleukin (IL)-6 and IL-18, have also been
implicated in the development of insulin resistance[73,78-81],
TNF-α appears to play a central role in obesity-related
and HCV-induced insulin resistance (Figure 3).

inhibit insulin signaling by dephosphorylation of Akt,
and this mechanism has been shown to involve the endoplasmic reticulum (ER) stress signal inducing overexpression of protein phosphatase (PP)2A[70-72] (Figure 2).
Mechanisms of insulin resistance in HCV-uninfected
peripheral tissues (mainly skeletal muscle)
Under normal physiologic conditions, skeletal muscle
accounts for up to 75% of insulin-dependent glucose
disposal, while adipose tissue accounts for only a small
fraction[41]. However, obese and diabetic patients simultaneously develop insulin resistance in liver, skeletal muscle,
and fat. HCV-infected patients also develop insulin resistance in peripheral tissues (mainly skeletal muscle) as well
as the liver, although the molecular mechanism remains
unclear.
One clinical study using a euglycemic hyperinsulinemic clamp showed that HCV infection increased endogenous glucose production (reflecting hepatic insulin
resistance) and decreased total glucose disposal (reflecting
peripheral insulin resistance)[73]. Another clinical study
showed that chronic hepatitis C was associated with

WJG|www.wjgnet.com

2891

March 21, 2014|Volume 20|Issue 11|

Kawaguchi Y et al . HCV and metabolic factors
Hepatic insulin resistance
in HCV-infected liver
Peripheral insulin resistance
in skeletal muscle

Proinflammatory cytokines
such as TNF-α

Whole-body insulin resistance

Proinflammatory cytokines
such as TNF-α
FFA, adipokines

FFA, adipokines

Visceral adiposity
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HCV-related changes in pancreatic β -cells
Whether the pathogenesis of HCV-induced diabetes is
the same as that of type 2 diabetes remains controversial,
despite extensive studies of HCV effects on the main
diabetes-related features of decreased islet mass and β-cell
dysfunction. In vitro studies have demonstrated that HCV
infection of human β-cells leads to a reduction in the
cells’ glucose-stimulated insulin release[82] and induces a
novel apoptosis-like death through an ER stress-involved,
caspase 3-dependent, specific pathway[83]. In contrast,
however, an in vivo study of the HCV core protein transgenic mouse model suggested no substantial effects on
pancreas-related insulin, due to a compensatory increase
of islet mass that occurred without infiltration of inflammatory cells[64].
These in vivo results agree with the reported clinical
observations of up-regulated insulin secretion in HCVinfected patients[3,4,9,12-14,18-20,22-24,65,84,85]. Nonetheless, further studies are needed to elucidate the effects of HCV
on pancreatic β-cells and their production and release of
insulin.

small intestine and promote insulin biosynthesis, insulin
secretion, and β-cell survival, and are enzymatically inactivated by dipeptidyl peptidase (DPP)-Ⅳ[86]. Furthermore,
GLP-1 inhibits glucagon secretion and gastric emptying,
induces satiety, and activates glycogen synthesis in hepatocytes[86,87]. In contrast, the ghrelin hormone, which is
produced in the stomach, inhibits insulin secretion and
stimulates food intake[88]. The cholecystokinin and gastrin
hormones both act to stimulate the formation of new
[86]
β-cells by stimulating islet neogenesis .
Only a few reports to date have addressed the relationship between gut hormones and HCV infection.
One study demonstrated that HCV could decrease serum
GLP-1 through up-regulation of DPP-Ⅳ expression and
suggested that this mechanism may explain HCV-induced
glucose intolerance[89]. Another recent study showed that
circulating levels of active ghrelin were positively correlated with serum albumin levels in HCV-infected patients[90].
However, the effect of ghrelin on glucose metabolism in
HCV infection remains unclear.
HCV affects lipid metabolism and induces hepatic
steatosis by genotype-specific mechanisms
Host lipids are manipulated by HCV to support its life
cycle. Viral replication and assembly require close interactions with lipid droplets and factors of lipoprotein
metabolism[91,92] in the host cell. Moreover, when mature
virus is released from hepatocytes it is complexed with
host lipoproteins[93]. Unfortunately, modulation of the

HCV-related changes in gut hormones
The gastrointestinal tract plays pivotal roles in regulating glucose metabolism and energy homeostasis through
the digestion and absorption of nutrients and the secretion of multiple gut hormones. The incretin hormones,
glucagon-like peptide (GLP)-1 and glucose-dependent
insulinotropic polypeptide, are produced mainly in the
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lipid metabolism process in host cells by HCV can induce
hepatic steatosis[27]. This fact is reflected by the higher
prevalence of hepatic steatosis in HCV-infected patients
compared to the general population or even patients with
chronic hepatitis B[94].
Using the HCV core protein transgenic mouse model,
the core protein was implicated as a key inducer of HCVrelated hepatic steatosis[95] and the mechanism was determined to involve inhibition of both the microsomal triglyceride transfer protein activity and of very low density
lipoprotein (VLDL) secretion[96]. HCV-induced oxidative
stress via mitochondrial dysfunction has also been shown
to cause lipid and protein peroxidation, resulting in impairment of VLDL export[27]. In addition, HCV core
protein has been shown to impair the expression and
function of PPARγ[97], thereby reducing mitochondrial
long chain fatty acid β-oxidation[98], and induce hepatic
gene expression and transcriptional activity of SREBP-1,
thereby increasing fatty acid synthesis[99]. Activation of
SREBP-1 is promoted via SOCS[100] or PA28γ[101] (Figure
2). Collectively, these results suggest that hepatic steatosis
in HCV infection is induced by decreases in lipid export
from the liver, reduction of fatty acid oxidation, and promotion of de novo fatty acid synthesis.
An in vitro study has shown that significant triglyceride accumulation occurs in cells upon transfection with
HCV genotypes 1 and 3, but not with genotypes 2, 4
or 5. Furthermore, the HCV genotype 3 core protein
was estimated to be three times more potent at inducing
this triglyceride accumulation than the genotype 1 core
protein[102]. Compared with genotype 1, HCV genotype
3 also induced greater SREBP-1-dependent fatty acid
synthase promoter activity[103], impairment of PPARγ
expression[104], and generation of larger lipid droplets in
hepatocytes[105]. Clinical studies of hepatic steatosis in
patients with HCV genotype 3 showed direct associations
with serum[20,106,107] and intrahepatic[108] titers of HCV
RNA, which disappeared after HCV eradication by antiviral therapy[107-110] and recurred in conjunction with HCV
relapse[108]. These clinical phenomena have not been observed in studies of the other HCV genotypes, suggesting that only HCV genotype 3 possesses virus-specific
cytopathic effects that may lead to steatosis.

in reactive oxygen species (ROS) and subsequent downregulation of hepcidin transcription leading to increased
duodenal iron transport and macrophage iron release via
ferroportin overexpression[31]. Patients with chronic hepatitis C have been shown to have up-regulated transferrin
receptor 2, a type of hepatic iron transporter, as well as
down-regulated hepcidin expression in liver[114,115]. Excess
divalent iron is known to produce hydroxyl radicals, a
type of ROS, through the Fenton reaction[116]; therefore,
hepatic iron overload may also contribute to hepatic
oxidative stress[117]. The above-mentioned vicious cycle
between hepatic iron overload and oxidative stress has
been implicated as an etiology of elevated serum alanine
aminotransferase (ALT)[30,112,118], insulin resistance[28-30],
and hepatocarcinogenesis[119].

Iron overload and oxidative stress in HCV infection
A study using liver biopsy specimens from chronic hepatitis patients indicated that hepatic iron overload was a
characteristic of HCV infection, and demonstrated that
serum ferritin levels can reflect the extent of hepatic iron
storage in a clinical setting[111]. Recently, a large cohort
study in the United States showed that HCV infection
was significantly associated with increases in serum iron
and ferritin levels, and that serum ferritin levels were directly correlated with results of liver function tests[112]. In
both in vitro and in vivo studies, the HCV core protein has
been shown to cause mitochondrial oxidative stress manifests as liver injury[113]. Transgenic expression of HCV
polyprotein in mice led to hepatic iron accumulation
through a process that involved HCV-induced increases

Links between metabolic factors and resistance to
antiviral therapy in HCV infection
Hepatic and peripheral insulin resistance is strongly associated with response to pegylated interferon (peg-IFN)-α
plus ribavirin combination therapy in patients with chronic hepatitis C[12,13-18]. Non-response to antiviral therapy in
HCV-infected patients has also been shown to be associated with increased hepatic expression of SOCS-3[122],
which is a physiological negative regulator of a key factor
in the transduction of IFN-α signaling, the signal transducer and activator of transcription (STAT)-1[123]. HCV
is known to escape from the host immune system by
interfering with IFN signaling via up-regulation of PP2A
and hypomethylation of STAT-1, both of which result
in reduced transcriptional activation of IFN-stimulated
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IMPACT OF HOST-RELATED METABOLIC
FACTORS ON HCV INFECTION
Synergistic effect of visceral obesity on HCV-induced
systemic insulin resistance
Free fatty acids (FFAs) produced and secreted by visceral
adipocytes can induce insulin resistance in skeletal muscle
and liver[120]. Recent studies have provided substantial
insights into the mechanism of lipid-induced insulin resistance[121]. In particular, intracellular accumulation of
fatty acid metabolites was shown to trigger activation of
novel PKC (δ, ε, η and θ), resulting in impairment of
insulin signaling. In muscle, activated PKCθ is necessary
for diacylglycerol (DAG)-mediated inhibition of GLUT4
transportation, and in the liver, activated PKCε is necessary for the DAG-mediated decrease in glycogen synthesis and increase in gluconeogenesis. In addition, visceral
adipocytes have also been shown to promote insulin
resistance by negatively modulating several adipokines,
including TNF-α, adiponectin, leptin, and resistin[41].
The hypothesis suggested by these cumulated findings,
that visceral obesity may cause whole-body insulin resistance and glucose intolerance via FFAs and adipokines,
is supported by the clinical studies of chronic hepatitis
C patients showing that visceral adiposity synergistically
enhances HCV-induced insulin resistance[32] (Figure 3).
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genes[124]. Thus, factors related to IFN signaling may represent the molecular link between resistance to antiviral
therapy and insulin resistance in patients with chronic
hepatitis C. This theory is further supported by studies
showing that SOCS proteins also play an important role
in insulin resistance related to metabolic syndrome[100] and
that obesity-related up-regulation of hepatic SOCS-3 expression is associated with a reduced biological response
to IFN-α in HCV-infected patients[122].

via activation of AMP-activated protein kinase (AMPK)
in skeletal muscle[132]. Since the AMPK pathway is independent of insulin signaling, exercise is effective for improving hyperglycemia without influence from an insulin
resistant milieu. Although the precise impact of diet and
lifestyle modifications on outcomes of HCV infection
remain to be fully elucidated, we have shown that appropriate diet and exercise intervention can increase insulin
sensitivity in HCV-infected patients, as well as improve
early viral response to antiviral therapy and decrease serum α-fetoprotein levels[84,85].
Considering the potential HCV-mediated effects on
iron metabolism, it is recommended that HCV-infected
patients reduce iron intake. Although the reported loads
of HCV-induced iron accumulation in liver have not been
extremely high[133,134], excessive iron intake may enhance
the condition to a dangerous level[31,118,119]. Therefore,
dietary iron restriction is important for HCV-infected
patients. Intake of a low iron diet with appropriate nutrition has been shown to significantly decrease serum ALT
and ferritin levels in patients with chronic hepatitis C[135];
in addition, reduction of hepatic iron by phlebotomy was
also shown to improve serum ALT levels[30,136-138] and insulin resistance[30]. Long-term therapy of low iron diet in
combination with phlebotomy further improved hepatic
inflammation and fibrosis[138], and reduced the risk of
hepatocarcinogenesis[139]. The collected results from these
clinical studies led to the estimation of an ideal iron intake being < 7 mg/d for patients with chronic hepatitis C.
The advantage of phlebotomy use in combination with
dietary iron restriction may be explained by the fact that
dietary iron absorption is enhanced under conditions of
iron deficiency[140].
The practice of drinking alcohol is another important
factor for any disease associated with the liver, such as
hepatitis. Temperance is recommended for patients with
chronic hepatitis C because HCV and alcohol metabolism have been shown to synergistically accelerate disease
progression via the oxidative stress pathway, promoting
HCV replication and suppressing the antiviral action of
IFN[141]. Furthermore, alcoholics with HCV infection
have been shown to develop more severe fibrosis and to
have higher rates of both cirrhosis and HCC than their
counterparts who are non-drinkers[142].
Tobacco smoking is another behavioral practice that
is detrimental to both metabolic disorders and chronic
pathogenic infections, in general. A meta-analysis of
smoking and cancer[143] demonstrated a causal relationship between tobacco smoking and cancer of the liver
[relative risk (RR) = 1.56, 95%CI: 1.29-1.87], as well as
for lung (RR = 8.96, 95%CI: 6.63-12.11), larynx (RR =
6.98, 95%CI: 3.14-15.52), pharynx (RR = 6.76, 95%CI:
2.86-15.98), upper digestive tract (RR = 3.57, 95%CI:
2.63-4.84), oral cavity (RR = 3.43, 95%CI: 2.37-4.94),
lower urinary tract (RR = 2.77, 95%CI: 2.17-3.54),
esophagus (RR = 2.50, 95%CI: 2.00-3.13), nasal sinuses
and nasopharynx (RR = 1.95, 95%CI: 1.31-2.91), pancreas (RR = 1.70, 95%CI: 1.51-1.91), uterine cervix (RR

Metabolic factors are associated with hepatic
inflammation, fibrosis, and hepatocarcinogenesis in
HCV infection
The presence of visceral obesity in HCV-infected patients
has been associated with decreased high-density lipoprotein cholesterol, hepatic insulin resistance, and steatosis,
all of which affect serum ALT levels[125]. In contrast to
HCV genotype 3, which causes viral hepatic steatosis,
HCV genotype 1 can cause metabolic hepatic steatosis
through its interactions with factors related to visceral adiposity[94]. Both insulin resistance and hepatic steatosis are
related to hepatic inflammation and fibrosis, and might
enhance these conditions when present as comorbidities[13,21-23,106]. Studies addressing the underlying molecular
mechanisms of this phenomenon have indicated that hyperglycemia and hyperinsulinemia may directly affect hepatic stellate cells and increase connective tissue growth
factor, stimulating production of extracellular matrix[126].
Moreover, in HCV-infected patients, the risk of HCC
increases in proportion to body mass index (BMI)[127],
and increased BMI is associated with younger onset of
HCC[128]. The clinical observations of postprandial hyperglycemia[129] and hyperinsulinemia[130] accelerating development and progression of hepatocarcinogenesis were also
confirmed by a large cohort study of Taiwanese HCV
carriers that identified obesity and diabetes as significant
risk factors (representing a > 100-fold increase in risk) of
HCC[33]. Thus, the interactions of hepatitis virus and host
metabolic factors appear to synergistically promote hepatocarcinogenesis.

DIET AND LIFESTYLE
RECOMMENDATIONS FOR HCVINFECTED NON-CIRRHOSIS PATIENTS
The diet and lifestyle recommendations for managing
chronic hepatitis C are basically the same as those for
obesity, diabetes and metabolic syndrome, reflecting the
potential negative effects of metabolic factors on the
clinical course of HCV infection. A recent meta-analysis
confirmed that diet and lifestyle modifications designed
to address metabolic syndrome produced effective reductions in fasting blood glucose, waist circumference,
blood pressure and triglycerides[131]. Exercise is a well-established behavioral modification that benefits metabolic
disorders, and the molecular mechanism has been determined to involve exercise-stimulated glucose transport
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= 1.83, 95%CI: 1.51-2.21), stomach (RR = 1.65, 95%CI:
1.39-1.96), and kidney (RR = 1.52, 95%CI: 1.33-1.74).
Although the effect of smoking on liver cancer was small
compared to the other organs, smoking cessation is recommended for HCV-infected patients to avoid the synergistic effect on hepatocarcinogenesis.
Caffeine and polyphenols may be another dietary
factor related to outcome of metabolic disorders and
pathogenic infections. Some studies have shown that
green tea and coffee may be beneficial to patients with
chronic hepatitis C, with intake being associated with an
improved clinical course. Green tea catechins have antiinflammatory and antioxidant properties[144-148] and have
been shown to ameliorate glucose metabolism[149]. In addition, data from several studies have indicated that this
plant-based extract may be effective in preventing hepatocarcinogenesis[150-152]. The benefits of coffee consumption have been demonstrated by numerous studies, and
include decreased risks of developing elevated ALT activity[153], hepatic fibrosis[154] and HCC[155], and improvements
in glucose metabolism[156]. Furthermore, a recent metaanalysis showed that the RR of HCC was 0.80 (95%CI:
0.77-0.84) for an increment of one cup of coffee per day,
regardless of sex, alcohol intake, or history of hepatitis
or liver disease[157].

as reduce serum insulin levels.
Anti-lipid agents
A recent meta-analysis showed that addition of statins
(also known as HMG-CoA reductase inhibitors) to the
combination therapy of IFN-α and ribavirin improved
SVR without additional adverse events[165]. Although
statins might still provide beneficial effects in the era of
direct acting antivirals (DAAs)[166], close attention must
be paid to potential drug-drug interactions. Co-administration of simvastatin or lovastatin with DAAs metabolized through cytochrome P450 (CYP) 3A is contraindicated[167]. CYP3A-independent statins can also affect the
concentration of DAAs through interaction with organic
anion transporter polypeptide 1B1, although to a lesser
extent[167]. Nonetheless, a population-based cohort study
of 260864 HCV-infected patients in Taiwan showed that
statin use reduced the risk of HCC in a cumulative, dosedependent manner[168] and a meta-analysis consisting of
1459417 patients confirmed the association of statin use
with reduced risk of HCC (although the effect was stronger in Asian than Western populations)[169]. Therefore,
statin use is considered beneficial for high-risk groups of
HCC, such as HCV-infected patients, but regular monitoring is strongly recommended to readily detect the occurrence of any statin-related adverse effects.

IMPACT OF ANTI-DIABETIC AND ANTILIPID MEDICATIONS IN HCV-INFECTED
PATIENTS

CONCLUSION
Interactive and synergistic relationships exist between
HCV-specific metabolic disturbances and host-associated
metabolic factors. HCV can induce both hepatic and peripheral insulin resistance, and the myriad mechanisms involve oxidative stress pathways, lipid metabolism abnormalities, hepatic steatosis, and iron overload. The virushost synergism ultimately promotes deterioration of the
clinical course of HCV infection. Modifications to diet
and lifestyle and application of the appropriate medications to address the metabolic disorder are important for
the management of HCV-infected patients and help to
improve response to antiviral therapy, inhibit progression
of fibrosis, and prevent hepatocarcinogenesis.

Anti-diabetic agents
Although insulin resistance is strongly associated with
resistance to IFN-based therapy in HCV-infected patients[12-18], the effect of insulin sensitizers on antiviral
therapy seems to be restrictive. In one study, administration of metformin was shown to improve the rate of
sustained viral response (SVR) to peg-IFN plus ribavirin
therapy in patients with HCV genotype 1 infection and
insulin resistance[158]; however, another study indicated
that the metformin effect was limited to female patients[159]. Administration of pioglitazone was similarly reported to improve viral response to peg-IFN plus ribavirin therapy in patients with HCV genotype 4 and insulin
resistance[160], but shown to provide no benefit to patients
with HCV genotype 1 and insulin resistance[161].
In contrast, several studies have detected a harmful effect of sulfonylurea or insulin on HCC incidence
in HCV-infected patients; however, the metformin appeared to provide a benefit in regard to this disease
outcome[162,163]. A recent meta-analysis of observational
studies confirmed an increased incidence of HCC in viral
hepatitis patients with diabetes who were treated with
sulfonylurea [odds ratio (OR) = 1.62; 95%CI: 1.16-2.24]
or insulin (OR = 2.61; 95%CI: 1.46-4.65) and a reduced
incidence for metformin treatment (OR = 0.50; 95%CI:
0.34-0.73)[164]. Therefore, the therapeutic strategy to address glucose intolerance in patients with chronic hepatitis C should aim to improve glucose metabolism as well
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Hepatitis C virus NS5A inhibitors and drug resistance
mutations
Shingo Nakamoto, Tatsuo Kanda, Shuang Wu, Hiroshi Shirasawa, Osamu Yokosuka
displayed improve�����������������������������������
ments������������������������������
in
�����������������������������
the genetic barrier while
maintaining potency.���������������������������������
��������������������������������
HCV NS5A inhibitors are safe at
low concentrations, which make them attractive for
use despite low genetic barriers, although, in fact, HCV
����
NS5A inhibitors ����������������������������������
should be used w������������������
ith HCV NS3/4A inhibitor��������������������������������������������������
s,������������������������������������������������
HCV NS5����������������������������������������
B���������������������������������������
inhibitor�����������������������������
s or peginterferon plus������
ribavirin���������������������������������������������������
.��������������������������������������������������
This review article describes HCV NS5A inhibitor
resistance mutations������������������������������
and��������������������������
recommend����������������
s���������������
that HCV NS5A
inhibitors be used in combination regimens potent
enough to prevent the emergence of resistant variants.
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Core tip: Hepatitis C virus (HCV) NS5A inhibitors such
as daclatasvir and ledipasvir in combination with other
direct-acting antiviral agents against other regions of
HCV with or without peginterferon/ribavirin are becoming available for daily clinical
������������������������������������
���������������������������
practice. These inhibitors
c��������������������������������������������������
an������������������������������������������������
induce resistance mutations �������������������
more easily in
�������
HCV
genotype 1a patients����������������������������
������������������������������������
than in HCV genotype 1b patients. HCV NS5A inhibitors should be used in combination regimens potent enough to prevent the emergence
of resistan������������������������������������������
t�����������������������������������������
mutants and attention should be paid to
the������������
se mutants��’ ��������������������
potential emergence.

Abstract
Some direct-acting antiviral agents for hepatitis C virus
(HCV)����������������������������������������������
,���������������������������������������������
such as telaprevir and boceprevir have been
available since 2011. It was reported that HCV NS5A
is associated with interferon signaling related to HCV
replication and���������������������������������������
hepatocarcinogenesis.
��������������������������������������
HCV NS5A inhibitors efficiently inhibit���
ed�����������������
����
HCV ������������
replication in vitro . Human
studies showed that dual, triple and quad regimens
with HCV NS5A inhibitors�������������������������������
, such as daclatasvir
���������������������
and ledipasvir����������������������������������������������������
,���������������������������������������������������
in combination with other direct-acting antiviral
agents against other regions of HCV with or without
peginterferon/ribavirin��������������������������������
,�������������������������������
could efficiently inhibit HCV
replication according to HCV genotypes.�������������
These�������
combination��s� �����������
might be a ������������������
powerful tool for ���������������������
“difficult-to-treat”
HCV-infected patients. “������
F�����
irst ������������
generation” ����
HCV �����
NS5A
inhibitors such as daclatasvir, ledipasvir and ABT-267,
which are now in phase Ⅲ clinical trials, could result in
resistance mutations��. ��������
“Second ������������
generation” NS5A
����� inhibi�������
tors such as GS-5816, ACH-3102, and MK-8742�������
,������
have
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INTRODUCTION
Hepatitis C virus (HCV) infection is a leading cause of
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hepatocellular carcinoma (HCC) in Japan[1-3] and is one
of the major causes of end-stage liver disease, HCC and
liver transplantation in the
���� �������
United States
�����������
and Europe
������[4,5].
A s���������
ustained ������������
virological response,
���������� defined
�������� ���
as undetectable
�������������
HCV RNA at week� 24
��� (SVR24)
�������� after
���������������
stopping combina��������
tion therapy with peginterferon plus ribavirin for 48 wk
in HCV genotype 1 and for 24 wk in HCV genotype 2,
is achieved in approximately 50% and 80%� ���
of ����������
patients��,
respectively[6-9].
HCV genomes are translated into a single open reading frame of a����������������������������������������
pproximately����������������������������
3011 amino acids after HCV
infects hepatocytes. This protein is made into structural
(core, E1, E2 and p7) and nonstructural proteins (NS2,
NS3, NS4A, NS4B, NS5A and NS5B) by HCV-encoding
and cellular proteases[9,10]. HCV NS5A is a multifunctional
phosphoprotein required for HCV RNA replication and
virus assembly[11,12]. HCV NS5A has no known enzymatic
activities and its precise role in the HCV life cycle is not
yet fully understood��; however,�
��������� �����������
there have �������������
been several
reports concerning�
����������� the
���� association
������������ between
������������������
HCV NS5A,
interferon signaling and hepatocarcinogenesis[13-21].
HCV NS5A is an approximately 447����������������
-���������������
amino acid protein with an N-terminal amphipathic alpha helix (amino
acids 5-25) and 3 structural ���������
D��������
omains (Ⅰ, Ⅱ and Ⅲ;
Figure 1)[22]. Domain Ⅰ (amino acids 28-213) contains
Zn2+-binding and RNA-binding motifs and has been
crystallized as a dimer, which is essential for HCV replication[22-24]. Domains Ⅱ (amino acids 250-342) and Ⅲ
(amino acids 356-447) appear unfolded[25]. Domain Ⅱ has
been linked to RNA replication, while Domain Ⅲ is important for virus assembly. Both ���
an �����������������������
interferon�������������
������������
sensitivity�determining region and an
��� ���������������������
interferon/ribavirin �����������
resistancedetermining region exist in Domains Ⅱ-Ⅲ (Figure 1)[26-35].
Daclatasvir (DCV, formerly called BMS-790052) is a
first-in-class HCV NS5A inhibitor with pmol/L potency
and broad genotype coverage in vitro; DCV is�����������
currently
the most studied among this class of inhibitors. ����
The
inhibitor was������������
discover��������������������������������
ed������������������������������
through
�����������������������������
a screening
�������������������
hit �����
with
BMS-858, iminothiazolidinone, using a high-throughput
cell-based HCV replicon assay. BMS-858�
�������� ����������
is a weak ����
but
specific inhibitor of HCV RNA replication for which
resistance was mapped to the N-terminal of the
��������
����
HCV
NS5A protein, indicating HCV NS5A protein as its target[36]. After chemical refinements �������������������
to ����������������
improv����������
e���������
potency
and HCV genotype coverage and the
����������������������
identification
������������������
of
symmetry as an important antiviral activity���������
factor��, DCV
����
was identified as a candidate for clinical trials[36,37]. Its precise mode of action remains unclear, but DCV seems to
bind with HCV NS5A at �������������
NS5A���������
’��������
s�������
dimer ����������
interface ������
based
on current models of the HCV NS5A structure and
analysis of drug resistan���������
t��������
mutants[23,24]. DCV induces an
alteration in the subcellular localization of HCV NS5A,
which inhibits the formation and activation of HCV replication complexes[38], and ����
DCV� blocks
������� intracellular
������������������
HCV
RNA synthesis, virus assembly and secretion[39]. HCV
����
NS5A inhibitors are safe at low concentrations, which
make them attractive for use despite low genetic barriers,
although, in fact, HCV
���������
NS5A inhibitors
������������������
�������
should ���
be �����
used
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w����������������
ith HCV
������������
NS3/4A, NS5B
����� inhibitors
����������� or
��� peginterferon
��������������
plus� �����������
ribavirin��.� ���������
I��������
t seems ���
to ���
be ����������������
relatively weak �������
in HCV
genotypes other than genotype 1b[40,41]. Many trials using direct acting antiviral agents (DAAs) including HCV
NS5A inhibitors are currently underway, and the exact resistance profile is becoming apparent[42-49]. In this review,
resistance-associated variants (RAVs) against HCV NS5A
inhibitors and ������
their �������������
������������������������������������������
correlations ���
to clinical
������������������
studies����������
,���������
��������
as well
as the difference in efficacy among HCV genotypes��,�����
����
are
discussed.

EFFICACY OF DCV AND ITS RESISTANCE
MUTATIONS IN VITRO
Gao et al[36] reported that a chemical genetic approach
identified an HCV NS5A inhibitor with a potent clinical
effect. �������������
However, ����
the in vitro resistance profile of DCV has
been reported in detail, using the HCV replicon system,
the HCV
�������������������������������������������������
cell culture-adaptive virus system and human
hepatocyte chimeric mice (Table 1)[36,40,50-53].
Resistance mutations �����
have �����
been mapped
������� to
��� the
����
N-terminal region of HCV NS5A (the first 100 amino
acids within D�����������������������������������������
������������������������������������������
omain I). �������������������������������
The p��������������������������
rimary mutation sites are
M28T, Q30E/H/R, L31M/V, P32L, and Y93C/H/N
for HCV genotype 1a, and L31F/V, P32L, and Y93H/N
for HCV genotype 1b. L23F, R30Q, and P58S in HCV
genotype 1b acted as secondary resistance mutations. The
genetic barrier to resistance is lower for HCV genotype
1a than for HCV genotype 1b (Table 1). As single mutations, Q30E and Y93N in HCV genotype 1a conferred
the highest levels of resistance, while for HCV genotype
1b, DCV retained sub�����������
-������������������������������
nanomolar ��������
potency ��������
against ����
all
variants with single amino acid substitutions. However, ��a
linked resistance mutation remarkably decreased inhibitor
susceptibility for both HCV genotypes 1a and 1b. These
substitutions also confer cross-resistance to other HCV
NS5A inhibitors. DCV-resistant variants remained fully
sensitive to interferon-alpha and other classes of DAAs
such as HCV NS3/4A and HCV NS5B inhibitors. Pelosi
et al[54] reported that combinations of double and triple
inhibitors could generate resistance pathways that differ from those developed during HCV NS5A inhibitor
monotherapy.
In HCV genotype 2a, HCV NS5A F28S, L31M,
C92R, and Y93H were the major resistance mutations[55].
Residue 30 acted as ��������������������������������
a ������������������������������
compensatory mutation, enhancing viral replication and modulating inhibitor sensitivity.
The majority of HCV genotype 2a sequences ����������
stored����
in
the European HCV database contain methionine at HCV
NS5A residue 31[56], which showed 140-fold resistance
[50% effective concentrations (EC50) 6.9 nmol/L] compared to the HCV genotype 2a strain JFH1 wild-type replicon. In HCV genotype 3a, DCV showed sub�����������
-����������
nanomolar
potency, with EC50 ranging from 120 to 870 pmol/L[57].
HCV NS5A residues 31 and 93 were also detected as sites
for DCV-selected resistance in HCV genotype 3a. DCV
retained pmol/L potency against ��������
the ���������������
HCV genotype
��������� 4��
replicon (EC50 7-13 pmol/L). HCV NS5A residue 30 was
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Figure 1 Structure of hepatitis C virus NS5A and hepatitis C virus (upper part and lower part, respectively)[22-35]. AAH: Amphipathic alpha helix; ISDR: Interferon sensitivity-determining region; IRRDR: Interferon/ribavirin resistance-determining region; LCS: Low-complexity sequence; NTR: Non-translated region.

an important site for DCV-selected resistance; R30G and
L30H conferred an
�����
EC
��50 of > 10 nmol/L. L30I-Y93R
showed an
��� ��
EC50 of > 100 nmol/L[58].

substitutions at residues 28, 30, 31, and 93 for HCV
genotype 1a, and residues 31 and 93 for HCV genotype
1b�)[41,66]. Generally, HCV genotype 1b responded better
to DCV than HCV genotype 1a. The primary difference
in the resistance patterns observed in vitro and in vivo was
the increased complexity of linked variant combinations
observed in clinical samples[67].
The influence of natural
�������� baseline
��������� polymorphisms
�������������� at
���
positions involved in drug resistance within the HCV genome has
���� been�
����� ���������
reported �������
(Table ����
2). ���
In �������
an HCV genotype
���������
1a patient with Q30R, 14-d DCV treatment at 60 mg
exhibited the
���� ��������������������������������������������
maximal
�������� response
����������������
with a 2.9
���� log
�������������
decrease in
���
HCV RNA, while the mean HCV decrease in this study
group was 3.8 logIU/mL[66]. The natural prevalence of
Q30R in HCV genotype 1a is reported to be 1% (Figure
2)[40,55-58,68-72]. Patients with �����
high baseline
�������������
HCV genotype
���������
1a resistant variant�������
s������
Q30E ��������
or L31M ����������
responded �������
poorly ���
to
LDV.
In HCV genotype 1b, the natural prevalence of L31M
or Y93H is 4%-8% according to the HCV
��������������
����������
database, ����
and
the���
se variants�
��������� are
���� ���������
observed� ������������
at a higher frequency
���������� than
�����
HCV genotype 1a variants. However, the resistance levels
of HCV genotype 1b single variants are relatively low
compared to ������
those �������
of HCV
���� ������������
genotype 1a ���������
variants �������
(Table
1). Low-level resistant variants such as R30Q and Q54HY93H in HCV genotype 1b responded well to DCV
treatment, while the combined variants R30Q-L31IY93H responded poorly to PPI-668 (Table 2)[73].
Few studies have examined HCV genotype 2 patients.
IDX-719 exhibited a mean maximal viral load reduction of 2 logIU/mL, while patients with a pre-existing
resistance substitution (L31M in HCV NS5A at baseline)
responded poorly (Table 2). Indeed, the
��������
�������������
HCV genotype
���������

HCV NS5A INHIBITORS OTHER THAN
DCV
In addition to DCV, ledipasvir (LDV, formerly GS-5885)
and ABT-267 are entering phase Ⅲ clinical study[59], and
GSK-2336805 is currently in a phase Ⅱ trial[60]. LDV
has ����������������������������������������������������
a similar
��������������������������������������������������
potency and resistance profile to ��������
that of
DCV. Y93N conferred ������������
the highest
����������������������
resistance
����������� (EC
���50 > 500
nmol/L) as a single mutation[61]. ABT-267 also exhibited
pmol/L potency and broad HCV genotype coverage
with a low barrier to resistance[59,62]. “Second generation”
HCV NS5A inhibitors such as GS-5816, ACH-3102,
and ���������
MK-8742��,����������������������������������������
����������
displayed ���������
improved ��������
potency ��������
against ����
the
resistant variants selected by the “first generation” HCV
NS5A inhibitors��,� ��������������
including HCV
���� �����������������
genotype 1a-Q30E ����
and
L31V[63-65]. ACH-3102 has sub�����������
-���������������������
nanomolar potency
�������� to
���
HCV genotype 1b-combined variants such as 31V-93H
as well as many HCV genotype 1a single variants, while
the HCV
���� genotype
����������������
1a-Y93 variant
�������� confer�������������
�������������������
s���������������
high-level ���
resistance (Table 1).

HCV NS5A INHIBITOR MONOTHERAPY
STUDY IN VIVO
Analyses of the sequence variants in a 14-d DCV monotherapy study revealed a correlation between resistant
variants emerging in vivo with DCV treatment and those
observed in the in vitro HCV replicon system��������
(������
major
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Table 1 In vitro resistance profiles according to hepatitis C virus genotypes
EC50
DCV
HCV GT
1b

1a

< 10 pmol/L

< 100 pmol/L

< 1 nmol/L

Wild (2.6 pmol/L)
L28M
L31M
R30Q

R30E, H
L31F, V
P32L
Y93H, N
37L or 54H/93H
23F/31F

23F/93H
30Q/31F
31V/58S
30H/31M

ACH-3102
HCV GT
1b

1a

< 10 nmol/L

Wild (7 pmol/L)
L31V

GT2a (JFH1)
GT4a, 5a, 6a

GT3a

Y93H
31V/93H

P58S/Y93H
P58S/T64A/Y93H

wild (20 pmol/L)
Q30H
L31M, V

Q30R, E, K
M28T
P32L
H58D

2-6

< 100 nmol/L

< 1 μmol/L

31F, M, V/93H
30Q/31M/93H

Wild (6 pmol/L)

2-6

[36,40,50-54,64]

M28T
Q30H, R
L31M
P32L
H58D

L31V
Y93C, H

GT2a (L31M)
GT2a (C92R)

GT2a (Y93H)
GT2b (31M)
GT3a (A30K)
GT3a (L31F)
GT4a (R30G)
GT4a (L30H)

Y93C

Y93H, N1
28T/30H/93C1

> 1 μmol/L

Δ30/32L

Q30E, K
Y93N (> 500 nmol/L)
28T/30H
30H/93H
30R/93C
30R/62D
GT2a (F28S)
GT3a (Y93H)
GT4a (L30I/Y93R)

31V/93H

GT2a (JFH1)
GT2a (L31M)
GT2b (31M)
GT3a, 4a, 5a, 6a

1

Analysis of hepatitis C virus (HCV) NS5A from patient samples[75]. EC50: Half maximal (50%) effective concentration; DCV: Daclatasvir; GT: Genotype.

2a M31 variant was less sensitive to IDX-719 (EC50 1.8
nmol/L) compared to ����������������������
the ������������������
HCV wild-type L31 ���������
replicon
(EC50 0.024 nmol/L)[74]. In the ��������������
HCV ����������
database, ����
the �����
most
prevalent amino acid at residue 31 is methionine, indicating that HCV genotype 2a may respond poorly to DCV.
In HCV genotype 3a patients, A30K or Y93H conferred
high-level resistance to PPI-668 (Table 2). These data
indicate that the in vitro resistance profile correlates with
the in vivo HCV NS5A inhibitor monotherapy efficacy.
As for the “second generation” HCV NS5A inhibitor
ACH-3102, potency was not attenuated at least in patients having ��a ������
minor prevalence
����������� of
���������
M28V��,������
L31M
����� �������
or Y93
variants (approximately 30%)[75].
Long-term persistence of HCV NS5A resistance
polymorphisms was observed following 14-d DCV
monotherapy� ����
and� ����������
p���������
re�������
se�����
r����
ve��d� ����
for up
��� to
�����6 ����������
mo. Viral ���������
fitness,
rather than DCV resistance, may determine which viral
variants emerge as dominant in populations[67]. In 3-d
monotherapy treatment of patients with LDV[61,76], HCV
NS5A resistance polymorphisms, present at baseline or
selected during LDV treatment, persisted in 100% and
50% of HCV genotype 1a- and 1b-infected patients, respectively, at
���������
48
������
wk ����������
following treatment
���������� �����������
cessation. ������
These
data indicated that in contrast to HCV NS3 resistant vari-
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ants to HCV NS3/4A inhibitors, those of HCV NS5A
can fit well instead of HCV wild-type����������������
. The data������
also
highlighted� ����
the �����
need ���
to �������������
use HCV NS5A ����������
inhibitor ���
in ����
combination with other DAAs or interferon to avoid producing drug-resistant virus. A baseline polymorphism with a��
minimal effect on ������
DCV���
’��s��������������������������������
���������
anti-HCV effect
������� can
���� affect
������� the
����
emergence of resistance�������
.������
E62D at
��� baseline
�������������
did not
���� con����
tribute to
�������
DCV �����������������������������������������
resistance�������������������������������
������������;������������������������������
h����������������������������
���������
�����������������������������
owever, ����
the �������
linked ���������
variant,
Q30R-E62D, conferred high-level resistance in vitro and
is likely responsible for a viral breakthrough in vivo[77]. The
pattern of resistant variants and the level of resistance
observed varied depending on the selective pressure; 14-d
treatment with low-dose DCV (1 mg) selected relatively
low-level resistant variants��,������
�����
such ����������
as Q30R/H ����
and ������
M28T,
while treatment with high-dose DCV (60 mg) selected
high-level resistant variants��,������
such
����� as
��������
Q30E and
���� Y93N,
������
and linked variants��,������
�����
such ���
as �������
28T-30H[66].

COMBINATION THERAPY WITH DCV
ies�������������
showed that ��������������������������
DCV-resistant variants reIn vitro stud����������������
mained fully sensitive to other classes of DAAs����������
,���������
such as
protease inhibitor and interferon. The COMMAND-1
study combining DCV with peginterferon-alpha and
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Table 2 Resistance profiles of hepatitis C virus NS5A inhibitors in hepatitis C virus genotype 1- and 2-infected patients
HCV NS5A inhibitor

Mean maximal viral decline (log IU/mL)

HCV genotype 1a-infected
DCV
LDV

3.8 (60 mg, 14 d)
3.1-3.3 (10-90 mg, 3 d)

PPI-668

IDX719
ACH-3102

3.2-3.6 (25-100 mg, 3 d)
3.5-3.9 (50-300 mg, single dose)

HCV genotype 1b-infected
DCV

4.3 (10 mg, 14 d)

LDV
PPI-668

Maximal viral decline in patients with RAVs at baseline (log IU/mL)
Q30R (10%)
Q30E/Q
L31M
Y93C (12%)
M28V (50%)
M28T (7%)
M28T (10%)/L31M (11%)
H58D (69%)/N (31%)
M28M/V
M28V, T (2%-24%)
L31M (28%)
Y93C, D, H (2%-3%)

3.3 (80-160 mg, 3 d)

3.3 (10 mg, 3 d)
2.9 (40 mg, 3 d; only 1 patient)
3.8-4 (80-240 mg, 3 d)

3-4.3 (25-50 mg, 3 d)

[61,66,73-75]

2.9
0.88
0.16
1.6
3.7
2.8
3.6
2.2
3.6
3.4 to 4
3.4
4 to 4.6

Q54H, N
Q54H/Y93H
L31M
R30Q
L31M
P58S
L28M (7%), R30Q (76%), L31M (20%)
R30Q/L31I/Y93H
R30Q/Y93H

>4
>4
2.09
2.9
4
3.8
3.5
0.33
2.8

IDX-719
HCV genotype 2a-infected
PPI-668
IDX-719

0.33 (160 mg, 3 d; only 1 patient)
2.0 (50-100 mg, 3 d)

F28L/A30K/L31M
L31M
L31L/M

0.33
0.45
0.85

HCV genotype 2b-infected
PPI-668

3.0 (160 mg, 3 d)

A30K
Y93H (7%)
Y93H

0.48
0.45
0.25

DCV: Daclatasvir; LDV: Ledipasvir; RAVs: Resistance���������������������������������������������
-��������������������������������������������
associated variants; HCV: Hepatitis C virus.

ribavirin revealed that SVR24 rates are lower in patients
infected with HCV genotype 1a than ���������������������
in patients infected
with ����
HCV �����������
genotype 1b[78], which
�����������������������������
is consistent
��������������������
with the
in vitro data. In a 24-wk dual-oral therapy with DCV
and asunaprevir (ASV) in HCV genotype 1b-infected
Japanese patients, 90.5% of null responders and 63.6%
of patients ineligible for or intolerant of peginterferonalpha and ribavirin achieved SVR24 [79]. Of interest,
many patients in this study with pre-existing resistanceassociated HCV NS5A polymorphisms were cured of
their chronic HCV infection[80]. The presence of DCV or
ASV RAVs at baseline was no longer a strong predictor
of treatment failure in HCV genotype 1b patients receiving dual therapy[44].
In line with th�����������������������������
ese results������������������
, the AAI-447-011 ���
US/
French study demonstrated that a dual regimen in HCV
genotype 1b null responders resulted in SVR12, defined
as undetectable HCV RNA at week 12 after treatment�
cessation��, in
����������������
78% with ASV 200
���� mg
��� bid �������������
regimens ����
and
65% with qid regimens. Among 8 patients with viral
breakthrough, 5 had baseline HCV NS5A resistant variants[81]. At viral breakthrough, 7 patients had RAVs in
both the
�������������
��������������������������������������
HCV NS5A and
���� HCV
��������
NS3 regions.
��������� In
�����1 re���
lapsed patient, no baseline variants were detected. At
relapse, both HCV NS5A and HCV NS3 RAVs were
observed.
On the other hand, in an AAI-447-011 sentinel co-
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hort, 6 of 9 HCV genotype 1a patients receiving dual
therapy had viral breakthrough[82]. No baseline variants
were detected and resistance mutations to both antiviral agents were found in all cases at the time of viral
breakthrough. In these cases, ����
the ���������������������
following �����������
high-level
HCV NS5A-resistant variants were detected (3400�������
-������
to >
330000������
-�����
fold resistance)
������������ Y93N,
������ ���
C, ������
L31V, ���������
Q30R-L31M[83].
In prior null responders receiving triple therapy (DCV,
ASV, and ribavirin), 10/18 (56%) HCV genotype 1a patients experienced viral breakthrough, while 4/4 HCV
genotype 1b patients achieved SVR4, defined as undetectable HCV RNA at week 4 after treatment� cessation
���������[81].
In difficult-to-cure subgroups��,�������������������������
�����
such �������
as HCV genotype
������������
1a
or interferon-ineligible patients, a combination of only
2 DAAs with ��a ����
low ��������
genetic ��������
barrier ���
to ����������������
resistance with ���
or
without ribavirin could be sub-optimal in terms of SVR
rates and lead to selection of HCV NS5A RAVs[84,85].
A�����������������
quad regimen of DCV,
����������������������������
ASV, and peginterferon�alpha plus ribavirin has also been reported, resulting in
90%-95% SVR24 in HCV genotype 1a and 1b prior null
responders. No viral breakthrough occurred. Two patients relapsed with no baseline variants being detected.
At relapse, both NS3 and NS5A variants were observed.
In 1 HCV genotype 1a patient, HCV NS3 (Q80Q/L)
and HCV NS5A (L31M/L) variants were detected 8 h
after treatment initiation. The quad regimen seems to be
sufficient to suppress ����
the ����������
����������������������������
emergence ������������������
of high-level HCV
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Figure 2�� ���������������������������������������������������������������������������������������������������������
Prevalence of naturally occurring resistance variants against hepatitis C virus NS5A in previous reports. Each bar represents an NS5A terminal
protein with amino acid numbers. Letters within the bars represent the dominant amino acid at the indicated positions (prevalence %). Letters below the bars represent minor amino acids, and amino acids’ prevalence (%) is shown in parentheses. Genotype (GT) 1a, based on Ref[40] (n = 548) and Ref[68](n = 538); GT1b, based on
Ref[40] (n = 1796) and Ref[68](n = 239); GT2, based on Los Alamos HCV data-base (n = 43 and n = 101 for GT2a and GT2b, respectively); GT3a, based on Ref[57] (n =
454); GT4, based on Ref[58] (n = 40).

NS5A resistance[82,83].
Karino et al [80] reported the long-term virologic
characterization of patients failing to respond to ASV/
DCV. In line with the results of monotherapy stud�����
ies��,
DCV-resistant variants persisted through 48 wk posttreatment, whereas ASV-resistant substitutions were no
longer detectable� �������������
after 48 wk��. ��������������
The selection of
�����������
durable
resistant variant strains with high-level resistance might
be problematic. These results indicated that, in difficultto-treat patients, the optimal interferon-free regimen
should combine a drug with potent antiviral activity (HCV
NS3/4A inhibitor or HCV NS5A inhibitor) with a drug
with a high genetic barrier to resistance (HCV NS5B
polymerase inhibitor)[84].

consisting of 12 wk of a ritonavir-boosted HCV NS3/
4A inhibitor (ABT-450/r) plus an HCV NS5B polymerase inhibitor (ABT-333) and an HCV NS5A inhibitor
(ABT-267) obtained 96% of SVR12 in ����������
untreated ����
HCV
genotype 1a patients�
��������� ����
and ����
89% ���
of ������
SVR12 �������
in
������������
HCV geno�����
type 1a null responders[86,87]. An interferon-free and ribavirin-free triple combination of DAAs (ASV, DCV, and
the non-nucleoside polymerase inhibitor BMS‑791325)
resulted in more than 90% of SVR12 in untreated
��������������
����
HCV
genotype 1a and 1b patients[88]. A combination of DCV
and a nucleotide analogue inhibitor of HCV RNAdependent RNA polymerase, sofosbuvir, with or without
ribavirin for 24 wk achieved SVR in 100% of ����������
untreated
HCV genotype 1a and 1b� patient���
����������
���������s��(n
� = 44) as well as in
HCV genotype 1a and 1b patients (n = 41) who failed to
���
respond to prior
������ treatment
���������������
with telaprevir
����������� or
��� boceprevir,
������������
peginterferon and ribavirin. SVR was achieved in 93%
of ����������������������������������������������
patients infected with HCV genotypes 2 and 3���(n =
44)[89,90].

PROMISING INTERFERON-FREE REGIMEN
WITH DCV
While the ASV and DCV dual regimen �����������������
only ������������
seems effective in limited patients such as HCV genotype 1b� ����������
patients��,
high SVR has been achieved with broad genotype coverage by regimens combining ��3���������
���
or �����������
more ���������
DAAs, ��������
or �����
DAAs
with a�������
high
����� barrier
�������� to
��� ��������������
resistance. A �����
quad ��������
therapy ��������
regimen
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CONCLUSION
Currently, DCV is the most studied HCV NS5A inhibitor
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rs8099917

IFN + RBV + DAA
or
IFN-free

TT

Yes
IFN-free

TG/GG
IFN-tolerate patients

No

IFN-free

Yes

IFN + RBV or IFN-free

No

IFN-free

B

IFN-tolerate patients

C

NI + NS5A inhibitor
± RBV

PI + NS5A inhibitor
± RBV
HCV G1
NI + PI ± RBV

IFN-free

NI + PI
+ NS5A inhibitor
± RBV

HCV G2

NI + RBV

Figure 3 Algorithm of current hepatitis C virus treatment options. A: Hepatitis C virus (HCV) genotype 1 patients; B: HCV genotype 2 patients; C: Interferon
(IFN)-free regimens. G1: Genotype 1; G2: Genotype 2; RBV: Ribavirin; NI: Nucleoside inhibitor; PI: Protease inhibitor.

with pmol/L potency and HCV pan-genotype coverage.
HCV NS5A-resistant variants exist naturally and emerge
frequently after virologic response
��������� ������������������������
failure with suboptimal
treatment including HCV NS5A inhibitors. Cross-resistance is observed to all HCV NS5A inhibitors currently
entering the clinical �������������������������������������
trial stage,
�������������������������������
although promising “second generation” HCV NS5A inhibitors with improved
potency are reported. Long-term clinical consequences of
previously selected resistant variants are still unknown at
this time. At present, patients should be treated according to the recommendations[91], which do not mention
any HCV NS5A inhibitors. HCV NS5A inhibitors should

WJG|www.wjgnet.com

be used in combination regimens potent enough to prevent the emergence of resistant variants.��������������
An algorithm
of the current treatment options for HCV genotypes
1 and 2 is shown in Figure 3. In the near future, HCV
NS5A inhibitors will play a critical role in interferon-free
regimens in HCV genotype 1 patients.
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Understanding the interaction of hepatitis C virus with host
DEAD-box RNA helicases
Megha Haridas Upadya, Jude Juventus Aweya, Yee-Joo Tan
RNA metabolism. Several members of this family such
as DDX3, DDX5 and DDX6 have been shown to play a
role in HCV replication and this review will summarize
our current knowledge on their interaction with HCV.
As chronic hepatitis C is one of the leading causes of
hepatocellular carcinoma, the involvement of DEADbox RNA helicases in the development of HCC will also
be highlighted. Continuing research on the interaction
of host DEAD-box proteins with HCV and the contribution to viral replication and pathogenesis could be the
panacea for the development of novel therapeutics
against HCV.
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Core tip: Alternative treatments to combat chronic hepatitis C include direct-acting antivirals targeting hepatitis C virus (HCV) enzymes and host targeting agents
that interfere with host factors essential for the viral
life cycle. Several members of a family of host proteins
known as DEAD-box RNA helicases have been shown to
modulate HCV replication. This review highlights their
interaction with HCV and their role in viral replication.
Since hepatocellular carcinoma (HCC) is a major cause
of death among patients with chronic hepatitis C, the
involvement of these DEAD-box RNA helicases in the
development of HCC will also be discussed.

Abstract
The current therapeutic regimen to combat chronic
hepatitis C is not optimal due to substantial side effects and the failure of a significant proportion of
patients to achieve a sustained virological response.
Recently developed direct-acting antivirals targeting
hepatitis C virus (HCV) enzymes reportedly increase
the virologic response to therapy but may lead to a
selection of drug-resistant variants. Besides directacting antivirals, another promising class of HCV drugs
in development include host targeting agents that are
responsible for interfering with the host factors crucial
for the viral life cycle. A family of host proteins known
as DEAD-box RNA helicases, characterized by nine
conserved motifs, is known to play an important role in
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p7 are mediated by host-encoded proteases, cleavage
between NS2 and NS3 is mediated by the autoprotease
NS2/NS3, and the remaining cleavages in the C-terminal
part of the polyprotein are mediated by the NS3/NS4A
serine protease. HCV is characterized by substantial genome heterogeneity with at least 6 major genotypes and
> 100 subtypes defined on the basis of nucleotide and
amino acid sequences of conserved and non-conserved
genome regions[5]. The HCV genotypes exhibit different
geographic and regional distributions with genotypes 1
and 3 being the most prevalent worldwide[5].

INTRODUCTION
Hepatitis C is a contagious liver disease that results from
infection with hepatitis C virus (HCV), a positivestranded RNA virus of the family Flaviviridae. HCV was
discovered in 1988 during the course of investigating the
cause of non-A, non-B, transfusion-associated hepatitis. Chronic hepatitis C can lead to liver damage which
includes fibrosis, cirrhosis and eventually hepatocellular
carcinoma (HCC). Consequently, these complications are
a common indication for liver transplantations around
the world, especially in developed countries. Chronic hepatitis C affects about 170 million people (or 3% of the
world’s population) and approximately 350000 deaths are
reported from hepatitis C-related diseases every year[1].
Unfortunately, as of today, there is no protective vaccine
for hepatitis C and the most practical way of preventing
the occurrence and transmission of this disease is by raising public awareness, adopting universal precautions in
medical settings and conducting thorough screening of
blood and blood products.
As obligate cellular parasites, viruses can only replicate by entering a host cell with the subsequent manipulation of cellular functions. Processes such as viral
entry, translation, processing and modification of viral
proteins, maturation and release of viral particles from
host cells involve intimate interactions between viral and
host proteins. Contrary to humans with a large genome
size of approximately 24000 genes, the HCV genome is
very small. Hence, HCV interacts extensively with the
cellular machineries in the human host and uses them to
its advantage[2]. This review summarizes the literature on
the interaction of HCV with a family of host proteins,
namely the DEAD-box RNA helicases. Several members
of this family have been shown to interact with HCV
proteins and/or regulate HCV replication. Recently,
some DEAD-box RNA helicases have been shown to be
involved in the progression of several types of tumours
including HCC. Thus, their roles in the development of
HCC will be highlighted and the potential link to HCV
pathogenesis will be explored.

CURRENT THERAPY FOR HEPATITIS C
HCV replication occurs in hepatocytes and mononuclear
cells. Both viral replication and host immune responses
are believed to contribute to liver pathology. Despite
that, hepatitis C infection does not always require treatment. In acute HCV infected patients, the virus is cleared
spontaneously in about 30% of the cases[6]. However, in
the majority of cases, the infection becomes chronic and
necessitates treatment. The primary end point of therapy,
the sustained virological response (SVR) defined as the
absence of detectable serum HCV RNA, 24 wk after
therapy may be considered equivalent to a clinical cure of
HCV infection[7].
Combination antiviral therapy with pegylated interferon (Peg-IFN) and ribavirin (RBV) has been the mainstay
of hepatitis C treatment across all genotypes so far. Regrettably, this mode of treatment is not optimal because
a significant proportion of patients fail to achieve SVR. It
has been reported that the failure rate is almost 50% for
patients with genotype 1 HCV and approximately 20%
for those with genotype 2 or 3 HCV[8-10]. Thus, there is
evidence to show that this treatment regimen is effective
only for a subset of patients with chronic HCV. Moreover, interferon is not widely available globally and not
always well tolerated owing to the substantial side effects.
Consequently, the development of new classes of antiviral compounds to combat this global health burden has
been receiving widespread attention in recent years[11].
Scientific advances have led to the development of
new direct-acting antiviral (DAA) agents for hepatitis
C, which potentially could be more effective and well
tolerated than the current treatment regimens. In 2011,
the FDA approved the first two DAAs, Boceprevir (Victrelis) and Teleprevir (Incivek), which target the HCV
protease[12]. A combination of these DAAs with Peg-IFN
and RBV in triple combination therapy substantially increased the SVR rate in difficult to treat, treatment-naïve
and treatment-experienced patients[13-18]. It has been reported that SVR rates for patients with genotype 1 HCV
infection have increased to 70%-80%, and about twothirds of patients are eligible for a shortened duration of
therapy[16,17,19]. However, the efficacy of these new drugs
is not genotype-wide and some infected individuals respond poorly. Moreover, these drugs do not appear to be
suitable for monotherapy because the selective pressure

HCV GENOME AND VIRAL PROTEINS
HCV has a single stranded RNA genome containing
a single, large open reading frame that encodes a large
polyprotein precursor of approximately 3000 amino acid
residues. This polyprotein is cleaved by a combination
of host and viral proteases into at least 10 viral proteins.
The N-terminus encodes three structural proteins namely
core, envelope glycoprotein 1 and 2 (E1 and E2) while
the C-terminal two-thirds of the polyprotein comprises
of six non-structural proteins namely non-structural
protein 2 (NS2), NS3, NS4A, NS4B, NS5A and NS5B[3].
These proteins encode enzymes or accessory factors
that catalyze and regulate the replication of the HCV genome[4]. Another protein called p7 lies at the junction between the structural and non-structural regions of the virus polyprotein. Cleavages from the N-terminus through
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of viral components are targets[35]. Nevertheless, targeted
strategies against host factors such as CD81 and SR-BI
that are involved in viral entry are currently under investigation[36], while miR-122 and inhibitors of cyclophilin A
(alisporivir) targeting viral replication, with possible action on virion assembly and release are currently at various stages of clinical development[37]. Efforts are also underway to develop and evaluate several other HTAs with
different host targets in order to improve and broaden
the therapeutic net. Targeting host factors is an attractive
option in the search for more potent HCV therapies with
an additional advantage of minimizing the development
of resistant mutant virus and ensuring an adept treatment
of HCV across all genotypes.
In the past, the lack of a cell culture model for the
study of HCV had severely hampered research on the
role of host proteins in the replication cycle of HCV and
the significance of virus-host interactions. However, with
the development of the replicon system, as well as infectious cell culture system, studying viral replication and
pathogenesis has been made much less cumbersome. In
particular, the development of the HCV infectious clone
and the chimeric forms which produce HCV robustly
in cell culture, termed the HCVcc system[38,39]. The most
widely used HCVcc system is based on the JFH-1 strain
or the intragenotypic chimeric J6/JFH-1 strain (both
are of genotype 2a) and allows the entire virus life cycle,
including entry, replication, assembly and release, to be
studied in hepatoma cell lines. As described further, this
has allowed much progress in the characterization of the
interaction of several DEAD-box RNA helicases with
HCV proteins and has helped to define their roles in different steps of the virus life cycle.

imposed by the drugs can lead to the rapid emergence of
DAA-resistant viral mutants[20-22].
Another major target for anti-HCV drugs is NS5B,
the inhibitors of which can be grouped into two categories, namely the nucleoside/nucleotide inhibitors which
target the catalytic site of the enzyme and non-nucleoside
inhibitors which target the allosteric sites of the RNAdependent RNA polymerase[23]. Other drugs targeting the
NS5A RNA-binding protein are also in the final stages
of clinical development[24]. The mechanism of action
of these compounds is however poorly understood due
to the lack of a comprehensive insight into the specific
function of NS5A. There are also studies to evaluate inhibitors of NS4B, another HCV-encoded RNA binding
protein[25]. To minimize drug resistance and be effective
across all genotypes, it is desirable to devise combination therapies with drugs acting through diverse modes
of action[26]. However, it is still not clear as to how many
classes of these aforementioned new drugs will need to
be combined in order to replace the Peg-IFN/RBV treatment.

VIRAL-HOST INTERACTIONS AS
POTENTIAL DRUG TARGETS
As discussed in the previous section, the prevailing therapeutic arsenal against HCV is directed towards the viral
components, specifically the viral enzymes. Targeting viral components that are required for the replication cycle
could reduce the likelihood of inducing undesirable side
effects such as toxicity. However, a major limitation here
is the small HCV genome which will limit the number
of viral targets. In addition, HCV mutates rapidly and
churns out many viral variants or quasispecies[27]. Alternatively, there are a class of new compounds termed as
host-targeting agents (HTAs) and these target the host
factors that are essential for HCV replication. Recent
studies have suggested that these HTAs could potentially
serve as a promising strategy to broaden the therapeutic
repository against HCV. The mode of action of HTAs
is conceptualized in two strategies. The first strategy
involves interfering with the host factors that play an integral role in the various stages of the viral life cycle such
as viral entry, replication, assembly and release. The second involves boosting the innate immunity of the host
through the administration of agents such as IFN-λ[28], or
agonists of Toll-like receptors[29,30].
HTAs have several advantages over DAAs including:
(1) A wide-ranging pan-genotypic activity with reported
inhibition of HCV infection caused by all major genotypes, coupled with highly variable quasispecies isolates
and resistant escape variants[31-33]; (2) A higher genetic
barrier to resistance development due to the fact that the
genetic variability of the host is lower than that of the
virus[31-33]; and (3) Complementary mechanisms of action
to DAAs, paving the way for a potential synergistic therapeutic effect[32,34]. However, the side effects of HTAs are
a prime concern in therapeutics when host factors instead
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DEAD-BOX RNA HELICASES
The DEAD-box RNA helicases represent the largest
family of RNA helicases, comprising of 38 members in
humans. DEAD-box helicases have been implicated in
various cellular processes involving RNA such as splicing,
mRNA export, transcriptional and translational regulation, RNA decay and ribosome biogenesis[40]. They contain a central region comprised of 2 conserved domains,
termed as domain Ⅰ and Ⅱ, flanked by highly variable N
and C-terminal sequences. A comparison of the known
structures of domain Ⅰand Ⅱ reveal that they have a fold
belonging to the RecA super family, where 5 β-strands
are surrounded by 5 α-helices[41-43]. The DEAD-box helicases are divided into several subgroups based on the
DEAD-box motif such as DEAD, DEAH and DEXH
subfamilies. These DEAD-box proteins are highly conserved in nine motifs but exhibit substantial sequence
divergence outside these nine conserved motifs. The nine
conserved motifs are the Q-motif, motif 1, motif 1a, motif 1b, motif Ⅱ, motif Ⅲ, motif Ⅳ, motif Ⅴ, and motif
Ⅵ (Figure 1A). Motif Ⅱ is also known as the Walker B
motif and contains the amino acid sequence D-E-A-D
(asp-glu-ala-asp), which gave this family of proteins the
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Figure 1 Schematic diagram of DEAD-box proteins and sequence alignment of selected members. A: Conserved motifs within the DEAD-box family; B: Sequences of the conserved motifs-Q motif, Ⅰ, Ⅰa, Ⅰb, Ⅱ, Ⅲ, Ⅳ, Ⅴ, Ⅵ from DDX1, DDX3, DDX5 and DDX6.

name “DEAD box”. Motif 1, motif Ⅱ, the Q motif, and
motif Ⅵ are all needed for ATP binding and hydrolysis,
while motifs, 1a, 1b, Ⅲ, Ⅳ, and V may be involved in
intramolecular rearrangements and RNA interaction. A
sequence alignment of 4 members of the DEAD-box
group of proteins known to be involved in HCV replication shows that there is a high degree of conservation
in these motifs (Figure 1B). Current knowledge of the
interaction of these 4 DEAD-box proteins with HCV
has been summarized below. In addition, several DEADbox helicases, namely the retinoic acid inducible gene-I
(RIG-I), melanoma associated differentiation factor-5 and
laboratory of genetics and physiology, have been shown
to be important factors in the RIG-I pathway, which is
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one of the major antiviral pathways activated during viral
infection[44,45]. However, the intrinsic interaction between
the RIG-I pathway and HCV is beyond the scope of this
review and has been extensively covered in several recent
publications[46,47].

DDX1 AND HCV
A study had previously identified an ATP-dependent
helicase DDX1 (DBP-RB/UKVH5d) which can bind to
HCV 3’ (+) UTR as well as its reverse complementary 5’
(-) UTR[48]. It was reported that siRNA-mediated knockdown of DDX1 caused a reduction in the replication of
subgenomic replicon RNA. This suggested a possible
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role of DDX1 in the initiation of HCV RNA replication.
DDX1 has also been reported to be important for the
human immunodeficiency virus type 1 (HIV-1) replication as it binds to and serves as a cofactor of the HIV-1
Rev protein, which induces nuclear export of viral RNA
and the transition from the early to the late phase of viral
gene expression[49,50]. In recent years, there has been a
startling increase in the number of cases of HIV-1 and
HCV co-infection, with about one-third of HIV-1 infected patients and about 90% of HIV-1 infected drug abusers in the United States and Europe being co-infected
with HCV[51,52]. The large proportion of co-infection with
HIV-1 and HCV suggests that these two viruses may use
similar host machineries for their replication.

553-622) and the interaction is mediated by the N-terminus of HCV core (amino acids 1-59). Owsianka et al[64],
demonstrated the direct interaction of HCV core with
the RS-like domain of DDX3. RS domains are stretches
of protein sequence very rich in alternate arginine and
serine residues. By analyzing deletion mutants, they demonstrated that the N-terminal 59 amino acid residues of
core and a C-terminal RS-like domain of DDX3 were
the regions associated with this interaction. The presence
of an RS-like domain near the C-terminus of DDX3
and the observed localization of DDX3 predominantly
in nuclear speckles which was similar to splicing factors,
suggest the possible involvement of DDX3 in RNA
splicing. Interestingly, it was observed that in the presence of HCV core, the DDX3 protein was redistributed
in distinct spots in the perinuclear region of the cytoplasm where it co-localized with HCV core. This change
in the pattern of localization of DDX3 in the presence
of core was suggested to be a result of the core protein
targeting the cytoplasmic function of DDX3. You et al[65],
designated a cellular RNA helicase that is a homologue
of DDX3 as “CAP-Rf ” and demonstrated the direct
interaction between CAP-Rf and HCV core. This group
reported that the N-terminal 40 amino acid residues of
core and a C-terminal tail of CAP-Rf were the regions
associated with this interaction. Furthermore, HCV core
protein was found to enhance the nucleotide triphosphatase-deoxynucleoside triphosphatase activity of CAP-Rf
as well as potentiate its trans-activation effects. Mamiya
et al[63], showed that HCV core protein prevented DDX3
from rescuing ded1-deletion yeast and that it inhibited
the translation of capped but not uncapped RNA in
experimental assays which suggests that it may inhibit
cellular mRNA translation in infected human cells. Thus,
these three studies highlighted the multifunctional role
of DDX3 with regard to exploitation by HCV with the
interaction between HCV core and DDX3 proposed to
manipulate splicing[64], transcriptional regulation[65] and
translational regulation[63].
With the establishment of the HCVcc system, numerous studies have shown that DDX3 is essential for HCV
RNA replication. A study in 2007 reported for the first
time that DDX3 is required for HCV RNA replication[59].
When DDX3 was knocked-down in Huh7 derived
cells, there was a decrease in the accumulation of both
genome-length HCV RNA (HCV-O, genotype 1b) and
its replicon RNA[59]. Subsequently, another study identified 26 human genes that modulate HCV replication and
implicated the RNA interference (RNAi) pathway itself
as a key regulator of HCV replication. It was reported
that among the host proteins that played a role in HCV
replication, DDX3 was one of them[60].
Although there have been studies detailing the interaction between DDX3 and HCV core, it is still unclear if
the effect of DDX3 on HCV replication is dependent on
this interaction. There is contradictory evidence to show
the relationship between the interaction of DDX3 with
core protein and its contribution towards HCV replica-

DDX3 AND HCV
DDX3 plays an important role in several cellular processes but the precise mechanism of action as well as
the extent of involvement in these processes is poorly
understood[53]. There is evidence to show that DDX3
contributes to antiviral innate immunity[54,55]. With regard
to HCV, the host cells sense viral RNA particularly via
the mitochondrial antiviral signalling (MAVS) pathway[56].
It is believed that MAVS signals TANK-binding kinase 1
and IkB kinase epsilon, to phosphorylate IFN regulatory
factors IRF-3 and IFR-7, thereby inducing type 1 IFN[57].
It has been shown that DDX3 serves as a positive regulator for MAVS-mediated type 1 IFN induction[47,58]. A
dichotomy exists in the role of DDX3 where viruses like
HCV are able to manipulate DDX3 to support replication yet at the same time, DDX3 could suppress the
antiviral activity of HCV by inducing IFN. An in-depth
understanding of the functions of DDX3 is important
because two viruses that pose a major global health
threat, namely HIV and HCV exploit DDX3 and use it to
their advantage[59-61]. There is a plethora of literature on
DDX3 and its role as a target for viral manipulation has
been summarized in other review articles[53,62]. Based on
the evidence that DDX3 is required for viral replication,
its suppression may serve as a novel strategy and means
to widen the repertoire of treatment against these two
viruses. Similarly, since HIV/HCV co-infection increases
the likelihood of developing other life-threatening complications, it could potentially contribute towards a “killing
two birds with one stone” approach to therapy. However, a detailed understanding of the interaction between
DDX3 and the virus is required so as to determine if this
interaction can serve as a therapeutic target without adversely affecting normal cellular function.
The first HCV protein that was reported to interact
with DDX3 was the HCV core protein and this interaction was described by three independent publications[63-65]. However, these early studies were limited by
the lack of a robust cell culture model for HCV infection at that time. Two of the above-mentioned publications[64,65] provided evidence to show that the HCV
core binds to the C-terminus of DDX3 (amino acids
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Figure 2 Analysis of protein expression following knockdown of endogenous DDX5, DDX3 and DDX6 in Huh7.5 cells. A: Cells transfected with 40 nmol/L of
DDX5 short interfering RNA (siRNA) or a control siRNA; B: Cells transfected with 40 nmol/L of DDX3 siRNA or control siRNA; C: Cells transfected with 40 nmol/L of
DDX6 siRNA or control siRNA. At 48 h, cells were infected with J6/JFH-1 (p47) hepatitis C virus (HCV) at multiplicity of infection of 2 as previously described[72]. Cell
lysates were prepared 0, 2, 4 d post-infection (d.p.i.) and subjected to immunoblotting with the respective primary antibodies. Expression of NS5B was used to confirm
HCV infection and β-actin served as a loading control. Three independent experiments were performed and one representative set of data is shown.

flexible while the remaining part of the NTR (residues
52-78) forms an extensive loop and an alpha-helix[70].
Binding studies revealed that the highly flexible first 51
residues of DDX5 could fold back to block one of the
NS5B binding sites located between 61-305 residues in
DDX5, suggesting that the interaction between DDX5
and NS5B in infected cells is likely to be highly dynamic.
Previously, we showed that the knockdown of endogenous DDX5 by RNAi reduced the synthesis of negative-strand HCV RNA in 293 cells transiently transfected
with a genotype 1b full-length HCV expression construct
(HCV-S1, Genebank accession number AF356827) developed in our laboratory[68]. As opposed to the HCVcc
system which produces HCV robustly in cell culture[38],
introducing the HCV-S1 genome into liver-derived cell
lines produced a very low level of virus[71]. Hence, we
repeated the knockdown of DDX5 in Huh7.5 cells and
determined if the knockdown of DDX5 affects HCV
replication in the HCVcc system. As shown in Figure 2A,
the endogenous level of DDX5 was significantly reduced
in the DDX5 siRNA treated cells at different days post
infection (d.p.i.) when compared to cells treated with an
irrelevant control siRNA. To achieve a better comparison,
the experimentation was performed in parallel with siRNAs targeting DDX6 and DDX3 because these DEADbox proteins have been shown to contribute to HCV
replication (as described herein). The target sequences of
the siRNAs used in this study have been listed in Table 1.
As seen in the case of DDX5, the endogenous levels of
DDX3 and DDX6 were reduced in the corresponding
samples (Figure 2B, C, respectively). Upon infection with
the J6/JFH-1 virus at multiplicity of infection (MOI) of
2, expression of the NS5B protein was detected at 2 and
4 d.p.i. However, no clear difference in NS5B expression was observed for the samples with reduced DDX3,
DDX5 or DDX6 probably because western blot analysis
does not provide a quantitative measure of HCV infection.
Hence, reverse transcription followed by real-time
PCR was performed to determine the level of intracellu-

Table 1 Target sequences of short interfering RNA of a
selected group of DEAD-box proteins used in this study
siRNA

Sequence

Control

AAA ACG UUC UGA UGC CUU AAG

DDX3
DDX5
DDX6

Ref.

From SARS
genome
CGC UUG GAA CAG GAA CUC UUU
Chang et al[100]
AAG UGG AAU CUU GAU GAG CUG
Goh et al[68]
GCA GAA ACC CUA UGA GAU UUU Chu and Rana[89]

siRNA: Short interfering RNA.

tion. One study demonstrated that HCV (of genotype 2a)
having a core protein mutation can recruit DDX3 for its
replication process despite the fact that the alanine substitution in core disrupted the interaction with DDX3[66].
On the other hand, it was reported that in a HCV genotype 1b replication system, the inhibitory effect of corederived peptides was reversed by overexpressing DDX3,
suggesting that the mechanism of action was by targeting DDX3[67]. Therefore, the relevance of DDX3-core
interaction in HCV replication has not been thoroughly
elucidated and warrants further investigation.

DDX5 AND HCV
DDX5 was first identified as an interacting partner of
HCV NS5B through a yeast-two-hybrid screen[68]. Interestingly, the overexpression of NS5B caused the endogenous DDX5 in Hela cells to redistribute from the
nucleus to the cytoplasm and the C-terminal of NS5B
was found to be important for this interaction[68]. Consistently, another study reported that DDX5 underwent a
similar translocation when Huh7 cells were infected with
cell culture derived and JFH-1-based infectious HCV particles[69]. Further experiments revealed that there are two
independent NS5B-binding sites in DDX5, one located
at the N-terminus and another at the C-terminus[70]. The
N-terminal regions (NTRs) of DEAD-box helicases are
highly variable and a crystal structure of the N-terminal
fragment of DDX5 reveals the first 51 residues are highly
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DDX5 short interfering RNA (siRNA) in parallel with a control siRNA, DDX3 siRNA and DDX6 siRNA. At 48 h, cells were infected with J6/JFH-1(p47) hepatitis C virus
(HCV) at an multiplicity of infection of 2. A: At 2 and 4 d.p.i., the total RNA was isolated from the cells, reverse transcribed, and the resulting cDNA was subjected to
quantitative polymerase chain reaction for detection of genomic HCV RNA and glyceraldehyde-3-phosphate dehydrogenase mRNA as previously described[73]; B: Virus supernatants collected 2 and 4 d.p.i. were titrated on naive Huh7.5 cells by using indirect immunofluorescence as previously described[74] and expressed as focus
forming units per millilitre (mL). Statistical analysis was performed using the two-tailed Student’s t test to determine if the differences between the gene specific siRNAtreated and control siRNA-treated cells were statistically significant. bP < 0.01 vs control siRNA-treated cells. Data were obtained from three independent experiments
and one representative set of data is shown. Each measurement was performed in triplicate, and the average (± SD) is presented.

HCV-JFH1 RNA with luciferase[76], infected at an MOI
of 0.05. Despite the use of different cell lines and MOIs,
both studies suggest that DDX5 may be important for
a late stage of the HCV life cycle. Hence, the precise
role of DDX5 in HCV replication needs to be further
investigated and it should be determined if DDX5 can
interact with other HCV proteins. Interestingly, single
nucleotide polymorphisms in the DDX5 gene have been
shown to be significantly associated with increased risk
of advanced fibrosis in HCV patients[77] and future studies can be directed to determine if these polymorphisms
affect the interaction of DDX5 with one or more HCV
proteins.

lar HCV RNA as a quantitative measure of viral replication. As shown in Figure 3A, the level of HCV RNA in
the DDX5 siRNA treated cells was higher than the cells
treated with control siRNA at both 2 and 4 d.p.i., suggesting that DDX5 has the ability to inhibit HCV RNA
replication. However, the change in the level of HCV
RNA was statistically significant only at 2 d.p.i. Consistent with previous publications (as described herein), the
levels of intracellular HCV RNA in both the DDX3 and
DDX6 siRNA treated cells were significantly reduced at
both time points (Figure 3A). Next, the production of
cell-free infectious virus particles was compared (Figure
3B). Surprisingly, the DDX5 siRNA treated cells did not
produce higher level of cell-free infectious virus particles
than the control siRNA treated cells despite the higher
level of intracellular HCV RNA. As would be expected,
the production of cell-free infectious virus particles was
significantly reduced in both the DDX3 and DDX6
siRNA treated cells.
In summary, DDX5 interacts with the HCV NS5B
protein and the expression of NS5B in transfected or
infected cells causes the redistribution of DDX5 from
the nucleus to the cytoplasm. The interaction between
DDX5 and NS5B in the cytoplasm seems to inhibit viral
RNA multiplication because the knockdown of endogenous DDX5 resulted in a slight increase in the level
of intracellular HCV RNA in J6/JFH-1 virus infected
Huh7.5 cells. Curiously, the increase in HCV RNA in the
DDX5 siRNA treated cells did not cause an increase in
the production of cell-free infectious virus particles. This
may indicate that DDX5 has another positive regulatory
role at a later stage of the virus life cycle. In a recent
study by Kuroki et al[75], it was reported that the knockdown of DDX5 reduces JFH-1 virus production in
OR6c JRN/3-5B cells, which harbour the subgenomic
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DDX6 AND HCV
DDX6 is normally found as a component of the large
messenger ribonucleoprotein (mRNP) complex. It has
been demonstrated that RNAi-mediated silencing of
DDX6 and a few other related proteins impaired the replication of HCV which was thought to be due to impairment in HCV translation in the absence of expression[78].
Shortly afterwards, another study also demonstrated the
role of DDX6 in HCV replication in which the knockdown of DDX6 was found to reduce the expression of
HCV proteins, accumulation of intracellular viral RNA
and infectious virus yields[79]. Overexpression studies
showed that an abundance of DDX6 did not significantly
affect the expression of viral proteins but increased the
infectious virus yields. Furthermore, this study showed
that DDX6 knockdown did not affect the abundance
of miR-122 which is an amply expressed liver-specific
miRNA. In addition, the supplementation of miR-122
reversed the defect in HCV replication observed after
DDX6 knockdown, suggesting that these two host fac-
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Table 2 Summary of selected members of the DEAD-box family that are involved in hepatitis C virus replication and/or have been
implicated in the development of hepatocellular carcinoma
Dead-box family
DDX1
DDX3

DDX5

DDX6

DDX17

DDX20

Alternate names

Interaction with HCV

DBP-RB UKVH5d HCV 3’ (+) UTR and 5’ (-) UTR
DDX3X
HCV core
DBX
DDX14
HLP2

Effect on HCV replication

Ref.

Effect on HCC

Ref.

Unknown
Required for HCV
replication

NA
Unknown
Ariumi et al[59] Overexpressed in HCC
Randall et al[60]
Angus et al[66]
Downregulated in HCC

NA
Huang et al[97]
Li et al[98]
Liu et al[99]
Chang et al[100]
Chao et al[101]
Inhibit an early step and Data presented Downregulated in HCC Kitagawa et al[86]
promote a late step in
herein
viral replication
Kuroki et al[75]
Scheller et al[78] Overexpressed in HCC
Miyaji et al[88]
[79]
Jangra et al
Pager et al[80]
Huys et al[81]
NA
Downregulated in HCC Kitagawa et al[86]

p68
G17P1
HLR1
HUMP68
Rck
P54
HLR2

HCV NS5B

HCV core

Required for HCV
replication

P72
RP3-434P1.1
RH70
Gemin3
DP103

Unknown

Unknown

Unknown

Unknown

NA

Downregulated in HCC

Takata et al[94]

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NA: Not applicable.

tors promote HCV replication by independent mechanisms. By conducting co-immunoprecipitation experiments, it was found that DDX6 forms an intracellular
complex that involves the HCV core protein and that the
C-terminal domain Ⅱ of DDX6 was essential for this.
However, the significance of this interaction is uncertain
because the facilitation of HCV replication by DDX6
seems to occur independently of core expression. The
findings of this study[79] demonstrated that DDX6 expression is required for HCV replication but in contrast
to the findings by Scheller et al[78], that it is not required
for translation. While the overexpression of wild-type
DDX6 enhanced HCV replication, a helicase-defective
mutant suppressed it instead, thus suggesting that the helicase activity of DDX6 is required for HCV replication.
The reduction in HCV replication following knockdown
of DDX6 has also been described by two other recent
publications[80,81].

box family have been shown to be involved in this process[85]. Here, we will highlight those studies involving
HCC (Table 2) and discuss the potential contribution of
the interactions between DEAD-box helicases and HCV.
The expression of two closely related members, namely DDX5 and DDX17, was found to be significantly
downregulated in primary HCC when compared to noncancerous liver tissue[86]. Notably, DDX5 and DDX17
are components of the miRNA biogenesis pathway and
the same study reported that another 5 important genes
in this pathway were also downregulated. Thus, it appears that the dysregulation of the miRNA biogenesis
pathway is associated with the development of HCC,
which is consistent with the results of studies performed
in mice[87]. However, it seems that the downregulation of
DDX5 in HCC may not be related to its ability to interact with HCV proteins because DDX5 was found to be
downregulated in HBV-positive and non-HBV, non-HCV
HCC but not in HCV-positive HCC.
Immunohistochemistry and Western blot analysis
showed that DDX6 was over-expressed in 26 out of 29
HCV-positive liver tissues taken from patients with chronic
hepatitis[88]. In addition, another 8 HCC samples all showed
overexpression of DDX6. In contrast, DDX6 was not
overexpressed in 3 control samples taken from the nontumor portion of the liver of 3 patients who had nonHCV, non-HBV liver tumor. Interestingly, the level
of DDX6 was found to be lower after treatment with
interferon-α in 2 out of 3 patients whose levels of HCV
RNA decreased after treatment. Hence, the replication
of HCV may be responsible for upregulating DDX6
expression. Given that DDX6 is required for efficient
HCV replication in Huh7.5 cells[78,79], it is probable that
a positive feedback loop contributes to the development
of HCC because HCV upregulates DDX6 expression

DEAD-BOX PROTEINS AND LIVER
CANCER
Approximately 70% of HCV infected individuals become
chronic carriers and 50% of them will develop chronic
liver diseases. Some of them will subsequently progress
to cirrhosis, which is a major risk factor for the development of HCC[82]. Similar to other types of cancer, the
development of HCC involves many steps including genetic and epigenetic alterations, activation of oncogenes
and inactivation of tumor suppressor genes in the infected hepatocytes. Indeed, several HCV proteins have been
implicated in disrupting cellular functions and contributing to malignant transformation[69,83,84]. Consequently, the
dysregulation of multiple cellular pathways contributes to
tumour progression and several members of the DEAD-
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and the higher level of DDX6 further enhances HCV
production. Coincidentally, DDX6, like DDX5, is also involved in the miRNA biogenesis pathway as it is part of
the miRNA-induced silencing complex[89].
Similarly, DDX20 is also a component of the miRNA-containing ribonucleoprotein complexes[90,91]. It was
first linked to cancer when an oncogenomic-based in vivo
RNAi screen identified it as a novel tumor suppressor in
murine liver cancers[92]. Subsequent studies suggested that
DDX20 functions to suppress NF-κB activity by preferentially regulating the function of the NF-κB-suppressing
miRNA-140[93]. Consistent with its role as a tumor suppressor, the knockdown of DDX20 resulted in NF-κB
activation in hepatoma cell lines[93,94] and it is known that
such activation is frequently observed in hepatitis-related
HCC[95,96]. Indeed, up to 67% (47/70) of HCC samples
were found to have reduced levels of DDX20 when
compared to paired samples taken from the surrounding noncancerous liver, suggesting that the downregulation of DDX20 may contribute to the development of
HCC[94]. Up until now, it has not been determined if
DDX20 is involved in HCV replication or if it interacts
with HCV proteins.
By comparing liver cancer cell lines with high and
low transformation capabilities, DDX3 was identified as
a potential oncogene and the overexpression of DDX3
increased the transformation capability of Tong cells in
an anchorage-independent growth assay[97]. Quantitative
RT-PCR further showed that the mRNA level of DDX3
was higher in 29 out of 45 (64%) HCC samples when
compared to the surrounding normal tissues[97]. Consistent with this, two independent studies reported that the
levels of auto-antibodies against DDX3 were significantly
higher in serum taken from patients with HCC when
compared to patients with chronic hepatitis or healthy
volunteers[98,99].
While the above studies suggest that DDX3 is overexpressed in HCC, another study reported that DDX3
was significantly downregulated in HCCs from HBV+ but
not HCV+ patients[100]. The reason for these contradictory
observations is not clear but some possibilities could be
the use of different types of assays, the demographic or
clinicopathologic characteristics of the study populations.
Curiously, a higher prevalence of DDX3 downregulation was observed in HCC from male patients compared
to female patients[100]. Similarly, another study reported
that the mRNA level of DDX3 was lower in 26 out of
45 HCC samples when compared to surrounding normal tissues[101]. Moreover, most of these 26 samples also
showed lower mRNA levels of p21waf1/cip1 and there was
significant correlation between the expression of DDX3
and p21waf1/cip1. Consistently, in vitro studies showed the
overexpression of DDX3 in the liver cancer cell line
Huh7 inhibited colony formation and upregulated the
p21waf1/cip1 by transactivating its promoter[101]. Conversely,
knockdown of DDX3 by siRNA led to the downregulation of p21waf1/cip1 and upregulation of cyclin D1, resulting
in deregulation of cell cycle control in NIH-3T3 cells[100].
In summary, several members of the DEAD-box
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family have been found to be deregulated in HCC and
they may contribute to the development of HCC. As the
deregulation of miRNA expression is now recognized
as being important in many cancers[102,103], it is intriguing
to note that the DEAD-box proteins found to be up or
downregulated in HCC are all involved in some aspects
of the miRNA biogenesis pathway. Unfortunately, most
of these studies have grouped together HCC samples
from HCV+, HBV+ and non-HCV, non-HBV patients
rather than analyzed each of the groups separately.
Hence, further studies are needed to address whether
the involvement of DEAD-box proteins in HCV replication is linked to the development of HCC in HCV
patients. There is also a gap in the knowledge on the role
of DEAD-box proteins in other forms of HCV-induced
pathogenesis like fibrosis and cirrhosis.

CONCLUSION
The standard of care for anti-HCV therapy with Peg-IFN
plus RBV is not optimal because a significant proportion
of patients fail to achieve SVR and many patients are unable to tolerate the substantial side effects of treatment.
Moreover, the treatment options for immunocompromised patients, patients with advanced liver disease and
co-infection cases with HIV or HBV remain unsatisfactory. Limitations of the existing HCV treatment have led
to extensive interest in the development of DAAs that
target specific HCV proteins. Such anti-HCV agents are
currently being evaluated in clinical trials and a couple
of them have already been approved for clinical use in
conjugation with Peg-IFN/RBV. To minimize the drug
resistance, properly tailored combination therapies with
drugs acting by different mechanisms are the need of the
hour. It has become increasingly important to identify
novel drug targets and widen the repertoire of anti-HCV
agents. Since viral-host interactions are essential for HCV
replication, they can potentially serve as important drug
targets. HTAs have shown to possess certain merits over
DAAs including a broader pan-genotypic activity, a higher
genetic barrier to resistance development and a potential
synergistic therapeutic effect when combined with DAAs.
As highlighted in this review, several members of the
DEAD-box family are involved in HCV replication (Table
2). As these DEAD-box proteins share nine conserved
motifs (Figure 1), it is intriguing that multiple DEAD-box
RNA helicases are involved in the regulation of HCV
replication and further studies are warranted to determine
if they are involved in the same step(s) of the viral life
cycle. It will also be important to determine if they act
independently of each other or in parallel. For instance,
Choi and Lee[104], revealed a novel protein-protein interaction between two DEAD-box RNA helicases, DDX3
and DDX5, which is affected by the phosphorylation
states of both proteins and the cell cycle. Such interaction between members of the DEAD-box proteins may
result in co-operativity or redundancy of their roles in
relation to HCV replication. It is also possible that these
host proteins are involved in more than one viral-host
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interaction, for example, DDX3 not only binds to the
HCV core protein, but is probably also associated with a
HCV non-structural protein or HCV RNA itself[59,64,75]. A
comprehensive understanding of the relative importance
and specificity of the interaction between HCV and
DEAD-box proteins may raise the possibility of targeting such a viral-host interaction for the development of
therapeutics. However a detailed understanding of each
viral-host interaction is required to evaluate if the interaction can be targeted without affecting the normal cellular
homoeostasis.
While several DEAD-box helicases have been implicated in the development of HCC (Table 2), there is currently insufficient data to determine if their deregulation
in HCC is related to their interaction with HCV. Furthermore, the dearth of small animal models that can mimic
the HCV infection and liver pathogenesis that is observed
in humans has significantly hampered studies to define
the role of viral-host interactions in HCV-induced pathogenesis. However, with the recent advancement in the development of fully immunocompetent mouse models for
the study of HCV[105,106], we hope to employ this model
so as to further characterize the roles of DEAD-box
proteins in HCV infection. For instance, we can leverage on the novel humanized mouse model developed by
Washburn et al[107], which consists of a humanized mouse
engineered by engraftment of both human hepatocytes
and human immune cells. These humanized mice were
shown to harbour both human hepatocytes and T cells,
hence, they could support HCV infection and induce
HCV-specific human immune response, liver inflammation, hepatitis, and fibrosis[107]. Similarly, we could use the
recently developed genetically humanized inbred mouse
model with blunted antiviral immunity, which allows the
entire HCV life cycle to be completed[108]. This inbred
mouse model is reported to overcome most of the inherent challenges of previous models, and thus can be
manipulated and used in various stages of HCV research.
With these humanized mice, we should be able to study
in vivo the interaction of DEAD-box proteins with HCV
and how this interaction could affect viral replication as
well as contribute to disease pathogenesis. Moreover,
investigations can be performed to determine if certain
DEAD-box proteins play important roles in acute HCV
infection while others are more involved in chronic HCV
infection. It will also be crucial to delineate the contribution of individual DEAD-box protein to different
steps in the virus life cycle or different viral-induced liver
diseases like fibrosis and HCC. Knowledge gained from
such studies would enhance our basic understanding of
HCV replication and probably aid future work towards
the development of more efficacious drugs and vaccine.
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Hepatitis C virus genotype 6: Virology, epidemiology,
genetic variation and clinical implication
Vo Duy Thong, Srunthron Akkarathamrongsin, Kittiyod Poovorawan, Pisit Tangkijvanich, Yong Poovorawan
tries. HCV-6 has considerable genetic diversity with
23 subtypes (a to w). Although direct sequencing followed by phylogenetic analysis is the gold standard for
HCV-6 genotyping and subtyping, there are also now
rapid genotyping tests available such as the reverse
hybridization line probe assay (INNO-LiPA Ⅱ; Innogenetics, Zwijnaarde, Belgium). HCV-6 patients present
with similar clinical manifestations as patients infected
with other genotypes. Based on current evidence, the
optimal treatment duration of HCV-6 with pegylated
interferon/ribavirin should be 48 wk, although a shortened treatment duration of 24 wk could be sufficient in
patients with low pretreatment viral load who achieve
rapid virological response. In addition, the development
of direct-acting antiviral agents is ongoing, and they
give high response rate when combined with standard
therapy. Herein, we review the epidemiology, classification, diagnosis and treatment as it pertain to HCV-6.
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Core tip: Hepatitis C virus (HCV) genotype 6 is restricted to South China, South-East Asia, and it is occasionally found in migrant patients from endemic countries.
Treatment response rates are lower than those of
genotype 3 but higher than those of genotype 1. Based
on current evidence, the optimal treatment duration
of HCV-6 should be 48 wk. Shortened treatment duration of 24 wk could be sufficient in patients with low
pretreatment viral load who achieve rapid virological
response. The development of direct-acting antiviral
agents is ongoing, and they give high response rate
when combined with standard therapy. We review the
epidemiology, classification, diagnosis and treatment.

Abstract
Hepatitis C virus (HCV) is a serious public health problem affecting 170 million carriers worldwide. It is a
leading cause of chronic hepatitis, cirrhosis, and liver
cancer and is the primary cause for liver transplantation worldwide. HCV genotype 6 (HCV-6) is restricted
to South China, South-East Asia, and it is also occasionally found in migrant patients from endemic coun-
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considered one of the most robust independent predictors for sustained virological response (SVR). Most clinical studies on PEG-IFN/RBV efficacy have been based
on common genotypes such as genotype 1, 2 and 3, while
scant clinical data has been generated concerning genotype 6. However, due to this genotype’s extreme genetic
diversity, it may be important to study it in a controlled,
clinical setting in order to gauge the standard therapy’s efficacy[5].
Currently, the few available studies suggest that treatment with the longer 48-wk regimen may lead to a higher
rate of SVR. On the other hand though, treatment with
the 24-wk regimen may also lead to a similar SVR rate
in subgroups of patients, as in the case of patients with
genotypes 2 and 3[38]. In 2011, newer agents known as
direct-acting antivirals (DAA) were approved for use in
conjunction with PEG-IFN and RBV for the treatment
of HCV-1. However, the efficacy and safety of DAA in
the treatment of the HCV-6 patients still needs to be assessed.
This study aimed to review the virology, epidemiology, genetic variation and clinical implication of HCV
genotype 6. All data were retrieved and selected from
related HCV-6 topics from PubMed database.
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INTRODUCTION
Hepatitis C virus (HCV) infection is an important worldwide public health problem. Most HCV cases become
chronic hepatitis C (CHC), which may advance to liver
fibrosis, cirrhosis, and hepatocellular carcinoma. The
global prevalence of HCV infection is estimated at more
than 170 million people[1-3], and some studies estimate
that mortality related to HCV infection (death from liver
failure or hepatocellular carcinoma) will continue to increases over the next two decades[4].
Hepatitis C virus is a member of the Flaviviridae family and belongs to the genus Hepacivirus. HCV is classified into six major genotypes (1-6) and subdivided into
various subtypes named in alphabetical order from a to
z. Currently, sequencing of HCV isolates has identified
more than 83 subtypes from the six genotypes[5]. The genomes among HCV genotypes differ from each other by
approximately 30%-35% while the genomes among the
subtypes differ by 15%-20%. The prevalence of HCV
genotypes varies geographically: HCV-1 is found worldwide including developed regions such as North America
and Europe. HCV-2 has high prevalence in Central and
West Africa as well as some western countries, while
HCV-3 is predominantly found in the Far Eastern countries and the Indian subcontinent[6]. Meanwhile, HCV
genotypes 4, 5 and 6 are endemic to specific geographical
areas: HCV-4 is mainly found in Egypt and Sub-Saharan
Africa, HCV-5 in South Africa[7], and HCV-6 in South
China and South-East Asian countries[8-10] (Figure 1)[10-34].
HCV-6 is highly diverse with 23 subtypes currently
known[8,9,30]. This genetic diversity may be the result of a
long period of viral circulation[14]. In addition, repeated
viral exposure through activities such as intravenous drug
use leads to more than one viral strain circulating in the
host, which in turn increases the chance of viral recombination events among circulating HCV genotypes and
strains. The high variation and accumulation of HCV-6 in
Southeast Asia also supports the idea that this area may
be the origin and worldwide distribution center of this
genotype.
Various factors determine treatment response. In
the case of host factors, age, sex, race, fibrosis and steatosis level all have important influences on treatment
outcome[35-37], while the most important viral factors for
predicting response to IFN-based therapy are genotype
and viral load at baseline. In the past 10 years, the standard treatment of HCV patients has been a combination
of pegylated interferon (PEG-IFN) and ribavirin (RBV)
with a 24 to 48 wk regimen depending on the viral genotype of each infected individual. Thus, HCV genotype is
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EPIDEMEDIOLOGY
Within endemic countries, HCV-6 shows variability in
subtype prevalence. Vietnam has reported HCV-6 prevalence of 51%-54.4% in Ho Chi Minh City and 47.1%
elsewhere with the most common subtypes being 6a followed by 6e and 6l. In total, 12 subtypes have thus far
been identified in Vietnam (6a, 6c, 6e, 6f, 6h, 6k, 6l, 6n,
6o, 6p, 6r and 6t)[39-41]. Although there is limited information regarding HCV epidemiology in Laos and Cambodia,
a few studies have reported a high proportion of HCV-6
in these countries also. Among Laos blood donors,
95.6% of the HCV RNA positive samples were classified
as HCV-6 with various subtypes being found including
6b, 6h, 6k, 6l, 6n, 6o, 6q and unclassified subtypes[42,43].
A study of Cambodian migrants in Thailand reported
that HCV seroprevalence in this group is similar to their
guest country (2.3%). It was also found that HCV-6 is the
most dominate genotype in Cambodian migrants with
52% of the HCV-RNA carriers testing positive for this
genotype with the subtype breakdown as the following;
6e (20%), 6r (20%), 6f (8%) and 6p (4%)[42]. Similar to its
neighboring countries, Thailand also has several endemic
HCV-6 subtypes (6b, 6c, 6e, 6f, 6i, 6m and 6n) along
with novel subtypes (6u and 6v), which are found in the
North and Northeast[43]. However, unlike the Cambodian
migrant population in Thailand, this genotype contributes a lower proportion (20.1%) of overall infection in
comparison with HCV-3 and HCV-1[32]. In Myanmar,
HCV-6 prevalence has gone from being the third most
prevalent HCV genotype in 2004 to the first after analysis
of a large number of blood samples from 2007. HCV-6
is especially prevalent in the Northern part of Myanmar
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with subtypes 6f, 6n and 6m predominating[44-47]. Despite
is ubiquitous presence in the above-mentioned countries,
however, HCV-6 is only rarely reported in other proximal
countries. For example, only three samples of subtype 6g
(previously designated as genotype 1a) have been reported in Indonesia since 1996[48], while only a single recent
report of subtype 6n has been found in Kuala Lumpur,
Malaysia, and notably, this patient was co-infected with
HIV-1 and had a history of IVDU[49].
HCV-6 can also be found outside of the immediate South East Asian region in countries such as South
China, Hong Kong and Taiwan (Figure 2)[28,40,43,46-48,50-55].
Intravenous drug abuse is the transmission route suspected of being most responsible for the high frequency
of this genotype in certain parts of Asia and the factor
driving a continuous discovery of new subtypes. In China, HCV is frequently found in the South in patients with
HIV-1 co-infection and IDU history[56]. For example,
prevalence of HCV-6 in chronic hepatitis cases is 12.9%
to 14.2% while being 28.2% to 51.5% in IDUs. In addition, similar to Vietnam, 6a is the major subtype in IDUs
from all study groups[17,57,58]. A similar trend of HCV-6
infection can also be observed in Hong Kong. More
than half of infected IVDU have this genotype (53.2%
to 58.5%), which is much higher than the prevalence in
the general population (23.6%), and subtype 6a is the
most common subtype[52,59]. In Taiwan, there has been
no report of HCV-6 until 2010, but since then there is a
growing prevalence of HCV-6 and subtype 6a along with
novel subtypes being reported in prisoners and IDUs[53].

of the subtypes seems generally restricted to different
locations such as subtype 6d in Vietnam, 6f in Thailand,
6g in Indonesia and 6r in Cambodia. In addition, strains
isolated from the same country tend to cluster together
in a HCV-6 phylogenetic tree (Figure 3)[42,47].
HCV-6 has spread through other East Asian countries
by multiple transmission routes with one of the most
effective routes being IDU. In the general population,
HCV-1 is still the predominant genotype across Asia.
However, HCV-6 - and especially subtype 6a - is the
dominant genotype among IVDUs[53,58,59]. An example
of this is the phylogeographic and coalescent analysis of
HCV-6’s spread through China. Analysis shows that subtype 6a and some other Chinese strains may have originated in Vietnam and spread to neighboring Guangxi
and Yunnan provinces[65,66]. Finally, since Guangdong is a
major gateway to China, this province may have been the
origin of subtype 6a dispersion throughout other regions
of the country[58].
Similar to other RNA viruses, HCV has a high tendency for genetic heterogeneity due to a lack of proof
reading activity by its viral RNA polymerase. This genetic
drift results in an accumulation of viral mutations, which
will then be selected forby forces of environmental pressure. Thus, only the fittest strains survive and become the
major circulating viral population. Of course, however,
this process of fixation requires a relatively long period
of time. Meanwhile, viral recombination can result in
novel strains overnight, although the drastic nature of recombination can be a danger to viral survival. So far, the
evidence suggests that novel HCV strains mainly accumulate through genetic drift by collecting viral mutation
instead of recombination, as there have only been two
reported cases of HCV-6-specific recombination occurring[67,68]; recombinants RF_2i/6p and RF_2b/6w from a
Vietnamese blood donor and an IDU in Taiwan, respectively[53,69].

EVOLUTION OF HEPATITIS C VIRUS
GENOTYPE 6
There is now considerable evidence to support the hypothesis that HCV-6 originated in Southeast Asia. First,
this genotype is mainly observed in countries such as Vietnam, Cambodia, Laos, Myanmar and Thailand with the
prevalence of HCV-6 in these countries ranging from approximately 20% to more than 50% of all genotypes. Second, there are a great number of known and novel subtypes circulating within these populations[41]. Third, when
HCV-6 is found outside of its endemic area, such as in
countries like US, Canada and Australia, the virus is almost
exclusively isolated from Asian immigrants[7,60]. Fourth, a
study in Laos showed that HCV-6 is highly divergent from
other genotypes, and that it has distinct genetic differences
from other strains, which suggests that there may yet be
unclassified subtypes existing in this area. Thus, the accumulation of such genetic heterogeneity suggests that this
genotype has circulated, adapted and evolved in this area
for a long period of time (Table 1)[39,46,61-64].
Evolutionary analysis of HCV-6 subtypes hypothesizes that these subtypes evolved from a common ancestor
more than 1000 years ago, and that some subtypes may
have maintained their endemicity via local epidemics during the 20th century initiated and propagated by modern
medicine, blood transfusion and IVDU[42]. However, each
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METHODS USED FOR GENOTYPING
Since HCV genotype is such an important consideration
for predicting an effective treatment regimen, several different genotyping methods have been developed. These
methods include direct nucleic acid sequencing[70], a reverse hybridization line probe assay (LiPA)[71], subtypespecific reverse transcription (RT)-PCR[72], DNA restriction fragment length polymorphism[73], heteroduplex
mobility analysis[74], primer-specific and mispair extension
analysis[75], melting curve analysis with fluorescence resonance energy transfer probes[76] and serologic genotyping
(Figure 4)[5,77,78].
However, not every method is equal. The Asian Pacific Association for the Study of the Liver states that
genotype discrimination based on primers from the 5’
untranslated region (5’UTR) do not distinguish some of
the HCV-6 subtypes prevalent in Southeast Asia, and that
these subtypes should instead be classified as genotype 1
or 1b[79], available methods generally use distinct motifs
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Table 1 Prevalence of hepatitis C virus-6 in Asians n (%)
Country

Ref.

Genotype 6 prevalence

Lwin et al[46]
Pham et al[39]

Myanmar
Vietnam (Hanoi, Vietnam)
Thailand
(blood donors throughout country)
(blood donors in northern Thailand provinces)
(blood donors from central Thailand)
Hong Kong, China (Blood donors)

1333 (49)
238 (47.1)

Kanistanon et al[61]
Jutavigittum et al[62]
Akkarathamrongsin et al[63]
Leung et al[64]

NR (18)
326 (31)
375 (30)
910 (27)

NR: Not reported.
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Figure 3 Phylogenetic relationships among subtypes hepatitis C virus-6. Phylogenetic tree constructed from whole genome sequence of all hepatitis C virus-6
subtypes (subtype 6a to 6w) which was analyzed by K2P model and MEGA version.5. Bootstrap value of 1000 replicates was indicated at each node.
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untranslated region (5'�����������������������������������
-����������������������������������
UTR) and Core regions targeted by �������������������������������
INNO-LiPA (the 5’-UTR only for ����������
INNO-LiPA Ⅰ or both the
5’-UTR and core regions for INNO-LiPA Ⅱ), sequencing of NS5B are used the standard methods for classifying hepatitis C virus genotype and subtype[5,78].�

found within the HCV genome for HCV genotype[5].
In addition, previous studies reported the mistyping of
HCV-6 as genotype 1 by the INNO-LiPA Ⅰ assay (Innogenetics, Zwijnaarde, Belgium) [80,81]. However, the
INNO-LiPA HCV Ⅱ (Innogenetics, Zwijnaarde, Belgium) genotyping assay seems to overcome the deficiencies demonstrated by the INNO-LiPA Ⅰ assay, as it has
shown remarkable improvement in genotyping accuracy
and differentiation between HCV-1 and HCV-6 variants
by using core sequencing data as well as 5’ UTR data[82,83].

TREATMENT
The current standard-of-care for treatment of HCV-infected patients is a combination of PEG-IFN and RBV.
Among the various viral and host factors, HCV genotype
is one of the most important predictors of response to
treatment and is used to guide the duration of treatment.
Patients with HCV genotype 1 are typically treated for 48
wk, whereas patients with genotype 2 and 3 are treated
for 24 wk[35,36,90]. Limited studies have suggested that the
response rate of HCV-6 may be at an intermediate level
between those of genotypes 3 and 1[87,91-93].
Virological response kinetics during therapy has
emerged as an important prognostic factor of treatment
outcome in patients with chronic HCV infection[94,95].
Absence of an early virological response (EVR) at week
12 during therapy is the best negative predictor for nonresponse to treatment. In contrast, rapid virological
response (RVR; defined as undetectable HCV RNA at
week 4) is regarded as the most important predictor for
SVR (defined as undetectable HCV RNA at week 24 after the end of therapy) and has emerged as an important
milestone to guide the appropriate duration of therapy.
For example, in patients with genotype 1, an individualized approach to therapy designed according to early
viral kinetics has been adopted to optimize therapeutic
outcome in patients. Recent clinical trials have used RVR
to identify those patients with low baseline viral load that
may benefit from shortened treatment duration of 24
wk[96-98].

CLINICAL CHARACTERISTICS
Acute HCV infection is infrequently diagnosed and leads
to chronic infection in about 80% of cases[84]. Clinical
manifestations can occur, usually within 7 to 8 wk (range:
2-26 wk) after exposure to HCV, but the majority of
persons have either no symptoms or only mild symptoms, and fulminant hepatic failure due to acute HCV
infection is very rare. Although clinical features will be
present in less than 25% of infected patients, symptoms
of acute hepatitis include jaundice, malaise, nausea and
right upper quadrant pain[85]. While the infection becomes chronic in most cases, chronic infection is either
asymptomatic or has only mild nonspecific symptoms
such as fatigue as long as cirrhosis and hepatocellular
carcinoma are not present. Other clinical manifestations
are possible, however, such as nausea, weakness, myalgia, arthralgia and weight loss[86]. Although there have
been many papers describing HCV-6’s epidemiology,
the clinical characteristics have not been well described
in those studies. Nguyen et al[87] reported that patients
with HCV-6 presented similar clinical manifestations as
those with genotype 1 or 2/3. They also found that
���������
people with HCV genotype 1 and 6 had a somewhat higher
baseline viral load than those with others genotypes.
However, when comparing �����������������������������
HCV-6 patients with patients
infected with other genotypes, these differences were
not statistically significant with regard to host factors
(e.g., age, history of smoking, alcohol use, family history of CHC, hepatitis B, hepatocellular carcinoma and
liver-related death), baseline laboratory values (e.g., ALT,
total bilirubin, albumin, white blood cell count, platelet
count), and liver histology[55,88]. However, steatosis is a
chief modulator of clinical course of HCV infection[89].
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TREATMENT OUTCOMES OF HCV-6 VS
OTHER GENOTYPES
Currently, although the treatment outcome of patients
with HCV-6 has so far not been exhaustively studied, a few
studies exit which give hints as to what the standard course
of care should be. Most previous studies have reported
that genotype 6 behaves more similar to genotypes 2 and 3
(SVR rates of 76%-80%)[87,99,100] and thus responds better
to therapy than genotype 1 (SVR rates of 46%-52%)[101].
For example, Nguyen et al[87] demonstrated that patients
with HCV-6 had significantly better SVRs to PEG-IFN
and RBV combination therapy than patients with genotype 1 (74% vs 49%). Furthermore, Tangkijvanich et al[102]
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Figure 5 Sustained virological response in genotype 6 vs genotype 1��.
SVR: Sustained
��������������������������������
virological response��.

vidualizing the duration of treatment according to viral
kinetics in patients with genotype 6 was first investigated
by Fired et al[107]. In that pilot study, more than 70% of
patients with HCV-6 achieved RVR and received an abbreviated 24-wk regimen. Among them, the rate of relapse was approximately 10%, and nearly 90% of them
eradicated the virus. These data were consistent with observations regarding treatment of HCV genotypes 1, 2, 3
and 4, which suggest that monitoring RVR might be useful to guide treatment duration for patients with HCV-6.
In particular, therapy might be shortened to 24 wk in patients with low pretreatment viral load who achieve RVR,
whereas a 48-wk course was appropriate for those who
cleared the virus after week 4. The abbreviated regimen
could offer advantages by reducing unnecessary medication exposure, which may make the treatment of HCV-6
more affordable and maximize the cost effectiveness of
therapy. However, further prospective randomized trials
are required to evaluate the response-guided strategy in a
larger number of patients with HCV-6.

reported that the SVR of HCV-6 is higher than that of
genotype 1 but lower than that of genotype 3 (Figure 5).

OPTIMAL DOSE OF RBV IN TREATING
HCV-6
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Although PEG-IFN represents the backbone of treatment, combination with RBV has been shown to help
prevent relapse. Current guidelines recommend a weightadjusted dose of RBV in combination with PEG-IFN for
treating patients with genotype 1, while a flat, low dose
of RBV (800 mg/d) is recommended for treating patients
with genotype 3[95]. However, a weight-adjusted dose of
RBV might be useful to enhance the response rate in
patients with genotype 3 who do not achieve RVR and
in those with RVR undergoing abbreviated therapy[108,109].
Currently, the optimal dose of RBV for treatment of
patients with HCV-6 is unknown. In previous studies,
daily weight-based or fixed doses of RBV had been used,
rendering comparisons rather complicated. Nonetheless,
recent prospective trials adopted a weight-based dosage
of RBV (1000-1200 mg/d) for abbreviated treatment (24
wk), which might result in achieving SVR equivalent to
that obtained with longer treatment duration (48 wk)[101].
These data might reflect the need of a weight-based dosage of RBV in patients with HCV-6 undergoing abbreviated therapy.

OPTIMAL TREATMENT DURATION OF
HCV-6
Most prior studies of HCV-6 included patients treated
for 48-52 wk[103-105]. A small study of Asian-American patients comparing a 48-wk to a shortened 24-wk regimen
showed a significantly higher SVR rate in those treated
by the 48-wk course (74% vs 49%)[38]. However, the limitation of the study was its retrospective design and the
results were not analyzed with regard to an intention-totreat method. A retrospective study conducted in China
showed that the rate of SVR in 22 patients with HCV-6
treated for 24 wk was comparable to that of genotypes
2/3 (82% and 83%, respectively)[92]. In that study, the
positive predictive values of RVR and EVR for HCV-6
were comparable with those for genotypes 2/3 (87% vs
91% and 86% vs 87%, respectively).
A randomized controlled trial of 60 patients with
HCV-6 demonstrated that there was no significant difference in SVR rates in patients treated with 48-wk and
24-wk regimens (79% and 70%, respectively)[101]. In that
study, RVR was a significant predictor of SVR in the
48-wk group and tending towards significance in the
24-wk group, although a sizeable number of patients did
not have RVR measurement performed. Recently, Thu
Thuy et al[106] conducted an open-label randomized trial
in Vietnam, which aimed at assessing the rate of SVR in
HCV-6 chronic HCV following 48 and 24 wk of PEGIFN and RBV combination therapy. They demonstrated
that RVR was achieved in the majority of HCV-6 patients
and similar and high rates of SVR were noted following
48- and 24-wk therapy (71% vs 60%, respectively, P = 0.24).
The feasibility of a response-guided therapy by indi-
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SAFETY AND SIDE EFFECT PROFILE OF
TREATMENT
Treatment with PEG-IFN and RBV has been shown to
be safe in patients with HCV-6, but treatment discontinuation or dose reduction due to side-effects is typical.
Although HCV genotypes play a role in achieving SVR,
there is no significant difference in the frequency or types
of side effects experienced among patients of genotypes
1, 2, 3 or 6[87,104,105] taking PEG-IFN and RBV, although
side effect profiles do appear to differ among patients of
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different ethnicities. For example, compared with Caucasians, Asian patients are more likely to decrease their
RBV dose or discontinue the therapy due to anemia. In
addition, Asian patients reported symptoms of depression, more commonly than Caucasian patients [110,111].
Other common side effects include flu-like symptoms
(fever, fatigue, headache, malign, and loss of appetite),
dyspepsia and some cases with rash, weight loss, arthralgia and alopecia[110]. However, these symptoms are often
mild and tolerable and without the requirement for PEGIFN and/or RBV dose modification.

increased SVR rate (96.2% and 62.5%, respectively) and
was the only clinical parameter that predicted SVR.

DAA
In 2011, direct-acting antivirals (telaprevir and boceprevir) were approved by the US. Food and Drug Administration for treatment of HCV genotype 1. They are first
generation NS3-4A protease inhibitors (PI), targeting the
protease enzyme that cleaves the HCV polyprotein thus
inhibiting the replication process. The addition of a DAA
to PEG-IFN/RBV has reduced treatment duration and
side effects, and improve efficacy and cost[115]. Thus, the
development of DAA represents a significant milestone
in improving the efficacy of HCV treatment, especially in
patients with HCV genotype 1.
Currently, clinical results of the use of DAAs for
patients with HCV-6 are limited[116]. For example, monotherapy with TMC 435, a second-generation NS3/4A PI
with pan-genotype antiviral activity, could induce a significant mean viremia decrease of -4.35 log10 UI/mL after
8 days in patients with HCV-6. In addition, five patients
with HCV-6 were included in the ATOMIC study and
treated with sofosbuvir (GS 7977), a NS5B polymerase
inhibitor, plus PEG-IFN/RBV for 24 wk. The RVR rate
at week 4 and the SVR rate 12 wk after the end of the
treatment were both 100%.

PREDICTORS OF SVR
As in studies of patients with other HCV genotypes,
pretreatment predictors of response are useful for advising patients on their likelihood of SVR. Pretreatment
host and viral characteristics affect early viral kinetics.
Once treatment has been initiated, outcome depends on
how fast HCV RNA becomes undetectable. Multivariate
analyses have identified various predictors of response
in HCV-6 such as youth (< 40-50 years)[100,105], low BMI,
treatment adherence and RVR[35,100,105]. Among these predictors - and concordant with observations in other HCV
genotypes - the importance of RVR (undetectable HCV
RNA after 4 wk of treatment) in the prediction of SVR
has been further substantiated in HCV-6, wherein the
positive predictive value to achieve SVR in patients with
RVR has been 83%-87%[87,105].

CONCLUSION
Three percent of the world’s population is infected with
HCV. Of that 3%, HCV-6 accounts for a disproportionately high burden ��������������������������������
high of prevalence in Southeast
Asia and the surrounding areas as well as in infection
drug users and people with thalassemia major. Previous�������������������������������������������������������
literature suggest older������������������������������
tests may have misclassified
HCV-6 as genotype 1�����������������������������������
, but newer
�����������������������������
line probe assays have
�����
shown impressive improvement in genotyping accuracy
and differentiation between HCV genotype 1 and HCV-6
variants. Clinical characteristics and predictors
�������������������
of poor
response are similar for patients with HCV-6 and other
HCV genotypes. Current
����������������������������������������
data suggests that the response
rate of HCV-6 may be at an intermediate level between
those of genotypes 3 and 1. Thus, the optimal treatment
duration of HCV-6 should be 48 wk, although shortened
treatment duration of 24 wk could be sufficient in patients with low pretreatment viral load who achieve RVR.
In addition, there are currently conflicting data on the
role of IL28B testing in predicting treatment response in
patients with HCV-6.
Further studies will be required to arrive at a sensitively diagnostic method for HCV-6/subtypes, optimal
treatment duration, and
�����������������������������������
early predictors for treatment
response and
��������������������������������������������
drugs (DAA) to achieve higher SVR rates
in patients with HCV-6.

ROLE OF INTERLEUKIN IL28-B
Recent studies have reported that one of the strongest
baseline predictors of SVR in HCV genotype 1 are single-nucleotide polymorphisms (SNPs) on chromosome
19 in or near the interleukin-28B gene (IL28B, encoding
interferon lambda-3). Following antiviral treatment, patients carrying the CC genotype of one of these predictive SNPs (rs12979860) have a twofold (95%CI: 1.8-2.3)
greater rate of SVR than patients who carry the TT
alleles (78% for the CC genotype, 38% for the TC genotype, and 26% for the TT genotype). Interestingly, the C
allele frequency is much higher in white and Asian populations than in black populations[112]. More recently, a variant upstream of IFNL3 creating a novel gene, designated
as IFNL4, has been discovered[113]. This region harbors
a dinucleotide variant (ss469415590) that is found in two
alternative forms (ΔG or TT alleles). The ss469415590
indel is more strongly associated with treatment response
of HCV-1 infection in African-American individuals
compared to rs12979860[113].
Data regarding the association of the SNPs with antiviral response in HCV-6 infected patients are still very
limited. A recent study from Hong Kong showed that
rs8099917, another IL28B polymorphism, was associated with response to PEG-IFN/RBV therapy in HCV-6
infected patients[114]. In that report, the favorable TT
genotype of rs8099917, when compared to the unfavorable TG genotype, was significantly associated with an
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Abstract
Hepatitis C virus (HCV) is a global health concern which
is responsible for most of the liver diseases. Currently,
there is no vaccine available for prevention of HCV infection due to the high degree of strain variation. The
current standard of care is a combination of pegylated
interferon α with ribavirin and boceprevir/telaprevir.
This treatment was partially effective and had significant side effects. Hence, there is a need to develop
new antiviral agents that interfere with different stages
of the HCV life cycle. Recent advances in the understanding of both the cellular and molecular mechanisms
of HCV replication have provided the basis for novel
therapeutic strategies. Several hundred plant species
and their phyto-constituents have been isolated for
screening against HCV, and some have been shown to
have great medicinal value in preventing and/or ameliorating viral diseases in pre-clinical and clinical trials.
This review summarizes medicinal plants and their phytochemicals which inhibit different stages of HCV life
cycle and discuss their potential use in HCV therapy.

INTRODUCTION
Hepatitis C virus (HCV) is a dreadful viral disease and has
always been a global health issue. According to estimation,
about 170 million people are affected, with the highest infection rates in Africa and Asia[1]. Each year approximately
3-4 million people are affected and > 350000 individuals
die due to liver disease. HCV causes an acute infection
which can eventually progress to chronic infection and
can cause permanent liver damage, hepatocellular carcinoma (HCC), cirrhosis and death[2-5]. Acute to chronic progression is rapid in people who are older, human immunodeficiency virus (HIV) co-infected, consume more than
50 g of alcohol daily, or immunosuppressed and patients
undergoing organ transplantation[6]. HCV belongs to the
Flaviviridae family and has a positive single stranded RNA
genome of 9.6 Kb. The genome of HCV has 5’ untranslated region (UTR) which works as an internal ribosomal
entry site (IRES). The 5’ UTR is 324-341 in length and
the IRES is considered important for Cap-independent
translation of viral RNA[7,8]. This entry site (IRES) leads
to the translation of an open reading frame (ORF) that
encodes a 3010 amino acid poly protein precursor which

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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is ultimately cleaved by host and viral proteases into 10
viral proteins in the order of NH (2) -Core-E1-E2-p7NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH (Figure 1)[9].
According to past research, the structural proteins (Core,
E and E2) and the nonstructural proteins (NS3 protease
and NS5B RNA dependent RNA polymerase) have been
considered the best targets to develop novel molecular
inhibitors. Among these proteins, NS3 in association with
NS4A has been hugely investigated due to its protease

WJG|www.wjgnet.com

and helicase domains that are important in viral replication[1,10-12]. The life cycle of HCV is illustrated in Figure 2.
HCV has six major genotypes with a series of subtypes[13].
In 2012, a new sequence has been found that is being
named as subtype 7a[14]. The prevalence of genotype 3a is
related to steatosis that leads to liver fibrosis[15,16].
To date, many medicinal plants have been tested
against HCV and have proved beneficial as antiviral mediators. The reasons to prefer medicinal plants over traditional
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medicines are their fewer side effects, low cost and multiple
target activities[17]. The phytochemicals of the medicinal
plants, such as limonoids, alkaloids, lignana, organosulfur,
furyl, thiophenes, polylines, terpenoids, flavonoids, polyphenolics, sulphides, saponins, coumarins, chlorophyllins,
are considered important due to their efficiency at hampering viral entry, blocking/limiting the RNA/DNA genome
replication and their anti-oxidant activity[18]. Currently, there
are few antiviral drugs that can efficiently work against
HCV as most of the antiviral drugs show side effects and
many of the viruses acquire resistance against them; thus,
there is a strong need to develop antiviral compounds that
can suppress HCV without side effects. Therefore, medicinal plants due to their magical powers are being investigated to discover antiviral agents that can efficiently target
the entry or replication of HCV virus and are believed to
be our future inhibitors for this dreadful disease.

MEDICINAL PLANTS AGAINST HCV
Viral infections with high mortality and morbidity rate are
the leading cause of human deaths worldwide. All viruses
start their life cycle through attachment and entry into
the host cell and then increase their progeny by transcription and replication of the genome. The RNA viruses
such as influenza, HIV and HCV have become a matter
of concern as these are highly variable and lack an RNA
dependent RNA polymerase proofreading mechanism[30].
Development of vaccines against viral diseases such as
polio, mumps and smallpox have controlled these diseases but infections like HIV and HCV have been hard
to target because of variation in genotypes. Infectious
diseases have widely been treated using the medicinal
plants and about 25% of current medicines have compounds from medicinal plants. There are plenty of plants
that are known for their magical medicinal properties and
these plants can serve as an important reservoir for drug
discovery against infectious diseases. Current separation
techniques have enabled researchers to find active compounds of plants as antiviral agents and to overcome the
challenge of emerging infectious disease in human population. There is a wide range of medicinal plants which
are being used to extract natural compounds that are
being used for their antiviral activity. Liver diseases have
been treated around the world using numerous medicinal
plants and their formulations and this has given confidence to researchers to investigate the effect of these
medicinal plants against HCV in more depth[31].
HCV infection is a leading cause of deaths among patients. To date, many drugs have been tested against HCV
and many of them have successfully completed clinical trials but the problem of viral resistance against these drugs
and side effects caused by these drugs have marked a question of developing better therapeutics against HCV[32]. At
the present, drug discovery is being focused on medicinal
herbs for HCV due to the lack of appropriate standard
therapy. Acetonic and methanolic extracts of Acacia nilotica (AN) have shown novel inhibition of HCV titer invitro confirmed by real-time PCR[33]. Preclinical evaluation
of the lyophilized juice of ginger and aqueous extracts of
Milk thistle (MSE) has demonstrated anti HCV effects in
the HepG2 cell line. Both of these plants have shown effective antiviral activity at concentrations of 300 μg/mL
and 100 μg/mL respectively[34]. Recently, medicinal plants
from Indonesia have been tested for their antiviral activity against HCV. Ethanolic extracts of Indonesian plants
were analyzed in the Huh 7.5 cell line and HCV strains of
9 different genotypes namely 1a-71, 1b and 2b. Among
the tested plants, Toona sureni leaves (TSL) showed IC50
value of 13.9, Melicope latifolia leaves (MLL) showed IC50
of 3.5, Melanolepis multiglandulosa stem (MMS) exhibited
IC50 of 17.1 and Ficus fistulosa leaves (FFL) showed IC50
of 15.0. Among all of these, MLL, TSL, FFL and MMS
exhibited antiviral activity against all genotypes of HCV
and thus, it is suggested that these plants may prove good
candidates to develop novel inhibitory drugs against

CURRENT TREATMENT
HCV is a major concern worldwide and clearing it in its
early phase to avoid liver cirrhosis and HCC has always
been the target for researchers. To date, there is no authenticated vaccine available in the market and current
approved treatment (standard of care) is a combination
therapy having pegylated interferon alpha (PegIFN-α) injections and antiviral nucleoside analogue ribavirin (RBV)
used for 24-48 wk depending upon the type of genotype.
All the genotypes of HCV show different sustained virological response (SVR) and genotype 1 which is regarded
as most problematic genotype shows the clearance of
HCV in 50% of the cases. Similarly, genotype 2 infection
shows clearance in only 80% of the cases[19-22].
This combination therapy has several considerable
side effects such as fever, anemia, flu and depression[23].
Several combinations of IFN are in clinical trials, such
as taribavirin which is a prodrug of ribavirin and albinterferon which is the combination of IFN-α and human
albumin[24,25]. The side effects caused by current treatment
raised the need to develop antiviral compounds that can
suppress or eliminate the infection without toxicity and
side effects. This directed the investigation to test antiviral agents against HCV viral proteins. HCV NS3 protease
has been investigated as a drug target[26,27]. The inhibition of NS3/4A protease interferes with the replication
of HCV genome and also restores the pathways of the
innate immunity[28]. To date, several NS3/4A protease
inhibitors have been investigated and recently, two NS3
protease inhibitors, boceprevir and telaprevir, have been
approved by the Food and Drug Administration (FDA)
as combination therapy along with PegIFN-α and RBV
for HCV genotype 1 patients[29]. Despite the availability
of current treatment, there is a dire need to screen antiviral agents that can target all four genotypes with the same
efficiency and without any side effects. This increases the
significance of the medicinal plants as antiviral agents as
they are less toxic, less costly and are easily accessed.
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Table 1 Medicinal plant phytochemicals as anti- hepatitis C virus agents
Phytochemicals
Diosgenin[43]
Silymarin/silibinin[37,44,45]
Iridoids[46,47]
Naringenin[48,49]
EGCG[50,51]
Quercetin[52,53]
Ladanein[54]
Luteolin and apigenin[55]

Viral step

Effect

Replication
Viral entry (viral attachment)
Replication
Viral entry
Viral assembly
Viral entry
Replication
Post attachment entry step
Replication

Inhibition of transcription factor 3 and signal transducer
Inhibition of core protein and NS5 RNA-dependent RNA polymerase
Blockage of E2 and CD81 contact
Suppression of core protein activity
Disturbance in glycoprotein activity and Inhibition of cell-cell transmission
Inhibition of IRES activity and NS3 polymerase
Inhibition of receptor interactions, virus endocytosis, or membrane fusion
Inhibition of NS5B polymerase activity

IRES: Internal ribosomal entry site. EGCG: Epigallocatechin gallate.

protease and showed more than 90% at 100 µg/mL[39].
An in-silico approach has been used to test Accacia nilotica
phytochemicals against NS3/4A protease and found that
they may serve as a potential drug candidate with relatively simple structural changes against HCV NS3/4A
protease[40]. Solanum nigrum (SN) has also been tested
against HCV and its methanolic and chloroform extracts
exhibited significant inhibition against HCV protease in
liver infected cells[41]. Recently, Viola yedoensis has been
investigated to find an anti HCV compound targeting
protease. Using the various chromatographic procedures,
3 coumarins have been isolated and characterized from
Viola yedoensis. Among the isolated compounds, a dimeric
coumarin 5, 5’-bi (6,7-dihydroxycoumarin) has significantly inhibited NS3/4A protease with IC50 value of 0.5
μg/ml. Thus, this dicoumarin can serve as an important
molecular template to design novel anti HCV drugs[42].

HCV though, there is a need to further investigate these
plants to develop drugs for the effective inhibition of
HCV[35].

MEDICINAL PLANTS AGAINST HCV
CORE
To date, many plants have been tested against HCV
core protein and some of these plants have been found
as a source of novel inhibitory drugs to suppress HCV
infection. Some of these plants have been discussed in
this review. In recent years, Pakistan has tested various
medicinal plants in vitro and found significant inhibitory
effects on HCV titer. Among these plants are glycyrrhizin
(GL) which inhibited HCV titer in dose dependent mode
and also exhibited synergistic effects when administered
with interferon. GL inhibited the core protein of genotype 3a at the mRNA and protein level and thus has been
suggested as a future drug that can help to decrease the
viral titer of HCV[36]. Another plant Silybum marianum (SM)
was tested by the same research group and two pure fractions of SM exhibited inhibition of HCV core protein of
genotype 3a which was confirmed through western blotting. The research group suggested that the combination
of SM with interferon shows promising results in treating
HCV[37].

MEDICINAL PLANT PHYTOCHEMICALS
AS HCV INHIBITORS
Medicinal plants have shown potential against viral infections and investigation of their active compounds has
taken antiviral research to a new horizon. Currently, there
are many plant derivatives being tested against HCV and
some of them have shown significant inhibition in entry,
replication and assembly steps of the viral life cycle, described in Table 1.
Diosgenin (3 β -hydroxy-5-spirostene), which is a
plant-derived sapogenin, has effectively blocked the
replication of the HCV subgenomic replicon system
at both the mRNA and the protein level. A decrease in
activator of transcription factor 3 and signal transducer
has been observed. The EC50 value of diosgenin was 3.8
μmol with no cellular toxicity. In another antiviral system, it showed inhibition of viral replication at 20 μmol
concentration[43].
Silymarin, which is isolated from Silybum marianum
has been tested against HCV and is found to be effective in inhibiting the viral activity of HCV. Silymarin has
been tested against the HCV core protein of genotype
3a and was found to be effective in inhibiting the core
expression[37]. Silibinin, which is a combination of two
diastereoisomers, is the major component of silymarin

MEDICINAL PLANTS AGAINST NS3
PROTEASE
During the recent decades, advancements in drug discovery have revealed NS3/4A protease as an important drug
target in overcoming HCV infection. Many inhibitors
against NS3 have successfully entered clinical trials but
there is still need to improve their functionality and efficiency. Various medicinal plants are also being investigated to develop anti HCV drugs that are not only efficient
but are also easily available to developing countries due
to their low cost[38]. Methanolic and water extracts of medicinal plants used in Sudanese traditional medicine such
as Boswellia carterii, Acacia nilotica, Quercus infectoria, Embelia
schimperi, Trachyspermum ammi, Q. infectoria, Piper cubeba
and Syzygium aromaticum have been tested against HCV
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responsible for anti HCV activity[44]. The antiviral effect
of silibinin has been tested against NS5 RNA-dependent
RNA polymerase with IC50 values of 75-100 μmol[45].
HCV entry has been blocked using different iridoids
from Lamium album using HCVpp. The aqueous extract
of Lamium album containing lamiridosins A/B (1/2) and
iridoids aglycone epimers have reduced HCVpp entry
by disturbing the contact of HCV envelope 2 proteins
(E2) with the CD81 receptor[46]. The 4-[(1,2-dihydro2-oxo-3H-indol-3-ylidene) amino]-N (4,6-dimethyl2-pyrimidiny) benzene sulphonamide and its derivatives
have also been evaluated for anti-HCV activity and have
shown inhibitory effects. The replication of HCV RNA
has been blocked by 5-fluoro derivative of Isatin in Huh
5-2 cells[47].
Naringenin is a predominant flavanone found in the
grapefruit and has been tested on the HCV particles[48].
Naringenin has suppressed the activity of core protein in
Huh 7 cells and has also effectively blocked the assembly
of HCV particles. It showed maximum inhibition at 200
[49]
μmol concentration with IC50 value of 109 μmol .
Epigallocatechin-3-gallate (EGCG) is found in green tea
extract and recently this compound has been found significant in inhibiting HCV entry. EGCG had no effect on
HCV assembly, replication and release but it efficiently
inhibited cell-culture-derived HCV (HCVcc) entry into
hepatocellular cell lines and this effect was independent
of the HCV genotypes[50]. The effect of EGCG on HCV
entry blockage has also been confirmed by another research group using a new anti HCV molecule screening
assay[51]. Thus, EGCG may serve as an important anti
HCV drug by blocking the entry of virus into host cells.
Quercetin, present in vegetables, fruits, grains and
leaves has been investigated as an anti HCV agent. Quercetin not only reduced IRES activity but also its augmentation by NS5A. Thus quercetin reduced viral production
without any toxic effects[52]. Similarly, in another study
quercetin suppressed RNA replication in a subgenomic
RNA replicon and also inhibited replication in a model
containing NS3 substrates suggesting that it may be related to NS3 protein of HCV and blocks replication by
targeting the NS3 protease. The effects of quercetin were
nontoxic and were significant[53].
Ladanein (BJ486K) is a flavone isolated from the
Marrubium peregrinum L. (Lamiaceae). Ladanein has shown
effective inhibition of the post attachment entry step of
HCV with an IC50 value of 2.5 μmol. In combination
with cyclosporine, it showed interesting synergetic results
against all the genotypes of HCV. This provides clues to
further investigate ladanein for its anti HCV potential in
patients[54]. Luteolin and apigenin have also been identified as anti HCV agents with IC50 values of 4.3 μmol and
7.9 μmol respectively. Among both compounds, luteolin
showed persuasive inhibition of NS5B polymerase activity with an IC50 of 1.12 μmol[55].
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Current testing strategies for hepatitis C virus infection in
blood donors and the way forward
Neelam Marwaha, Suchet Sachdev
constrained countries HCV screening is highly variable,
depending upon infrastructure, trained manpower and
financial resource. Rapid tests which do not require
instrumentation and are simple to perform are used in
many small and remotely located blood centres. The
sensitivity as compared to EIAs is less and wherever
feasible HCV antibody EIAs are most frequently used
screening assays. Efforts have been made to implement combined antigen-antibody assays and even NAT
in some of these countries.
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Abstract

Core tip: This is a review article on development and
current status of screening tests for hepatitis C virus
(HCV) infection in blood donors. The sensitivity of HCV
antibody assays, HCV core antigen assays and combination assays are discussed. Effect of nucleic acid amplification technology implementation of blood safety is
highlighted. Future prospects for developed countries
and resource constrained countries are presented.

Screening tests for blood donations are based upon
sensitivity, cost-effectiveness and their suitability for
high-throughput testing. Enzyme immunoassay (EIAs)
for hepatitis C virus (HCV) antibodies were the initial
screening tests introduced. The ”first generation“ antibody EIAs detected seroconversion after unduly long
infectious window period. Improved HCV antibody assays still had an infectious window period around 66 d.
HCV core antigen EIAs shortened the window period
considerably, but high costs did not lead to widespread
acceptance. A fourth-generation HCV antigen and
antibody assay (combination EIA) is more convenient
as two infectious markers of HCV are detected in the
same assay. Molecular testing for HCV-RNA utilizing
nucleic acid amplification technology (NAT) is the most
sensitive assay and shortens the window period to only
4 d. Implementation of NAT in many developed countries around the world has resulted in dramatic reductions in transfusion transmissible HCV and relative risk
is now < 1 per million donations. However, HCV serology still continues to be retained as some donations
are serology positive but NAT negative. In resource
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INTRODUCTION
Transfusion therapy is an important component of modern health care and is dependant primarily on safe and
adequate blood supply. The real challenge of blood
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transfusion lies in minimising risks and optimising clinical benefits. The first cases of transfusion associated
jaundice were reported in 1943[1,2]. It was only in the
1960’s that the causative agent - hepatitis B virus was
identified and screening of donor blood for hepatitis
B surface antigen (HBsAg) was initiated in the United
States (US) in 1971 and became a US federal regulation
in July 1972[3]. During the same period a retrospective
study was conducted by Grady and Chalmers in 1964
where it was shown that the incidence of transfusion
associated hepatitis (TAH) in recipients of blood transfusion from volunteer donors was 0.6 cases/1000 units
compared with 2.8 cases/1000 units where blood was
collected from a mixture of volunteer and commercial
blood donors[4]. This report was followed by a prospective study on recipients of blood transfusion to determine the incidence of TAH when blood was transfused
from volunteer or commercial donors and reconfirmed
the increased association between commercial blood donors and TAH[5]. The blood banks began switching over
to blood collection from voluntary non-paid donors. By
the end of 1975 the US Food and Drug Administration
made it mandatory to collect blood from only voluntary
non-remunerated blood donors[6]. Adoption of these
two measures namely voluntary blood donation and
screening donor blood for HBsAg led to 70% reduction
of TAH and 85% reduction in transfusion associated
hepatitis B[7]. Despite HBsAg screening, cases of TAH
continued to occur, though majority of these (75%) were
not due to hepatitis B virus (HBV). Hepatitis A virus
(HAV) was identified in 1973[8] and serological assays for
antibody detection became available. It was presumed
then, that HAV might be the agent of non-B TAH, but
serological screening of recipient and donor samples
for anti-HAV showed non-reactivity[9]. Thus began the
search for non A non B (NANB) hepatitis agent. During the period of non-discovery of the NANB hepatitis
agents, surrogate tests i.e., alanine aminotransferase and
anti-HBc were performed for routine blood donation
screening[3]. Extensive experimental studies were conducted in chimpanzees[10,11] by inoculating the animals
with serum from patients with acute or chronic NANB
hepatitis and asymptomatic carriers, and finally in 1989
the virus was cloned and characterized. It was designated
as hepatitis C virus (HCV)[12]. World over about 170 million people are chronically infected with HCV (3% of
world population)[13]. However the prevalence varies in
general population from high (> 10%) in Egypt, Cameroon, Rwanda, Bolivia, Gabon and Burundi, intermediate
(2.5%-10%) in Mediterranean countries, South America,
Africa and Middle East to low (< 2.5%) in North America, Europe, Australia[14]. Seroprevalence amongst blood
donors as reported from different countries varies from
0.4% to 13.3%[15-20].

by the appearance of the following markers in chronological sequence; HCV RNA, HCV antigens and subsequently HCV antibodies. The tests however were introduced in the reverse order for donor screening since the
technologies had to be optimised to achieve maximum
sensitivity and specificity for blood transfusion safety.

SEROLOGICAL ASSAYS
Serology based assays may detect presence of anti-HCV
antibodies, HCV antigen or both simultaneously. The
testing platforms could be enzyme immunoassays (EIAs),
chemiluminescence (CLIA) or rapid tests. The test
principle in EIAs and CLIAs is the same, but end point
detection in EIAs is measured as colour change and in
CLIAs as luminescence. The CLIA end point detection
signal has been reported to have better sensitivity than
enzyme based assays. The improvements in assay performance, particularly of the EIAs have been termed as
“generations” of the assays. The first generation antiHCV EIA detected antibodies 12 to 26 wk after exposure, creating a long window period of infectivity and
some patients never seroconverted with this assay. The
false positivity rate in low risk populations was reported
to be as high as 60%. The limited sensitivity of the first
generation assay was attributed to the use of the antigen
c100-3 (NS4) alone which represents only 12% of the
viral genome[21,22]. The second generation anti-HCV EIA
incorporated two more epitopes, one each from the core
antigen and a non-structural antigen (NS3). The range
of window period of infectivity reduced to 10 to 24 wk.
The third generation EIAs incorporated additional antigen from the non-structural HCV antigen (NS5) and
showed a further reduction in the window period by one
week. Despite increase in sensitivity with each successive
“generation” of the assay, the prolonged serology negative but ‘infectious’ window period remained a cause
for concern, with second generation assays, the average
window period remains around 82 d[23] and with third
generation assays it reduces to but still remains around
66 d[24,25].
Window period can be shortened by either detection of viral antigen or the genome. ELISA assays for
the detection of HCV core antigen were developed and
tested on both blood donors and patients at high risk of
acquiring infections i.e., patients on chronic haemodialysis[26-28]. In a study on HCV antibody negative blood
donors core antigen assays detected HCV antigen in 11
out of 18 (61%) of the donor samples initially positive
for HCV RNA by real-time polymerase chain reaction
(RT-PCR). In the 7 cases (39%) where the antigen assay
was negative, the HCV core antigen became detectable
between 2 and 21 d after the initial testing[27]. In another
study[28] HCV core antigen was tested on 6 HCV antibody negative and HCV RNA positive blood donors
and 135 serial samples from 28 antibody negative patients on haemodialysis. Five of the six donors (83%)
were positive for HCV antigen, while in haemodialysis
patients 81 samples tested positive out of 92 HCV RNA

SCREENING BLOOD DONATIONS FOR
HCV
The natural course of HCV infection is characterised
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positive samples (88%). A correlation was observed
between viral load and the detection of HCV antigen.
The positive results were obtained in 96% of the study
population when the number of HCV RNA copies per
ml was greater than 105 and only 53% when the number
of HCV RNA copies was lower. Average time from
RNA to antigen positivity was estimated at 2 d in contrast to a study in which compared with amplified HCV
RNA testing the core antigen only testing increased the
window period by 8 d[27]. Thus HCV antigen appears at
the earliest within 2-8 d of HCV-RNA positivity. The
average window period reduction can be achieved by 49 d.
In a recently published meta-analysis the pooled sensitivity of the HCV core antigen assay was 0.84% (95%CI:
0.83-0.85) and the pooled specificity was 0.98% (95%CI:
0.97-0.98)[29]. The HCV core antigen only assay did not
find widespread applicability in blood donor screening
since two serology based assays had to be performed on
the same donor unit. Additional high cost of the assay
also precluded its use as a screening test. A sandwich
ELISA for the detection of HCV NS3 antigen has been
developed indigenously in a resource constrained country[30]. The authors used a high sensitivity and specificity
anti-HCV-NS3 antigen monoclonal antibody and a highly efficient, purified anti-HCV polyclone antibody from a
chronic HCV patient with high titre anti-HCV (titre-1 in
10000). The HCV NS3 antigen positivity rate in the 173
anti-HCV positive samples and the 3708 HCV-negative
samples was 24.3% and 1.3% respectively. Innovations
like these may help to make technological advancements
affordable to large parts of the developing world. ELISA assays are the most widely used serological screening
tests for HCV antibody detection in blood centres. The
assays can be run in batches and can be fully automated
for testing large numbers of donor samples. About
70%-80% of HCV antibody positive samples are also
HCV RNA positive, hence there is high probability of
HCV transmission from seropositive donors[16,31].
Combination antigen-antibody assays were introduced, where two markers of the same infection could
be detected simultaneously. These assays came to be
known as “fourth generation” or “antigen-antibody
combo” tests and appeared more suitable in a blood
bank setting where large numbers of donor samples
need to be screened in the shortest possible time. The
combined antigen-antibody assays are usually sandwich
ELISAs where the solid phase and second phase comprise both HCV derived antigens and antibodies against
HCV. The performance of these combined assays was
evaluated on three panels of antibody negative plasma
samples from HCV RNA only positive donors[32]. Assay kits from two manufacturers were compared, there
was variability in antigen detection which also seemed
genotype dependent and influenced to some extent by
the viral load. The detection of HCV infection by these
two fourth generation assays was 29% and 50% respectively in HCV RNA positive samples. Combined assays
resulted in suboptimal detection of HCV antigen when
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compared to antigen only assays. Despite this, combination assays are a definite improvement over antibody
only assays, as they detect the infection earlier and are
capable of detecting immunosilent carriers who are viremic without detectable antibodies in their plasma[33]. In
another study, 70.5% of HCV RNA positive and antiHCV negative samples collected in pre-seroconversion
phase were detected by antigen-antibody assays[34]. This
study was conducted on 107 sequential samples from 10
HCV seroconversion commercial panels. The specificity
was further analysed in 2503 consecutive blood donations and was estimated at 99.8%. The average window
period reduction with combined assays was estimated
at 26.8 d and this would translate to a reduction of the
HCV transfusion transmissible risk by 41%. The authors
observed that the assay failed to detect HCV antigen in
few samples where the HCV-RNA load was greater than
106/mL. They postulated that this might be explained
by inaccessibility of the core antigen to monoclonal antibodies included in the assay. Nevertheless these assays
provide a viable alternate to molecular methods where
cost constraint is a limiting factor.

RAPID TESTS
In many blood centres located within resource-constrained countries the laboratory facilities are limited as
regards instrumentation, electricity supply and trained
manpower. In such situations rapid tests provide an alternate screening methodology to EIAs. These tests can
be performed within few minutes and the results can be
read visually and are not dependant on any instruments
or electrical supply. They are based upon any one of the
following principles; agglutination[35], immunofiltration[36]
or immuno-chromatography[37]. The antigens used in the
test are usually same as those incorporated in third generation EIAs. Each test strip or cassette has an inbuilt
control band for validation. The reported sensitivities
with these tests ranged from 98%-100%[35-37], however
in the presence of associated human immunodeficiency
virus (HIV) coinfection, the test sensitivity was detected
to be only 77.5%[38]. An added advantage of rapid tests
is to perform a quick risk assessment of source person
in case of needle stick injury to health care workers. In
a multinational assessment of blood-borne virus testing
at 51 blood centres in 17 African countries, the sensitivity of rapid anti-HCV tests varied from 47% to 100%.
Samples with the lowest HCV antibody levels were more
frequently negative, especially with the rapid tests, thus
compromising blood safety. Four samples with high
antibody levels which were detected by all EIAs, tested
negative with rapid tests[39].

MOLECULAR TESTING OF HCV
In the late 1990s and early 2000s, several developed
countries introduced direct viral nucleic acid detection
for HCV and HIV-Ⅰ , following later by HBV. The ear-
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and ID-NAT can detect as low as 2.0 to 9.4 IU/mL[46].
NAT testing for HCV reduced the infectious pre-seroconversion period dramatically to 4 to 6 d. It also helped
to detect immunosilent carriers. The residual risk of
transfusion-transmitted HCV infection has declined significantly in countries where universal NAT screening
has been implemented. In a study from the US, during
a 10 year period 66 million donations were screened
with HCV antibody and NAT, 244 HCV (1:270000)
NAT yield donations were identified and the prevalence
of HCV in first time donors decreased by 53%[47]. Enhanced blood safety is also evident from studies published from other countries. In Germany between 1990
and 1998, approximately seven transfusion-transmitted
cases occurred annually, but after implementation of
NAT, no additional case has been reported, except one
where NAT was false negative due to very low viral
load[42]. The marked improvement in blood safety is due
to the high analytical sensitivity of NAT assays and addition of NAT to serological testing has been instrumental
in reducing residual risk of transfusion-transmitted HCV
to less than 1 per million donations[48]. NAT is an additional though highly sensitive and significant advance in
blood safety. There are situations where NAT is negative
but HCV serology is positive. In a recent international
survey on NAT testing of blood donations 29.4% of
HCV antibody positive donations tested HCV NAT
negative[43]. Hence serology and NAT testing are complimentary tests. NAT must be viewed as an additional
though highly significant advancement in blood safety.

lier tests were based largely on in-house PCR and testing
was voluntary. As technology advanced and the potential
of blood donor screening by viral nucleic acid detection
was realised, semi-automated and fully automated high
throughput commercial platforms become available.
Amplification of the small amounts of viral nucleic acid
RNA/DNA present in donor plasma was an integral
part of the technology, these tests came to be referred to
as nucleic acid amplification technology. Viral nucleic acids are detected by one of the two technologies in blood
centres[40] (1) PCR; and (2) transfusion mediated amplification (TMA). PCR is ideal for DNA amplification.
For RNA amplification as required for HCV a reversetranscription step is needed to generate cDNA. Both
the steps, that is reverse transcription and DNA amplification can be incorporated into a single step by incorporating reverse transcriptase and DNA polymerase in
the same reaction. TMA technology uses two enzymesRNA polymerase and reverse transcriptase (RT). The
RT enzyme creates cDNA which serves as a template to
generate RNA by the activity of the enzyme RNA polymerase. In this way about a billion RNA amplicons are
produced in less than an hour.
NAT testing for HCV was the first viral nucleic acid
detection screening test introduced in blood centres.
Testing was performed on minipools (MP-NAT), with
pool size varying from 96 to 6 blood donations[41]. The
first country to introduce NAT screening of whole
blood and apheresis donations in 1997 was Germany.
Initially this technology was started on voluntary basis,
but in 1999 HCV NAT was made mandatory, prior to
release of blood components [42]. Subsequently HCV
NAT became mandated in at least 23 countries across
the world[43], although NAT has been implemented in
blood centres in over 40 countries. Testing in minipools
has been reported to reduce sensitivity and this has led
to decrease in pool size, varying from 24 to 6 donations.
Many blood centres have progressed to individual donation (ID-NAT) testing. In a comparative study between
MP-NAT and ID-NAT testing, the latter was observed
to be significantly more sensitive in detecting HCV and
HIV RNAs but the difference in sensitivity was limited
for HBV DNA[44]. To enhance the sensitivity of MPNAT, fully automated nucleic acid extraction systems are
available. In Germany where MP-NAT is performed on
pool size of 96, ultracentrifugation prior to viral extraction has yielded analytical sensitivity of NAT, equivalent to smaller pool size[45]. Many blood centres have
progressed to individual donation (ID-NAT) testing.
Regardless of minipool or individual donation testing,
blood centres are using the multiplex commercial NAT
platforms where simultaneous detection of HCV, HBV,
HIV-1 and recently even HIV-2 is available. This helps
in conserving reagents, reducing sample volume required
and gives results for 3 viral agents within the same time
frame. The initial NAT reactive results are then confirmed using discriminatory assays for each of the specific virus.
NAT has a high analytical sensitivity for HCV RNA
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TESTING IN DEVELOPED COUNTRIES
Developed countries have successfully implemented
stringent donor screening, voluntary blood donation and
advanced and sensitive technologies for blood donation
screening to reach acceptable levels of blood safety. Second/third generation HCV antibody screening EIAs or
CLIAs coupled with HCV RNA detection by NAT has
resulted in marked reduction in transfusion transmitted
risk. The NAT yield rate (HCV RNA positive, antibody
negation donations) is lowest (< 1 per million donations
screened) in UK, France, Germany, Canada and South
Africa. The residual risk (risk of HCV infectious donations entering the blood supply) in these countries varies
from 1 in 7.7 million in France to 1 in 31.59 million in
United Kingdom[31]. The residual risk though minute
remains due to viral load below limit of detection of
NAT assays or specific genotype prevalence or mutant
variants of the virus. Implementation of NAT has been
expensive both in terms of technology and human resource training and despite its low cost effectiveness as
evidenced by low NAT yields it continues to be progressively implemented in the interest of the public.

TESTING IN RESOURCE-CONSTRAINED
COUNTRIES
The testing scenario is highly variable and depends upon
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availability of laboratory infrastructure, instrumentation
as well as trained staff and financial resources. These
countries are mostly located in Africa, Asia and Latin
America and as per WHO database on blood safety,
blood donations are still not routinely tested for infectious marker screening including HCV in 39 countries.
Forty seven per cent donations are tested in laboratories
without quality assurance[49]. The testing technologies
vary from rapid tests to EIAs, CLIAs or even NAT as in
Egypt or few blood centres within countries as in India.
The HCV NAT yield as reported from Egypt was 15 in
15655 donation (1 per 1043) which carries a residual risk
of 1 per 65000 donations[50]. In the first multicentre evaluation of NAT in Indian blood donors HCV RNA yield
was 1 per 12224 donors[51]. Subsequent studies showed
higher HCV NAT yields (3 in 18354 donors)[52]. In a
study from China where HCV testing with MP-NAT
was employed, the residual risk estimate from NAT yield
was 1 in 540541 as compared to HCV antigen-antibody
EIA (1 in 320000) and with third generation EIA (1
in 59588)[53]. There is an urgent need for the resourceconstrained countries to implement testing where none
exists and to replace rapid tests wherever feasible with
either sensitive antibody assays or combined antigenantibody assays to shorten the antibody pre-seroconversion window period. Quality control is essential for
both precision and accuracy of test results. NAT testing
where affordable and feasible should be introduced since
the prevalence of HCV, HBV and HIV-1/2 is higher in
these countries and NAT might detect more window period donations than low-prevalence countries.

lenged by mutations in known viruses, immunosilent
carriers and emerging infectious agents.

CONCLUSION
In conclusion the best strategy for HCV screening should
ideally include a sensitive antibody assay coupled with
a direct viral detection method, either HCV antigen or
HCV RNA. “Fourth generation” combined antigenantibody assays can provide a single serological platform
in resource-constrained settings.
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Updates on the treatment and outcomes of dual chronic
hepatitis C and B virus infection
Chun-Jen Liu, Pei-Jer Chen
HCV. The clinical significance of this HBV reactivation
and the strategy to prevent and treat this event should
be determined. Furthermore, approximately 30% of
dually infected patients lost hepatitis B surface antigen
(HBsAg) within 5 years after the start of peginterferonbased therapy, and 40% of them harbored occult HBV
infection. The underlying mechanisms of their accelerating HBsAg seroclearance and the development of
occult HBV await further investigations. Moreover, the
optimal treatment strategies for dually infected patients
who are seropositive for the hepatitis B e antigen must
be explored. Finally, the advent of new direct-acting
antiviral-based anti-HCV therapy may change the optimal therapies for patients with dual hepatitis in the
near future, which warrants further clinical trials.
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Abstract
Dual hepatitis C virus (HCV)/hepatitis B virus (HBV)
infection is found in HBV or HCV endemic areas, and in
specific populations exhibiting a high risk of parenteral
viral transmission. Clinical observations have revealed
that HCV/HBV dually infected patients demonstrate a
higher risk of liver disease progression compared with
HBV or HCV monoinfected patients. The viral activity
responsible for liver disease progression can be determined by examining the viral loads of HCV and HBV
and by conducting liver biopsy examinations. Recent
trials have confirmed that the combination therapy of
peginterferon alpha-2a or 2b and ribavirin for dual hepatitis patients with HCV dominance appears to be as
effective and safe as it is in patients with HCV monoinfections. Strikingly, approximately 60% of dually infected patients with inactive hepatitis B before treatment
develop HBV reactivation after the clearance of the
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Core tip: Patients with dual hepatitis C virus (HCV)/hepatitis B virus (HBV) infections have a higher risk of liver
disease progression compared with patients with HBV
or HCV monoinfections. The combination peginterferon
alpha/ribavirin treatment for dual hepatitis patients with
HCV dominance appears to be just as effective in the
clearance of HCV RNA and safe as it is in patients with
HCV monoinfections. The durability of HCV response
was 97%. Furthermore, approximately 30% of dually
infected patients lost hepatitis B surface antigen within
5 years after the start of peginterferon-based therapy.
A population-based study revealed the benefits of combination therapy in the improvement of long-term outcomes in dually infected patients.
Liu CJ, Chen PJ. Updates on the treatment and outcomes of dual
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dually infected patients. In the next scenario, we may provide treatment to control the virus that is likely responsible for liver injury in most patients; or we may prioritize
the treatment of the virus most responsive to antiviral
therapy.

INTRODUCTION

VIROLOGIC PROFILES AND THE
SELECTION OF VIRAL TARGET(S) FOR
TREATMENT

Most patients with chronic hepatitis C have a hepatitis C
virus (HCV) monoinfection. However, in areas where the
hepatitis B virus (HBV) is endemic, a substantial proportion of the patients are coinfected with hepatitis C and
B[1-3]. If the prevalence of anti-HCV positivity worldwide
is approximately 1%-4% in the general population, the
number of individuals with HCV/HBV dual infection
among the 320 million HBV carriers would be approximately 3.2-12.8 million. Moreover, HCV/HBV dual infections can also be found in people at risk of parenteral
hepatotropic viral transmissions such as people who use
intravenous drugs, patients with thalassemia and patients
with hemophilia.
In patients with dual chronic hepatitis B and C, the
disease outcomes, including the development of liver
cirrhosis (LC) and hepatocellular carcinoma (HCC), are
generally more severe than those in patients with either
hepatitis B or hepatitis C[1-8]. In additional to these crosssectional data, a long-term community-based study was
conduced and the results confirmed the effect of dual
HCV/HBV infections on the cumulative incidences of
HCC[9]. Therefore, patients dually infected with hepatitis
C and B need attention and require effective antiviral
treatments.
The treatment priorities in patients with dual viral
infections can be determined by analyzing the relative
viral activity of both viruses[10]. Data from recent clinical
trials suggested that pegylated interferon (Peg-IFN) alpha
plus ribavirin (RBV) is effective in the clearance of HCV
in dually infected patients with active hepatitis C[11-14]; the
HCV sustained virologic response (SVR) was durable in
approximately 97% of the patients during a 5-year posttreatment follow-up[15]. By contrast, the optimal treatment
strategy for dually infected patients with active hepatitis B
is still unknown.
The current data concerning the treatment and outcomes of patients with dual chronic hepatitis C and B
will be summarized in this review article.

A previous study revealed that active hepatitis C can be
found in more than 50% of dually infected patients[10].
Besides, HCV can be successfully eradicated in approximately 70% of the patients with chronic HCV
monoinfection using Peg-IFN plus RBV combination
therapy[16,17]. Accordingly, HCV infection seems to be
the priority treatment target in dually infected patients
with active hepatitis C. Although this may be true among
Asian populations, SVR rates are lower in people from
Caucasian populations with the genotype 1 disease, partially because of the differences in IL-28 genotype distribution.

TREATMENT OF PATIENTS WITH DUAL
CHRONIC HEPATITIS C/B AND ACTIVE
HEPATITIS C USING PEG-IFN PLUS
RIBAVIRIN
In the treatment of chronic hepatitis C monoinfections,
interferon (IFN) plus RBV or Peg-IFN plus RBV was
effective in clearing the HCV[18,19], and the latter remains
the standard of care in many Asian-Pacific countries.
Recently, the efficacy of IFN plus RBV or Peg-IFN plus
RBV in the treatment of dually infected patients with active hepatitis C was confirmed[11,15,20-22].
The treatment outcomes at the end of treatments
and during posttreatment follow ups are shown in Figure 1A. Six months after the end of treatment, the HCV
SVR rates were generally similar between dually infected
patients and HCV monoinfected patients who had genotype 1 or genotype 2/3 infection. A satisfactory HCV
SVR rate obtained by treating dual HBV/HCV infections
by using Peg-IFN alpha-2b plus RBV was also documented in a series of 19 German patients[14] and in other
small cohorts[12,13].

TREATMENT STRATEGIES FOR DUAL
HBV AND HCV INFECTIONS

DURABILITY OF THE HCV RESPONSE

The primary goal of the treatment of HCV and HBV
dual infections is to eliminate or permanently suppress
both viruses. In the meantime, the long-term goal is to
reduce or terminate hepatic necroinflammation, prevent
progression to LC and the development of HCC, and
ultimately prolong the survival of patients[16,17].
We hope to achieve these goals by eradicating both
viruses after providing an effective antiviral therapy for
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The clearance of HCV RNA at 6 mo after the end of
treatment may indicate that an HCV infection is cured.
Previous studies demonstrated that 0.9%-10% of single
chronic hepatitis C patients from whom virologic responses (VRs) were obtained after the end of the treatment developed a hepatitis C relapse[23]. To address this issue, the
durability of hepatitis C clearance in HCV-monoinfected
and HCV/HBV dually infected patients was investigated
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Figure 1 The treatment of patients with dual chronic hepatitis C/B and the durability of the hepatitis C virus response. A: Hepatitis C virus (HCV) sustained
virologic response (SVR) rate at 6 mo after end of peg-interferon plus ribavirin combination treatment; B: Durability of HCV SVR in patients who initially obtained HCV
SVR at 6 mo after end of therapy. Median 4.6-years (range: 1-5 years) post-treatment follow-up. SVR: Sustained virologic response; Peg-IFN: Peg-interferon;
RBV: Ribavirin.

by conducting a 5-year prospective follow-up study[15]. The
findings revealed that after a median follow-up of 4.6 ± 1.0
years, HCV RNA reappearance developed in only 6 (2.6%)
of the 232 patients who achieved SVR (Figure 1B). This
suggests that the durability of the HCV SVR obtained by
using Peg-IFN alpha and RBV therapy was satisfactory
and not influenced by HBV coinfections.

treatment follow-up (n = 29, 61.7%)[15]. Reactivation was
merely transient in 21 (44.7%) of the 47 patients. Serum
HBsAg seroclearance was found in 18 (62.1%) of the 29
patients without hepatitis B reactivation. The elevation of
serum ALT levels was noted in some patients with HBV
reactivation; effective anti-HBV therapy should be provided for these patients if clinically indicated.

HBV RESPONSE AND REACTIVATION

TREATMENT OF HEPATITIS B IN
PATIENTS WITH DUAL CHRONIC C/B
AND ACTIVE HEPATITIS B

Peg-IFN is one of the first-line choices for the treatment
of chronic hepatitis B[24,25]. Thus, in addition to the cure
of HCV infections, Peg-IFN-based therapy may also be
used to help control chronic HBV infections in patients
with dual HCV/HBV infections. Remarkably, we found
that hepatitis B surface antigen (HBsAg) disappeared 6
months after the end of therapy in 18 (11.2%) of the 161
dually infected patients[11]. During a 5-year posttreatment
follow-up, the rate of HBsAg seroclearance was 5.4% per
year[15]. Among the analyzed baseline variables, only low
pretreatment serum HBsAg levels substantially correlated
with sustained HBsAg seroclearance during follow-up (P
< 0.05)[15,26].
In addition to HBsAg loss, VR was also analyzed in this
study. Before treatment, the serum HBV DNA level was >
200 IU/mL in 62 patients (45.7%) of a long-term followup subcohort[15]. Five years after the end of treatment,
HBV VR was obtained in 33 (53.2%) of the 62 patients;
the serum HBV DNA level was < 80 IU/mL in 32 of the
33 patients. Serum HBsAg seroclearance regularly occurred
in patients who developed HBV VR (51.5%, 17/33).
The reactivation of HBV activity is another clinical
concern in dually infected patients receiving anti-HCV
therapy[27]. Of 76 patients with pretreatment serum HBV
DNA levels < 200 IU/mL, the reactivation of HBV
DNA was found in 47 (61.8%) patients; either during the
course of treatment (n = 18, 38.3%) or during the post-

WJG|www.wjgnet.com

Our study data confirmed that Peg-IFN alpha-2a plus
RBV successfully treats patients with active hepatitis C
who are also coinfected with HBV. However, whether
this approach is suitable for dually infected patients with
active HBV infections is unknown. In an earlier report,
8 patients with dual chronic hepatitis C and hepatitis
B e antigen (HBeAg)-positive chronic hepatitis B were
treated using a combination of IFN and lamivudine[28].
After treatment, 3 patients (37.5%) lost HBeAg, 3 (37.5%)
achieved undetectable HBV DNA, and 4 patients (50%)
had a sustained clearance of HCV RNA at 12 months.
This small series suggested that combining lamivudine
with IFN might be helpful in dually infected patients with
chronic hepatitis C and active HBV replication. Theoretically, we may also use a combination of Peg-IFN alpha,
RBV, and nucleos(t)ide analogues to treat both viruses at
the same time; this strategy awaits further investigation.

TREATMENT OF DUALLY INFECTED
PATIENTS WITH ESTABLISHED LIVER
CIRRHOSIS
Patients with dual chronic HCV/HBV and established
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LC may not tolerate Peg-IFN plus RBV combination
therapy. For this group of patients with evidence of
HBV replication, the tolerability and effects of anti-HBV
nucleos(t)ide analogues have been evaluated in a small
cohort[29]. Coppola et al[29] used nucleos(t)ide analogues to
treat 24 HBV DNA-positive patients with LC and HBV/
HCV dual infections, defined by positivity for HBsAg,
serum HBV DNA, and anti-HCV. At the 18th month
of treatment, 23 (96%) patients had undetectable serum
HBV DNA. However, a deterioration of liver reserve
was observed in 8 (47%) of the 17 patients who were
HCV RNA-positive at the baseline. These data suggested
a favorable HBV virological effect in all HBV/HCV dually infected patients; but favorable clinical results were
only observed in patients who were HCV-RNA negative
before treatment. Therefore, the efficacy of these strategies remains unknown without being applied in large
clinical trials.

mortality decreased by 35%, 62%, and 59%, respectively,
in patients who received active anti-HCV therapy.
Despite the control or eradication of hepatitis virus
after treatment, patients may be still at risk of developing
advanced liver diseases, including HCC. In our long-term
follow-up of the treatment cohort, 9 patients developed
HCC[15]. At baseline, 8 (88.9%) of the 9 patients had dual
HCV/HBV infections, and only 1 (11.1%) had HCV
monoinfection. After treatment, 7 obtained HCV SVR
during long term follow-up, and 3 developed seroclearance of HBsAg. Five (55.6%) of the 9 patients had established LC before treatment. This data suggested that
some subjects with dual infections still developed HCC
after obtaining HCV SVR and even HBsAg seroclearance
posttreatment. Therefore, in addition to active antiviral
therapy, regular examinations for the occurrence of HCC
should be performed in these dually infected patients.

HOST AND VIRAL FACTORS AFFECTING
TREATMENT OUTCOMES

IMPROVEMENT OF LONG-TERM
CLINICAL OUTCOMES

The outcomes of chronic viral hepatitis B and C are possibly determined by both host and viral genomic factors.
The effects of certain viral factors (including HCV genotype, HBV genotype, HCV interferon sensitivity determining region polymorphisms, and HBV precore/basal
core promoter subgenomic polymorphisms) and host
factors (including miR-122 expression and IL28B genotype) on the clinical outcomes of dually infected patients
are only partially ascertained.

The reduction of HCC development, overall mortality,
and liver-related mortality
In patients with HCV monoinfections, successful antiHCV therapy has been demonstrated to effectively decrease the incidence of newly developed HCC and liverrelated mortality[30]. Whether an anti-HCV therapy using
Peg-IFN plus RBV could obtain similar effects in HCV/
HBV dually infected patients was investigated in a hospital-based cohort[31]. A total of 135 dually infected patients
with active hepatitis C receiving IFN or Peg-IFN plus
RBV therapy were enrolled. The cumulative incidence of
HCC was compared with that of 1470 HCV-monoinfected patients. Dual infection was an independent factor for
HCC development. In dually infected patients, age (HR
= 1.175, 95%CI: 1.070-1.291, P = 0.001) and non-HCV
SVR (HR = 7.874, 95%CI: 2.375-26.32, P = 0.001) were
independent factors for HCC development. Four (4.2%)
of the 96 dually infected patients with HCV SVR developed HCC after a mean follow-up of 4.6 years (annual
rate of HCC development: 0.91%); 11 (28.2%) of the 39
patients with HCV SVR developed HCC after a mean
follow-up of 3.5 years (annual rate: 8.1%). Moreover,
the rate of HCC development was lower in patients with
serum HBV DNA levels < 2000 IU/mL at the end of
treatment or follow-up compared with those with HBV
DNA levels ≥ 2000 IU/mL (P < 0.05). These findings
supported that HCV SVR achieved by treating with IFN
or Peg-IFN plus RBV therapy may significantly reduce
HCC in HBV/HCV dually infected patients, whereas the
persistence or reactivation of the HBV dampens the benefits of HCV SVR.
The benefits of anti-HCV therapy in dually infected
patients was confirmed in another large population-based
survey in Taiwan[32]. We found that, compared with the
patients in an untreated dually infected cohort, the risk
of developing HCC, all-cause mortality, and liver-related
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Factors associated with the seroclearance of HBsAg
Among the baseline and end-of-treatment variables analyzed in our treatment cohort, only low serum HBsAg
levels substantially correlated with sustained HBsAg seroclearance during follow-up (P < 0.05)[11,15]. Baseline hepatitis B viral load did not correlate with HBsAg seroclearance. A subgroup analysis revealed that serum HBsAg
seroclearance occurred in 17 (51.5%) of the 33 patients
with HBV VR, but in none of the remaining 29 patients
without HBV VR.
In another study, the host genetic factors associated
with spontaneous HBsAg seroclearance were identified[33].
In this case-control study, we collected 100 CHB patients
who lost HBsAg spontaneously and 100 matched patients
without HBsAg loss. Baseline viral factors including viral
load, HBV genotype, and HBsAg level, as well as host
genetic factors, including 2 single nucleotide polymorphisms (rs3077 for the HLA-DPA1 region and rs9277535
for the HLA-DPB1 region) were investigated. We found
that a low baseline ALT, serum HBsAg level, HBV DNA
level, and rs9277535 non-GG genotype frequency are associated with a higher likelihood of spontaneous HBsAg
seroclearance in chronic hepatitis B patients.
Factors associated with the development of occult HBV
infection in patients with seroclearance of HBsAg
Occult HBV infection (OBI) may exist in patients expe-
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Table 1 Proposed strategies for the treatment of patients positive for both anti-hepatitis C virus and hepatitis B surface antigen
HCV RNA

HBV activity

Treatment goals

Detectable

< 2000 IU/mL

Cure of HCV infection

Detectable

≥ 2000 IU/mL

Detectable

≥ 2000 IU/mL

Detectable or ≥ 2000 IU/mL
undetectable
Undetectable ≥ 2000 IU/mL
Undetectable < 2000 IU/mL

Potential strategies Level of evidence

Potential benefit of DAA-added therapy

P+R

Large multicenter Increase rate of hepatitis C virus (HCV)
trial
sustained virologic response (SVR) in naïve
or experienced patients
Cure of HCV infection and
P+R
Large multicenter
Increase rate of HCV SVR in naïve or
potentially control of HBV infection
trial
experienced patients
Cure of HCV infection and control
P + R + NUC
Case report
Increase rate of HCV SVR in naïve or
of HBV infection
experienced patients
Control of HBV infection
NUC
Small case-control Uncertain, wait for interferon-free regimen
study
Control of HBV infection
P or NUC
Case report
None
Not necessary
Clinical observation
No
None

P: Peginterferon; R: Ribavirin; NUC: Nucleos(t)ide analogue; DAA: Direct-acting antiviral.

riencing HBsAg seroclearance. We examined the clinical
and virologic features of OBI in 15 dually infected patients who lost HBsAg posttreatment[34]. We found that
the prevalence of OBI was 40% (6/15). One mutation,
C3050T (preS1T68I), in the surface promoter/polymerase region was identified to be associated with the seroclearance of HBsAg in all 6 cases. This mutation does
not change the amino acid sequence of the polymerase
protein. The S-promoter activity was significantly lower in
the construct containing the C3050T mutation compared
with the wild-type (P = 0.0008). However, this mutation
did not affect HBV replication, transcription, or translation in the context of the full-length HBV genome. Our
data suggested that other factors may have more active
roles in the clearance of HBsAg in these patients with
OBI.

CONCLUSION

Virologic factors associated with treatment outcomes
The prevalence and distribution of precore/basal core
promoter (BCP) mutations and HBV genotypes in
HBV/HCV dually infected patients and their effects on
the long-term HBV response of IFN-based therapy were
investigated[35]. The HBV genotypes and sequences of
the precore/BCP regions were determined in 180 HBV/
HCV dually infected patients and were compared with
90 age, sex, and HBeAg-matched chronic hepatitis B patients as the control group. Dually infected patients had
a higher prevalence of genotype C HBV (P = 0.022) and
a lower frequency of the G1896A mutation (P = 0.004)
compared with those in the control group. Based on the
Cox proportional hazards model, young age (HR = 0.952,
P = 0.001), HCV SVR (HR = 4.638, P = 0.044), C1766T
mutation (HR = 5.216, P = 0.003) and A1846T mutation (HR = 2.332, P = 0.031) correlated with HBV DNA
reactivation after therapy. Age (HR = 1.068, P = 0.020),
G1896A mutation (HR = 0.140, P = 0.01), and A1846T
mutation (HR = 0.086, P = 0.018) were independently
associated with HBsAg seroclearance. These data demonstrated that specific mutations in the precore/BCP
regions could be useful in predicting the long-term HBV
response in HBV/HCV dually infected patients receiving
IFN-based therapy.

HBV/HCV dual infection is not uncommon in endemic
areas and among subjects at risk of parenterally transmissible infections. How 2 viruses interact with each other
in the same liver awaits further in situ and in vitro studies.
Apart from academic interests, these data can be used
to develop more effective antiviral therapies. Before the
administration of antiviral therapy, thorough serological
and virological examinations are required to determine
the viral dominance and determine the optimal antiviral
regimen. For dually infected patients with active hepatitis
C, the same genotype-dependent treatment recommendations for single chronic hepatitis C remain valid. Another
intriguing matter concerns the role of IL28B genotypes
in the natural course and treatment responses of dual
hepatitis patients. The IL28B was effectively influenced
in the Peg-IFN therapy for single hepatitis C, but it might
also be involved in hepatitis B surface antigen clearance
in single hepatitis B. Whether IL28B genotypes participate in the host interactions with HBV and HCV and the
outcomes deserves further investigation in a larger group
of patients with dual hepatitis.
The prevention and management of HBV reactivation in dually infected patients receiving Peg-IFN-based
therapy should be investigated. Moreover, the treatment
outcomes using a similar Peg-IFN/RBV combination
regimen in other ethnic groups and populations exhibit-
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INTERNATIONAL GUIDELINES OR
RECOMMENDATIONS REGARDING THE
TREATMENT OF PATIENTS WITH DUAL
CHRONIC HEPATITIS C AND B
In summary, the combination therapy of Peg-IFN alpha
and RBV appears to be just as effective for the treatment
of HBsAg-positive patients chronically infected with active hepatitis C as it is in patients with HCV monoinfections. The treatment recommendations regarding therapy
duration according to genotype in HCV monoinfections
appear to be applicable for this patient group as well[18,19].
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ing different chronologic sequences of HCV and HBV
infections should be evaluated[36,37]. For patients with active hepatitis B, more studies are necessary to determine
the optimal regimen to treat both viruses (Table 1). The
host and viral factors affecting the natural and treatment
outcomes of patients with dual chronic HCV/HBV
should be identified. Finally, the value of direct-acting
antiviral-based therapy in treating HCV/HBV dually infected patients seems promising; however, the extent of
its efficacy requires further clarification.
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Useful biomarkers for assessment of hepatitis C virus
infection-associated autoimmune disorders
Deng-Ho Yang, Ling-Jun Ho, Jenn-Haung Lai
These autoantibodies may be associated with underlying autoimmune disorders or liver inflammation in HCV
infection. A possible reason for antibody production is
overactivation and proliferation of B lymphocytes, via
the interaction with the surface protein of HCV. Because immunotherapy can cause HCV flare-up or liver
damage, overdiagnosis of HCV-related autoimmune
symptoms as primary autoimmune disorders should be
avoided. This review describes biomarkers that are useful in clinically evaluating autoimmune manifestations
and disorders associated with HCV infection.

Deng-Ho Yang, Division of Rheumatology, Immunology and
Allergy, Department of Internal Medicine, Taichung ArmedForces General Hospital, Taichung 411, Taiwan
Deng-Ho Yang, Institute of Medicine, Chung Shan Medical
University, Taichung 402, Taiwan
Ling-Jun Ho, Institute of Cellular and System Medicine, National Health Research Institute, Zhunan 350, Taiwan
Jenn-Haung Lai, Graduate Institute of Medical Science, National Defense Medical Center, Taipei 114, Taiwan
Jenn-Haung Lai, Division of Allergy, Immunology and Rheumatology, Department of Internal Medicine, Chang Gung Memorial Hospital, Chang Gung University, Taoyuan 333, Taiwan
Author contributions: Yang DH drafted and wrote the article;
Ho LJ revised the paper; and Lai JH wrote and approved the final
version.
Supported by (In part) the National Science Council, NSC
101-2314-B-182A-103-MY3; and Chang Gung Memorial Hospital, CMRPG3B1751E
Correspondence to:�����������������
Jenn-Haung Lai, ����
MD, ����
PhD, Division of
Allergy, Immunology and Rheumatology, Department of Internal
Medicine, Chang Gung Memorial Hospital, Chang Gung University, No.5, Fusing St., Gueishan Township, Taoyuan 333,
Taiwan. laiandho@gmail.com
Telephone: +886-2-87927135 Fax: +886-2-87927136
Received: September 25, 2013 Revised: November 10, 2013
Accepted: December 12, 2013
Published online: March 21, 2014

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

Key words: Hepatitis C virus; Autoantibody; Autoimmune; Biomarker; Cytokine
Core tip: Patients with hepatitis C virus (HCV) infection
may develop a variety of immunological manifestations
simulating those observed in patients with autoimmune
disorders. Concurrently, many laboratory abnormalities
commonly present in autoimmune disorders may be
detected. Overactivation and proliferation of B lymphocytes, via the interaction with the surface protein of
HCV, contributes in part to these abnormalities. These
clinical and laboratory findings can potentially mid-lead
to the diagnosis of primary autoimmune disorders and
result in inappropriate therapy. This review addresses
the importance of several clinical and laboratory biomarkers and their usefulness in distinguishing HCV
infection-related from primary autoimmune disorderrelated etiologies.

Abstract
During the course of chronic hepatitis C virus (HCV) infection, various extrahepatic manifestations of autoimmune disorders may occur, including arthralgia/arthritis,
sicca complex, purpura, cutaneous ulcer, and thyroid
dysfunction. In addition, the prevalence of circulating autoantibodies is high among patients with HCV
infection. Commonly detected autoantibodies in HCVinfected patients include rheumatoid factor, antinuclear
antibody, anti-SSA/anti-SSB antibody, cryoglobulin, antineutrophil cytoplasmic antibody, anti-smooth muscle
antibody, anti-liver and anti-thyroid autoantibodies.
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INTRODUCTION

Table 1 Extrahepatic autoimmune-related signs and symptoms
in patients with chronic hepatitis C virus infection

Hepatitis C virus (HCV) infection is a chronic liver
disease, and its worldwide prevalence is approximately
2%-3%[1]. The immune system cannot completely clear
HCV infection in most affected patients. Thus, a great
proportion of chronic HCV-infected patients may end
up developing liver cirrhosis or hepatocellular carcinoma.
In addition to liver damage, numerous extrahepatic manifestations have been observed among patients with HCV
infection. The general symptoms are fever, fatigue, and
weakness, and these nonspecific clinical symptoms may
be present even when liver function is normal and the virus load is low. Furthermore, autoimmune-related manifestations may develop, including arthritis, arthralgia, dry
eye, dry mouth, myalgia, and skin eruption[2,3] (Table 1).
Autoimmune diseases such as rheumatoid arthritis (RA),
mixed cryoglobulinemia, systemic lupus erythematosus
(SLE), Sjögren syndrome (SS) and autoimmune thyroiditis may sometimes co-exist with HCV infection[4-6].
Circulating autoantibodies have been found in about
50% of patients with chronic HCV infection[7]. Antiviral treatment is likely to be beneficial for autoimmunerelated manifestations [6]. Clinical manifestations and
autoantibody profiles in chronic HCV infection can easily
be misdiagnosed as classical autoimmune disorders. For
example, polyarthritis or polyarthralgia of small joints,
with positive rheumatoid factor (RF), may be present in
individuals with HCV-related arthritis and can be confused with RA. In addition, dry eye and dry mouth with
positive RF is easily misdiagnosed as primary SS. Moreover, cutaneous manifestations in patients with low titer
of antinuclear antibody (ANA) or other autoantibodies, and hypocomplementemia may be over-diagnosed
as SLE[8]. Because autoantibodies and autoimmune-like
syndromes are frequent in patients with HCV infection,
such patients must be carefully evaluated. This review will
focus on the usefulness of these biomarkers in clinically
evaluating patients with chronic HCV infection.

Clinical manifestations

Biological manifestations

Autoantibodies

RF: Rheumatoid factor; ANA: Anti-nuclear antibody; Anti-SM: Antismooth muscle; Anti-LKM1: Anti-liver kidney microsomal type 1; AntiTPO: Anti-thyroid peroxidase; Anti-CL: Anti-cardiolipin.

The presentation of E2 by antigen-presenting cells
can activate helper T lymphocytes to produce proinflammatory cytokines and cause systemic inflammation in chronic HCV infection[13]. E2 may also directly
interact with T cells to induce amplification of cytotoxic
T cells[14,15]. The activation of immune system by virus
or viral proteins finally leads to the production of many
autoantibodies and clinical manifestations in patients with
HCV infection.
RF
The autoantibody RF is directed against the Fc portion
of immunoglobulin G (IgG). Patients with RA have a
high rate of RF positivity; however, RF positivity is also
a feature of other rheumatic diseases, including SLE,
SS, mixed connective tissue disease, and polymyositis.
Patients with chronic HCV infection may have RA-like
polyarthralgia and polyarthritis with low RF titers. There
is no difference in the prevalence of HCV infection between RA patients and the general population[16,17]. Nevertheless, RF positivity is more prevalent among patients
with HCV infection compared to the general population[18]. RF production has been suggested due to activation of B lymphocytes resulting in antigen-dependent
somatic hypermutation[19]. However, direct liver damage
is not associated with RF induction in a murine model[20].
The titers of circulating RF have been shown to be associated with viral concentrations and antiviral therapy
in patients with chronic HCV infection may reduce RF
titers[21-23].

PATHOGENESIS OF AUTOANTIBODY
PRODUCTION
HCV has a single positive-strand RNA genome and the
envelope protein E2 on its surface. E2 can interact with
CD81 receptors in hepatocytes, B and T lymphocytes,
and thyroid cells and induce production of interleukin
(IL)-8[9,10]. In addition, the interaction between E2 and
CD81 activates B lymphocytes to induce production of
numerous immunoglobulins and autoantibodies. These
autoantibodies may play roles in the pathogenesis of autoimmune disorders in chronic HCV infection[11]. Cryoglobulin is another autoantibody that can cause immune
complex deposition or directly activate neutrophils to attack endothelial cells, through activating the complement
system. The consequence of cryoglobulinemia can result
in vasculitis-related skin ulcer and immune complexrelated glomerulonephropathy[9,12].

WJG|www.wjgnet.com

Arthralgia/myalgia
Arthritis
Sicca syndrome
Purpura
Lymphadenopathy
Pulmonary fibrosis
Raynaud’s phenomenon
Fibromyalgia
Thyroid dysfunction
Cryoglobulinemia
Autoimmune hemolytic anemia
Thrombocytopenia
Hypocomplementemia
RF
ANA
Anti-SM and Anti-LKM1 antibody
Anti-thyroglobulin and Anti-TPO antibody
Anti-CL antibody

ANA
Antinuclear antibody is a serologic biomarker that is
useful for diagnosing patients with autoimmune or connective tissue diseases. ANA titers are low in 15%-30%
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complex-mediated vasculitis. Circulating cryoglobulins
can combine with other immunoglobulins and complements to form large immune complexes, and deposition
of immune complexes may result in vascular inflammation and damage[35]. HCV-infected patients with mixed
cryoglobulinemia have a higher risk of progression of
liver cirrhosis[36]. Circulating cryoglobulins should be
evaluated when patients with HCV infection have extrahepatic manifestations.

Table 2 Organ involvement in mixed cryoglobulinemia
related to hepatitis C virus infection
Organ

Manifestations

Skin

Purpura
Leg ulcers
Leukocytoclastic vasculitis
Nerve
Mononeuritis multiplex
Sensory-motor polyneuropathy
Central nervous system vasculitis
Kidney
Type 1 membranoproliferative glomerulonephritis
Vasculitis of small renal artery
Gastrointestinal tract
Mesenteric vasculitis
Lung
Interstitial pulmonary fibrosis
Heart
Mitral valvular damage
Coronary vasculitis
Pericarditis

Anti-cyclic citrullinated peptide antibody
Citrulline is the post-translationally modified, deaminated
derivative of arginine converted by the enzyme peptidylarginine deiminase (PAD)[37]. In humans, citrullination
can occur during the processes of apoptosis, inflammation, and keratinization[38]. Many inflammatory cells express PAD, including RA synovial T and B lymphocytes,
macrophages, neutrophils, and synovial fibroblasts[37,39,40].
These autoantigens (citrulline) induce production of anticyclic citrullinated peptide (anti-CCP) antibodies and may
precede the onset of clinical symptoms of RA by several
years. Reports indicate that the anti-CCP antibodies have
greater specificity than RF for the diagnosis of RA[41,42].
Interestingly, a certain percentage of patients with HCVrelated arthritis are also positive for anti-CCP antibodies[43]. In combination with detailed history taking, clinical
manifestations and several other laboratory parameters,
anti-CCP antibodies can serve as a useful and reliable laboratory marker for differentiating RA from HCV-related
arthritis[44,45].

of patients with chronic HCV infection, among whom
a dense fine speckled pattern is usually noted[24,25]. ANApositive compared to ANA-negative patients with HCV
infection are older and have greater disease activity,
higher serum immunoglobulin, and more advanced liver
fibrosis[26-28]. HCV-infected patients with a centromeric
ANA pattern and those with anticentromere antibodies
typically have worse inflammation and hepatic fibrosis as
compared with HCV-infected patients without ANA[29].
ANA positivity cannot be used to predict response to
antiviral treatment[30,31]; however, individuals with non-1
genotype HCV infection and a high ANA titer (> 1:80)
have a more sustained virological response[31]. Interferon
and ribavirin therapy is considered appropriate in ANApositive HCV-infected patients[32]. Inflammatory joint
symptoms develop more frequently among ANA-positive
patients[26,28].

Anti-SSA/Ro and SSB/La antibody
The prevalence of sicca syndrome including dry eye and
dry mouth is about 20% among patients with HCV infection[46]. Many similarities between HCV-related sicca
syndrome and primary SS can be observed[47,48]. Patients
with HCV-positive SS are usually older, more photosensitive, and more likely to have circulating cryoglobulins than
patients with primary SS[49]. Although low titers of ANA
and RF are common among patients with sicca syndrome
related to HCV infection, SS-related autoantibodies (antiSSA/SSB antibody) are uncommon. Thus, circulating antiSSA/SSB antibodies are specific to primary SS and can be
used to differentiate it from HCV-related sicca syndrome.

Cryoglobulin
Cryoglobulins are circulating immunoglobulins that form
crystals in serum at temperatures lower than 37 ℃ and
re-melt when the temperature is re-warmed. On the
basis of immunochemical structure, cryoglobulins are
classified into three types[9]. Type Ⅰ cryoglobulins are
single monoclonal immunoglobulins usually related to
B-cell proliferative diseases. Type Ⅱ cryoglobulins are
mixed immunoglobulins (including monoclonal IgM and
polyclonal IgG) and are typically associated with HCV
infection. Type Ⅲ cryoglobulins are another type of
mixed immunoglobulins containing polyclonal IgM and
polyclonal IgG and can be found in numerous autoimmune diseases, including SS, SLE, and RA. Activation
of memory B lymphocytes is noted in HCV-infected patients with mixed cryoglobulinemia[33]. Among individuals
with HCV-related mixed cryoglobulinemia, nonspecific
symptoms are reported, including arthralgia, fever, and
weakness with positive RF activity[12,34]. Additional organs,
including skin, nerve, kidney, gastrointestinal tract, heart,
and lung may be involved during the course of HCVrelated mixed cryoglobulinemia[9] (Table 2).
The most common cause of tissue injury in patients
with HCV-related mixed cryoglobulinemia is immune-
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Antiphospholipid antibodies: Anti-cardiolipin antibody
IgG and IgM
The antiphospholipid antibodies include anti-cardiolipin
(anti-CL) antibody IgG/IgM, lupus anticoagulant, and
anti-β2-glycoprotein 1. The clinical symptoms of recurrent thrombus and fetal loss with circulating antiphospholipid antibodies can develop in individuals with antiphospholipid antibody syndrome (APS). The prevalence
of anti-CL antibodies is higher in patients with chronic
HCV infection compared to the general population; however, titers are lower than those in patients with SLE or
APS[2,50,51]. In HCV infection, antiphospholipid antibody
is not associated with APS progression or pathogen-
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esis[50]. The prevalence of HCV infection is similar among
APS patients and the general population[52]. In addition,
interferon-α therapy in HCV-infected patients may induce
the production of anti-CL antibody[53]. Nevertheless, antiphospholipid antibodies should be assessed when HCVinfected patients have recurrent thrombi, fetal loss or unexplained thrombocytopenia not-related to liver cirrhosis.

disease with thyroid involvement and is characterized by
the presence of circulating anti-thyroid autoantibodies
such as anti-thyroid peroxidase (anti-TPO) antibodies,
anti-thyroglobulin antibodies, and anti-thyrotrophin receptor antibodies. The prevalence of positive anti-thyroid
antibodies, including anti-TPO and anti-thyroglobulin
antibodies, is higher among patients with HCV infection
compared to the general population[24,63-65]. However, the
mechanism that triggers anti-thyroid autoantibody production is unclear. Thyroid dysfunction and anti-thyroid
antibodies can be found before and after interferon
treatment for chronic HCV infection [66-68]. It is possible that autoantibody production is induced by HCV
infection or by an autoimmune phenomenon related to
interferon therapy[64,69]. Noticeably, anti-TPO antibody
production can be induced by thyroid autoimmunity after
interferon-α therapy and may be associated with high
concentrations of circulating B-cell-activating factor[70]. A
recent study demonstrated that positive circulating antiTPO antibodies (IgG2 subclass) may be a risk factor
for progression of thyroid dysfunction in patients with
chronic HCV infection[71]. Such patients should therefore
undergo regular monitoring of thyroid function and
anti-thyroid autoantibodies, especially during and after
interferon-α therapy.

Anti-liver autoantibodies: Anti-smooth muscle antibody/
anti-liver kidney microsomal type 1 antibody
Several anti-liver autoantibodies such as anti-smooth
muscle (anti-SM), anti-mitochondria, and anti-liver kidney microsomal type 1 (anti-LKM1) antibody can be
detected in patients with HCV infection[25,54]. There is a
positive correlation between anti-SM antibody levels and
liver function[25]; however, this correlation is not seen in
patients with hepatitis B virus infection. Anti-LKM1positive patients with HCV infection have higher levels
of circulating immunoglobulins and intrahepatic CD8+
lymphocytes as well as greater activation of autoimmunity[55] and thyroid dysfunction[56]. The presence of antiliver autoantibodies in HCV-infected patients do not lead
to the overlap with autoimmune hepatitis, as determined
by typical histological techniques[54]. Aggressive liver biopsy may be considered to confirm histological findings
of autoimmune hepatitis when patients with HCV infection have persistent elevation of liver enzymes even after
antiviral therapy.

Anti-C-reactive protein antibodies
C-reactive protein (CRP) is produced during the acute
phase of inflammation, mainly in response to IL-6[72].
Short-term mortality risk is higher among patients with
liver cirrhosis and elevated CRP[73]. Anti-CRP antibodies have been detected in chronic HCV-infected patients
with unknown mechanisms. A report suggests that the
presence of anti-CRP antibodies is correlated with the
presence of RF and cryoglobulinemia[74]. Advanced liver
cirrhosis or liver damage and portal inflammation is
found in HCV-infected patients with anti-CRP antibodies[74,75]. In general, HCV-infected patients with anti-CRP
antibodies do not have noteworthy rheumatic manifestations. Anti-CRP antibody may serve as a useful biomarker
of progression of liver cirrhosis and portal inflammation
in patients with chronic HCV infection.

Antineutrophil cytoplasmic antibody
The presentations of antineutrophil cytoplasmic antibody
(ANCA) on indirect immunofluorescence include the cytoplasmic and perinuclear patterns (C-ANCA/P-ANCA),
which are found in chronic HCV-infected patients with
and without mixed cryoglobulinemia[57,58]. The clinical
symptoms of ANCA-associated vasculitis include renal,
dermatologic, pulmonary, and nervous system manifestations[59]. Extrahepatic manifestations of chronic HCV can
be easily confused with ANCA-associated vasculitis, due
to similar clinical presentations. Both pulmonary and nervous systems’ manifestations are more frequent among
individuals with ANCA-associated vasculitis[60]. In addition, ANCA-positive compared to ANCA-negative individuals with HCV infection have a higher prevalence of
skin involvement, anemia, abnormal liver function, and
elevated α-fetoprotein[61]. Circulating ANCA is not significantly affected by the treatment with interferon-α. Both
corticosteroids and cyclophosphamide are considered
appropriate for the treatment of HCV-related vasculitis
with low levels of viremia[62]. In considering the complexity of vasculitis-associated clinical manifestations, ANCA
should be evaluated in patients with chronic HCV infection presenting with refractory skin ulcer or symptoms
of systemic vasculitis.

Non-autoantibody related biomarkers: Interleukin-6,
chemokine ligand 10 and osteopontin
IL-6 is a proinflammatory cytokine and is usually elevated
during acute infection and inflammation. The biological
activities of IL-6 consist of immune regulation, hematopoiesis, inflammation, and oncogenesis [76,77]. HCVinfected patients with mixed cryoglobulinemia have
significantly higher levels of circulating IL-6 as compared
with those without mixed cryoglobulinemia and the levels
are particularly high among patients accompanied with
acute vasculitis[78] or autoimmune thyroiditis[79]. The levels
of proinflammatory cytokines other than IL-6, including
tumor necrosis factor-α and IL-1β, are also elevated in
these patients[78,80].
Chemokine (CXC motif) ligand 10 (CXCL10) is a

Anti-thyroid autoantibodies: Anti-thyroid peroxidase
antibodies, anti-thyroglobulin antibodies
Autoimmune thyroid disease is an organ-specific immune
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Table 3 Immunological manifestations and useful autoantibodies in the patients with chronic hepatitis C virus infection
Clinical symptoms
Polyarthritis/polyarthralgia
Sicca (dry eye/dry mouth)
Purpura
Leg ulcer
Glomerulonephritis
Cytopenia
Hepatitis
Thrombosis
Depression/fatigue

Useful autoantibodies

Differential diagnosis

RF, anti-CCP
Anti-SSA/SSB
Cryoglobulin
ANCA, Cryoglobulin
ANCA, Anti-dsDNA
Anti-dsDNA
Anti-SM, Anti-LKM1
Anti-CL IgG/M
Anti-thyroglobulin, Anti-TPO

RA
SS
Cryoglobulinemic vasculitis
Systemic vasculitis
SLE, systemic vasculitis
SLE
Autoimmune hepatitis
APS
Autoimmune thyroiditis

RF: Rheumatoid factor; Anti-CCP: Anti-cyclic citrullinated peptide; ANCA: Anti-neutrophil cytoplasmic antibody; Anti-dsDNA: Anti-double strand
DNA; Anti-SM: Anti-smooth muscle; Anti-LKM1: Anti-liver kidney microsomal type 1; Anti-CL: Anti-cardiolipin; Anti-TPO: Anti-thyroid peroxidase; RA:
Rheumatoid arthritis; SS: Sjögren syndrome; SLE: Systemic lupus erythematosus; APS: Antiphospholipid antibody syndrome.

important roles in the progression of autoimmune manifestations associated with HCV infection. These clinical
and laboratory findings can potentially mislead to the
diagnosis of primary autoimmune disorders and result in
inappropriate therapy.
A number of useful biomarkers can be used in the
differential diagnosis of autoimmune disorders during the
course of HCV, as shown in Table 3. Anti-CCP antibodies are useful for differentiating between RA and HCVrelated arthritis. Anti-SSA/SSB antibodies are useful for
differentiating between primary SS and HCV-related sicca
syndrome. When HCV-infected patients have refractory
cutaneous purpura or ulcer, cryoglobulin and ANCA
should be determined to evaluate the possibility of cryoglobulinemic vasculitis and systemic vasculitis. Circulating
ANCA and anti-dsDNA should be measured in HCVinfected patients with glomerulonephritis, to monitor
the development of SLE and systemic vasculitis. AntidsDNA should also be checked in HCV-infected patients
with unexplained cytopenia and positive ANA. When
patients have persistent abnormal liver function but low
HCV titers, anti-SM and anti-LKM1 antibodies and when
necessary liver biopsy should be evaluated to exclude the
possibility of autoimmune hepatitis. Anti-CL antibodies
are useful markers when HCV-infected patients have recurrent thrombi or fetal loss with unexplained thrombocytopenia not-related to liver cirrhosis. Regular monitoring of thyroid function and anti-thyroglobulin and antiTPO antibodies is suggested for chronic HCV-infected
patients, especially during interferon-α therapy and those
with symptoms of fatigue, depression or symptoms/
signs suggesting thyroid dysfunction.
Furthermore, during the course of HCV infection,
increased production of cytokines and chemokines related to systemic inflammation can be detected. Because
immunotherapy can cause changes of these inflammatory mediators as well as induce HCV flares or liver
damage, this factor has to be considered when evaluating
the autoimmune status of HCV-infected patients. Collectively, adequate evaluation of circulating autoantibodies,
cytokines and chemokines is sometimes necessary when
HCV-infected patients have extrahepatic manifestations
or in considering the possibility of co-existing autoim-

chemokine involved in recruiting activated T helper-1
lymphocytes to an inflammation site[81,82]. Increased levels of circulating CXCL10 are observed in patients with
chronic HCV infection and are associated with mixed
cryoglobulinemia and vasculitis presentations in these
patients[83-85]. The increased circulating levels of CXCL10
are also associated with elevated interferon-γ[86]. Cryoglobulin in HCV-infected patients can trigger production
of pro-inflammatory cytokines via the mechanism of
immune-complex formation[9]. There is also evidence
indicating that circulating CXCL10 and CXCL11 are elevated among HCV-infected patients with autoimmune
thyroiditis[87]. Circulating CXCL10 can thus be used to
evaluate the status of cryoglobulinemia and autoimmune
thyroiditis during HCV infection.
Osteopontin (OPN) is a phosphorylated acidic arginine-glycine-aspartate-containing (delete a space ahead
of containing) glycoprotein and is expressed by various
cells, including macrophages, neutrophils, dendritic cells,
natural killer cells, T and B lymphocytes[88]. OPN has important roles in promoting inflammation, tissue remodeling, fibrosis, and angiogenesis[89]. Serum OPN levels are
positively correlated with the severity of liver damage
and cirrhosis in patients with chronic hepatitis[90,91]. OPN
levels are significantly elevated in HCV-infected patients
with rheumatic manifestations, including sicca syndrome,
arthritis, vasculitis, pulmonary fibrosis, and neurologic
and renal involvement and those positive for autoantibodies like RF or ANA[91]. Elevated serum OPN has also
been observed in patients with HCV infection-associated
B-cell non-Hodgkin lymphoma[92]. Thus, circulating OPN
is an important biomarker for HCV infection associated
autoimmune disorders and lymphomagenesis.

CONCLUSION
Autoimmune-related clinical symptoms and signs can develop during the course of chronic HCV infection. Concurrently, many laboratory abnormalities commonly present in autoimmune disorders may be detected. Abnormal
autoimmune-related immune dysregulation of B and
T lymphocytes, directly or indirectly mediated through
the interaction with virus or viral surface proteins, plays
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mune disorders or even malignancy.
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Abstract
Recent reports show that many cellular RNAs are processed to form circular species that are relatively abundant and resistant to host nucleases. In some cases,
such circles actually bind host microRNAs. Such depletion of available microRNAs appears to have biological
roles; for instance, in homeostasis and disease. These
findings regarding host RNA circles support a speculative reappraisal of the origin and mode of replication
of hepatitis delta virus, hepatitis delta virus (HDV), an
agent with a small circular RNA genome; specifically, it
is proposed that in hepatocytes infected with hepatitis
B virus (HBV), some viral RNA species are processed to
circular forms, which by a series of chance events lead
to an RNA that can be both replicated by host enzymes
and assembled, using HBV envelope proteins, to form
particles some of which are infectious. Such a model
also may provide some new insights into the potential
pathogenic potential of HDV infections. In return, new
insights into HDV might provide information leading
to a better understanding of the roles of the host RNA
circles.

INTRODUCTION
Following the discovery of RNA splicing, a variety of circular RNAs were observed in animal cells. For example,
there were reports for a tumor suppressor gene, deleted
in colorectal cancer, in brain[1] and a sex-determining
gene, SRY, in adult testes[2]. With time more examples of
circular RNAs were reported, but there were consistent
difficulties in proving that the species which were found,
and which were never particularly abundant relative to
mature spliced RNAs, had a function in cell biology. That
is, that they were not just consequences of conversion
from lariats, the canonical splicing intermediate, or worse,
an artifact of experimental analysis. However, this picture
has changed dramatically in the last three years. Many
studies have now shown that circular species are actually abundant in cells[3-8]. Indeed, these RNAs are derived
from a large fraction of all host RNA transcripts, both
coding and noncoding RNA precursors. In some cases
the circles are more abundant even than the canonical
mature processed linear mRNA to which they are related.
Numerous models have been proposed for how the
circles are formed. Whatever their mechanism of formation, their circularity presumably confers metabolic stability against host RNases, which are predominantly exorather than endo-nucleases.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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for considering the origin of viral sequences[19,20], and in
some cases viral sequences present as integrated DNA
provide measures of the earlier times in history when a
virus was present. Such “paleovirology” is relevant here
in that it shows that relatives of duck hepatitis B virus,
a relative of HBV, existed at least 20 million years ago[21]
and maybe existed before HBV[22].
We and others have previously tried to ascertain the
origin of HDV[23,24]. What has been grasped at, as a potentially key element, is the origin of viroids, RNAs that
are infectious in plants[25]. Viroids have small genomes,
240-400 nucleotides in length, which can be circular in
conformation. Viroids are thus even smaller than HDV
and in addition, have no known protein coding capacity.
Antigenomic RNA of HDV, in contrast, encodes one
protein, the delta antigen. This protein, 195 amino acids
in length, is essential for the accumulation of HDV RNA
species in infected cells[26]. It is not translated from the circular antigenome, but from a less abundant linear mRNA,
that is both 5’-capped and 3’-polyadenylated[27]. Thus,
some authors have speculated that HDV might have
arisen by a recombination between a viroid-like element
and a host mRNA[28]. Candidates for such a host mRNA
include DIPA[29], and more recently of CPEB3[20]. As will
be explained, a better model can now be proposed.
HDV has been isolated from patients located in many
parts of the world. Others have already compared the
nucleotide sequences of eight recognized genotypes of
HDV[30] in attempts to determine whether their relatedness indicates a possible common ancestor[31,32]. Some
genotypes however differ by as much as 40% in nucleotide sequence, but all encode a delta antigen and all contain ribozyme domains, as discussed subsequently.
Since host RNA circles are abundant, diverse, and
widespread, one might consider these as a potential
source of an HDV RNA progenitor. However we do not
have sufficient evidence to conclude that a cellular RNA
is a likely origin of HDV, which requires not just a progenitor source of the delta antigen (see above) but, in addition, the ribozyme sequences, not so far found on host
circular RNAs. Perhaps instead, HDV is derived from a
viral RNA, and an obvious candidate for such a virus is
HBV, as co-infection of the two viruses is required for
HDV assembly. Several of the following factors might
support this hypothetical chance event: (1) The life cycle
of HDV depends on co-infection with HBV; (2) HBV
causes chronic infections; at this time an estimated 350
million people are chronically infected[33]. This provides a
huge reservoir from which HDV might have arisen (since
HDV requires HBV as a helper); (3) Chronic infections
can typically last 10-50 years in an individual[33]; this long
time provides an increased window for a chance event; (4)
The human liver contains about one trillion hepatocytes,
and in a chronically infected individual most of these
hepatocytes are infected. Such a large reservoir increases
the opportunity for the chance production of an HDVlike RNA; (5) HBV replication involves transcription of
RNAs from a covalently-closed circular double-stranded

The finding of many and abundant host circular
RNAs has led to searches for a biological role. One such
role for an RNA circle, first found in the brain, is the
ability to bind multiple copies of a host microRNA (miRNA)[8]. This so-called “sponge” effect[3,8] has been shown
to have an essential role in homeostasis[7] and has also
been speculated to play a role in human cancers[6]. No
doubt more examples and even additional roles will be
found for such RNA circles. The host RNA circles and
their possible functions have already become the subject
of numerous short commentary articles[9-13].
In 1986, three labs reported that the small RNA genome of hepatitis delta virus (HDV) has a circular conformation[14-16]. Replication of this viral RNA in infected
cells leads to accumulation of antigenomes, which are
also circular, and exact compliments of the genome. At
the time of its discovery, the HDV RNA genome was
considered to be unique relative to all other animal virus
RNAs in terms of its small size, approximately 1700
nucleotides, and especially its circular conformation. Currently this is still true but it may not be for long, since
we now know of the abundant host RNA circles, and as
will be discussed, we might expect to soon see reports of
other animal viruses producing small RNA circles.
The primary aim of this review is to reevaluate what
we know about the origin and replication of HDV RNA
in the light of the current knowledge of circular cellular
RNAs, especially in terms of how they arise and their
possible functions. Secondarily, the HDV studies might
provide some useful insights for those studying host
RNA circles.

HDV RNA circles
HDV was discovered in 1977 in patients with a more
severe form of HBV infection[17]. In 1986, the RNA
genome of HDV was shown to be circular in conformation[14-16]. During infection, as many as 300000 copies of
HDV genomic RNA are transcribed per infected hepatocyte, with a somewhat lower amount of its exact complement, the antigenome[14]. The purified circular HDV
RNAs were shown by electron microscopy to fold into
an unbranched rod. Computer predictions support this
interpretation[18] indicating potential intra-molecular base
pairing for around 74% of all nucleotides. Assuming this
folding also occurs in infected cells, it might be important
in several ways, including RNA replication and stability.
Nevertheless, extensive folding into a rod-like structure
of purified HDV RNAs is considered to be relevant for
binding by the delta antigen. Thus, it will be interesting to
see for the recently described host RNA circles, whether
intra-molecular base pairing occurs, and if so, whether it
can have functional significance.

origin of HDV
The increasing abundance of nucleotide sequences for
viral and host genomes provides many opportunities
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DNA, cccDNA. The major processed HBV mRNAs that
accumulate are not spliced. However, in studies of chronic infections, several studies have reported the presence
of spliced RNAs[33]. (For duck hepatitis B virus, even during acute infections, one can readily detect spliced RNAs,
some of which are derived from multimers, beyond even
three times the length of the genome[33,34].) Thus, there
are opportunities for aberrant HBV RNA splicing events
within the hepatocytes of chronically infected individuals;
and (6) In nature HDV replicates in hepatocytes. These
cells are predominantly differentiated and non-dividing.
As discussed further below, such an environment may be
preferred for the accumulation of aberrantly processed
RNA circles.
One or more of these six factors could increase the
chance of producing an RNA circle that, like HDV, is
replicated by host RNA polymerases. However, even
then there will be the additional need of the circle (or
its complement) to contain a coding region. This coding
could be derived from HBV sequences or alternatively, by
an event such as trans-splicing[5] or perhaps transcription
from an integrated HBV DNA sequence, to incorporate
host RNA sequences that might be expressed as a translatable RNA, to produce a protein that will support accumulation of new transcripts and the release of some of
genomic RNA, via interaction with the envelope proteins
produced and released from HBV infected cells.
HBV envelope proteins encapsidate HBV (and HDV)
nucleoscapids. Importantly, they are produced in vast
excess of the amount needed to produce HBV, with the
excess being released as distinctive “surface antigen”
particles. It is estimated that surface antigen particles may
be released in an up to 100000-fold of excess of virus[33].
This excess would favor the chance for release of a particle that contains an HDV RNA and is able to replicate
RNA delivered, by HBV envelope proteins, to a new hepatocyte. New rounds of virus production would be ensured if the target cell is already infected by HBV, which
is likely to be the case in HBV patients.
In terms of the properties demanded of the delta
antigen itself, it is worth noting that this protein is highly
basic and readily interacts with nucleic acids[35]. Furthermore, it has recently been shown to have a high level of
intrinsic disorder[35]. Like other viral proteins also known
to have high intrinsic disorder, the delta antigen readily
multimerizes and it forms association with many host
proteins[36], as well as with a specific HBV envelope protein domain.
While this broad hypothesis regarding the origin of
HDV might seem plausible at this time, there are negative aspects that have to be faced. The most significant
of these is that no sequence homology has yet been detected between HDV and any strain of HBV. However,
it could be that the HDV sequence has evolved so much
that an original homology is no longer apparent. Errorprone RNA-directed RNA transcription could be a major
source of nucleotide sequence divergence[20]. In addition,
the folding of RNA molecules might have provided mul-
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tiple targets for post-transcriptional RNA editing, such
as by adenosine deaminases, which would be especially
important over time if that RNA was able to replicate.
Interestingly, site-specific editing by an adenosine deaminase already plays an essential role in the HDV life
cycle, leading to production of a modified form of delta
antigen that has an essential role in genome packing into
virions[37].
A summary of the steps involved in the above hypothesis is presented in Table 1.
With regard to tracing the origins of HDV, it is important to note that the eight known HDV genotypes
show extensive nucleotide sequence diversity, with an
extreme of 40% mismatch between two genotypes[30].
Such extensive divergence might even allow the further
speculation that there may be not one but multiple distinct origins of HDV arising from HBV-infected hepatocytes. That is, HDV is not a “relic of an RNA world”[38,39]
or even a virus only as old as the hepadnaviruses[21] but
is, instead, a satellite of HBV that has arisen much more
recently and possibly several times through chance splicing events linked to individuals chronically infected with
HBV.
The hypothesis regarding the origin of HDV from
HBV infected hepatocytes, together with the facts concerning its replication, allow some additional speculations.
First, virus infections other than HBV may also produce RNA circles. A promising example might be polyoma virus, where double-stranded DNA circles act as
templates for multiple RNA transcripts, some of which
are up to several times unit-length, and all subject to
RNA splicing events[40].
Second, it is possible that some host RNA circles, and
even hypothetical non-HDV viral circles, can be replicated by host RNA polymerases. RNA-dependent RNA
synthesis does not have to be as efficient as that of HDV.
Even limited RNA-directed RNA transcription could
enhance effects of the circular RNAs on the host cell; for
example, it would increase the “sponge” effect on specific host miRNAs that are able to bind to the RNAs[3,8].

HDV ribozymes and host HDV-like
ribozymes
Both the genomic and antigenomic RNA of HDV contain a single small sequence that will function in vitro, as a
ribozyme[41-43]. Such activities have suggested relatedness
to examples of self-splicing of host RNAs, but to date,
this or a connection to canonical splicing has not been
confirmed. The two HDV ribozymes have sequence and
predicted structure relatedness to each other, which has
been linked to the rod-like folding of the genome and
antigenome[42-44]. In vitro, HDV ribozyme activity can be
reversed to achieve self-ligation[45]. However, others have
argued that in vivo this end joining reaction, like that involved in tRNA precursor splicing, is carried out by a cellular ligase, rather than a viral ribozyme[46].
The HDV self-cleaving ribozymes were first thought
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Table 1 Hypothesis for the origin of hepatitis delta virus
An acute hepatitis B virus (HBV) infection becomes chronic, spreading to virtually all the hepatocytes in the liver
HBV replication also involves transcription of many viral sequences some of which undergo splicing, with the potential to form stable RNA circles
A rare RNA circle is selected both because it has the rare capacity to undergo RNA directed replication using host polymerase(s) and because it expresses
a short protein that is both intrinsically disordered (favoring multimerization) and positively-charged (favoring RNA binding)
Further replication and accumulation selects for increased efficiency, as facilitated by the encoded binding protein, which becomes the small delta antigen. The replicating RNA sequence undergoes many nucleotide changes, rendering it unrecognizable relative to HBV sequences. Such changes could be
introduced by misincorporation during transcription and post-transcriptional RNA editing events
A site-specific post-transcriptional modification of the RNA by an RNA editing enzyme leads to translation of a C-terminal elongated second form of the
protein, the large delta antigen which undergoes farnesylation. This farnesylation facilitates the binding of the hepatitis delta virus (HDV) ribonucleoprotein complexes to HBV envelope proteins, leading to the release of virus particles that can infect susceptible hepatocytes and undergo further rounds of
replication. This, in the presence of HBV co-infection, leads to the release of more HDV
As listed above the hypothesis involves multiple steps, several of which would be rare events that have to be selected for. However, as separately enumerated in the text, there are other parameters that could favor such events.

to be quite unique relative to other known ribozymes,
both in sequence and predicted folding. Even after experimental determination of the tertiary structure of the
HDV ribozymes[47], they seemed unique relative to previously determined structures of other ribozymes. However, when the structure and folding were used in order to
search for “HDV-like ribozymes”, one was found in the
intron of a host mRNA, CPEB3[48], and then many, many,
more were found, across all kingdoms of life except Archaea[49,50]. In several cases these putative ribozymes were
tested in vitro and proven to be functional[49]. In addition,
it has been noted that some HDV-like ribozymes are so
located that they may process transcripts of non-LTR retrotransposons, and possibly facilitate translation of such
RNAs[50,51]. In apparent contrast to this, the ribozyme located on HDV antigenomic RNA is located downstream
rather than upstream of the open reading frame for the
delta antigen. This downstream location is immediately
preceded by sequence signals, such as AAUAAA, as are
used in typical polyadenylation of host mRNAs[52].
A weakness of the present hypothesis of HDV origin
via HBV sequences (as summarized in Table 1) is that it
does not explain the origin of the two ribozymes. The
model implies they may have been associated solely with
expressed HBV sequences, but a modification is that variant splicing of expressed HBV sequences (possibly as
transcribed from integrated HBV sequences) created a
link to host sequences, leading to an RNA circle with associated HDV-like ribozyme sequences and even the protein encoding region that becomes the small delta antigen.
It should be mentioned that in vitro studies have demonstrated the ability of HDV RNAs to bind proteins
some of which are involved in RNA processing[53]. Examples include the splicing factor, ASF/SF2[54] and the
polypyrimidine tract-binding protein-associated splicing
factor, PSF[55]. In terms of the latter finding, others have
previously noted that the HDV RNAs have multiple
polypyrimidine tracts[56].
While this may seem supportive of a splicing hypothesis, some caution is still needed since many host proteins
not involved with splicing have been reported as binding
to HDV RNAs; examples include eEF1A1, p54(nrb),
hnRNP-L, and GAPDH[53,54,57].
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Replication/transcription of HDV
RNAs
For many years attempts have been made to understand
how HDV RNAs are transcribed from RNA templates,
and whether such transcription could be reconstructed in
vitro with host nuclear extracts or even purified host polymerases. There is agreement that host RNA polymerase
[58]
Ⅱ is redirected to act on an HDV RNA template . In
addition, there are data supporting a model of how RNA
polymerase Ⅱ might act to transcribe RNA from an
HDV RNA template[59]. The participation of this host
enzyme normally used for the transcription from host
DNA (and of course HBV cccDNA) templates leading
to mRNA species, maybe provides circumstantial evidence for the above-described hypothesis concerning the
origin of HDV. That is, host RNA polymerase Ⅱ transcripts are the ones destined for processing events that
include splicing and polyadenylation, and as now understood, RNA circle formation.
Nevertheless, there remains controversy as to whether
or not HDV RNA-directed RNA transcription also
makes use of another host RNA polymerase[60]. There
is also controversy as to how aspects of HDV RNAdirected transcription deduced from in vitro transcription
assays reflect what happens in vivo. For example, while
polymerase Ⅱ has been found to bind the ends of HDV
rod-like RNA sequences[61], subsequent studies show that
so also do polymerases Ⅰ and Ⅲ[62].
At the present time, it is not entirely clear how transcription from HDV genomic and antigenomic RNA
templates is initiated. One clue comes from the observation that HDV replication leads to the accumulation of
a less than full-length linear RNA (it is up to 500-times
less abundant than the accumulated genomic RNA circles[14,52]). This RNA has a 5’-cap and a 3’-polyadenylation.
It contains the open reading frame for the delta antigen,
the one protein of HDV, and is considered the relevant
mRNA. In other words, it looks like a typical mRNA
produced by RNA polymerase Ⅱ. Thus, it is assumed
that its 5’-end, which maps near one end of the rod-like
genomic RNA template, might be a site of initiation and
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infected cell[26]. Later it was found that a second form,
19 amino acids longer at the C-terminus, arises as a consequence of site-directed RNA editing of antigenomic
RNA during replication[69]. This so-called large form of
delta antigen is farnesylated near its novel C-terminus. Although it cannot support HDV RNA accumulation and
is a dominant-negative inhibitor of replication supported
by the small form, it is essential for the formation of
enveloped virions via interaction with the HBV envelope
proteins[70].
While the small delta antigen is essential for the accumulation of processed HDV RNAs it is not yet clear
in what manner(s) it is essential. For example, it is controversial as to whether the protein has a direct or even
indirect role in the transcription process[71,72]. Another example is whether or not the small delta antigen is needed
as a “chaperone” for the cleavage and processing by the
HDV ribozyme[65,73].

therefore help define a promoter element on the HDV
RNA template.
However there must also be at least one additional
promoter site on the antigenomic RNA template for
transcription of genomic RNA. Indeed, there may be additional, possibly multiple initiation sites on both RNAs;
after all, on circular RNA templates, transcripts (by
whatever RNA polymerase, not necessarily polymerase
Ⅱ) that can elongate to beyond greater than unit-length,
can have more than one ribozyme site, and could thus
be processed to unit-length, and subsequently ligated to
form new circles. This concept has for quite some time
been included in a somewhat vague rolling-circle model
of HDV replication[63]. Maybe, theoretically, replication
of host RNA circles[9] might occur by a similar process.
No one has yet determined if HDV RNA circles, like
host RNA circles, bind host miRNAs. If such binding
does occur, this might lead to primed transcription of
viral transcripts, some of which might be processed to
unit length linear and then circular RNAs. As discussed
below, circular RNAs, once formed, may have unique advantages, especially in terms of stability.

PathoGENIC POTENTIAL of HDV
While it is clear that HDV/HBV co-infection is more
damaging than one with HBV alone, the mechanism(s)
involved are still controversial[74]. Experimentally it is possible to set up situations where HDV is replicating its genome in the absence of HBV. It is relevant to the present
discussion that two different outcomes might arise from
such mono-infections.
First, in hepatocytes that are well-differentiated and
non-dividing, it seems that HDV replication, per se, is
not pathogenic. HDV to a small extent will infect mouse
hepatocytes, in vivo, and the clearance of such infections
takes 5-15 d, independent of the presence or absence of
a host immune response[75]. Similarly, HDV will infect
woodchuck hepatocytes, and even after 5 wk infected
cells remain from which HDV can be rescued by a superinfection with woodchuck hepatitis virus[76]. And of most
relevance, HDV can infect human hepatocytes maintained by transplantation into mice in which the resident
mouse hepatocytes have been largely destroyed. These
HDV infected cells do not decrease with time and even
after 6 wk, superinfection with HBV rescues HDV, leading to spread of HDV to human hepatocytes that were
not initially infected by HDV[77].
Second, consider the following model system[78]. A
human cell line, HEK293, was transfected with an HDV
RNA, one mutated so that the delta antigen cannot be
expressed. This cell line also contained a stably integrated
cDNA copy of the HDV antigen, with expression inducible by tetracycline. Even without induction, the amount
of delta antigen produced was sufficient to maintain
low levels of HDV RNA replication and accumulation
for at least three years. However, when the antigen was
induced, the amount of HDV RNA accumulation increased up to 40-fold, and within 48 h led to cell cycle arrest and detachment of the cells from monolayer culture.
More importantly, when host individual host RNA levels
were assayed, even by 24 h the levels of more than 1000

RNA circles and their resistance
to exo-nucleases
For some time it has been known that in cell extracts,
RNA species in a circular conformation have much
greater stability than the corresponding linear species[64].
The interpretation is that host nucleases are primarily
exo- rather than endo-nucleases. This advantage has been
ascribed to the naturally occurring HDV circular RNAs
and more recently to the host RNA circles. One recent
study confirmed the stability of the host RNA circles
relative to other linear RNA species[5].
In addition, it has been noted that host RNA circle
stability increases with decreasing size. Earlier studies established this relationship for deleted forms of the HDV
RNA[65]. In addition, while the presence of the delta antigen enhanced the accumulation of processed full-length
HDV RNA circles, the presence of delta antigen became
irrelevant for RNA species that were about four times
shorter[65]. Further study revealed that small and large
circles could only accumulate when the ribozyme domain
present on the circle was able to make intra-molecular
base pairings that have been presumed to force the ribozyme into an alternative, inactive conformation[66,67].
The susceptibility of RNA circles to degradation via
targeting with small interfering RNA, siRNA, might be
variable. One study of individual host RNA circles demonstrated susceptibility[5]. In contrast, a study of HDV
RNAs, both in vivo and in vitro, detected no degradation
associated with DICER activity[68].

ROLE(S) OF THE SMALL DELTA ANTIGEN
A form of the delta antigen, 195 amino acids long, is
essential for the accumulation of HDV RNAs in an
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host genes were altered by at least 2-fold (with > 95%
confidence level). In control cells expressing only the
increased amount of delta antigen, the number of host
mRNAs changed was ten times less[74]. Thus, in some
cells high level replication and accumulation of HDV
RNAs might have a significant impact on cell gene expression and viability.
From the above studies, we might conclude that
HDV RNA replication and accumulation is more damaging when the cells are dividing than when they are nondividing (as is typically the case with human hepatocytes).
If this interpretation is correct, one of many inferences
could be that host RNA circles can accumulate to a greater extent and with less deleterious effect in differentiated
non-dividing cells, such as hepatocytes and yet, when the
cells are induced to divide (e.g., to replace hepatocytes
destroyed by the antiviral immune response), RNA circles
might perturb host RNA levels and lead to decreased viability of the infected cells.
Interestingly, in HEK293 cells, Memczak et al[8] have
described the accumulation of a specific 1500 nt circular host RNA that binds multiple copies of a specific
host miRNA, and has a regulatory role. Changes in the
amount of this RNA or of the miRNA that binds to it,
had profound effects on the levels of many host RNA
species.
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CONCLUSION

12

New realizations concerning circular forms of host
RNAs have provoked this re-examination of aspects of
HDV, especially its origin and the mode of replication,
and also suggested new insights into potential HDV-associated pathogenesis. However, it should also be acknowledged that HDV studies might have a reciprocal relevance to the host circular RNAs, such as how they arise
and affect the host cell. And, although not considered
here, there remains a need for a similar re-examination of
the replicating small circular RNAs of plants, that is, the
viroids and virusoids.
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RESULTS: RT-PCR analysis in non-stimulated cells
showed a low basal expression of TNFα and IL-1β in
the DLD-1 KRAS -mutated cell-line, compared to Caco2
wild type. No detection was found for IL-6 and IFNγ in
any of the studied cell lines. In contrast, pro-angiogenic
chemokines (CXCL1, CXCL8) showed a high constitu�
tive expression in the mutated cell-lines DLD-1 (KRAS),
HT-29 and Colo205 (BRAF), compared to wild type
(Caco2). The anti-angiogenic chemokine (CXCL10)
showed a high basal expression in wild-type, compared
to mutated cell-lines. KRAS down-regulation by siRNA
showed a significant decrease in CXCL1 and CXCL10
gene expression in the DLD-1 (KRAS) cell-line in com�
parison to wild type (Caco2) at 72 h after KRAS silenc�
ing. In contrast, the specific KRAS inhibition resulted in
an up-regulation of CXCL1 and CXCL10. The results of
our study show a higher expression of pro-angiogenic
chemokines at basal level in mutated cell-lines, which
was further increased by cytokine treatment.

Abstract
AIM: To study KRAS /BRAF mutations in c����������
olorectalcancer (�����
CRC) �����
that �����������
influences �������������
the efficacy ���
of �����������
treatment.
To develop strategies for overcoming combination of
treatment.

CONCLUSION: To summarize, basal chemokine gene
expression for pro-angiogenic chemokines was high
in mutated as compared to wild type cell-lines. This
reflects the likely existence of a different microenviron�
ment in tumours consistent of wild type or mutated
cells. This may help to rationalize the choice of molecu�
lar targets for suitable therapeutic investigation in clini�
cal studies.

METHODS: Five colonic cell-lines were investigated:
DLD-1 with KRAS (G13D) mutation, HT 29 and Colo
205 with BRAF (V600E) mutation as well as the wild
type (Wt) cell-lines Caco2 and Colo-320. DLD-1 (KRAS),
HT-29 (BRAF) and Caco2 (Wt) cell lines were treated
with cytokines (TNFα 50 ng, IL-1β 1 ng and IFNγ 50
ng) and harvested at different time points (1-24 h).
KRAS inhibition was performed by the siRNA-approach.
Two colorectal cancer cells DLD-1 and Caco2 were
used for KRAS inhibition. About 70% confluency were
confirmed before transfection with small interferring
WJG|www.wjgnet.com
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A major contributor to the tumor microenvironment are
inflammation and its mediators (especially the�����������
cytokines�)[15].
Tumor cells themselves can produce cytokines, including interleukin-1 α/β (IL-1α/β), interferon gamma (IFNγ)
and tumor necrosis factor α (TNFα)[16] maintaining a proinflammatory microenvironment. They also secrete chemokines inducing further infiltration of immune-cells. It is
known that c����������������������������������������������
olorectal tumors that are not associated with
clinically detectable inflammatory bowel disease (IBD)
show an immune cell infiltrate and an increased expression of pro-inﬂammatory cytokines
���������������
(����
IL-1β, IFNγ and
TNFα)[17-20].�������������������������������������������
Not
������������������������������������������
only tumor cells themselves, but also
stromal cells of the tumor microenvironment may release
pro-inflammatory cytokines which in turn act on CRCcells to secrete chemokines[21]. These chemokines attract
immune cells which act on the tumor cell and its microenvironment, thereby multiplying the inflammatory effects
and subsequent tumor initiation and promotion[22].
Chemo-attractant cytokines play a key role in the
modulation of the immune system[23].����������������
Chemokines are
thought to be responsible for recruiting immune cells.
They are actively involved in inflammation, tissue repair,
development of fibrosis and tumor growth[24-26].������
Chemokines, comprise a set of low-molecular weight cytokines
(7-10 kDa), which play a key role in directing migration
and activation of leukocytes in the inflammatory processes[27]. Based on their primary structure, chemokines are
distinguished as C, CC, CXC or CX3C where “X” represents a non-conserved amino acid substitution[28].
Several studies have been published to elucidate the
dual role of chemokines in promotion and inhibition of
angiogenesis[22,29]. Of the CXC chemokines which regulate angiogenesis, CXCL1 promotes tumor angiogenesis,
whilst CXCL10 inhibits neo-vascularisation[20,30-32].
Based on these studies, we hypothesized that stromal
cells of the tumor microenvironment may release proinflammatory cytokines (IL-1β, IFNγ, and TNFα) EGF
which in turn act on CRC-cells to secrete chemokines
(CXCL1 and CXCL10). These chemokines in turn attract inflammatory cells which influence on the tumor
cells and their microenvironment, thereby multiplying
the inflammatory effects and subsequent tumor initiation
and promotion.
Little is known about the effect of these pro-inflammatory mediators on the gene expression of chemokines
(CXCL1 and CXCL10) in the presence/absence of
KRAS mutation. Hence, the profile of cytokine (TNFα,
IFNγ and IL-1β) and pro- (CXCL1) and anti-angiogenic
(CXCL10) chemokine gene expression was examined in
view of the different mutations in CRC cell lines. It was
the aim of this study to further investigate the regulation
of these chemokines in CRC mutated and non-mutated
cell lines after administration of pro-inflammatory cytokines (TNFα, IFNγ and IL-1β). Finally, the role of these
chemokines was explored by knocking down the KRAS
gene in mutant (DLD-1) and wild type (Caco2) colorectal
cancer cell lines.
Our findings would give an insight into the interconnec-

Core tip: The presence of KRAS /BRAF mutations in
advanced colorectal-cancer influences the efficacy of
treatment. It is not known whether the composition
of tumor-associated immune cells is influenced by the
mutational status of the tumor. The results of our study
show a higher expression of pro-angiogenic chemokines
at basal level in mutated cell-lines, which was further
up-regulated by cytokine treatment. Moreover, specific
KRAS inhibition resulted in an increase of pro-angio�
genic chemokines, mainly through the NF-κB pathway
in wt (Caco2). Our findings point to the interconnection
of tumor mutation and its microenvironment.
Khan S, Cameron S, Blaschke M, Moriconi F, Naz N, Amanzada
A, Ramadori G, Malik IA. ������������������������������������
Differential gene expression of chemokines in KRAS and BRAF mutated colorectal cell lines: Role
of cytokines. World J Gastroenterol 2014; 20(11): 2979-2994
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i11/2979.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i11.2979

INTRODUCTION
Colorectal carcinoma (CRC) is considered as one of the
most common lethal cancers all over the world[1]. The
major causes for CRC are environmental factors rather
than heritable genetic changes. The most important risk
factors for sporadic CRC include food-born mutagens,
specific intestinal pathogens, chronic intestinal inflammation and age[2].
Mutations in oncogenic and loss of tumor suppressor genes trigger tumor development through mutiple
pathways[3]. KRAS and BRAF are the most common mutations found in CRC which can alter the cell signalling
pathways[4,5].
The RAS and RAF family of genes code for proteins
which belong to the RAS/RAF/MEK/ERK signalling
cascade within cells[6]. This cascade is involved in the
transmission of extracellular signals which control a
variety of biological processes such as cell growth, cell
survival and migration[7]. Disruption of this pathway,
through gain-of-function mutations in RAS and RAF family members, is well described in several different types
of cancer. In CRCs, mutations are less frequently found
in the BRAF and to a larger extent in the KRAS genes[8,9].
The later is an early event[10,11] and occuring in 30%-50%
of these tumors[8].
KRAS and its downstream effector molecules play a
central role in the development of several tumor types,
including colon cancer[12]. In fact, the KRAS and BRAF
proteins are known to be a key downstream component
of epidermal growth factor receptor (EGFR) signaling[13].
EGFR signaling is an important mediator within the
tumor microenvironment and is well established in autocrine and paracrine circuits that result in enhanced tumor
growth[14].
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Table 1 List of human primers sequences used for polymerase chain reactions
Primer

5’→3’ forward

Human β-actin
Human CXCL1 (GROα)
Human CXCL8 (IL-8)
Human CXCL10 (IP-10)
Human TNFα
Human IFNγ
Human IL-1β
Human TNFα Rec1
Human IL1β Rec1
Human IFNγ Rec1
Human KRAS Codon 12 and 13

Human BRAF V600E

5’→3’ reverse

CTG GCACCCAGCACAATG
CCGATCCACACGGAGTACTTG
GTGTGAACGTGAAGTCCCCC
GCTGCAGAAATCAGGAAGGC
ATGACTTCCAAGCTGGCCG
GCTGCAGAAATCAGGAAGGC
CCAGAATCGAAGGCCATCAA
CATTTCCTTGCTAACTGCTTTCAG
CCCAGGCAGTCAGATCATCTTC
AGCTGCCCCTCAGCTTGA
CCAACGCAAAGCAATACATGA
TTTTCGCTTCCCTGTTTTAGC
AATTTGAGTCTGCCCAGTTCCC
AGTCAGTTATATCCTGGCCGCC
AGGAAGAACCAGTACCGGCAT
TCTGTTTCTCCTGGCAGGAGA
TGTTCAGGAGCTGAAGCCCAT
AATTCACACAGCAGGACAG
AAGAGCCGTTGTCTCCAGCAA
TAAAGCGATGCTGCCAGGTTC
RAS A (Forward): 5' ACTGAATATAAACTTGTGGTCCATGGAGCT 3'
RAS B (Reverse): 5' TTATCTGTATCAAAGAATGGTCCTGCACCA 3'
RAS C (Reverse): 5' GGATGGTCCTCCACCAGTAATATGGATATT 3'
A-Allele (Forward): 5' AAAAATAGGTGATTTTGGTCTAGCTACTGTA 3'
T-Allele (Forward): 5' AAAAATAGGTGATTTTGGTCTAGCTACTGT 3'
(Reverse): 5' ACACTGATTTTTGTGAATACTGGGAACT 3'

TNFα:Tumor necrosis factor α; ���
INFγ: Interferon-γ; IL-1β: �������������
Interleukin-�1β.

tion of the tumour and its micro-environmental factors.

with 100 U/mL each of penicillin and streptomycin and
1% non-essential amino acids at 37 ℃ and 5% CO2.
DLD-1, HT-29, Colo-320 and Colo-205 were grown in
RPMI (Roswell Park Memorial Institute Medium) with
glutamin purchased from �������������������������
Biochrom AG (Berlin,Germa
ny);�����������������������������������������������
containing 10% FCS and 100 U/mL penicillin and
streptomycin at 37 ℃ and 5% CO2. Caco2, HT-29 and
DLD-1 cells were plated into six-well plates at a density
of 5� ��
×���
��
105 cells per well for real-time polymerase chain
reactions (PCRs), Western Blot analysis and siRNA experiments unless until stated and grown till they reached
70%-80% confluence. ���������������������������������
These cells were then stimulated
with IL-1β (1 ng/mL), TNFα (50 ng/mL) and IFNγ ����
(50
ng/mL) based on the type of experiments.

MATERIALS AND METHODS
Chemicals and antibodies
The chemicals used in the present study were of analytical/molecular biology grade and purchased from commercial sources as follows: The recombinant cytokines
IL-1β, TNFα and IFNγ were purchased from Roche
(Mannheim, Germany). ���������������������������������
The chemicals and solutions were
purchased from Sigma (Steinheim, Germany): aprotinin,
DL-dithiothreitol (DTT), EDTA, leupeptin, phenylmethylsulfonyl fluoride (PMSF), phorbol 12-myristate
13-acetate (PMA), phosphatase inhibitor cocktail 1 and 2,
thiourea, urea; from Merck (Darmstadt, Germany): Glycerin, HCl; RPMI 1640 medium, foetal calf serum (FCS),
penicillin/streptomycin and phosphate buffered saline
were purchased from Biochrom AG (Berlin,Germany);
and from Bio-Rad (Munich, Germany): The protein assay kit and ampholytes (Bio-Lyte® 3/10) were obtained
from BIO-RAD (Munich, Germany): Primers, protector
RNAse inhibitor and 1x RT buffer were supplied by Invitrogen (Darmstadt, Germany). The FAST Sybr Green
master mix was purchased from Applied Biosystems
(Darmstadt, Germany) and moloney murine leukaemia
virus reverse transcriptase (M-MLV RT) from Promega
(Mannheim, Germany). A list of primers used in the
study is shown in (Tables 1 and 2). A list of all antibodies
used in this study is listed with its concentrations in (Table
3).

RNA isolation and real-time PCR
Total Ribonucleic acid (RNA) was isolated from cell
lysates by using Qiagen (Hilden,Germany) RNeasy mini
kit, according to the manufacturer’s protocol. The RNA
concentrations were determined photometrically using a
Gene Quant RNA/deoxyribonucleic acid (DNA) calculator Pharmacia, (Freiburg, Germany). RNA was subsequently used for real-time PCR. The cDNA
�������������������
was generated
by reverse transcription of 1µg of total RNA using 100
n�����������������������������������������������
mol/L������������������������������������������
of dNTPs from Invitrogen ����������������
(���������������
Darmstadt, ����
Germany)�����������������������������������������������
, 50 pM of primer oligo(dT)15 Roche
�����������������
(Mannheim,
Germany)������������������������������������������
, 200 units of (M-MLV) Moulony murine leukemia virus reverse (Roche) transcriptase 16U of protector RNAse inhibitor (Roche) in 1 ��
×����������������������
RT
���������������������
buffer Invitrogen
(���������������������������������������������������
Darmstadt, Germany)
����������������������������������������
and
�������������������������������
2.5 mL of 0.1 mol/L dithiothreitol (DTT) from Invitrogen ���������������������
(��������������������
Darmstadt, ���������
Germany)
for 1 h at 40 ℃ as described[33]. �������������������������
Reverse transcription of
messenger RNA (mRNA) was performed using 1 μg of
total cellular RNA. To determine the mRNA expression
real-time PCR was carried out using human gene-specific
primers Invitrogen GmbH (Karlsruhe, Germany). Primers sequences are given in (Tables 1 and 2) for in an
ABI Prism 7000 sequence detection system. PCR reaction was set up with Sybr® Green PCR Master mix

Cell culture conditions and stimulation
The human colon adenocarcinoma cell lines Caco2,
HT-29, Colo-320, Colo-205 and DLD-1 were obtained
from DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Germany).
Caco2 cells were grown in EMEM (Eagle’s minimal
essential medium), BioWhittacker, (�����������������
Darmstadt, Germa������
ny) containing 20% fetal calf serum (FCS) supplemented
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Table 2 List of KRAS siRNA sequences for knockdown
5’ →3’ forward

5’ →3’ reverse

GCAAGUAGUAAUUGAUGGA
ACAGGCUCAGGACUUAGCA
GCAAGAAGUUAUGGAAUUCUA

UCCAUCAAUUACUACUUGC
UGCUAAGUCCUGAGCCUGU
GAAUUCCAUAACUUCUUGCUC

KRAS siRNA sequence
Sequence 1
Sequence 2
Sequence 3

from Invitrogen
���������������������������������������������
(���������������������������������
Darmstadt, Germany)
����������������������
�������������
according to
the standard protocol of the manufacturer������������
parameters
were optimized for each cell line prior to validation
according to the instructions given in the transfection
reagent handbook. Briefly, for triplicate transfections,
siRNA and ������������������������������������������
Lipofectamine�����������������������������
from Invitrogen (�����������
Darmstadt,
Germany) were diluted in 100 μL DMEM from Gibco
(Grand Island, United States) without serum and incubated for 10 min at room temperature. After cell culture
medium removal, 500 μL fresh medium and 100 μL
transfection complexes were added per well. Cells were
incubated for 48 and 72 h before analyzing the degree
of knockdown. 20 nmol/L siRNA (6 μL) and 10 nmol/
L ������������������
lipofectamine�����
(12 μL) which was considered to be
a combination which resulted in an acceptable KRAS
knock down after 48 and 72 h incubation time for the
following experiments. Transfection performance was
monitored using a validated scrambled siRNA control
Qiagen (Hilden, Germany). The experiments were performed in three replicates for both cell lines. KRAS
was determined by real time PCR and at protein level
through Western blotting. A list of the KRAS siRNA
sequences is shown in Table 2.

Table 3 List of antibodies used in Western blotting analysis
Primary antibody

Origin

β-actin
CXCL1/GROα
CXCL10/IP-10
CXCL8/IL-8
MAPK1 (ERK1/2)
IκBα
KRAS

Mouse
Goat
Goat
Goat
Rabbit
Rabbit
Rabbit

Dilutions primary Ab
1:5000
1:500
1:500
1:500
1:1000
1:10000
1:1000

Provider
Sigma aldrich
R and D system
R and D system
R and D system
Cell signalling
Abcam
ABBIO technology

from Invitrogen (�����������������������������������
Darmstadt, ������������������������
Germany) containing 0.3
μmol/L primers each and 1 μL of RT-product in 25 μL
volume. A two-step amplification protocol was chosen
consisting of initial denaturation at 95 ℃ for 10 min followed by 45 cycles with 15 s denaturation at 95 ℃ and 30
s annealing/extension at 60 ℃. Finally, a dissociation protocol was performed to control specificity of amplification products. The results were normalised to the house
keeping gene, and fold change expression was calculated
using threshold cycle (Ct) values. Beta actin was chosen
as house keeping gene its expression remained stable thoughout the study.
Western blotting
Proteins were isolated from the cell lysate at the different time points and Western blotting was performed as
described previously[34]. Briefly, protein contents were calculated by the Commassie Protein Assay BIO-RAD (Munich, Germany). 20
��� μg of total protein were loaded on a
4%-12% Nu-PAGE Bis-Tris ���������������������������
Invitrogen (���������������
����������������
Darmstadt, ����
Germany) gel and separated after 2 h electrophoresis at 80
V. After the transfer of gel into nitrocellulose membrane
in a semi-dry apparatus at 30 V for 1.5 h, the membranes were blocked in 5% (non-fat dried milk), and blotted
with primary antibodies overnight at 4 ℃. The secondary
antibodies were horse raddish peroxidase conjugated goat
anti-rabbit and goat anti-mouse immunoglobulins Dako
(Hamburg, Germany) diluted at 1:1000. Membranes were
developed with the ECL chemiluminescence Kit purchased from Amersham Pharmacia Biotech (Freiburg, Germany). β-actin was used as an internal loading control.

Statistical analysis
The data were analyzed using Prism Graph pad 5 software (San Diego, United States). All experimental errors are
shown as SEM. Statistical significance was calculated by
one way ANOVA test and Student´s t test. Significance
was accepted at P < 0.05. Densitometry
����������������������������
of the Western
blotting was analyzed with the Image-J software (NIH).
Results are shown as mean ± SD. Significant difference
was accepted at P < 0.05 against control group and calculated according to the Student t-test.

RESULTS
Basal changes in mRNA expression of acute phase
cytokines in intestinal epithelial cell lines
The gene expression of major cytokines (TNFα, IL1β and IFNγ) was studied at basal level in five CRC cell
lines. Previously, it has been published that intestinal
epithelial cell lines (IECs) depending on their origin and
maturity may have a different and distinct pattern of chemokine/cytokine expression[35]. Using gene specific primers the real time PCR data showed that the basal mRNA
expression of TNFα, normalised to β-actin expression,
was highest in Caco2 (Wt) followed by HT-29 (BRAF)
and the lowest expression was observed in the DLD1(KRAS) cell line (Figure 1A; P < 0.05). The highest IL1β expression was observed in both BRAF mutated cell

RNA interference
Two colorectal cancer cells DLD-1 and Caco2 were plated
in 24 wells at a density of 5 × 104 cells per well. About
70% confluency were confirmed before transfection with
small interferring RNA (siRNA) oligonucleotides. All the
synthetic siRNAs sequences were designed ��������������
in our laboratory and synthesized by Eurofins MWG Operon (Ebersberg, Germany). Transfection reagent Lipofectamine
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Figure 1 Basal mRNA expression of acute-phase cytokines in different intestinal epithelial cell-lines. A: Tumor necrosis factor-α (TNF-α); B: Interleukin (IL-β);
C: Interferon-γ (IFN-γ); D: Interleukin-6 (IL-6). The mutation is given in parenthesis. 5 ��× ��
105 cells were plated into 6 well plates and grown for 24 h. The cells were
harvested, total RNA was isolated and first strand cDNA was prepared from 1 µg of total RNA�������������������������������
. Ct values were normalized to β-actin as a housekeeping gene. The
results were compared with the fold changes of Caco2 mRNA expression, taken as a control. Results represent mean ± SE (aP < 0.05 vs Caco2 analyzed by one way
ANOVA, n = 4).

lines HT-29 and Colo-205, followed by the two wild type
Colo-320 and Caco2 cell lines respectively. The lowest expression for IL-1β was found in DLD-1 (KRAS) (Figure
1B; P < 0.05). To summarize, basal expression was very
low in the KRAS mutated cell line DLD-1 for the proinflammatory cytokines (TNFα and IL-1β). Moreover,
IFNγ and IL-6 showed no expression in any of the cell
lines (Figure 1C, D).

level. However, IFNγ Rec1 showed the maximum expression in Colo-205 and HT-29 (BRAF) followed by Caco2
(Wt) in comparison with TNFα Rec1 and IL-1β Rec 1.
(Figure 2C; P < 0.05).
Basal mRNA expression of proinflammatory chemokines
(CXCL1,CXCL8 and CXCL10) in colorectal cell lines
The differences in the basal level of mRNA expression
of chemokines were studied in five different cell lines.
The mRNA expression of CXCL1 was significantly
higher in the mutated cell lines HT-29 (BRAF) followed
by Colo-205 (BRAF) and DLD-1 (KRAS) (Figure 3A, B;
P < 0.05). However, the expression was low in the wild
type cell lines Caco2 and Colo-320. In contrast, CXCL10
mRNA was significantly increased in the wild type cell
lines Caco2 and Colo-320. It was found that CXCL10
mRNA expression was lowest in the mutated cell lines
(HT-29, DLD-1 and Colo-205) (Figure 3C; P < 0.05).

Basal changes in mRNA expression of acute phase
cytokine receptors in IECs
The basal level of cytokine receptor mRNA expression
in the five cell lines revealed that Colo-205 and HT-29
(BRAF mutated) have the highest expression of TNFα
Rec1 (Figure 2A; P < 0.05). IL-1β Rec was found in
Caco2 (Wt) followed by DLD-1 (KRAS) and Colo-205
(BRAF) (Figure 2B; P < 0.05). Even though IFNγ did
not show any expression for the five cell lines at the basal
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Figure 2 Basal mRNA expression of cytokine receptors in intestinal epithelial cells. A: Tumor necrosis factor-α (TNFα)- Rec1; B: Interleukin-1β (IL-1β); C:
Interferon-γ (IFNγ)-Rec1. 5�� ×�� 10
��5 cells were plated into 6 well plates and grown
for 24 h. The cells were harvested, total RNA was isolated and first strand cDNA
was prepared from 1 µg of total RNA���������������������������������
. Ct values were normalized with β-actin
as a housekeeping gene. The results were compared with the fold changes of
Caco2 mRNA expression, taken as a control. Results represent mean ± SE (aP
< 0.05, bP < 0.01 vs Caco2 ���������������������������
analyzed by one way ANOVA, n = 4).
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Figure 4 Regulation of CXCL1 mRNA expression by cytokine in intestinal epithelial cells. A: Relative transcript expression of chemokine (C-X-C motif) ligand
(CXCL)1/Gro-alpha in unstimulated cell-lines; B: Relative transcript expression of CXCL1/Gro-alpha in tumor necrosis factor-α (TNFα) stimulated cell-lines; C: Relative
transcript expression of CXCL1/Gro-alpha in interleukin (IL)-1beta stimulated cell-lines; D: Relative transcript expression of CXCL1/Gro-alpha in interferon (IFN)-gamma
stimulated cell-lines. [��5 ×�� 10
��5 cells were plated into 6 well plates and grown for 24 h and then stimulated with tumor necrosis factor α (50 ng), �������������
interleukin-�1β (1 ng), and
interferon-γ (50 ng)]. The cells were harvested, total RNA was isolated and first strand cDNA was prepared from 1 µg of total RNA���������������������������������
. Ct values were normalized with β-actin
as a housekeeping gene. Results represent mean ± SE (aP < 0.05 vs non-stimulated zero controls)����������������������������
analyzed by one way ANOVA, n = 3).

Regulation of CXCL1 mRNA expression by cytokines
Three cell lines with two different mutations DLD-1
(KRAS), HT-29 (BRAF) and Caco2 (Wild type) were examined for the time kinetics of CXCL1 mRNA expression and protein secretion. The cytokines were administered at the following concentrations: IL-1β (1 ng/mL),
TNFα (50 ng/mL) and IFNγ (50 ng/mL) were administered to IECs.
Under control conditions (Figure 4A), CXCL1 mRNA
expression did not change over the experiment. CXCL1
mRNA was inducible early at 1h after stimulation with
TNFα i��������������������
n DLD-1 (KRAS)������
(����
310 ��
± ������������������������
2.18 fold), followed by
HT-29 (BRAF; 36.15 ± 3.28 fold), whereas no change
was detected in CXCL1 mRNA expression in the Caco2
cell line. The induction by TNFα of CXCL1 in HT-29
was milder as compared to DLD-1 but lasted until 8 h
after stimulation, while in DLD-1 it lasted only until 2 h
at high levels (Figure 4B; P < 0.05). IL-1β induced the
highest gene expression of CXCL1 in HT-29 (BRAF;
46.42 ± 5.98 fold), followed by DLD-1 (KRAS; 21.19 ±
0.37 fold), However, in Caco2 (Wt) IL-1β did not affect
the CXCL1 gene expression (Figure 4C; P < 0.05). IFNγ

WJG|www.wjgnet.com

stimulation showed a delayed increase of CXCL1 gene
expression in Caco2 (Wt; 346.84 ± 23.01 fold) which was
highest at 24 h, followed by HT-29 (BRAF; 14.43 ± 2.50
fold) at 8 h (Figure 4D; P < 0.05).
Changes in the protein expression of CXCL1 in
colorectal cancer cell lines Caco2 (Wt), DLD-1 (KRAS)
and HT-29 (BRAF) by cytokines (TNFα , IL-1β and IFNγ )
The effect of cytokine stimulation on CXCL1 was further analysed at protein level by Western blotting (Figure 5A-C) in Caco2 (Wt), DLD-1 (KRAS) and HT-29
(BRAF) cell lines. ����������������������������������
Western blotting analysis was performed by using������������������������������������
anti-CXCL1 antibody����������������
to confirm the
changes occurring at mRNA level and to document the
protein expression of CXCL1 chemokine in IECs over
the time.
TNFα stimulation: The CXCL1 protein secretion under control conditions did not vary to a greater extent
in the analysed cell lines. Similar to what was observed
at mRNA level, DLD-1 showed a significant and early
increase at 1h and a maximum at 2h after TNFα stimula-
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Figure 5 Caco2 (Wt), DLD-1 (KRAS) and HT-29 (BRAF) Western blotting analysis. The bands represent chemokine (C-X-C motif) ligand (CXCL)-1 protein expression (upper panel) at different time points after stimulation of Caco2 (A), DLD-1 (B) and HT-29 (C) cell lines with tumor necrosis factor-α (TNFα) (50 ng/mL), interleukin (IL)-1beta (1 ng/mL) and interferon (IFN)-gamma (50 ng/mL) compared to the loading control betabb-actin (lower panel).

Regulation of CXCL10 mRNA expression by cytokines
CXCL10 showed a distinct expression after cytokine
stimulation in each cell line. The mRNA expression under control conditions showed no difference in the cell
lines during the study (Figure 6A). TNFα induced the
maximum CXCL10 gene expression in HT-29 (BRAF;
�������
163.14 ��
± 0.1
�����������������������������������������
fold) �������������������������������
after 8 h. In DLD-1 (KRAS) and
Caco2 (Wt) cell lines a low CXCL10 mRNA expression
was observed (Figure 6B; P < 0.05).
IL-1β treatment showed a maximum CXCL10 gene
expression in HT-29 (BRAF) (49.72 ��
± 6.25
�����������������
fold) followed by ������������������
Caco2 (Wt) (36.86 ��
± 5.13
��������������������������
fold)����������������
with a maximum
expression at 2h, whereas DLD-1 only showed mild
changes compared to non-stimulated controls (Figure 6C;
P < 0.05).
In our experiment, IFN γ significantly enhanced
CXCL10 mRNA expression in mutated cell lines HT-29
(BRAF; 15361.19 ± 2974.33 fold) followed by DLD-1
(KRAS; 597.71 ± 64.62 fold) in contrast to the wild type
cell line Caco2 (Wt; 45.75 ± 1.44 fold) (Figure 6D; P < 0.05).

tion compared to the baseline conditions. In contrary to
mRNA level, an���������������������������������������
increase in CXCL1 was detected with a
maximum at 8 h in the ���������������������������������
Caco2 cell line������������������
in comparison to
their controls. The HT-29 cell line showed an increase at
2 h and 8 h followed by decrease at 24 h as compared to
respective controls. The data demonstrates that TNFα
at protein level also showed significant increase in KRAS
mutated cell line (DLD-1).
IL-1β stimulation: Similar to the mRNA expression, IL1β induced a significant protein level of CXCL1 in all the
studied cell lines. Among them, an increase in Caco2 was
the most pronounced at 2 and 8 h ����������������������
compared to untreated
cells. However, a statistically significant expression was
detected in all studied time points as was also observed
for HT-29 and DLD-1 after IL-1β stimulation.
IFNγ stimulation: Likewise regarding mRNA expression, a clear gradual increase for CXCL1 in Caco2 was
observed after IFNγ stimulation. This increase was at its
maximum by 8 h in
���������������������������������
������������������������������
Caco2. HT-29 (BRAF) and DLD-1
(KRAS) also showed an increase with a maximum at 2h
after IFNγ stimulation �(Figure 5A-C).
Taken together, a significant increased protein level of
CXCL1 was observed by treatment of cytokines (TNF
����α,
IL1-β and IFNγ)��������������������������������������
in all studied cell lines Caco2(Wt),
DLD-1 (KRAS) and HT-29 (BRAF). However, we could
observe a difference among some cytokines treatments
and cell lines between the mRNA and protein expression.
It might be due
����������������������������������������������
to the secretory nature of proteins which
makes it difficult to compare CXCL1 protein expression
to mRNA expression in mutated and wild type cell lines,
as the proteins might be released into the supernatant.

WJG|www.wjgnet.com

Changes in the protein expression of CXCL10 in
colorectal cancer cell lines Caco2 (Wt), DLD-1 (KRAS)
and HT-29 (BRAF) by cytokines (TNFα , IL-1β and IFNγ )
The Western blotting analysis of CXCL10 revealed weak
expression for all the cell lines under control conditions
(Figure 7A-C).
IL-1β stimulation showed no significant changes in
any of the three cell lines.
HT-29 showed a highly significant increase due to
TNFα after one hour and reaching at its maximum by
24 h.
��
Also IFNγ stimulation increased CXCL10 expression
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Figure 6 Time Kinetics of chemokine (C-X-C motif) ligand 10 mRNA expression in intestinal epithelial cells. ��5 ��× ��
105 cells were plated into 6 well plates and
grown for 24 h (A) and then stimulated with tumor necrosis factor-α (TNFα) (B, 50 ng), ������������������
interleukin (IL)-�1β (C, 1 ng), and interferon (IFN)-γ (D, 50 ng). The cells were
harvested, total RNA was isolated and first strand cDNA was prepared from 1 µg of total RNA���������������������������������
. Ct values were normalized with β-actin as a housekeeping gene. Results represent mean ± SE (aP < 0.05 vs non-stimulated zero control)����������������������������
analyzed by one way ANOVA, n = 3). CXCL: Chemokine (C-X-C motif) ligand.

in HT-29 at early 1h and the same expression was found
throughout the study���������������
(Figure 7A-C)�.

nounced inhibition was observed at 48 h (67% KRAS
knockdown) and 72 h (85% KRAS knockdown) after
siRNA transfection (Figure 8C, E).
Similar results were also detected in the Caco2 cell line
with a maximum at 48 h (67% KRAS knockdown) and after 72 h (62% KRAS knockdown) ���������������
(Figure 8D, F; P < 0.05).

KRAS mRNA and protein expression in DLD-1 and
Caco2 after KRAS knockdown
For down-regulation of KRAS expression in DLD-1
(KRAS) and Caco2 (Wt) cells, KRAS-specific siRNA
was used in transfection studies. Two human colorectal
carcinoma cell lines DLD-1 and Caco2 were chosen to
examine the different effects of KRAS knockdown in
a wild type compared to a KRAS mutated cell line after
48 h and 72 h in comparison to the scrambled siRNA.
The results revealed that siRNAs down-regulated KRAS
mRNA expression after 48 h in DLD-1 (25%) and Caco2
(20%), respectively. After 72 h, incubation with siRNA
significantly reduced KRAS mRNA expression to approximately DLD-1 (55%) and Caco2 (58%), respectively
(Figure 8A, B; P < 0.05).
The silencing of KRAS was more pronounced at
protein level compared to mRNA data. By using a KRAS
antibody, Western blotting analysis of three independent
experiments revealed a significant reduction in KRAS
protein expression in the DLD-1 cell line. The most pro-

WJG|www.wjgnet.com

Changes in chemokine mRNA expression due to KRAS
knockdown in DLD-1 and Caco2
To further explore the consequences of decreased KRAS
expression due to KRAS siRNA silencing, we studied the
chemokine gene expression at mRNA level.
In the DLD-1 cell line, a significant decrease in CXCL1
mRNA level was detected at 72 h (0.31
������ ��
± �����������
0.07 fold; P < 0.05
vs scrambled control) after transfection. Similarly CXCL10
also showed a decreased (0.30
������ ��
± �����������
0.08 fold; P < 0.05 vs
scrambled control) gene expression after 72 h transfection
due to KRAS inhibition (Figure
���������������
9A, B; P < 0.05)�.
Contrary to DLD-1 (KRAS), in Caco2 (Wt) cells, the
KRAS knockdown resulted in significant up-regulation of
CXCL1 (9.79
������ ±
�� 3.6
����������
fold; P < 0.05 vs scrambled Control),
and CXCL10 �������
(18.40 ��
± 12.80
������������
fold; P < 0.05 vs scrambled
Control) mRNA expression after 72 h transfection (�������
Figure
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Figure 7 Shows
��������������������������������������������������������������������������������������
Caco2 (Wt) (A), DLD-1 (KRAS) (B) and HT-29 (BRAF) (C) Western blotting analysis. The cytokines interleukin-�
�������������1β (1 ng/mL), tumor necrosis factor α (50 ng/mL) and interferon-γ (50 ng/mL) were stimulated to the cells and the total cell lysates was isolated and 20 µg were separated by 15�����������������
%����������������
-20% NuPAGE BisTris gel electrophoresis, blotted and probed with chemokine (C-X-C motif) ligand (CXCL) 10 antibody. β-actin (43 ������������������������������������������
kDa���������������������������������������
) was analyzed as an internal control.

9C, D; P < 0.05)�.
To summarize, the results indicate a change in cytokine-gene expression of both cell lines after KRAS inhibition. Moreover, CXCL1 and CXCL10 showed an opposite
expression in the two cell lines.

tissue damage and release of pro-inflammatory mediators[37]. It is known that cytokine stimulation of tumor
cells can cause the tumor to produce growth factors,
inflammatory mediators (i.e., chemokines) and proangiogenic factors[38]. The tumor is thus able to influence
and maintain its own microenvironment, which includes
immune cells, stromal cells and microvessels. It can be
hypothesized that different mutations caused during
tumorigenesis might drive a varying microenvironment.
KRAS and BRAF mutation has been reported in approximately 50% of CRCs. For lung tumors, it has been
shown that KRAS activation generates a proinﬂammatory
microenvironment which may promote tumor growth
and invasion[39]. Similar data have also been reported for
pancreatic cancer[40]. Recently, a RAS-mutation dependent
behaviour of CRC cell lines after exposure to inflammatory mediators was documented[41]. The significance of
WT, KRAS and BRAF mutational status for chemokine
production of the various CRC cell lines has not been
studied so far. Hence, t��������������������������������
he aim of our study was���������
to
��������
investigate the influence of different CRC-mutations in view
of the regulation and induction of inflammatory cytokines and chemokines.
A panel of cytokines (TNFα, IL-1β, IFNγ and IL-6)
and cytokine receptors, which are more commonly involved in the tumor control and progression in colorectal
carcinoma cell lines, was evaluated. We showed a low
basal transcript expression of TNFα and IL-1β in the
KRAS mutated (DLD-1) cell line, compared to wild type
(Caco2). No detection at basal level was found for IL-6
and IFNγ in any of the studied cell lines. In contrast, the
pro-angiogenic chemokines CXCL1, CXCL8 showed a
high constitutive expression in mutated cell lines DLD-1
(KRAS), HT-29 and Colo205 (BRAF), compared to wild

Changes in protein expression of MAPK1 and Iκ Bα due
to KRAS knockdown in DLD-1 (KRAS) and Caco2
To further evaluate the reason of change in chemokine
gene expression by KRAS-knock down in both DLD-1
and Caco2 cell lines, transcription factors MAPK1 and
IκBα were analysed at protein level (Figure 10A, D).
MAPK1 specific protein band was detectable at 44 kDa
in DLD-1 and Caco2 cells. The MAPK1 desitometric
analysis of three experiments showed no significant
change after 48 h and 72 h by KRAS reduction. The data
suggested that inhibition of KRAS has no significant effect in either cell lines for MAPK1 (���������������
Figure 10������
B, E).
To analyse the activation of the NF-κB pathway, cell
lysates were analyzed for changes in the level of total
IκBα (subunits of NF���κB)����������������������������
, as phosphorylation of the
p65 subunit and the degradation of IκBα are known
to be associated with activation of the NF-κB classical
pathway[36]. However,
������������������������������������������
inhibition of KRAS expression by
siRNA affects significantly the levels of �IκBα in Caco2
(Figure 10F). Our results revealed that after 48 h of
transfection, it reduced �IκBα protein level to���������
46% and�
approximately�������������������������������������������
70% after 48 h and 72 h respectively. Furthermore, a non-significant decrease in DLD-1 was also
detected after KRAS gene knockdown (Figure 10C)�.

DISCUSSION
Chronic inflammation drives cancer development through

WJG|www.wjgnet.com

2988

March 21, 2014|Volume 20|Issue 11|

Khan S et al . Chemokines gene expression in CRC cell-lines
0.8

B

DLD-1 (KRAS)

4

Caco2 (Wt)
a

Relative expression of KRAS

0.6

0.4

0.2

h

h

72
NA
siR

ra
m
Sc

Sc

ra
m

siR

NA

bl
ed

48

72

h

h
48
bl
ed

72

ra
m

siR

NA

bl
ed

NA
siR

Sc

D

DLD-1 (KRAS)

Caco2 (Wt)

KRAS

21 kDa

KRAS

21 kDa

β-actin

43 kDa

β-actin

43 kDa

F

DLD-1 (KRAS)
a

200

a

NA
h

siR

ed
ra
m
bl
sc

sc
h
48

h

Co

h
72

sc
h

siR

ed
ra
m
bl

Co
72

48

h

siR

ed
ra
m
bl
sc
h

Co

0

72

0

NA

50

NA

50

NA

100

siR

% Change

100

48

a

Caco2 (Wt)

150

a

Co

48 h
72 h
siRNA

h

150

48 h
72 h
Scrambled

Co

48

200

48 h
72 h
siRNA

ed

48 h
72 h
Scrambled

Co

% Age change

1

h

h
72

h
48

48
bl
ed
ra
m
Sc

C

E

2

0

h

0.0

3

ra
m
bl

Relative expression of KRAS

a

72

A

Figure 8 ����
The figure
������� shows
������ the
������������
results of
��� KRAS inhibition from transient transfection of KRAS siRNA in DLD-1 and Caco2 cell lines at RNA and protein level. A-D: Relative expression of KRAS at RNA-level by RT-PCR (A and B) and protein expression by Western blotting (C and D) at 48 h and 72 h after KRAS inhibition;
E, F: Note the significant down-regulation of KRAS at 48 and 72 h at protein level by densitometric analysis in both, DLD1 and Caco2 cell-lines. Changes are shown in
percent, compared to scrambled siRNA. Data are presented as mean ± SE of 3 independent experiments with double confirmation. aP < 0.05 vs scrambled 72 h.

type (Caco2). However, the anti-angiogenic chemokine
(CXCL10) showed a high basal expression in wild type,
compared to the mutated cell lines. The high basal expression of pro-angiogenic chemokines together with
a low basal expression of inflammatory cytokines in
mutated cell lines implies that these cell-lines became independent of external pro-inflammatory stimuli. A proangiogenic microenvironment promotes neovascularisation and as a consequence facilitates metastasis[14].
Treatment with pro-inflammatory cytokines showed
an induction of CXCL1 gene expression in mutated, and
to a lesser extent in wild type cell lines at mRNA and protein level. The most pronounced and quick induction of
CXCL1 gene expression was detected after TNFα stimu-
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lation in DLD-1 (KRAS-mutated) followed by HT-29
(BRAF-mutated) compared to Caco2 (Wt). Similar results
were found after treatment with IL-1β which induced the
maximum gene expression of CXCL1 in HT-29 followed
by DLD-1; a minor but significant increase was also
found in Caco2 (Wt).
CXCL10 at mRNA level were significantly induced
by IFNγ in the mutated cell lines HT-29 followed by
DLD-1, in comparison to wild type (Caco2).
A decreased CXCL1 and CXCL10 gene expression
was detected in the DLD-1 (KRAS) cell line in comparison to wild type (Caco2) at 72h after KRAS silencing.
The specific KRAS inhibition resulted in an up-regulation
of CXCL1 and CXCL10 and induction of the NF���κB
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were plated into 24 well plates and grown for 24 h and then transfected with KRAS siRNA or scrambled (20 nmol/L) for 72 h. Real time PCR was performed for chemokine CXCL1 and CXCL10 with gene specific primers and the expression was normalized to β-���������������������������������������������������������������������
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Data presented are the mean ± SE of 4 independent experiments with double confirmation. aP < 0.05 vs scrambled 72 h.

pathway in ����������������������������
wild type (Caco2) cell line.
Inflammatory cytokines play an important role in
CRC[37]. Significant differences were observed for basal
TNFα and IL-1β expression between mutated (KRAS
and BRAF) and non-mutated CRC cell lines. A pro- as
well as anti-cancer role of TNF has been described[42].
This anticancer effect is multi-factorial as TNF can cause
vascular necrosis, tumor necrosis and has a direct apoptotic effect on tumor cells[32]. Gene expression of TNFα
was found to be the lowest in KRAS and BRAF mutated cell lines compared to non-mutated cells. Based on
these data, it could be suggested that a reduction in basal
TNFα level in mutated cell lines compared to wild type
cell lines could be related to a reduced cell necrosis and
apoptosis in this rapid turnover system. In other words,
reduction in TNF expression might help mutated cells to
survive in a rather hypoxic tumor microenvironment.
Similar results were obtained for IL-1β basal expression with the exception of BRAF mutated cell lines
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which showed an induction of IL-1β compared to KRAS
mutated or non-mutated cell lines.
Another important aspect of the current study was the
absence of IFNγ and IL-6 at basal mRNA level. However,
IFNγ and IL-6 cytokine receptors were detected, as were
TNFα and IL-1β receptors at basal level. The presence
of the receptors points to a functional cytokine sensitivity. A role of IL-6 in tumor progression has already been
described[43]. In fact, interferons are proteins involved in
many functions including, apoptosis, cell cycle control
and they act as mediators of other cytokines[44,45]. IFNγ is
known for anti-proliferative and furthermore anti-tumor
activity in CRC[46]. The lack of detection of these main
pro-inflammatory cytokines in any of the studied cell lines
could explain that tumor cells are able to promote their
microenvironment according to their needs. Additionally,
IFNγ might induce the anti-tumorigenic role of TNF[47]
and the absence of IFN γ might thus prevent TNFinduced classic apoptosis pathway. Reduced expression of
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Figure 10 � ����������
Effect of ����������
MAPK1 and �IκBα protein expression in DLD-1 and Caco2 cells after KRAS knockdown. Proteins (20 μg) from whole-cell lysates were
size-fractionated by SDS-PAGE and transferred on to membranes, and incubated with antibodies as indicated. Representative Western blotting of mitogen-activated
protein kinase (MARK)-1 (44 kDa) and IκBα (41 kDa) proteins in DLD-1 cells (A) and Caco2 cells (D). Densitometric analysis of MAPK-1 (B and C) and IκBα proteins (E
and F) in DLD-1 cells and Caco2 cells. Proteins were densitometrically quantified and expressed as percent increase or decrease compared with scrambled controls.
Equal loading of total proteins were ensured by β-actin (43 kDa). Data presented are the mean ± SE of 3 independent experiments with double confirmation. aP < 0.05
vs scrambled.

TNFα in mutated cell lines and the complete abolishment
of IFNγ expression in our data could be associated with
increased tumor progression as has been suggested above.
Chemokines are known to attract leukocytes during
stress conditions[27] and promote tumor development[48].
According to our results, the increased gene expression of CXCL1 and CXCL8 as well as the decreased
CXCL10 gene expression in KRAS and BRAF mutated
cell lines compared to wild type (Caco2 and Colo-320)
cell lines indicates the likely existence of a specific micro-
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environment depending on the mutation status. Previously, CXCL1 protein secretion was found to be enhanced
in a highly metastatic cell line as compared to a cell line
with low metastatic potential[49]. This is in accordance
with our results. Recent studies have also shown a difference of chemokine expression in intestinal epithelial cells
of normal and IBD patients[50]. The
������������������������
levels of chemokine
expression also correlated well with activity of the disease. Some differences were found in chemokine expression between ulcerative colitis (UC) and Crohn’s disease
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(CD)[50], suggesting that they share common inflammatory pathways.
Moreover, in the tumor microenvironment, the balance between pro-and anti-angiogenic chemokines may
determine the degree of angiogenesis and the ensuing
tumor progression.
In our experiments, TNFα and IFNγ were the main
inducers for CXCL1 and CXCL10 gene expression in
mutated cell lines compared to the wild type (Caco2) cell
line. However, an exception was observed for CXCL8
which showed a higher induction in wild type than in mutated cell lines after IL1β administration.
To understand the possible role of KRAS and the
consequences of inhibiting its activity or expression in
colorectal cancer cell lines, a KRAS knockdown experiment was performed in KRAS-mutant (DLD-1) and
wild type (Caco2) cell lines. Specific siRNA inhibition of
the KRAS gene in a KRAS-mutated cell line (DLD-1)
showed a reduced gene expression of the chemokines
CXCL1 and CXCL10.
These results support that mutation of the RAS gene
in colon cancer influences gene regulation of chemokines
which is in accordance to previous reports. A previous
report stated a reduced expression of chemokines after
mutant KRAS inhibition in a human cancer cell line[51].
Furthermore, a stable knockdown of oncogenic KRAS
led to reduced proliferation rates and anchorage independent growth in lung adenocarcinoma cell lines[52].
It suggests that mutant KRAS may affect the chemokine levels by shifting to additional pathways. An upregulated chemokine levels mean increased recruitment
of immune cells or stromal cells which are known to play
a role in tumor growth and metastasis[53-55].
A large fraction of CRC tumors and cell lines exhibit
constitutive activation of transcription factors that are
essential components of multiple inflammatory pathways
such as NF-κB and MAPK1[38,56] which can be acivated
by inflammatory cytokines[37,40].
A previous study reported that inhibition of NF-κB
pathway reduces chemokine gene expression which could
imply a pharmacological importance in treating IBD[33].
These results are in accordance with our study, where
inhibition of KRAS by the siRNA approach induced
NF-κB (reduced IκBα-level) followed by an increase
in chemokine gene expression in the wild type cell line
(Caco2).
To summarize the data, basal chemokine gene expression for pro-angiogenic chemokines was high in mutated
as compared to wild type cell lines. Furthermore, cytokine
treatment induces the expression of pro-angiogenic
(CXCL1) and anti-angiogenic (CXCL10) chemokines differentially in mutated cell lines compared to wild type.
Our findings give an insight into the interconnection
of the tumor and its microenvironmental factors. A proangiogenic microenvironment promotes neovascularisation and as a consequence facilitates metastasis[38]. The
pro-angiogenic microenvironment in mutated CRC cell
lines might thus be prognostic for a more aggressive and

WJG|www.wjgnet.com

pro-metastatic tumor behaviour, predictive for the use
of anti-angiogenic therapies. It is known, that wild type
mutational status is an important predictor of anti-EGFreceptor therapies[57]. In the head-to-head comparison
of the FOLFIRI chemotherapy with anti-EGFR or antiVEGF-supplementation, patients with RAS-mutant tumors seem to benefit from anti-VEGF therapy in view
of the progression free survival. However, these data still
need further validation. The results of this study may
be helpful to build a rationale for the understanding of
microenvironment remodelling and tumor-microenvironment interactions in view of the different mutations.
It may help to rationalize the choice of molecular targets
for suitable therapeutic investigation in clinical studies.
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olorectal-cancer (CRC) is the third most common malignancy. In CRC, the
most frequently found mutations are in the KRAS (30%-50%) and BRAF (���
approximately� ���������������������������������������������
10%) genes. ���������������������������������
It is known that the presence of KRAS and BRAF
mutations in CRC may influence the efficacy of chemotherapy. It is not known
whether the composition of the immune cells recruited into the tumor is influenced by the KRAS or BRAF mutational status.

Research frontiers

The tumor is able to influence and maintain its own microenvironment, which
includes immune cells, stromal cells and micro-vessels. It can be hypothesized
that different mutations caused during tumorigenesis might drive a varying microenvironment. KRAS and BRAF mutation has been reported in approximately
50% of CRCs. For tumors, it has been shown that KRAS activation generates a
proinﬂammatory microenvironment which may promote tumor growth and invasion. Hence the presence of these mutations suggests that mutant KRAS may
affect the chemokine levels by shifting to additional pathways.

Innovations and breakthroughs

Their data suggests that mutant KRAS may affect the chemokine levels by shifting to additional pathways. In addition an upregulated chemokine levels mean
increased recruitment of immune cells or stromal cells which are known to play
a role in tumor growth and metastasis. The current study build a rationale for
the understanding of microenvironment remodelling and tumor-microenvironment interactions in view of the different mutations.

Applications

The chemotherapy with anti-epidermal growth factor receptor or anti-vascular
endothelial growth factor -supplementation, patients with RAS-mutant tumors
seem to benefit from anti-VEGF therapy in view of the progression free survival. However, these data still need further validation. The results of this study
may be helpful to build a rationale for the understanding of microenvironment
remodelling and tumor-microenvironment interactions in view of the different
mutations. It may help to rationalize the choice of molecular targets for suitable
therapeutic investigation in clinical studies.

Peer review

This research work in this manuscript relates to KRAS mutational status in colorectal carcinoma cell lines. It states that the pro-angiogenic microenvironment in
mutated CRC cell lines might thus be prognostic for a more aggressive and prometastatic tumor behaviour, predictive for the use of anti-angiogenic therapies.
The study is interesting and well addressed. The point is clearly made.
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Frequency and prognostic role of mucosal healing in
patients with Crohn’s disease and ulcerative colitis after
one-year of biological therapy
Klaudia Farkas, Péter László Lakatos, Mónika Szűcs, Éva Pallagi-Kunstár, Anita Bálint, Ferenc Nagy,
Zoltán Szepes, ������
Noémi Vass,���������������
��������������������
Lajos S Kiss, ������
Tibor ����������
Wittmann, ������������
Tamás Molnár
22 patients with UC were assessed. Twenty-four CD
patients received infliximab, and 17 received adalimumab. The endoscopic severity of CD was quantified
with the simplified endoscopic activity score for Crohn’s
disease in CD and with the Mayo endoscopic subscore
in UC.
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RESULTS: Mucosal healing was achieved in 23 CD and
7 UC patients. Biological therapy had to be restarted in
78% of patients achieving complete mucosal healing
with CD and in 100% of patients with UC. Neither clinical remission nor mucosal healing was associated with
the time to restarting the biological therapy in either
CD or UC.
CONCLUSION: Mucosal healing did not predict sustained clinical remission in patients in whom the biological therapies had been stopped.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Mucosal healing has become a subject of
renewed interest, as ���������������
tumor necrosis �������
factor�-α blockers
have proven their efficacy in inducing and maintaining
clinical and endoscopic remission. In this study, mucosal healing was observed in 56% and 32% of Crohn’
s disease �����
(����
CD��)������������������������
�����������������������
and ulcerative colitis �����
(����
UC��)�����������
����������
patients.
Retreatment with biological therapies was required
in 78% of CD patients and in 100% of UC patients,
despite achieving mucosal healing within 12 mo. Our
results showed that mucosal healing after 12 mo of
treatment was not associated with sustained clinical
remission.

Abstract
AIM: T���������������������������������
o assess the endoscopic activity �����������������
before and after
a one-year period of biological therapy and to evaluate the frequency of relapses and need for retreatment
after stopping the biologicals in patients with Crohn’s
disease �����
(����
CD��)������������������������
and
�����������������������
ulcerative colitis �����
(����
UC��
)�.
METHODS: The data from 41 patients with CD and
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tions (National Health Insurance Fund Administration),
biological therapies (infliximab approved for the treatment of CD and UC and adalimumab approved for the
treatment of CD) have to be discontinued after a oneyear treatment period. The endoscopic healing of the
mucosa is commonly evaluated at the end of the one-year
treatment period with anti-TNF blockers in the Hungarian biological centers. In the present study, our aim was
to assess the endoscopic activity and the rate of mucosal
healing after a one-year period of biological therapy and
to evaluate how the endoscopic findings of the mucosa
predict the frequency of relapses and the need for restarting biological therapy after stopping in patients with
CD and UC.
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INTRODUCTION
Colonoscopies still play an important role in the diagnosis, management and monitoring of inflammatory bowel
disease (IBD) - a chronic, relapsing inflammatory condition of the gut. IBD comprises Crohn’s disease (CD) and
ulcerative colitis (UC). Mucosal healing is now regarded
as one of the most important goals in the treatment
of IBD, considering that mucosal healing can alter the
course of the disease due to its association with sustained
clinical remission and reduced rates of hospitalization
and surgery[1]. Although endoscopy provides a direct
evaluation of the mucosal lesions in IBD and intestinal
activity may be quantified by indices of endoscopic activity, a clear definition of mucosal healing is still lacking.
Most of the clinical trials on CD define mucosal healing
as the total disappearance of mucosal ulcerations[2]. The
simplified endoscopic activity score for Crohn’s disease
(SES-CD), developed by Daperno et al[3] has become a
relatively easy tool for the assessment of mucosal lesions
in CD, although it is not widely used in practice. In UC,
several endoscopic indices have been used in clinical trials
to evaluate the endoscopic activity[4]; however, the Mayo
endoscopic score remains the most commonly used, not
only in trials but also in clinical practice[5]. The weaknesses of these endoscopic activity indices include the
absence of a clear definition and the lack of validation of
mucosal healing[6].
Mucosal healing has become a subject of renewed
interest, as TNF-α blockers have proven their efficacy in
inducing and maintaining clinical and endoscopic remission in both CD and UC. In CD, the effect of infliximab
on mucosal healing has been examined in substudies of
larger clinical trials. In the substudy of the ACCENT I
trial[7], 50% of patients receiving scheduled infliximab
achieved mucosal healing at week 54.
Routine endoscopic follow-up is recommended for
all CD patients who have achieved clinical remission with
medical therapy; for those with persistent complaints, in
order to rule out post-inflammatory irritable bowel syndrome; for those still within their first year after surgery;
and for those who are stopping biological therapies but
continuing immunosuppressants[8,9]. Combined immunosuppression is seems to be associated with higher rates
of mucosal healing therefore treatment intensification is
not recommended. However, mucosal healing at the time
of treatment withdrawal may predict better outcomes in
CD[2].
According to the Hungarian reimbursement regula-

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study design and patients
This was a prospective observational study conducted at
2 Hungarian tertiary referral biological centers in the First
Department of Medicine, University of Szeged and First
Department of Medicine, Semmelweis University between
January 2010 and December 2011. The study was approved by the Semmelweis University Regional and Institutional Committee of Science and Research Ethics and by
the Regional and Institutional Human Medical Biological
Research Ethics Committee of the University of Szeged.
The analysis focused on patients who underwent an ileocolonoscopy before and after the one-year biological therapy
and in whom anti-TNFs were discontinued at the end of
the year. Endoscopies were performed by four experienced
gastroenterologists (Molnár T, Lakatos PL, Nagy F, and
Szepes Z) after stopping the one-year biological therapy.
Forty-one consecutive CD patients (25 females, 16
males, mean disease duration at the beginning of biological therapy: 5 years) and 22 UC patients (14 females, 8
males, mean disease duration at the beginning of biological therapy: 9.1 years) were prospectively followed up in
this study. All patients received maintenance infliximab
or adalimumab therapy for one year in accordance with
Hungarian regulations. Diagnosis was based on the
Lennard-Jones Criteria[10]. CD disease phenotypes were
determined according to the Montreal Classification[11].
Twenty-four CD patients received infliximab, and 17
received adalimumab. All of the UC patients received
infliximab. These patients received the last dose of biological therapy at least 3 mo before the repeated one-year
therapy. Twenty-eight patients were naive to biological therapy (did not receive biological therapy before
the one-year treatment period analyzed in the study) in
the CD group, and 21 patients, in the UC group. The
concomitant immunosuppression during the induction
therapy was steroids in 42 and azathioprine in 51 patients.
The clinical characteristics of the patients are presented
in Table 1. Patient data regarding smoking status, previous appendectomy, perianal involvement, presence of extraintestinal manifestation, concomitant immunosuppressive medications, outcome of induction therapy, previous
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by two investigators (Molnár T, Lakatos PL). Mucosal
healing was defined using the endoscopic indices as SESCD between 0 and 3 and Mayo endoscopic subscore as 0.

Table 1 Demographic and clinical characteristics of patients
enrolled in the study

Female/male
Mean age at diagnosis (yr)
Mean age at the beginning of
biological therapy (yr)
Age at diagnosis
< 16 yr (A1)
17-40 yr (A2)
> 40 yr (A3)
Location
Ileal (L1)
Colonic (L2)
Ileocolonic (L3)
Upper GI (L4)
Proctitis
Left-sided colitis
Extensive colitis
Behaviour
Inflammatory (B1)
Stricturing (B2)
Penetrating (B3)
Perianal manifestation
Extraintestinal manifestation
Concomitant medications
Corticosteroids
Azathioprine
Surgery before the biological
therapy
Previous biological therapy
Median CDAI/pMayo at the
start of biological therapy
Median CRP level at the start
of biological therapy (mg/L)
Current smokers
Appendectomy

CD patients
(n = 41)

UC patients
(n = 22)

25/16
28 (15-59)
32 (20-62)

14/8
33 (14-53)
43 (17-66)

4
31
6

2
14
6

6
7
28
0
-

0
14
8

12
8
21
23
26

9

32
35
19

10
16
3

13
340

1
8

10

9.5

18
7

0
0

Endpoints
Data collection and analysis were performed at the 1st
Department of Medicine at the University of Szeged. The
primary endpoint of the study was the proportion of mucosal healing in IBD after the one-year period of biological therapy. The secondary endpoint was the frequency of
relapses in the next year after achieving mucosal healing.
Statistical analysis
Variables were tested for normality using Shapiro-Wilk’s
W test. The χ 2-test and χ 2-test with Yates correction and
logistic regression analysis were used to assess the association between categorical clinical variables and clinical/endoscopic outcomes. The variables analyzed were
gender, disease duration, active smoking, appendectomy,
location/extent, behavior, associated perineal disease,
type of anti-TNF agent, extraintestinal manifestations,
steroid and azathioprine therapy during the induction period, previous surgery, previous biological therapy, clinical
activities, CRP levels (mg/L), and outcomes of induction
therapy. The difference between patients with mucosal
healing and those who failed to achieve endoscopic remission was assessed by chi-square or Fisher’s exact tests.
Kaplan-Meier survival curves were plotted for analysis
with the Log-Rank and Breslow tests. A P value < 0.05
was considered significant. For the statistical analysis,
SPSS15.0 (SPSS Inc., Chicago, IL) was used.

RESULTS

CD: Crohn’s disease; UC: Ulcerative colitis; ���������������������������
GI�������������������������
: Gastrointestinal�������
�����������������������
; CRP:
C-reactive protein; CDAI: Crohns disease activity index.

Clinical activity of CD and UC after the one-year period
of biological therapy
The median CDAI was 60 (interquartile range: 39.3-96) (P
< 0.001) and the partial Mayo score was 0 (interquartile
range: 0-4) (P < 0.001) at the end of the treatment period. A total of 35/41 patients with CD (85%) and 12/22
with UC (55%) achieved clinical remission at the end of
the year of biological therapy.

surgical procedures, and previous biological therapy were
collected. Biopsy samples were not taken routinely.
Assessment of clinical and endoscopic remission based
on biological therapy
Clinical activities, as determined by the Crohn’s Disease
Activity Index (CDAI - with hematocrit value)[12] in CD
and by the Mayo score[4] in UC, were calculated at the
end of the biological therapy when the endoscopic assessment was performed, while partial Mayo scores were
calculated when biological therapy needed to be restarted.
Clinical remission was defined as a CDAI of <� ����
150
points and a Mayo score of < 2 points. Sustained clinical remission was defined as a stable, steroid-free clinical
remission during the 1-year follow-up period. The definition of relapse and indication for restarting biologicals
were an increase of >� ������������������������������
100 points in CDAI and a CDAI
of > 150 points and a partial Mayo score of >� ���������
3 points.
The endoscopic severity of CD was quantified with
SES-CD in CD[2] and with Mayo endoscopic subscore in
UC[4]. The endoscopic scores were prospectively assessed
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Endoscopic activity of CD and UC before and after the
one year period of biological therapy
Colonoscopies reached the terminal ileum in every case.
The median values of the SES-CD and the Mayo endoscopic subscores significantly improved after the anti-TNF
therapy [��������������������������������
���������������������������������
16������������������������������
(����������������������������
interquartile range: 12-23��)� vs 5����������������
(��������������
interquartile
range: 3-9���
)��, P < 0.001, and 3����������������������������
(��������������������������
interquartile range: 2-3��)� vs 1�
(���������������������������
interquartile range: 0-2���)��, P < 0.001�����������������������
]����������������������
. Mucosal healing was
achieved in 23 CD (56%) and 7 UC (32%) patients. At
the end of one year of treatment, clinical remission was
achieved in 96% of CD patients with mucosal healing and
in 71% of UC patients with mucosal healing. Deep remission - both mucosal healing and clinical remission - was
achieved in 22 CD and 5 UC patients.
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Table 2 Univariate regression analysis of need for retreatment
with biologicals

1.0

Factor

Probability of survival without
need to restart biologicals

0.8

Gender
Disease duration
Smoking status
Appendectomy
Location/extent
Behaviour
Type of anti TNF-α therapy
Extraintestinal manifestations
Steroid therapy at inclusion
Previous surgery
Previous biological therapy
Elevated CRP level
Combined immunomodulator use
Outcome of induction therapy

0.6

0.4

0.2
No mucosal healing

Censored

Mucosal healing

Censored

0.0
2

4
6
8
10
12
Time from cessasion of index biological therapy (mo)

CD-P value

UC-P value

0.98
0.09
0.99
0.99
0.99
0.99
0.73
0.35
0.15
0.99
0.38
0.47
0.22
0.30

0.57
0.12
0.37
0.81
0.09
0.97
0.59
0.29

TNF�-α: Tumor necrosis factor�-α;�������������������������������������
CD: Crohn’s disease; UC: Ulcerative
colitis; CRP: C-reactive protein.

Figure 1 �������������
Kaplan-Meier analysis
���������������
using Log-Rank
��������� and
���� Breslow
�������� tests��
�������; ������
clini�
cal remission or mucosal healing was not associated with the time to
restarting biological therapy����
in� ����������������
Crohn’s disease�.

DISCUSSION

Need for restarting biological therapy and association
between mucosal healing and restarting biological
therapy
During the one-year follow up period, 11 patients in the
clinical remission group and 18 patients in the deep remission group had to be retreated. In CD, biological therapy
was restarted due to clinical relapse in 32 (78%) patients
after a median 5 mo (interquartile range: 3.5-6 mo). The
median CDAI was 332 (interquartile range: 121-371) at
the time of relapse. In UC, biological therapy needed to
be restarted in 13 patients (59%) after a median 7.5 mo
(interquartile range: 4-11 mo). The median partial Mayo
score was 6.5 (interquartile range: 5.3-7) at the time of
retreatment. Of note, therapy was restarted in the two
patients who achieved mucosal healing, and 5 of the 7
patients who achieved clinical remission and all 5 patients
who achieved deep remission had to be retreated within
one year. Endoscopic activity was not assessed in every
patient when the biological therapy was restarted. The response rates for retreatment were 81% in CD and 54% in
UC within an average of 8 wk after the reintroduction of
the therapy.
In a univariate or Kaplan-Meier analysis using the
Log-Rank and Breslow tests, neither clinical remission
nor mucosal healing was associated with the time to restarting biological therapy in either CD (Figure 1) or UC.
In univariate analysis, none of the investigated parameters (e.g., gender, disease duration, smoking status, history
of appendectomy, location/extent, behavior, the type
of anti TNF-α therapy, extraintestinal manifestations,
steroid therapy at inclusion, previous surgery, previous
biological therapy, CRP level, or the effect of induction
therapy) was associated with the need to restart biological
therapy in either CD or UC (Table 2). No association was
found between combined immunomodulator therapy and
mucosal healing (Table 2).

In this prospective observational study conducted in patients with CD and UC receiving biological therapy for
one year, mucosal healing was observed in 56% and 32%
of the patients, respectively. Deep remission, including
both clinical and endoscopic remission, was detected in
54% and 23% of patients with CD and UC. Retreatment
with biological therapy was necessary in 78% of CD patients and in 100% of UC patients, despite their achieving mucosal healing within 12 mo. Our results showed
that mucosal healing after 12 mo of treatment was not
associated with sustained clinical remission.
Mucosal healing seems to be associated with better
outcomes (reduced rate of hospitalization, complications, surgery) in CD[13,14]. The study of Ananthakrishnan
demonstrated that mucosal healing as an endpoint is cost
effective in CD patients initiating infliximab therapy[15]. In
a Norwegian study, mucosal healing was associated with
lower colectomy rate in UC and decreased need for steroid treatment in CD[16]. The STORI trial suggested that
one of the predictors of relapse after discontinuation of
biological therapy was the absence of mucosal healing at
the time of drug withdrawal[9]. The study of Baert et al[17]
confirmed that complete mucosal healing after 2 years
of therapy in patients with early stage CD predicted sustained steroid-free remission 3 and 4 years after therapy
was initiated.
Regarding the therapeutic repertoire of IBD, biological agents proved to be the most effective in inducing
mucosal healing. The ACCENT Ⅰ study confirmed that
scheduled infliximab therapy is more effective in achieving mucosal healing than episodic treatment[14] for CD.
The beneficial effect of the combined use of infliximab
and azathioprine on mucosal healing was proven by the
SONIC trial, in which the achievement of mucosal healing occurred in 44% of patients receiving both therapies[18]. In the EXTEND trial, 24% of adalimumab-treated patients reached complete mucosal healing at week
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52[19]. The ACT trials confirmed the efficacy of infliximab
in inducing and maintaining mucosal healing in active
UC[7]. The combined use of infliximab and azathioprine
resulted in 63% mucosal healing in the SUCCESS trial[20].
In our study, anti TNF-α therapy proved to be more effective in achieving mucosal healing in CD than in UC
(almost twice as many CD patients achieved endoscopic
remission as UC patients). This result may be due to the
difference in the sizes of the inflamed area, the enrolled
patient number and the proportion of patients with previous biological therapy in the CD and UC groups. No
differences were detected in the efficacy between infliximab and adalimumab; however, it should be noted that
adalimumab was used in a lower number of patients.
In the future, an important question for discussion
is exactly when mucosal healing should be established.
International guidelines recommend assessing endoscopic healing after stopping the therapy with anti-TNF
agents. Our results do not support this recommendation
after one-year therapy because more than 80% of the
patients with mucosal healing relapsed and needed retreatment. From another point of view, to date, there is
no established guideline on when biological therapy can
be discontinued. According to the recent London Position Statement of the World Congress of Gastroenterology on Biological Therapy for IBD, the withdrawal of
biological therapy is suggested in CD patients who have
both complete mucosal healing and no biological evidence of inflammation[21]. In our study, 85% of patients
with deep remission relapsed within a year. The response
rates for retreatment were 81% in CD and 54% in UC.
In the STORI study, infliximab therapy was terminated
in 115 CD patients in clinical remission after treatment
with a combination of scheduled infliximab and a stable
dose of immunosuppressant for at least one year[9]. Forty-five percent of patients relapsed following withdrawal
from infliximab. Re-treatment with infliximab was effective and well tolerated in 88% of patients who experienced a relapse. In a Danish single-center study, 24%
of CD patients and 30% of UC patients discontinued
infliximab while in clinical steroid-free remission[22]. The
proportion of patients in remission declined steadily,
with 61% of CD patients and 75% of UC patients remaining in remission after 1 year. Half of these patients
maintained their remission after a median of 2 years.
In total, 96% of CD patients and 71% of UC patients
experienced complete clinical remission when retreated
with infliximab after their relapses. In the longitudinal
cohort study by Waugh et al[23] 50% of patients relapsed
within 477 d, while 35% remained in sustained clinical
remission for nearly 7 years.
There are some limitations of this study that should
be mentioned. First, biopsy samples were not taken routinely to assess microscopic activity of IBD. Theoretically,
the microscopic evaluation of the mucosa reflects the
therapeutic response more accurately than an endoscopy,
but it should be noted that the histological assessment of
biopsy samples demonstrates only mucosal abnormalities.
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In CD, the transmural pattern is difficult to evaluate[24] in
this way. The recently published paper by Bessissow et al[25]
demonstrated that the presence of basal plasmacytosis
predicts UC clinical relapse in patients with complete mucosal healing (OR = 5.13, 95%CI: 1.32-19.99).
Moreover, the study of Laharie et al[26] did not find any
correlation between histologically confirmed microscopic
inflammation and endoscopic activity indices. Therefore,
the need for microscopic evaluation in the assessment of
mucosal healing may be worth reassessing. Second, the
sample size is a bit small to draw significant conclusions,
although we think that the tendency of these results is
interesting and worth considering. Third, there is no universal agreement regarding an acceptable definition of
mucosal healing. In this study, mucosal healing was evaluated on the basis of validated endoscopic activity indices;
however, in clinical practice, the disappearance of mucosal ulcers and erosions may be used more frequently.
Currently, the primary goals of treatment in IBD are
not only the induction and maintenance of clinical remission but also the induction of mucosal healing in an
attempt to alter the course of the disease. Endoscopy is
still the gold standard method of assessing changes of the
mucosa. Considering that the macroscopic findings of the
mucosa represent its real alterations after the initiation of
a new therapy, mucosal healing represents a more reliable
and objective marker in the assessment of therapeutic
response than clinical activity indices. However, none of
the studies mentioned above support that mucosal healing
correlates with clinical activity. Our results also revealed a
high proportion of patients who relapsed after mucosal
healing. The higher relapse rates in patients who achieved
mucosal healing may be explained by the shorter duration
of their biological therapy and less frequent use of combined immunosuppressive therapy than in previous similar
studies. In this respect, our results call into question the
routine endoscopic examinations at the end of the oneyear period of biological therapy. Stopping or continuing
the biological therapy may be determined by assessing the
patient’s general condition and the clinical activity. Certainly, large controlled clinical trials are required to confirm these results. However, based on our observations,
we conclude that the long-term advantages of mucosal
healing can be achieved only if we continue previous effective therapies, even after the endoscopic examination.
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riod with anti-TNF blockers.

Research frontiers

Previous studies have suggested that the absence of mucosal healing at the
time of discontinuation of biological therapy predicted a relapse. Scheduled
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infliximab therapy is more effective in achieving mucosal healing than episodic
treatment.

11

Innovations and breakthroughs

Mucosal healing can alter the course of the disease, as it is associated with
sustained clinical remission and reduced rates of hospitalization and surgery.
Exactly when mucosal healing should be established is an important question.
The������������������������������������������������������������������������������
results call into question the routine endoscopic examinations at the end of
a one-year period of biological therapy.

Applications

Anti TNF-α therapy proved to be more effective in achieving mucosal healing in
CD than in UC. Retreatment with biological therapy was needed in 78% of CD
patients and in 100% of UC patients, despite their achieving mucosal healing
within 12 mo. The results call into question the routine endoscopic examina�
tions performed at the end of the one-year period of biological therapy.
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Peer review

This is an interesting study with the important message that mucosal healing
does not predict “sustained” clinical remission if the biologicals are stopped
after one year of treatment.
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eight patients were randomized 1:1 to phlebotomy (n
= 21) or lifestyle changes alone (n = 17). The main
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RESULTS: Phlebotomy was associated with normaliza�
tion of iron parameters without adverse events. In the
21 patients compliant to the study protocol, the rate of
histological improvement was higher in iron depleted vs
control subjects (8/12, 67% vs 2/9, 22%, p = 0.039).
There was a better improvement in steatosis grade in
iron depleted vs control patients (p = 0.02). In patients
followed-up at two years (n = 35), ALT, AST, and GGT
levels were lower in iron-depleted than in control pa�
tients (p < 0.05). �����������������������������������
The prevalence of subjects with im�
provement in histological damage or, in the absence of
liver biopsy, ALT decrease ≥ 20% (associated with his�
tological improvement in biopsied patients) was higher
in the phlebotomy than in the control arm (p = 0.022).
��������
The effect of iron depletion on liver damage improve�
ment as assessed by histology or ALT decrease ≥ 20%
was independent of baseline AST/ALT ratio and insulin
resistance (p = 0.0001).
��������

Abstract
AIM: To compare iron depletion to lifestyle changes
alone in patients with severe nonalcoholic fatty liver
disease (NAFLD) and hyperferritinemia, a frequent fea�
ture associated with more severe liver damage, despite
at least 6 mo of lifestyle changes.

CONCLUSION: Iron depletion by phlebotomy is likely
associated with a higher rate of improvement of his�
tological liver damage than lifestyle changes alone in
patients with NAFLD and hyperferritinemia, and with
amelioration of liver enzymes.

METHODS: ����������������������������
Eligible subjects had to be ������
18-75 ����������
years old
who underwent liver biopsy for ultrasonographically de�
tected liver steatosis and hyperferritinemia, ferritin lev�
els ≥ 250 ng/mL, and NAFLD
���������������������
activity score >
�� ���
1. �����
Iron
depletion had to be achieved by removing 350 cc of
blood every 10-15 d according to baseline hemoglobin
values and venesection tolerance, until ferritin < 30 ng/
mL and/or transferrin saturation (TS) < 25%. Thirty-
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Aim of this study was to compare the effect of iron
depletion by phlebotomy to that of maintenance of
lifestyle changes alone (i.e., the standard of care) on histological liver damage evaluated at 24 mo in a randomized controlled phase Ⅲ trial in subjects with NAFLD
and hyperferritinemia (ClinicalTrials.gov Identifier:
NCT00658164).

Core tip: We compared in a randomized controlled trial
iron depletion by phlebotomy (n = 21) to standard
therapy (n = 17) in patients with severe nonalcoholic
fatty liver disease and hyperferritinemia despite at least
6 mo of lifestyle changes. Phlebotomy was associated
with normalization of iron parameters without adverse
events. In the 21 patients compliant to the study pro�
tocol, the rate of histological improvement was higher
in iron depleted vs control subjects (p = 0.039). In
patients followed-up at two years (n = 35), by the end
of the study �����������������������������������������
alanine aminotransferases����������������
, aspartate ami�
notransferase, and gamma-glutamyl-transferases levels
were lower in iron-depleted than in control patients (p
< 0.05).

MATERIALS AND METHODS
Eligible subjects had to be 18-75 years old who underwent liver biopsy between January 1 st 2007, and December 31st 2010 for ultrasonographically detected liver
steatosis and hyperferritinemia despite at least 6 mo
of lifestyle modifications, ferritin levels ≥ 250 ng/mL
or histological evidence of increased iron stores, and
NAFLD activity score (NAS) > 1 (henceforth defined as
“severe NAFLD”) at a liver biopsy obtained within 6 mo
before randomization, as commonly accepted in NAFLD
trials[21]. Subjects had to be willing to maintain diet and
exercise during the full course of the study, to give written informed consent, and to comply with all study requirements.
We excluded patients with decompensated liver disease, pregnant or lactating females, type 1 or secondary
forms of diabetes, thyroid diseases (by TSH evaluation),
alcohol consumption > 20 g/d for females and > 30 g/d
for males, BMI ≥ 35 kg/m2, other liver diseases, alpha1-antitrypsin deficiency (alpha-1-antitrypsin levels < 80
mg/dL or PiZ/PiZ or PiZ/PiS genotype), and hereditary
hemochromatosis (HFE C282Y/C282Y or C282Y/
H63D or hepatic iron index ≥ 1.9), previous or active
chronic HCV and HBV hepatitis (HBsAg, ABcAg, and
anti-HCV Ab were evaluated in all subjects), congestive
heart failure and ischemic heart disease, systolic dysfunction (ejection fraction ≤ 45%), ECG abnormalities,
malignancy within the last 5 years, serum creatinine levels
> 1.5 mg/dL males, > 1.4 mg/dL females, use of drugs
known to induce NAFLD, and basal hemoglobin levels
< 11 g/dL. Before randomization, all patients underwent
electrocardiographic evaluation, and in the presence of
hyperglycemia or hypertension also echocardiography.
Carriers of HFE gene mutation without hemochromatosis were enrolled, as HFE mutations are strong risk factors for mildly increased iron stores in NAFLD[17,22].
Patients were randomized 1:1 by random numbers
generation to lifestyle changes alone or lifestyle changes
associated with iron depletion by phlebotomy. In the
phlebotomy group, iron depletion had to be achieved by
removing 350 cc of blood every 10-15 d according to
baseline hemoglobin (Hb) values and venesection tolerance, until ferritin < 30 ng/mL and/or transferrin saturation (TS) < 25%. Weekly phlebotomies were allowed for
carriers of the C282Y HFE mutation, smaller phlebotomies (250 cc) for carriers of beta-thalassaemia trait. Maintenance phlebotomies (as much as required) were then
performed to keep iron stores depleted (target: ferritin <
50 ng/mL and < 25%, MCV < 85 fL). Iron removed to

Valenti L, Fracanzani AL, Dongiovanni P, Rovida S, Rametta
R, Fatta E, Pulixi EA, Maggioni M, Fargion S. A randomized
trial of iron depletion in patients with nonalcoholic fatty liver
disease and hyperferritinemia. World J Gastroenterol 2014;
20(11): 3002-3010 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i11/3002.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i11.3002

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), the hepatic expression of the metabolic syndrome[1], affects 20%-30%
of the Western population[2,3]. When associated with
necroinflammation and ballooning, defining nonalcoholic
steatohepatitis (NASH), NAFLD may evolve to cirrhosis
and hepatocarcinoma[4]. Although lifestyle modifications
improve liver damage[5], long-term compliance is difficult
to achieve[6], and no pharmacological approach is yet approved for NASH.
Hyperferritinemia with mild hepatic iron accumulation is observed in 20%-30% of patients with NAFLD
referred to tertiary centres[7-10], and is commonly referred
as dysmetabolic iron overload syndrome[11]. Besides directly inducing liver damage[11], excess iron is involved
in the pathogenesis of metabolic syndrome by inducing
adipose tissue insulin resistance and modifying the release of adipokines[11-13]. Furthermore, hyperferritinemia
and increased iron stores have been associated with the
severity of liver disease and hepatocellular carcinoma in
patients with NAFLD[10,14-17].
Therefore, previous studies have evaluated the therapeutic value of iron depletion in NAFLD. Phlebotomy
ameliorated insulin resistance more than lifestyle changes
alone in a matched case-control study including 128
patients[18], whereas in a propensity score adjusted multicenter study with prospective evaluation of 198 patients,
it increased the likelihood of alanine aminotransferases
(ALT) normalization at the end of follow-up[19]. Furthermore, in a phase Ⅱ trial in 31 patients with NAFLD,
phlebotomy was associated with and improvement in disease activity[20].
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128 patients underwent liver biopsy for
suspected NAFLD 2008-2010
53 excluded because of normal ferritin and iron stores
23 excluded because of mild liver disease
3 refused randomization
38 patients underwent randomization:
21 iron depletion by phlebotomy
17 lifestyle changes
3 lost to follow-up
2 developed serious adverse events (neoplasia)
14 refused control liver biopsy
19 patients underwent
follow-up liver biopsy

Figure 1 Study flow chart. NAFLD: Nonalcoholic fatty liver disease.

Statistical analysis
The sample size was based on the estimate that 20% of
the patients would spontaneously improve liver histology
in the lifestyle changes group. To detect a 45% response
rate among the treatment patients, using an alpha level of
0.05 with 80% power, we estimated we needed to include
62 patients per group. However, the study was closed
before the completion of enrolment because of the difficulties in accepting 24 mo control liver biopsies. Therefore, we report the results obtained in patients enrolled
in the proposing center (Fondazione IRCCS Ca’ Granda
Milano) during the predefined time period (2007-2010).
Data are expression as mean ± SD, median (interquartile range), and frequency (%) according to distribution. Study outcomes were compared between the two
treatment arms by χ 2 test, Student t test or Wilcoxon, as
required according to data distribution. Improvement in
histological indices of liver damage activity were compared by Wilcoxon signed-rank test. Logistic regression
analysis considering the treatment arms and major clinical
confounders was conducted to adjust the effect of treatment on histological improvement and ALT normalization for clinical factors (included variables are reported in
the results section). P values were considered significant
when ≤ 0.05 (two-tailed).

depletion was estimated as previously described[23].
Visits were scheduled at week: -2, baseline (day 1), and
at months 6, 12, 18, 24, for physical examination, evaluation of vital signs and anthropometric measures (weight,
abdominal circumference), laboratory evaluation, including complete blood count, liver enzymes, iron parameters,
C reactive protein, glucose, insulin, serum lipids. Hepatic
ultrasonography was performed at baseline, year 1, year 2.
Adverse event were reported at each visit, and when
notified by the patients. Changes in diabetes medication
dosage or start of new therapy (metformin) have been allowed for HbA1C values < 6% or ≥ 7%.
The primary outcome of the study was improvement
of histological damage related to NAFLD, as defined by
any improvement of NAS (based on the severity of steatosis graded 0-3, lobular necroinflammation graded 0-3,
and hepatocellular ballooning graded 0-2) without worsening of liver fibrosis, or an improvement of liver fibrosis
without worsening of NAS[21]. Liver biopsies have been
reviewed in a blinded fashion by an expert pathologist
(Maggioni M). Hepatic iron concentration was quantified
by atomic absorption spectrometry[24], and scored according to Deugnier et al[25]. Secondary outcomes included the
evaluation of the effect of phlebotomy on liver enzymes
[ALT, aspartate aminotransferareses (AST), and gammaglutamyl-transferases (GGT) levels].
The protocol was approved by the Ethical Committee of the Fondazione IRCCS Ca’ Granda Ospedale
Policlinico Milano, and conforms to the principles of the
Declaration of Helsinki. Informed written consent has
been recorded for each subject participating in the study.
The study flow chart is presented in Figure 1. The clinical
features of enrolled patients are shown in Table 1.

WJG|www.wjgnet.com

RESULTS
Study cohort
We enrolled 38 subjects: 21 were randomized to phlebotomy and 17 to the lifestyle changes arm (Figure 1).
Patients were mostly middle-aged overweight men with
central distribution of adiposity, moderate to severe ste-
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was significantly decreased in phlebotomized patients
(median -9, IQR -9/-1, p = 0.018), but not in controls
(median -2, IQR -5/0, p > 0.05).
No patient reported adverse events nor developed
anemia (Hb levels during the study are shown in Figure
2C), or alterations in renal function tests (not shown).
No significant loss in body weigth was achieved and
maintained during the study in either arms (p > 0.7), and
there was no significant difference in body mass between
treatment groups at the end of the study (27.2 ± 3.9
kg/m2 in the phlebotomy arm vs 27.6 ± 5.2 kg/m2 in the
control arm, p = 0.8).

Table 1 Baseline features of 38 randomized subjects with
nonalcoholic fatty liver disease and hyperferritinemia/
increased iron stores according to treatment allocation
Baseline features

Age (yr)
Gender (female)
Waist circumference, cm
BMI (kg/m2)
HOMA-IR
HDL chol (mg/dL)
Triglycerides (mg/dL)
Type 2 diabetes
Ferritin (ng/mL)
TS (%)
HIC (μg/100 mg dry tissue)
TIS
ALT (UI/mL)
AST (UI/mL)
GGT (UI/mL)
US Steatosis grade > 1
NAS ≥ 3
Fibrosis stage 2-4
HFE genotype
C282Y+ or H63D +/+
Beta-thalassemia trait

Lifestyle
changes alone
(n = 17)
53 ± 11
3 (18)
103 ± 11
28.2 ± 4.7
4.1 ± 2.5
47 ± 18
141 ± 87
1 (6)
642 (505-907)
40 ± 14
234 (98-358)
6 (4-12)
39 ± 29
30 ± 14
40 (24-56)
17 (100)
11 (65)
3 (18)

Phlebotomy
(n = 21)

P value

55 ± 8
1 (5)
102 ± 10
27.7 ± 3.5
4.4 ± 2.3
48 ± 8
129 ± 53
4 (19)
710 (548-997)
42 ± 13
303 (238-570)
9 (6-11)
43 ± 25
31 ± 14
28 (21-41)
17 (81)
13 (63)
7 (33)

0.45
0.31
0.70
0.71
0.67
0.88
0.61
0.23
0.40
0.67
0.23
0.19
0.61
0.70
0.36
0.11
1.00
0.46

2 (11)
4 (23)

2 (10)
4 (19)

0.82
1.00

Effect of treatment on histological damage
Follow-up liver biopsy was performed in 19/38 patients
(50%). Two patients developed severe adverse events
(neoplastic diseases, all in the control group), precluding
follow-up liver biopsy. Therefore, 21 patients were evaluated in a per protocol analysis. Of the remaining patients,
three were lost to follow-up, and 14 refused control liver
biopsy (Figure 1). Reasons most commonly reported for
retiring consent from control liver biopsy were complete
normalization of iron indices and liver function tests in
the phlebotomy group, and the possibility to undergo
phlebotomy for persistently abnormal iron indices in the
control group.
Histological improvement of liver damage in an intention to treat analysis considering all randomized patients
was non-significantly higher in iron depleted vs control
patients (Figure 3A, p = 0.067), but the difference was
statistically significant in the per protocol analysis (Figure
3B, p = 0.039).
Variations in histological indices of liver damage activity in individual patients subdivided according to treatment
arm are presented in Figure 4. Patients randomized to iron
depletion had a significantly better improvement in steatosis grade to that observed in the control group (p = 0.02),
whereas differences in the improvement of necroinflammation and ballooning were not statistically significant.

Data are expressed as absolute numbers (percentage), mean ± SD or median (interquartile range). ALT: Alanine aminotransferases; AST: Aspartate aminotransferases; BMI: Body mass index; Chol: Cholesterol; GGT:
Gamma-glutamyl-transferases; HDL: High density lipoprotein; HFE:
Hemochromatosis gene; HIC: Hepatic iron concentration; HOMA-IR: Homeostasis model assessment insulin resistance index; NAS: Nonalcoholic
fatty liver disease activity score; TIS: Tissue iron score; TS: Transferrin
saturation; US: Ultrasonographic.

atosis and insulin resistance (Table 1). At baseline, about
two thirds of patients had NASH, and roughly a quarter
moderate to severe fibrosis (stage 2-4; Table 1). There
were no significant differences in basal demographic,
clinical, histological and genetic features between the two
treatment arms (Table 1). The majority of patients (22/38,
58%) had already lost > 5% of body weight after clinical presentation, while the other were not able to modify
body weight despite at least 6 mo of lifestyle counseling. All patients had hyperferritinemia at baseline. Four
patients (10%) had hepatic iron concentration within the
upper reference range (150 μg-100 mg), but all were positive for stanaible iron at liver biopsy.

Effect of treatment on liver enzymes
The time course of liver enzymes during the study period
is shown in Figure 5. At later time points, ALT, AST, and
GGT levels were significantly lower in phlebotomized
patients than in controls (p < 0.05).
At receiver-operating characteristic curve analysis
conducted in the 19 patients who underwent both baseline and follow-up liver biopsy (not shown), a decrease
in ALT levels ≥ 20% from baseline to the end of the
study represented the best cut-off among the available
biomarkers for predicting improvement of histological
damage (sensitivity = 100%, specificity = 78%, positive predictive value = 83%, negative predictive value =
100%, positive likelihood ratio = 4.54, negative likelihood
ratio = 0.00).
The prevalence of subjects with improvement in histological damage or, in the absence of liver biopsy, ALT
decrease ≥ 20% (overall liver damage assessment) was

Effect of treatment on iron metabolism and body mass
In patients randomized to iron depletion, phlebotomy
achieved a reduction in biochemical iron parameters
(Figure 2A, B, p < 0.0001). Ferritin levels dropped progressively towards the treatment target, whereas TS was
already reduced to low to normal levels at 6 mo and remained stable throughout the study period. In phlebotomized patients, iron depletion was reached after a median
of 16 phlebotomies, interquartile range (IQR) 12-18,
corresponding to a median of 4.3 g of iron, IQR 2.4-5.6.
In patients with follow-up liver biopsies, tissue iron score
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Figure 3 Effect of treatment on liver damage. Prevalence of demonstrated histological improvement of liver damage at 2 years (any improvement in NAS score
without worsening of fibrosis stage; main outcome of the study) in all patients who underwent randomization (panel A; n = 38; intention to treat analysis), and in patients compliant to the study protocol [panel B; n = 21 (19 biopsied and 2 failures due to serious adverse events), per protocol analysis]. The effect of treatment on
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could not be assessed because lost to final follow-up evaluation); direct and indirect analysis of liver damage evolution in all patients that completed follow-up] is
shown in panel C.

higher in the phlebotomy than in the control arm (p =
0.022; Figure 3C).

depletion was strongly associated with improvement in
liver damage independently of confounders. In addition,
higher baseline AST/ALT ratio (a validated non-invasive
index of liver fibrosis) and insulin resistance (homeostatic metabolic assessment insulin resistance: HOMAIR index) were negative predictors of a favourable outcome. There was no significant influence of age, gender,
baseline iron parameters and hepatic iron stores, and

Independent predictors of liver damage progression
Independent predictors of liver damage improvement
(overall assessment) by multivariate logistic regression
analysis considering variables most strongly associated at
univariate analysis (p < 0.01) are shown in Table 2. Iron
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the genetic background on liver damage improvement
(not shown). The outcome was worse in patients with
higher baseline abdominal circumference, but the effect
was not independent of insulin resistance (not shown).
There was no significant interaction between treatment
arm and either AST/ALT ratio or HOMA-IR on the improvement of liver damage.

domized controlled trial of iron depletion by phlebotomy
on histological liver damage in patients with severe
NAFLD and hyperferritinemia, a commonly observed
clinical syndrome associated with a substantial risk of
progressive liver disease[10,11,14-17].
Difficulties in recruiting patients due to the requirement of follow-up liver biopsy, and to the low rate of
compliance to this procedure, reduced the statistical
power of the study. Notwithstanding, results, that for
the first time are derived from a randomized trial with a
histological outcome, are consistent with improvement

DISCUSSION
In this paper, we present the results of a phase Ⅲ ran-
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col compliance were amplified in the treatment arm by the
positive effect of phlebotomy on biochemical indices, and
in the controls by the possibility to switch to active treatment (which can be prescribed even in the absence of
evidence of efficacy on liver damage progression) without
the need of control biopsy. We believe that these difficulties are inherent to the lack of possibility to perform a
phlebotomy trial in blinded fashion, and to the availability
of active treatment outside the research setting.
Finally, we think that the choice of considering any
improvement of NAFLD activity score without worsening fibrosis as primary outcome (instead of higher
cutoffs), and liver enzymes as secondary outcomes was
appropriate for this study. Indeed, the pathophysiology
of liver damage progression is different in patients with
increased hepatic iron stores than in those with classic
NAFLD, in that in the presence of hepatocellular iron
liver damage is associated with lesser severity of steatosis
and is not invariably dependent on apoptosis[11-13,29,30], but
also on other forms of cellular damage including ferroptosis[31]. Given the evidence that, when associated with
histopathological signs of liver damage, even steatosis
without a diagnosis of definite NASH frequently progress to fibrosis[32], we also believe that the inclusion in the
trial of subjects without definite NASH, but with iron
overload coupled with severe steatosis or necroinflammation/hepatocellular damage, was appropriate.
In conclusion, iron depletion by phlebotomy is probably associated with a higher rate of improvement of
liver damage improvement than the maintenance of lifestyle changes alone in patients with severe NAFLD and
hyperferritinemia, who did not normalize liver enzymes
after at least 6 mo of lifestyle counseling. In addition,
iron depletion ameliorates liver enzymes, with a possible
impact on the natural history of the disease. The present and previous results[18-20] suggest that, in the absence
of pharmacological treatments, larger trials evaluating
phlebotomy treatment may be conducted in patients with
severe NAFLD and hyperferritinemia resistant to lifestyle
changes.

Table 2 Independent predictors of improvement of liver
damage evaluated by multivariate logistic regression analysis
at the end of the trial in 35 patients with nonalcoholic fatty
liver disease and hyperferritinemia/increased iron stores (P <
0.0001 for model)
Independent predictors

1

Iron depletion by phlebotomy
AST/ALT ratio
HOMA-IR index

OR
265
0.86
0.28

P value

95%CI
8.9-1 × 10
0.72-0.94
0.05-0.65

6

0.0001
< 0.0001
0.0003

1

Liver damage included direct or indirect evaluation of liver damage in all
patients that completed follow-up. AST/ALT: Alanine aminotransferases/
aspartate aminotransferases; HOMA-IR: Homeostasis model assessment
insulin resistance index.

of histological damage in patients who underwent iron
depletion, also in line with previous results based on the
assessment of non-invasive markers of liver damage and
on the results of uncontrolled studies[18-20].
Indeed, despite iron depletion was not associated with
a significant improvement of liver damage at the intention to treat analysis, there was a higher rate of histological improvement of NAFLD activity score in patients
randomized to iron depletion who attained to the clinical
protocol. The difference in the improvement rate (roughly
65% vs 25% in the control group) was maintained when
liver damage improvement was estimated by a non-invasive predictor of liver damage evolution, i.e., serum ALT
decrease ≥ 20% compared to baseline, which showed a
high accuracy in the prediction of histological improvement in patients with follow-up liver biopsy. The limited
rate of improvement in the control group is consistent
with the selection of patients that were already resistant
to lifestyle changes at baseline[6], and by the persistence
of altered iron metabolism during the study.
Strengths of the study include the high comparability
of clinical features in the two treatment arms at baseline,
and the fact that all the secondary outcomes related to
improvement of liver enzymes (which could be evaluated
in the majority on randomized patients) were met. Finally,
at multivariate logistic regression analysis the favourable
effect of iron depletion on liver damage improvement
was independent of the other identified predictors, including the AST/ALT ratio, reflecting baseline severity
of liver damage, and of insulin resistance.
Notably, phlebotomy normalized iron parameters and
hepatic iron stores without adverse effects, whereas two
severe adverse events were observed in the control group,
consisting in diagnosis of neoplastic diseases after 1 year
of follow-up. The difference is likely due to chance, even
if increased iron stores have been linked with cancer
risk[26], and iron depletion may reduce carcinogenesis[27].
Limitations related to the limited power of the present study must be weighted against the lack of available
pharmacological treatments for progressive liver disease in
NAFLD and NASH, which is at least partly related to the
difficulty of conducting trials requiring short-term followup liver biopsies[28]. The difficulties in maintaining proto-
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Hyperferritinemia associated with mildly increased hepatic iron stores is frequently observed in nonalcoholic fatty liver disease (NAFLD), the hepatic manifestation of the metabolic syndrome and now a leading cause of liver disease,
and has been associated with more advanced liver damage. Pathophysiological
studies suggested that iron stores may be involved in the pathogenesis of insulin resistance and liver disease progression, and controlled studies indicated
that iron depletion by phlebotomy may decrease insulin resistance and liver
enzymes in patients with NAFLD.
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However, the effect of iron depletion on the progression of liver damage as
evaluated by histological examination, the gold standard for assessment, has
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not been previously tested in a randomized controlled trial in patients with
NAFLD.

Innovations and breakthroughs

In a selected population of Italian patients with NAFLD and hyperferritinemia
which persisted despite at least 6 mo of lifestyle counseling, who were found
to have mild hepatic iron overload, iron depletion by phlebotomy was well tolerated and induced a more marked amelioration of liver enzymes, non-invasive
markers of liver damage, than lifestyle counseling alone. In addition, in a subgroup of patients who underwent follow-up liver biopsy at 2 years, iron depletion was associated with a higher probability of improvement of the histological
activity of NAFLD.
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Applications

These findings suggest that iron depletion by phlebotomy should be further
studied, as it represents as an attractive therapeutic approach for patients with
NAFLD with persistent hyperferritinemia despite a trial of lifestyle change/additional therapies or with increased iron stores.
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Peer review

Authors present their findings on a randomized controlled Phase III trial investigating the therapeutic efficacy of phlebotomy to treat fatty liver disease
associated with high ferritin. The concept is intriguing. The article is well written
and clearly presented. The low power does not allow us to draw any definitive
conclusions, though the results support a large Phase III trial. To their credit, the
authors fully acknowledge the limitations.
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Hyperoxia accelerates progression of hepatic fibrosis by upregulation of transforming growth factor-β expression
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of 20 m with 100% oxygen supply for 1 h/d during 7
wk. We evaluated the degree of hepatic fibrosis using
Masson trichrome stain and examined the expression
level of hepatic TGF-β mRNA using quantitative realtime reverse transcriptase-polymerase chain reaction
analysis.
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RESULTS: Eight of 10 rats exposed to hypoxia showed
diffuse and confluent fibrosis with the formation of
structurally abnormal parenchymal nodules involving
the entire liver, consistent with hepatic cirrhosis. Nine
of 10 rats exposed to hyperoxia also demonstrated
obvious histological findings of hepatic cirrhosis identical to those in hypoxic rat livers. In contrast, 8 of 10
untreated rats had periportal or septal fibrosis only.
The frequency of hepatic cirrhosis in hypoxic rats (P =
0.009) and hyperoxic rats (P = 0.003) was significantly
higher than that in untreated rats. In addition, hepatic
TGF-β mRNA levels in hyperoxic rats were significantly
higher than those in untreated rats. The mean value of
the normalized TGF-β mRNA/β-actin expression ratio in
the hyperoxic rats was 1.9-fold higher than that in the
untreated rats (P = 0.027).
CONCLUSION: We demonstrated that both hypoxia
and hyperoxia accelerated the progression of hepatic
fibrosis in rats. Significant up-regulation of hepatic
TGF-β in hyperoxic rats suggests that TGF-β is involved
in the acceleration of hepatic fibrosis under hyperoxic
conditions.

Abstract
AIM: To investigate the effect of hypoxia or hyperoxia
on the progression of hepatic fibrosis and to examine
the role of transforming growth factor-β (TGF-β) in the
livers of rats exposed to hypoxic or hyperoxic conditions.

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

Key words: Hepatic fibrosis; Cirrhosis; Hypoxia; Hyperoxia; Transforming growth factor-β

METHODS: Male Sprague-Dawley rats were injected
intraperitoneally with thioacetamide to induce hepatic
fibrosis and were randomly divided into a hypoxia
group, a hyperoxia group and an untreated control
group. Ten rats in the hypoxia group were exposed to
an altitude of 20000 ft for 1 h/d during 7 wk. Ten rats
in the hyperoxia group were exposed to a water depth
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Core tip: We observed that both hypoxic and hyperoxic rat livers exhibited significantly higher frequencies
of hepatic cirrhosis than untreated rat livers. We also
observed that hepatic transforming growth factor-β
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ing pathway have markedly decreased hepatic fibrosis in
experimental models[16,17].
Oxygen has important functions as a substrate for
biochemical reactions and a modulator of gene expression. Impaired tissue oxygenation and cellular hypoxia
are major components in the pathophysiology of a variety of clinical conditions, including infection, wounds,
stroke, myocardial infarction, chronic lung disease, and
hepatic fibrosis[18,19]. Hypoxia always occurs during liver
injury or inflammation, in which swelling of hepatocytes,
accumulation of extracellular matrix in the spaces of
Disse, construction of regenerating parenchymal nodules and fibrotic septa, and the formation of abnormal
vascular networks indicate that hepatocellular hypoxia is
involved in the progression of hepatic fibrosis and tissue
remodeling[20-25]. Conversely, exposure to hyperoxic conditions generally improves tissue oxygenation. A dramatic increase in oxygen content and arterial blood oxygen
pressures accounts for the markedly facilitated diffusion
of oxygen to tissues during hyperoxic exposure[26]. However, the advantage of hyperoxia in augmenting oxygen
availability to tissues is challenged by the commonly
accepted paradigm of cell injury, which emphasizes the
role of ROS formation leading to the up-regulation of
pro-inflammatory mediators and aggravation of tissue
damage[27]. In particular, previous data have suggested
that ROS generation is a fundamental mechanism of
liver injury[28]. ROS can damage cellular macromolecules
and therefore may participate in hepatocellular injury
when produced in excess[29]. Moreover, increasing evidence implicates ROS in the pathogenesis of hepatic
fibrosis and cirrhosis[29,30].
Although several studies have investigated the relationship between tissue fibrosis and hypoxia, they have
focused on the effects of hypoxia in diseases of the
heart, lung, and kidney[18,31,32]. Furthermore, the effect of
hyperoxic exposure on hepatic fibrosis has not yet been
reported. Therefore, the relationship between hepatic fibrosis and hypoxic or hyperoxic conditions in vivo remain
to be elucidated. The aim of this study was to investigate
the effects of hypoxia or hyperoxia on the progression
of hepatic fibrosis and to examine the expression level
of TGF-β in the livers of rats exposed to hypoxic or hyperoxic conditions.

(TGF-β) expression in hyperoxic rats was significant
higher than that in untreated rats, suggesting that
TGF-β is involved in the acceleration of hepatic fibrosis
under hyperoxic conditions. To the best of our knowledge, up-regulated TGF-β expression in the livers of
cirrhotic rats exposed to hyperoxia has not been reported.
Lee SH, Do SI, Kim HS. Hyperoxia accelerates progression of
hepatic fibrosis by up-regulation of transforming growth factor-β
expression. World J Gastroenterol 2014; 20(11): 3011-3017
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i11/3011.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i11.3011

INTRODUCTION
Hepatic fibrosis is an essential pathophysiological consequence of various chronic liver injuries and a common
underlying mechanism for hepatic insufficiency[1]. Hepatic fibrosis is currently known to be part of a dynamic
process in the setting of liver injury that leads to an abnormal accumulation of extracellular matrix in the liver.
The endpoint of hepatic fibrosis is cirrhosis, which is
characterized by the formation of regenerative nodules
of liver parenchyma separated by confluent fibrotic septa and is accompanied by significant morbidity and mortality[2]. Complex interaction between various liver cell
types, such as hepatic stellate cells, hepatocytes, Kupffer
cells, and liver sinusoidal endothelial cells, contributes to
hepatic fibrosis. Each of these cell types releases a subset
of mediators and cytokines that have diverse effects on
the progression of hepatic fibrosis and the development
of hepatic cirrhosis[1].
Extensive studies using animal models of hepatic
fibrosis have revealed that several groups of key genes
mediate liver fibrogenesis[3,4]. For example, genes regulating hepatocellular apoptosis and necrosis influence the
extent of tissue damage and the subsequent profibrogenic response[5,6]. Genes regulating the generation of
pro-inflammatory cytokines and reactive oxygen species
(ROS) determine the profibrogenic response to injury
and extracellular matrix deposition[7-10]. Among these,
a particularly well-studied molecule is transforming
growth factor-β (TGF-β), which is widely regarded as
profibrogenic in liver injury[11]. A number of studies have
identified TGF-β as the most important fibrogenesisstimulating cytokine in the liver[1,2,12]. The findings of increased hepatic stellate cell activation and hepatic fibrosis
in mice with elevated hepatic TGF-β level provide direct
evidence for the critical role of TGF-β in hepatic fibrosis[13]. TGF-β is also considered profibrogenic because it
inhibits hepatic stellate cell apoptosis, thereby contributing to the increased number of these cells in the setting
of liver injury[14]. In addition, TGF-β stimulates extracellular matrix production by liver sinusoidal endothelial
cells[15]. Strategies aimed at disrupting the TGF-β signal-
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MATERIALS AND METHODS
Experimental model
Throughout the experimental period (7 wk), 30 SpragueDawley adult male rats (Samtako Bio Korea Co., Ltd.,
Osan, Gyeonggi-do, South Korea) 6-7 wk of age and
weighing between 200 and 230 g were fed standard
laboratory rat chow, provided with free access to water,
and maintained on a 12-h light-dark cycle under pathogen-free conditions. Temperature and moisture were
controlled at 20-25 ℃ and 40%-45%, respectively. To
induce hepatic fibrosis, the rats were injected intraperitoneally with 200 mg/kg of thioacetamide (dissolved in
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activation step at 95 ℃ for 30 s, followed by 45 cycles at
95 ℃ for 2 s, 58 ℃ for 5 s, and 65 ℃ for 10 s. A melting
curve, ramping from 65 ℃ to 95 ℃, was produced after
each RT-PCR to test for the presence of primer dimers.
When primer dimer formation was detected, the PCR
was rerun using a separate aliquot of cDNA. Each measurement was repeated twice. The normalized expression
ratio was calculated using the 2-ΔΔCt method[34].

Table 1 Degree of hepatic fibrosis
Descriptive diagnosis
No fibrosis
Portal fibrosis
Periportal fibrosis

Septal fibrosis

Cirrhosis

Definition
Normal connective tissue
Fibrous portal expansion
Periportal fibrosis with short septa extending
into lobules or rare porto-portal septa (intact
architecture)
Fibrous septa reaching adjacent portal tracts
and terminal hepatic venules (architectural
distortion, but no obvious cirrhosis)
Diffuse nodular formation

Statistical analysis
Fisher’s exact test was performed to compare the degree
of hepatic fibrosis between groups. The Kruskal-Wallis
test was performed to examine whether the expression
level of hepatic TGF-β messenger RNA (mRNA) differed significantly between the groups. Statistical analyses were performed using SPSS version 20.0 (IBM SPSS
Inc., Chicago, IL, United States). A P value of less than
0.05 was deemed statistically significant.

saline; Sigma-Aldrich Co., St. Louis, MO, United States)
twice per week. The rats were randomly divided into
3 experimental groups. Ten rats in the hypoxia group
were exposed to an altitude of 20000 ft for 1 h/d. Ten
rats in the hyperoxia group were exposed to a water
depth of 20 m with 100% oxygen supply for 1 h/d.
The remaining 10 rats were used as an untreated control
group. Animals were killed using diethyl ether 3 d after
the last thioacetamide injection and laparotomized via a
midline incision. Livers were removed from the animals
and immediately preserved in a 10% formaldehyde (formalin) solution or frozen in liquid nitrogen and stored
at -70 ℃ until quantitative real-time reverse-transcriptase polymerase chain reaction (RT-PCR) analysis was
performed. The institutional animal ethics committee
of the Republic of Korea Air Force Aerospace Medical
Center approved all experimental procedures involving
animals.

RESULTS
Histologically, all specimens showed hepatic fibrosis,
although the degree of fibrosis was variable. Eight of
10 rats exposed to hypoxia showed diffuse and confluent fibrosis with the formation of structurally abnormal
parenchymal nodules involving the entire liver, consistent with hepatic cirrhosis (Figure 1A). Nine of 10 rats
exposed to hyperoxia also demonstrated obvious histological findings of hepatic cirrhosis identical to those in
hypoxic rat livers (Figure 1B). In contrast, only 2 of 10
untreated rats exhibited hepatic cirrhosis; the remaining
8 rats in the control group exhibited periportal (2 rats)
or septal (6 rats) fibrosis only (Figure 1C). The frequency
of hepatic cirrhosis in the hypoxic rats (P = 0.009) and
hyperoxic rats (P = 0.003) was significantly higher than
that in the untreated rats (Table 2).
Quantitative real-time RT-PCR revealed that the
expression level of hepatic TGF-β mRNA in the hyperoxic rats was significantly higher than that in the
untreated rats (P = 0.027; Figure 2). The mean value of
the normalized TGF-β mRNA/β-actin expression ratio
in the hyperoxic rats was 1.9-fold higher than that in the
untreated rats (Table 3). In contrast, the TGF-β mRNA
levels in the livers of hypoxic rats were not significantly
different from those in the untreated rats (P = 1.000;
Figure 2).

Histological evaluation
After 48 h of formalin fixation, the liver tissues were embedded in paraffin and processed for routine hematoxylin-eosin and for Masson trichrome stains. The degree of
hepatic fibrosis was graded according to the standardized
guideline proposed by the Korean Study Group for Pathology of Digestive Diseases (Table 1)[33].
Quantitative real-time RT-PCR analysis
Total RNA was extracted from the liver tissue samples
using a NucleoSpin RNA Ⅱ extraction kit (MachereyNagel GmbH and Co. KG, Dueren, Germany). For
complementary DNA (cDNA) synthesis, 1 μg of total
RNA was reverse-transcribed using a ReverTra Ace-αreverse transcriptase kit (Toyobo Co., Ltd., Osaka, Japan).
The reverse-transcribed cDNA was used for real-time
RT-PCR with SsoAdvanced SYBR Green Supermix (BioRad Laboratories, Inc., Hercules, CA, United States).
PCR was performed using a Bio-Rad CFX384 Real-Time
PCR Detection System (Bio-Rad Laboratories, Inc.).
The primer sequences used for TGF-β were as follows:
forward 5′-AGGGCTACCATGCCAACTTC-3′; reverse
5′-CCACGTAGTAGACGATGGGC-3′. The primer
sequences used for β-actin were as follows: forward
5′-TCTTCCAGCCTTCCTTCCTG-3′; reverse 5′-CACACAGAGTACTTGCGCTC-3′. PCR reactions for
TGF-β and β-actin were initiated with an initial PCR
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DISCUSSION
In this study, we investigated the effect of hypoxia or
hyperoxia on hepatic fibrosis progression using an animal model of hepatic fibrosis. We observed that both
hypoxic and hyperoxic rat livers exhibited frequencies of
hepatic cirrhosis that were significantly higher than those
in untreated, normoxic rat livers. Hypoxia is known to
be a key factor in tissue damage and to play a crucial role
in chronic liver injury. Exposure to hypoxic conditions
stimulates the release of a variety of mediators from he-
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A

B

C

Figure 1 Histology of hepatic fibrosis and cirrhosis. A, B: The livers obtained from 8 of 10 hypoxic rats (A) and 9 of 10 hyperoxic rats (B) demonstrated obvious
histological findings of hepatic cirrhosis, including the formation of structurally abnormal parenchymal nodules and confluent fibrotic septa; C: In contrast, 6 of 10 untreated rat livers showed periportal fibrosis only (Masson trichrome stain; original magnification, × 40).

peroxidation and up-regulation of pro-inflammatory
cytokines[41-44]. In the liver, Kupffer cells and neutrophils
can induce oxidative tissue damage both directly via the
effect of ROS on cellular components and indirectly
through the release of protease [45]. Increased oxidative stress and the formation of ROS cause extensive
necrosis of the liver and ultimately contribute to the
development of fibrosis and cirrhosis. Oxidative stress
figures prominently in several scenarios of liver fibrogenesis[46,47]. Bhandari et al[48] demonstrated that patients
with Child-Pugh class C cirrhosis have greater oxidative
stress than those with class B cirrhosis, suggesting that
the severity of hepatic cirrhosis is associated with the
degree of oxidative stress. Given these data, our findings
suggest that hyperoxic exposure accelerates the progression of hepatic fibrosis. In addition, this study can serve
as a background for assessing the role of antioxidants in
preventing the progression of hepatic cirrhosis.
To clarify the role of TGF- β on hepatic fibrosis
under hypoxic or hyperoxic conditions, we investigated
the expression of hepatic TGF- β mRNA in rats exposed to hypoxia or hyperoxia. Although a number of
studies have examined the effect of TGF-β in experimental models of hepatic fibrosis, to the best of our
knowledge, TGF-β expression in the livers of cirrhotic
rats exposed to hypoxia or hyperoxia has not been reported. We observed that hepatic TGF-β mRNA level
in hyperoxic rats was significantly higher than that in
untreated rats. This finding is consistent with previous

Table 2 Difference in the degree of hepatic fibrosis among
the three groups
Diagnosis

Periportal fibrosis
Septal fibrosis
Cirrhosis

Number of rats
Control group Hypoxia group Hyperoxia group
(n = 10)
(n = 10)
(n = 10)
2
0
0
6
2
1
2
81
92

1

P = 0.009 vs control group; 2P = 0.003 vs control group.

patic stellate cells and affects the progression of hepatic
fibrosis[21,35-37]. Hernandez-Guerra et al[38] revealed that
hypoxia aggravates intrahepatic endothelial dysfunction in cirrhotic rat livers. Some in vitro studies have also
reported that hypoxia activates hepatic stellate cells and
accelerates hepatic fibrosis[22,23,25]. In this context, our
finding supports the notion that exposure to hypoxia
worsens hepatic fibrosis. In contrast, the effect of hyperoxia on the progression of hepatic fibrosis or the
development of hepatic cirrhosis has very rarely been
reported. Instead, some available data are sufficient to
support the suggestion that hyperoxia exerts beneficial
anti-inflammatory effects in models of tissue hypoxia
and has protective effects on hemodynamic and metabolic parameters against splanchnic ischemia-reperfusion
in rats[39,40]. However, hyperoxic exposure is generally accepted to often result in the formation of ROS in tissues
directly implicated in the induction of cell injury via lipid
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Normalized TGF-β/β-action
mRNA expression ratio (%)

200

a

Table 3 Quantitative real-time reverse-transcriptase polymerase
chain reaction results
Measurement
TGF-β mRNA
average Ct
β-actin mRNA
average Ct
Δ
Ct
ΔΔ
Ct
Normalized
expression ratio

100

0

Control group Hypoxia group Hyperoxia group

Control group

Hypoxia group

Hyperoxia group

31.51 ± 1.49

30.84 ± 1.07

29.57 ± 0.96

23.99 ± 1.18

23.35 ± 1.27

22.90 ± 0.72

7.52 ± 0.63
0 ± 0.63
1.0

7.49 ± 0.65
-0.03 ± 0.65
1.11

6.67 ± 0.67
-0.77 ± 0.74
1.92

1

P = 1.000 vs control group, 2P = 0.027 vs control group.

Figure 2 Quantitation of hepatic transformation growth factor-β mRNA
expression level using real-time reverse-transcriptase polymerase chain
reaction analysis. Results are mean values of 2 independent experiments with
10 rats in each group. The mean value of the normalized hepatic transformation
growth factor-β (TGF-β)/β-actin mRNA expression ratio in the hyperoxic rats
was significantly higher than that in the untreated rats. aP < 0.05 vs the corresponding values in the control group.

liver. Further investigations are necessary to clarify the
relationship between TGF-β expression and the progression of hepatic fibrosis under hypoxic conditions.
In conclusion, we demonstrated that both hypoxia
and hyperoxia accelerated the progression of hepatic
fibrosis in rats. In addition, a significant up-regulation of
hepatic TGF-β in hyperoxic rats suggests that TGF-β
is involved in the acceleration of hepatic fibrosis under
hyperoxic conditions.

data which showed that hyperoxic exposure elevated
the expression level of TGF-β[49]. Similarly, AlejandreAlcazar et al[50] demonstrated that hyperoxia up-regulates
the expression level of key components of the TGF-β
signaling pathway, including type Ⅱ TGF-β receptor,
type Ⅰ bone morphogenetic protein receptors, and Smad
proteins. They further illustrated that TGF-β stimulation dramatically elevates the levels of tissue inhibitors
of metalloproteinase-1 mRNA in fibroblasts, supporting
the idea that dysregulation of TGF-β signaling impacts
extracellular matrix deposition and tissue remodeling[50].
Together with these results, the observation in the present study that hyperoxic rats exhibited a significantly
higher frequency of hepatic cirrhosis than untreated rats
suggests that TGF-β is partially responsible for the acceleration of hepatic fibrosis progression in rats exposed
to hyperoxia.
However, no significant difference between hepatic
TGF-β mRNA levels in hypoxic rats and untreated rats
was found. In fact, relevant experimental studies have
provided conflicting results regarding the effect of hypoxia on TGF-β expression. An in vitro study demonstrated that hypoxic exposure induces an increase in the
expression level of TGF-β mRNA[51]. A study using a
model of carbon tetrachloride-induced hepatic fibrosis
also showed that hypoxic rat livers release TGF-β protein[52]. Similarly, hypoxia has been shown to up-regulate
TGF-β synthesis and enhance its effect in human skin
and lung fibroblasts[53,54]. In contrast, a study using a cell
culture method has shown that hypoxia increases the
production of fibronectin, collagen Ⅰ, and collagen Ⅳ,
but not TGF-β, in placental fibroblasts, suggesting that
increased extracellular matrix production under hypoxia
is not mediated directly by increased TGF- β [55]. Our
observation raises 2 possibilities. First, hepatic fibrosis might be accelerated independent of TGF-β under
hypoxic conditions. Second, intermittent exposure to
hypobaric hypoxia at the altitude of 20000 ft might be
insufficient to affect TGF-β mRNA transcription in rat
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COMMENTS
COMMENTS
Background

Hepatic fibrosis is a pathophysiological consequence of chronic liver injuries
and a common underlying mechanism for hepatic insufficiency. Experimental
models of hepatic fibrosis have provided a means to study the cell and molecular mediators of fibrosis and revealed that several groups of key genes mediate
liver fibrogenesis. In particular, extensive studies have identified transforming
growth factor (TGF)-β as the most important profibrogenic cytokine in the liver.
Although a number of studies have investigated the relationship between tissue
fibrosis and oxygen tension, they have focused on the effects of hypoxia in diseases of the heart, lung, and kidney. The effect of exposure to hyperoxic conditions on hepatic fibrosis and the role of TGF-β in the progression of fibrosis in
hyperoxic livers have not yet been reported.

Research frontiers

Hyperoxic exposure is generally accepted to result in the formation of reactive
oxygen species (ROS) in a variety of tissues directly implicated in the induction of cell injury via lipid peroxidation and up-regulation of pro-inflammatory
cytokines. In the liver, Kupffer cells and neutrophils can induce oxidative tissue
damage both directly via the effect of ROS on cellular components and indirectly through the release of proteolytic enzymes. Furthermore, the formation
of ROS and increased oxidative stress cause extensive hepatocellular necrosis
and ultimately contribute to the development of hepatic fibrosis and cirrhosis.
Oxidative stress figures prominently in several scenarios of liver fibrogenesis.

Innovations and breakthroughs

The authors observed that hyperoxic livers exhibited frequencies of hepatic
cirrhosis that were significantly higher than those in untreated, normoxic livers.
In addition, they further observed that hepatic TGF-β mRNA level in hyperoxic
rats was significant higher than that in untreated rats. To the best of our knowledge, no reports have been published demonstrating a significant relationship between exposure to hyperoxia and frequencies of hepatic cirrhosis and
discussing the role of TGF-β in the progression of hepatic fibrosis in hyperoxic
rat livers. The observations in the present study suggest that TGF-β is partially
responsible for the acceleration of hepatic fibrosis progression in rats exposed
to hyperoxia.

Applications

Based on the observation that hyperoxic exposure accelerates the progression
of hepatic fibrosis, this study may serve as a background for assessing the role
of antioxidants in preventing the progression of hepatic cirrhosis.
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Terminology

Hepatic cirrhosis is the endpoint of hepatic fibrosis and various chronic liver
diseases characterized by the formation of regenerative nodules of liver parenchyma separated by confluent fibrotic septa. It is typically accompanied by significant morbidity and mortality. TGF-β is a protein that controls the cell cycle,
apoptosis, proliferation and differentiation in most cells. In the liver, it plays a
crucial role in inhibiting hepatic stellate cell apoptosis, thereby contributing to
the increased number of these cells in the setting of liver injury. In addition,
TGF-β stimulates extracellular matrix production by liver sinusoidal endothelial
cells.
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Peer review

This is well performed study, in which authors analyzed the frequency of hepatic
cirrhosis and TGF-β expression status in rats exposed to hyperoxia. The results
are interesting and suggest that TGF-β accelerates the progression of hepatic
fibrosis following hyperoxic exposure. Further investigations are recommended
to elucidate the molecular biological functions of TGF-β and a potential role of
ROS in association with hyperoxia in the liver.
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Midkine promotes perineural invasion in human pancreatic
cancer
Jun Yao, Wen-Yao Li, Shuo-Guo Li, Xiao-Shan Feng, She-Gan Gao
RESULTS: MK and syndecan-3 were found in 26 (61.9%)
and 24 (57.1%) specimens, respectively. MK and syndecan-3 expression was associated with perineural invasion
(P = 0.018 and 0.031, respectively). High MK expression
was closely associated with advanced tumor, node and
metastasis stage (P = 0.008), lymph node metastasis
(P = 0.042), and decreased postoperative survival at 3
years (51.0% vs 21.8%, P = 0.001). Syndecan-3 levels
were correlated with tumor size (P = 0.028). Patients
who were syndecan-3 negative had a higher cumulative
survival rate than those who were positive, but the difference was not significant (44.0% vs 23.0%, P > 0.05).
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CONCLUSION: MK and syndecan-3 are frequently expressed in pancreatic cancer and associated with perineural invasion. High expression of MK and syndecan-3
may contribute to the highly perineural invasion and
poor prognosis of human pancreatic cancer.
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Abstract
AIM: To investigate midkine (MK) and syndecan-3
protein expression in pancreatic cancer by immunohistochemistry, and to analyze their correlation with
clinicopathological features, perineural invasion, and
prognosis.

Key words: Midkine; Syndecan-3; Pancreatic cancer;
Neurite growth; Perineural invasion
Core tip: Midkine (MK) has diverse biological properties,
including neuritis outgrowth and tumor progression.
Syndecan-3 is a high-affinity receptor for MK and an
essential component for neurite outgrowths. MK and its
receptor may play an important role during perineural
invasion. In this study, MK and syndecan-3 proteins
levels were detected and analyzed for correlations with
clinicopathological features, perineural invasion, and
prognosis. Our results show that high expression of MK
contributes to the highly perineural invasion and poor
prognosis of human pancreatic cancer.

METHODS: Pancreatic cancer tissues (including adequately sized tumor tissue samples and tissue samples
taken from areas less than 2.0 cm around the tumor)
were taken from 42 patients who were undergoing a
partial duodenopancreatectomy. MK and syndecan-3
proteins were detected by immunohistochemistry using a standardized streptavidin-peroxidase method, and
analyzed for their correlation with clinicopathological
features, perineural invasion, and prognosis. Associations of neural invasion with aggressive characteristics
of pancreatic cancer and the presence of perineural
invasion were assessed by two independent observers
blinded to the patient status.
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sue samples taken from areas less than 2.0 cm around the
tumor) were taken from 42 patients who were undergoing a partial duodenopancreatectomy (Whipple resection) for pancreatic cancer at Department of Pancreatic
Surgery (First Affiliated Hospital of Henan University
of Science and Technology). Samples were fixed with
4% formalin for histological studies and analysis of perineural invasion was performed according to a previously
described method[23]. In addition, 10 samples containing
normal pancreatic tissues from patients who received
partial pancreatectomy for benign tumors were used as
normal controls.
Of the 42 patients, 26 were men and 16 were women.
The median age at the time of surgery was 62.5 years
(range: 40-82 years). The histological type of all 42 patients was pancreatic ductal adenocarcinoma. Tumor
stage and histopathological grade were recorded based
on the classification of the International Union Against
Cancer[24]. There were 10 stage Ⅰ, 11 stage Ⅱ, 16 stage
Ⅲ, and 5 stage Ⅳ cancers. Histological grades were as
follows: 5 grade Ⅰ, 22 grade Ⅱ, and 15 grade Ⅲ. All patients were followed and the median duration of followup was 24 (2-46) mo. All studies were approved by the
Human Subjects Committee of Henan University of Science and Technology, China.

wjgnet.com/1007-9327/full/v20/i11/3018.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i11.3018

INTRODUCTION
Pancreatic cancer is one of the most aggressive and intractable human malignant cancers[1,2]. Perineural invasion
extending into the pancreatic nerve plexus is a histopathologic characteristic of pancreatic cancer. However,
the mechanisms contributing to the invasion of intrapancreatic nerves and spread of cancer cells along the extrapancreatic nerves during pancreatic tumorigenesis remain
poorly understood. A family of proteins consisting of
neurotrophic factors is of interest due to recent experimental data that showed their involvement in the neural
invasion of pancreatic cancer[3,4].
Midkine (MK), a type of neurotrophic factor, is also
known as a neurite growth promoting factor. MK has a
molecular weight of 13 kDa[5]. MK proteins in humans
and rats are identical and share a 45% amino acid similarity with pleiotrophin (PTN), which is the only other
member of this family [6]. The MK family possesses
diverse biological properties, including neuritis outgrowth[7,8], neuronal survival[9,10], carcinogenesis, and tumor progression[6,11]. MK is mainly expressed during early
embryogenesis. In human adult tissues, MK is markedly
down-regulated and present only at minimal levels in very
few tissues. It is not expressed in normal pancreatic tissues, but highly expressed in pancreatic cancer[12].
Syndecan-3 is a high-affinity receptor for MK and
an essential component for neurite outgrowths [13].
MK-induced neurite outgrowth can be inhibited by antisyndecan-3 antibodies in vitro[14]. This MK receptor is mainly
expressed in neural tissues by neurons and localized in neurites[15].
High expression of MK has been reported in a number of malignant tumors, including breast cancer, prostate cancer, pancreatic cancer, and neuroblastoma[16-20].
Interestingly, perineural invasion is prone to occur in
these MK-positive tumors. Therefore, this suggests that
as a neurite growth-promoting factor, MK and its receptor syndecan-3 may play an important role in the perineural invasion of pancreatic cancer. In previous studies,
we have confirmed that another member of the MK
family, PTN, and its receptor could promote neurite outgrowth[21] and perineural invasion of pancreatic cancer[22].
To elucidate the function of MK and its receptor in
pancreatic cancer, we compared the expression patterns
of MK and syndecan-3 by immunohistochemistry in
patients with data containing clinicopathological features,
perineural invasion, and overall survival.

Immunohistochemistry
MK and syndecan-3 proteins were detected by immunohistochemistry using a standardized streptavidin–
peroxidase (SP) method. Sections (4-μm) from paraffinembedded tissue were used for immunohistochemistry.
Slides were deparaffinized in fresh xylene and rehydrated
through sequential graded ethanol. Antigen retrieval was
performed in citrate buffer (10 mmol/L, pH 6.0) using
a pressure cooker for 2 min after air jetting. Slides were
cooled for 20 min, incubated for 10 min with 0.3% (v/v)
hydrogen peroxide, blocked for 20 min in 20% normal
goat serum or rabbit serum, and incubated with primary
antibodies overnight at 4 ℃. The next day, the slides were
washed in phosphate-buffered saline (PBS; pH 7.4) and
incubated for 30 min with secondary antibody of biotinylated rabbit antigoat immunoglobulin G (IgG) (1:200
dilution; DAKO, Glostrup, Denmark) or biotinylated goat
antirabbit IgG (1:200 dilution, DAKO). Samples were
then incubated with peroxidase-conjugated streptavidin
(1:200 dilution, DAKO) for 20 min at room temperature.
Color was developed with 0.02% 3, 3’-diaminobenzidine (Sigma, St Louis, MO, United States) in 50 mmol/L
Tris-HCl buffer (pH 7.6) for 5-7 min. The slides were
washed three times in 0.25% Tween-20 in PBS for 15
min between each step, and all incubations were carried
out in a humidified chamber. Finally, the sections were
counterstained with hematoxylin, rinsed with water, dehydrated, cleared and cover-slipped. The following primary
antibodies were applied: anti-MK (1:200 dilution; Santa
Cruz Biotechnology, Santa Cruz, CA, United States) and
anti-syndecan-3 (1:100 dilution; Boster, Wuhan, China).
Non-immune goat or rabbit serum were used as negative

MATERIALS AND METHODS
Patient specimens
From March 2005 to May 2009, pancreatic cancer tissues
(including adequately sized tumor tissue samples and tis-
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Midkine positive
cases

Syndecan-3
positive cases

17 (65.4)
9 (56.3)

17 (65.4)
7 (43.8)

was calculated by the Kaplan-Meier method, and differences were examined by the Log-rank test. Factors found
to be significant were then chosen for a stepwise Cox
multivariate proportional hazard model to determine
their prognostic values. SPSS for Windows (Version 14.0;
SPSS Inc., Chicago, IL, United States) was used for statistical analysis. P values less than 0.05 were considered
statistically significant.

12 (75.0)
14 (53.8)

10 (62.5)
14 (53.8)

RESULTS

16 (66.7)
12 (66.7)

12 (50.0)
10 (55.6)

4 (80.0)
16 (72.7)
7 (46.7)

2 (40.0)
15 (68.2)
7 (46.7)

4 (40.0)
14 (58.3)
8 (100.0)

3 (30.0)a
15 (62.5)a
7 (87.5)a

7 (41.2)a
19 (76.0)a

7 (41.2)
17 (68.0)

21 (58.3)
5 (83.3)

19 (52.8)
5 (83.3)

9 (42.9)b
13 (81.3)b
5 (100.0)b

10 (47.6)
10 (62.5)
5 (100.0)

Table 1 Associations between midkine, syndecan-3 protein
expression and clinicopathologic factors in pancreatic cancers
n (%)
Factor
Age (yr)
> 60 (n = 26)
≤ 60 (n = 16)
Sex
Female (n = 16)
Male (n = 26)
CA19-9 (n = 42)
>37 U/mL (n = 24)
≤ 37 U/mL (n = 18)
Histological grade
Ⅰ (n = 5)
Ⅱ (n = 22)
Ⅲ (n = 15)
Tumor size
T ≤ 2 cm (n = 10)
2 cm < T ≤ 5 cm (n = 24)
T > 5 cm (n = 8)
Lymph node metastasis
Negative (n = 17)
Positive (n = 25)
Distant metastasis
Negative (n = 36)
Positive (n = 6)
TNM grade
Ⅰ + Ⅱ (n = 21)
Ⅲ (n = 16)
Ⅳ (n = 5)

Expression of MK and syndecan-3 in pancreatic cancer
MK was expressed in the cytoplasm of tumor cells and
found predominantly in invasive carcinoma cells. No
staining was observed in normal pancreatic cells (Figure
1A-D). Interestingly, the cells in the adjacent tissue also
displayed moderate staining for MK. Immunoreactions
were also observed in the desmoplastic stromal cells
within the tumor mass in MK-positive cases, but not in
stromal cells in the areas distant from MK-positive cancer cell nests. In normal pancreatic tissues, no syndecan-3
was observed in the perineurium of nerves. Immunostaining revealed that syndecan-3 was not present in ductal
and acinar cells. Pancreatic cancer cells were devoid of
any syndecan-3 (Figure 1E). In tissues surrounding the
tumor mass, syndecan-3 was not detected in the perineurium. However, in pancreatic cancer tissues, strong syndecan-3 immunoreactivity was present in the perineurium
(Figure 1F). The perineurium infiltrated by pancreatic
cancer cells was frequently severely damaged. Therefore,
the intensity of the immunohistochemical signal in these
regions could not be conclusively evaluated (data not
shown). In total, the expression rates of MK in pancreatic cancers and tissues around the tumor mass were 61.9%
(26/42) and 26.2% (11/42), respectively (P <� ������
0.05).

a

P < 0.05, bP < 0.01 vs negative cases.

controls. The known positive breast carcinoma and neuroblastoma were used as positive controls for MK and syndecan-3, respectively. The results of MK and syndecan-3 staining were evaluated in terms of the percentage of positively
stained cells, with > 10% considered positive.

Relationships of MK and syndecan-3 expression with
clinicopathological features
Table 1 summarizes the associations of MK and syndecan-3 expression with clinicopathological parameters in
pancreatic cancer. The MK immunostaining was positive
in 9 of 21 stage Ⅰ-Ⅱ cases (42.9%), and the positive rate
was significantly lower than those in stage Ⅲ (81.3%,
13 of 16 cases) and stage Ⅳ (100%, all 5 cases) cases (P
= 0.008). High MK expression was also associated with
lymph nodes metastasis (P = 0.042). Syndecan-3 expression was associated with tumor size (P = 0.028). There
was also a correlation between MK expression and tumor
size, but it was not statistically significant (P = 0.060). We
also investigated the relationship between plasma levels
of the tumor marker CA19-9 in 42 patients, and MK and
syndecan-3 expression. However, no relationships were
observed between them (P = 0.610 and P = 0.475, respectively).

Analysis of perineural invasion
Associations of neural invasion with aggressive characteristics of pancreatic cancer and the presence of
perineural invasion were assessed in all pancreatic cancer
specimens by two independent observers blinded to the
patient status. Any differences were resolved by a joint
review and consultation with a third observer. For each
cancer sample, approximately 10 tissue sections from different tumor locations were checked. Perineural invasion
was defined as positive if the infiltration of cancer cells
into the perineurium or neural fasciculus was detected at
the leading point, as reported previously[23]. The degree
of perineural invasion was defined microscopically as follows: 0, perineural invasion was difficult to find, with less
than one occurrence per slide; 1, perineural invasion was
easy to find, with two to four occurrences per slide; and 2,
perineural invasion was easy to find, with more than four
occurrences per slide or intraneural invasion.

Relationship between perineural invasion and
expression of MK and syndecan-3
MK-positive cases had statistically higher levels of synde-

Statistical analysis
Univariate analysis was used for the χ 2 test. Survival rate
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A

B

C

D

E

F

Figure 1 Representative immunohistochemistry results of
midkine and syndecan-3 (× 200). Paraffin sections were immunostained as described in Materials and Methods. A: Normal
tissue showing negative midkine (MK) expression; B: Tumor tissue showing negative MK expression; C: Tumor tissue showing
moderate MK expression; D: Tumor tissue showing intense MK
expression; E: Negative syndecan-3 expression in cancer; F:
Positive syndecan-3 expression in the perineurium of nerves in
pancreatic cancer.

23.0%, median time 18 mo, respectively; P > �������
0.05).
A multivariate analysis revealed that lymph node
metastasis (P = 0.010) and tumor size (P = 0.035) were
independent prognostic factors for overall survival in patients with pancreatic cancer. The expression of MK or
syndecan-3 was not an independent prognostic factor for
overall survival (P > �������������������������������������
0.05). Perineural invasion and other
clinical parameters were also found not to be independent prognostic factors.

can-3 expression (P = 0.045). High MK expression was
associated with perineural invasion (P = 0.018). Syndecan-3 expression was also associated with perineural invasion (P = 0.031). MK and syndecan-3 expression levels
in pancreatic cancer were significantly higher in patients
with perineural invasion than in those without perineural
invasion (Table 2).
Prognostic value of MK and syndecan-3 in patients with
pancreatic cancer
To determine the prognostic value of MK and syndecan-3 in pancreatic cancer, we analyzed the cumulative
survival of patients based on their status (Figure 2). The
cumulative survival rate in MK-negative patients (n = 16)
at 3 years was 51.0% (median time 34.5 mo). In contrast,
the cumulative survival rate in MK-positive patients (n =
26) was 21.8% (median time 14 mo) (P = 0.001). In addition, patients who were negative for syndecan-3 (n =
18) had a higher cumulative survival rate than those who
were positive for syndecan-3 (n = 24), but this difference was not significant (44.0%, median time 31.5 mo vs

WJG|www.wjgnet.com

DISCUSSION
Perineural invasion is defined as the presence of cancer
cells along nerves and/or within the epineurial, perineurial, and endoneurial spaces of the neuronal sheath[25]. Perineural invasion is a multifactorial process that involves
various signaling molecules from different signaling pathways[26-28]. These signaling molecules include NGFs, neurotrophic factors, chemokines, and cell-surface ligands,
and receptors[29,30]. Pancreatic ductal adenocarcinoma cells
respond strongly to neurotrophic factors. Since the pan-
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A

0.8
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B
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P = 0.001

0.0
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P = 0.112
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Figure 2 Kaplan-Meier analysis of overall postoperative survival curves in pancreatic cancer cases according to their immunohistochemical staining for
midkine (A) and syndecan-3 (B).

demonstrated that syndecan-3 acts as a receptor or a coreceptor in MK-induced neurite outgrowth in perinatal
rat brain neurons[34,35]. It is possible that MK-syndecan
interactions play key roles in neurite outgrowth and development of perineural invasion in human pancreatic
cancer. In this study, MK and syndecan-3 protein levels
were markedly increased in pancreatic cancer samples
compared to normal pancreas samples by immunostaining analysis. MK was highly expressed in pancreatic
cancer cells, whereas syndecan-3 was primarily found in
neuritis and the perineurium of pancreatic nerves and
absent in pancreatic cancer cells. Raulo also showed that
syndecan-3 is localized on the surface of neuritis and
growth cones in rat primary neurons found on MKcoated matrix in vitro[14]. The statistical analysis in our
study demonstrated that high MK expression was associated with perineural invasion (P = 0.018). Syndecan-3
expression was also associated with perineural invasion
(P = 0.031). MK and syndecan-3 expression levels in
pancreatic cancer were significantly higher in patients
with perineural invasion than in those without perineural
invasion. Therefore, these observations suggest that the
MK/syndecan-3 pathway may have an important role in
perineural invasion.
Whether high MK expression is a prognostic factor
for pancreatic cancer is unknown. In our study, patients
with negative MK expression had a higher 3-year survival rate and a longer established survival time than
those who were positive for MK expression (survival rate
51.0% vs 21.8%, P = 0.001 and survival time 34.5 mo vs
14 mo, respectively). This indicates that the MK negative
expression correlated with a better survival outcome. We
believe that the coexpression of syndecan-3 and MK was
associated with perineural invasion of pancreatic cancer,
and that invasion is significantly associated with the prognosis[36]. Furthermore, patients with negative MK expression were early-staged (stages Ⅰand Ⅱ) and accounted
for almost half the number of patients who received a
pancreaticoduodenectomy or radical operation. Patients
who were positive for MK expression had advanced tu-

Table 2 Associations between midkine, syndecan-3 protein
expression and perineural invasion in pancreatic cancer
Protein

P value

PNI

MK (+) (n = 26)
MK (-) (n = 16)
Syndecan-3 (+) (n = 24)
Syndecan-3 (-) (n = 18)

0

1

2

3
7
2
7

10
7
9
7

13
2
13
4

0.018
0.031

Perineural invasion was scored as follows: 0, perineural invasion was difficult to find, with less than one occurrence per slide; 1, perineural invasion
was easy to find, with two to four occurrences per slide; and 2, perineural
invasion was easy to find, with more than four occurrences per slide or
intraneural invasion. PN: Perineural invasion; MK: Midkine.

creas is in close proximity to several neural plexuses, this
might partially explain the high incidence of perineural
invasion in pancreatic cancer[31]. It is likely that as a neurite growth-promoting factor, MK acts synergistically to
promote the development of perineural invasion.
Our present study suggests that high MK expression
is closely correlated with advanced tumor, node and metastasis stage, lymph node metastasis, and perineural invasion. In contrast, although tissue samples reveal moderate
to intense MK-immunoreactive staining in patients with
distant metastasis, univariate analysis did not indicate
a positive correlation between intense MK expression
and distant metastasis. This may be due to the small
sample size and because only six patients with distant
metastasis had received operations and were entered into
our cohort. Surprisingly, positive MK expression is also
observed in normal tissue surrounding the tumor. We
believe that MK upregulation in normal cells surrounding the tumor might be due to the binding and uptake of
MK produced by nearby tumor cells.
Perineural invasion extending into the pancreatic
nerve plexus is a histopathological characteristic of pancreatic cancer[32]. Perineural invasion occurs not only in
the extrapancreatic nerve, but also in the intrapancreatic
nerve in pancreatic carcinoma[33]. Previous studies have
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mors without an option for undergoing radical surgery.
These findings also demonstrated that MK activation appeared to be a crucially progressive step for tumor invasion and metastasis.
In conclusion, the present data suggest that MK may
act as a useful biomarker for aggressive pancreatic cancer.
MK and its receptor protein are frequently expressed in
human pancreatic cancer. Their co-expression may suggest their coordination in the tumor perineural invasion
and prognosis of pancreatic cancer. In future studies, we
will determine the functional role of MK in the progression and neural invasion of pancreatic cancer by in vitro
and in vivo loss-of-function studies.

4

5

6
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7

Pancreatic cancer is still one of the most aggressive and intractable human malignant tumors. Perineural invasion extending into the pancreatic nerve plexus
is a histopathological characteristic of pancreatic cancer. However, the mechanisms contributing to the invasion of intrapancreatic nerves and spread of cancer cells along the extrapancreatic nerves during pancreatic cancer progression
are still poorly understood. As a neurite growth-promoting factor, midkine (MK)
and its receptor syndecan-3 may play an important role in the perineural invasion and prognosis of human pancreatic cancer. Therefore, in this study, MK
and syndecan-3 proteins levels in pancreatic cancer were detected by immunohistochemistry and analyzed for correlations with clinicopathological features,
perineural invasion, and prognosis.

8
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Perineural invasion extending into the pancreatic nerve plexus is a histopathological characteristic of pancreatic cancer. The neural invasion of pancreatic
cancer leads to local recurrence, metastasis and poor prognosis, which have
brought difficulty for diagnosing and treating pancreatic cancer.
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In recent years, studies on pancreatic cancer have focused on biological characteristics, especially perineural invasion. This study found that high expression
of MK and syndecan-3 may contribute to the highly perineural invasion and
poor prognosis of human pancreatic cancer, which might reveal the functional
mechanism of neural invasion.
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Applications

The study indicates that MK and syndecan-3 might be an attractive target for
gene therapy of nerve infiltration of pancreatic cancer.
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MK is a type of neurotrophic factor and is also known as a neurite growth promoting factor. Syndecan-3 is a transmembrane protein and a high-affinity receptor for MK. MK and syndecan-3 are important in promoting neurite outgrowth.
High expression of MK and its receptor may contribute to the highly perineural
invasion and poor prognosis of human pancreatic cancer.
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RESULTS: Ten peptide peaks were significantly different between HCC patients with or without bone
metastasis (P < 0.001). Sequences of seven peptides
with mass to charge ratios (m/z) of 1780.7, 1866.5,
2131.6, 2880.4, 1532.4, 2489.8, and 2234.3 were successfully identified. These seven peptides were derived
from alpha-fetoprotein, prothrombin, serglycin, isoform
2 of inter-alpha-trypsin inhibitor heavy chain H4, isoform 1 of autophagy-related protein 16-2, and transthyretin and fibrinogen beta chains, respectively. The
recognition rate and predictive power of a diagnostic
model established on the basis of six significant peptides (m/z for these six peptides were 1535.4, 1780.7,
1866.5, 2131.6, 2880.4, and 2901.9) were 89.47% and
82.89%, respectively. The sensitivity and specificity of
this model based upon a single blind trial were 85.29%
and 85.71%, respectively. ROC analysis found that the
AUC (area under the ROC curve) value was 0.911.

Abstract
AIM: To investigate the potential of serum peptides as
a diagnostic tool for hepatocellular carcinoma (HCC)
with bone metastasis.

CONCLUSION: Our study suggested that serum peptides may serve as a diagnosis tool for HCC bone metastasis.

METHODS: Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF-MS)
was used to characterize the serum peptide profile of
HCC patients with bone metastasis. Serum samples
from 138 HCC patients (66 cases with and 72 cases
without bone metastasis) were randomly assigned into
a training set (n = 76) and a test set (n = 62). Differential serum peptides were examined using ClinProt
magnetic bead-based purification followed by MALDITOF-MS. The sequences of differentially expressed
serum peptides were identified using liquid chromatography-mass spectrometry. A diagnostic model was
established using a learning algorithm of radial basis
function neural network verified by a single blind trial.
Receiver operating characteristic (ROC) analysis was
performed to evaluate the diagnostic power of the es-

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Advances in the diagnosis and treatment of
hepatocellular carcinoma (HCC) and extension of overall
survival rates have led to an increase in the incidence
of bone metastasis of HCC, which accounts for approximately 38.5% of all cases of extrahepatic metastasis
of HCC. The patient’s quality of life would significantly
be affected by the time of diagnosis. However, early
diagnostic molecular markers for bone metastasis from
HCC have not yet been identified. In this study, we
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performed differential serum peptide profiling in HCC
patients with bone metastasis, which can be used for
early prediction of this disorder.

Table 1 Patient characteristics, n (%)
Variable
Age, yr
Range
Mean
Sex
Male
Female
Liver resection
With
Without
Set
Training set
Validation set
TNM stage of HCC

He J, Zeng ZC, Xiang ZL, Yang P. Mass spectrometry-based
serum peptide profiling in hepatocellular carcinoma with bone
metastasis. World J Gastroenterol 2014; 20(11): 3025-3032
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i11/3025.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i11.3025

INTRODUCTION

Ⅰ

The incidence of primary hepatocellular carcinoma
(HCC) in male and female patients with malignant tumors is ranked globally at the fifth and eighth place,
respectively [1]. The median survival period for HCC
patients with bone metastasis is only 5-7.4 mo[2] due to
bone metastasis resulting in severe bone pain, pathologic fracture, neurological deficits, and even paralysis.
The long-term outcome of HCC patients with bone
metastasis receiving external beam radiotherapy is
poor, and most patients die within 1 year[3]. Advances
in the diagnosis and treatment of HCC and extension
of overall survival rates have led to an increase in the
incidence of bone metastasis of HCC, which accounts
for approximately 38.5% of all cases of extrahepatic
metastasis of HCC[4]. However, molecular markers for
bone metastasis from HCC have not yet been identified.
Relying primarily on clinical imaging tools, diagnosis
of bone metastasis from HCC is based on radiological
imaging studies which have both low sensitivity and low
specificity. Moreover, by the time bone metastasis images are obtained, patients often already have developed
paralysis extensively in the body due to pain, dysfunction, and metastasis. Because the outcomes of palliative
treatment for bone metastasis of HCC are dependent
on its diagnosis, the patient’s quality of life would significantly be affected by the time of diagnosis. In this
study, we investigated differential serum peptide profiling in HCC patients with bone metastasis using matrixassisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF-MS), to identify potential
serum biomarkers for diagnosis of bone metastasis,
which can be used for early molecular prediction of this
disorder[5].

Ⅱ
Ⅲ
Ⅳ

Method for
metastasis detection1
MRI/CT
ECT/SPET-CT
PET-CT

23-84
58

22-78
59

46 (70)
20 (30)

53 (71)
19 (29)

55 (83)
11 (17)

58 (81)
14 (19)

38 (58)
28 (42)

38 (53)
34 (47)

0
0
0
66

0
8
64
0
/

54
66
12

1

Multiple methods were used to detect bone metastasis. TNM: Tumor
node metastasis; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; PET-CT: Positron emission tomography-computed tomography.

ethics committee of Zhongshan Hospital, and written
informed consent was obtained from each patient. Criterion for HCC with bone metastasis was diagnosis with
bone metastasis for the first time with no other distant
metastasis. Criterion for HCC without bone metastasis
was first time diagnosis with HCC with radiological
examination showing no bone or other distant metastasis. None of the patients received radiotherapy, chemotherapy, or other intervention treatments before the
collection of serum samples. Patient characteristics are
summarized in Table 1. Among 66 patients with bone
metastasis, 55 bone cases occurred after liver resection,
and 11 cases occurred without resection. The cases
included 46 men and 20 women, with the age ranging
from 23 to 84 years, and with a median age of 58 years.
Among the other 72 patients without bone metastasis,
58 underwent resection, and 14 patients did not. These
cases included 53 men and 19 women, with an age range
of 22-78 years, and a median age of 59 years. One hundred thirty-eight serum samples were randomly assigned
into two groups: a training set of 76 cases, including
38 patients with bone metastasis and 38 cases without
bone metastasis, and a test set of 62 cases with HCC,
including 28 patients with bone metastasis and 34 cases
without bone metastasis.
According to biopsy and postoperative specimen results, the 138 patients with and without bone metastasis
were all diagnosed with HCC, of whom 116 were diagnosed by postoperative pathological examination, and 22
by biopsy.

MATERIALS AND METHODS
Clinical information
All serum specimens were obtained from patients with
and without bone metastasis from primary HCC between June 2009 and December 2012 at the Department of Radiation Oncology, Zhongshan Hospital,
Fudan University. Approval for collecting and processing serum samples was obtained from the research
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With bone
Without bone
metastasis (n = 66) metastasis (n = 72)
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Diagnostic criteria for bone metastasis and bone
metastasis-free HCC were as follows: (1) diagnosis of
primary tumors based on pathology; and (2) diagnosis
of bone metastasis or no bone metastasis based upon
clinical symptoms, isotopes and MRI/CT/X-rays, or
whether or not SPET-CT/PET-CT detected bone metastasis.

(Wilcoxon-test)].
Diagnostic model establishment
Six different peaks showing significant differences were
selected between the two groups (38 patients with bone
metastasis from HCC and 38 HCC patients without
bone metastasis) using the ClinProTools software (ClinProt software version 2.0; Bruker Daltonics), and a diagnostic model was established by RBFNN-based model
to filter out patients at a high risk with bone metastasis
from HCC. This model was validated by a 10-fold cross
validation method, which randomly selected eight case
samples (about 10%) as test samples, and utilized other
samples as training sets for model validation. The validation process was repeated 10 times. Sera from the validation group of 28 patients with bone metastasis from
HCC and 34 HCC patients without bone metastasis underwent single blind experimental verification. Receiver
operating characteristic (ROC) analysis was performed to
evaluate the diagnostic power of the established model.

Sample collection
Two milliliters of blood from fasting patients were obtained from each of the 66 HCC cases with bone metastasis, then placed into EDTA anticoagulant tubes at 4 ℃,
incubated for one hour, and centrifuged at 8000 × g for
5 min. The supernatant was stored at -80 ℃ in aliquots
of 20 μL. Paired serum samples of 72 patients without
bone metastasis as the control group were processed in
an identical manner.
Peptide extration
Serum peptides were enriched using WCX beads (ClinProt bead Kit, Bruker Daltonics, United States) according to the manufacturer’s instructions, and then subjected to MALDI-TOF-MS analysis.

Sequence confirmation of the identified peptides
Significant differences in peptide characteristics were
identified using liquid chromatography-mass spectrometry, which combined Nano Acquity UPLC liquid chromatography (Waters, United States) with an LTQ Orbitrap XL mass spectrometer system (Thermo Fisher Scientific, United States). Peptide trapping was performed
using a captrap C18 (2 mm × 0.5 mm) column (Michrom
Corporation, United States), and an analytical Magic C18,
AQ (100 μm × 150 mm) column (Michrom Corporation). Mobile phase A was a solution of 5% acetonitrile
and 0.1% formic acid, and mobile phase B was a solution of 90% acetonitrile and 0.1% formic acid. Peptide
mixtures were injected into the trap column at a flow
rate of 20 μL/min for 5 min, then eluted with a three
step linear gradient, starting from 5% B to 45% B for
40 min, increased to 80% B for 1 min, and then held at
80% B for 4 min. The column was re-equilibrated under
the initial conditions for 15 min. Column flow rate was
maintained at 500 nL/min and column temperature was
maintained at 35 ℃.
Electrospray voltage of 1.9 kV versus the inlet of the
mass spectrometer was used. LTQ Orbitrap XL mass
spectrometer was operated in the data-dependent mode
to switch automatically between MS and MS/MS acquisition. Survey full scan MS spectra with two microscans
(m/z 400-2000) were acquired in the Obitrap with a
mass resolution of 100000 at an m/z of 400, followed
by eight sequential LTQ-MS/MS scans. Dynamic exclusion was used with two repeat counts, consisting of a 10
second repeat duration, and a 60 s exclusion duration.
For MS/MS, precursor ions were activated using 25%
normalized collision energy at the default activation q of
0.25.
All MS/MS spectra were identified using SEQUEST
[v.28 (revision 12), Thermo Electron Corp.] that searched
the human International Protein Index (IPI) database (IPI

Quality control of standard serum
Seven samples were processed simultaneously with standard serum (Sigma-Aldrich, St. Louis, MO, United States).
Standard serum was used as the quality control for experiments using magnetic beads, as well as other experiments throughout the study. Eluent data from standard
serum magnetic bead processing were collected using
an auto flex mass spectrum instrument (Bruker Daltonics), then compared with data of standard serum, using
the same magnetic beads and collection methods. In this
manner the instrument parameters were adjusted to obtain a relative standard deviation (CV) < 30%, to ensure
that the experimental protocol had good reproducibility
and met operational process standards.
MALDI-TOF-MS screening of differential peptides
Enriched peptide samples were mixed with matrix (alphacyano-4-hydroxycinnamic acid (CHCA; Sigma-Aldrich),
and after crystallization data were acquired using the
auto flex mass spectrometer. Scan range was from 1000
to 20000 Daltons (Da) in positive mode, and laser frequency was 20 Hz. A 50% high energy laser was used to
irradiate each crystal point eight times, then a 30% low
energy laser was used to capture 50 times. The data was
summarized four times and saved.
MALDI-TOF-MS data analysis and statistics
ClinProTools software (version 2.2, Bruker Daltonics)
was used to analyze mass to charge ratio (m/z) and intensity of all peptide spectra, consisting of baseline deductions, normalization of the spectra, and chromatographic peak alignment correction. Wilcoxon-test method in
the ClinProTools software was used to determine the
m/z of peptides with significant differences [P < 0.001,
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Figure 1 Profiles of peptides with m/z of 1780.7 and 1866.5. A, C: The profiles of peptides 1780.7 and 1866.5, respectively. X-axis, molecular mass (m/z); y-axis,
intensity; the green line represents the bone metastasis hepatocellular carcinoma (HCC) group and the red line represents the HCC group; B, D: The mean variance
figures for (A) and (C). X-axis: Groups; y-axis: Intensity.

those in the bone metastasis-free group. The variance
chart showed that the experimental results could fully
distinguish between the peptides.

human v3.64 fasta with 71983 entries). To minimize false
positives, a decoy database containing all of the reverse
protein sequences was added to this database. Search parameters were the following: no enzyme digestion, oxidation of methionine as a variable modification, peptide
mass tolerance of 20 ppm, and fragment ion tolerance
of 1.0 Da.
The resulting filter parameters were the following: ∆
Cn ≥ 0.10, Xcorr ≥ 2.3 for two charged ions, Xcorr ≥
2.6 for three charged ions, Xcorr ≥ 3.0 for four or more
charged state ions, and peptide probability ≤ 1 × 10-3.
The errors were less than 0.1 Da between the m/z of
peptide determined by LC-MS and MALDI-TOF-MS.

Peptide sequence identification
Because the MALDI-TOF-MS and the LC-MS have
different mass resolution and mass accuracy, to obtain
the correct identification result, we used the following
rules: the error mass of peptides between the MALDITOF-MS data and LC-MS data must be less than 1.0 Da;
within this error range, no other precursor of peptide is
observed in LC-MS data.
For the 10 peptides that showed significant differences, we successfully identified 7 sequences (m/z 1780.7,
1866.5, 2131.6, 2880.4, 1532.4, 2489.8, and 2234.3) using LC-MS/MS. The sequence of peptide (m/z 1780.7)
was GEYYLQNAFLVAYTK, which belonged to alphafetoprotein (AFP), as shown in Figure 2. All sequences
and their protein identities are shown in Table 3.

RESULTS
Serum peptide profiling of bone metastasis and bone
metastasis-free groups
A total of 10 peptides with P < 0.01 (Wilcoxon test
P value) were screened. All peptides were upregulated
in the bone metastasis group (Table 2). Taking the
two most significantly different peptides (m/z 1780.7,
1866.5; P < 3 × 10-4) as an example, the zoom spectrum
and the variance comparison chart are shown in Figure 1.
The intensities of peaks at m/z of 1780.7 and 1866.5 in
the bone metastasis group were significantly higher than
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Diagnosis model validation
As shown in Table 2, a pattern of peaks was selected
for RBFNN model building, which was the best model
built by this method. The six selected peptides were detected by MALDI-TOF-MS in every patients and each
selected peptide showed a peak after the detection by
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Table 2 Significant differential peptide peaks between bone metastasis hepatocellular carcinoma group and bone metastasis-free hepatocellular carcinoma group
Serial number

P TTA (t)

m/z

1
2
3
4
5
6
7
8
9
10

P -W test

-4

1780.7
1866.5
2131.6
2880.4
1532.4
2901.9
2489.8
3061.1
2234.3
2864.1

P AD_1

P AD_2

HCC groups (n = 38)

Bone metastasis HCC groups (n = 38)

0.026
0.136
0.031
0.100
0.001
0.078
0.208
0.010
0.118
0.029

0.048
0.500
0.001
0.005
0.001
0.065
0.001
0.001
0.003
0.009

110.3
750.1
42.3
142.5
70.8
99.3
31.1
30.1
91.1
135.5

333.7
1703.5
129.8
294.9
138.1
182.2
70.5
74.9
171.5
337.0

-4

3.60 × 10
8.48 × 10-5
6.30 × 10-2
2.00 × 10-3
7.30 × 10-2
9.57 × 10-4
7.70 × 10-2
1.02 × 10-1
9.00 × 10-3
7.00 × 10-3

1.58 × 10
2.80 × 10-4
2.99 × 10-4
3.68 × 10-4
6.32 × 10-4
9.38 × 10-4
2.00 × 10-3
2.00 × 10-3
3.00 × 10-3
3.00 × 10-3

Serial numbers of the top ten peaks; m/z: Mass to charge ratio; PTTA (t): P value of t-test or ANOVA (analysis of variance); P-W test: P value of the Wilcoxon test; PAD_1: P value of the Anderson-darling normal test (HCC groups); PAD_2: P value of the Anderson-darling normality test (bone metastasis HCC
group); HCC group (38): Average peak of the arithmetic means of 38 HCC samples; Bone metastasis HCC group (38): Average peak of the arithmetic means
of 38 bone metastasis from HCC samples. HCC: Hepatocellular carcinoma.
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Figure 2 Mass spectrometry spectra and mass spectrometry/mass spectrometry spectra of peptide with an m/z of 1780.7.

mass spectrum. The area under the peak was subject
to RBFNN and finally a model value was generated for
each patients. This diagnostic model was able to accurately identify 68 among 76 cases, which were used as
the training group, with a recognition rate of 89.47%

WJG|www.wjgnet.com

(68/76). The model could accurately predict an average of 63 cases by using the 10-fold cross validation
method, with a predictive ability of 82.89% (63/76).
ROC analysis found that the AUC (area under the ROC
curve) value was 0.911 (Figure 3).
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Table 3 Sequences of significant differential peptides
a

m/z

1780.7
1866.5
2131.6
2880.4
1532.4
2489.8
2234.3

b

m/z

Delta mass

1779.8952
1866.8657
2131.9237
2880.4904
1532.8213
2489.2810
2235.1993

0.8048
-0.3657
-0.3237
-0.0904
-0.4213
0.5190
-0.8993

Peptide sequence

Protein name

GEYYLQNAFLVAYTK
Alpha-fetoprotein
TATSEYQTFFNPRTFG
Prothrombin
NLPSDSQDLGQHGLEEDFM
Serglycin
RPGVLSSRQLGLPGPPDVPDHAAYHPF Isoform 2 of inter-alpha-trypsin inhibitor heavy chain H4
CSRDNTLKVIDLR
Isoform 1 of autophagy-related protein 16-2
YTIAALLSPYSYSTTAVVTNPKE
Transthyretin
KREEAPSLRPAPPPISGGGYR
Fibrinogen beta chain

Accession number
IPI00022443
IPI00019568
IPI00019372
IPI00218192
IPI00300536
IPI00022432
IPI00298497

m/za: Mass to charge ratio of the peptide observed in matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF-MS); m/zb:
Mass to charge ratio of the peptide observed in LC-MS; Delta mass: The difference of the mass of peptide observed in MALDI-TOF-MS and LC-MS; Peptide
sequence: The amino sequence of the peptide; Protein name: The full description of the protein that contained the peptide; Accession number: The accession
number of the protein from the international protein index database.

evade local nonspecific immune functions of the host, and
grow in the presence of various growth factors, resulting
in bone metastasis. This is a multi-step and multifactorial
process, affected by biological characteristics such as genetic background, host environment, and other factors[10].
A timeline model clearly demonstrated that the development of disease is a continuum, with the initial events being molecular perturbations following histomorphological
changes and clinical manifestations occurring relatively late
in the disease timeline[11]. This theory implied that molecular biomarkers were more likely to be used as early diagnosis/prediction tools than imaging. Furthermore, blood test
is convenient and rapid with relative low cost, which also
can be used for dynamic monitoring[12]. Abnormal expression of peptides and proteins by tumor cell genes encoding cytokines, reactivity of the organism, and tissue factors
released into the blood provide an excellent source of protein markers for prediction and early diagnosis of tumor
recurrence[13-17]. Detection of serum markers is technically
feasible and of great clinical importance, because multiple
characteristics of peptides and proteins in peripheral blood
are likely to be important diagnostic predictors of HCC
bone metastasis. So it is theoretically feasible to develop
procedures to identify different peptides and proteins from
serum to establish protein marker models.
Mass spectrometry is the most important analytical
method in proteome research, and mass spectrometry
based on MALDI-TOF-MS of biomarkers for specific
diseases has already played a major role in the development of molecular diagnostics[18,19]. Using mass spectrometry, Liu et al[20] screened HCC-associated molecular markers from sera of 30 patients with hepatitis B-related HCC,
from 30 patients with chronic hepatitis B, and from 24
normal control donors, and identified markers for HCC
diagnosis. Their protocol accurately distinguished between
the three groups, and has been verified in 64 patients
with liver cancer and 80 patients with chronic hepatitis
B. HCC-associated proteins in that model include prothrombin precursor (fragment), calcium-dependent secretion activator protein-1, and BIRC6. Orvisky et al[21] used
MALDI-TOF to screen HCC-associated serum proteins,
and found 45 peptide peaks with significant differences
(P < 0.001) out of 332 peptide peaks, with an accuracy as
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0.6
0.4
0.2
AUC = 0.911
0.0
0.0

0.2

0.4
0.6
1-specificity

0.8
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Figure 3 Receiver operating characteristic curve. Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic power of
the model. The area under the ROC curve value was 0.911.

Single blind model validation
Of the sera from 28 HCC patients with bone metastasis in
the validation group and 34 patients without bone metastasis, 24 patients with bone metastasis and 29 patients without bone metastasis were correctly identified. The model
accuracy, specificity and sensitivity were 85.48% (53/62),
85.29% (29/34) and 85.71% (24/28), respectively.

DISCUSSION
Bone metastasis from HCC seriously affects quality of
life, and palliative treatments are the main clinical treatments to maximize the quality of life[6]. Currently, the
main diagnostic methods for bone metastasis are imaging
such as technetium-99m bone scintigraphy, CT, MRI, and
SPECT, which are not the most effective methods for
prediction and early diagnosis of this disorder[7]. Colleoni
et al[8] and Diel et al[9] made a breakthrough in early intervention of metastatic tumors of the bone resulting from
breast cancer, reporting that diphosphate drugs were effective in prevention of bone metastasis. Early prediction of
metastasis and early detection of patients with a high risk
of bone metastasis are important clinical objectives. Bone
metastasis of HCC consists of tumor angiogenesis, matrix
degradation, shedding of tumor cells into the circulation,
spreading to bone tissue and survival. These cancer cells

WJG|www.wjgnet.com

3030

March 21, 2014|Volume 20|Issue 11|

He J et al . Serum peptides predict HCC bone metastasis

high as 90%. Protein sequence analysis revealed that the
most significant differences were in peptides with alanine
residues. Feng et al[22] used image analysis and MALDITOF-MS/MS to identify eight proteins unique to sera of
patients with HCC. This was consistent with the discovery
that heat shock protein 27 was found in sera in 90% of
patients with HCC, but was not detected in normal human serum, showing that this protein can be used as a
molecular marker for diagnosis of HCC. Nonetheless, all
the above mentioned studies were for diagnosis of HCC,
and not for diagnosis of bone metastasis from HCC.
MALDI-TOF-MS uses magnetic beads with different
functional surfaces for analysis of HCC serum, to identify potential biomarkers, and to identify single molecular
markers with high accuracy, high stability, high sensitivity,
high reproducibility, and high flux, whose identification can
be automated[23,24]. The present study used a combination
of MALDI-TOF-MS and technology-related information to characterize the specific serum peptide spectra of
patients with bone metastasis from HCC, obtained from
serum samples of 66 patients with bone metastasis from
HCC compared to 72 HCC patients without bone metastasis. ClinProt magnetic bead purification and MALDITOF-MS ClinProTools bioinformatics methods were used
to characterize differences in serum polypeptide spectra.
Using analyses and comparison of serum peptide spectra
from bone metastasis patients and bone metastasis-free
control patients, 10 peptides with P-W test < 0.001 were
identified, with a RBFNN recognition rate up to 89.47%.
LC-MS was successfully used to identify sequences of
seven of the different peptides[25,26], with m/z of 1780.7,
1866.5, 2131.6, 2880.4, 1532.4, 2489.8, and 2234.3. Peptides with m/z of 1780.7 and 1866.5 were from alphafetoprotein and prothrombin, respectively. Compared with
sera from HCC patients without bone metastasis, these
two peptides were significantly upregulated in sera from
patients with bone metastasis from HCC. The other five
peptides from serglycin, transthyretin, etc. (Table 3) also
increased in HCC patients with bone metastasis. We did
not find any downregulated peptides in HCC patients
with bone metastasis, which might be due to limitations
of sample size. Researchers have reported that serglycin is
a clinical sign of metastasis from nasopharyngeal cancer
(NPC), and high levels of serglycin are closely related to
poor prognosis in patients with NPC and metastasis of
NPC[27]. Furthermore, studies showed that NPC cells with
high metastatic potential had high expression levels of serglycin. The seven peptide sequences identified in our study
are protein fragments of molecules, rather than the full
protein, therefore the expression levels of peptide may not
necessarily reflect the expression of the protein[28].
The 10 peptides that were significantly different in
serum of patients with bone metastasis of HCC may possibly be used to establish simple and practical molecular
markers for this disorder. They may be used as a potential
early clinical predictor of metastasis, or used to monitor
palliative treatment and active preventative intervention.
In conclusion, we believe that the serum peptides identified by MALDI-TOF-MS may be adopted as potential tu-
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mor makers for bone metastasis of HCC. In addition, their
identification facilitates the development of molecular markers to predict bone metastasis of HCC in high risk patients.
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The serum peptides screened by MALDI-TOF-MS may be adopted as potential
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CONCLUSION: Pancreatic acinar cell injury due to
short-lived oxygen free radicals (generated by injury mediated by prematurely activated intra-acinar trypsin) is
an important mechanism of cell damage in chronic pancreatitis. However, in contemporary paradigms of chronic
pancreatitis this should be seen as one of a series of
cell-injury mechanisms rather than a sole mediator.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Chronic pancreatitis; Cellular injury; Oxidative stress; Xenobiotics; Cytochrome P450

AIM: To reappraise the hypothesis of xenobiotic induced, cytochrome P450-mediated, micronutrient-deficient oxidative injury in chronic pancreatitis.

Core tip: This review systematically appraises the evidence for the key components of the hypothesis of
environmental xenobiotic exposure leading to induction
of the cytochrome P450 (CYP) system in the pancreatic
acinar cell and in turn compromising the free radical
quenching pathway in chronic pancreatitis. The central
components of the hypothesis of xenobiotic-induced,
micronutrient-deficient oxidative-stress mediated cell
injury in chronic pancreatitis: xenobiotic exposure causing CYP induction, acinar CYP induction and hepatocyte
mediated CYP by-products causing acinar injury by bile
reflux do not withstand objective scrutiny.

METHODS: Individual searches of the Medline and
Embase databases were conducted for each component
of the theory of oxidative-stress mediated cellular injury
st
st
for the period from 1 January 1990 to 31 December
2012 using appropriate medical subject headings. Boolean operators were used. The individual components
were drawn from a recent update on theory of oxidative
stress-mediated cellular injury in chronic pancreatitis.
RESULTS: In relation to the association between exposure to volatile hydrocarbons and chronic pancreatitis
the studies fail to adequately control for alcohol intake.
Cytochrome P450 (CYP) induction occurs as a diffuse
hepatic and extra-hepatic response to xenobiotic exposure rather than an acinar cell-specific process. GSH
depletion is not consistently confirmed. There is good
evidence of superoxide dismutase depletion in acute
phases of injury but less to support a chronic intraacinar depletion. Although the liver is the principal site
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remained small (Neoptolemos JP - personal communication). To address this problem, the Manchester group
recently conducted and reported the largest randomized
controlled trial of antioxidant therapy for treatment of
pain in chronic pancreatitis - the ANTICIPATE study[12].
In this, 356 patients with CP were screened for eligibility, 92 randomised and 70 completed intervention with 6
mo of antioxidant therapy with antox version 1.2 (Pharmanord, Morpeth, United Kingdom) or matched placebo. Unique features of trial design were that the study
focused exclusively on patients with radiological and
clinical evidence of chronic pancreatitis but not solely on
patients with end-stage disease. In keeping with modern
trial design the study assessed treatment-related quality of
life and both self-reported and clinician-assessed pain-related endpoints[13]. At the end of a 6 mo period of intervention with either drug or placebo there was no difference in the primary endpoint of abdominal pain assessed
on an 11-point numerical rating scale with this finding
being under-pinned by the absence of any difference in
secondary endpoints of pain assessed by pain diaries or
in quality of life assessed by validated questionnaires[12].
However, blood and plasma antioxidant levels were significantly elevated in patients in the antioxidant arm[12].
Although ANTICIPATE is the largest study of antox
in chronic pancreatitis to date valid criticisms related to
the inclusion of patients with prior pancreatic intervention and possibly also to the lack of screening for opiate
addiction[14]. However, a striking finding is that the lack
of benefit of antioxidant therapy seen in ANTICIPATE
was also observed in patients with alcohol-related chronic
pancreatitis in the large randomised trial from Delhi[15].
The Indian study used “reduction in painful days” as
a primary endpoint and after 3 mo of intervention the
mean difference between placebo and antioxidant groups
was not significant for individuals with alcohol-induced
chronic pancreatitis[15]. This clinical debate is likely to
continue at least until the report of the currently ongoing EUROPAC study evaluating antox in hereditary
and idiopathic chronic pancreatitis[16].
However, these studies change the landscape of
clinical evidence and the aim of the present study is to
undertake a re-appraisal of the validity of the hypothesis
of xenobiotic induced, CYP-mediated, micronutrient deficient oxidative injury in chronic pancreatitis, to integrate
this hypothesis into current paradigms of the aetiology
and pathogenesis of chronic pancreatitis and to provide
direction for any future clinical evaluation of antioxidant
therapy in this complex disease.

INTRODUCTION
The oxidative stress hypothesis proposed that cellular
injury in chronic pancreatitis (CP) originated at the level
of the acinar cell and was principally mediated by shortlived oxygen-derived free radicals[1]. The hypothesis stated
that these oxygen-derived free radicals were produced as
a result of an imbalance between the processes producing these agents and those involved in de-activating or
quenching them[1]. The endogenous peptide glutathione{(2S)-2-amino-4-{[(1R)-1-[(carboxymethyl) carbamoyl]2-sulfanylethyl] carbamoyl} butanoic acid} (GSH) is a
central mediator in this model[2]. GSH is synthesized in
the cytosol of all mammalian cells in a highly regulated
manner[3]. The major determinants of GSH synthesis are
the availability of cysteine and the activity of the ratelimiting enzyme, glutamate cysteine ligase (GCL)[3]. The
sulfhydryl (thiol) group (SH) of cysteine serves as a proton donor and is responsible for the biological activity of
glutathione[3].
The model for the aetiology and pathogenesis of
chronic pancreatitis proposed by Braganza is multi-faceted and proposes that chronic exposure to xenobiotics,
either through dietary imbalance, ingested toxins (such as
alcohol) or inhaled toxins (such as volatile hydrocarbons)
leads to chronic induction of both hepatic and pancreatic acinar cytochrome P450 (CYP)[1]. In the setting of
chronic pancreatitis, CYP-mediated production of toxic
metabolites then results in a disturbance of the equilibrium of endogenous oxidant quenching pathways and the
resultant overwhelming of these pathways leads to unbalanced oxygen-free radical activity and acinar injury[4].
In their model, they propose that pancreatic acinar
cells are susceptible to oxidant injury mediated by CYPgenerated oxidative metabolites as there is a dearth of
glutathione transferase in these cells, very little copper superoxide dismutase (required for free radical scavenging)
and that the pool of cysteine is small[1].
Evidence in support of this model came from the
demonstration that patients with chronic pancreatitis had
increased serum/plasma levels of free radical oxidation
products but lower levels of precursor methionine, thiols
and glutathione[5,6]. Further, there was evidence that the
dietary intake of some patients with CP was deficient
in selenium, methionine and vitamin C, key cofactors in
these transulfuration pathways[7].
A logical completion of this paradigm was the development of antioxidant therapy - a pharmacological
preparation containing methionine, vitamin C, vitamin E
and selenium designed to restore these critical co-factors
to patients with CP[5,6]. Following clinical evaluation in
Manchester UK, antioxidant therapy was introduced into
regular clinical practice in that city initiating a polarisation
of practice in pancreatology and a long-running debate
which remains on-going, with the central question being
whether antioxidant therapy is effective for pain control
in chronic pancreatitis[8]. Proponents argued that positive
clinical trials continued to accrue from outside Manchester[9-11]. Opponents argued that the evidence-base
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MATERIALS AND METHODS
Literature search strategy
The optimum structure for assessing the individual components of the oxidative stress hypothesis is to undertake
a series of discrete searches. In order to do this, the components of the theory of oxidative-stress mediated cellular injury were isolated into the key elements proposed
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by its authors. These components were drawn from a
recent update on theory of oxidative stress-mediated cellular injury in chronic pancreatitis[1]: (1) Evidence that the
inhalational route of xenobiotic entry allows for a “direct
strike” to the pancreas; (2) Evidence for acinar cell induction of cytochrome P450 (CYP) in chronic pancreatitis;
(3) Evidence that glutathione transferase is deficient in
acinar cells in chronic pancreatitis; (4) Evidence that copper superoxide dismutase is deficient in acinar cells in
chronic pancreatitis; (5) Evidence that CYP induction in
hepatocytes leads to exposure of pancreatic acinar cells to
oxidative stress by-products in chronic pancreatitis; and (6)
Evidence that exogenous (dietary or medicinal) supplementation with antioxidants has a modulating effect on
pancreatic injury in experimental chronic pancreatitis. It
is accepted that there may be other components or facets
of the theory but the features which are actively promoted as being central to the hypothesis are listed above.
For each individual component, a search of the Medline and Embase databases together with the web of
knowledgeSM was undertaken for the period from 1st January 1990 to 31st December 2012 using appropriate medical subject headings which are listed individually below.
Boolean operators were used to ensure that variations in
key words were captured in the searches. Searches were
restricted to articles in the English language. Experimental evidence was included only in relation to the final
category (evidence that exogenous supplementation with
antioxidants modulates pancreatic injury). For all other
categories, searches were restricted to clinical studies.
Case reports, reviews, duplicate reports and papers not
providing original data were not included. Abstracts of
all papers identified in each search were reviewed and full
papers of all potentially relevant articles were retrieved.
Additional manuscripts were also identified from the bibliography of these reviewed papers. Data were extracted
from the full paper by one individual. As the majority of
the evidence is at the level of clinical case series, formal
assessments for bias were not possible. Where there are
potential sources of bias or distortion, these are individually highlighted. No pooling of data in the form of metaanalysis is undertaken in this study.

creatic cancer, 3 experimental studies, 4 on aspects unrelated to acinar cytochrome induction. No additional
articles were found on secondary searches in web of
knowledge using the topic terms “cytochrome P450” and
“chronic pancreatitis”.
Search 3: Glutathione transferase deficiency and chronic pancreatitis: The search terms “glutathione s-transferase”
and “chronic pancreatitis” yielded 19 articles in PubMed and
26 when used as topic terms in web of knowledge (the additional articles in web of knowledge related either to liver
disease or to pancreatic cancer).
Search 4: Copper superoxide dismutase deficiency and
chronic pancreatitis: The search terms “super oxide dismutase” and “chronic pancreatitis” yielded 38 articles.
Fourteen related to experimental studies, 3 to cancer and
2 to acute pancreatitis. Not all of the remaining 19 addressed the question of superoxide dismutase deficiency
in chronic pancreatitis. When secondary searches were undertaken in web of knowledge no additional articles were
found.
Search 5: CYP induction in hepatocytes and exposure
of pancreatic acinar cells to oxidative stress by-products: The search terms “hepatocyte”, “cytochrome P450”
and “chronic pancreatitis” yielded 3 articles. No additional articles were found by secondary searches in web
of knowledge. Only one of these 3 articles addressed
the relationship between hepatocyte-derived agents and
chronic pancreatitis.
Search 6: Antioxidant supplementation and modulation
of pancreatic injury in experimental chronic pancreatitis: The terms “antioxidant” and “experimental chronic
pancreatitis” were first assessed and yielded 34 articles in
PubMed and 35 in web of knowledge. Examined in detail,
the 34 citations in PubMed included 8 reviews, 8 studies
on experimental acute pancreatitis, 5 studies on mechanism of disease in chronic pancreatitis, 4 clinical studies,
1 article in Russian and 1 on liver disease. The additional
study identified in web of knowledge was retrieved and a
total of 8 studies of various antioxidants or antioxidantlike interventions in experimental chronic pancreatitis were
examined. Broader search criteria such as “animal models
of chronic pancreatitis” yielded 332 articles including
further intervention studies but it is not clear whether the
interventions target oxidative injury and thus the more restrictive criteria were adopted for this study, accepting that
not all relevant articles may have been captured.
Clinical trials of antioxidant supplementation in chronic pancreatitis have not been included in this re-appraisal a
they have been summarised extensively elsewhere[1,5-7,9-11].

Individual component searches
Search 1: Inhalational xenobiotics and chronic pancreatitis: The search terms “inhalational xenobiotics”,
“xenobiotics”, “chronic pancreatitis” and “pancreatitis”
(All fields) yielded 26 articles. No additional articles were
found after secondary searches using these words as topic
headings in web of knowledge. After exclusion of reviews and articles relating to acute pancreatitis there were
three studies which examined the association between
xenobiotic exposure and chronic pancreatitis.
Search 2: Acinar cell induction of cytochrome P450
and chronic pancreatitis: The search terms “cytochrome P450” and chronic pancreatitis yielded 39 articles
of which 34 were within the time limits of the search.
The following were excluded: 9 reviews, 1 article on pan-
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Evidence that the inhalational route of xenobiotic entry
allows for a “direct strike” to the pancreas
Occupational exposure to hydrocarbons was proposed
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as a risk factor for chronic pancreatitis with these compounds hypothesised as inducers of phase Ⅰ CYP 450 in
the pancreas and liver. McNamee undertook a case control study comparing likely hydrocarbon exposure in 102
patients with chronic pancreatitis to 204 age and gendermatched reference cases[17]. This remains to date, the
only study of its kind. The reference cases were selected
as they lived in the same localities as the index cases and
thus could be hypothesised to have similar environmental
hydrocarbon exposure (although occupational exposure
would potentially be different). A potential methodological limitation of the study is that it uses a previously
unreported and unvalidated “exposure to hydrocarbon”
score which categorises exposure into discrete groups:
“zero”, “low” and “high”.
The main findings were that 56 (55%) of cases and
81 (40%) of controls had a hydrocarbon exposure score
of > zero. McNamee reported an OR for hydrocarbon
exposure in cases with chronic pancreatitis compared to
controls of 2.21 (90%CI: 1.38-3.53). It should be noted
that 48 (47%) of the cases consumed alcohol to excess
(≥ 50 units per week for men, ≥ 35 units per week for
women) compared to only 44 (22%) of the controls[17].
In a more modern study, Jeppe and Smith examined
xenobiotic exposure in patients undergoing surgery for
chronic pancreatitis in Johannesburg, South Africa[18].
Their findings are similar to those of McNamee. Although 86 (77%) of their 112 patients had been exposed
to hydrocarbons in the form of burning firewood and
coal, 104 (93%) consumed alcohol with 44 (39%) taking
this daily[18].
Segal and colleagues demonstrated that alcohol intake
was higher in 21 patients with alcoholic psychosis than 14
controls with chronic pancreatitis[19]. Patients with CP had
higher scores for exposure to occupational xenobiotics
than alcoholics. No causal relationship was demonstrated
between hydrocarbon exposure and chronic pancreatitis.

donors (on a 4 point scale from “no stain” to “intense”).
With respect to pancreatic acini, this increase was seen
in CYP-450 Ⅲ A1, CYP-450 IA2 and NADPH P-450
reductase (Table 1). This phenomenon was not specific
to the chronic pancreatitis patients but was also seen in
pancreatic cancer and was also seen in hepatocytes and
pancreatic islets. There was no functional correlate of
this immunostaining.
Wacke’s study builds on these findings of cytochrome
induction in specimens from patients with chronic pancreatitis by assessing the functional ability of microsomal
fractions (containing 200 µg protein) from normal pancreata and chronic pancreatitis patients to undertake oxidative
biotransformation of verapamil[21]. This study also shows
increased immunostaining - both in terms of numbers of
cells and also in terms of intensity for cytochrome P450
enzymes in tissues from chronic pancreatitis. There are
differences between Foster’s findings and those of Wacke
which are attributed by the later authors to the different
antibodies used as Foster’s study used antibodies raised
against rat liver whereas the later study used recombinant
human antibodies. Wacke demonstrated increased verapamil biotransformation to norverapamil in microsomal
fractions taken from chronic pancreatitis tissue[21]. Similar
increases in pancreatic cytochrome P450 expression were
shown in a separate study by Standop et al[22] although they
showed more expression in islets than in pancreatic acinar
cells.
Over the last 20 years, there have been important progressions in knowledge of cytochrome P450 enzymes.
Humans have 57 genes divided amongst 18 families of
cytochrome P450 genes[23]. Fifteen human CYPS (all from
the CYP1, CYP2 and CYP3 families) are known to be
involved in xenobiotic metabolism, with a central role in
phas Ⅰ drug metabolism[23]. In man, the principle members
of the CYP1 family are CYP1A1, 1A2 and 1B1[23]. Constitutive expression is very low but is inducible by exposure
to aromatic hydrocarbons. The CYP2 family contribute
to xenobiotic metabolism of drugs and alcohol. Current knowledge indicates that CYP 2E1 is predominantly
responsible for alcohol metabolism[24]. The CYP3 family
constitutes 3 members in humans and is predominantly
involved in drug metabolism[25]. Current knowledge also
includes awareness of transcriptional regulation of cytochrome P450 function, functional polymorphisms at CYP
gene loci, potentially relevant knowledge of the propensity
for acinar cells to trans-differentiate under certain conditions such as chronic glucocorticoid exposure to assume
hepatocyte characteristics and evidence of substantial
inter-species variation in expression patterns of these enzymes[26-29]. Consistent findings include the dominance of
islet expression of cytochromes over acinar expression and
the independence of CYP 450 signalling from regulation
by cytosolic calcium[29-31].

Evidence for acinar cell induction of CYP in chronic
pancreatitis
A mainstay of the original concept of oxidative stressmediated injury was a recognition that the pancreas
was one of the extrahepatic sites of production of
cytochrome P450[1]. Chronic exposure to xenobiotics,
either in the form of ingested toxins such as alcohol or
inhaled volatile chemicals was hypothesised as leading
to CYP induction. In turn, CYP metabolism led to the
intra-acinar generation of toxic free radicals[1]. Braganza’
s group provided early evidence to substantiate this hypothesis in a study examining immunohistochemical patterns of expression of four phase Ⅰ drug-metabolizing
enzymes (cytochromes P-450 ⅢA1, P-450 ⅡE, P-450 Ⅰ
A2, and NADPH cytochrome P-450 reductase) and one
phase Ⅱ enzyme [glutathione S-transferase (GST) 5-5]
in normal donor pancreata and pancreatic tissue from six
patients with chronic pancreatitis and a further six with
pancreatic cancer[20]. They categorised their results according to those cytochromes were there was more than
50% increase in immunostaining compared to normal
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Evidence that glutathione transferase is deficient in
acinar cells in chronic pancreatitis
GST family of enzymes are a diverse family of dimeric proteins found principally in the cytoplasm where they have a
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Table 1 Evidence for cytochrome induction in pancreatic acinar cells in chronic pancreatitis
Ref.

Cytochrome

Method of assessment

Histologic
verification

Increased expression
in acinar cell

Functional correlate

Foster et al[20]

CYP 3A1
CYP 2E
CYP1A2
NADPH 4501
Glutathione
CYP1A1
CYP1A2
CYP2C9
CYP2E1
CYP3A1
CYP1A1, 2
2B6
2C 8/9/19
2D6
2.00E + 01
3A4
NA-OR

Immunohistochemical staining > 50%
of healthy donor

No

CYP 3A1
CYP1A2
NADPH 4501

No

No of cases having high ratios
compared to control

Yes

CYP1A12
CYP1A2
CYP2E1
CYP 3A12

Yes
(verapamil biotransformation)

Differences in frequency of
immunopositivity between normal, CP
and cancer

Yes

CYP1A
CYP 2B6
CYP 2C8/9/19
2D6
NA-OR

No

Wacke et al[21]

Standop et al[22]

1

NADPH cytochrome P 450 reductase; 2Expression similarly increased in normal non-diseased controls. CYP: Cytochrome P450; NA-OR: NADPH oxio reductase.

central role in phase Ⅱ xenobiotic metabolism[32]. The oxidative stress hypothesis proposed that in contrast to induction of CYPs in chronic pancreatitis there was a reduction
in acinar GSTs thus leading to failure of detoxification[1].
Ulrich et al[33] studied immunohistochemical staining
for glutathione S-transferase-π (pi) in normal pancreata
and chronic pancreatitis. There was no immunostaining
in acinar cells from either normal pancreata or chronic
pancreatitis[33]. In contrast, there was increased staining in
the islets of patients with chronic pancreatitis compared
to normal. From this evidence, the authors concluded
that “toxic substances have a role in the genesis of CP
and suggest an important role of the islet cells in protecting the exocrine pancreas”[33]. The mechanisms whereby
increased islet GST protects pancreatic acinar cells is unclear.
These authors then went on to examine whether the increased number of islet cells expressing GST-π and the absence in the acinar cells are compensated for by other GST
iso-enzymes. They investigated the expression of GST-α
and GST-µ in the same specimens and found no significant
differences between normal and chronic pancreatitis.
Foster’s original study, which examined immunohistochemical expression of glutathione S-transferase 5-5
showed that staining was preserved in chronic pancreatitis as compared to normal[20].
Integrating this information into an increasingly complex picture, it seems difficult to argue a case for GST deficiency when the findings simply demonstrate that there
was no difference in expression pattern between normal
and chronic pancreatitis.

There are three major families of superoxide dismutase,
depending on the metal cofactor: copper/zinc (Cu/Zn)
(which binds both copper and zinc), Iron (Fe) and manganese (Mn) types (which bind either iron or manganese),
and the Ni type, which binds nickel[34].
Intra-acinar deficiency of SOD was the fourth pillar of
the hypothesis of oxidative stress-mediated cellular injury[1].
The evidence for this was from Hausmann’s study which
showed that although levels of Cu/Zn SOD were elevated
in the pancreatic juice of patients with chronic pancreatitis,
acinar levels detected by immunostaining were very low[35].
Milnerowicz conducted similar studies more recently but
measured zinc, copper, metallothionein and Cu/Zn superoxide dismutase activity[34]. Elevated serum Cu levels
together with a significant increase of Cu/Zn superoxide
dismutase activity was observed in the blood of patients
with chronic pancreatitis and chronic pancreatitis. In slices
of the pancreas during pancreatitis, they observed variable
immunohistochemical staining for Cu/Zn SOD[34].
Current knowledge of the genetics of superoxide
dismutase acknowledge genetic variations in expression
leading to variation in function[36]. Although relating to
acute pancreatitis, Abu-Hilal et al[37] demonstrated that the
erythrocyte content of superoxide dismutase was reduced
during the clinical course of acute pancreatitis[37]. In an
experimental model, superoxide dismutase knockout
(SOD -/-) resulted in mice that were more susceptible to
cerulein-induced pancreatic injury[38]. Finally, in an elegant
study (again in experimental acute pancreatitis) Cuzzocrea
et al[39] demonstrated that intervention with a superoxide
dismutase mimetic M40401, attenuated pancreatic and
remote organ injury.

Evidence that copper superoxide dismutase is deficient
in acinar cells in chronic pancreatitis
Superoxide dismutase (SOD) are enzymes that catalyze
the dismutation of superoxide into oxygen and hydrogen
peroxide and are important antioxidant mechanisms[34].
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Evidence that CYP induction in hepatocytes leads to
exposure of pancreatic acinar cells to oxidative stress
by-products in chronic pancreatitis
Xenobiotic exposure at the hepatocyte level leads to in-
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duction of phase Ⅰ cytochrome P450 xenobiotic-metabolising enzymes. As the hepatocytes are quantitatively the
predominant source of CYP 450 in man, Braganza proposed that their oxidant by-products may contribute to
pancreatic injury by passage along the bile duct and reflux
into the pancreatic duct. This theory led to the highly idiosyncratic operation of bile duct ligation to divert bile in
patients with chronic pancreatitis[40]. Even 20 years after
these operations, it is of concern that the report makes
no mention of any institutional or regional ethics review
prior to subjecting these patients to surgery. In the two
patients reported in this index study, attacks of pancreatic
pain continued after the surgery. There is little doubt that
biliary diversion in man has no role to play in modulating
episodes of pancreatic pain in chronic pancreatitis.

effects of many of the intervention agents are pleomorphic with antioxidant, anti-inflammatory and anti-fibrotic
properties. Table 2 also illustrates the relatively short time
course of these models and the difficulties inherent in
extrapolating to the clinical setting. An overview would
suggest that experimental antioxidant-type interventions
are able to target pancreatic inflammatory pathways and
modulate pancreatic injury.

DISCUSSION
This study undertakes a re-appraisal of the evidence for
the hypothesis of xenobiotic-induced, micronutrient deficient, oxidative stress-mediated cellular injury in chronic
pancreatitis. This reassessment is timely in light of the
difference in findings between the ANTICIPATE study
of antox in chronic pancreatitis and the earlier study
from India. Although these differences have been carefully and critically examined[52], the underlying hypothesis
has not been critically re-appraised since its introduction
in the 1980s. Thus before any further studies of antioxidant therapy are undertaken it is necessary to re-assess
the hypothesis and in particular to integrate this model
into contemporary paradigms of chronic pancreatitis.
Two important areas of potential bias should be considered. First, it is accepted that the narrative structure
of the review could be regarded as a potential limitation
as manuscript inclusion and exclusion could be subject
to unreported bias. However, this is style of review is
necessary given the relatively limited volume of evidence
and the fact that many of the key articles are over 30
years old. It is thought that all major evidence has been
cited. A second potential bias that should be discussed
revolves around the antagonistic interpretation often
generated by this hypothesis. Specifically, would an article from the current Manchester group adopt a biased
stance? It should be remembered that the current group
conducted the ANTICIPATE study which is the largest
intervention trial of antox-based antioxidant therapy in
chronic pancreatitis. The group have credibility in design
and execution of balanced clinical trials in this area[53] but
equally need to undertake due diligence in appraising the
evidence in a constructive fashion before embarking on
further clinical trials[54].
Interpreting the results bearing these potential limitations in mind, the first element of the hypothesis to
consider is that of a causal association between exposure
to inhalational xenobiotics and chronic pancreatitis[1]. Several important facts emerge. First, it is clear that there are
few studies to examine this question. Second, the types
of volatile hydrocarbon (if any) associated with pancreatic injury are unclear. Third, the key finding is that the
studies fail to adequately control for alcohol intake. For
example, in the McNamee study 48 (47%) of the cases
consumed alcohol to excess (≥ 50 units for men, ≥
35 units for women) compared to only 44 (22%) of the
controls[17]. For sake of balance, it should be pointed out
that in a review, Braganza et al[55] cited several instances

Evidence that exogenous (dietary or medicinal)
supplementation with antioxidants has a modulating
effect on pancreatic injury in experimental chronic
pancreatitis
The difficulty in assessing the effect of antioxidant intervention in experimental chronic pancreatitis lies partly in
the difficulty of reproducing this disease in animal models[41]. In particular, there has historically been a dearth of
reproducible models of visceral pain in chronic pancreatitis[42]. These difficulties are reflected in the heterogeneity of animal models of chronic pancreatitis (Table 2).
Gómez et al[43] used cyclosporin A to transform the
acute pancreatic injury produced by caerulein injection to
a more chronic form characterised by acinar loss and fibrosis. Oxidative stress was present in this model as measured by increased levels of thiobarbituric acid-reactive
substance and 8-isoprostanes after induction of pancreatitis. There was also increased fibrosis as measured by an
increase in transforming growth factor-β (TGF-β). This
combination of inflammation and fibrosis is regarded
as a mimic for human chronic pancreatitis. Intervention
with vitamin E reduced lipoperoxidation, TGF-β bioactivity and increased myofibroblast apoptosis leading to
a reduction in pancreatic injury and fibrosis[43].
Yoo et al[44] reported similar improvements in a murine
chronic pancreatitis model following intervention with
DA-9601, a novel phytochemical agent. de Las HerasCastaño et al[45] also used the rat caerulein/cyclosporine
model and demonstrated that intervention with compound antioxidant therapy similar to the combinations
used in clinical practice was associated with a reduction in
pancreatic fibrosis and reduction in glutathione peroxidase
but no difference in antioxidant status. Mas et al[46] reported that taurine reduced pancreatic fibrosis in a model of
CP produced by intraductal infusion of TNBS and concluded that “Antioxidant treatment might be considered a
novel option to alleviate the fibrotic process in CP”. Other
interventions associated with a favourable outcome in the
treatment group compared to animals with experimental
chronic pancreatitis include ascorbic acid[47], pravastatin[48],
[49,50]
and taurine[51].
α-tocopherol
Difficulties in interpreting these studies are that the

WJG|www.wjgnet.com

3038

March 21, 2014|Volume 20|Issue 11|

Siriwardena AK. Oxidative stress and chronic pancreatitis
Table 2 Interventions with evidence of modulation of experimental chronic pancreatitis
First Author
Gómez et al[43]

Yoo et al[44]

Animal

Model of CP

Intervention

Rat

ip
cyclosporine
A and ip
caerulein

Vitamin E
(gavage)

Mouse

ip caerulein

DA 9601

ip cyclosporin L-methionine
A and ip
β-carotene
caerulein
ascorbic acid
α-tocopherol
selenium

Modes of action

Time course and Pancreatic parenchymal endpoint of intervention
points

Systemic endpoints

Anti-oxidant properties:
15 d study
Reduced peroxidation
Reduced plasma
control oxidative radicals
(TBARS level)
lipoperoxidation.
Anti-oxidant
Intervention day 8
Reduced collagen and
Reduced plasma
independent properties:
hyaluronic acid deposition
TGF-β
Reduced acinar atrophy and
reduction of fibrosis
periductal fibrosis
Phytochemical
possessing antiinflammatory and
antioxidative action

de Las HerasCastaño� et al[45]

Rat

Antioxidant

Mas et al[46]

Rat

Intraductal
TNBS

Taurine

Anti-fibrotic

Lu et al[47]

Rat

DBTC
infusion1

Ascorbic acid

Antioxidant

Wei et al[48]

Rat

Li et al[49]

Rat

Intraductal
TNBS

α-tocopherol

Antifibrotic

Jiang et al[50]

Rat

DBTC

α-tocopherol
and
tocotrienolrich fraction

Antioxidant and
antifibrotic

Matsushita et al[51]

Rat

DBTC

Taurine

Antifibrotic

PD infusion
Pravastatin
Competitive inhibition
of pancreatic 10 mg/kg per
of 3-hydroxy-3juice/bile (PD
day
methylglutarylcoenzyme
hypertension)
A reductase

35 d

Reduced pancreatic fibrosis

None

Intervention weekly Myeloperoxidase and iNOS
from week 1
activities decreased
HSP-70 increased
49 d
Reduction in pancreatic
None
fibrosis
Intervention weekly Similar cellular glutathione
from week 1
peroxidase levels to control
and less than caerulein alone
group
Increased total antioxidant
status but also increased in
caerulein alone group
28 d
Tissue malondialdehyde
Reduction in
levels increased
weight loss
Intervention weekly
SOD and glutathione
from week 1
peroxidase activities
decreased
Histopathologic injury
scores lower
56 d
Increased SOD and reduce
Reduce serum
malondialdehyde
hyaluronic acid
Intervention weekly No change in pancreatic
from day 28
fibrosis
Less atrophy
14 d

Maintained secretinAmelioration of
stimulated secretory
weight loss
response
Intervention from Attenuated fibrosis with less
day 2
expression of TGF-β mRNA
Maintained pancreatic
exocrine function
28 d
Reduced incidence of
Amelioration of
pseudocysts from 100% to
weight loss
69%
Intervention daily
Ameliorates pancreatic
fibrosis
28 d
Reduced pancreatic
None
inflammation and fibrosis
Intervention daily
Down-regulated mRNA
(oral)
expression of TGF-β1 and
collagen-α1
28 d
Inhibition of pancreatic
None
fibrosis
Intervention day 0 Decreased apoptotic index

1

Dibutylin dichloride (DBTC) given by infusion into tail vein. TBARS: Thiobarbituric acid-reactive substance; TGF-β: Transforming growth factor beta;
iNOS: Inducible nitric oxide synthase; HSP: Heat shock protein; TNBS: Trinitrobenzene sulfonic acid; SOD: Superoxide dismutase; PD: Pancreatic duct.

of patients with pain related to exposure to occupational
hydrocarbons whose symptoms settled on avoidance but
returned on re-exposure. At the least, these findings require independent, large scale validation using a validated
hydrocarbon exposure score and carefully controlling for
other factors such as alcohol intake before acceptance.
The available evidence does not support a conclusion
that xenobiotic exposure by itself should continue to be
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regarded as a risk factor for chronic pancreatitis.
The second element of the hypothesis is that of
pancreatic cytochrome induction[1]. Integrating the findings into a modern framework there is good evidence
that CYP induction occurs as a diffuse hepatic and extrahepatic response to xenobiotic exposure. However, there
is little evidence to support the hypothesis of preferential
acinar cell CYP induction. CYP expression in the pancre-
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atic acinar cell is quantitatively small (although the resistance of acinar cells to phase Ⅰ metabolites is unknown)
and the contemporaneous evidence from the three immunohistochemistry studies of preferential expression
relates principally to islets[20-22]. To take a balanced view
the link between intra-pancreatic CYP induction and acinar injury should be regarded as an association with no
evidence that the former is causatively linked to chronic
pancreatitis.
The third element of the hypothesis relates to intraacinar depletion of GSH[1]. The findings of the review
show evidence of increased islet expression of GSH and
that the original study by Foster et al[20] showed that immunostaining for GSH was preserved in chronic pancreatitis tissue. Integrating this evidence into modern concepts, it is likely that endogenous cell-defence pathways
are compromised during the injury phases of chronic
pancreatitis but there is little evidence to suggest that the
GSH transulfuration pathway is uniquely important in
this process.
The fourth element of the hypothesis is intra-acinar
superoxide dismutase deficiency[1]. There is good evidence of SOD depletion in acute phases of injury but
less to support a chronic intra-acinar depletion. Integrating current knowledge into the oxidative stress injury
hypothesis would suggest that although superoxide dismutase biology is more complex than previously thought,
intra-acinar deficiency of quenching activity may play a
part in cellular injury in chronic pancreatitis.
The fifth element is that CYP induction in hepatocytes leads to exposure of pancreatic acinar cells to
oxidative stress by-products by reflux of bile into the
pancreatic duct[1]. Although the liver is the principal site
of CYP induction there is no evidence to suggest that
oxidative by-products are carried in bile and reflux into
the pancreatic duct to cause injury.
Finally, in relation to experimental chronic pancreatitis,
there is evidence of antioxidant modulation of pancreatic
injury: tocotrienol supplementation reduced pancreatic inflammatory gene expression in an experimental rat model
of chronic pancreatitis[56]. Other interventions associated
with modulation of the disease course of experimental
chronic pancreatitis are seen in Table 2. It is difficult and
possibly inappropriate to attempt to synthesise a single
common pathway of action for these agents. In acute
pancreatitis, many interventions are effective in experimental models but none translate to a clinical setting and
these limitations may also apply in relation to experimental chronic pancreatitis[57]. In particular, although these
experimental studies suggest that exogenous supplementation with compounds with antioxidant properties may
modify pancreatic injury, there is insufficient evidence to
extrapolate these findings to the clinical setting[57].
To integrate these findings into modern paradigms of
chronic pancreatitis, the epidemiology of chronic pancreatitis suggests a complex disease, predominantly associated with prolonged, heavy consumption of alcohol but
also associated with several other causes[58,59]. Populationbased registries have allowed for better definition of the
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incidence of the disease and this process of identification has occurred in the latter half of the twentieth century[60,61]. To seek an association between this process of
better definition of disease and hydrocarbon exposure in
industrialised countries is tempting but the available literature does not support a causal association between xenobiotic exposure and pancreatic acinar injury in chronic
pancreatitis.
The cationic trypsinogen codon 122 R122H mutation
was the first mutation clearly associated with chronic (and
acute) pancreatitis[62]. The cationic trypsinogen R122H
mutation is a “gain of function” mutation as it prevents
trypsin inactivation[63]. Early and inappropriate intra-acinar
trypsin activation is now recognised as an important proximal pathway step in chronic pancreatitis[64]. Other mutations including those at the serin protease inhibitor Kazal
type Ⅰ/pancreatic secretory trypsin inhibitor Ⅰ (SPINK1/
PT1) mutation are also associated with chronic pancreatitis[65] and it is now understood that in genetic terms CP is a
complex and heterogeneous disease.
Pancreatic injury in CP is characterised by fibrosis and
the role of the extracellular matrix and pancreatic stellate
cells in mediating this component of injury is now better
recognised[66]. Similarly, alterations in the composition of
pancreatic nerves, neurotransmitters and the concept of
neural remodelling[67] together with alterations in central
nervous system perceptions of pain[68] are now recognised to be important component of the perception of
pain in this disease.
In conclusion, pancreatic acinar cell injury due to
short-lived oxygen free radicals (generated by injury mediated by prematurely activated intra-acinar trypsin) is
an important mechanism of cell damage in chronic pancreatitis. However, this should be seen as one of a series
of cell-injury mechanisms rather than as a sole mediator.
The central components of the hypothesis of xenobiotic-induced, micronutrient-deficient oxidative-stress
mediated cell injury in chronic pancreatitis: xenobiotic
exposure causing CYP induction, acinar CYP induction
and hepatocyte mediated CYP by-products causing acinar
injury by bile reflux do not withstand objective scrutiny.
This view is essentially mirrored by the low use of antioxidant therapy in terms of non-analgesic medication
for chronic pancreatitis[69]. In terms of the cost and ethical considerations around subjecting vulnerable patients
to further trials, current clinical evidence would argue
strongly against efficacy of exogenous antioxidant therapy in alcohol-related chronic pancreatitis. Although there
may be options for evaluation in non-alcohol related disease the central tenets of the hypothesis are insufficiently
strong even to justify this. Rationally, it is time to end the
on-going debate about antioxidant therapy in chronic
pancreatitis and to look for alternative truly effective interventions for patients with this dreadful disease.
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CASE REPORT

Acute hepatitis B of genotype H resulting in persistent
infection
Norie Yamada, Ryuta Shigefuku, Ryuichi Sugiyama, Minoru Kobayashi, Hiroki Ikeda, Hideaki Takahashi,
Chiaki Okuse, Michihiro Suzuki, Fumio Itoh, Hiroshi Yotsuyanagi, Kiyomi Yasuda, Kyoji Moriya,
Kazuhiko Koike, Takaji Wakita, Takanobu Kato
dark urine. The laboratory data showed increased levels
of hepatic transaminases. The patient was positive for
hepatitis B virus (HBV) markers and negative for antihuman immunodeficiency virus. The HBV-DNA titer was
set to 7.7 log copies/mL. The patient was diagnosed with
acute hepatitis B. The HBV infection route was obscure.
The serum levels of hepatic transaminases decreased
to normal ranges without any treatment, but the HBVDNA status was maintained for at least 26 mo, indicating
the presence of persistent infection. We isolated HBV
from the acute-phase serum and determined the genome sequence. A phylogenetic analysis revealed that
the isolated HBV was genotype H. In this patient, the
elevated peak level of HBV-DNA and the risk alleles at
human genome single nucleotide polymorphisms s3077
and rs9277535 in the human leukocyte antigen-DP locus
were considered to be risk factors for chronic infection.
This case suggests that there is a risk of persistent infection by HBV genotype H following acute hepatitis; further
cases of HBV genotype H infection must be identified
and characterized. Thus, the complete determination of
the HBV genotype may be essential during routine clinical care of acute hepatitis B outpatients.
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Core tip: Hepatitis B virus (HBV) genotype H infection
is rare in Asia, particularly in Japan. Here, we report a
case of acute hepatitis B caused by a genotype H strain
with persistent infection, although most adult cases of
acute hepatitis B are self-limiting in Japan. This case
suggests that the HBV genotype H infection can be a
risk factor for persistent infection. Therefore, it is necessary to investigate the characteristics of genotype
H infection in an accumulation of cases. Thus, the

Abstract
A 47-year-old man presented with general fatigue and
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patient’s laboratory data revealed elevated serum aspartate aminotransferase, alanine aminotransferase (ALT),
lactate dehydrogenase, alkaline phosphatase, γ-glutamylt
ranspeptidase, and total bilirubin (T-Bil) levels (Table 1).
The prothrombin activity was within the normal range
(95%). Test for hepatitis B surface antigen (HBsAg;
HISCL-2000i, Sysmex, Kobe, Hyogo, Japan), hepatitis B
e-antigen (HBeAg; ARCHITECT® CLIA, Abbott Japan,
Tokyo, Japan) and anti-hepatitis B core antigen (antiHBc) IgM (ARCHITECT® CLIA) were positive. A test
for HBV-DNA was also positive, exhibiting a titer of
7.7 log copies/mL (COBAS TaqMan HBV Test v2.0,
Roche Diagnostics, Tokyo, Japan). HBsAg had not been
detected 2 years previously when the patient had been
admitted to another hospital for treatment of acute enterocolitis. Other hepatitis virus markers were negative.
Therefore, the patient was diagnosed with acute hepatitis
B. The genotype of the infecting HBV, as assessed by
the Immunis HBV Genotype Immunis® HBV Genotype
EIA Kit (Institute of Immunology, Tokyo, Japan), was
determined as genotype C. The patient had not been
abroad in the past 12 mo; he had no history of receiving
blood or blood-related products, transfusions, or drug
injections, and he reported no personal or family history
of liver disease. The man was unmarried and declared
that he was heterosexual, with no history of sexual contact with commercial sex workers or strangers. Antihuman immunodeficiency virus (HIV) was not detected.
In the absence of medication, the patient’s condition and
elevated ALT level improved within a month. Anti-HBe
became detectable, and HBeAg disappeared 2 mo after
onset of the symptoms. HBsAg became undetectable at
5 mo, but the patient still tested positive for HBV-DNA,
a status that persisted for at least 26 mo following his
presentation at our hospital (Figure 1). We are now preparing to administer anti-viral medication.
For further analysis of the HBV infecting this patient,
HBV-DNA was extracted from the acute-phase serum using a QIAamp DNA Blood Mini kit (QIAGEN, Valencia,
CA). The entire HBV genome sequence was determined
after polymerase chain reaction (PCR) amplification using the following primers ���������������������������
[��������������������������
the number of nucleotides
(���������������������������������������������������
nt�������������������������������������������������
)������������������������������������������������
added to the primers were deduced from the prototype HBV/C clone, with accession no. AB246344���
]��.
For the amplification of half of the HBV genome, the
outer primers were 5’-ATTCCACCAAGCTCTGCTAGATCCCAGAGT-3’�����������������������������
(���������������������������
nt 10����������������������
-���������������������
39�������������������
)������������������
and 5’-GGTGCTGGTGAACAGACCAATTTATGCCTA-3’ (���������������
����������������
nt 1813��������
-�������
1784���
)��,
and the inner primers were 5’-CCTATATTTTCCTGCTGGTGGCTCCAGTTC-3’ (�������������������������
��������������������������
nt 46��������������������
-�������������������
75�����������������
)����������������
and 5’-TAGCCTAATCTCCTCCC CCAACTCCTCCCA-3’ (���������������
����������������
nt 1760��������
-�������
1731���
)��.
For the other half of the HBV genome, the outer primers
were 5’- ACGTCGCATGGAGACCACCGTGAACGCCCA-3’ ����������������������������������
(���������������������������������
nt 1601��������������������������
-�������������������������
1630���������������������
)��������������������
and 5’-AAGTCCACCACGAGTCTAGACTCTGTGGTA-3’ ����������������������
(���������������������
nt 266���������������
-��������������
237�����������
)����������
, and the
inner primers were 5’-CCAGGTCTTGCCCAAGGTCTTACATAAGAG-3’ ������������������������������
(�����������������������������
nt 1631����������������������
-���������������������
1660�����������������
) and
���������������
5’-CCCGCCTGTAACACGAGCAGGGGTCCTAGG-3’ (�������������
��������������
nt 207�������
-������
178���
)��.
The PCR was performed in a thermal cycler for 30 cycles
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INTRODUCTION
Hepatitis B is a potentially life-threatening liver infection caused by the hepatitis B virus (HBV); it represents
a major global health problem. HBV can cause chronic
liver diseases and increases the risk of death from cirrhosis and liver cancer. Worldwide, an estimated two billion people have been infected with HBV and more than
240 million have chronic infections[1].� ���������������
The HBV genome
consists of approximately 3200-nucleotides of DNA;
the virus replicates using a reverse transcriptase enzyme
that lacks proofreading ability. Therefore, HBV possesses
diverse genetic variability, and the viral population is classified into at least eight genotypes that are designated A
-�
H[2-6].� In
��� Japan,
�����������������������
genotypes B and C
�� are
��������������������
prevalent among
patients with chronic infections. However, in the last
decades, the prevalent genotype in acute HBV infections
has shifted from genotype C to A[7-9].� There
�������������������
are some differences in the clinical features and outcomes among the
genotypes[10-13]. It has been reported that the persistent
infection from acute hepatitis is prevalent in adults that
are infected with genotype A HBV. Thus, determining
the HBV genotype is of increasing importance even in
routine clinical practice, although a reliable kit for determination of all HBV genotypes is still uncommon and
is not yet covered by insurance. The host factors associated with persistent infection by HBV have also been
reported, such as single nucleotide polymorphisms (SNPs)
or genotypes in the human leukocyte antigen-DP locus.
It may also be useful for identifying the patients who are
prone to develop chronic hepatitis.
In this report, we describe a case of acute hepatitis B
resulting from infection by a genotype H strain of HBV.
Although the laboratory data and symptoms were not
distinguishable from acute hepatitis B with other genotypes, this patient developed persistent infection.

CASE REPORT
A 47-year-old man living in Kawasaki, Japan, presented
at our hospital with general fatigue and dark urine. Approximately 1 wk before visiting the hospital, the patient developed nausea, loss of appetite, and a feeling
of fullness in the abdomen. Four days later, he noted
darkening of his skin and urine. Upon admission, the
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Table 1 Laboratory findings at first visit to our hospital
Hematology
WBC

Blood chemistry
7400/µL

Neutrophil
Eosinophil
Basophil
Monocyte
Lymphocyte
RBC
Hemoglobin
Hematocrit
Platelet

72.0%
1.0%
0.0%
10.0%
17.0%
457/μL
16.0 g/dL
46.4%
36.6 × 104/µL

TP

Viral markers

7.4 g/dL

Albumin
T-Bil
D-Bil
AST
ALT
ALP
γGTP
LDH
BUN
Creatinine
T-Chol

4.5 g/dL
11.1 mg/dL
8.0 mg/dL
1942 IU/L
2963 IU/L
612 IU/L
756 IU/L
739 IU/L
8.2 mg/dL
0.64 mg/dL
225 mg/dL

Immunology

Coagulation

Anti-HA IgM

(-)

IgA

183 mg/dL

PT%

95%

Anti-HCV
HBsAg
Anti-HBc IgM
HBeAg
Anti-HBe
HBV-DNA
Anti-HIV
RPR
TPHA
Anti-CMV IgG
Anti-CMV IgM
Anti-EBV EBNA
Anti-EBV EA IgG
Anti-EBV VCA IgG
Anti-EBV VCA IgM

(-)
(+) 197333
(+) 25.5 C.O.I
(+) 253 C.O.I
(-) 0.0 %
7.7 log copies/mL
(-)
(-)
(+)
(+)
(-)
(+)
(-)
(+)
(-)

IgG
IgM
ANA

1168 mg/dL
220 mg/dL
× 40, homogeneous

APTT

36.4 s

WBC: White blood cells; RBC: Red blood cells; ANA: Antinuclear antibody; TP: Total protein; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; γGTP��: γ-glutamyltranspeptidase; LDH: Lactase dehydrogenase; BUN: Blood
urea nitrogen; T-Chol: Total cholesterol; PT: Prothrombin activity; APTT: Activated partial thromboplastin time; C.O.I: Cutoff index; HA: Hepatitis A; HCV:
Hepatitis C virus; HBsAg: Hepatitis B surface antigen; HBc: Hepatitis B core; HBeAg: Hepatitis B e-antigen; HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; RPR: Rapid plasma regain; TPHA: Treponema pallidum hemagglutination assay; CMV: Cytomegalovirus; EBV: Epstein-Barr virus; EBNA:
Epstein-Barr virus nuclear antigen; EA: Early antigen; VCA: Viral capsid antigen.

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

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)

(-)
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the databases. The α determinant region of the S protein
of B-MHJ9014 harbored an amino acid polymorphism
(phenylalanine to leucine) at residue 134. The predicted
B-MHJ9014 reverse transcriptase did not include any of
the amino acid substitutions known to be associated with
nucleotide analog resistance. To assess the complexity of
the infecting virus, S region sequences from 51 clones
in acute phase serum were determined. The detected sequences were genotype H and were closely related to the
consensus sequence determine by direct sequencing with
1����������������������������������������������
-���������������������������������������������
3 amino acids polymorphisms (data not shown).
To assess the presence of human genome SNPs in the
HLA-DP locus that are associated with persistent infection
by HBV[14,15], a blood specimen was obtained from the patient (who had previously provided informed consent). Genomic DNA was extracted from buffy coat samples with
the QIAamp DNA Mini kit (QIAGEN); DNA for SNPs
rs3077 and rs9277535 were amplified with the appropriate
primers and TAKARA LA Taq® DNA polymerase and
were sequenced directly. The patient was homozygous (G/
G) at both of these SNPs; these alleles are considered to be
risk alleles for persistent infection.

0
0

HBV-DNA (log copies/mL)

HBsAg
Anti-HBs

4
8
12
16
20
24
Months from presentation at our hospital

Figure 1 Clinical course of the patient infected with the genotype H strain.
The dotted line indicates the detection limit of HBV-DNA (2.1 log copy/mL); the
titer of the HBV-DNA was below the lower limit at 18 mo. HBsAg: Hepatitis B
surface antigen; Anti-HBs: Antibody to hepatitis B surface antigen; ALT: Alanine
aminotransferase; HBV: Hepatitis B virus.

(94 ℃, 30 s; 60 ℃, 30 s; 72 ℃, 30 s) with TAKARA LA
Taq® DNA polymerase (TAKARA, Shiga, Japan). The
amplified fragments were sequenced directly with an automated DNA sequencer (3500 Genetic Analyzer, Applied
Biosystems, Foster City, CA������������������
,�����������������
United States).
The genome of the infecting HBV (designated as
B-MHJ9014) was 3215 bases in size. A phylogenetic analysis was performed with this strain and several database
reference strains. B-MHJ9014 sorted with the genotype-H
branch of the tree and clustered with the genotype-H
strains previously isolated from Japanese patients (Figure
2). The substitutions at nt 1762 and nt 1764 (the basal
core promoter region) and at nt 1896 (the precore region)
were not observed. The length of the deduced amino
acid sequences of the S, X, Core, and P proteins were
identical to those encoded by other genotype H strains in

WJG|www.wjgnet.com

DISCUSSION
HBV genotype H was first reported in 2002[5].� Infections
�����������
by this genotype have been found mainly in Nicaragua,
Mexico, and California; this genotype is considered to be
rare in Asia, particularly in Japan[5,16-18].����������������
However, since
the first recognition of genotype H in Japan in 2005,
eight strains have been isolated from Japanese patients
(Table 2)[18-25].������������������������������������������
All reported genotype H strains were isolated from male patients aged 35 to 65 years old, and the
major route of infection was sexual transmission (5/8,
62.5%). Four cases (50%) represent transmissions that
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F

100

AB036905
AB064316

G

AY090454 (Nicaragua)

100
H

AY090457 (Nicaragua)
AB059661 (United States)

100

100

HM066946 (Mexico)
AB059660 (United States)
AB375161 (United States)
AB375163 (Mexico)

92

HM117850 (Mexico)
AB516394 (Mexico)
HM117851 (Mexico)
AB064315 (United States)

100

86

AB516395 (Mexico)
AB375159 (Mexico)
86 AB375160 (Mexico)
AB516393 (Mexico)
AB375162 (Mexico)
AB059659 (United States)
FJ356716 (Argentina)
FJ356715 (Argentina)
86
AB375164 (Mexico)
AY090460 (United States)
AB266536 (Japan)
EU498228 (Thailand)
AB353764 (Japan)
B-MHJ9014 (Japan)
AP007261 (Japan)
AB205010 (Japan)
AB298362 (Japan)
EF157291 (Japan)
AB179747 (Japan)
AB275308 (Japan)

B

AB010289
AB121248
AB205118
AB644281

100

A

80

C

100
100

0.08

D

AB033558
X75657

E

0.06

0.04

0.02

0.00

Figure 2 A phylogenetic trees constructed using the neighbor-joining method with the full hepatitis B virus genome sequence of the isolated and reference strains. The strain isolated in this case (B-MHJ9014) is shown in bold. The horizontal bar indicates the number of nucleotide substitutions per site. The reference sequences are shown with the DDBJ/EMBL/GenBank accession numbers. The HBV genotypes are indicated on each branch. The bootstrap values (> 80%) are
indicated at the nodes as a percentage of the data obtained from 1000 resamplings. HBV: Hepatitis B virus.

Table 2 Genotype H strains reported in Japan
No.
1
2
3
4
5
6
7
8
9

Patient

Hypothesized source of infection

HIV infection

Age

Gender

Route

Place

52
61
46
38
65
35
60
60
47

Male
Male
Male
Male
Male
Male
Male
Male
Male

Unknown
Sexual contact (heterosexual)
Sexual contact (bisexual)
Sexual contact (homosexual)
Unknown
Unknown
Sexual contact (homosexual)
Sexual contact (heterosexual)
Unknown

Japan
Thailand
South America
Unknown
Japan
Japan
Japan
Unknown
Japan

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

1

Clinical feature

Accession number
(Ref.)

Unknown blood donor
Chronic
Chronic
Chronic
Acute
Acute
Acute
Chronic
Acute to chronic

AB179747, [18]
AB205010, [19]
AP007261, [20]
AB298362, [21]
EF157291, [22]
AB266536, [23]
AB275308, [24]
AB353764, [25]
AB846650, this paper

1

NA: Not available; HIV: Human immunodeficiency virus.

occurred in Japan. Co-infection with HIV was not common (2/8, 25%). These characteristics were similar to the
case described here. All isolated strains from Japanese
patients clustered together as a branch on the phyloge-
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netic tree; therefore, it is possible that a specific strain
of genotype H has emerged and spread in Japan. Presumably, the infrequent use of a reliable and convenient
detection kit for genotype H infection has hampered the
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correct diagnosis of genotype H infection; some cases
may be misdiagnosed and considered to be infections
by other genotypes. In fact, in the current case, our HBV
isolate was originally identified as genotype C by the commercial kit that is covered by insurance in Japan. This kit
was developed before the discovery of genotype H; thus,
such a misidentification is a potential risk, as noted in the
kit’s instruction manual. The clinical features of genotype
H infection remain obscure. There is a growing need for
an accumulation of genotype H infection cases. To this
end, the use of a reliable HBV genotyping kit that can
correctly distinguish all genotypes is essential for routine
clinical practice.
In Japan, most cases of acute hepatitis B are selflimiting, but some cases have been reported to have progressed to persistent infections[9,26-29]. Among the reported cases of genotype H infection, 4 strains were isolated
from chronic hepatitis patients; in all cases, the infection
was ascribed to sexual contact (Table 2)[19-21,25]. In our
case, the HBV-DNA persisted for at least 26 mo. To our
knowledge, this report represents the only case of genotype H infection in which chronic hepatitis was observed
following acute infection. HBsAg was no longer detected
at 4 mo from onset by HISCL-2000i. This disappearance
was also confirmed by ARCHITECT® HBsAg (CMIA,
Abbott Japan, Tokyo, Japan). In the S protein analysis, we
found an amino acid polymorphism in the α determinant
region. This polymorphism may affect the sensitivity for
detecting HBsAg. HIV infection, a well-known risk factor
for prolonged HBV infection[30],�������������������������
was not detected in our
patient. Recently, the risk factors for HBV persistent infection have been reported in an analysis of a cohort that
excluded patients co-infected with HIV[29].� In
����������������
that report,
infection with genotype A, elevated peak levels of HBVDNA, and attenuated peak levels of ALT were suggested
as risk factors for chronic infection. In the case described
here, the peak level of HBV-DNA was 7.7 log copy/mL,
which was consistent with increased risk for chronic infection. However, our patient exhibited a peak level of
ALT of 2963 IU/L, which is a value that would classify
this individual in the self-limiting group. Therefore, the
clinical features of this case did not completely fit the
risk factors associated with the establishment of chronic
infection in the previous analysis[29].������������������
Another reported
risk factor for chronic HBV infection is the presence of
certain SNP alleles. Specifically, selected SNPs around
the HLA-DP locus have been reported to be associated
with chronic hepatitis B in Asians[14,15].�������������������
With the informed
consent of our patient, we determined the sequences
for these SNPs (rs3077 and rs9277535) and found that
this patient harbored risk alleles at both polymorphisms.
This factor may have contributed to the establishment of
chronic infection in this case.
In conclusion, we report a case of acute hepatitis B
caused by a genotype H strain of HBV. This patient exhibited persistent infection. Our finding suggests that the
infection of HBV genotype H can be a risk factor for persistent infection. We believe that it is necessary to use kits
that are capable of accurate genotyping to permit an ac-
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cumulation of cases and to investigate the clinical features
of genotype H infection in routine clinical practice.
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The����������������������������
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Clinical diagnosis

The patient was a case of acute hepatitis B caused by a genotype H strain with
persistent infection.

Differential diagnosis
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he hepatitis B virus (HBV) genotype was considered to be importan�������������
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to predict
the outcome and clinical features�.

Laboratory diagnosis

To diagnose this patient, the detection of HBV markers and the complete determination of the HBV genotype were essential.

Treatment

The anti-viral treatment was not administered because we expected this case
was self-limiting. Authors are now preparing medication.

Experiences and lessons
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he infection of HBV genotype H can be a risk factor for persistent infection�����
and
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is ����������
important�.

Peer review

To conclude the association between HBV genotype H and chronic infection,
the accumulation of cases of genotype H infection is essential.
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Classifying extrahepatic bile duct metachronous carcinoma
by de novo neoplasia site
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after the second surgery. Through a review of the literature on these cases, we classified the pattern of
metachronous EHBD cancer according to the site of de
novo neoplasia. The proximal remnant bile duct was
most commonly involved. Metachronous EHBD cancer
should be distinguished from an unresectable recurrent
tumor. Classifying metachronous EHBD cancer may be
helpful in identifying rare metachronous tumors.
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Core tip: The cases of metachronous double bile duct
cancer described emphasize the importance of differentiating this condition from a loco-regional recurrence. It is not a progression of the initial tumor but
rather a new tumor. Therefore, it may have a good
prognosis. The cases that have been reported thus far
have shown a favorable prognosis. Tumor classification
may be valuable during the long-term follow up after
the initial surgery because it allows prediction of the
potential site and proper surgical methods for the new
tumors. Diagnosing these tumors and classifying their
patterns may allow physicians the opportunity to cure
the disease.

Abstract
Extrahepatic bile duct (EHBD) cancer may occur metachronously, and these cancers are resectable with a favorable prognosis. We aimed to identify the pattern of
metachronous EHBD cancer. We classified the cases of
metachronous EHBD cancer reported in the literature
thus far and investigated two new cases of metachronous EHBD cancer. A 70-year-old female underwent
R0 bile duct resection for a type 1 Klatskin tumor (pT1N0M0). A 70-year-old male patient underwent R0 bile
duct resection for a middle bile duct cancer (pT2N1M0).
Imaging studies of both patients taken at 14 and 24
mo after first surgery respectively revealed a metachronous cholangiocarcinoma that required pancreaticoduodenectomy (PD). Histopathology of the both
tumors after PD revealed cholangiocarcinoma invading
the pancreas (pT3N0M0). Both patients have been free
from recurrence for 6 years and 16 mo respectively
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INTRODUCTION
Bile duct cancer may arise from anywhere along the biliary tree. Pathological factors, such as the site of tumor,
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A

B

C

Figure 1 Imaging findings and gross specimen of the later metachronous bile duct tumor in case 1. A: The arrow indicates the dilated remnant distal bile duct,
and the arrow heads indicate the polypoid mass lesion of the distal remnant bile duct; B: Endoscopic retrograde cholangiopancreatography revealed mild dilatation of
the intrapancreatic remnant bile duct with a filling defect (arrows); C: A gross examination of the resected specimen shows a polypoid mass arising from the remnant
bile duct with invasion into the pancreas.

from loco-regional recurrences. Using a literature review,
we summarized these cases and report two cases of
metachronous carcinomas of the extrahepatic bile duct,
both of which were successfully resected using pylorus
preserving pancreaticoduodenectomy.

the extent of tumor spreading, and multicentricity, are
critical factors for selecting the type of surgery and
achieving an R0 resection.
Multicentricity is one of the pathological characteristics of EHBD cancer. Synchronous bile duct and gallbladder cancer has been reported in 5.0%-7.4% of cases,
but the occurrence of metachronous cancer in EHBD
has rarely been reported[1-4]. Warren and Gates established a set of criteria for multiple primary malignant
neoplasms: Each tumor must have definite features of
malignancy; each tumor should be distinct and separate
excluding the probability of one tumor being a metastasis of the other tumor[5]. Moertel proposed a definition
for synchronous cancers as those occurring within 6 mo
of the first primary cancer and for metachronous cancers as those occurring more than 6 mo later[6].
If synchronous multifocal EHBD cancer is diagnosed
preoperatively, it usually requires aggressive resections,
such as hepatectomy and pancreaticoduodenectomy, to
achieve an R0 resection. Similarly, when metachronous
EHBD cancer is diagnosed after the first surgery, additional resections are required to achieve an R0 resection,
although the incidence, risk factors, and clinical behavior
of metachronous EHBD cancer are not well known.
One might assume that metachronous de novo neoplasia
of the remnant bile duct could be more easily cured
than can loco-regional recurrent diseases, as the former
may be in an early stage. For this reason, it is clinically
important to distinguish this rare metachronous cancer

WJG|www.wjgnet.com

CASE REPORT
Case 1
A 70-year-old female patient presented with jaundice.
Abdominal CT revealed a mass lesion on the proximal
common hepatic duct. Endoscopic retrograde cholangio-pancreatography (ERCP) revealed a complete occlusion of the bile duct at the proximal common hepatic
duct. Upon the diagnosis of a type 1 Klatskin tumor, we
resected the extrahepatic bile duct using a Roux-en-Y hepaticojejunostomy. Histopathology revealed a T1N0M0
tumor of the bile duct with a tumor-free resection margin. The patient had been free from recurrence for 14
mo until a new lesion on the distal remnant bile duct was
detected from an abdominal CT scan during a routine
follow up (Figure 1A). The PET-CT also suggested a
metachronous bile duct cancer of the distal remnant bile
duct, and ERCP revealed mild dilatation of the intrapancreatic remnant bile duct with a filling defect (Figure
1B). We decided to perform pancreaticoduodenectomy
on the newly developed lesion using the method illustrated in Figure 2. The frozen histopathology of the
resected bile duct stump and the neighboring connec-
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A

B

Figure 2 Panel A shows the previous bile duct resection with a Roux-en-Y hepaticojejunostomy. The lines in panel A denote where the cut was made, and the
shaded area indicates the part to be resected. Panel B shows the later pyloric preserving pancreatoduodenectomy with a Roux-en-Y hepaticojejunostomy.

A

B

Figure 3 Abdominal computed tomography findings of the later metachronous bile duct tumor in case 2 (A, B). The arrows indicate the new lesion with slight
contrast enhancement at the distal remnant bile duct, but no definite mass was observed.

tive tissue around superior mesenteric vein were free of
carcinoma. The final pathological diagnosis of the specimen confirmed a cholangiocarcinoma with a polypoid
configuration (Figure 1C) arising from the remnant bile
duct with invasion into the pancreas (pT3N0M0). She
was discharged 14 d after surgery without complications.
The patient has been free of recurrence for 6 years after
the second surgery.

the pancreas (pT3N0M0). The patient was discharged 15
days after surgery. He has been free of recurrence for 16
mo after the second surgery.
Classification of metachronous bile duct carcinoma
according to the site of de novo neoplasia
The potential site of metachronous bile duct cancer depends on the type of first surgery. After a bile duct resection with or without concomitant hepatectomy, both
the proximal and distal bile ducts remain (Type 1), and
metachronous bile duct cancer can occur at one or both
remnant bile ducts. We applied the term Type 1a to describe new tumors at the proximal remnant bile duct;
Type 1b to describe those at the distal remnant bile duct;
Type 1c to describe those at both the proximal and distal
remnant bile ducts. After pancreatoduodenectomy with
or without concomitant hepatectomy, only the proximal
bile duct remains for de novo neoplasia. We applied the
term Type 2 metachronous bile duct cancer to describe
these tumors (Figure 4). Out of 13 cases that have been
reported thus far, eight patients (Type 1) underwent bile
duct resection with or without a concomitant liver resection. The remaining 5 patients underwent pancreaticoduodenectomy (Type 2), which removed the potential site
for future neoplasia. In the eight Type 1 patients who
were left with remnant proximal and distal bile ducts,

Case 2
A 70-year-old male patient presented with jaundice. Abdominal CT revealed a mass lesion at the middle common bile duct. ERCP revealed a complete occlusion at
the middle common bile duct. We performed a resection
of the extrahepatic bile duct using a Roux-en-Y hepaticojejunostomy. Histopathology revealed a T1N1M0 tumor of the bile duct with a tumor-free resection margin.
He had been free from recurrence for 24 mo until a new
lesion with slight contrast enhancement at distal remnant bile duct was detected from an abdominal CT scan
during a routine follow up (Figure 3). The PET-CT also
suggested a metachronous bile duct cancer of the distal
remnant bile duct. Pancreaticoduodenectomy was performed on the newly developed lesion using the method
illustrated in Figure 3. The final pathological diagnosis
of the specimen confirmed a bile duct cancer invading
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1a

1b

1c

2

Figure 4 Classification of metachronous bile duct carcinoma according to the site of de novo neoplasia. Type 1 tumors occur at the proximal and/or distal
remnant bile ducts. Type 1a tumors with involvement of the proximal remnant bile duct only require hepatectomy. Type 1b tumors with involvement of the distal remnant bile duct only require pancreaticoduodenectomy. Type 1c tumors with involvement of both proximal and distal remnant bile ducts require hepatectomy and pancreaticoduodenectomy. Type 2 tumors with involvement of the proximal remnant bile duct after pancreatoduodenectomy require hepatectomy.

Table 1 Clinical features of the patients with metachronous cancer of the bile duct described in the literature
Ref.

Year published Age (yr) Sex

Site of
st

Todoroki et al[11]
Seki et al[12]

Type of
st

Time to
1

1 tumor

1 surgery

LH with RYHJ
PD
PD
LH extended
PD
Excision of
cyst
PD
BDR

Prox. BD
RH with RYHJ
Mid. to Dist.
PD
BD
Middle BD.
BDR
Prox. BD
BDR
Middle BD
BDR

Saiura et al[10]
Nakakubo et al[13]
Okamoto et al[14]

1993
1998
1998
1999
2001
2003

67
68
69
75
49
42

F
M
F
F
F
F

Perihilar
Dist. BD
Dist. BD
IHBD
BD
BD

Yoon et al[15]

2003
2005

62
50

M
F

BD
Diffuse

Hibi et al[16]

2005
2006

29
65

F
M

Merenda et al[4]
Present Case 1
Present Case 2

2007
2013
2013

65
70
70

M
F
M

nd

2 tumor

Site of
nd

Type of
1

nd

Type of
2

Status

2 tumor

2 surgery

meta-BDCA

13 Y
12.8 Y
5.8 Y
7Y
4Y
3Y

IHBD
Prox. BD.
Prox. BD
Dist. BD
Prox. BD.
Right HD

RPMS
ERH+α
RH
PD
LH ext.
RH

Type 1a
Type 2
Type 2
Type 1a
Type 2
Type 1a

Alive, 3 Y 5 M
Dead, 6 M
Alive, 17 M
Alive, 36 M
Dead, 14 M
Alive 11.2 Y

3.5 Y
5.5 Y

LH
HPD

Type 2
Type 1c

Alive 2 Y
Alive, 46 M

2.3 Y
3Y

Left HD
Prox. and
Dist. BD
Dist. BD
Prox. BD

PD
RH

Type 1b
Type 2

Alive, 9 M
Alive, 8 M

2.3 Y
14 M
24 M

Dist. BD
Dist. BD
Dist. BD

PD
PD
PD

Type 1b
Type 1b
Type 1b

Alive, 6 M
Alive, 6 Y
Alive, 16 M

1

In all cases, the resection margin was free from tumor after the 1st surgery, 2In all cases, the resection margin was free from tumor after the 2nd surgery. RH:
Roux-en-Y hepaticojejunostomy; IHBD: Intrahepatic bile duct; RPMS: Right paramedian sectorectomy; BD: Bile duct; BDR: Bile duct resection; HPD: Hepatopancreaticoduodenectomy; ERH + α: Extended right hepatectomy with partial gastrectomy and limited resection of segment 3 due to a metastatic liver
tumor; LH: Left hepatectomy.

there were two patients of Type 1a who required liver
resection, five patients of Type 1b who required pancreaticoduodenectomy, and one patient of Type 1c who
required hepatectomy and pancreaticoduodenectomy. In
all of the remaining 5 patients of Type 2, whose distal
bile duct was removed by a previous pancreaticoduodenectomy, liver resection was performed to resect the
metachronous bile duct tumor. The most frequent type
was type 2. Our present cases would be classified as type
1b metachronous bile duct cancer.

of EHBD cancer (even after R0 resection) remains unsatisfactory[7,8]. Loco-regional recurrence is a common
problem. In these cases, curative re-resection is usually
impossible due to the invasiveness of the tumor and
the anatomical complexity near the hepatic hilum. Furthermore, it is difficult to clarify the role and optimal
regimen of adjuvant treatment in the setting of locally
recurrent bile duct cancer[9].
Unlike loco-regional recurrence, metachronous de
novo bile duct cancer is often curable because it is a less
advanced tumor compared to a loco-regional recurrence.
Some bile duct cancers are synchronously or metachronously multifocal[1-3]. However, metachronous tumors
arising from the remnant bile duct epithelium have rarely

DISCUSSION
Although resection rates have increased, the prognosis
WJG|www.wjgnet.com
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been reported compared to those of the gastrointestinal
tract, such as the stomach, colon, and liver[4]. The small
amount of remnant bile duct tissue remaining after curative resection and the poor prognosis of this tumor may
explain the rarity.
Discriminating metachronous bile duct tumor from
other loco-regional recurrence is clinically important because the de novo neoplasia presents a different progression from that of the prior tumor. All of the cases of
metachronous bile duct cancer that have been reported
thus far have been resectable with curative intent, and
notably, all but two patients are alive at the time of publication (Table 1).
In the English literature, Saiura et al[10] reported the
first case of metachronous bile duct cancer occurring sequentially in the intrahepatic and extrahepatic bile ducts.
Todoroki et al [11] and Seki et al [12] also reported three
cases. We reviewed thirteen cases recently reported by
Nakakudo[13], Okamoto[14], Yoon et al[15], Hibi et al[16], and
Merenda et al[4], including our present cases (Table 1).
In these reports, abdominal CT scan was most commonly utilized as imaging method during the follow up
period. In our cases, we regularly followed up the patients with the interval of 6 mo and the abdominal CT
scan was useful to detect the suspicious de novo lesions
of remnant bile duct. The findings of PET-CT were
consistent with the findings of abdominal CT scan. We
preformed the second surgery in both cases without tissue confirmation preoperatively.
In our cases, the prior lesions were a type 1 Klatskin
tumor and a middle common bile duct cancer. Fortunately, bile duct resection only allowed an R0 resection.
The abdominal CT scans taken at 14 and 24 mo after the
initial bile duct resection in cases 1 and 2 revealed new
lesions confined to the distal remnant bile duct. These
imaging findings prompted us to consider metachronous
bile duct cancer rather than a loco-regional recurrence.
The present two cases meet the criteria for multiple
metachronous tumors proposed by Warren and Gates[5]
for the following reasons: (1) abdominal CT and FDG
PET-CT showed no evidence of a later lesion in the distal bile duct at the time of first surgery in both cases; (2)
14 and 24 mo elapsed until the new lesions were found
on imaging studies in both cases; and (3) the first and
second tumors occurred at different sites of EHBD that
were far from each other with normal intervening bile
duct epithelium, as confirmed by the tumor-free margins
in both cases.
From our review of the cases reported thus far in the
literature, we classified metachronous bile duct cancers
according to the site of the tumor. Metachronous bile
duct cancer depends on the remnant bile duct and must
therefore fall into one of the types listed here (Figure
4). The remnant proximal bile duct was usually involved.
Being aware of this rare metachronous tumor and its
classification may be clinically valuable during long-term
follow up after initial surgery because we can predict
the potential site and proper second surgical methods
needed to treat the metachronous bile duct.

WJG|www.wjgnet.com

In conclusion, because metachronous bile duct cancer
can be successfully treated with a second surgery, patients
with EHBD cancer should be followed up closely to avoid
losing the opportunity to treat this curable condition.

COMMENTS
COMMENTS
Case characteristics

A 70-year-old male and a 70-year-old female respectively presented a new lesion in remnant bile duct without symptoms which was discovered during the
regular follow up after first surgery for extrahepatic bile duct cancer.

Differential diagnosis
Loco-regional recurrences.

Laboratory diagnosis

Laboratory test such as complete blood counts, serum amylase and liver function test in both patients were within normal limits.

Imaging diagnosis

Abdominal computed tomography scan of the female patient showed dilatation
of the remnant distal bile duct and the polypoid mass whereas the abdominal
CT scan of the male patient showed a new lesion with slight contrast enhancement at the distal remnant bile duct without definite mass.

Pathological diagnosis

Histopathology of the resected specimen of both patients confirmed adenocarcinoma of remnant bile duct invading into pancreas.

Treatment

Both patients underwent pancreaticoduodenectomy for the newly developed
lesions.

Related reports

Unlike loco-regional recurrences which are usually unresectable with poor
prognosis, the metachronous bile duct cancer may be resectable with favorable
prognosis reported thus far.

Term explanation

Metachronous tumor is defined as tumors occurring more than 6 mo after the
first primary cancer by Moertel.

Experiences and lessons

As show in these two cases, metachronous bile duct cancer can be successfully treated with a second surgery so the patients with extrahepatic bile duct
cancer should be followed up closely to avoid losing the opportunity to treat the
curable condition.

Peer review

This article shows the importance of differentiating curable the metachronous
cholangiocellular carcinoma from loco regional recurrence of cholangiocellular
carcinoma.
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Core tip: This is the first report describing Valsalva retinopathy following esophagogastroduodenoscopy (EGD)
under sedation. This case highlights Valsalva retinopathy induced by Valsalva maneuvers during EGD under
incomplete propofol sedation, and that this ocular complication should be included in the differential diagnosis
when a patient complains of sudden blurred vision following EGD.
Park JH, Sagong M, Chang W. Valsalva retinopathy following
esophagogastroduodenoscopy under propofol sedation: A case
report. World J Gastroenterol 2014; 20(11): 3056-3058 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i11/3056.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i11.3056

Abstract
We report a case of Valsalva retinopathy associated with
esophagogastroduodenoscopy (EGD) under propofol
sedation. A 43-year-old woman who had no previous
history of systemic or ocular disease presented with
a complaint of decreased vision in her left eye, which
developed one day after EGD under propofol sedation.
According to the referring physician, the patient had experienced multiple sustained Valsalva maneuvers during
EGD. The fundus examination of the left eye showed
a large preretinal hemorrhage surrounded by multiple
small retinal hemorrhages in the posterior pole. One
month later, fundus examination revealed a floating
organized vitreous hemorrhage. The pars plana vitrectomy was performed to treat persistent vitreous hemorrhage. One month after vitrectomy, fundus examination
showed normal retina and the patient’s vision recovered
to 20/20. Valsalva maneuver can occur during EGD under sedation, and Valsalva retinopathy should be considered as a possible cause. Valsalva retinopathy should
be included in the differential diagnosis when a patient
complains of blurred vision following EGD.

WJG|www.wjgnet.com

INTRODUCTION
Valsalva retinopathy was first described in 1972 as a superficial macular hemorrhage that is caused by a forcible
exhalation against a closed glottis, resulting in a sudden rise
in intrathoracic or intra-abdominal pressure[1]. The true
incidence of such cases remains unknown because hemorrhages sparing the macula may be asymptomatic and only
severe cases are reported[2]. Valsalva retinopathy is usually
identified in healthy adults and has been associated with
aerobic exercise[3], vigorous sexual activity[4], inflating balloons[5], prostate biopsy[6], dental surgery[7], episodes of constipation, vomiting and lifting in pregnant women[8,9], paroxysmal coughing[1], oratorical contest[10], colonoscopy[11], and
esophagogastroduodenoscopy (EGD) without sedation[12].
The visual prognosis is favorable and the hemorrhage usually resolves spontaneously within several weeks to months.
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Figure 1 Initial fundus photograph of the left eye of a 43-year-old woman
shows an approximately eight disc diameter preretinal hemorrhage surrounded by multiple small retinal hemorrhages in the macula.

Figure 2 Fundus photograph taken one month after vitrectomy. The patient’s visual acuity was fully recovered without any sequelae.

preretinal hemorrhage following a Valsalva maneuver.
Valsalva maneuver, including coughing, could be induced
by a forcible exhalation against a closed glottis, thereby
creating a sudden increase in intrathoracic and intraabdominal pressures. The increased pressure results in
the spontaneous rupture of perifoveal capillaries. Valsalva
retinopathy can cause a sudden loss of vision when it involves the macula. Therapeutic options for Valsalva retinopathy include conservative management, vitrectomy,
and laser membranotomy[17]. Most cases resolve spontaneously with favorable visual outcomes.
Routine endoscopy can be performed successfully
with either moderate or deep sedation. Moderate sedation provides adequate anxiolysis, analgesia, and amnesia
for most patients and is safer than deep sedation. Moderate sedation is usually recommended for most patients,
although many patients may move into lighter or deeper
sedation levels[18]. Generally, for upper endoscopy, adequate sedation preventing any gagging or coughing during esophageal intubation can be achieved[19]. Propofol
sedation is expected to eliminate the gagging reflex and
fear during EGD[20]. The mean dose of administered
propofol in EGD is 161 mg[19], but low-dose propofol
sedation is commonly used due to its narrow therapeutic
range (1.5-5 μg/mL). In the present case, 50 mg of propofol (1 mg/kg) was administered. In a case of low-dose
propofol sedation, awakening can occur during EGD,
which could retrigger the cough reflex[21]. Also, in EGD,
the endoscopic field should be optimized by the use of
gas insufflation in EGD. Gas insufflation can cause gastric distention, leading to an increase in intra-abdominal
pressure, which can transmit the pressure directly to the
eye. Therefore, coughing and gastric distention may not
be inhibited completely with propofol sedation, and the
rise in intra-abdominal pressure can cause spontaneous
rupture of perifoveal capillary bed.
Valsalva retinopathy associated with vitreous hemorrhage is uncommon, and this is the first reported case
of Valsalva retinopathy following EGD under propofol
sedation. Only one other reported case of Valsalva retinopathy occurring during EGD exists in the publicly
available literature, but it occurred without sedation[12].
In summary, the Valsalva maneuver could be caused
in patients under propofol sedation during EGD because

However, some cases with a large and dense hemorrhage
may result in permanent vision loss because of the toxic effects of iron and pigmentary change of the macula.
Recently, there is a growing trend to perform EGD
under sedation (20%-78%)[13-16]. To our knowledge, this is
the first report describing Valsalva retinopathy following
EGD under sedation.

CASE REPORT
A 43-year-old woman who had no previous history of
systemic or ocular disease presented with a chief complaint of sudden visual loss in her left eye. EGD under
propofol sedation was performed one day prior to the
sudden visual loss. According to the referring physician,
the patient had experienced multiple sustained Valsalva
maneuvers during the procedure.
On examination, the patient was found to have the
best corrected visual acuity (BCVA) 20/20 in the right
eye and hand motion vision in the left eye. The anterior
segments and intraocular pressure were normal. The fundus examination of the left eye showed a large preretinal
hemorrhage surrounded by multiple small retinal hemorrhages in the posterior pole (Figure 1). The fundus examination of the right eye was unremarkable. We suspected
Valsalva retinopathy on the basis of the patient’s history
and results from slit lamp examination and fundus examination. Overall, systemic examination was unremarkable,
and laboratory findings were normal.
We decided to observe the evolution of the hemorrhage over a period of one month. After one month,
fundus examination showed a floating organized vitreous
hemorrhage, and the patient’s corrected visual acuity was
20/400. A 20-gauge three-port pars plana vitrectomy was
performed to treat the dense organized vitreous hemorrhage. There was no abnormal vascular pathology. One
month after vitrectomy, fundus examination showed normal retina without any sequelae, and the patient’s vision
had recovered to 20/20 (Figure 2).

DISCUSSION
Valsalva retinopathy is characterized by the presence of
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of incomplete control of the depth of sedation. Valsalva
retinopathy should be considered on the differential diagnosis when observing a patient complaining of blurred
vision following EGD under sedation.

6

7

COMMENTS
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8

Case characteristics

A 43-year-old woman presented with a complaint of decreased vision after
esophagogastroduodenoscopy (EGD) under propofol sedation.

9

Valsalva retinopathy was highly suspicious by clinical history.

10

The differential diagnosis included diabetic retinopathy, leukemic retinopathy,
and retinal arterial macroaneurysm.

11

Clinical diagnosis

Differential diagnosis
Laboratory diagnosis

Laboratory findings were within normal limits.

12

Imaging diagnosis

Fundus examination showed a large preretinal hemorrhage surrounded by multiple small retinal hemorrhages in the posterior pole.

13

Treatment

One month later, pars plana vitrectomy was performed to treat persistent vitreous hemorrhage.

Related reports

14

Valsalva retinopathy has been reported following aerobic exercise, vigorous
sexual activity, vomiting, forceful coughing, and weightlifting.

Term explanation

Valsalva retinopathy is a unilateral or bilateral condition that occurs when increased intrathoracic or intra-abdominal pressure transmitted to the eye causes
a sharp rise in the intraocular venous pressure and rupture of superficial retinal
capillaries.

15

Valsalva retinopathy should be included in the differential diagnosis when a
patient complains of blurred vision following EGD.

16

Experiences and lessons
Peer review

Valsalva retinopathy is not a common ophthalmologic complication associated
with Valsalva maneuver. This case report indicate that an unexpected sudden
intra-abdominal rise in pressure can occur during EGD under propofol induced
sedation, and thus could cause extensive retinal hemorrhage.
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should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
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returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.
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Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
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employee of [name of organization]. [Name of individual] owns
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For assistance, authors encountering problems with the Online
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bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.
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When reporting the results from experiments, authors should
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Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
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exists whether the research was conducted in accordance with
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their approach and demonstrate that the institutional review
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Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
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consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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Title page
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Running title: A short running title of less than 6 words should
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Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
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for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.
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not be reproduced by any means, in whole or in part, without the
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
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the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
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Style for journal references
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Books
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10 Sherlock S, Dooley J. Diseases of the liver and billiary
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11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
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Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
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of Dimes Education Services, 2001: 20-34
Conference proceedings
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JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
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15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
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end page.
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Journals
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1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
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Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
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Core tip: Accurate tumor burden assessment is a critical
component of patient management and the investigation of new therapies. With the increasing clinical use
of novel biologic targeted agents or locoregional therapies, morphological analysis confronted limitations, and
new methods to assess tumor burden were desired.
Advances in imaging technique enable us to assess tumor functions such as viability, vascular physiology, or
metabolism, which can be new approaches to assess
tumor burden.

Abstract
With the increasing clinical use of cytostatic and novel
biologic targeted agents, conventional morphologic
tumor burden assessments, including World Health
Organization criteria and Response Evaluation Criteria
in Solid Tumors, are confronting limitations because
of their difficulties in distinguishing viable tumor from
necrotic or fibrotic tissue. Therefore, the investigation
for reliable quantitative biomarkers of therapeutic response such as metabolic imaging or functional imaging has been desired. In this review, we will discuss
the conventional and new approaches to assess tumor
burden. Since targeted therapy or locoregional therapies can induce biological changes much earlier than
morphological changes, these functional tumor burden
analyses are very promising. However, some of them
have not gone thorough all steps for standardization
and validation. Nevertheless, these new techniques
and criteria will play an important role in the cancer
management, and provide each patient more tailored
therapy.
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INTRODUCTION
Accurate assessment of tumor burden is an important
component of cancer patient management and the investigation of new therapies. Traditionally, therapeutic
response has been assessed by serial tumor size measurements according to World Health Organization (WHO)
criteria or Response Evaluation Criteria in Solid Tumor
(RECIST)[1-3]. These criteria, which are based on anatomical measurement, are well established tool, and easy to
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apply for assessment of tumor burden. However, these
morphological evaluations have substantial limitations, including the presence of tumors that cannot be measured,
poor measurement reproducibility and mass lesions of
unknown activity that persist following therapy[3]. They
also have a difficulty in distinguishing viable tumor from
necrotic or fibrotic tissue and recognizing the delay between cell kill and tumor shrinkage. Faced with these
limitations, more sophisticated measurements (including
tumor volume and lesion regression rates) have been applied to the evaluation of the tumor response to therapy.
With the increasing clinical use of cytostatic and novel
biologic targeted agents or locoregional therapies (LRTs)
such as ablation and transarterial chemoembolisation
(TACE) in the management of hepatocellular carcinoma
(HCC), it has become increasingly recognized that new
methods of therapy assessment need to be developed
urgently. For example, antiangiogenic agents are known
to rapidly decrease contrast enhancement on computed
tomography (CT)/magnetic resonance imaging (MRI)
scans that occur within days of initiation of reduced
vascular permeability to contrast agents rather than a
true antitumor effect[4]. Faced with these limitations, the
investigation for reliable quantitative biomarkers to assess
tumor burden and therapeutic response including blood
surrogate parameters, metabolic imaging and functional
imaging based on CT, MRI, or positron emission tomography (PET) has been desired[4-7]. In this review, we
discuss various conventional and new approaches to determine tumor burden in the current clinical practice of
HCC.

were accurate and reproducible in their phantom study.
Welsh et al[10] reported that RECIST might overestimate
tumor burden compared with volumetric measurements
in HCC and pancreatic cancer, and they concluded that
volumetric analysis might be the preferred method to
detect tumor progression. However, the practical clinical
value of tumor volumetric analysis remains controversial.
There is no consensus about the recommended volume
equivalents converted from diameter thresholds, which
can be effectively applied without sacrificing either reproducibility or sensitivity to tumor progression or partial
response.

TUMOR BURDEN ANALYSIS ACCORDING
TO VIABILITY AND DENSITY
Recent studies have demonstrated poor correlations between the clinical benefit provided by targeted therapy
agents or LRTs and conventional morphologic tumor
burden analysis[11-14]. Unlike cytotoxic agents that may
induce rapid tumor shrinkage, targeted therapy agents are
acknowledged to yield sustained tumor stabilization and
delay tumor progression. For example, antiangiogenic
agents can reduce tumor vascularization, provoke areas
of necrosis, and sometimes cause cavitation in solid tumors. These peculiar features have been reported with
bevacizumab, sorafenib, and sunitinib in HCC[11,15-18]. In
addition, the main objective of all effective LRTs is to
induce necrosis of the tumor regardless of the shrinkage of the lesion. Therefore, in 2000, a panel of experts
on HCC of the European Association for the Study
of Liver (EASL) amended the response criteria to take
into account tumor necrosis induced by treatment[19]. In
2008, The American Association for the Study of Liver
Disease developed a set of guidelines that included a
formal modification of the response assessment based
on the RECIST criteria and aimed to translate into the
concept of viable tumor (tumoral tissue showing arterial uptake in the arterial phase of the contrast-enhanced
imaging techniques), which are referred to as modified
RECIST (mRECIST) criteria (Figure 1)[20,21]. These criteria are summarized in Table 1. Forner et al[13] reported
that overall response rates of 21.8% for RECIST criteria
and 81.8% for EASL in 55 HCC patients treated with a
variety of LRTs. Simillar findings about overall response
rates were reported by Keppke et al[22] (RECIST 23%,
WHO 26%, and necrotic area 59%), Riaz et al[23] (RECIST
42.4%, WHO 42.4%, and EASL 70.2%), and Prajapati
et al[24] (RECIST 10.8%, WHO 4.1%, EASL 39.2%, and
mRECIST 52.5%).
A question then arises which response criteria have
the strong association with survival. Previous reports
have shown that WHO, RECIST, and EASL responses
are associated with improved survival[23,25], but these studies didn’t make the comparison at a single time point.
In the phase Ⅱ study of brivanib in advanced HCC,
mRECIST was able to demonstrate a higher response
and disease control rate and longer time to progression

MORPHOLOGIC TUMOR BURDEN
ANALYSIS
In 1981, the WHO first published tumor response criteria, mainly for use in trials where tumor response was the
primary endpoint. The WHO criteria introduced the concept of an overall assessment of tumor burden by summing the products of bidimensional lesion measurements
and determined response to therapy by evaluation of
change from baseline while on treatment. Subsequently,
RECIST was introduced and approved for clinical use
in 2000[1]. RECIST criteria were primarily conceived to
provide specific guidelines for tumor burden measurement. After extensive experience and validation in several
chemotherapeutic trials in solid tumors, it was revised
in 2009 as RECIST 1.1 [8]. RECIST 1.1 relies on the
measurement of a maximum of five target lesions, not
exceeding two per organ; subsequently, the sum of the
greatest diameters is recorded followed by a final classification[3]. On the other hand, it has been questioned if
these unidimensional measurements can reflect total tumor burden accurately. With the advent of imaging technologies such as workstation and 3D software, longitudinal or oblique measurements readily can be determined,
and tumor volumes can be computed algorithmically.
Sohaib et al[9] reported that CT volumetric measurements

WJG|www.wjgnet.com
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A

B

Figure 1 Application of modified Response Evaluation Criteria in Solid Tumor evaluation for hepatocellular carcinoma. A: Baseline; B: Post treatment. Tumor
burden change was assessed on arterial-phase contrast enhanced diagnostic computed tomography image. Modified Response Evaluation Criteria in Solid Tumor
evaluation should draw the maximal dimension of continuous arterial enhancement in such lesions with central necrosis, avoiding central necrosis.

Table 1 Summary of response criteria
WHO
Complete response (CR)

Partial response (PR)

Stable disease (SD)
Progressive disease (PD)

RECIST 1.1

EASL

Disappearance of all lesions Disappearance of all lesions
and pathologic lymph
nodes
≥ 50% decrease in the
≥ 30% decrease in the sum
sum of the area (longest
of the longest diameters
diameters multiplied by
longest perpendicular
diameters)
Neither PR nor PD
Neither PR nor PD
≥ 25% increase in the sum
≥ 20% increase in the sum
of the area
of the longest diameters
and ≥ 5 mm absolute
increase in the sum of the
longest diameters

mRECIST

Disappearance of intratumoral Disappearance of all lesions and
areterial enhancement
pathologic lymph nodes
≥ 50% decrease in the sum of

the arterial enhancing areas
(longest diameters multiplied
by longest perpendicular
diameters)
Neither PR nor PD
≥ 25% increase in the size of
the arterial enhancing areas or
development of a new lesions

At least a 30% decrease in the sum
of diameters viable (enhancing)
target lesions, taking as reference
the baseline sum of the target
lesions
Neither PR nor PD
≥ 20% increase in the sum of
diameters of viable target lesions
recorded since treatment started or
development of new lesions

WHO: World Health Organization; EASL: European Association for the Study of Liver; mRECIST: Modified Response Evaluation Criteria in Solid Tumors.

than the WHO criteria[26]. In a recent retrospective study
of HCC patients treated with sorafenib, patients categorized as responder according to mRECIST had a longer
overall survival (OS) than non-responder[27]. Prajapati et
al[24] reported that mRECIST and EASL had significant
correlation with survival, whereas WHO and RECIST 1.1
had poor correlation. Another key issue is that radiological assessments with EASL and mRECIST can be carried
out at an early time point, in comparison with WHO and
RECIST[12,22,23]. Therefore, response evaluation based on
the concept of viable tumor may be valuable for making
early decisions regarding further therapy.
The tumor density analysis based on contrast enhanced CT attenuation measurement can serve as an
additional method for response assessment in solid tumors[28]. Choi et al[28] reported that gastrointestinal stromal
tumors treated with imatinib mesylate, reduced tumor
density on the portal venous phase CT, which had a correlation with the tumor necrosis, or cystic or myxoid
degeneration without changes in tumor size. The tumor
density is measured by drawing a region of interest (ROI)
circumscribing the boundary of the tumor in the portal
venous phase[29]. In gastrointestinal stromal tumors, a de-
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crease in tumor Housefield units > 15% correlated with
progression free survival[30]. In HCC, a recent studies
showed that tumor density measurement on the portal
venous phase CT images was more sensitive than RECIST in detecting patients with longer time to progression after sunitinib therapy (Figure 2)[31].

PERFUSION ANALYSIS
As discussed earlier, the morphologic tumor burden assessment has a difficulty in distinguishing viable tumor
from necrotic or fibrotic tissue because molecular targeted agents suppress tumor growth by downregulating
angiogenesis without causing much morphologic change.
In this sense, the investigation for reliable quantitative
assessment of therapeutic response including blood surrogate parameters, metabolic imaging and functional
imaging has been desired[4,5]. Perfusion technique, which
enables quantification of tumor vascularity by measuring
the temporal changes in tissue density following intravenous contrast administration, are readily incorporated
into the existing CT and MRI protocols that continue to
provide the mainstay for anatomical imaging in oncol-
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A

B

Figure 2 Portal-phase contrast enhanced diagnostic computed tomography of 58-year-old man with hepatocellular carcinoma. A: Baseline; B: Post treatment. Obvious tumor density change was observed after antiangiogenic treatment.

CT[46,47]. DCE-MRI also lacks the standard protocol and
the established response evaluation criteria.
Regardless of these limitations, perfusion technique
must be a potentially powerful tool for HCC patient
management, which may enable prediction or early detection of therapy responder.

ogy[32]. Most scanners now come equipped with sophisticated hardware platforms coupled with powerful and user-friendly software packages for tissue perfusion analysis.
Perfusion parameters are dependent on the scan protocol
and the mathematical model for perfusion analysis[33,34],
but the commonly described perfusion CT parameters include blood flow (BF), blood volume (BV), mean transit
time (MTT), and permeability surface area product[15,16,34].
Similarly for dynamic contrast-enhanced (DCE)-MRI,
transfer constant (Ktrans) is the most accepted quantitative surrogate end point from compartment models[35-38].
Several studies have demonstrated the value of perfusion imaging for monitoring the effect of antiangiogenic
agents advocating various imaging tools in various solid
tumors[14-17,39-43]. Several papers reported that BF or BV
decreased even after 2 wk of antiangiogenic therapy (Figure 3)[15,16]. Moreover, perfusion imaging has a potential
to be a biomarker of antiangiogenic therapy[14,16,41-43]. In
perfusion CT, Jiang et al[16] demonstrated that HCC with
higher baseline MTT correlated with favorable clinical
outcome. In DCE-MRI study of renal cell carcinoma,
high baseline Ktrans and reduction in Ktrans after treatment were related to progression free survival (PFS)[41,42].
In advanced HCC, DCE-MRI demonstrated reduction in
Ktrans during antiangiogenic treatment and the change
of Ktrans during treatment was related to better PFS and
OS in clinical trials of tyrosine kinase inhibitors[14,17,43].
Considering the accessibility and availability, Perfusion
CT is superior to DCE-MRI. However, relatively high
radiation dose and limited coverage of the anatomy are
two major draws backs of perfusion CT. Therefore, several efforts are being made with low dose scanning technique[34]. In addition, there is no consensus on a scanning
protocol or a mathematical model in abdominal lesion.
The definition of the tumor ROI and the acquisition
time is also a subject to similar consideration[44,45].
On the other hand, DCE-MRI has the advantage
of lack of ionizing radiation, good spatial resolution
and soft-tissue contrast. However, it is one of the most
expensive and still technically challenging imaging modalities, requiring longer image acquisition times and provides smaller interscan reproducibility, as compared with

WJG|www.wjgnet.com

DIFFUSION-WEIGHTED MRI
Molecular diffusion, or Brownian motion, was first formally described by Einstein[48] in 1905. Various tissue
types have unique diffusion characteristics, as measured
by the apparent diffusion coefficient (ADC), which can
be calculated by the diffusion-weighted imaging (DWI)
measurements acquired with a different gradient duration and amplitude (b-values). The movement of water
molecules in biological tissues within the body is typically
limited by interactions with cell membranes macromolecules, and fibers in tissue compartments. Therefore,
DWI has been suggested as a tool to distinguish different
tissue compartments and detect changes in cellular tissue
structures and viability, which could be used to monitor
the response to treatment. DWI has been discussed as
cancer biomarker in a consensus meeting and a publication on consensus and recommendations for DWI as a
cancer biomarker has been published recently highlighting the potential of this promising technique in cancer
patients[49]. In lung cancer, a previous study reported
that ADC values differ based on histological type, which
suggested a possible correlation between ADC values
and tumor characteristics, such as histology, response to
therapies and prognosis[50]. Monitoring effectiveness of
treatment is often challenging, especially following liver
directed therapy. In HCC, the usefulness of DWI in the
evaluation of therapeutic efficacy after targeted therapy
or TACE has already been reported in several studies[51-55].
Some of those studies reported that the ADC value in
HCC showed significant increases after TACE[51-53]. Yuan
et al[55] reported that high baseline ADC value of HCC
could predict poor response to TACE and that responding lesions had a significant increase in %ADC values
than nonresponding during TACE. They demonstrated
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BV

Size and density

Post treatment

Baseline

BF

Figure 3 Perfusion maps of 53-year-old man with hepatocellular carcinoma. Parameters measure by perfusion computed tomography showed substantial
changes in comparison with tumor size and density at only 2 wk after antiangiogenic treatment. Blood flow (BF), blood volume (BV) were -75.5% and -59.5%. On the
other hand, those of size and density were not so obvious (-3.0% and -18.1%).
18

that an alteration %ADC value ≥ 16.21% could be used
to identify HCC to early response to chemoembolization.
In HCC treated with an antiangiogenic agent (sorafenib),
Schraml et al[54] reported that early decrease in ADC of
tumor after therapy was followed by an increase (Figure
4). However, there are some limitations regarding ADC
values reproducibility, which depend on magnetic field
strength, technical factors (e.g., b-value selection) and
on the ROI localization on ADC maps[56,57]. In addition,
particularly in abdomen, DWI still represents a technical challenge because of the strong influence of motion
caused by breathing and vascular pulsation, resulting in
image artifacts that may lead to inaccurate ADC measurements[58]. Nevertheless, DWI is one of the promising techniques for the noninvasive assessment of tumor
burden. Future studies are necessary to correlate the time
course of ADC changes with HCC therapy response,
and additional technical developments are necessary to
improve DWI quality and spatial resolution.

F-FDG, which can be used for assessing glucose metabolism of tumors, is the most widely available clinical
PET tracer (Figure 5). Generally, malignant tumors show
increased 18F-FDG uptake due to the increased number
of glucose transporters and the increased hexokinase
activity. Nevertheless, FDG-PET shows poor sensitivity
for the detection of HCC with reports ranging from 50%
to 55%[70-74]. In spite of the poor sensitivity of 18F-FDG
PET in HCC, Song et al[75] reported that the increase of
18
F-FDG uptake in HCC was significantly associated
with tumor burdens such as size and number of tumors,
and they concluded that 18F-FDG PET could provide
effective information on the prognosis of the treatment
response. In addition, it has been demonstrated that 18FFDG uptake after TACE might be a favorable marker to
assess tumor viability after TACE[66-76]. Similar findings
have been reported in detecting local tumor progression
following radiofrequency ablation of HCC[77].
Despite the rapid integration of PET with 18F-FDG
into clinical practice, there has been relatively little systematic integration of PET into clinical trials of new cancer
treatments. Given the clinical importance and quantitative
nature of PET, it is important to have methods to allow inclusion of PET response criteria into clinical trials.
Therefore, the European Organization for Research and
Treatment of Cancer (EORTC) has defined response assessment criteria for PET in 1999[78]. Although some use
the EORTC criteria, methods for PET performance and

PET
PET is a quantitative imaging modality using various tracers such as 18F-fluorodeoxyglucose (18F-FDG)[59-63], 11Cacetate (11C-Act)[64-67], 11C- or 18F-F-choline (11C-Cho, 18FF-Cho)[68] and 18F-fluorothymidine (18F-FLT)[69] to assess
metabolism, lipogenesis, cellular membrane metabolism
and proliferation respectively.

WJG|www.wjgnet.com
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Baseline

Post treatment

Figure 4 Diffusion-weighted imaging and apparent diffusion coefficient map at baseline and post treatment of 31-year-old woman with hepatocellular carcinoma (arrows). This patient was treated with antiangiogenic agent (sunitinib). Apparent diffusion coefficient showed 18.8% increase (from 1.28 × 10-3 to 1.52 × 10-3
mm2/s) after antiangiogenic treatment.
Baseline

Post treatment

Figure 5 Positron emission tomography/computed tomography of 57-year-old man with hepatocellular carcinoma at baseline and post treatment. He was
treated with a systemic chemotherapy. New lesion was detected by a follow-up positron emission tomography/computed tomography (dotted arrow).

interpretation are typically highly variable across studies
and typically only exploratory. Therefore, in 2009, Wahl
et al[79] described the Positron Emission Tomography Response Criteria in Solid Tumors (PERCIST) 1.0 to standardize therapy-monitoring method with PET. They classified responses by use of percentage changes in SUVs in
the “hottest” lesions per scan. The basics of PERCIST 1.0
are shown in Table 2, where they are contrasted with the
EORTC criteria. It is clear that further efforts are needed
to validate usefulness of SUV as a sensitive biomarker to
assess tumor burden, response and clinical outcome. At

WJG|www.wjgnet.com

present, PET still plays a small role in imaging assessment
of HCC tumor burden, compared with other modalities,
but tumor-specific tracers may be the key in future.

CONCLUSION
Accurate tumor burden assessment is a critical component of patient management and the investigation of new
therapies. Morphological tumor burden analysis has been
served as golden standard. However, with the increasing
clinical use of novel biologic targeted agents or LRTs,
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Table 2 Comparison of European Organization for Research and Treatment of Cancer and Positron Emission Tomography Response
Criteria in Solid Tumors 1.1
EORTC
CMR

PMR

SMD

PMD

PERCIST

Complete resolution of 18F-FDG uptake within the tumor Complete resolution of 18F-FDG uptake within measurable target lesion so that the
volume so that it is indistinguishable from surrounding liver activity was less than the mean and indistinguishable from surrounding backnormal tissue
ground blood-pool levels plus disappearance of all other lesions to background blood
pool levels and appearance of no new 18F-FDG-avid lesions
18
≥ 30% relative and ≥ 0.8 SUL unit absolute reduction in target measurable tumor FMinimum 15%-25% reduction in tumor 18F-FDG SUV
after 1 chemotherapy cycle and > 25% reduction after ≥ FDG SUL peak and no increase > 30% in SUL or size (per RECIST) of target or nontar1 treatment cycle; reduction in extent of tumor 18F-FDG
get lesions or appearance of new lesions; reduction in extent of tumor 18F-FDG uptake
uptake not required
not required ≥ 30% decrease in the sum of the longest diameters
< 25% increase or < 15% decrease in tumor 18F-FDG SUV Not CMR, PMR, nor PMD
and no visible increase in extent of 18F-FDG tumor uptake
(> 20% in the longest dimension)
> 25% increase in 18F-FDG tumor SUV within the tumor > 30% increase in 18F-FDG SUL peak, with > 0.8 SUL unit increase in tumor SUV peak
region defined on the baseline examination or visible
from baseline scan in pattern typical of tumor and not of infection/treatment effect
increase in the extent of 18F-FDG tumor uptake (> 20%
or visible increase in extent of 18F-FDG tumor uptake (75% in total lesion glycolysis
18
in the longest dimension) or appearance of new F-FDG volume with no decline in SUL) or new 18F-FDG-avid lesions typical of cancer and not
uptake in metastatic lesions
related to treatment effect or infection

CMR: Complete metabolic response; PMR: Partial metabolic response; SMD: Stable metabolic disease; PMD: Progressive metabolic disease; EORTC:
European Organization for Research and Treatment of Cancer; PERCIST: Positron Emission Tomography Response Criteria in Solid Tumors; FDG:
Fluorodeoxyglucose; SUV: Standardized uptake values.

morphological analysis confronted limitations, and new
methods to assess tumor burden were desired. Advances
in software and hardware of imaging technique enable us
to assess tumor function such as viability, vascular physiology, or metabolism. Since targeted therapy or LRTs can
induce biological changes much earlier than morphological changes, these functional tumor burden analyses are
very promising. However, some of them have not gone
thorough all steps for standardization and validation.
Nevertheless, these new techniques and criteria will play
an important role in the cancer management, and provide
each patient more tailored therapy.
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Core tip: In the current article, we review the use of
transarterial chemoembolization (TACE) and transarterial embolization (TAE) for hepatocellular carcinoma and
we focus on the evidence for their use. Apart from their
use in intermediate stage hepatocellular carcinoma, we
also review the evidence for their use as neo-adjuvant
treatment in the pre-transplant setting. We also highlight the fact that there is no conclusive evidence for
superiority of TACE over TAE.
Tsochatzis EA, Fatourou E, O’Beirne J, Meyer T, Burroughs
AK. Transarterial chemoembolization and bland embolization for hepatocellular carcinoma. World J Gastroenterol 2014;
20(12): 3069-3077 Available from: URL: http://www.wjgnet.
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Abstract
Transarterial chemoembolization (TACE) is the first line
treatment for patients with intermediate stage hepatocellular carcinoma but is also increasingly being used
for patients on the transplant waiting list to prevent further tumor growth. Despite its widespread use, TACE
remains an unstandardized procedure, with variation in
type and size of embolizing particles, type and dose of
chemotherapy and interval between therapies. Existing
evidence from randomized controlled trials suggest that
bland transarterial embolization (TAE) has the same efficacy with TACE. In the current article, we review the
use of TACE and TAE for hepatocellular carcinoma and
we focus on the evidence for their use.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the 6th most common
cancer worldwide with over 500000 new cases diagnosed
each year and the third most common cause of cancer-related
death[1]. Its incidence in Europe is 3.6/100000-10.6/100000
persons[2] and rises to 16/100000 persons worldwide[3].
Mortality rates remain high and only 5% of patients
survive at 5 years after diagnosis; this is largely due to
the fact that diagnosis is most often delayed, with only
15% of patients eligible for surgical procedures such as
resection and liver transplantation, 50% for non-surgical
therapies and 35% or more for best supportive care at diagnosis[3]. Both the American (AASLD)[4] and European
(EASL) Associations for the Study of the Liver[5] have recently published updated guidelines for the management
of HCC. These are based on a stratification of patients
according to the Barcelona Clinic Live Cancer (BCLC)

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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classification, which classifies patients according to tumor
burden, liver function as assessed by Child-Pugh score,
and performance status, into five distinct prognostic categories with different first line treatment recommendations[6].
Intermediate stage HCC or stage B according to
BCLC, consists of multi-nodular tumors in patients with
Child-Pugh A or B cirrhosis and good performance status[7]. The recommended first line treatment for these
patients is transarterial chemoembolization (TACE)[8].
It should be noted that patients with intermediate stage
HCC are considered a heterogeneous group with different prognoses and responses to treatment leading to both
European and Asian experts identifying the need for further sub-classification[9,10]. This could be based on tumor
size and Child-Pugh score[10]. Indeed, in carefully selected
patients with preserved liver function intermediate HCCs,
hepatic resection could be a more effective therapeutic
option than TACE[11]. The future use of molecular signatures and markers might further enhance the classification and prognosis[12].
In the current article, we review the use of transarterial embolization (TAE) with (TACE) or without (TAE)
the use of chemotherapeutic agents for HCC focusing
on the evidence for their use.

analysis was heavily criticized for the exclusion of positive RCTs due to risk of bias and inappropriate inclusion
of trials using gelfoam with short follow-up or enrolling
patients with early stage HCC[16]. The inconsistency in the
results of randomized trials reflects the fact the TA(C)E
is not a standardized procedure both in terms of patient
selection and the procedure itself.

PATIENT SELECTION AND SURVIVAL
According to current treatment guidelines, TA(C)E is not
a curative treatment and should be considered as first line
treatment in patients with intermediate HCC. In clinical
practice however TACE is frequently used outside these
recommendations in a wide range of patients ranging
from early HCC to advanced liver disease with ascites.
Therefore, the variation in reported survival is likely to be
dependent on patient selection as well as TA(C)E schedule and techniques.
A retrospective Italian study compared the results of
TACE before and after the implementation of BCLC criteria in 2002; In the 1999-2002 period, there was no significant difference in survival between TACE-treated and
untreated patients, while in the 2003-2006 period, TACEtreated patients survived longer (P < 0.0001) following
the significant increase in Child Pugh class A patients and
advanced HCC[17]. Another retrospective Italian study, including 614 elderly and 1104 younger patients with HCC,
showed that overall applicability of HCC treatments was
unaffected by older age although treatment distribution
differed, with elderly individuals being more frequently
treated with percutaneous procedures and less frequently
with resection or TACE[18]. A retrospective Chinese study
that included 1516 patients with HBV-related cirrhosis
and BCLC stage B HCC, all of who received TACE as
first line treatment, reported 1-, 3- and 5-year overall survival rates of 84%, 29% and 19% respectively[19]. ChildPugh A liver function and smaller tumor were associated
with treatment response. Tumor response after initial
TACE, an independent prognostic factor of overall survival, was associated with tumor extent and influenced
subsequent treatment[19].
A Spanish cohort study of a highly selected patients,
40% of whom were staged as BCLC-A, reported a
median survival of 48.6 mo following TACE with preloaded drug eluting beads (DEB-TACE) after a median
follow up of 24.5 mo[20]. Unfortunately, this conclusion
was based on projected and not actual data, as at the time
point of median survival, less than 15 patients were still
at risk of death according to the Kaplan-Meier curve
and 35 had died, i.e., there was no adequate follow up for
at least 50% of the cohort[21]. A Japanese retrospective
study reported the outcomes of TACE in 4966 patients
diagnosed between 2000 and 2005 across all spectrums
of Child Pugh classes and tumor size; overall median and
5-year survivals were 3.3 years and 34%, respectively[22].
Not surprisingly, the study showed that the survival rate
decreased as the tumor number and size increased in all

TACE AND TAE
The normal liver receives a dual blood supply from the
hepatic artery (25%) and the portal vein (75%). As HCC
grows, it increasingly depends on the hepatic artery for
blood supply and once a tumor nodule reaches a diameter
of 2 cm or more, most of the blood supply derives from
the hepatic artery. This unique property of HCC provides
the rationale for the use of transarterial therapies. TACE
and TAE consist of the selective angiographic occlusion
of the tumor arterial blood supply with a variety of embolizing agents, with or without the precedence of local
chemotherapy infusion. The occlusion by embolic particles results in tumour hypoxia and necrosis, while the addition of local chemotherapy could have an additive antitumour effect. The efficacy of TA(C)E was established
by a meta-analysis published a decade ago that included 6
randomized controlled trials (RCTs), of which only two
were positive, and showed improved two-year survival
(HR = 0.53; 95%CI: 0.32-0.89: P = 0.017)[13]. Patients included in those trials were not staged according to BCLC,
as this was not available at that time, and selection criteria
differed from current recommendations. More recently
our updated meta-analysis, which included nine RCTs
also demonstrated a survival benefit of TA(C)E compared to best supportive treatment (HR = 0.705; 95%CI:
0.5-0.99)[14]. A recent Cochrane meta-analysis, including
nine RCTs with 645 participants, failed to demonstrate
a survival benefit with TA(C)E vs best supportive care
(HR = 0.88; 95%CI: 0.71-1.10) and concluded that an
additional 383 participants would need randomization
for a potential benefit to be demonstrated[15]. This meta-
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but one subgroup in both Child-Pugh-A and -B[22].

important step towards the standardization of the technique and might increase tolerability in sicker patients[7].

TA(C)E TECHNIQUES

CHEMOTHERAPEUTIC AGENTS

A systematic review of 175 cohort and randomized trials of transarterial therapies for HCC exposed the huge
heterogeneity in the protocols used, with variable use of
embolic and chemotherapeutic agents, variable embolization particle sizes, different schedules and indications for
repeat sessions and different arterial selectivity for embolization[23].

Doxorubicin and cisplatin, followed by epirubicin, are
the most commonly used chemotherapeutic agents but
none has proven superior to date[23] and the choice usually relies on local protocols and physicians preferences.
The dosing of chemotherapeutic agent also varies among
centres. The median dose in published trials per session
of doxorubicin, cisplatin and epirubicin was 50 mg, 92
mg and 50 mg respectively[23]. There is no consensus if
a standard dose for all patients should be used or a dose
adjusted to the body surface area or whether the bilirubin
level or other measure of liver function is preferable. As
already mentioned, patients with more advanced liver
disease might benefit from DEB-TACE due to lower systemic chemotherapy concentrations. Higher chemotherapeutic doses did not significantly enhance the anticancer
effects and survival compared that with lower doses in a
study published a decade ago[31].

EMBOLIZING AGENTS
Over the years, a variety of embolizing agents have been
used, from gelfoam to polyvinyl alcohol (PVA) particles
and more recently drug eluting beads.
Gelfoam, which consists of gelatin sponge particles,
was used in the first trials of TACE and is a suboptimal
embolizing agent, due to the large size of the particles (1
mm) and the temporary occlusion of the tumor feeding
arteries that only lasts for 2 wk[24,25].
PVA particles provide more permanent arterial occlusion and can potentially provide more distal arterial
obstruction as their size can be as small as 45-150 microns[25]. A recent study with histopathological analysis of
embolized tumors confirmed that smaller PVA particles
can reach and occlude more distal arteriolar capillaries and result in slightly better tumor necrosis rate after
TACE[26]. Moreover, a non-randomized trial comparing different embolizing agents, demonstrated that the
number of TACE sessions was significantly greater for
the gelfoam powder group (mean, 2.2) vs the PVA group
(mean, 1.6; P = 0.01), although survival did not significantly differ[27].
Drug-eluting beads (DEBs; Biocompatibles, Surrey,
United Kingdom) is a novel system consisting of embolic
microspheres preloaded with doxorubicin, that ensure
the controlled release of chemotherapy and thus provide
a combined local ischaemic and cytotoxic effect[28]. This
results in lower systemic doxorubicin concentrations than
conventional TACE and higher intra-tumor retention[28].
However, a phase Ⅱ RCT comparing DEB-TACE with
conventional TACE failed to demonstrate a superiority of DEB-TACE in tumor response[29]. Drug related
adverse events and liver toxicity were lower in the subgroup of patients with Child Pugh class B and bi-lobar
tumors, allowing better adherence to treatment protocol
and higher objective response rates in this particular subgroup[29]. It should be noted that conventional TACE was
not standardized and a variety of embolizing particles and
treatment schedules were used, according to the preferences of the treating physician. A RCT comparing TACE
with DEBs and TAE with the same particles but without
chemotherapy, failed to demonstrate any significant differences in survival or tumor response, further questioning the efficacy of the preloaded chemotherapy[30]. DEBs
are more expensive than conventional TA(C)E with as
yet unproven superiority. However they do represent an
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FREQUENCY OF TA(C)E SESSIONS
The frequency of TA(C)E has not been adequately addressed to date. From an oncological point of view, chemotherapy should be administered at 3-week intervals in
order to fit to the cell cycle[8]. However, such a strategy
would carry the risk of increased side effects and indeed
patients with an initial good response would not necessarily benefit. A repeat “on demand” strategy of conventional TACE was recently retrospectively evaluated in 151
consecutive patients. Complete response and recurrence
rates after first and second TACE were similar, with 64%
of patients being submitted to second TACE and 26%
to third TACE using an “on demand” policy[32] based on
tumor response. We have reported the case of a patient
with 10 “on demand” TAE over a 5-year period with repeated radiological response[33].

ADVERSE EFFECTS
The most common adverse effect of TA(C)E is the postembolization syndrome, which is manifested by abdominal pain, fever and elevated liver function tests in the
first 24-48 h post-treatment and only requires supportive
measures[34]. Deterioration of liver function with development of ascites and even liver failure occurs in a minority
of patients and depends on liver reserve pre-TACE and
selectivity of embolisation. Our systematic review reported a median treatment related mortality of 2.4% in 37 trials including 2878 patients[23], however this is influenced
by patient selection. A recent Japanese cohort study
reported treatment related mortality of 0.38% (19/4966
patients)[22]. However, in the presence of ascites, 17%
of patients with develop liver failure post-TACE and
tha vast majority of them will die within a year[35]. Other
TACE-induced adverse events include the formation of
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These data clearly demonstrate that TAE is equally effective as TACE at a lower cost and with potentially fewer
side effects due to the lack of chemotherapy[7]. This lack
of additional effect of chemotherapy could be due to the
infrequent intervals of TACE of several mo that do not
follow the usual oncological chemotherapy principles that
target certain cell cycle phases[44]. They could also be attributed to the chemoresistance that results from tumour
hypoxia induced by embolization[38]. We therefore advocate that the use of permanently occluding embolizing
agent is more important than the use of chemotherapy.

Table 1 Randomized controlled trials comparing transarterial
embolization with transarterial chemoembolization in patients
with hepatocellular carcinoma
Ref.

Patients, Chemotherapy
n
in TACE arm

Embolizing
agent

Outcome
in survival

Lipiodol +
gerlfoam
Lipiodol +
gerlfoam
Lipiodol

NS

Kawai et al[41], 1992

289

Doxorubicin

Chang et al[42], 1994

46

Cisplatin

Llovet et al[43], 2002

77

Doxorubicin

Malagari et al[30],
2010

84

Doxorubicin- BeadBlocks
loaded LC
beads
Cisplatin
PVA particles
Doxorubicin- BeadBlocks
loaded LC
beads

Meyer et al[39], 2013
Brown et al[40], 2012

86
101

NS
NS
NS

ASSESSMENT OF TREATMENT
RESPONSE

NS
NS

Traditionally, tumor response was assessed with the
RECIST criteria, which are based on the sum of unidimensional measurements of tumor lesions and therefore
require tumor shrinkage in order to document response.
Transarterial therapies for HCC exert their therapeutic
effect by tumor devascularization and necrosis, which is
not always accompanied with reduction in size. In order
to address this, EASL advocated the measurement of
change in tumor enhancement on contrast enhanced
imaging (EASL criteria), while AASLD proposed the
modified RECIST criteria (mRECIST), that also assess
changes in tumor arterial enhancement.
It was recently shown in a cohort of 160 consecutive
patients with HCC that evaluating the largest two lesions
is generally the most useful procedure for measuring
TACE responses under both EASL and mRECIST[45].
The prognostic implication of treatments response
accordnig to mRECIST and EASL compared to RECIST has been assessed in cohort studies. In a cohort of
83 consecutive patients with HCC, we showed that when
measured at a single time point after the first transarterial therapy, EASL and mRECIST overall response rates
were significantly associated with survival, in contrast
with RECIST repsonse rates[46]; EASL response was associated with a 44% risk reduction and mRECIST with
a 42% reduction. These findings were confirmed in a
cohort of 114 Korean patients with HCC, where both
EASL response (HR = 0.21, 95%CI: 0.11-0.40, P < 0.001)
and mRECIST response (HR = 0.31, 95%CI: 0.17-0.59,
P < 0.001) after 1-2 TACE sessions were independently
associated with survival. Similarly, the use of mRECIST
and EASL response criteria 1 mo after initial TACE, better predicted the differences in overall survival between
responders and non-responders than conventional RECIST criteria[47].

TACE: Transarterial chemoembolization; NS: Non-significant; PVA: Polyvinyl alcohol.

liver abscess in the necrotic tumor, bile duct injury and
ischaemic cholecystitis[7].

TAE OR TACE
TACE is reported as the preferred transarterial therapy
of choice in the literature[1,3] and EASL guidelines[5], despite the fact that this claim is not supported by existing
evidence[36,37]. From a pathophysiological point of view,
TACE in most centres consists of the chemotherapy and
embolization administered at the same time. As hypoxia
is a known cause of chemo-resistance, the rational for
administering chemotherapy while rendering the tumour
hypoxic is questionable[38].
We recently published an updated meta-analysis of
five RCTs comparing TACE with TAE, where we found
no difference in survival[39]. Since then, a sixth RCT was
published in abstract form, also with unequivocal results[40].
All these published RCTs are summarized in Table 1[30,39-43].
The last three RCTs used permanent occluding embolizing
particles[30,39,40], as opposed to gelfoam used in the rest[41-43].
In the study by Malagari et al[30], 84 patients were randomized to either DEB-TACE or embolization alone
using BeadBlocks (100-300 or 300-500 microns diameter). There was no difference in 1-year survival, (86%
vs 85.3% in DEB-TACE and TAE respectively) despite
the fact that the DEB-TACE group had a statistically
significant longer time to tumour progression. The RCT
performed by our group was a phase Ⅱ/Ⅲ trial of three
weekly cisplatin based TACE vs TAE with PVA particles
(diameter 40-150 microns) as the embolizing agent[39].
The median overall survival and progression-free survival
was 17.3 vs 16.3 (P = 0.74) mo and 7.2 vs 7.5 (P = 0.59),
in the TAE and TACE groups respectively[39]. Finally, the
RCT by Brown published in abstract form, compared
DEB-TACE with TAE with BeadBlocks and reported no
significant differences in progression-free survival (7 mo
vs 9 mo) and overall survival (16 mo vs 14 mo)[40].

WJG|www.wjgnet.com

TA(C)E IN PATIENTS WITH PORTAL VEIN
THROMBOSIS
PVT is common in patients with cirrhosis and becomes
more prevalent as liver function deteriorates[48]. TACE is
generally contra-indicated in patients with PVT, due to
concerns that a further decrease to the blood supply of
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assessing dual sequential therapy. In a RCT including 93
patients with tumours less than 3 cm, combination treatment with TACE and RFA did not result in improved
survival compared to RFA alone[52], which was a predictable result given the small size of tumours. In another
RCT that included 189 patients with tumours < 7 cm,
combined RFA and TACE resulted in better overall and
tumour free survival than RFA alone[53]. There are only
cohort studies that compare TACE and RFA vs TACE
alone and these have shown promising results that warrant adequately powered RCTs[54,55].

Table 2 Prognostic scores of survival after transarterial
chemoembolization and transarterial embolization
Ref.
[57]

Llado et al

Pinato et al[58]

Kadalayil et al[59]

Sieghart et al[60]

Parameters

Cut-off

Comments

AFP > 400 ng/mL
Tumor volume
> 50%
Child-Pugh score
Neutrophil-tolymphocyte ratio

Based on
regression coefficients

Patients
classified in 3
categories

Significant
Radiological
improvement response after
in survival if
TACE also
NLR stable or associated with
normalized
survival
post TACE
Albumin < 36 g/dL 4 groups based Validated in an
bilirubin > 17 μmol/L on HAP scores independent
AFP > 400 ng/mL of 0, 1, 2 and >
dataset
Dominant tumor
2
> 7 cm
Increase of AST
0-1.5 points;
Determines
> 25%
≥ 2.5 points prognosis prior
Increase of Childto 2nd TACE;
Pugh > 1
validated in
Absence of radiologic
independent
tumor response
cohort

PREDICTION OF TREATMENT RESPONSE
AND POST-TREATMENT SURVIVAL
Survival in patients with HCC depends on both the succesful treatment of the tumor but also on the underlying
liver function and reserve[56]. Therefore, not surprisingly,
survival post transarterial therapies is independently influenced by a combination of tumor and liver function
parameters (Table 2).
A simple prognostic score consisting of alphafetoprotein (> 400 U/L), tumor size (> 50%) and ChildPugh score was found to predict the survival of patients
treated with TACE and could therefore be used to decide
which patients with unresectable HCC should receive this
therapy; the authors concluded that TACE should not be
administered to patients with one or more positive prognostic factors[57]. Similarly, it was shown that patients with
a persistently increased neutrophil-to-lymphocyte ratio
post-TACE have a worse outcome[58]. We recently developed and validated a simple prognostic score for post
TA(C)E survival, namely Hepatoma arterial-embolisation
prognostic (HAP) score, where one point is assigned for
each of albumin < 36 g/dL, bilirubin > 17 μmol/L, AFP
> 400 ng/mL or size of dominant tumour > 7 cm[59].
This is simpler than previously described scores[57] and
only requires calculation at a single time point rather than
serial measurements[58].
Similarly, the Assessment for Retreatment with TACE
(ART) score was developed and validated in order to
guide the decision for retreatment with TACE[60]. The
increase of AST by > 25%, an increase of Child-Pugh
score of 1 (or ≥ 2 points) from baseline, and the absence of radiologic tumor response were used to create
the ART score. The ART score differentiated two groups
(0-1.5 points; ≥ 2.5 points) with distinct prognosis and
a higher ART score was associated with major adverse
events after the second TACE[60]. The same authors demonstrated that the sequential assessment of the ARTscore identifies patients with dismal prognosis prior to
each TACE session[61].

TACE: Transarterial chemoembolization; HAP: Hepatoma arterial-embolisation prognostic; NLR: Neutrophil to lymphocyte ratio.

the liver can prove deleterious. Nevertheless, this dogma
has been challenged and there are uncontrolled trials and
cohort studes that suggest a treatment benefit in selected
patients wirth preserved liver function[49,50]. A recent
meta-analysis including 8 studies with 1601 patients, concluded that TACE in patients with portal vein thrombosis
(PVT) improved the 6-mo (HR = 0.41; 95%CI: 0.32-0.53)
and 1-year (HR = 0.44; 95%CI: 0.34-0.57) survival
compared with conservative treatment[51]. Nevertheless,
studies included in the meta-analysis exhibited significant
differences among patient characteristics between the
treatment groups, and were ill defined in terms of treatment allocation[51]. Until these results are confirmed in
RCTs, they need to be interpreted with extreme caution
and decisions should be made on an individual patient
basis taking into account the radiological expertise of the
treating centers. We would only consider TA(C)E in patients with Child A cirrhosis and segmental PVT.

COMBINATION OF TA(C)E AND
PERCUTANEOUS TECHNIQUES
The effectiveness of percutaneous techniques, mainly
represented by radiofrequency ablation (RFA), is reduced as tumour size increases. This is partly due ro the
increased blood flow in larger lesions resulting in heat
loss and thus less effective ablation[7]. Therefore, it seems
reasonable to perform RFA after occluding the hepatic
arterial flow supplying the tumour with TA(C)E. This
would theoretically increase the ablation size of thermal
injury as blood flow to and within the tumour is reduced.
To date, there have been no large and conclusive RCT

WJG|www.wjgnet.com

TA(C)E PRE-TRANSPLANTATION FOR
PATIENTS ON THE WAITING LIST
Locoregional therapies are increasingly used for patients
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on the transplant waiting list despite the lack of conclusive
data, in order to prevent further growth of the tumor and
thus ensure that the patient remains eligible for transplantation until an organ becomes available[62]. The recent EASL
and European Organization for Research and Treatment of
Cancer guidelines for HCC recommend neo-adjuvant treatment pre-transplant if the waiting list time is more than 6
mo to prevent dropouts due to tumour progression[5]. This
was partly based on a Markov model analysis that did not
evaluate waiting list times of less than six month[63]. Percutaneous techniques, although effective, are not routinely
used in the pre-transplant setting in our center because of
the small, but not negligible risk, of tumour seeding[64].
We recently published our prospectively collected
data of patients with HCC treated with TAE on the liver
transplant waiting list and we found that pre-transplant
TAE significantly reduced post-transplant HCC recurrence in patients within the Milan criteria[65]. We have further demonstrated that the reduced calcineurin-inhibitor
exposure in the first month post-transplant is associated
with reduced HCC recurrence[66]. Characteristics of tumor response to TACE on the transplant waiting list
add a dynamic assessement of tumor biology and were
recently suggested as potentially useful in identifying suitable patients for transplantation based on preliminary
data from 136 patients[67]. Nevertheless, conclusive data
on the effects of TA(C)E on dropout rates are lacking.

indication is in patients with intermediate HCC. However
they are increasingly used for patients on the liver transplant waiting list in order to prevent further tumor progression. The absence of chemotherapy may make TAE
better tolerated particularly in patients with borderline liver function. Despite its use for over two decades, TA(C)E
remains an unstandardized procedure, with variations in
the size and type of embolizing particles, choice and dose
of chemotherapeutic agent, and interval between procedures. Smaller embolising particles may result in more selective embolisation with less damage to surrounding non
tumorous tissue. DEB-TACE, is not more effective than
conventional TACE, but might contribute towards the
standardization of the technique. The results of various
combination trials of TA(C)E with sorafenib and other
targeted therapies are eagerly awaited and might further
improve survival in this patient group.
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Oxidative damage in the progression of chronic liver disease
to hepatocellular carcinoma: An intricate pathway
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and neoplasia have been widely investigated, and it has
been well established that inflammatory cells recruited
at these sites with ongoing inflammatory activity release
chemokines that enhance the production of reactive oxygen species. The latter, in turn, probably have a major
pathogenic role in the continuum starting from hepatitis
followed by chronic inflammation, and ultimately leading to cancer. The relationship amongst chronic liver
injury, free radical production, and development of HCC
is explored in the present review, particularly in the light
of the complex network that involves oxidative DNA
damage, cytokine synthesis, telomere dysfunction, and
microRNA regulation.
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Core tip: In this review, the relationship amongst
chronic liver injury, free radical production, and development of hepatocellular carcinoma is explored. The
review confirms the existence, in the intricate pathway
involved in the progression of virus-related liver injury
to cirrhosis and cancer, of a link between oxidative
genomic and mitochondrial damage and telomere dysfunction. This link develops in the context of inflammatory response and induces a derangement of mechanisms controlling liver proliferation. In this scenario,
mitochondria are emerging as a possible target for new
treatments aimed at counteracting oxidative damage
and disease progression to cancer, given their relevant
role in inflammation and carcinogenesis.

Abstract
The histo-pathologic and molecular mechanisms leading
to initiation and progression of hepatocellular carcinoma
(HCC) are still ill-defined; however, there is increasing
evidence that the gradual accumulation of mutations,
genetic and epigenetic changes which occur in preneoplastic hepatocytes results in the development of dysplastic foci, nodules, and finally, overt HCC. As well as
many other neoplasias, liver cancer is considered an “inflammatory cancer”, arising from a context of inflammation, and characterized by inflammation-related mechanisms that favor tumor cell survival, proliferation, and
invasion. Molecular mechanisms that link inflammation
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true for HBV infection. Indirect mechanisms, in contrast,
imply the induction of chronic inflammation by the immune response elicited. The time course of virus-related
liver damage and the development of HCC is different
based on the virus considered: progression of the disease
to HCC in HCV-infected patients requires nearly 10 years
from the establishment of cirrhosis, and approximately 30
years from the initial exposure to the virus. On the other
hand, the course of HBV infection is less predictable, and
HCC may thus precede the occurrence of cirrhosis[1,7].
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EPIDEMIOLOGY
Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver, the ﬁfth most common
cancer in men worldwide, and the seventh most frequent
in women, with over 600000-650000 new cases diagnosed
annually. Hepatitis B virus (HBV) and hepatitis C virus
(HCV)-related chronic liver diseases are responsible for
the majority of HCC cases, making this neoplasia potentially preventable.
The distribution of HCC presents a sharp variability
according to the geographic area involved. In general
terms, there are three major areas with different incidence
rates: Eastern Asia and sub-Saharan Africa, with incidence rates that peak at 100/100000 individuals, Mediterranean countries such as Italy, Spain, and Greece with
intermediate rates (10-20 per 100000 individuals), and
North and South America, with a relatively low incidence
(< 5 per 100000). In regions at high incidence, the most
common cause is HBV transmitted at birth, while in
North America and Europe the most common etiology
is HCV, with infection acquired much later in life.
Male gender is a risk factor for HCC, that is in fact
more common in men than in women, partly dependent
upon factors other than viral infection, such as the hormonal and immunological status, as well as alcohol consumption. The major established risk factor is cirrhosis,
insofar as 80%-90% of cases of HCC occur in the setting of cirrhosis[1].

INFLAMMATION AND OXIDATIVE
STRESS
In the last twenty years, the main focus of our research
group has been to investigate the events related to oxidative stress occurring in the natural history of viral
hepatic disease, with a particular interest in the pathways
of HCC development resulting from HBV- and HCVrelated damage. The relationship between chronic inflammation and the risk of cancer development is well
known. Virchow established more than a century ago the
link between cancer and inflammation, and a bulk of evidence from published and ongoing studies contributes to
elucidating the molecular mechanisms at the basis of this
process. Inflammation involves macrophages, mast cells,
dendritic and natural killer cells that are recruited within
damaged tissues, and which release chemical mediators such as cytokines, chemokines, and reactive oxygen
species (ROS)[8]. The most important ROS include free
oxygen radicals like superoxide (O2•-), hydroxyl radical (OH•), nitric oxide (NO•) radicals, as well as nonradical ROS like hydrogen peroxide (H 2O 2), organic
hydroperoxides, and hypochloride. A physiologic amount
of ROS plays a key role in several cellular processes including proliferation, apoptosis, cell cycle arrest, and cell
senescence. Different anti-oxidant mechanisms regulate
ROS production, but when generated ROS exceed the
basal amount and the cellular defenses, they can damage cell macromolecules including proteins, lipids, and
nucleic acids (DNA and RNA). Under these conditions,
ROS might play a major role in the genesis of different
chronic diseases and, particularly, in the initiation/promotion phase of carcinogenesis. In particular, ROS may
stimulate the growth of malignant cells or increase the
activity of carcinogenic xenobiotics by facilitating their
activation to reactive compounds. Among the many ROS
produced during the inflammatory process, the most
damaging is OH•, which is responsible for a number of
lesions. When DNA is attacked by ROS, stable covalent
bonds are produced, leading to the formation of base
modifications, including the formation of thymine and
thymidine glycol, 5-hydroxylmethyluracil, and 8-hydroxydeoxyguanosine (8-OHdG). 8-OHdG, the main ROSinduced DNA adduct, generates a point mutation in
the DNA daughter strands. In fact, studies using DNA
templates containing 8-OHdG indicate that the adduct
accumulates and causes mispairing, thus suggesting that

ETIOLOGY
A variety of factors have been associated with the development of HCC, including hepatitis viruses, heavy alcohol
intake, nonalcoholic fatty liver disease, aflatoxin B1 exposure, obesity, diabetes, dietary habits, and iron accumulation[2]. The presence and importance of these factors vary
according to the geographical region, thereby influencing
preventive measures that may be enacted, prognosis of
patients, and treatment recommendations[3]. The incidence
of HCC is rising rapidly in some, but not in all, Western
countries, and is declining in Europe[4] in relation to the
distribution of risk factors (hepatitis C infection, alcoholism, and obesity)[5]. Recent data indeed demonstrate that
HCV is now declining as a risk factor for HCC[6]. It is well
established that both HBV and HCV cause malignant
transformation and lead to HCC development through
direct and indirect mechanisms. The former involve viral
proteins and specific mutations induced by the integration
of the virus into the host genome, which is particularly
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this lesion is mutagenic and therefore potentially carcinogenic. Thus, 8-OHdG is used as a reliable marker not
only of oxidative stress[9] but also of cancer risk.
Results in the literature suggest that both oxidative
and nitrative DNA damage occur at the sites of carcinogenesis, regardless of the etiology of the disease. Inducible nitric oxide synthase (iNOS) produces NO through a
reaction that converts arginine and oxygen into citrulline.
NO is a major mediator of chronic inflammation and
participates in the regulation of cell proliferation, survival, migration, angiogenesis, DNA repair, and drug resistance. Therefore, excessive amounts of reactive nitrogen
species produced via iNOS in chronic inflammation may
play an important role in tumorigenesis[10] and it has been
suggested that selective targeting of iNOS may prove a
useful therapeutic or chemopreventive measure[11,12].
An increased production of ROS has been documented in virus-related disease, with a strong link between HCV core protein or HBV X protein on one
hand, and oxidative “burst” on the other, particularly
in the first phases of carcinogenesis[13]. Our own findings have suggested a progressive build-up of genomic
oxidative damage which takes place not only in patients
with chronic hepatitis and cirrhosis, but also in anti-HCV
positive patients with persistently normal ALT levels[14].
Our data on 8-OHdG in HCV-related liver damage have
been confirmed by others, such as Shimoda et al[15], who
also reported increased levels of 8-OHdG in DNA extracted from liver tissues and leukocytes of individuals
with chronic HCV-related liver disease[16,17]. New results
on HBV-related liver damage have shown a delayed accumulation of oxidative DNA damage with respect to
HCV patients, which significant increases only in the later
stages of the disease, in association with a significant
accumulation of fibrosis, and this is particularly true in
livers of patients in whom cancer develops (unpublished
data).

We evaluated OGG1 gene polymorphism in HBVand HCV-related hepatitis tissue samples. No significant
difference was found between 8-OHdG levels evaluated
in wild type compared with heterozygous patients, nor in
HCV or HBV patients with HCC, nor in chronic hepatitis and cirrhosis, therefore downsizing the relevance of
OGG1 gene polymorphism in liver disease (unpublished
data).

OXIDATIVE STRESS AND DNA REPAIR
ENZYME

OXIDATIVE STRESS, ANTI-OXIDANT
DEFENSES AND DRUGS

Like any other DNA damage, 8-OHdG undergoes a specific repair process. A human DNA glycosylase/AP lyase
encoded by the OGG1 gene removes 8-OHdG directly
from DNA and suppresses its mutagenic effect. Among
the multiple OGG1 isoforms, OGG1-type 1a is expressed mainly in human cells and repairs chromosomal
DNA. The human OGG1 gene maps to chromosome
3p26.2 and allelic deletions of this region frequently occur in a variety of human cancers. Inactivation of the
OGG1 gene in yeast and mice leads to high rates of spontaneous mutation in the cells. The gene is also somatically
mutated in certain cancer cells, and is highly polymorphic
among human populations. The repair activity of mutated and polymorphic OGG1 protein is lower than that of
the wild-type OGG1 protein, and may consequently be
involved in human carcinogenesis, though full agreement
on the point has not been reached[18,19].

Cells have developed defense mechanisms to counteract
the negative effects of oxidative stress, among which redox active glutathione, thioredoxin, antioxidant enzymes
(superoxide dismutase, catalase and glutathione peroxidases)[23]. These aspects are particularly relevant in view
of the possible application of anti-oxidants in cancer
prevention. Conventional anti-oxidants show little efficacy
against oxidative stress in vivo, probably because they are
not taken up by mitochondria. Mitochondria-targeted antioxidants such as Vitamin K3 or Vitamin E may be used to
decrease mitochondrial oxidative damage, and drugs such
as mitoquinone have been developed in this regard. This
novel class of compounds combines a potent anti-oxidant,
such as ubiquinone, with a lipophilic cation that causes the
anti-oxidant to accumulate several hundred-fold within mitochondria. Several in vitro and animal studies have shown
that this selective accumulation renders mitoquinone more
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OXIDATIVE STRESS AND
MITOCHONDRIA
In normal healthy cells, mitochondria are involved in
several fundamental cellular processes, including cell
proliferation, apoptosis, and intracellular calcium homeostasis. Mitochondrial dysfunction can affect a range of
important cellular functions and can result in a variety of
diseases[20]. Emerging evidence strongly supports a key
role of mitochondria in carcinogenesis. In conditions of
oxidative stress, the transcriptional and replication machinery of mitochondria is up-regulated, thus resulting in
increased mitochondrial biogenesis via replication of the
mitochondrial genome (mtDNA). In these damaged mitochondria, the electron transport chain may be blocked,
resulting in an accumulation of ROS. As mitochondrial
DNA is located close to the source of ROS production,
DNA itself can become damaged, resulting in accumulation of deletions and mutations[21]. Increased levels
of ROS also alter mitochondrial metabolism, increasing mitochondrial membrane permeability and leading
to the release of pro-apoptotic factors into the cytosol.
Research is now more clearly defining the molecular
mechanisms and the signaling pathways involved in the
process of “mitochondrial malignancy”. These pathways
will become clearer as the respective roles of ROS and
of cancer-related proteins such as RAS, p53 and c-myc in
regulating mitochondria will be clarified[22].
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protective against ROS and cell death than untargeted antioxidants. The administration of the above compounds
may constitute a novel approach to decreasing liver damage in chronic HCV infection. Potentially, anti-oxidants
could be used in association with the standard interferon/
ribavirin treatment in patients with chronic HCV-related
hepatitis[24,25]. Yet very few studies have been published so
far on the effects of anti-oxidants in patients with chronic
HCV infection. Alpha tocopherol and fermented papaya
both improved redox status in HCV-related cirrhosis, but
only in the subgroup of vitamin E-deficient patients was
normalization of transaminase levels obtained[26]. In another study, a tomato-based food supplement increased
serum lycopene and carotenoids, and decreased serum
hydroperoxides in patients with HCV infection, again with
no effect on transaminases[27]. In yet another study, Viusid®,
a nutritional supplement containing ascorbic acid, zinc
and glycyrrhizin, of recognized anti-oxidant properties,
achieved reduction of serum oxidative stress markers in
patients with chronic HCV-related hepatitis; no effect on
the evolution of liver damage was reported, however[28].
Finally, in another study, a combination of different antioxidants at the “appropriate” dose for twenty weeks
achieved normalization of liver enzymes levels in 44% of
treated patients, decreasing viral load in 25%[29]. Studies
recently published by our group have demonstrated that
coffee consumption induces a significant reduction of
oxidative DNA damage, thus confirming that the protection exerted by coffee with respect to HCC is mediated
by a reduced accumulation of oxidized bases, and consequently, of DNA mutations. The relevance of oxidative
stress in carcinogenesis[30] and, particularly in patients
with HCV infection[17,31], is well known, and the association between coffee consumption and lower oxidative
DNA damage has been recently observed also by Mišík et
al[32] in healthy volunteers. The protective effect of coffee
with respect to HCC may be due to the numerous antioxidant compounds contained in this beverage, among
which are polyphenols, or to the induction of antioxidant
enzymes. This effect is exerted even at very small doses
or even when coffee is consumed for a relatively short
period, as in our above quoted study. Confirming what
above, long-term glycyrrhizin administration reportedly
reduces HCC incidence in interferon-resistant patients
with chronic HCV infection[33], as demonstrated in a cohort study, which although not randomized, included a
large series of patients and produced results which are
sound enough to be considered as relevant.

an important pro-inflammatory cytokine involved in tumor cell proliferation by its role in inhibiting apoptosis
through the activation of signal transducer and activator
of transcription 3[34]. Tumor necrosis factor-α (TNF-α), a
pro-inflammatory immune mediator produced by Kupffer
cells and other immune cells in response to tissue injury,
triggers the production of other cytokines that, in turn,
recruit inﬂammatory cells, promoting ﬁbrogenesis and
further activating the oxidative burst[35]. Amongst the
myriad effects of TNF-α is, importantly, the activation
of intracellular apoptotic and⁄or anti-apoptotic pathways.
The role of TNF-α expression in HCC, however, remains
controversial, with reports of expression varying from
high[36] to low[37,38]. The question that ensues is henceforth
to establish how persistent oxidative stress ﬁts into this
scenario. TNF-α also has an important role in oxidative
stress induction, causing DNA damage through the formation of 8-OHdG in primary murine hepatocytes[39].
The overproduction of oxidative species linked to the
over-expression of inﬂammatory cytokines may be responsible for inhibiting the apoptotic process, probably
by activating the nuclear factor (NF)-kB-dependent pathway[40]. Oxidative stress is also related to the expression
of proto-oncogenes, such as c-myc, which is signiﬁcantly
more expressed in cirrhotic than in non-cirrhotic tissues
in our experience as well. This means that the progression of tissue damage from hepatitis to cirrhosis, and the
related cell growth changes, may be to some degree mediated by c-myc[41]. For instance, recent studies have demonstrated that TGF-α⁄c-myc double transgenic mice exhibit
enhanced cell proliferation and accumulate extensive
oxidative DNA damage, a phenomenon that may account
for an accelerated progression to cancer[42]. Recently, we
sought the possible correlations between oxidative DNA
damage and levels of pro-inflammatory cytokines, TGF-α
and c-myc in chronic HCV-related liver damage, and a
clear correlation between 8-OHdG levels and c-myc expression has been detected, confirming the relevance of
oxidative DNA damage in liver carcinogenesis[17]. As far as
IL-1β is concerned, recent reports have shown that higher
levels of this cytokine are present in HCV-related liver
disease with respect to other forms of liver damage[43]
and that its polymorphisms are correlated with the risk of
progression to HCC. IL-1β has been reported to trigger
the inﬂammatory response cascade and to directly cause
growth arrest and TNF-α expression induction[44,45]. This
last effect was not conﬁrmed in our experience, however,
since no correlation emerged between IL-1β and TNF-α
levels in liver tissues of patients with HCV-related liver
damage[46]. On the other hand, IL-1β expression was
higher in the later stages of HCV-related liver disease, as
already demonstrated by Gramantieri et al[47].

OXIDATIVE STRESS, CYTOKINES AND
APOPTOSIS
As has been amply discussed herein, liver injury is associated with chronic inﬂammation; in a local inflammatory
milieu, several cell types normally residing in the liver (sinusoidal, endothelial and Kupffer cells) produce immune
mediators as well as cytokines and chemokines, whose
receptors are located on the cell surface of hepatocytes.
These cells also express and release interleukin (IL)-6,
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OXIDATIVE STRESS AND EPITHELIALMESENCHYMAL TRANSITION
Epithelial-mesenchymal transition (EMT) is a biologic
process by which epithelial cells undergo changes that
induce the development of a mesenchymal phenotype,
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telomeric shortening also because, unlike in most genomic DNA, the repair mechanisms of telomeric DNA are
less efficient and telomeres more easily accumulate oxidative damage. Consequently, measuring telomere length
may constitute an optimal biomarker of chronic oxidative
stress[52]. Only a few studies have specifically examined
the relationship between telomerase activity, telomere
length and the extent of oxidative stress and consequent
oxidative DNA damage in hepatocarcinogenesis. Our
group has demonstrated that oxidative DNA damage
interferes with telomere function, thus playing a key role
in hepatic carcinogenesis (unpublished data). In fact, we
confirmed the shorter telomere length in both HCV- and
HBV-related HCC, possibly due to the accumulation of
genetic alterations and 8-OHdG during disease progression. Alterations of the promoter may be one of the factors that control the transcriptional activity of TERT. The
hypermethylation of CpG islands acts as an alternative,
complementary pathway to gene mutation, and is an important mechanism involved in carcinogenesis. Both HBV
and HCV induce epigenetic changes in speciﬁc genes
involved in DNA repair, cell cycle control, and apoptosis
signaling (RASSF1A, GSTP1, CHRNA3, and DOK1) in
HCC as compared to cirrhotic or normal liver tissues[53,54].
Our data confirm changes in the methylation levels of
the TERT promoter gene in the terminal stages of the
disease in both HBV- and HCV-related hepatitis. Further
studies are needed to better understand the mechanisms
regarding genetic and epigenetic changes induced by
HBV and HCV in hepatocytes. The majority of the biological properties ascribed to TERT have been limited to
its effects in the nuclear genome. Several data have been
published, however, demonstrating that TERT is also targeted towards mitochondria, resulting in telomerase activity in this organelle. TERT can shuttle from the nucleus to
mitochondria upon oxidative challenge. Nevertheless, the
exact role of mitochondrial TERT remains controversial,
with some authors sustaining that it exacerbates oxidative
injury while others reporting a protective effect. Recent
data in literature report that conditions of chronic oxidative stress may lead to the migration of TERT subunit of
telomerase to the cytosol, following the phosphorylation
of tyrosine 707 by the Src kinase, thus reducing nuclear
activity of the enzyme[55-58]. Our group has also observed
TERT subunit translocation from nucleus to mitochondria in HCC tissue samples under oxidative stress. What
the function of TERT is in mitochondria remains a matter of debate, but one of the most relevant hypothesis is
that it may play a role in modulating apoptosis. In fact,
Haendeler et al[59] demonstrated than TERT interacts with
mtDNA, improving the electron transport chain activity
and protecting cells from ROS-induced oxidative damage.
This mechanism would reduce the permeability of the
mitochondrial membrane and would avoid the leakage of
pro-apoptotic factors. The reduction of apoptotic signals
in a context of chronic oxidative stress, genomic instability, and increased cell proliferation might be very crucial
in terms of neoplastic transformation.

increasing the production of extracellular matrix proteins
and the resistance to apoptotic cell death. These changes
are considered as a driving force also in tumor progression since they enhance the cell migratory ability and
invasiveness.
Several studies demonstrated the existence of a strong
correlation between ROS production and EMT, a link that
involves NF-kB activation in collaboration with hypoxiarelated production of hypoxia-inducible factor-1 and cyclooxygenase-2[48]. HCV and HBV infections are involved
in prompting EMT in the development of HCC, a process in which the progression of malignant hepatocytes
depends in part on the signaling of transforming growth
factor-β (TGF-β), produced by stromal cells (fibroblasts,
macrophages etc.)[23]. TGF-β activation triggers an increase
in intracellular ROS production in association with the
phosphorylation of Smad2, p38 and ERK1/2[49].
Many other factors correlated with ROS production
are involved in EMT, such as mitogen-activated protein
kinase activation and angiotensin Ⅱ, E-cadherin and
α-SMA up-regulation, thus supporting a redox-mediated
regulation of EMT[23].

OXIDATIVE STRESS AND TELOMERE
DYSFUNCTION
Cells that are not able to start the process of apoptosis, in
particular after DNA damage, can be more susceptible to
genetic alterations and to the acquisition of immortality
through the modulation of telomerase activity. Telomerase, a RNA-dependent DNA polymerase, is a complex
ribonucleoprotein including two components, a catalytic
subunit (TERT) and a RNA component complementary
to telomeric sequences (TR). After retrotrascription of
its own RNA, telomerase adds telomeric sequences to
chromosomal terminal portions, thus maintaining the
length of telomeres, whose main function is to stabilize
the chromosomal structure, endowing this molecule with
a very important role in cell proliferation, senescence,
immortalization and carcinogenesis [50]. Nevertheless,
telomeres shorten at each replication cycle, and lose their
function after reaching a critical length (telomeric crisis).
Telomere shortening may result in end-to-end fusions
during the cell cycle and, consequently, somatic cells stop
proliferation and enter senescence phase and apoptosis[51].
In neoplastic cells, telomeric shortening, senescence, and
apoptosis are avoided by an increased telomerase function. Telomere shortening and chromosomal instability
occur in the first phases of carcinogenesis, while tumor
progression is linked to a telomeric preservation induced
by a restarting of telomerase activity. In fact, only cells
that maintain telomere length, with unlimited cell divisions and chromosomal instability, possess a higher
potential of neoplastic transformation and progression
to cancer. The telomeres, rich in guanines, are highly
sensitive to ROS attack, in particular by hydroxyl radical.
ROS interaction with telomeric sequences creates DNA
adducts as 8-OHdG. Thus, oxidative stress can accelerate
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Figure 1 Intricate pathway of molecular mechanisms involved in the progression of virus-related liver injury to cirrhosis and hepatocellular carcinoma.
HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma.

the development of a number of cancers, as it is involved
in inflammation and oncogenesis. Several miRNAs,
whose expression is modulated in HCC, have been identified, again also during oxidative damage (Table 1). Our
research group has recently published a significant positive correlation between miRNA-92 expression, which is
already linked to hepadnavirus-associated carcinogenesis,
c-myc and 8-OHdG levels in HCC tissues. Besides, our
data demonstrate that miRNA-199a, miRNA-199b, miRNA-195 and miRNA-122a are strongly down-regulated
in the majority (55%-70%) of HCCs, while miRNA-92
and miRNA-145 show a less marked down-regulation. In
contrast, miRNA-222 is up-regulated in HCC[72].

OXIDATIVE STRESS AND MICRORNAS
Recently, the important role of microRNAs (miRNAs)
in the different stages of chronic liver diseases in the
development of HCC has been recognized[60]. MiRNAs
are small (21-23 nucleotides long) noncoding RNA family involved in post-transcriptional gene regulation of
their target genes. In fact, miRNAs induce translational
repression via their binding to partially complementary
sequences or mRNA degradation through their binding
to perfectly complementary sequences in the 3’UTR of
mRNAs[61]. Each mature miRNA potentially controls
many gene targets, and each mRNA is regulated by multiple miRNAs. To date, more than 17000 distinct mature
miRNA sequences have been identified from over 140
species[62]. MiRNAs are now clearly identified as key mediators of the immune system development and function,
in particular for activation in response to infection during
both the innate and the adaptive immune responses. At
the same time, miRNAs dysregulation is a central event in
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OXIDATIVE STRESS AND CIRCULATING
FREE DNA
As previously exposed, oxidative stress is known to cause
DNA damage, and cells with the greatest DNA injury die
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Table 1 MicroRNAs involved in oxidative stress in different
liver diseases
2
miRNA

Involvement in oxidative stress liver diseases

Ref.

Alcohol induced liver disease
Cholestatic disease
Hepatitis C virus/NASH
HCC
Liver inflammation
Mitochondrial dysfuntion
Liver aging (rat model)
Hepatitis C virus
HCC

[63]
[64]
[65,66]
[67]
[68]
[69]
[70]
[71]
[72]

miR-214
miR-199a-5p
miR-122
let-7
miR-125b
miR-199a-3p
miR-34a/miR-93
miR-196
miR-92

3

4

HCC: Hepatocellular carcinoma; NASH: Non-alcoholic steatohepatitis.

5

either by necrosis or apoptosis. Oxidized DNA released
from dying cells is likely the most prominent contributor
to circulating cell-free DNA (cfDNA), which is a double
or single stranded extracellular DNA, released by tumor
apoptotic or necrotic cells and circulating in blood as a
complex with histonic proteins[73]. Low levels of cfDNA
can be detected as well in healthy individuals, but higher
levels characterize patients with a number of diseases
including cancer[74]. Our recent study has investigated
the time course of cfDNA levels in patients in different
stages of liver damage, from chronic hepatitis to cirrhosis
and cancer. Data have shown that cfDNA is detectable
in a small share of these last patients, but in a substantially similar percentage of CIRR and HCC patients. In
HCC however, cfDNA levels are, on average, two times
higher than in CIRR and, by choosing the right cut-off
with ROC curves, the sensitivity in diagnosis is notably
high. In our experience therefore, the role of the cfDNA
quantitative analysis as a valuable diagnostic test is debatable, but cfDNA levels allow for patients discrimination
with more advanced stages of disease, demonstrating a
prognostic relevance in patients with HCC (unpublished
data).
In conclusion, we confirm the existence of a link between oxidative genomic and mitochondrial damage and
telomere dysfunction in the intricate pathway (Figure 1)
involved in the progression of virus-related liver injury to
cirrhosis and HCC. This link develops in the context of
the inflammatory response and leads to a derangement
of the basic mechanisms controlling liver proliferation.
Unfortunately, despite the evidence of a clear role for
oxidative burst as an inducer of liver damage in patients
with viral hepatitis, nor antioxidant drugs nor cocktails
of vitamins or different compounds have been demonstrated to actively interfering with the development of
damage. In this scenario, mitochondria are emerging as a
possible target for new treatments aimed at counteracting oxidative damage and disease progression as well as
cancer development, given the relevant role that these
organelles play in inflammation and carcinogenesis.
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Abstract
The management of hepatocellular carcinoma (HCC)
has substantially changed in the past few decades, the
introduction of novel therapies (such as sorafenib) have
improved patient survival. Nevertheless, HCC remains
the third most common cause of cancer-related deaths
worldwide. Decision-making largely relies on evidencebased criteria, as showed in the US and European clinical practice guidelines, which endorse five therapeutic
recommendations:resection; transplantation; radiofrequency ablation; chemoembolization; and sorafenib.
Many molecularly targeted agents that inhibit angiogenesis, epidermal growth factor receptor, and mammalian
target of rapamycin are at different stages of clinical
development in advanced HCC. Future research should
continue to unravel the mechanism of hepatocarcinogenesis and to identify key relevant molecular targets
for therapeutic intervention. Identification and validation of potential surrogate and predictive biomarkers
hold promise to individualize patient’s treatment to
maximize clinical benefit and minimize the toxicity and
cost of targeted agents.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a relevant health
problem, being the sixth most common cancer worldwide in terms of incidence with 626000 new cases per
year, accounting for 5.7% of all new cancer cases[1]. Due
to the poor prognosis of the disease, the number of
deaths per year is almost the same as new cases (598000),
making HCC the third most common cause of cancerrelated death[1].
Prognosis and feasibility of treatments for HCC patients largely depend not only on tumor characteristics,
but also on the severity of the underlying chronic liver
disease that affects the majority of cases[2,3]. Outcome is
significantly worse for those patients who can be treated
only with palliative loco-regional treatments, such as
transcatheter arterial chemo-embolization, or who are
affected by advanced disease. Unfortunately, curative
strategies are currently limited to a minority of patients,
those who present at diagnosis with small nodules, dis-
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ease confined to the liver, good performance status and
well preserved liver function. The proportion of patients
presenting with these characteristics is currently no more
than about 30%-40%[4] . In the experience of the Cancer
of the Liver Italian Program group, in a series of 650 patients diagnosed in the years 1994-1999, 59% of patients
at diagnosis were not treatable by surgery or percutaneous ablation[5]. However, the proportion of small, early
tumors is expected to significantly increase in the next
years, together with the diffusion of surveillance procedures of high-risk patients, allowing tumor diagnosis at
an earlier stage[4].
Although HCC can be considered a common cancer,
evidence about best treatment options is currently based
on a disappointingly limited number of randomized controlled trials, compared to many other solid tumors.

and on number and location of nodules. The difference
between intrahepatic metastasis and multicentric occurrence, due to the objective difficulty of a correct differential diagnosis, is not accounted for in existing treatment
guidelines. However, at least from a theoretical point of
view, the ability to differentiate intrahepatic metastases
from multicentric nodules could have relevant implications on treatment strategy. A newly diagnosed second
nodule, if expression of multicentric disease, can be effectively treated with a potentially curative loco-regional
approach, similarly to primary tumor. These treatments
will probably be less effective if the nodule is expression
of metastatic disease. In the latter case, disease should be
considered at a more advanced stage, and could probably
benefit, in addition or in alternative to loco-regional treatment, from a systemic treatment for advanced disease.
Until recently, systemic therapy of advanced HCC
provided marginal benefit if any[6]. Systemic chemotherapy for HCC has been associated with low response rates
and no survival benefit, partly because HCC is a chemotherapy-resistant tumor[7] - due to the expression of the
multi-drug resistance gene MDR-1[7,8] - and partly due to
the underlying liver cirrhosis in most patients, which prevents the administration of full dosage of many drugs.
In addition, the majority of controlled clinical trials of
systemic therapy in this patient population are flawed by
inappropriate endpoints and controls, as well as by inadequate sample size.
In the following paragraphs, we briefly describe the
modest results obtained in the past with hormonal therapy, with chemotherapy and with biological and biochemical treatment. Subsequently, we describe the promising
results recently obtained with molecularly targeted agents.

SYSTEMIC THERAPY
Unfortunately, a relevant proportion of patients successfully treated with surgical resection or local ablation
therapies will experience tumor relapse. Several clinical
trials have been conducted to test the efficacy of adjuvant treatments following surgical resection or complete
necrosis obtained with ablation.
Several trials testing the role of interferon showed
beneficial effect[5]. Most trials were characterized by a
small sample size, and interferon, which is associated with
significant side effects, cannot currently be considered a
standard adjuvant strategy. The recent availability of targetbased agents will offer a number of new approaches to
test in this setting. From this point of view, the multitarget
inhibitor sorafenib appears particularly promising, after
the good results obtained in the treatment of advanced
disease. A randomized phase Ⅲ study, the STORM trial,
comparing sorafenib to placebo as adjuvant treatment for
patients who have received surgical resection or local ablation is close to enrol and is currently ongoing.
Occurrence of extrahepatic disease at relapse (e.g.,
lymph-node involvement or distant metastases) is obviously associated with a significantly worse prognosis.
However, recurrence consists frequently of intrahepatic
disease only, in this case it can be divided in local recurrence and distant intrahepatic recurrence. Following
ablation therapy (like percutaneous ethanol injection
or radiofrequency ablation), tumor can recur in the site
already treated. In this case, local recurrence can be attributed to incomplete tumor necrosis obtained with the
previous ablative treatment. On the contrary, intrahepatic
distant recurrent disease following surgical resection or
after local ablation has in principle a double etiology: it
can represent intrahepatic metastasis, related to previously treated tumor, or can be expression of multicentric
disease, unrelated to the primary nodule but arising in
the same underlying liver disease. To date, treatment of
intrahepatic distant recurrences after curative treatment
of primary tumor is commonly based, similarly to primary tumor, on patient’s characteristics, on liver function
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HORMONAL THERAPY
Hormonal therapy of HCC has been investigated based
on the finding that various hormone receptors are present in HCC, with a possible association between estrogen
and tumor[9].
The finding that various hormone receptors are present in HCC has led many investigators to examine the
role of hormone manipulation in this disease. Several
lines of evidence have suggested an association between
estrogen and HCC. Estrogen receptors are expressed
in normal human liver, in chronic hepatitis, in benign
hepatic tumour tissues, and rarely in HCC at a low concentration. In preclinical models, estrogens are involved
in stimulating hepatocyte proliferation in vitro and may
promote liver tumour growth in vivo. The persistent administration of estrogens, particularly in the form of oral
contraceptives, has been associated with an increased incidence of hepatic adenomas and a small increased incidence of HCC. Tamoxifen, an antiestrogenic compound,
has been shown to reduce the level of estrogen receptors
in the liver. Tamoxifen has been extensively studied in
HCC. Six large randomized studies (four of which were
double-blind trials) have failed to demonstrate improved
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survival with tamoxifen in advanced HCC[10,11]. The role
of anti-androgen therapies has been investigated, as well,
but they have also failed to improve survival in randomized studies in patients with advanced HCC[12].
In a small prospective randomized Greek study, conducted in 58 patients with advanced HCC, subcutaneous octreotide (250 μg twice daily) was associated with
a median survival time of 13 mo, compared with only 4
mo in the group who received no treatment[13]. These results were really promising but later on, another placebocontrolled study randomized 70 patients with advanced
HCC to receive a 2-wk course of 250 μg of short-acting
octreotide twice daily, followed by a long-acting octreotide 30-mg injection once every 4 wk for six doses, or placebo[14]. Unfortunately, there was no difference in median
survival time between the two groups. However, the median survival time was less than 2 mo in both groups, indicating that the study recruited patients with a very poor
prognosis, who are very unlikely to derive benefit from
any medical therapy. A more recent trial randomized 120
patients with advanced HCC to long-acting octreotide
or placebo, with no difference in median survival (4.7
mo with octreotide and 5.3 mo with placebo)[15]. Barbare
et al[16] reported the preliminary results of a randomized
placebo-controlled trial. Two hundred 72 patients with
unresectable HCC were randomized to receive either
octreotide (monthly im injection of 30 mg of long-acting
octreotide) or a placebo. Again, no survival benefit was
seen in the results of the interim analysis after the occurrence of 150 deaths: the median overall survival time was
6.5 mo in the octreotide arm and 7.3 mo in the placebo
arm. Finally, the results of another multicenter randomized trial assessing the combination of long-acting octreotide and tamoxifen in 109 patients with HCC were
recently published, again with negative results[17].
Two studies correlated the expression of somatostatin
receptors in HCC and the response to octreotide, reaching conflicting conclusions. In one study, patients with
HCC expressing somatostatin receptors and randomized
to receive octreotide showed a significantly improved survival compared to placebo[18], while in another study there
was no relationship between expression of somatostatin
receptors by HCC and response to octreotide[19].
In conclusion, octreotide does not seem to benefit patients with advanced HCC. Whether octreotide may have
limited benefits in advanced HCC patients whose tumors
express somatostatin receptors remains to be defined.
Although a large number of controlled and uncontrolled studies have been performed with most classes of
chemotherapeutic agents, no single or combination chemotherapy regimen is particularly effective in HCC. The
response rate tends to be low, and the response duration
is short. The response criteria used in some of the earlier
studies were poorly defined. Most of the earlier studies
did not stratify patients on the basis of the severity of
underlying cirrhosis or other factors, making comparison
of study results difficult. More importantly, any survival
benefit of systemic chemotherapy for HCC remains to
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be determined.

CHEMOTHERAPY
Doxorubicin is perhaps the most widely used agent in
HCC. Despite the initial encouraging reports from Uganda for single-agent doxorubicin, subsequent studies have
failed to confirm these data. In a large study of doxorubicin in advanced HCC, no responses were noted among
109 patients[20]. Among 475 patients who received doxorubicin in various studies, a 16% response rate was documented, with a median survival of 3-4 mo[21]. Systemic
therapies that have not demonstrated improved overall
survival benefits in advanced hepatocellular carcinoma.
A variety of combination chemotherapy regimens
has been studied in HCC. Although a few of them have
shown improved response rates, most of these have not
been studied in large randomized phase Ⅲ studies. The
most impressive results from phase Ⅱ studies are from
the chemotherapy regimen that uses the combination of
cisplatin, interferon alfa, doxorubicin, and 5-fluorouracil
(PIAF)[22]. This regimen produced a partial response (PR)
rate of 26%. In 9 of the 50 patients, the initially unresectable tumours became resectable after chemotherapy.
In four of these patients, the resected specimens had a
pathologic complete response and the alfa-fetoprotein
levels fell to within the reference range. Unfortunately,
this regimen was also associated with marked hematologic and gastrointestinal toxicity. Yeo et al[23] subsequently
examined the efficacy of this regimen in a randomized
phase Ⅲ study comparing PIAF with single-agent doxorubicin. A total of 188 patients with unresectable HCC
were enrolled. The median survival of the doxorubicin
and PIAF groups was 6.83 mo (95%CI: 4.80-9.56) and
8.67 mo (95%CI: 6.36-12.00), respectively (P = 0.83),
which failed to reach statistical significance for the study
primary end point.
The difficulty of developing effective chemotherapy
in HCC may in part be due to the inherent resistance in
the tumour conferred by the multidrug-resistant gene
MDR-1. In addition, the underlying cirrhosis present in
most patients may lead to portal hypertension with hypersplenism, platelet sequestration, varices and gastrointestinal bleeding, hepatic encephalopathy, hypoalbuminemia,
differential drug binding and distribution, and altered
pharmacokinetics, limiting the selection and adequate
dosing of most cytotoxic agents.
Two new chemotherapy drugs, nolatrexed - a novel
thymidylate synthase inhibitor - and T138067 - a microtubule formation inhibitor - were compared to doxorubicin
in two phase Ⅲ randomized studies[24,25]. Unfortunately,
neither nolatrexed nor T138067 provided survival benefit
compared with doxorubicin. At the present time, there is
no cytotoxic drug or regimen that can be clearly defined
as a standard for treating HCC, and chemotherapy should
not be considered as an option for patients with HCC.
Without doubt, the development of molecularly targeted agents opened new and exciting perspectives for
systemic therapy of HCC. Many molecular alterations
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Table 1 Efficacy results of molecular agents for advanced hepatocellular carcinoma
Molecular agent
Sorafenib

Study phase

Results

Ref.

Ⅲ (Sharp) vs placebo

[31]

Ⅲ (Asian) vs placebo

Median OS: 10.7 mo vs 7.9 mo
Median OS: 6.5 mo vs 4.2 mo

Ⅱ

Median OS: 13.7 mo vs 6.5 mo

[32]
(sorafenib + doxorubicin vs doxorubicin)

Bevacizumab

Ⅱ
Ⅱ

(Beva + gemox)

[33]

Median OS: 12.4 mo
Median OS: 9.6 mo
Median OS: 15.0 mo

[43]
[45]
[48]

Median OS: 9,8 mo
Median OS: 8.0 mo
Median OS: 7.9 mo 10.2 mo

[49]
[50]
[51]

Median OS: 9.7 mo

[52]

Median OS: 9.4 mo vs 8.3 mo

[53]

Median OS: 9.5 mo vs 9.9 mo
Median OS: 9.7 mo
Median TTP 4.5 mo
Median OS: 5.8 mo
Median OS: 7.3 mo
Median OS 7.2 mo vs 3.8 wk
(c-met High)
PFS 4.3 mo
PFS 3.8 mo
Median OS: 13 mo
Median OS: 6.5 mo
Median OS: 6.2 mo
Median OS: 9.6 mo

[54]
[55]
[56]
[57]
[58]
[59]

Ⅱ

(Beva + erlotinib)
Sunitinib

Ⅱ
Ⅱ
Ⅲ

(Sunitinib vs sorafenib)
Brivanib

Ⅱ
Ⅲ

BRISK-PS (Briv vs placebo)
Ⅲ

BRISK-FL(Briv vs sorafenib)
ABT 869 (Inifanib)
Pazopanib
AZA2171 (Cediranib)
Vatalanib (PTK787/ZK 222584)
Tivantinib (ARQ 187)

Ⅱ
Ⅰ
Ⅱ
Ⅰ-Ⅱ
Ⅱ

(Tivant vs placebo)
Ramucirumab
Everolimus
Erlotinib
Gefitinib
Lapatinib
Cetuximab

Ⅱ
Ⅰ-Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

[60]
[75]
[67]
[69]
[70]
[71]

OS: Overall survival; TTp: Time to progression; PFS: Progression-free survival.

have been identified in HCC and a lot of work has been
done to identify the potential therapeutic targets.
In the following paragraphs, we describe the promising results recently obtained with molecularly targeted
agents, in particular with sorafenib, that is the first drug
with high-level evidence of efficacy in patients with advanced HCC and the future perspectives with new molecular agents.

lelic deletions, which may eventually lead to the evolution
of HCC with additional genetic changes, such as an increase in c-myc and decrease in p16 expression[27].
Significant progress on the treatment of advanced
HCC has been made possible by sorafenib, a novel signal
transduction inhibitor that blocks tumour cell proliferation by targeting the Raf/MEK/ERK signalling pathway
and exerts an antiangiogenic effect by targeting the tyrosine kinases of vascular endothelial growth factor receptor (VEGFR)-2, VEGFR-3, and platelet-derived growth
factor receptor (PDGFR)-beta. In preclinical models,
sorafenib exhibited antitumor activity in HCC cells and
xenograft models. In a phase Ⅱ study of 137 patients
with advanced HCC, sorafenib provided orally at 400 mg
twice daily induced a PR in 2.2% of patients, a minor response in 5.8%, and stable disease lasting 4 mo in 34%[28].
Median time to progression (TTP) was 4.2 mo, and median overall survival (OS) was 9.2 mo. The international,
phase Ⅲ, placebo-controlled sorafenib HCC Assessment
Randomized Protocol trial evaluated 602 patients with
advanced HCC who had not undergone prior systemic
therapy to receive either sorafenib at 400 mg twice daily
(299 patients) or placebo (303 patients)[29]. The primary
end point of the study was OS. Patients with underlying
Child-Pugh A cirrhosis accounted for 95% and 98% in

MOLECULARLY TARGETED THERAPY
In the past few years, the mechanisms of hepato-carcinogenesis have been elucidated and the involvement of
a number of pathways, including angiogenesis, aberrant
signal transduction, and dysregulated cell cycle control
have been demonstrated, leading to the evaluation of the
activity and toxicity of some of the new molecular target
agents[26] (Table 1). In chronic hepatitis and liver cirrhosis
the phenotypically altered hepatocytes have high epidermal growth factor receptor (EGFR) expression and noncommittal epigenetic changes (increase in transforming
growth factor (TGF)-β , insulin-like growth factor-2
and Raf). These phenotypically altered hepatocytes may
become dysplastic and show more committed genetic
changes, e.g., increased telomerase activity and varied al-
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1.4-2.8) in these groups, respectively (P = 0.006). Toxicity
profiles were similar to those for the single agents.
Among patients with advanced HCC, treatment with
sorafenib plus doxorubicin compared with doxorubicin
monotherapy resulted in greater median time to progression, overall survival, and progression-free survival. The
degree to which this improvement may represent synergism between sorafenib and doxorubicin remains to be
defined. The combination of sorafenib and doxorubicin
is not yet indicated for routine clinical use.
Because of the lack of consensus on the best chemotherapeutic agents/regimens in HCC and the safety concerns including cardiac toxicity for doxorubicin, other
investigators are investigating the efficacy and tolerability
of combining sorafenib with capecitabine and oxaliplatin
or gemcitabine and cisplatin in advanced HCC. Given the
complexity of hepatocarcinogenesis and heterogeneity
of HCC, targeting HCC by means of a combination of
sorafenib and another agent inhibiting a distinct pathway
represents an appealing strategy. On the basis of this rationale, preclinical data, phase Ⅰ experience, and singleagent activity and tolerability in HCC, a randomized
international phase Ⅲ study comparing sorafenib plus erlotinib vs sorafenib plus placebo as first-line treatment in
advanced HCC is ongoing. The primary end point of the
study is OS. Other sorafenib-based combinations, including mTOR inhibitors and insulin growth factor receptor
(IGF-R) inhibitors, are at an early stage of development.

the sorafenib and placebo groups, respectively. Median
OS was 10.7 mo in the sorafenib group and 7.9 mo in
the placebo group (HR = 0.69; P = 0.001). The median
TTP was 5.5 mo in the sorafenib group and 2.8 mo in
the placebo group (P = 0.001). In another Asian-Pacific
randomized phase Ⅲ study, sorafenib also demonstrated
improved OS in patients with advanced HCC, mostly in
patients with hepatitis B virus infection[30]. OS was 6.5
mo in the sorafenib group vs 4.2 mo in the placebo group
(HR = 0.68; P = 0.014). The safety profiles of sorafenib
seem favorable; however, grade Ⅲ diarrheal, hand-andfoot skin reaction, and fatigue were observed. The successful development of sorafenib has validated the use
of molecularly targeted agents in HCC. This is the first
agent ever to have shown improved survival benefits in
this disease. It highlights the importance of selecting the
right patient population (good performance status and
preserved hepatic function) for clinical trial design. The
major benefits of sorafenib are mainly manifested as disease stabilization rather than radiologic response. However, many questions remained unanswered: what is the
mechanism of action mediating the clinical benefits of
sorafenib? Who are at risk for developing toxicities? What
is the escape and resistance mechanism of sorafenib
failure? Will sorafenib benefit patients with worsening
underlying cirrhosis? Will sorafenib prove to be beneficial
in patients in earlier stages of disease that is, after surgical
resection, high-risk transplantation, or radiofrequency ablation, as well as transarterial chemoembolization? Some
of these questions are addressed in ongoing and planned
clinical trials as BOOST trial.

Antiangiogenic agents and TKI-inhibitors
HCCs are vascular tumours, and increased levels of vascular endothelial growth factor (VEGF) and microvessel
density have been observed[34,35]. High VEGF expression
has been associated with worse survival[36-38]. Therefore,
inhibition of angiogenesis represents a potential therapeutic target in HCC, and several antiangiogenic agents
have entered clinical studies in HCC.

Sorafenib-based regimens under development
Abou-Alfa et al[31] reported their experience from a randomized, double-blinded, phase Ⅱ study comparing Doxorubicin in combination with sorafenib vs doxorubicin
with placebo in patients with advanced HCC. Patients
had Eastern Cooperative Oncology Group performance
status of 0-2, Child-Pugh A cirrhosis, and no prior systemic therapy. They received Doxorubicin at 60 mg/m2
intravenously every 21 d (cycle) plus either sorafenib at
400 mg orally twice daily or placebo, for a maximum of
six cycles of doxorubicin. Patients could continue with
single-agent sorafenib or placebo afterward. The primary
end point was TTP by independent review. Ninety-six
patients were randomized in this study. Following complete accrual, an unplanned early analysis for efficacy was
performed by the independent data monitoring committee, so the trial was halted. The 2 patients remaining in
the placebo group at that time were offered sorafenib.
Based on 51 progressions, 63 deaths, and 70 events for
progression-free survival, median time to progression
was 6.4 mo in the sorafenib-doxorubicin group (95%CI:
4.8-9.2), and 2.8 mo (95%CI: 1.6-5) in the doxorubicinplacebo monotherapy group (P = 0.02). Median overall
survival was 13.7 mo (95%CI: 8.9-not reached) and 6.5
mo (95%CI: 4.5-9.9; P = 0.006), and progression-free
survival was 6.0 mo (95%CI: 4.6-8.6) and 2.7 mo (95%CI:
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Bevacizumab: Bevacizumab is a recombinant humanized
monoclonal antibody that targets VEGF. In addition to its
direct antiangiogenic effects, Bevacizumab may enhance
chemotherapy administration by “normalizing” tumour
vasculature and lowering the increased interstitial pressure
in tumours[39,40]. Several studies have explored the use of
Bevacizumab either as a single agent or in combination
with cytotoxic or molecularly targeted agents in patients
with advanced HCC. Siegel et al[41] reported their experience using single-agent bevacizumab in HCC in a phase
Ⅱ study. Two dosages of bevacizumab, 5 and 10 mg/kg
administered intravenously once every 2 wk, were tested
in patients with HCC with no overt extrahepatic metastases or invasion of major blood vessels. Of the 46 patients
with data available for efficacy, 6 had objective responses
(13%; 95%CI: 3-23), and 65% were progression free at 6
mo. Median progression-free survival (PFS) time was 6.9
mo (95%CI: 6.5-9.1), and median survival was 12.4 mo
(95%CI: 9.4-19.9). Malk et al[42] also reported their early
experience using Bevacizumab as a single agent in HCC
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in a phase Ⅱ study. The combination of Bevacizumab
with cytotoxic agents was also evaluated in three phase
[43]
Ⅱ studies. Zhu et al completed a phase Ⅱ study that
used bevacizumab in combination with gemcitabine and
oxaliplatin in advanced HCC. This regimen had moderate
antitumor activity in HCC with an overall response rate of
20% in evaluable patients. An additional 27% of patients
had stable disease with a median duration of 9 mo (range,
4.5-13.7 mo). The median OS was 9.6 mo and the median
PFS was 5.3 mo. The combination of Bevacizumab with
capecitabine and oxaliplatin or with capecitabine alone
in patients with advanced HCC was also reported[44,45].
Thomas et al[46] reported their single-center phase Ⅱ experience using the combination of Bevacizumab and Erlotinib in patients with advanced HCC. Bevacizumab was
provided at 10 mg/kg intravenously once every 14 d and
Erlotinib at 150 mg orally daily. Of the 40 patients with
efficacy data available, a 25% response rate was observed.
The median PFS was 9 mo and OS was 15 mo. The above
studies demonstrated early evidence of antitumor activity
of Bevacizumab in HCC. Despite the overall good tolerability profiles, the risk of bleeding, hypertension, and
thromboembolic events remain to be further characterized. Moreover, as a result of the nonrandomized nature,
small sample size, and patient selection bias inherent in
single-arm studies, the relative contributions, if any, from
any chemotherapy regimens or erlotinib remain unknown
and warrant further investigations.

3-4 toxicities and a higher death rate of 10% in this patient population.
Although the lower dose at 37.5 mg seems to be more
tolerable, it remains uncertain whether the continuous or
intermittent schedule is better. A randomized phase Ⅲ
study comparing sunitinib at 37.5 mg continuous daily
dosing vs sorafenib at 400 mg twice daily in advanced
HCC was presented at ASCO meeting in 2011 and sunitinib failed its primary OS endpoint, indeed the median
OS was 7.9 mo for sunitinib vs 10.2 mo for sorafenib[49] .
Brivanib: Brivanib alaninate is a dual inhibitor of VEGFR and fibroblast growth factor receptor (FGFR)-signaling pathways that can induce tumour growth inhibition
in mouse HCC xenograft model. A phase Ⅱ study was
conducted to assess the efficacy and safety of brivanib
in patients with unresectable locally advanced or metastatic HCC who had received either no prior systemic
therapy (cohort A) or one prior regimen of angiogenesis
inhibitor (cohort B)[50]. This phase Ⅱ open-label study
assessed brivanib as second-line therapy in patients with
advanced Brivanib was administered orally at a dose of
800 mg once daily. The primary objectives were tumor
response rate, time to response, duration of response,
progression-free survival, OS, disease control rate,
TTP, and safety and tolerability. Forty-six patients were
treated. Best responses to treatment with brivanib (N¼
46 patients) using modiﬁed World Health Organization
criteria were partial responses for two patients (4.3%),
stable disease for 19 patients (41.3%), and progressive
disease for 19 patients (41.3%). The tumor response rate
was 4.3%; the disease control rate was 45.7%. Median
OS was 9.79 mo. Median TTP as assessed by study investigators following second-line treatment with brivanib
was 2.7 mo. The most common adverse events were
fatigue, decreased appetite, nausea, diarrhea, and hypertension. In conclusion Brivanib had a manageable safety
proﬁle and is one of the ﬁrst agents to show promising
antitumor activity in advanced HCC patients treated with
prior sorafenib. Large randomized phase Ⅲ Brivanib
Study in Patients at Risk (BRISK) HCC program trials
have been conducted to evaluate the role of brivanib in
advanced HCC (BRISK-FL, BRISK-PS and BRISKAPS). The BRISK-PS trial evaluated brivanib vs placebo
in patients who had failed or were intolerant to sorafenib
therapy. This study did not meet its primary end point of
improving OS, but treatment with brivanib showed improvements in the response rate[51]. The BRISK-FL trial
directly compared the clinical outcomes of brivanib vs
sorafenib in patients with advanced HCC who received
no prior systemic therapy. The median OS was 9.5 mo in
the brivanib ar m compared with 9.9 mo in the sorafenib
arm, which was not a statistically significant difference.
No significant survival differences were observed between subgroups based on geographic regions, cause of
HCC or disease severity. The study did not meet its primary OS objective based upon a non-inferiority statistical design[52].

Sunitinib: Sunitinib is an oral multikinase inhibitor that
targets receptor tyrosine kinases including VEGFR-1,
VEGFR-2, PDGFR-a/b, c-KIT, FLT3, and RET kinases.
Zhu et al[47] performed a study in patients with advanced
HCC that used sunitinib at 37.5 mg orally once daily on
a standard 4-wk-on, 2-wk-off regimen (6 wk per cycle).
The primary end point of the study was PFS. Of the 34
patients enrolled, one patient had a PR of 20 mo duration, and an additional 10 patients (38.5%) had stable
disease of at least 12 wk duration. The median PFS was
3.9 mo and OS was 9.8 mo. In another European/Asian
phase Ⅱ study, sunitinib was administered at 50 mg daily
for 4 wk every 6 wk to patients with unresectable HCC[48].
The primary end point of the study was overall response
rate according to Response Evaluation Criteria in Solid
Tumours criteria. Of the 37 patients enrolled, one patient
(2.7%) experienced PR, and 13 patients (35%) had stable
disease as their best response. The median OS was 8.0
mo and PFS was 3.7 mo. Preliminary results from two
other phase Ⅱ studies were also presented, one that used
37.5 mg for a 4-wk-on, 2-wk-off schedule, and the other
with 37.5 mg continuous daily dosing.
In terms of toxicity, the studies that used the lower
dose (37.5 mg) reported acceptable safety profiles. The
most common adverse events included hematologic toxicities, fatigue, and an increase in transaminase. Grade 3
or 4 adverse events occurred in no more than 20% of
the patients in any category. At the higher dose of 50 mg
daily, sunitinib treatment led to more pronounced grade
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ABT-869: ABT-869 (inifanib) is an orally active, potent,
and selective inhibitor of VEGFR and PDGFR. Preliminary results from an open-label, multicenter phase Ⅱ
study of ABT-869 in advanced HCC were reported[53].
ABT-869 was provided at 0.25 mg/kg daily in ChildPugh A or once every other day in Child-Pugh B patients
until disease progressed or toxicity became intolerable.
The primary end point was the progression-free rate at
16 wk. Of the 44 patients enrolled, 34 had data available for analysis (28 with Child Pugh A and 6 with Child
Pugh B cirrhosis). The estimated response rate was 8.7%
(95%CI: 1.1-28) for the 23 patients with Child A cirrhosis. For all 34 patients, median TTP was 112 d (95%CI:
110-not estimable), median PFS was 112 d (95%CI:
61-168), and median OS was 295 d (95%CI: 182-333).
The most common adverse events for all patients were
hypertension (41%), fatigue (47%), diarrheal (38%), rash
(35%), proteinuria (24%), vomiting (24%), cough (24%),
and oedema peripheral (24%). The most common grade
3-4 adverse events were hypertension (20.6%) and fatigue
(11.8%). The early evidence of efficacy and tolerable
safety profiles has encouraged further development of
ABT-869 in HCC.

angiogenesis inhibitor targeting all known VEGFR tyrosine kinases, including VEGFR-1/flt-1, VEGFR-2/
KDR, and VEGFR-3/Flt-4, PDGFR, and the c-kit
with a higher selectivity for VEGFR-2. Koch et al[56] reported the early experience of an open-label, multicenter
phase Ⅰ study to characterize the safety, tolerability, and
pharmacokinetic profile of PTK787 administered once
daily at a dose of 750-1250 mg in patients with unresectable HCC. Patients were stratified into three groups with
mild, moderate, and severe hepatic dysfunction, respectively, on the basis of total bilirubin and aspartate aminotransferase/alanine aminotransferase levels. The maximal tolerated dose of PTK787 was defined as 750 mg
daily. Of patients in all groups, 18 had efficacy data available. No complete response or PR was observed. Nine
patients had a best response of stable disease, and nine
had progressive disease. There are no studies planned to
develop this agent in the treatment of HCC at this time.

Cediranib (AZD2171): Cediranib is a potent oral panVEGF receptor tyrosine kinase inhibitor with activity
against plateletderived growth factor receptors and c-Kit.
AZD2171 is a potent inhibitor of both KDR (IC50 =
0.002 lM) and Flt-1 (IC50 = 0.005 lM), and shows activity against c-kit, platelet-derived growth factor receptor
beta (PDGFRb) and Flt-4 at nanomolar concentrations.
Alberts et al[55] reported their experiences of toxicity and
efficacy of AZD2171 from a phase Ⅱ study in patients
with advanced HCC, the median OS was 5.8 mo. No patients experienced confirmed response. The median time
to progression was 2.8 mo.

Tivantinib (ARQ 187): Tivantinib is a selective, oral
inhibitor of c-Met, the tyrosine kinase receptor for hepatocyte growth factor involved in tumor cell migration,
invasion, proliferation and angiogenesis. Tivantinib has
shown promising results in HCC in phase Ⅰ studies as
monotherapy and in combination with sorafenib. A phase
Ⅱ study was published this year, this multi-center randomized clinical trial enrolled patients with unresectable
HCC, 1 failed systemic therapy, ECOG PS < 2. ChildPugh B-C were excluded. Patients were randomized
2:1 to oral tivantinib [360 mg bid (A), 240 mg bid (B)]
or placebo (P), stratifying by PS and vascular invasion.
Treatment continued until disease progression (PD) or
unacceptable toxicity[57]. RECIST 1.1 response was evaluated by CT/MRI every 6 wk. Crossover to open-label
T was allowed after PD. Primary endpoint was TTP in
the intent-to-treat (ITT) population by central radiology
review. Other endpoints included disease control rate
(DCR), PFS, OS, efficacy in Met+ (Met ≥ 2+ in > 50%
of tumor at immunohistochemistry) pts, safety. Major
TTP, DCR and PFS benefits were obtained in Met+ patients, with preliminary OS trend favoring Tivantinib (HR
= 0.47) and no detrimental effect in Met- patients. Disease control rate (95%CI) in tivantinib/placebo was 44
(31-56)/31(16-48)% for ITT and 50(28-72)/20(4-48)%
in Met+ patients. Most common AEs in Tivantinib were
asthenia (26.8%), NEUT (25.4%), low appetite (25.4%);
most common drug-related AEs were NEUT (25.4%),
anemia (15.5%). Most frequent drug-related serious
AE was neutropenic sepsis (4.2%). Efficacy was similar
in A/B with less frequent NEUT in B (21.1%/6.1%).
Compared to Placebo, tivantinib significantly benefited
second-line HCC patients, especially if Met+, with manageable safety profile at 240 mg BID. A phase Ⅲ, randomised, double blind study of tivantinib in subjects with
met-diagnostic high inoperable HCC treated with one
prior systemic therapy is ongoing.

Vatalanib (PTK787/ZK 222584): Vatalanib is an oral

Ramucirumab: The monoclonal antibody ramucirumab

Pazopanib: Pazopanib is an oral angiogenesis inhibitor
targeting VEGFR, PDGFR, and c-Kit. Reports from a
phase I study to determine the maximum tolerated dose
(MTD), safety, pharmacokinetics, pharmacodynamics, and efficacy of pazopanib in patients with locally
unresectable and/or advanced HCC were presented[54].
Eligibility criteria included unresectable and/or metastatic HCC with at least one target lesion, recovery from
prior systemic regimens, Eastern Cooperative Oncology Group performance status of 0 or 1, Child Pugh A,
and adequate organ function. Doses of pazopanib were
escalated from 200 mg once daily to 800 mg daily in a 3
+ 3 design. In the 27 Asian patients enrolled, MTD was
determined to be 600 mg once daily. PR was observed
in two patients (7%; one at 800 mg, one at 600 mg) and
stable disease of 4 mo in 11 patients (41%). Median TTP
at the MTD was 137.5 d (range, 4-280 d). Changes in
tumour dynamic contrast-enhanced magnetic resonance
imaging parameters were seen after repeated dose pazopanib administration.
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is a specific inhibitor of VEGFR-2. A phase Ⅱ study
of 42 patients with advanced HCC and primarily wellpreserved liver function (75% C-P A status) showed that
first-line ramucirumab monotherapy produced a disease
control rate of 50% and a median PFS of 4.3 mo[58]. This
positive study prompted the phase Ⅲ REACH trial in
HCC, comparing ramucirumab/supportive care with
placebo/supportive care for second-line treatment after
sorafenib, the results of which will be available in the
coming months.

with advanced HCC. In a phase Ⅱ study, 30 patients
with advanced HCC were enrolled[69]. The initial dose of
cetuximab was 400 mg/m2 provided intravenously, followed by weekly intravenous infusions at 250 mg/m2.
No responses were seen. Five patients had stable disease
(median time, 4.2 mo; range, 2.8-4.2 mo). The median
OS was 9.6 mo (95%CI: 4.3-12.1) and the median PFS
was 1.4 mo (95%CI: 1.2-2.6). Cetuximab trough concentrations were not notably altered in patients with ChildPugh A and B cirrhosis. The combination of cetuximab
with gemcitabine and oxaliplatin (GEMOX) was evaluated in a phase Ⅱ study. All patients received cetuximab
at an initial dose of 400 mg/m2 followed by 250 mg/m2
weekly, gemcitabine 1000 mg/m2 on day 1, and oxaliplatin at 100 mg/m2 on day 2, repeated every 14 d until disease progression or limiting toxicity. Of the 45 patients
enrolled, the confirmed response rate was 20% and disease stabilization rate was 40%. The median PFS and OS
were 4.7 mo and 9.5 mo, respectively. The 1-year survival
rate was 40%. Given the reported antitumor activity of
GEMOX in prior phase Ⅱ studies and the lack of activity of cetuximab as single agents, the relative contribution
of cetuximab to this regimen remains to be defined[70].
The combination of cetuximab with capecitabine
and oxaliplatin was evaluated in a single-arm phase Ⅱ
study[71]. Patients received capecitabine at 850 mg/m2
twice daily for 14 d, oxaliplatin on day 1 at 130 mg/m2
intravenously, and cetuximab at 400 mg/m2 on day 1 followed by 250 mg/m2 weekly in a 21-d cycle. Of the 25
patients enrolled, data for efficacy were available for 20
patients. Response rate was 10% (95%CI: 1-33), and TTP
was 4.3 mo (95%CI: 2.3-5.0). Although most patients
tolerated the treatment well, diarrheal and electrolyte abnormalities including hypomagnesemia and hypocalcemia
were more pronounced in this population.

EGFR inhibitors
The expression of several EGF family members, specifically EGF, TGF-a, and heparinbinding epidermal growth
factor, as well as EGFR, has been described in several
HCC cell lines and tissues[59-64]. Multiple strategies to target EGFR signaling pathways have been developed, and
two classes of anti-EGFR agents have established clinical
activity in cancer: monoclonal antibodies that competitively inhibit extracellular endogenous ligand binding,
and small molecules that inhibit the intracellular tyrosine
kinase domain. Other than the modest activity with erlotinib, the rest of the EGFR inhibitors failed to show any
activity as single agents in advanced HCC.
EGFR tyrosine kinase inhibitors
Two phase Ⅱ clinical studies have evaluated the safety
and efficacy of Erlotinib provided at 150 mg daily in patients with advanced HCC. In the study by Philip et al[65],
3 (9%) of 38 patients experienced PR, and 12 patients
(32%) were free of progression of disease at 6 mo. Median OS time for this cohort was 13 mo. In another report by Thomas et al[66], 17 (43%) of 40 patients achieved
PFS at 16 wk, and the PFS rate at 24 wk was 28%. No
PR or complete response was observed in this study. The
median time to failure, defined as either disease progression or death, was 13.3 wk. The median time of OS was
25.0 wk (95%CI: 17.9-42.3) from the date of Erlotinib
therapy initiation. In the Eastern Cooperative Oncology
Group’s E1203 study, Gefitinib provided at 250 mg daily
was examined in a single-arm phase Ⅱ study[67]. A twostage design was used, and 31 patients were accrued to
the first stage. One patient had PR and seven patients
had stable disease. The median PFS was 2.8 mo (95%CI:
1.5-3.9) and median OS was 6.5 mo (95%CI: 4.4-8.9).
The criterion for second stage accrual was not met, and
the authors concluded that gefitinib as a single agent was
not active in advanced HCC. Lapatinib, a selective dual
inhibitor of both EGFR and HER-2/NEU tyrosine kinases, also demonstrated modest activity in HCC. Among
the 40 patients with advanced HCC, the response rate
was 5%, PFS 2.3 (95%CI: 1.7-5.6) mo, and OS of 6.2
(95%CI: 5.1-infinity) mo[68].

mTOR inhibitors
mTOR functions to regulate protein translation, angiogenesis, and cell-cycle progression in many cancers,
including HCC. Preclinical data have demonstrated that
mTOR inhibitors were effective in inhibiting cell growth
and tumour vascularity in HCC cell lines and HCC tumour models. The importance of the mTOR pathway in
HCC was examined in a comprehensive study with 314
HCC and 37 nontumoral tissues that used a series of molecular techniques to assess mutation, DNA copy number
changes, messenger RNA and gene expression, and protein activation[72]. Aberrant mTOR signalling (p-RPS6)
was present in half of the cases and chromosomal gains
in rapamycininsensitive companion of mTOR (RICTOR)
(25% of patients), and positive p-RPS6 staining correlated with HCC recurrence after resection.
A number of mTOR inhibitors (sirolimus, temsirolimus, and everolimus) are available clinically. Retrospective studies in patients who underwent liver
transplantation for HCC have shown that patients who
received sirolimus for immunosuppression had a much

Monoclonal antibodies against EGFR
Cetuximab, a chimeric monoclonal antibody against
EGFR, was tested in two phase Ⅱ studies in patients
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lower rate of tumour recurrence than those who received calcineurin inhibitors. Clinical studies with mTOR
inhibitors alone and in combination with either targeted
agents or chemotherapeutic agents in advanced HCC
are at an early stage of clinical development. Chen et
al[73] recently reported their early experience of a randomized phase I pharmacokinetic study of everolimus
in advanced HCC. Two different schedules were tested:
continuous daily dosing and once-weekly dosing. A total
of 36 patients were enrolled. Dose-limiting toxicities
observed included hyperbilirubinemia, high levels of
alanine aminotransferase, thrombocytopenia, infection,
diarrheal, and cardiac ischemia. The MTD for weekly
and daily dosing schedules was determined to be 70 and
7.5 mg, respectively. Interestingly, reactivation of hepatitis B and C virus was observed in four and one patients,
respectively. The disease control rate of 31 evaluable patients was 61% (10 of 16) and 46.7% (7 of 15, including
one case of PR) of patients receiving daily and weekly
treatment, respectively.
In patients with advanced HCC, everolimus produced
a median PFS of 3.8 mo and a disease control rate of
44% in phase Ⅰ/Ⅱ testing. Consequently, a phase Ⅲ
EVOLVE-1 trial to compare everolimus with BSC in
patients with HCC who progressed on or after sorafenib
or who were intolerant to sorafenib, has been completed
and everolimus did not show survival benefit for patients
as announced in a press release on August 7 2013[74].

growth by stimulating the canonical Wnt pathway and
it also interacts with the IGFII-IGF1R pathway. Others
have suggested that it may play a role in FGF signaling
as well. GPC-3 therefore may represent a specific tumor
marker and a potential target for therapy in HCC[81].
GC33 (RO5137382) is a recombinant, humanized
monoclonal antibody that binds to human GPC-3 with
high affinity. The nonclinical pharmacological assessments have shown that GC33 elicits antibody dependent
cellular cytotoxicity (ADCC) through human peripheral
blood mononuclear cells as well as mouse effector cells
against GPC-3-expressing human HCC and hepatoblastoma cell lines in vitro. It also showed anti-tumor activities
in several mouse xenograft models inoculated with human HCC cell lines expressing GPC3.
Activity is proportional to cell surface expression
of the target across 3 xenograft models, and is associated with macrophage infiltration into the xenografts.
Direct activity of GC33 in vitro was not observed, suggesting that the relevant mechanism of action (MoA)
is via ADCC. Two phase Ⅰ studies are being conducted
in the United States: GC-001US (GC33 monotherapy),
and GC-002US (GC33/Sorefanib combination) and one
study in Japan: GC-003JP (GC33monotherapy). The dose
escalation phase of GC-001US has completed accrual at
planned doses up to and including 20 mg/kg per week.
Is now ongoing a phase Ⅱ trial, in second line setting,
designed to establish the efficacy of GC33 compared to
placebo in patients whose hepatocellular cancer tumor
expresses the GPC-3 protein.

MEK inhibitor
HCC is characterized by frequent MEK/ERK activation
in the absence of RAS or RAF mutation. A multicenter,
singlearm phase Ⅱ study with a two-stage design was
conducted with AZD6244, a specific inhibitor of MEK,
in advanced HCC [75]. The primary end point was response rate. AZD6244 was administered orally at a dose
of 100 mg twice a day. Of the 19 patients enrolled, 16
had response data available. Despite the good tolerability
of AZD6244, it showed minimal activity in advanced
HCC. No response was observed, and stable disease was
observed in 37.5% of the patients. The median TTP was
only 8 wk (95%CI: 6.6-11.1).

CONCLUSION
Despite decades of efforts by many investigators, no
studies with systemic chemotherapy or hormone therapy
have demonstrated improved survival in patients with advanced HCC. sorafenib has emerged as the new standard
treatment for advanced HCC also patients with advanced
HCC who failed first-line therapy could have substantially improved prognosis if they had Child-Pugh A liver
reserves or were potentially eligible for clinical trials[82].
Many molecularly targeted agents are at different stages of clinical development in HCC, and several agents,
including Sunitinib, Brivanib,Tivantinib and Everolimus
are being tested in phase Ⅲ studies. Combining targeted
agents that inhibit different pathways in hepatocarcinogenesis is an area of active investigation.
Future research should continue to unravel the mechanism of hepatocarcinogenesis and to identify key relevant
molecular targets for therapeutic intervention. While we
are developing other antiangiogenic and targeted agents in
HCC, it is imperative that we continue our efforts to identify and validate surrogate and predictive biomarkers that
would be helpful to predict clinical efficacy, toxicity, and
resistance to these agents.
After decades of disappointing results for systemic
treatment of HCC, exciting developments are expected
in this once neglected field of clinical oncology research.

Monoclonal antibodies against GPC-3
Glypican-3 (GPC-3) is a member of the glypican family,
a group of heparan sulfate proteoglycans linked to the
cell surface through a glycosylphosphatidylinositol (GPI)
anchor Glypicans play an important role in cell growth,
differentiation, and migration[76,77].
GPC-3 protein is expressed in a wide variety of tissues during development, but the expression in most
adult tissues is suppressed by the methylation of DNA
within its promoter region[78]. Recently, it was shown
that GPC-3 is highly expressed, both at the mRNA and
protein level, in HCC[79]. Immunohistochemical studies
have shown that GPC-3 is expressed in approximately
70%-100% of surgically removed or biopsied HCC tissues, whereas it is not detectable in adjacent non-tumoral
lesions[80]. GPC-3 may promote hepatocellular carcinoma
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Core tip: The integration of new technologies has raised
an interest in radiotherapy for hepatocellular carcinoma
(HCC), with literature evolving to support its efficacy.
These advances, particularly stereotactic body radiation
therapy (SBRT), have been critical in improving local
control or potential cure in liver lesions not amenable to
first-line surgical resection or radiofrequency ablation.
Active investigation of SBRT has recently started, yielding promising local control rates. However, information
on optimal treatment indications, doses, and methods
remains limited. In HCC, significant differences in patient characteristics and treatment availability exist by
country. Further studies are required to validate and
maximize the efficacy of SBRT.

Abstract
The integration of new technologies has raised an
interest in liver tumor radiotherapy, with literature
evolving to support its efficacy. These advances, particularly stereotactic body radiation therapy (SBRT),
have been critical in improving local control or potential cure in liver lesions not amenable to first-line
surgical resection or radiofrequency ablation. Active
investigation of SBRT, particularly for hepatocellular
carcinoma (HCC), has recently started, yielding promising local control rates. In addition, data suggest a
possibility that SBRT can be an alternative option for
HCC unfit for other local therapies. However, information on optimal treatment indications, doses, and
methods remains limited. In HCC, significant differences in patient characteristics and treatment availability exist by country. In addition, the prognosis of
HCC is greatly influenced by underlying liver dysfunction and treatment itself in addition to tumor stage.
Since they are closely linked to treatment approach, it is
important to understand these differences in interpreting outcomes from various reports. Further studies are
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INTRODUCTION
Hepatocellular carcinoma (HCC) is currently the ﬁfth
most common solid tumor worldwide and the third leading cause of cancer-related death[1]. The definitive treatment for HCC has evolved primarily to be surgery, or-
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thotopic liver transplantation, percutaneous ablation, or
partial transarterial chemoembolization (TACE)[2]. However, in some patients, these therapies are not feasible.
This review describes the evolution of and current practices for radiation therapy, with particular focus on stereotactic body therapy (SBRT) in treating these types of
tumors in patients who are not candidates for definitive
treatment. We also discuss the emerging role of SBRT as
well as current outcomes, toxicities, and pathological and
radiological findings after SBRT.

for these curative therapies, two randomized trials have
shown improved survival using TACE compared with
symptomatic therapy alone[9,10]. However, TACE is somewhat controversial: a review from the Cochrane library
that considered all randomized trials that compared
TACE vs placebo, sham, or no intervention concluded
that no firm evidence exists to support or refute TACE
for patients with unresectable HCC[11]. In addition, the local control rate for TACE is inferior to those of resection
and percutaneous ablation (82%-98% at 3 years)[12]. At
best, the 3-year local control rate of superselective TACE
was reported to be 65.3% in 123 patients with HCC < 5
cm in diameter[13]. Nevertheless, patients who have limited
tumor burden but are not suitable for radical therapies
usually undergo TACE despite its relatively low efficacy.
Improving the outcomes of these patients is one of the
major challenges in HCC management.

EPIDEMIOLOGY
The incidence of HCC is increasing in several developed
countries, such as European nations and the United
States, while in areas such as Japan and Singapore, the
incidence of HCC seems to have stabilized or even fallen
slightly[3,4]. The geographic variability in the incidence of
HCC is largely explained by the distribution of hepatitis B and C viruses, and by the patterns of exposure to
key risk factors in each population. The prevalence of
such infections is being controlled by vaccination, which
should also influence future trends in HCC occurrence.
Heavy alcohol consumption, obesity, and diabetes are
also risk factors and substantial causes of HCC in Europe and the United States.
The broad spectrum of HCC epidemiology and treatments is expected to affect prognosis. When referring to
the literature on HCC treatment outcomes, it is important
to carefully understand the differences in patient characteristics in each report, because these factors significantly
affect outcomes as well as clinical application of various
treatments.

DIFFERENCE IN TREATMENT APPROACH
BY COUNTRIES
The differences in patient characteristics or treatment
availability by country are closely linked to the treatment
approaches used in each county. Currently, early HCC
diagnosis is increasingly feasible in countries with wider
implementation of surveillance policies, which enables the
application of curative treatments. Applicability of standard local treatments varies according to geographic distribution, with 50%-70% of cases in Japan being suitable for
curative treatment, compared to only 25%-40% of cases in
Europe and the United States, and 10% in Africa[14]. Once
a high-risk cohort is identified, follow-up surveillance has
contributed to early detection of HCC, although its efficacy appears to vary by country. In fact, in a recent Japanese
cohort including 1432 patients, careful ultrasonography
surveillance performed by highly skilled operators resulted
in the average size of detected tumors being 1.6 cm ± 0.6
cm, with < 2% of the cases exceeding 3 cm[15].
Treatment differences by country are also prominent
for organ transplantation. Orthotopic liver transplantation offers the best chance for cure, particularly in patients with decompensated liver disease. Excellent results
can be achieved in patients with solitary HCC < 5 cm,
or up to three nodules < 3 cm, and without extrahepatic
or vascular spread, known as the Milan criteria[16]. However, the chance of transplantation is extremely limited in
many countries due to the lack of sufficient liver donors.
Furthermore, in contrast to western countries, Asia has
cultural and religious barriers to organ donation from
deceased individuals. The number of deceased donors
per million population ranges from 0.07-6.5 among Asian
transplantation centers, which is far below those of western countries (e.g., 35.1 per million population in Spain
and 25.2 per million population in the United States)[17].

STANDARD LOCAL TREATMENT
OPTIONS FOR HCC
In HCC, prognosis is greatly influenced by underlying
liver dysfunction and treatment itself, as well as tumor
stage, while in other solid tumors, it is generally only related to tumor stage[2]. Unlike other cancers, many staging
systems are used for HCC, including the Barcelona Clinic
Liver Cancer (BCLC) staging[2], tumor-node-metastasis[5],
Okuda[6], Cancer of the Liver Italian Program[7], and Japan Integrated Staging[8] scoring systems. Among these,
the BCLC staging system considers the relevant parameters of all important dimensions and divides patients
into very early/early, intermediate, advanced, and endstage to recommend optimal treatment. Early-stage HCC
patients are considered for potentially curative options
such as resection, ablation, and transplantation. Patients
with intermediate stage disease may beneﬁt from TACE,
whereas patients with advanced stage disease, or who
cannot beneﬁt from other options, are given sorafenib, an
oral multikinase inhibitor, as the standard treatment.
Despite recent advances in early detection and diagnosis, only 30%-40% of patients with HCC may benefit
from radical therapies. For patients who are not eligible
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Historically, treatment with conventionally fractionated
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Table 1 Eligibility criteria for different treatment modalities
50

Dose (Gy)

40

50 Gy
Surgery

Percutaneous
ablative
therapy

TACE

SBRT

< 5 cm
(or more)
<3

< 3 cm

> 3-5 cm

Depends on
location
Away from
large vessels
or biliary
system
> 90%

1-multiple
(> 4)
Hypervascular lesions

4 (or 5)
cm
< 1-3

40 Gy
Tumor size

30

Number of
tumors
Location or
Depends on
characteristics liver function

20
10

Local control
(2 yr)
Level of evidence
Invasiveness
Damage to the
liver

0
Distance

> 90%
High
High
High

< 65%

Away
from
bowels
> 90%

Intermediate- IntermediateLow
high
high
Less
Less
None
Low
Low-moderLowate
moderate

SBRT: Stereotactic body radiation therapy; TACE: Transarterial chemoem
bolization.

intracranial malignancies (i.e., radiosurgery), SBRT has
since been adopted for the treatment of extracranial diseases. For example, SBRT has been shown to be a highly
effective and well-tolerated treatment in patients with
medically inoperable or high-risk operable stage Ⅰ nonsmall cell lung cancer[23].
The use of SBRT for liver malignancies was pioneered by Dr. Blomgren et al[24] at the Karolinska Institute, Stockholm in the early 1990s. SBRT refers to the use
of stereotactic non-coplanar conformal radiation therapy
intended for a small number of significantly larger fraction sizes (usually 8-12 Gy/fraction), while limiting the
dose to adjacent normal tissues. The steep dose gradient
within the target volume leads to tight conformity with
steep and isotropic dose fall-off and high dose delivery
to the target volume (Figure 1).
SBRT should be implemented with accurate patient repositioning, target localization, and control of breathingrelated motion by breathing control devices such as abdominal compression, gating, and tracking systems, as well
as some form of image-guided radiation therapy (IGRT)
to improve set-up accuracy and treatment delivery[25].

Figure 1 Dose distribution of stereotactic body radiation therapy for
hepatocellular carcinoma at a dose of 40 Gy in 5 fractions, prescribed at
the periphery of the target volume. The isodose lines (white solid lines) from
inner to outer represent 40, 30, 20 and 10 Gy, respectively. The center of the
tumor receives as high as 125% of the prescribed dose.

(1.8-2 Gy/fraction over several weeks) and 2-dimensionally-planned radiation is associated with high rates
of local progression and short median survival duration.
While a radiation dose-response has been observed in
unresectable HCC, the delivery of high doses of radiation using conventional techniques has been limited by
hepatotoxicity. Given these limitations, radiation therapy
is usually not curative. Compared to other local therapies,
the clinical data supporting evidence for radiotherapy in
HCC patients are extremely limited[18].
As Dr. Dawson[19] descriptively discussed regarding
how radiation therapy fit into the spectrum of liver cancer
local therapies, HCC patients suitable for focal irradiation
extend from very early to intermediate BCLC stage. For
those who are unsuitable for resection, transplantation,
or ablation, definitive radiotherapy or radiotherapy can be
administered as a bridge to transplantation[20-22]. Definitive
radiotherapy is also considered for those patients who are
unsuitable for or refractory to TACE. For those patients
who have portal invasion, systemic chemotherapy (e.g.,
sorafenib) can be added to definitive radiotherapy.

INDICATIONS FOR SBRT
Although the indications for SBRT for hepatic malignancy have evolved, the role of SBRT in HCC is less clear.
Future studies should focus not only on maximizing efficacy, but also on determining how SBRT should be used
in the context of other previously established therapies.
Careful patient selection is required and SBRT should be
considered only after thorough discussion within a multidisciplinary team, with all legitimate treatment options
also considered.
Eligibility criteria for different treatment techniques
are outlined in Table 1. In general, SBRT and other local
therapies can complementarily divide the roles between

SBRT
Numerous advances in external-beam radiation therapy
allow for more accurate targeting, and make aggressive
dose-fractionation strategies possible using techniques
such as SBRT. Originally developed for the treatment of
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Figure 2 Computed tomography sections demonstrating typical locations treated with stereotactic body radiation therapy. Areas indicated with hatched lines
can be safely treated with stereotactic body radiation therapy (SBRT), although these areas are difficult to approach for percutaneous ablation. Liver tumors located
adjacent to the stomach and bowels (dotted areas) are not suitable for SBRT. Other unmarked areas can be treated either with SBRT or percutaneous ablation.

A

B

C

Figure 3 Hepatocellular carcinoma case that could not be effectively or safely treated with any treatment except for stereotactic body radiation therapy.
The tumor invading the vena cava is enhanced in arterial phase and shows a defect in portal phase on dynamic computed tomography (A and B). An axial view of
radiation dose distribution. The isodose lines (white lines) from inner to outer represent 40, 30, 20, and 10 Gy, respectively (C).

each modality. SBRT is feasible even for lesions that are
not eligible for surgery or percutaneous ablation. For
example, patients whose lesions are located in a central
portal area or regions adjacent to great vessels or the biliary system are good candidate for SBRT[26]. In addition,
lesions located just below the diaphragm or at the surface
of the liver are also excellent targets for SBRT. Figure
2 illustrates typical liver locations for which SBRT can
be safely delivered. SBRT is difficult to perform for lesions near the bowels due to the risk of gastrointestinal
perforation, bleeding, and ulcer. Examples of patients
who could not be treated with other local therapies but
received SBRT are shown in Figures 3-5.

WJG|www.wjgnet.com

There is always a waiting period between listing and
transplantation, and this varies between institutions.
Many therapies have been used as a “bridge” to transplantation, and SBRT has also been evaluated as a means
to bridge to transplantation. As a bridging therapy, SBRT
has been reported to be feasible and well tolerated[20,21,27].
Furthermore, it enables patients to remain on the list for
frequently curative transplantation while waiting for donated livers to become available.

SBRT OUTCOMES AND OPTIMAL DOSES
Outcomes of SBRT for HCC are summarized in Table
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A

B

C

D

A

B

Figure 4 Case of hepatocellular carcinoma located in
the hepatic hilum. Surgical resection would have required
a right lobectomy. Percutaneous ablative therapy was impossible due to involvement of the biliary system and large
vessels near the tumor. Axial and coronal views of a tumor
with partial lipiodol deposit (A and B, arrows). Axial and
coronal views of radiation dose distribution (C and D). The
isodose lines (white lines) from inner to outer represent 40,
30, 20, and 10 Gy, respectively.

C

Figure 5 Case of hepatocellular carcinoma. Located adjacent to the right atrium (A). Axial and coronal view of radiation dose distribution (B and C). The isodose
lines (white lines) from inner to outer represent 40, 30, 20, and 10 Gy, respectively.

2[28-43]. A total of four prospective studies that exclusively
evaluated HCC, as well as other retrospective studies
demonstrated promising treatment effects (Table 3).
The number of reports of successful SBRT studies had
been increasing since 2006. Earlier studies involving
SBRT for liver tumors included not only HCC but also
cholangiocarcinoma and metastatic liver tumors, which
made it difficult to compare the results between studies.
Although the literature for SBRT is primarily composed
of retrospective, small, single-institution series, SBRT has
been associated with high local control rates, mostly in
the range of 70%-90% at 1-2 years.
Various prescribed doses and treatment planning stra
tegies are presently employed by different groups[28-43], and
information about optimal treatment doses remains limited. Some studies employed SBRT alone, while others combined TACE as part of the treatment. Tumor size varied

WJG|www.wjgnet.com

from 2-3 cm to approximately 5-7 cm. These differences
are attributed to the geographic variability in HCC etiology
and treatment availability, as previously mentioned. Therefore, the prescribed doses are expected to vary between
studies even if only SBRT is used.
In general, fixed doses are employed for relatively
small tumors with a median diameter of approximately
3 cm, e.g., 36 Gy/3 fractions or 40 Gy/5 fractions (Table
2). In contrast, modified doses are employed for relatively
larger targets according to normal liver tolerance depending on tumor size and normal liver volume. Using normal
tissue complication probability models[44], prescribed
doses can be prospectively assigned while maintaining
the same estimated risk of liver complication. With this
approach, an iso-toxic SBRT regimen was developed
at Princess Margaret Hospital at the University of Toronto[45]. The dose per fraction was determined based on
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Table 2 Prospective studies of stereotactic body radiation therapy for hepatocellular carcinoma and other liver tumors
Ref.

Country

Patient
number

Median
volume, mL

Median
size, cm

Cárdenes et al[29]

United States
(Indiana)

17

34
(8-95)

-

Andolino et al[37]

United States
(Indiana)

60

29
(2-112)

3.2
(1-6.5)

Bujold et al[30]

Canada

102

Kang et al[31]

South Korea
(Korea Inst. of
Radiological and
Medical Sciences)

47

117
(1-1913)
15
(2-213)

7.2
(1.4-23.1)
2.9
(1.3-7.8)

Median dose (range)/ Median follow-up Local control
fraction, Gy
(range), mo
Variable
CP-A: 36-48 Gy/3 fr
CP-B: 40 Gy/5 fr
Fixed
CP-A: 44 Gy/3 fr
CP-B: 40 Gy/5 fr
Variable
36 (24-54) Gy/6 fr
57 (42-60) Gy/3 fr

Overall
survival

24
(10-42)

100%

75% (1 yr)
60% (2 yr)

27
(2-52)

90% (2 yr)

67% (2 yr)

31
(2-36)
17
(6-38)

87% (1 yr)

Median 17 mo

95% (2 yr)

69% (2 yr)

CP: Child-Pugh.

Table 3 Retrospective studies of stereotactic body radiation therapy for hepatocellular carcinoma and other liver tumors
Ref.

Country

Patient
number

South Korea
(The Catholic
Univ. of Korea)

20

-

3.8 (2-6.5)

Fixed
50 Gy/5 or 10 fr

23
(3-55)

100%

China
(Hebei)

27

-

Median
40 (32-42) Gy/5 fr

10
(3-21)

22%
(1 yr)

South Korea
(The Catholic
Univ. Korea)
Belgium

31

25
(4-57)

< 5 cm: 18%
3-5 cm: 41%
> 5 cm: 41%
-

Variable
33 (30-39) Gy/3 fr

11
(2-19)

100%

81%
(1 yr)

25

48
(7-363)

-

Fixed
45 Gy/3 fr

13
(1-24)

95%
(1 yr)

Kwon et al[35], 2010

South Korea
(The Catholic
Univ. of Korea)

42

15
(3-82)

-

Variable
30-39 Gy/3fr

29
(8-4)

Seo et al[36], 2010

South Korea
(Korea Inst. of
Radiological
and Medical
Sciences)
Taiwan

38

41
(11-464)

-

Variable
33-57 Gy/3-4 fr

15
(3-27)

72%
(1 yr)
68%
(3 yr)
66%
(2 yr)

79%
(1 yr)
52%
(2 yr)
93%
(1 yr)
59%
(3 yr)
61%
(2 yr)

36

-

4.4
(1.1-12)

Variable
37 (25-48 Gy)/4-5 fr

14
(2-35)

Japan
(Hiroshima)

30

-

1.6
(1-3)

Fixed
48 Gy/4 fr or 60 Gy/8
fr

12
(6-38)

South Korea
(Korea Inst. of
Radiological
and Medical
Sciences)
China
(Sun Yat-sen
Univ.)
Japan
(Ofuna)

35

131
(21-2189)

-

Variable
45 (30-60) Gy/3-5 fr

14
(1-44)

69%
(1 yr)
51%
(3 yr)

41

65 (± 48)

-

Variable
36 (30-48) Gy/6 fr

10
(4-25)

95%

50%
(1 yr)

185

8
(1.5-65)

-

Fixed
CP-A: 40 Gy/5 fr/
CP-B: 35 Gy/5 fr/

24
(3-80)

91%
(3 yr)

70%
(3 yr)

Choi et al[32], 2006

Zhang et al[72], 2007

Choi et al[33], 2008

Louis et al[34], 2010

Huang et al[38], 2012

Honda et al[39], 2012

Bae et al[40], 2013

Xi et al[41], 2013

Sanuki et al[43], 2013

Median
Median size, Median dose (range)/ Median follow-up Local control
volume (mL)
cm
fraction, Gy
(range) (mo)

88%
(1 yr)
75%
(2 yr)
100%

Overall
survival
70%
(1 yr)
43%
(2 yr)
-

64%
(2 yr)

100%
(1 yr)
100%
(3 yr)
52%
(1 yr)
21%
(2 yr)

CP: Child-Pugh.
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Table 4 Studies of liver tumors including hepatocellular carcinoma, cholangiocarcinoma, and liver metastasis
Ref.

Country

Study design

Tumors
(patient
number)

Median
volume
(mL)

Median
size (cm)

Median dose
(range)/fraction,
Gy

Blomgren
et al[24], 1995

Sweden

Retrospective

HCC+CCC/
metastasis
(20/21)

22

-

Fixed
30 Gy/2-3 fr

Tse et al[28],
2008

Canada

Phase Ⅰ

HCC/CCC
(31/10)

173
(9-1913)

-

Germany

Phase Ⅰ-Ⅱ

Switzerland

Prospective

HCC/CCC
(4/54)
HCC + CCC/
metastasis
(5/51)

Herfarth
et al[47], 2001
Wulf et al[48],
2006

Méndez-Romero
The
Retrospective
et al[49], 2006
Netherland

HCC/
metastasis
(11/34)

Iwata et al[50],
2010

HCC/
metastasis
(6/12)

Japan
Retrospective
(Nagoya
City
University)
Goodman et al[51],
United
Phase Ⅰ
2010
States
(Memorial
Sloan
Kettering
Cancer
Center)
Dewas et al[53],
France
Retrospective
2012
Ibarra et al[54],
2012

United
States
(Cleveland)

HCC/
metastasis
(2/24)

HCC + CCC/
metastasis
(54/99)
Retrospective,
HCC/CCC
multicenter
(21/11)

Local control
Median
follow-up
(range) (mo)
11

Variable
18
Median 36 (24-54)
(11-39)
Gy/6 fr
10 (1-132)
Dose escalation
6
14-26 Gy/1 fr
(1-26)
HCC+CCC:
Variable
HCC + CCC:
14-516
Low dose:
15 (2-48)
Metastasis:
30 Gy/3 fr or
Metastasis:
9-355
28 Gy/4 fr
15 (2-85)
High dose: 36-38
Gy/3 fr or
26 Gy/1 fr
22
3.2
Variable
13
(10-322)
(0.5-7.2) No cirrhosis and ≥
(0.5-31)
4 cm: 37.5 Gy/3 fr
Cirrhosis and
< 4 cm: 25 Gy/5 fr
or
30 Gy/3 fr
2.3
Variable
15
(1.2-3.5) 50 or 55 Gy/10 fr

33
(0.8-147)

HCC + CCC:
100%
Metastasis:
95%
65% (1 yr)

81%
(18 mo)
HCC + CCC:
100%
Metastasis:
99% (1 yr),
66% (2 yr)

Overall
survival
-

48% (1 yr)

72% (1 yr)
32% (2 yr)

94% (1 yr)
82% (2 yr)

HCC: 75%
(1 yr), 40% (2
yr)
Metastasis:
82% (1 yr),
54% (2 yr)

86% (1 yr)

94% (1 yr)

Dose escalation
18-30 Gy/1 fr

17
(2-55)

77% (1 yr)

50% (2 yr)

32
(0.2-500)

3.3
(0.5-11)

Variable
45 Gy/3 fr

15
(12-18)

84% (1 yr)
75% (2 yr)

-

HCC: 334
(10-1914)
CCC: 80
(31-819)

-

HCC: 22 (18-26)
Gy/1 fr
CCC: 30 (22-30)
Gy/1 fr

13
(0.5-54)

84% (1 yr)
75% (2 yr)

87% (1 yr)
55% (2 yr)

CCC: Cholangiocarcinoma; HCC: Hepatocellular carcinoma.

the effective volume of normal liver irradiated (Veff). On
a 6-fraction schedule, when the Veff was low (< 25%),
doses of 54 Gy (9 Gy × 6) were delivered. For patients
with a high Veff (25%-60%), doses from 30-45 Gy (5 to
7.5 Gy × 6) were delivered. In their phase Ⅰ study of 102
HCC patients, the majority of whom had portal vein tumor thrombosis, the 1-year local control rate was 87%[30].
Univariate analysis revealed that higher SBRT doses were
associated with higher local control (HR = 0.96; P = 0.02).
Both fixed-dose and variable-dose prescription approaches have their own rationale, and it is important to
understand the differences in treatment intention (curative
or semi-radical) and objectives (early or advanced). Two
potential concepts may define the prescribed radiation
dose: one is to deliver the maximum dose if dose constraints to the organs at risk are satisfied (the maximum

WJG|www.wjgnet.com

tolerable dose); the other is to administer the necessary
minimum dose with sufficient efficacy (the minimum effective dose, or, the ALARA: as low as reasonably achievable principal). The former concept appears to be suitable for larger tumors to maximize antitumor effects. In
contrast, the latter concept may be reasonable for small
HCCs, because intrahepatic recurrences frequently occur
after treatment (68% in 5 years)[46] and they are repeatedly
treated while underlying cirrhosis progressively develops
over time.
It is also important to note that many reports include
cholangiocarcinoma or metastatic liver tumors (Table
4); therefore, it is difficult to compare their survival with
those who underwent resection and ablation [24,45,47-54].
While patients with liver metastatic disease have relatively
normal liver function and tolerate radiation, patients with
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tolerate radiation[60], which can manifest as “nonclassic”
RILD. A review article by Pan et al[59] referred to nonclassic RILD as ≥ Grade 3 elevated liver transaminases or
worsening of Child-Pugh score by ≥ 2. However, information about nonclassic RILD remains limited, and the
clinical significance of such liver toxicities has not been
validated, particularly for hypofractionated SBRT.
In general, SBRT can be performed safely. In sequential phase Ⅰ and Ⅱ trials of SBRT of 24 to 54 Gy in 6
fractions for 102 locally advanced HCCs, ≥ Grade 3
toxicity was observed in 30% of patients. In these trials,
there were seven deaths (7%) possibly related to treatment (1.1-7.7 mo after SBRT)[28]. In a large retrospective
study of 185 HCC patients treated with SBRT of 35 or
40 Gy in 5 fractions, acute but transient ≥ Grade 3 toxicities were observed in 24 (13.0%) patients, and grade 5
liver failure occurred in 2 patients (1.3%)[43].
Another major concern of SBRT-induced complications involves gastrointestinal toxicity. Gastric or duodenal ulcer or perforation has been reported[38,40]. Such
toxicities can be avoided when the target is approximately
> 2 cm from the bowels. If the target is less than that
distance, the dose or fraction size that can be delivered
safely to the target often needs to be decreased to respect
the radiation tolerance. In contrast, it appears that SBRT
can be safely delivered to tumors located within or near
the biliary system[26].

HCC have pre-existing liver dysfunction, and radiation
tolerance is less well established. In addition, radiosensitivity of these tumors appears to be different[55]. While
metastatic lung tumors (particularly those from colorectal
cancer) are reported to require dose escalation due to
relatively low radiosensitivity[56], increasing the dose for
HCC tumors may not be necessary. In fact, in a study of
185 patients with HCC (median diameter, 27 mm) treated
with SBRT of 35 Gy or 40 Gy in 5 fractions, both local
control (91% and 89%, respectively; Log-rank P = 0.99)
and overall survival (66% and 72%, respectively; P = 0.54)
rates were equivalent between the two dose groups[43].
Other factors may also affect treatment outcomes.
Some reports on SBRT for HCC use TACE as a part of
their treatment, or for validation of tumor location in
each treatment session by visualizing the tumor with lipiodol on computed tomography (CT), while other reports
treat patients with SBRT alone. In addition, since patients
in most of the series were previously treated by other
standard therapies, outcomes of these patients are much
worse than those in whom surgery is performed as the
first treatment. While achieving high local control rates
(approximately 90%-100% in 2 years) with SBRT, the
2-year overall survival rates, which range from 52%-69%,
seem to be compromised, most likely due to the inclusion of large tumors or heavily pretreated patients with
repeated recurrences. In a retrospective analysis of 63 patients who had previously untreated HCC with a median
tumor size of 2.6 cm, SBRT delivered 35-40 Gy in 5 fractions yielded 2- and 3-year local control rates of 95% and
92%, respectively, with a median follow-up duration of
31.1 mo[57]. In this study, the overall survival rate was 73%
in 3 years, which was comparable to outcomes treated
with surgery or percutaneous ablation, considering these
candidates were medically unfit for radical therapies. In
the Japanese Nationwide Survey, the 3-year overall survival rates of patients with solitary tumors ≤ 2 cm and 2-5
cm treated with resection were 83%-90% and 70%-81%,
respectively. Those treated with percutaneous ablation
were 82%-88% and 66%-82%, respectively[58]. According
to these results, it is indicated that a high local control
rate for SBRT similar to other standard local therapies
can achieve equivalent overall survival.

PATHOLOGICAL AND RADIOLOGICAL
FEATURES OF HCC AND NORMAL LIVER
AFTER SBRT
Effect of SBRT to normal liver parenchyma
Normal liver changes after high-dose irradiation have
been recognized to have the histopathologic features of
veno-occlusive disease (VOD)[61,62]. Olsen et al[22] reported
on the histopathologic features underlying focal liver
reactions to irradiation in 2 patients who underwent surgical resection following SBRT. They identiﬁed areas of
radiation injury as having histologic characteristic of focal
VOD with centrilobular congestion and fibrosis. These
distinct areas were observed with clear demarcation between the irradiated and nonirradiated liver.
Radiographic normal tissue changes caused by irradiation have been described after SBRT in the absence of
clinical manifestations of RILD. Most notable is a welldemarcated focal hypodensity of liver parenchyma that
appears in the ﬁrst few months after SBRT on CT, often
referred to as focal liver reaction to radiation[22,63-65] (Figure
6). They typically present as sharply demarcated areas
from the surrounding liver tissue, which presents, often
enhanced, in the portal-venous or late phases. According to a report on radiation-induced focal liver reactions
in cirrhotic livers evaluated on dynamic CT, it began at a
median of 3 mo, peaked at 6 mo, and disappeared about
9 mo later, and these appearances remained for more
than 12 mo in at least one-third of patients[64]. It is im-

TOXICITIES AFTER SBRT
Radiation-induced liver disease (RILD) is a dose-limiting
complication of liver irradiation. This could be an important issue, particularly in patients with HCC, primarily in
the context of underlying liver cirrhosis. Originally, RILD
was thought to involve anicteric hepatomegaly, ascites,
and elevated alkaline phosphatase typically occurring 2-12
mo after therapy. This endpoint can occur in patients
who have otherwise fairly well functioning pretreatment
livers and can be fatal once it occurs (“classic” RILD)[59].
Caution must be exercised in patients with HCC derived
from pre-existing liver disease, because patients with
more severe liver disease are significantly less likely to
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A

B

C

Figure 6 Typical focal liver reaction 3 mo after stereotactic body radiation therapy seen on computed tomography. An axial view of radiation dose distribution
(A). The isodose lines (white lines) from inner to outer represent 40, 30, 20, and 10 Gy, respectively. Pre-enhancement computed tomography shows a low-density lesion corresponding to a high-dose area (B). A well-demarcated enhancement due to contrast retention indicating congestion is seen in portal phase (C).

A

B

C

D

Figure 7 Typical focal liver reaction 4 mo after stereotactic body radiation therapy seen on gadoxetate acid-enhanced magnetic resonance imaging. An axial view of radiation dose distribution (A). The isodose lines (white lines) from inner to outer represent 40, 30, 20, and 10 Gy, respectively. A T2-weighted image shows
a high-intensity area corresponding to a high-dose area (B), which is seen as an enhanced area in early phase after injection of gadoxetate acid (C). The hepatobiliary
phase shows a well-demarcated low-intensity area (D).

portant that this type of reaction following SBRT to the
liver is recognized, and it should not be misinterpreted as
local recurrence, because the duration of tumor viability
after SBRT overlaps with this time period[63,65].
Focal liver reaction has primarily been evaluated using
CT, and it can also be recognized on magnetic resonance
imaging (MRI). The role of the contrast agent gadoxetate
acid (Gd-EOB-DTPA) for MRI in the detection and characterization of HCC has been an area of active laboratory
and clinical research[66,67]. After intravenous injection, GdEOB-DTPA is gradually taken up by hepatocytes and is
eventually excreted via the biliary pathway. Hepatocytephase Gd-EOB-DTPA-enhanced MRI can be used for
the detection or characterization of hepatic lesions and
potentially for the measurement of hepatocyte function.
Figure 7 shows a clear demarcated focal liver reaction corresponding to a highly-irradiated area, seen as low signal
intensity of adjacent liver parenchyma typically observed
1-6 mo after treatment in hepatobiliary phase images
(15-20 min after Gd-EOB-DTPA injection).

plantation provided an opportunity to study the histopathologic features of tumors treated with SBRT[20,21,27].
According to these studies, this therapy can achieve a
complete response rate of 27%. In contrast, most SBRT
series reported a local control rate of 70%-100%, which
implies that the effect of SBRT takes a considerable time
to cause tumor cell death. Such discrepancy appears to
be attributable to the difference in evaluation time; the
interval between bridging SBRT to liver transplantation
was approximately 4-7 mo while radiological response
rate evaluation was performed at a median follow-up of
approximately 12-24 mo. In fact, a retrospective study
described the long-term imaging appearance of 42 small
hypervascular HCCs following SBRT[68]. In this study, the
complete response rate increased from 24% (n = 10) at
3 mo to 67% (n = 28) and 71% (n = 30) at 6 and 12 mo,
respectively. The 2-year local control rate was 97% and
the overall complete response rate at maximum follow-up
was 93% (n = 39), yet three enhanced tumors persisted
for more than 2 years without evidence of progression.
Cautious and continuous observation until tumor regrowth is required to evaluate the true effect of this treatment.

Effect of SBRT to tumor
SBRT as a bridging therapy to orthotopic liver trans-
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FUTURE RESEARCH DIRECTIONS
The most common site of first recurrence was the liver
outside the irradiated volume, providing the rationale for
studies combining regional or systemic therapies with
SBRT. The Radiation Therapy Oncology Group (RTOG)
has initiated a phase Ⅲ study of sorafenib vs SBRT followed by sorafenib in HCC (ClinicalTrials.gov identifier,
NCT01730937). Eligible patients have locally advanced
HCC that is unsuitable for resection, transplantation,
or radiofrequency ablation, or is unsuitable for TACE
or refractory to TACE (BCLC Intermediate [B] or Advanced [C]). Dozens of additional clinical trials utilizing
SBRT for HCC are being conducted around the world,
suggesting that it is a promising and actively investigated
treatment option. Among these studies, a Japanese multicenter group is conducting a study of SBRT for previously untreated solitary HCC patients who are unfit for
resection or ablation (primarily BCLC stage 0 and A).
The results should provide new information about the
effect of SBRT as an alternative option for early HCC.
In addition to conformal photon external-beam
delivery, data suggest improved outcomes with proton
or charged-particle therapies[69-71], particularly for large
tumors. The optimal indication needs to be defined for
SBRT and particle-beam therapies to separate the specific
roles for each modality.
While the early outcomes of SBRT use in unresectable HCC are encouraging, further studies are required to
validate these favorable results. A large, multi-institutional
phase Ⅱ study should be performed to evaluate the
efﬁcacy and toxicity of SBRT for unresectable HCC, as
well as the feasibility of this treatment in a multi-institutional setting.
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Core tip: Hepatocellular carcinoma (HCC) patients have
poor prognosis, largely due to the high incidence of
recurrence. There is an urgent need for prognostic
biomarkers to stratify patients with higher risk of recurrence to aid in clinical management. This review
surveys the use of transcriptomics, proteomics and metabolomics in identifying prognostic biomarkers for HCC
recurrence. Integration of data from various omics field
allow for understanding of major pathways that were
dysregulated in HCC recurrence, which could pave the
way for development of personalized medicine for management of HCC recurrence.

Abstract
Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer death worldwide, with region specific
etiologies. Despite improvements made in the diagnosis
of HCC, the prognosis of HCC patients remains poor
due to the high recurrence rate of HCC. There is an
urgent need for development of prognostic biomarkers to predict the risk of recurrence in HCC patients
after “curative” treatment. Such stratification may aid
in patient management and development of personalized medicine for HCC treatment. Omics based studies
facilitate the study of global changes in biomolecules in a
disease in a high throughput manner, and hence are well
poised to understand the complex changes which led to
HCC recurrence. The quantitative nature of data obtained
from omics based studies allow for development of prognostic biomarkers based on changes in gene, protein and
metabolite expression. In this review, we surveyed the ap-
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most com-
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mon cancer and third leading cause of cancer related
deaths worldwide, with about 667000 new cases per
annum[1]. HCC usually develops on patients with liver
cirrhosis, and the causes are region specific. Etiological
factors of HCC include chronic hepatitis B and C viral
infection, chronic alcohol consumption and consumption
of alfatoxin-B1 contaminated food. Diagnosis of HCC
has improved significantly, from the study of histological features of the tissue to the use of radiography, such
as magnetic resonance imaging (MRI) and computed
tomography (CT)[2]. The improvements allow for earlier
diagnosis of HCC, which opens up treatment options to
the patients. Currently, liver transplantation and resection
remains as the only curative treatment for HCC. However, about 60% of the patients suffered from HCC relapse
even after curative resection, thus resulting in a poor
prognosis for HCC[3]. Hence, it is imperative to look for
prognostic markers that could predict the risk of recurrence in HCC patients so that these patients could benefit
from increased surveillance which could increase overall
survival rates. Understanding the molecular mechanism
behind HCC recurrence could lead to the development
of novel therapeutics that could potentially be applied as
palliative treatments for recurrent cancers.

overexpression of p53 and increase in proliferating cell
nuclear antigen labelling index, was associated with lower
disease specific survival and early tumour recurrence[11].
Hotspot mutations of p53 (R249S and V157F) were associated with a stem cell phenotype, which is linked to a
poor overall survival (OS) in HCC patients[12]. Interestingly, mutations in p53 and DNA mismatch repair protein
Human mutS homolog 2 (hMSH2) had been linked to
intrahepatic metastasis, as opposed to late recurrence[13].
Mutations in p53 and hMSH2 might confer a more aggressive phenotype which could account for early recurrence of HCC patients. Loss of Serine/Threonine kinase
11 (STK11) expression was also correlated with increased
vascular invasion, shorter disease free survival (DFS) and
OS in a Chinese cohort of HCC patients[14]. Although these
oncogenes and tumour suppressors had been correlated
with HCC prognosis, their prognostic value remains contradictory. Kondo et al[15] had shown that C-met overexpression
has been linked to an increase in HCC recurrence, while
this correlation was not observed in a recent publication
by Lee et al[16]. Although tumour suppressor p16 has been
found to be widely inactivated in HCC, p16 has not been
shown to be a prognostic marker for HCC[17,18].
The heterogeneity of HCC suggests that various
molecular players in related pathways are likely to be differentially regulated during the process of HCC recurrence. Omics based studies provide the opportunity to
provide quantitative information on global expression
profiles of various biomolecules in HCC progression in a
high throughput and bias-free manner. The identification
of dysregulated biomolecules can be used as prognostic
biomarkers to predict HCC recurrence. In this review, we
surveyed the application of “omics” for identification of
prognostic biomarkers for predicting HCC recurrence.
Emphasis will be placed on transcriptomics, proteomics
and metabolomics, which studies the gene, protein and
metabolite expression levels respectively.

Differences in etiology of early and late recurrence
It is widely believed that there are two major types of
HCC recurrence[4]. Dissemination of the remnant tumour
cells after surgical resection results in recurrent tumours
at other parts of the liver. Recurrence of this type usually peaks within two years after resection (early recurrence). Clinicopathological features associated with early
recurrence include increased tumour size, presence of
venous invasion, increased serum alpha-fetoprotein (AFP)
protein and mRNA concentrations[3,5-8]. The cirrhotic
liver may also act as a “field” for tumour development.
The diseased liver undergoes further molecular changes
under the influence of factors such as hepatitis virus
infection to form dysplastic nodules, which would lead
to formation of de novo tumours, resulting in recurrence.
The recurrent tumours are usually independent from the
primary tumours, and tumours of this type peak at three
years after resection (late recurrence). The biological and
clinical differences between these two types of recurrence
models leads to differences in research approaches, with
the primary tumour tissues commonly used for studies
on early recurrence, and surrounding non-tumour tissues
as the samples for late recurrence.

TRANSCRIPTOMIC STUDIES AND GENE
EXPRESSION PROFILING
Transcriptomics involves the study of expression of all
transcribed genes in a genome wide manner. This analysis
can be conducted in a high throughput form in the form
of DNA microarrays, where cDNA is hybridized onto
DNA probes that are present on a chip. Such analysis allows us to profile and identify genes that are differentially
expressed with different disease states and clinical outcomes. Among all the global profiling technologies available, DNA microarray and related sequencing techniques
are the most commonly used method to obtain molecular
“signatures” for prediction of HCC recurrence. Transcriptomic studies that generate information for prediction of recurrence fall into two major groups. The first
group of studies uses clinical information to segregate
and develop a gene signature that could be used to predict the possible clinical outcome in a separate cohort.
The second group of studies identifies distinct subgroup
of patients that have the defined phenotype. In the fol-

Prognostic values of known HCC oncogenes and
tumour suppressors
The prognostic values of oncogenes and tumour suppressors implicated in HCC carcinogenesis had been
mixed. High nuclear β -catenin [9] and elevated c-Myc
expression[10] were correlated with vascular invasion and
shorter recurrence free survival (RFS), suggesting the
involvement of Wnt signaling activation in promoting
HCC recurrence. The combination of three factors,
namely phosphatase and tensin homolog downregulation,
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Table 1 Gene expression studies of hepatocellular carcinoma for prediction of recurrence
Ref.

Sample type

Screening platform

Iizuka et al[19] (2003)

Tumour tissues

Kurokawa et al[20] (2004)

Tumour tissues

Oligonucleotide
microarray
PCR based array

Budhu et al[35] (2006)

Virus type

HBV < HCV Early IHR within 1 yr
after surgery
HBV < HCV Early IHR within 2 yr
after surgery
Almost all
Venous invasion
HBV
or extrahepatic
metastasis
HBV > HCV
Venous invasion

Non-tumour
tissues

cDNA microarray

Ho et al[34] (2006)

Tumour tissues

cDNA microarray

Lee et al[37] (2006)

Tumour tissues

Oligonucleotide
microarray
cDNA microarray

HBV > HCV

Oligonucleotide
microarray

HBV > HCV

DASL assay

HBV < HCV

Okamoto et al[21] (2006)
Wang et al[22] (2007)

Hoshida et al[23] (2008)

Non-tumour
tissues
Tumour tissues
and non-tumour
tissues
FFPE non-tumour
tissues

Somura et al[24] (2008)

Tumour tissues

Tanaka et al[25] (2008)

Tumour tissues

Woo et al[26] (2008)

Tumour tissues

Oligonucleotide
microarray

Yoshioka et al[27] (2009)

Tumour tissues

Roessler et al[28] (2010)

Tumour tissues

Tsuchiya et al[29] (2010)

Non-tumour
tissues

Oligonucleotide
microarray
Oligonucleotide
microarray
Oligonucleotide
microarray

Oligonucleotide
microarray/qRT-PCR
Oligonucleotide
microarray

Woo et al[38] (2010)

Tumour tissues

Oligonucleotide
microarray

Weng et al[30] (2012)
Xieraili et al[31] (2012)

Tumour tissues,
PBMC
Tumour tissues

Tsunedomi et al[32] (2013)

Tumour tissues

Oligonucleotide
microarray
Oligonucleotide
microarray
Oligonucleotide
microarray

Characteristics for
Number
distinguishing groups of marker
genes

All HCV

Hepatoblast gene
signature
Single nodular HCC
vs multicentric HCC
HCC recurrence

12
20
17

14
907
36
57

Late recurrence
132
more than 2 yr after
resection
HBV < HCV Early IHR within 1 yr
3
after surgery
HBV > HCV
Aggressive
1
recurrence exceeding (AURKB)
Milan Criteria
All HBV
Early IHR within 1 yr
628
after surgery
HBV < HCV Early IHR within 2 yr
after surgery
HBV > HCV Early IHR within 2 yr
after surgery
All HCV
Late recurrence
more than 1 yr after
resection
HBV > HCV Cholangiocarcinomalike signature

172
161
38

Predictive accuracy for
recurrence
25 in 27 independent patients
(93%)
29 in 40 independent patients
(72.5%)
87 of 95 independent patients
(92%)
26 of 35 independent samples
(74.3%)
P < 0.001 in 66 patients
(Probability of recurrence)
30 of 40 training samples (75%)
84% in 25 independent samples,
sensitivity 86%, specificity 82%
P = 0.003 in 224 patients in
validation set (Probability of
late recurrence)
35 of 43 independent patients
(81.4%)
54 of 67 independent patients
(80.5%)
P = 0.0018 in 139 independent
patients (Probability of early
recurrence)
P < 0.0001 in 97 independent
patients (Probability of RFS)
P = 0.0057 for cohort 1, P = 0.017
for cohort 2 (Probability of RFS)
P < 0.0001 in 44 training
samples (Probability of RFS)

P = 0.037 in cohort 1 of 61
patients, P = 0.004 for cohort
2 of 78 patients (Probability of
RFS)
All HBV
Early IHR within 1 yr
3
P < 0.001 in 80 independent
after surgery
patients (Probability of RFS)
HBV < HCV
Early IHR
1 (VIL1)
P = 0.025 in 90 independent
patients (Probability of RFS)
All HCV
Early IHR within 1 yr 1 (ABCB6) 89% sensitivity, 55% specificity,
after surgery
86% PPV, 62% NPV in 20
independent patients
625

Under the heading “virus type”, HBV > HCV means that more patients in the study are HBV positive compared to HCV positive patients. HBV < HCV
means there are more HCV positive patients in the study. DASL: Complementary cDNA-mediated annealing, selection, extension and ligation; IHR: Intrahepatic recurrence; RFS: Recurrence free survival; PBMC: Peripheral blood mononuclear cells; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

lowing section, we will review some of the main discoveries that were obtained from the transcriptomic studies
(Table 1) and the biological significance behind the gene
signatures.

as molecular changes leading to intrahepatic metastasis
seems to be programmed within the primary tumour.
Most of the earlier studies had included a heterogenous
study group in both the discovery and validation set to
reflect the clinical setting where most patients would have
vastly different clinicopathological features. In some studies, homogenous patient cohorts were chosen in the discovery phase to minimize confounding factors that might
affect the molecular signatures of tumour samples. These
include profiling patients with specific etiology [hepatitis
B virus (HBV)-only[26,30] and hepatitis C virus (HCV)only[21,29,32]] and patients with no clinicopathological fac-

Predictive signatures obtained using recurrence as
sample classifier
Most of the gene-profiling studies fall under this category, where early or late recurrence is used as the sample
classifier for derivation of gene signatures that can predict recurrence[19-32]. Studies that are interested in predicting early recurrence commonly used HCC tumour tissues
WJG|www.wjgnet.com
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tors that were correlated to early recurrence[27]. Gene
profiling experiments had shown an overexpression of
genes involved in proliferation[26,27,30], metastasis [26, 31] and
immune evasion[19,20]. In particular, SP1 and PPARα were
identified by Woo et al[26] to be the common regulators
of many genes overexpressed and downregulated in the
high risk group respectively, which makes them attractive
targets of drug design for treatment of HCC.
Late recurrence is often associated with the development of multicentric recurrence of HCC. Chronic infection by HBV and HCV results in the production of a
cirrhotic liver which would promote the formation of de
novo tumours, leading to late recurrence. Due to the difference in clonal origins of the recurrent and the primary
tumour[33], non-tumour cirrhotic tissues were used for
prediction of late recurrence. In an effort to identify gene
signatures related to multicentric recurrence, Okamoto
and colleagues profiled the gene expression of noncancerous liver tissue of 40 HCV positive patients with
single nodular and multicentric HCC group[21]. A 36 gene
signature was used to create a prediction score which
could predict the risk of patients of multicentric recurrence, with an increase in prediction score conferring a
higher risk of multicentric recurrence. However, no validation studies were performed to rate the performance
of the prediction score in an independent data set.
Hoshida et al[23] studied the feasibility of gene-expression profiling in formalin-fixed, paraffin-embedded
(FFPE) tissues, in which gene expression profiling of
fixed tumour and adjacent non-tumour tissues from 105
patients were performed to obtain gene signatures that
could predict overall survival and recurrence. Although
they were unable to obtain a gene signature that could
discriminate between patients with early recurrence from
profiling of tumour tissues, they developed a 132 laterecurrence gene set (recurrence after 2 years of surgery).
The gene set was validated using FFPE non-tumour tissues from two other countries with different etiology and
clinicopathological features, thus suggesting the robustness of the late recurrence signature.
Lastly, to understand gene expression signatures
in HCV patients, Tsuchiya and colleagues profiled the
tumour and non-tumour tissues of HCV positive patients[29]. Similar to Hoshida et al[23], a 11 gene set was
able to segregate patients with and without recurrence
one year after resection. Bioinformatics analysis revealed
that hepatic nuclear factor 4-alpha and interferon gamma
centred interactomes as the top two significant networks,
suggesting the role of chronic HCV infection in promoting late recurrence and disease progression.

predictive parameters, such as vascular invasion and metastasis. Ho and colleagues reported a 14 gene set which
could classify patients according to likelihood of vascular
invasion[34]. They had demonstrated the utility of this
gene set in predicting recurrence after surgical resection
for HCC in an independent cohort of American Joint
Committee of Cancer stage Ⅰ patients without histological evidence of vascular invasion. Budhu et al[35] profiled
the noncancerous hepatic tissues from patients with
venous or extrahepatic metastasis and patients without
metastasis to understand the role of the hepatic microenvironment in promoting metastasis. An immune response
signature, corresponding to a global Th1/Th2-cytokine like
shift was observed in patients with metastasis. A 17 gene list
reflecting this shift in immune response was demonstrated
to be able to segregate patients with and without metastasis,
and this gene signature was able to predict both recurrence
and survival of patients. Although both gene signatures
have demonstrated the prognostic ability to predict recurrence, venous invasion might not be present in the tumours
of all recurrent patients. Hence, the applicability of these
gene sets in predicting recurrence might be limited.
Roessler et al[28] analysed the capability of a previously
generated tumour-based metastatic signature in predicting recurrence of patients. The metastatic signature was
able to predict early recurrence and overall survival of
two independent cohorts with high sensitivity and good
specificity. Importantly, the two cohorts have different
etiological features, with one cohort consisting of HBVpositive Chinese patients, and the other cohort consisting
of a mix of Chinese, European and American patients
with different Hepatitis viral infection. This suggests the
robustness of the classifier in predicting early recurrence
and overall survival in a heterogenous group of patients.
Combination of the gene signature with other clinicopathological data such as Barcelona-Clinic Liver Cancer
staging and AFP levels improved prediction outcome.
Cancer stem cells have the ability to self-renew, differentiate and grow into a new tumour and are usually
refractory to apoptosis. These cells do not die after conventional chemotherapy and often leads to the growth of
tumour after curative treatment, resulting in recurrence.
These cells are believed to arise from normal stem cells
or progenitor cells[36]. HCC tumours bearing signatures
of hepatic progenitor cells might possibly contribute to a
poor prognosis, resulting in earlier recurrence and shorter
overall survival. Two studies had linked the use of such
signatures in predicting recurrence and survival of patients. Lee et al[37] and colleagues integrated data from rat
fetal hepatoblasts and adult rat hepatocytes, together with
human HCC to identify HCC tumours with similar gene
expression as hepatoblasts[37]. The hepatoblast subgroup
(Hb subtype) was independently associated with poorer
survival and recurrence. Tumours in the Hb subtype
exhibit higher expression of hepatic oval cells as well as
genes suggesting the central role of JUN overactivation
in recurrence and poor survival of Hb subtype patients.
Cholangiocarcinoma (CC) is one of major type of
primary liver cancer with poorer prognosis compared to

Predictive signatures based on phenotype linked to
recurrence
Transcriptomics studies in this group define the sample
with specific phenotypes that are usually correlated with
either recurrence or aggressive nature of tumours. These
phenotypes act as surrogate markers for prediction of
recurrence in patients. The desired phenotype can be related to pathological features that are correlated with the
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HCC. An intermediate form of combined hepatocellularcholangiocarcinoma (CHC) was suggested to derive from
bipotential liver stem cells. To identify cholangiocarcinoma-like traits in HCC which might identify patients
with poorer prognosis, Woo et al[38] performed a genome
wide profiling to identify differentially expressed genes
between HCC and CC. The CC signature included well
known biomarkers for CC and hepatic progenitor cells
and HCC patients with CC signature (CLHCC) exhibited
a shorter recurrence free survival and overall survival.
The CC signature was validated on two independent
cohorts of subjects, with tumours having CC signature
showing shorter RFS and OS. A combination of CC and
stem-cell (ES) signatures were able to further segregate
patients with different prognosis, with CC and ES positive patients having the worst prognosis for RFS and OS.
Signatures based on defined phenotypes provide information with regards to the underlying biology behind
recurrence through the identification of subgroups of
patients with higher risk of recurrence based on specific
phenotypes linked to recurrence and aggressive cancer
progression. However, the predictive accuracy of such
signatures may be lower than signatures based on clinical
data since these signatures were used as surrogates for
prediction of recurrence.

incidence of recurrent HCC. Gene expression profiling
of liver tissues of HCV-positive HCC patients before and
after peretinoin treatment showed that the expression
levels of retinoid target genes, interferon target genes
and tumour suppressor related genes were markedly elevated after peretinoin treatment. This was accompanied
by a decreased expression of Wnt, Mammalian target of
rapamycin and tumour progression related genes. This
study highlighted the molecular basis for understanding
the efficacy of peretinoin in preventing HCC recurrence,
as well as the major molecular pathways that could be related to HCC recurrence.
Limitations of transcriptomics
Many gene profiling experiments had been performed in
the search for a gene signature that could predict HCC
recurrence with high accuracy. The predictive accuracy of
these studies are promising, however these studies usually
use a small sample size which might artificially inflate the
predictive accuracy of the gene signature. There are few
genes that overlap between these studies, which might be
due to the use of different microarray platform, sample
population, definition of the sample labels (e.g., different
cut-off times used to define early recurrence) and the
type of tissues profiled (frozen tissues vs FFPE). Villanueva et al[43] recently tested the predictive value of 22
published gene signatures that were reported to be prognostic for HCC on FFPE tissues corresponding to 201
patients. Only two signatures, namely G3 signature from
tumour tissues[44] and poor survival signature from nontumour tissues[23] were associated with shorter RFS and
OS, suggesting the validity of the signature depends on
the criteria set for the sample labels and the type of tissue
profiled (frozen tissues vs FFPE tissues). In an effort to
demonstrate the robustness of the gene signatures, crossplatform validation of signatures on patient cohorts with
different etiology had been performed in several studies. However, there are still no gene signatures that had
shown clinical significance in predicting recurrence on
large sample sizes. A meta-analysis on the existing gene
expression studies would provide the impetus to select
and determine a gene signature that might best predict
recurrence in patients, which could potentially be used
clinically. In addition, identification of pathways that are
commonly found to be dysregulated in different gene signatures might grant more insights to biological changes
related to HCC recurrence. This is because gene profiling
experiments are inherently noisy and some of the genes
in the gene signature might not discriminate the recurrence and non-recurrence groups.

Gene signatures from HBV and HCV treatment
HBV and HCV infection are the most important etiological factors for HCC development, hence antiviral therapies after resection may be useful as adjuvant therapy to
improve prognosis of the patients. The current approved
treatment for hepatitis B infection are interferon- α
(IFN-α) and nucleos(t)ide analogues (NA), while treatment for hepatitis C infection involves the combination
of pegylated IFN- α and guanosine analog ribavirin
(RBV). Several studies had compared the prognosis of
HCC patients with and without antiviral treatments. In
general, these studies had demonstrated the beneficial
effects of antiviral treatments in preventing HCC recurrence, especially in patients with HCV infection. These
results were summarized in a review article by Du et al[39].
Transcriptomic studies had been performed on two
different types of treatment for HCV infection to understand the molecular mechanism and the possible side
effects of treatment. Changes in gene expression of the
blood mononuclear cells (PMBC) in patients with chronic HCV infection treated with IFN-α-RBV treatment
were assessed using DNA microarray[40,41]. DNA sensing
pathways and RIG-Ⅰ like receptor signaling pathways
were upregulated and ribosomal pathway was downregulated upon IFNα-RBV treatment. The downregulation
of ribosomal pathway suggests a suppressive effect of
IFN-α /RBV treatment in protein translation, which
could explain the side effects of interferon treatment
(such as fatigue) as well as its inhibitory effect on viral
replication. The other study by Honda et al[42] involved the
understanding of molecular effects of Peretinoin against
recurrent HCC. Peretinoin is an acyclic retinoid which
was previously reported to be efficacious in reducing the
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MIRNA AND HCC RECURRENCE
MicroRNAs (miRNA) are highly conserved, endogenous
single-stranded non-coding RNA of 17-25 nucleotides.
Long precursor RNAs with stem-loop structures are processed by Drosha and DICER to form mature miRNAs.
Mature miRNAs post-transcriptionally regulate gene
expression via base pairing with the 3’-UTR of target
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Table 2 miRNA for prediction of recurrence in hepatocellular carcinoma
Ref.

Sample type

Fornari et al[53] (2009)
Fornari et al[54] (2010)
Augello et al[47] (2012)
Han et al[52] (2012)
Huang et al[51] (2012)
Shih et al[48] (2012)
Xia et al[50] (2012)
Zhu et al[49] (2012)

Screening
platform

Virus type

Characteristics for
distinguishing groups

Tumour and non- qRT-PCR HBV < HCV
miR-122 levels
tumour tissues
Tumour and non- qRT-PCR HBV < HCV Late recurrence beyond
tumour tissues
two years after surgery
FFPE tumour tissues qRT-PCR All HCV
Stages of HCC
progression
FFPE tumour tissues qRT-PCR Mostly HBV Recurrence after OLT
Non-tumour tissues qRT-PCR HBV > HCV Early IHR within 6 mo
after surgery
Tumour and non- qRT-PCR
Not
HCC and non-tumour
tumour tissues
mentioned
Tumour and non- qRT-PCR Mostly HBV early IHR within 2 years
tumour tissues
after surgery
FFPE tumour and qRT-PCR
All HBV
Early IHR after surgery
non-tumour tissues

Number of
candidate miRNA

Predictive accuracy for recurrence

P = 0.05 for 45 independent patients
(Recurrence rate)
1 (miR-199a-3p) P = 0.043 for 36 independent patients
(Recurrence rate)
18
P = 0.042 for 61 independent patients
(Percent Recurrence)
1 (miR-155)
P < 0.001 for 100 training patients
(RFS)
6
P < 0.001 for 216 independent patients
1 (miR-122)

15
1 (miR-214)
1 (miR-29a-5p)

P = 0.005 for 68 training samples and
13 independent samples (RFS)
P = 0.009 for 50 independent patients
(RFS)
AUC = 0.708 for 112 independent
patients

OLT: Orthotopic liver transplantation; IHR: Intrahepatic recurrence; RFS: Recurrence free survival; AUC: Area under curve; HCV: Hepatitis C virus; HBV:
Hepatitis B virus; HCC: Hepatocellular carcinoma; qRT-PCR: Quantitative reverse transcription polymerase chain reaction.

mRNAs, resulting in cleavage or translational repression. There are more than 2000 mature miRNAs found
in human (miRBase, Release 20.0) (http://www.mirbase.
org/)[45], and they are involved in several biological events
at physiological and pathological conditions, such as embryonic development, cell growth, differentiation, apoptosis, and invasion[46].
In the following section, we discuss some of the recent studies on large scale profiling of miRNAs in the
discovery of biomarkers for HCC recurrence (summarized in Table 2). The postoperative recurrence rate and
OS in the HCC patients could be used to determine their
values as prognostic marker(s), and as potential target in
anti-HCC therapies. In some of these studies, the miRNA biomarkers were also found to be associated with
hepatocarcinogenesis, orthotopic liver transplantation
(OLT), or chemotherapy drug treatment for HCC.

pathological features, tumour recurrence and shorter OS
time. This was the first study reporting the over-expression of chr19 miRNA in predicting HCC recurrence and
OS, suggesting C19MC as potential target for therapies
strategies against HCC.
Expression profiling of miRNAs in 68 HCC and 21
non-tumoural liver tissues has identified 15 miRNAs as
potential classifier of HCC[48]. Among these miRNAs,
miR-214 was found to be down-regulated in HCC, and
this was associated with short RFS and OS. The deregulation of miR-214 was also associated with higher
serum AFP, and advanced tumour stage in HCC patients.
Furthermore, over-expression of miR-214 in HCC cells
inhibited xenograft tumour cell proliferation, microvascularity of tumours and surrounding tissue, and suppressed
orthotopic xenograft tumour formation in nude mice.
miR-214 was thus proposed as a tumour suppressor of
HCC associated with poor prognosis, and implicated in
dedifferentiation, induction of stemness, and tumour
transformation of hepatocytes. Lastly, the authors
showed that the miR-214/HDGF paracrine pathway
might be responsible for regulation of angiogenesis during HCC development, suggesting this pathway as potential target for anti-HCC therapy since angiogenesis plays a
crucial role in HCC development.

miRNA as molecular classifiers for tumour progression
A low-density array was used to profile the levels of 664
miRNAs in 60 hepatitis C-positive liver tissues from
patients of different stages of hepatocarcinogenesis
to identify miRNAs that are deregulated during HCVrelated liver carcinogenesis[47]. A 18-miRNA signature
was found to distinguish cirrhosis, liver dysplasia and
HCC lesions. Among these miRNAs, miR-515-3p, miR518a-3p, miR520f and miR-525-3p were members of
the chromosome 19 miRNA cluster (C19MC), and were
selectively over-expressed in HCC. miR-512-3p was significantly over-expressed in early HCC as compared with
high-grade dysplasia, whereas miR-519d and 525-3p were
over-expressed in tumour as compared with either lowor high-grade dysplastic nodules in the HBV-related samples. In another 61 HCC and matched cirrhosis cases, 11
miRNA members of C19MC were up-regulated in HCC
compared to non-neoplastic counterparts. The increase
in C19MC miRNA was also associated with poor clinico-
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miRNA as predictive signatures of recurrence
In a recent report, Zhu et al[49] analysed the miRNAs in
microdissected HBV-related HCC tissues to detect miRNAs that can predict early recurrence after HCC resection. Increase in miR-29a-5p was found to be associated
with early tumour recurrence and shorter OS, including
patients with early stage HCC. The authors showed that
miR-29a-5p was an independent prognostic indicator for
early tumour recurrence after HCC resection. This association of high miR-29a-5p with metastasis-related early
recurrence of HCC concurs with deregulation of miR-29
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family members in cancers. However, further functional
studies would be necessary to understand the mechanism
of miR-29a-5p’s role in HCC recurrence to aid the development of cancer therapeutics.
In a study by Xia et al[50], down-regulation of miRNA-214 was also found to be associated with early recurrence of HCC, cancer cell invasion, and stem-like traits.
The authors also demonstrated that the degree in the
reduction of miR-214 correlated with the invasiveness
and metastatic ability of liver cancer cell lines. Moreover,
overexpression of miR-214 inhibits growth and invasion in vitro and tumourgenicity in vivo. This study also
found that enhancer of zeste homologue 2 (EZH2) and
β-catenin (CTNNB1) are down-stream targets of tumour suppressor miR-214. The increase in EZH2 and
CTNNB1, and the decrease in miR-214 in HCC patients
correlated with early recurrence and could predict poor
survival. The results derived from this study could help in
the development of therapeutics against HCC.
Huang et al[51] has compared the miRNA profiles of
HCC liver tissues with that of non-tumour liver tissues to
discover postoperative prognostic predictors for HCC. A
panel of 20 miRNAs was identified from this study of 12
HCC patients (6 with better prognosis and 6 with poorer
prognosis), of which high expression of miR-155, miR15a, miR-432, miR-486-3p, miR-15b, and miR-30b were
significantly associated with shorter RFS. miRNA-155
were also found higher in tumour tissues of patients
with post-OLT HCC recurrence as compared to those
of non-recurrence patients in an independent study[52].
Patients with higher miR-155 expression had poorer
recurrence-free survival and shorter OS, independent of
serum AFP level. Functional studies on HCC cell lines
implicate the role of miR-155 in proliferation, survival
and invasion[51,52]. Thus, miR-144 could be a good prognostic marker for recurrence risk stratification and target
for anticancer therapy in HCC patients.
The reduction of miR-122 level, which is common
in HCCs, affects HCC development and progression,
and low miR-122 expression was shown to correlate
with a shorter time to recurrence in patients resected for
HCC[53]. miR-122 was found to promote the stability and
transcriptional activity of p53, and lowers the invasiveness of HCC-derived cell lines, partially through regulating cyclin G1. Furthermore, miR-122, and silencing of
cyclin G1 increases the sensitivity of the cancer cells to
doxorubicin, one of the commonly used drugs for intermediate-advanced HCCs. In another study by Fornari
et al[54], a shorter time to recurrence after HCC resection
was found in patients with lower miR-199a-3p levels, and
re-expression of miR-199a-3p in HCC-derived cell lines
resulted in blockage of G1-S transition, lowered invasion
capability, and increased response to doxorubicin treatment. These studies suggested that combined chemoand miRNA-based therapy is a potential strategy for
HCC treatment. Although miRNAs are potential clinically useful biologic metrics to guide patient selection and
therapeutic interventions, it should be noted that there
could be issues with the toxicity and off-target effects for
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miRNA as therapies in HCC.

PROTEOMICS STUDIES OF HCC
Proteomics is another key area of study which has been
extensively used in cancer studies. The dynamic nature of
proteins and its response to external and internal stimuli
in the disease state might not be apparent from the transcripts, making proteomic studies an attractive method to
understand disease progression. Quantitative expression
proteomics allow for identification of proteins that are
differentially regulated between two groups of patients,
which could be used to identify prognostic biomarkers
for HCC recurrence. Such studies involve the separation
and identification of the proteins in a complex mixture
such as tissue lysates. Separation of proteins is commonly
performed using two-dimensional electrophoresis (2DE),
which separates proteins according to their pI and molecular weight on a polyacrylamide gel, while separation
of peptides is usually performed using liquid chromatography. This is coupled to mass spectrometry such as matrix assisted laser desorption/ionization or electrospray
ionization for identification of proteins at a high level
of automation and sensitivity. Limited proteomic studies
have been performed to identify prognostic biomarkers
that could predict recurrence in HCC patients after liver
resection or liver transplantation. In the following section, we will discuss about the main findings from these
papers (Table 3).
Proteomics identification of predictive biomarkers for
recurrence
Yokoo et al[55] used a two-dimensional difference gel electrophoresis (2D-DIGE) approach to compare the proteome of 12 patients with early intrahepatic metastasis
within 6 mo after surgery with 15 patients who did not
have recurrence within 2 years after resection. A total of
23 differentially expressed proteins were identified and
these proteins were involved in wide range of biological
processes. This 23 protein list was validated on a set of
13 patients with a high predictive accuracy of 92%. However, the validation method was performed using 2DDIGE, which required skilled personnel to perform and
may not be easily translated.
In a similar study, Yi et al[56] used a differential proteomic approach with 2DE to profile the tumour and
non-cancerous tissue of 103 Chinese HBV-positive patients. Mortalin was found to be overexpressed in the
tumours of patients who recurred within 1 year post
surgery, with high predictive accuracy and sensitivity. Elevated mortalin levels were correlated with the presence
of venous invasion and advanced tumour stages, while increased mortalin levels were found in HCC cell lines with
higher metastatic ability. The authors proposed that mortalin played a role in promoting the metastatic property of
HCC and is a positive predictor for early HCC recurrence.
A similar approach was used by Cheng and colleagues
to identify protein biomarkers that could discriminate
patients with higher risk of recurrence after liver trans-
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Table 3 Proteomic studies of hepatocellular carcinoma for prediction of recurrence
Ref.

Sample type

Yokoo et al[55] (2007)

Tumour tissues

Orimo et al[59] (2008)

Tumour and nontumour tissues

Yi et al[56] (2008)

Screening platform

Characteristics for
distinguishing groups

Candidate biomarkers

2D-DIGE, MALDI-TOF
Early IHR within 6 mo
23 protein panel
MS
after resection
2D-DIGE, LC-MS/MS Histological differentiation Adenomatous polyposis coliof tumours
end-binding protein 1 (EB1)

Paired tumour and 2DE, MALDI-TOF/TOF Early IHR within 1 yr after
non-tumour tissues
MS
resection

Mortalin (HSPA9)

Bai et al[58] (2009)

Tumour tissues

cICAT, 2DLC-MS/MS

Recurrence after liver
transplantation

Calpain small subunit 1
(CAPN4)

Cheng et al[57] (2011)

Tumour tissues

2DE, MALDI-TOF/TOF
MS
2DLC-MS/MS

Recurrence after liver
transplantation
Tumour and non-tumour

N-myc downstreamregulated gene 1 (NDRG1)
Talin-1 (TLN1)

Kanamori et al[60] (2011)

Tumour and nontumour tissues

Validation method
2D-DIGE
IHC

qPCR,
Immunoblotting,
IHC
qRT-PCR,
Immunoblotting,
TMA
Immunoblotting,
IHC
IHC

IHR: Intrahepatic recurrence; IHC: Immunohistochemistry; TMA: Tissue microarray; qRT-PCR: Quantitative reverse transcription polymerase chain reaction;
2D-DIGE: Two-dimensional difference gel electrophoresis; MALDI: Matrix-assisted laser desorption/ionization; LC-MS: Liquid chromatography–mass spectrometry.

plantation[57]. 2DE profiling of tumour tissues was performed on 143 patients with and without recurrence after
liver transplantation. N-myc Downstream-regulated gene
1 (NDRG1) was significantly overexpressed in patients
with recurrence compared to non-recurrence patients.
Knockdown of NDRG1 in HepG2 cells reduced growth,
invasion and migration ability of the cells, thus suggesting the role of NDRG1 in promoting proliferation and
metastasis. Positive NDRG1 expression was also correlated with presence of venous invasion, advanced tumour
staging, high serum AFP concentration and recurrence.
Likewise in the search of biomarkers for HCC recurrence after liver transplantation, Bai and colleagues
utilized the cleavable isotope-coded affinity tag technology, and 2-Dimensional Liquid Chromatography coupled
with tandem mass spectrometry (2D-LC MS/MS) to
quantitate relative protein changes between patients with
or without recurrence after liver transplantation[58]. A
total of 52 differentially regulated proteins was identified, among which calpain small subunit 1 (Capn4) was
demonstrated to be consistently overexpressed in both
tumour tissues of recurrent patients and HCC cell lines
with higher metastatic ability. Knockdown of Capn4 was
shown to be an independent prognostic factor for recurrence and survival of HCC patients through multivariate
analysis.

to HCC malignancy such as c-Myc, RhoA and CDC42,
was chosen for further validation. Increased EB1 expression was found to be associated with poorer histological
differentiation, higher cumulative recurrence rate and
shorter overall survival.
In another study to identify proteins related to HCC
progression, Kanamori and colleagues used 2D-LC MS/
MS to interrogate the proteome of 4 early HCC and 4
non-HCC tissues derived from two cases of liver transplant surgery[60]. Among the 83 proteins that were differentially expressed in the tumour and non-tumour tissues,
Talin-1, a cytoskeletal protein was chosen for further validation. Immunohistochemical analysis revealed the direct
correlation of Talin-1 expression with poor histological
differentiation, and using 50% cells staining as a cutoff,
patients with more than 50% cell staining were shown to
have significantly shorter disease free survival rate.
Limitations of proteomics
In proteomics studies, validation of results obtained
from the discovery phase would usually be performed using antibody based methods, such as immunoblotting or
immunohistochemical analysis, which are costly. Hence,
proteomic studies are often followed by validation of
single potential prognostic markers that usually has functional implications related to HCC progression/metastasis or has the highest fold difference between the sample
groups. However, due to the highly heterogeneous nature
of HCC recurrence, a single prognostic marker might
not be specific and sensitive enough to detect patients
with high risk of recurrence. Multiple prognostic markers
could possibly provide higher predictive accuracy as compared to single prognostic marker.

Proteomics identification of biomarkers related to HCC
progression and its correlation with recurrence
Histological differentiation has been one of the pathological factors for poor prognosis. To identify molecular
players in HCC differentiation, Orimo et al[59] profiled
a total of 27 HCC tissues with different degrees of
histological differentiation using 2D-DIGE. 26 unique
proteins were identified to be differentially expressed,
of which Adenomatous Polypopsis Coli-End Binding
Protein 1 (EB1), which is controlled by factors linked
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METABOLOMICS STUDIES OF HCC
Metabolomics is a large scale quantitative and qualitative
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Table 4 Advantages and limitations of the three different omics methodologies
Method
Transcriptomics

Proteomics

Metabolomics

Advantages

Limitations

Large dataset of dysregulated genes identified, provides insights to
biological mechanisms of disease
Affordable price
Has provided successful example of translation to clinical use (e.g.,
Oncotype Dx™ in predicting breast cancer recurrence)
Direct measurement of biological effectors
Validation method (IHC and TMA) routinely performed in pathology labs

Differences in platform contribute to lack of overlap in
signatures between different studies
High possibility of noise present in the gene list
Poor correlation between transcript and protein levels

Amenable to different types of samples which can be obtained in a noninvasive manner

Small number of validated targets
Price, availability and quality of antibodies for validation
work
Lack of large-scale validation of metabolite signatures
Limited biological information obtained

IHC: Immunohistochemistry; TMA: Tissue Microarray.

study of small molecules (< 1 kDa), which commonly
involves the use of high-throughput liquid chromatography (e.g., high performance liquid chromatography
or ultra performance liquid chromatography) and mass
spectrometry or nuclear magnetic resonance spectroscopy for an unbiased comparison of global metabolite
profiles in biological samples, such as urine, serum
and tissues. Importantly, alterations in the metabolites
represent downstream events of transcriptome and
proteome changes, and reflect dynamic responses to endogenous and exogenous factors, such as pathological,
environmental or lifestyle effects. Metabolomics study
of cancers was largely based on the hypothesis by Otto
Warburg: tumour cells contain altered metabolic profiles
mainly due to modified mitochondrial respiration and
glycolytic pathways. Current findings from metabolomics have concurred with the Warburg phenomenon of
altered tumour metabolism, with an increased glycolysis
but reduced mitochondrial oxidative phosphorylation.
Being one of the largest metabolic organs in the body,
HCC progression would result in huge alterations in
the metabolome of liver, making metabolomics an attractive field for identifying diagnostic and prognostic
biomarkers for HCC. Metabolomics has been applied to
look for diagnostic biomarkers[61-67]. To the best of our
knowledge, there was only one study that applied metabolomics in search for predictive biomarkers for HCC
recurrence, which would be discussed below.
In a pioneer urine metabolomics study to identify differential metabolic changes in patients with early HCC
recurrence after resection, Ye et al[68] used GC-TOF/MS
to profile urine samples of patients before and after surgery. Energy metabolism, amino acid metabolism, nucleoside metabolism, tricarboxylic acid cycle, and gut floral
metabolism were found altered after surgical removal
of tumour. This work identified metabolic signatures
of HCC recurrence comprising of up-regulated lactate
excretion, succinate production, purine and pyrimidine
nucleosides turnover, glycine, serine and threonine metabolism, aromatic amino acid turnover, cysteine and methionine metabolism, and glyoxylate metabolism. These
findings reflect the increase in proliferation, decrease in
mitochondria oxidative phosphorylation and increased
oxidative stress in recurrent patients that is correlated
WJG|www.wjgnet.com

with the growth and increase in tumour load. In addition,
5 metabolites, namely ethanolamine, lactic acid, acotinic
acid, phenylalanine and ribose were determined to be
combinatorial biomarkers for discriminating early recurrent patients from non-recurrent patients post-surgery.
Findings from metabolomics studies of urine would allow
widespread non-invasive screening and surveillance instead
of diagnostic tests using AFP and liver ultrasound that are
prohibitively expensive. However, validation on a large cohort is needed to confirm the robustness and accuracy of
this metabolomics signature in predicting HCC recurrence.
Limitations of metabolomics
Metabolomics is a powerful tool that can be used to
quantitatively measure the differences in metabolite
abundance between two different disease states. The ability to perform such studies in a large range of biological
samples, including urine samples in which collection is
easy and non-invasive, makes it an attractive platform
for translation to clinical use. However, current studies lack validation of results in large sample cohorts.
Moreover, the amount of biological information that
could be extracted from metabolomics studies might be
limited. This is because metabolic pathways are greatly
interlinked and various proteins might be involved in the
catabolism/anabolism of a particular metabolite. Hence,
it might be difficult to attribute the changes in metabolite
abundance to the expression/activity of a particular protein or a pathway.

PERSPECTIVES
HCC is a lethal disease with complex etiology. Despite
improvements in detection methods, the prognosis of
HCC remains poor, mainly due to the high recurrence
rate after surgical interventions. Hence there is a pressing need for prognostic biomarkers that could stratify
patients according to risk of cancer recurrence. Understanding the molecular mechanisms behind recurrence
could allow for the development of personalized therapy
to target recurrence with different biological characteristics. Through the use of omics based methods in studying HCC recurrence, we had generated huge amounts of
data on the possible signatures of recurrence. However,
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Figure 1 Predictive systems for outcome of hepatocellular carcinoma patients. Tissue samples (tumour and non-tumour) as well as biological fluids (blood,
urine etc .) are used for molecular analysis via omics based methodologies to obtain molecular based signatures for HCC recurrence. The combination of these signatures and clinicopathological features (e.g., HBV or HCV infection, serum AFP levels, tumour staging) would be used to generate predictive systems for intrahepatic
recurrence and de novo recurrence. Personalised treatment could be generated and administered based on the molecular basis of recurrence. HCC: Hepatocellular
carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein.

such information has not been proven to be useful clinically for HCC prognosis. Systematic evaluation of these
data on a large scale in a prospective study would be
needed to verify the prognostic accuracy in a statistically
convincing manner.
Currently, the molecular mechanisms underlying HCC
recurrence remain largely enigmatic. There are no candidate genes that are commonly identified by the three
omics methods. Different omics platforms could provide
biological insights of HCC recurrence in a complementary
fashion, despite their advantages and limitations (Table 4).
Integration of data from different omics platform could
reinforce the understanding and classification of HCC patients by highlighting common pathways that are dysregulated in subsets of patients (Figure 1). Such studies had
already been applied in the metabolomics study, where
different metabolomics signatures were associated with
different subclasses of HCC patients classified via gene
expression profiling[69]. Classification of patients would
provide an avenue for personalised medicines which specifically targets the main players leading to recurrence,
resulting in better clinical outcomes and improvements in
quality of life. With advancements in technology and bioinformatics, the complete characterization of HCC recurrence should be achievable in the near future.
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DCE-MRI in hepatocellular carcinoma-clinical and
therapeutic image biomarker
Bang-Bin Chen, Tiffany Ting-Fang Shih
reliable parametric maps of quantitative parameters in
HCC. Successful therapies change quantitative parameters of DCE-MRI, which may be used as early indicators of tumor response to anti-angiogenesis agents that
modulate tumor vasculature. In the setting of clinical
trials, DCE-MRI may provide relevant clinical information on the pharmacodynamic and biologic effects of
novel drugs, monitor treatment response and predict
survival outcome in HCC patients.
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Abstract

Core tip: Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) enables tumor vascular
physiology to be assessed. Within the tumor tissue,
contrast agents extravasate from intravascular into the
extravascular extracellular space, which results in a signal increase on T1-weighted MRI. These signal intensity-time curves can be deconvoluted by mathematical
modeling to extract parameters that may reflect tumor
angiogenesis. DCE-MRI allows us to produce highly
reproducible parametric maps of quantitative parameters in hepatocellular carcinoma (HCC). In the setting
of clinical trials, DCE-MRI may provide relevant clinical
information of novel drugs, monitor treatment response
and predict survival outcome in HCC patients.

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) enables tumor vascular physiology to
be assessed. Within the tumor tissue, contrast agents
(gadolinium chelates) extravasate from intravascular
into the extravascular extracellular space (EES), which
results in a signal increase on T1-weighted MRI. The
rate of contrast agents extravasation to EES in the
tumor tissue is determined by vessel leakiness and

blood flow. Thus, the signal measured on DCE-MRI
represents a combination of permeability and perfusion. The semi-quantitative analysis is based on
the calculation of heuristic parameters that can be
extracted from signal intensity-time curves. These
enhancing curves can also be deconvoluted by mathematical modeling to extract quantitative parameters
that may reflect tumor perfusion, vascular volume, vessel permeability and angiogenesis. Because hepatocellular carcinoma (HCC) is a hypervascular tumor, many
emerging therapies focused on the inhibition of angiogenesis. DCE-MRI combined with a pharmacokinetic
model allows us to produce highly reproducible and
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ability and perfusion. DCE-MRI is sensitive to alterations
in vascular permeability, extracellular space, and blood
flow. To ideally record the signal change in the supplying
blood vessel and within the tumor, a fast injection rate of
the contrast agent captured with high temporal resolution
is required[26,27].
This signal enhancement of liver perfusion can be
quantified either with a semi-quantitative or quantitative
analysis. The semi-quantitative analysis is based on the
calculation of heuristic parameters that can be extracted
from SI curves. In contrast, the quantitative analysis needs
computational-based curve fitting algorithms using a bicompartmental model with arterial input function. The
parameters from both analysis methods have been shown
to present correlation with tumoral angiogenesis[28].

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common tumor and represents the third leading cause of
cancer death worldwide[1]. It is the major cause of death
in the cirrhotic patients, beside complications from portal
hypertension[2]. The hypervascular nature and vascular
in-out flow pattern of this tumor help differentiation of
HCC from other tumors by non-invasive diagnostic criteria, without the necessity of tissue proof[3]. Like other
malignant tumors, previous researches have reported the
importance of angiogenesis with the development of
HCC[4-8]. For example, Yamaguchi et al[9] found that vascular endothelial growth factor (VEGF) expression in HCC
tissues may be related to the histological grade. Thus, various angiogenesis inhibitors have been developed to treat
HCC. Among them, the multikinase inhibitor sorafenib
was first approved and validated by two separate phase
Ⅲ trials conducted in Western and Asian countries, respectively[10,11]. Up to December 2013, there are at least
20 active phase Ⅲ trials evaluating systemic treatments
for advanced HCC (from clinicaltrials.gov-last visit 20th
December 2013), with most of studies using sorafenib as
combination therapy.
Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) have been used widely as biomarkers
in many early phase clinical trials to evaluate the effects
of anti-angiogenic drugs that modulate tumor vasculature[12-16], and to help effective drug selection and optimal
drug dose decision[17]. For phase Ⅲ clinical trials, DCEMRI can serve as a surrogate biomarker to evaluate drug
efficacy before the volumetric change of the tumor[18],
and may be associated with progression-free survival
and/or overall survival in these patients[19,20]. The enhancement patterns in HCC obtained by DCE-MRI are
influenced by tumor angiogenesis and correlated with tumor microvessel density and VEGF expression[21]. Thus,
suppression of tumor vascular permeability induced by
anti-angiogenic agents can be reliably detected and quantified by DCE-MRI. Besides assessing anti-angiogenic
agents, DCE-MRI can also be used in the evaluation of
response of HCC after other treatments, including transarterial chemoembolization[22] and radiotherapy[23]. This
review will attempt to summarize the current clinical application of DCE-MRI for HCC patients.

SEMI-QUANTITATIVE ANALYSIS
Regarding the semi-quantitative analysis, different parameters that characterize the shape of the normalized SItime curve can be extracted: (1) area under curve (AUC):
expresses the amount of enhancement over a defined
period of time (usually from starting increment of the
SI-time curve to 60 or 90 s); (2) maximum of SI or Peak
enhancement ratio (SImaximun-SIbaseline/SIbaseline) of the enhancing curve; (3) wash-in Slope: determines the velocity
of enhancement. It is calculated as the maximum change
in enhancement per unit time, usually from 20% to 80%
range of the increment curve; and (4) mean transit time
(MTT): represents the mean time for blood to perfuse a
region of tissue and is affected by the blood volume and
blood flow in the region under analysis.
The semi-quantitative analysis is widely used because
it is easy to calculate without the need of modeling. However, these heuristic parameters are highly affected by the
gain factor of the acquisition systems, contrast media
volume and injection rate, because the true concentration
of contrast agent in the tissues is not estimated. Thus,
differences in temporal resolution and injection rates can
easily change the shape of SI curves, making comparison
and quantification difficult[26,29]. Moreover, these descriptive parameters provide no physiologic insight into the
behavior of the tumor vessels.

QUANTITATIVE ANALYSIS

BASIS OF DCE-MRI

On the other hand, the quantitative analysis is based on
modeling the concentration change of the contrast agent
using pharmacokinetic modeling techniques[30]. An initial
conversion step of SI to concentration values is needed.
Concentration vs time curves are then fitted using a bicompartmental model (vessels and EES) with two vascular inputs (aorta and portal vein). The following parameters can be derived from a mathematical model[26,31]: (1)
Ktrans (forward volume transfer constant): determines the
flux of the contrast agent from the intravascular space to
the EES. It predominantly represents the vascular permeability in a permeability-limited (high flow) situation, but
represents the blood flow into the tissue in a flow-limited

DCE-MRI images are obtained by injecting low-molecular-weight gadolinium chelated contrast agent into a vein
with a constant rate[24]. The contrast agent is carried by
blood flow into the tissue, causing increased signal intensity (SI) of the T1-weighted images due to the shortening
of the longitudinal relaxation time of the tissue[25]. Within
the tissue, the contrast agent passes from the arteries to
the capillaries, and then extravasates to the extravascular
extracellular space (EES). The rate of contrast agent
extravasation to EES in the tumor tissue is determined
by vessel leakiness and blood flow. Thus, the signal measured on DCE-MRI represents a combination of permeWJG|www.wjgnet.com
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(high permeability) situation; (2) Kep (reverse reflux rate
constant): expresses the return process of the contrast
agent from the EES to the intravascular space; and (3) Ve
(volume fraction of EES): an indirect measure representing the cellular density of the tissue.
These parameters require additional calculations to
generate parametric maps obtained after a pixel-by-pixel
curve fitting process of the region under analysis. Thus,
they are more computationally technical to obtain than
the semi-quantitative ones. After generating parametric
maps, the mean or median values within region of interests are usually calculated to represent tumor microvasculature, but histogram analysis[32] or heterogeneity in parametric maps[33-35] may also provide additional information.
For optimum parameter quantification, a high temporal
resolution is required to record initial rapid uprising of
the SI curve immediately after the contrast agent administration[36]. The accuracy of these parameters is influenced
by curve fitting algorithms[37,38] and magnitude of motion
artifacts[39].

of the acquisition have a clear influence on the parameters. To standardize calculations, the acquisition should
have enough temporal resolution (less than 2-5 s each
image set, during at least 5 min), and voxel-wise statistical
analysis is suggested.

CLINICAL APPLICATION OF DCE-MRI
DCE-MRI is helpful to differentiate HCC from colorectal metastasis[53]. The values of arterial, portal and total
blood flow, and distribution volume were significantly
higher in the HCC than in the metastatic group, whereas
MTT was significantly higher in the metastatic group.
Miyazaki et al[54] demonstrated that a lower pretreatment distribution volume and high arterial flow fraction
was associated with a better response to treatment in patients with neuroendocrine liver metastases treated using
yttrium-90 (Y-90)-labeled octreotide (90Y-DOTATOC).
DCE-MRI is emerging as a promising method for
monitoring tumor response to treatment in HCC patients, and could be used an early imaging biomarker to
predict survival outcome of patients. The data are summarized in Table 1.
Wang et al[55] evaluated thalidomide efficacy in seven
patients with advanced unresectable HCC that had failed
to respond to prior local therapy. When comparing the
MRI parameters for the tumors before and during treatment, they found a statistically significant difference for
the peak enhancement, the maximal enhancement, and
the enhancement slope percentage between two groups
of patients (four had progressive disease, three had stable
disease/partial response) with different clinical outcomes.
Liang et al[23] investigated the changes of the hepatic
parenchyma and tumors by DCE-MRI in 19 patients
with advanced HCC who received radiotherapy for 50
Gy in 25 fractions. An increased slope and peak of the
tumor at week 2 was associated with an improved local
response (P < 0.05) (Figures 1 and 2). In the parenchyma,
an increased slope at week 2 was associated with recurrence outside the radiation fields or with progression
over distant sites (P < 0.05). These findings emphasized
the value of DCE-MRI in the second week after the start
of radiotherapy in predicting local tumoral responses or
systemic metastasis of HCC after radiotherapy.
Zhu et al[56] conducted a phase Ⅱ study of sunitinib,
an anti-VEFG receptor tyrosine kinase inhibitor, in 34
patients with advanced HCC. They found significant decreases in Ktrans and Kep after treatment (P < 0.0001). The
extent of decrease in Ktrans was substantially higher in patients who experienced partial response or stable disease
compared with that in patients with progressive disease
or who died during the first two cycles of therapy. They
concluded that rapid changes in tumor vascular permeability are potential determinants of response and resistance to sunitinib in HCC.
Jarnagin et al[21] reports the results of 34 patients (26
intrahepatic cholangiocarcinoma and eight HCC) who
received hepatic arterial infusion with floxuridine and dexamethasone. Patients with high pretreatment AUC had a lon-

MODEL SELECTION
Kety[40] first described the flow-limited tracer uptake in
tissue, and since then several pharmacokinetic models have
been proposed by Tofts et al[41], Brix et al[42] and Larsson et
al[43]. All these models used single source of arterial input
function. Because HCC receives major blood supply from
hepatic arteries, a single-input two compartment model
is commonly used in most articles. However, for liver
parenchymal disease or metastatic hepatic tumors which
are supplied by both hepatic arteries and portal veins, a
dual-input one compartment model by Materne et al[44] is
often used to obtain parameters including arterial blood
flow, portal blood flow, hepatic arterial fraction, distribution volume and MTT. For example, several articles used
DCE-MRI with Materne model to stage liver fibrosis[45,46].
Liver perfusion assessed by DCE-MRI revealed increased
hepatic arterial fraction and distribution volume with increasing liver fibrosis[45,47,48].
Recently, a hepatocyte-specific contrast agent was
developed and showed different characteristics from traditional gadolinium-based contrast agents. A new model
was developed for analysis of hepatic uptake by DCEMRI using this hepatocyte-specific contrast agent[49]. Depending on the mathematical model applied and physiological assumptions made, variants of such quantitative
parameters are obtained. Hence, when applying tracer
kinetic modeling to clinical studies, it is important to state
the choice of kinetic model employed at the outset. Currently, there is no consensus as to which kinetic model
is best suited to evaluate the liver and HCC, and the development of an international consensus is necessary to
allow a wider use of this technique.
Different field strengths employed in the dynamic
acquisitions for developing DCE-MRI analysis have
been shown to have a direct effect on the results of the
pharmacokinetic parameters[50,51]. The choice of contrast
agent molecular properties[52] and the temporal resolution
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Table 1 Summary of different hepatocellular carcinoma treatment, dynamic contrast-enhanced magnetic resonance imaging
parameters and outcome
Case number

Treatment

Parameter

Time
interval

Outcome
measure

P value

7
19

Thalidomide
Radiotherapy

8 wk
2 wk

P vs NP
R vs NR

< 0.05
< 0.05

P vs NP
OS
OS
TTP

< 0.05
0.002
0.013
0.002

Hsu et al[58], 2011
Hsu et al[58], 2011

31
31

Sunitinib
Floxuridine (FUDR) and
dexamethasone
Floxuridine (FUDR)
Bevacizumab
Sorafenib, TG/uracil
Sorafenib, TG/uracil

2 wk
2 mo

Yopp et al[57], 2011

34
34 (26 ICC and 8
HCC)
17 (14 and 3 HCC)

↓ Peak, ↓ Slope
↓ Peak,
↓ Slope
↓ Ktrans
High baseline AUC,
↓ Kep
↓ AUC

Hsu et al[59], 2012

67

Vandetanib

Ref.
Wang et al[55], 2004
Liang et al[23], 2007
Zhu et al[56], 2009
Jarnagin et al[21], 2009

2 wk

High baseline Ktrans
↓ Ktrans

2 wk

↓ Ktrans

1 wk

P vs NP
P vs NP
OS
PFS
Pre vs Post

0.008
0.003
0.015
0.030
NS

HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; TG: Tegafur; P: Progression; NP: Non-progression; R: Responder. NR: Nonresponder; PFS: Progression-free survival; OS: Overall survival; TTP: Time to progression; Pre: Pre-treatment; Post: Post-treatment; AUC: Area under curve;
NS: Non-significant.
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Figure 1 Forty-nine-year-old man with good local response. A: Isodose distribution and region of interests (ROIs): Left panel: Isodose distribution on center section of radiation treatment planning. Red: 45 Gy; orange: 40 Gy; yellow: 30 Gy; green: 15 Gy and blue: < 15 Gy. Right panel: ROIs on MRI before RT: red: tumor with
strongest enhancement; yellow: non-tumor liver parenchyma receiving 30 Gy; green: non-tumor liver parenchyma receiving 15 Gy; blue: spleen; B: T1 weighted contrast-enhanced MRI before RT (left panel, the site corresponding to the right panel of (A) and after RT (right panel). Arrows indicate tumor margins; C: Time Intensity
Curve of ROIs before RT (left panel) and at week 2 of RT (right panel). Red: tumor; yellow: 30 Gy; green: 15 Gy; blue: spleen. The curve of spleen is deviated after
pause for respiration due to interference by lung perfusion. The initial spike due to refocusing artifact will not be counted into analysis. (From reference [23], reprint
with permission).
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Figure 2 Sixty-four-year-old woman with good local response and intrahepatic recurrence outside of RT fields. A: Isodose distribution and region of interests
(ROIs): Left panel: isodose distribution on center section of radiation treatment planning. Red: 45 Gy; orange: 40 Gy; yellow: 30 Gy; green: 15 Gy; blue: < 15 Gy. Right
panel: ROIs on magnetic resonance imaging (MRI) before RT: red: tumor with strongest enhancement; yellow: non-tumor liver parenchyma receiving 30 Gy; green:
non-tumor liver parenchyma receiving 15 Gy; blue: spleen; B: T1 weighted contrast-enhanced MRI before RT (left panel, same site as the right panel of (A) and after
RT (right panel). The intersect picture of MRI over right panel demonstrates no tumor progression in the RT field on the center section of treatment planning. Arrows
indicate tumor margins and arrowhead, recurrent tumor outside the field of RT; C: Time Intensity Curve of ROIs before RT (left panel) and at week 2 of RT (right
panel). Red: tumor; yellow: 30 Gy; green: 15 Gy; blue: spleen. The initial spike due to refocusing artifact will not be counted into analysis. (From reference [23], reprint
with permission).

ger median survival than those with low AUC (P = 0.002).
Besides, decreased Ktrans and Kep on the first post-treatment
MR scanning both predicted survival. Hence, pretreatment
and early post-treatment changes in tumor perfusion characteristics may predict treatment outcome ahead.
Yopp et al[57] evaluated 17 patients (14 intrahepatic
cholangiocarcinoma and 3 HCC) treated with floxuridine
and bevacizumab. Significant decreases in AUC and Ktrans
were noted in tumors after bevacizumab. Time to progression correlated inversely with changes in AUC after
bevacizumab. Reductions in tumor perfusion were greater
in tumors expressing markers of anti-hypoxia and VEGF.
In one study of locally advanced HCCs receiving
sorafenib and cytotoxic therapy, conducted by Hsu et al[58], a
decrease of Ktrans by 40% or greater after 14 days of treatment was correlated with longer progression free survival
(PFS) and overall survival (OS). Besides, percentage of
Ktrans change (difference between pre- and post-treatment) is an independent predictor of tumor response,
PFS, and OS (Figures 3 and 4). In another study, Hsu et al[59]
reported a randomized clinical trial of 67 HCC patients

WJG|www.wjgnet.com

with vandetanib treatment, but no significant vascular
change was found 1 wk after treatment. They explained
that the steady-state concentration of vandetanib will
be reached after at least 4 wk of treatment. Besides, the
vascular features of heterogeneous nature of HCC due
to tumor necrosis, arterio-venous shunting within the
tumors, and the effects of prior local therapy, might preclude a reliable MRI measurement and comparison.

HCC EVALUATED BY PERFUSION CT
Similar to DCE-MRI, perfusion CT imaging of the liver
is performed by acquisition of serial images after contrast bolus injection to obtain various perfusion indices,
including regional tumor blood flow, blood volume, flowextraction product, and permeability-surface area product. Previous reports have suggested that CT perfusion
parameters can be used for quantifying tumor vascularity[60-64] and angiogenesis[65] in HCC, or as biomarkers to
monitor response to chemoembolization[50], chemotherapy and a range of different targeted agents[66-68]. For ex-
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Figure 3 Representative dynamic contrast-enhanced magnetic resonance imaging findings in one advanced hepatocellular carcinoma patient. A: Postcontrast T1-weighted magnetic resonance imaging at baseline; B: After 14 d of study treatment; C: Corresponding color Ktrans maps at baseline; D: After 14 d of study
treatment. Hypervascular area was indicated by red color. The selected region of interest for Ktrans measurement was indicated by white arrows. In this patient, the
Ktrans values at baseline and after study treatment were 798.6 × 10-3/min and 206.6 × 10-3/min, respectively; E: The initial area under the gadolinium concentrationtime curves (IAUC) at baseline; F: After study treatment from the same patient. The IAUC values at baseline and after study treatment were 1526.2 mmol/kg × s and
1376.1 mmol/kg × s, respectively. (From reference [58], reprint with permission).

Day 14

Stable disease day 0

Progressive disease day 0

Day 14

trans

K
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K

↓ 74.13%

↑ 48.96%

Figure 4 Representative dynamic contrast-enhanced magnetic resonance imaging Ktrans color maps before treatment (day 0, left hand side) and day 14th
after treatment (right hand side) in two advanced hepatocellular carcinoma patients. Corresponding hypervascular area was indicated by red color. region of
interests analysis is more sensitive based on hypervascular part than entire tumor, with mean values. Ktrans is a good diagnostic biomarker in differentiation between
stable disease (SD, upper row) and progressive disease (PD, lower row) in two patients with hepatocellular carcinoma. Difference of Ktrans (∆Ktrans ) between SD and
PD measured on hypervascular part and entire tumor are both significant. (From reference [58], reprint with permission).
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ample, in one study of locally advanced HCCs receiving
bevacizumab and cytotoxic therapy, high pretreatment
Ktrans by perfusion CT indicated those patients with a RECIST response[67]. Their findings were comparable with
the results investigated by Hsu et al[58]: in patients with
locally advanced HCCs receiving sorafenib and cytotoxic
therapy, high pre-treatment Ktrans measured by DCE-MRI
indicated those patients who did not develop progressive
disease[58]. The main drawback of perfusion CT is radiation exposure, but recent advances in multidetector CT
technology many help achieve acceptable radiation dose
in HCC patients.

6

7

8

9

FUTURE DIRECTION
Dynamic contrast-enhanced MR imaging is a reproducible technique. According to previous studies, the reproducibility of Ktrans is good to moderate (coefficient
of repeatability ranges from about 15%-40%)[69,70]. This
suggests that in a well-conducted study, a change of Ktrans
value of more than 40% is likely to indicate a significant
drug effect[71]. The reproducibility of DCE-MR imaging parameters is influenced by lesion location, with the
parameters being significantly more reproducible in the
liver than in the lung[72]. However, current DCE-MRI
technique lacks standardization across multiple MR platforms and institutions, making it difficult to implement
the technique in a multicenter setting[17,73]. Besides, there
is a need to establish clear thresholds for a significant
response when using quantitative DCE-MR imaging parameters for assessment of therapy response.

10

11

12

CONCLUSION
DCE-MRI is an imaging technique that appears to provide quantitative and biologically relevant informations
related to tumor vasculature and angiogenesis, which can
inform novel drug efficacy, monitor treatment response
and act as an imaging biomarker to predict treatment outcome and survival in HCC patients.
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Abstract

Chan SL, Yeo W. Development of systemic therapy for hepatocellular carcinoma at 2013: Updates and insights. World J
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http://www.wjgnet.com/1007-9327/full/v20/i12/3135.htm DOI:
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A growing number of multi-targeted tyrosine kinase
inhibitor (TKI) has undergone testing for hepatocellular
carcinoma (HCC). Unfortunately, this enthusiasm has
recently been discouraged by a number of negative
phase Ⅲ studies on several anti-angiogenic TKIs in
HCC. Several postulations have been made to account
for this phenomenon, namely the plateau effects of anti-angiogenesis approach, the heterogeneity of HCC in
terms of background hepatitis/cirrhosis and tumor biology, as well as the way how clinical trials are designed.
Regardless of the underlying reasons, these results
suggested that alternative strategies are necessary to
further develop systemic therapy for HCC. Several new
strategies are currently evaluated: for examples, molecular agents with activities against targets other than
vascular endothelial growth factor receptor are being
evaluated in on-going clinical trials. In addition, different approaches of targeted agents in combination with
various treatment modalities, such as concurrently with
another molecular agent, cytotoxic chemotherapy or
transarterial chemoembolization, are being developed.
This review aims to give a summary on the results of
recently released clinical trials on TKIs, followed by
discussion on some of the potential novel agents and

WJG|www.wjgnet.com

INTRODUCTION
Following the approval of sorafenib for treatment of
unresectable hepatocellular carcinoma (HCC), there has
been a surge of interests in the clinical development of
targeted agents for HCC. Despite intensive efforts being
put on drug testing over the past 5 years, the outcomes
of patients with advanced HCC remain poor. Recently, a
number of novel multi-targeted tyrosine kinase inhibitors
(TKIs) have completed phase Ⅲ testing but all of the results have turned out to be negative[1-3]. In addition, these
large scale clinical trials persistently reported a median
overall survival (OS) of 9 to 10 mo, indicating that the
benefit of existing panel of TKIs has reached a plateau.
Although these negative results appear discouraging to
some, experience from these trials have shed insights to
3135

March 28, 2014|Volume 20|Issue 12|

Chan SL et al . Targeted treatment for liver cancer

growth factor receptor) and PDGFR. The key results
of completed phase Ⅲ clinical trials on these agents are
summarized in Table 1.
Sunitinib is the first anti-angiogenic TKI to compare
with sorafenib in phase Ⅲ trial. The targets of sunitinib
include VEGFR, PDGFR, c-kit and FLT-3. Despite
multiple targets of sunitinib, clinical experiences with the
drug suggest that anti-angiogenesis is probably the major
anti-neoplastic mechanism. Initial phase Ⅱ studies reported potential activities of sunitinib in advanced HCC,
with disease control rate ranging from 38% to 52%, and
overall survival ranging from 8.0 to 9.8 mo[6,7]. To validate
the results of these studies, a multi-centered phase Ⅲ
clinical trial (SUN1170) was launched in 2008 to compare sunitinib to sorafenib as the first-line treatment for
advanced HCC. The original design was aimed to recruit
1200 patients with randomization in 1:1 ratio into two
arms, namely sunitinib 37.5 mg daily or sorafenib 400 mg
twice daily. However, after accruing 1074 patients, the
study was prematurely stopped when a preplanned safety
analysis revealed a higher incidence of serious adverse
events in the sunitinib arm[1]. The primary endpoint, OS,
of the sunitinib arm was 7.9 mo, which was significantly
worse than the 10.2 mo in the sorafenib arm (p = 0.0014),
while the time-to-progression (TTP) was similar between
the two arms (sunitinib 4.1 vs sorafenib: 3.8 mo; p =
0.8312)[1]. In terms of toxicity profile, sunitinib was associated with more grade 3 or above complications, including bleeding events (11.4%), thrombocytopenia (29.7%)
and neutropenia (25.7%). The toxicity and inferior outcomes of patients treated with sunitinib have stopped
further development of the agent in HCC.
Brivanib is a dual VEGFR and FGFR inhibitor[8].
In preclinical models, the drug has been shown to have
more potent anti-angiogenic effects than sorafenib, and
the additional activity against FGFR is postulated to
counteract the resistance mechanism to angiogenic agents
targeting VEGF alone. In phase Ⅱ clinical trials, brivanib
has demonstrated reasonable activity in both first- and
second-line setting with TTP of 2.8 and 1.4 mo, respectively[9,10]. Two randomized phase Ⅲ clinical trials were
conducted to assess the agent in the first-line (BRISKFL) and second-line (BRISK-PS) settings. BRISKFL is a head-to-head randomized phase Ⅲ clinical trial
comparing brivanib to sorafenib as the first-line therapy
in patients with unresectable HCC. The study enrolled
1155 patients who had not received any prior systemic
treatment, and participants were randomized in 1:1 ratio
to receive brivanib at 800 mg daily or sorafenib at 400
mg twice daily, with OS as the primary endpoint[2]. The
clinical trial has adopted a non-inferiority study design.
According to the latest publication, the primary endpoint,
OS non-inferiority between brivanib and sorafenib, was
not met [brivanib: 9.5 mo; sorafenib: 9.9 mo; HR = 1.06;
p = non-significant (NS)][2]. There were also no difference in TTP between brivanib and sorafenib (brivanib: 4.2
mo; sorafenib: 4.1 mo; p = NS)[2]. In addition, brivanib
appeared to be less well tolerated than sorafenib, as evidenced by higher rates of adverse events resulting in

Table 1 Results of completed phase Ⅲ clinical trial on
systemic agents for hepatocellular carcinoma
Clinical trial

Drug

Population

TTP (mo)

OS (mo)

Sorafenib

19% HBV;
29% HCV
18% HBV;
27% HCV
71% HBV;
11% HCV
78% HBV;
4.0% HCV
55% HBV;
21% HCV
53% HBV;
22% HCV
44% HBV;
20% HCV
45% HBV;
21% HCV
49% HBV

5.5

10.7

2.8
(P < 0.001)
2.8

7.9
(P < 0.001)
6.5

1.4

4.2
(P = 0.014)
8.1

st

1 line
SHARP[89]

Placebo
Asian SHARP[90]

Sorafenib
Placebo

SUN1170[1]

Sunitinib
Sorafenib

BRISK-FL[2]

Brivanib
Sorafenib

Linifanib vs
sorafenib[12]

Linifanib
Sorafenib

SEARCH[57]

Sorafenib +
Erlotinib
Sorafenib

Chemotherapy[62]

2nd line
BRISK-PS[3]

NA

4.1

3.8
10.0
(P = 0.1688) (P = 0.0019)
4.2
9.5
4.1
9.9
(P = 0.85)
(P = 0.37)
5.4
9.1
4.0
9.8 (P = NS)
(P = 0.001)
3.2
9.5

4.0
(P = 0.91)
Doxorubicin 80% HBV; 8%
NA
HCV
PIAF
82% HBV; 4%
HCV
Brivanib
Placebo

NA

4.2
2.7
(P = 0.0001)

8.5 (P = 0.2)
6.8
8.7
(P = 0.83)
9.4
8.2
(P = 0.33)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NA: Not available; OS:
Overall survival; TTP: Time to progression; NS: Non-significant; HCC:
Hepatocellular carcinoma.

the design of new approaches in drug testing. In the current paper, we aim to give an update on the recent data
on clinical trials using molecular targeted agents and discuss some of novel approaches for developing systemic
agents for HCC.

UPDATE OF RESULTS OF CLINICAL
TRIALS AT 2013
Phase Ⅲ studies on anti-angiogenic TKIs
Sorafenib is a small molecule TKI which targets at multiple receptor kinases and signaling molecules, namely the
vascular endothelial growth factor receptor (VEGFR),
platelet derived growth factor receptor (PDGFR), B-Raf,
Fms-related tyrosine kinase (FLT) and c-kit at nanomolar
concentration[4,5]. Sorafenib is generally considered an anti-angiogenic agent though its exact mechanism remains
unclear. Following the positive results of clinical trials
using sorafenib, a number of multi-targeted angiogenic
TKIs have undergone clinical testing for the treatment
of advanced HCC. These TKIs are characterized by
their abilities to inhibit a wide spectrum of membranous
receptors, mainly including VEGFR, FGFR (fibroblast
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(brivanib: 9.4 vs placebo: 8.2 mo; P = 0.33)[3].
Linifanib is an oral TKI with selective activity against
VEGFR and PDGFR. Preclinical studies have reported
potent activity of the agent on HCC xenografts. In a
single-arm phase Ⅱ study, linifanib was associated with
a radiologic response rate of 9.1% and median TTP of
3.1 mo[11]. These promising results have led to an international multi-centered phase Ⅲ trial comparing linifanib
to sorafenib. In this trial, a total of 1035 patients were
randomized to linifanib at 17.5 mg daily or sorafenib at
400 mg twice daily. According to the preliminary results
released at American Society Clinical Oncology (ASCO)
Gastrointestinal Cancers Symposium in 2013, linifanib
failed to demonstrate superiority or non-inferiority in
terms of OS when compared with sorafenib (linifanib: 9.1
mo; sorafenib: 9.8 mo; P = NS)[12].
Following the results of these studies, both brivanib
and linifanib were generally considered not to be valid
options for patients with advanced HCC.

Table 2 List of selected ongoing clinical trials on novel
targeted therapy for hepatocellular carcinoma
Drug
Single-agent
TKI
Dovitinib
(TKI258)
Carbozantinib

Design

Phase

Status

NCT number

Dovitinib vs
sorafenib (1st
line)
Carbozantinib
vs placebo (2nd
line)

Randomized
phase Ⅱ

Completed

NCT01232296

c-MET inhibitor
Tivantinib
Tivantinib vs
placebo (2nd line)
INC280
INC280 (1st
line in c-MET
expressing
HCC)
Oncolytic poxvirus
JX594
JX594 vs placebo
(2nd line)
Glypican-3
GC33
GC33 vs placebo
(2nd line)
mTOR inhibitor
Everolimus Everolimus vs
placebo (2nd line)
TemsirTemsirolimus
olimus
(1st or 2nd line)
CC-223
CC-223 in
solid tumors
including HCC
Arginine deprivation therapy
ADI-PEG 20 ADI-PEG 20 vs
placebo (2nd line)
Combination
Sorafenib
Sorafenib +
doxorubicin vs
sorafenib
Sorafenib
TACE +
sorafenib vs
TACE (ECOG
1208)
Everolimus
TACE +
everolimus vs
TACE
Axitinib
TACE + axitinib
Bevacizumab Bevacizumab
and Erlotinib + erlotinib vs
sorafenib

Phase Ⅲ

Ongoing NCT01908426

Phase Ⅲ

Ongoing NCT01755767

Phase Ⅰ/Ⅱ

Ongoing NCT01737827

Randomized Ongoing NCT01387555
phase Ⅱ
Phase Ⅲ

Completed

NCT01507168

Phase Ⅲ
Phase Ⅱ

Press
NCT01035229
release
Abstract NCT01251458

Phase Ⅰ/Ⅱ

Ongoing NCT01177397

Phase Ⅲ

Ongoing NCT01287585

Phase Ⅲ

Accrual NCT01015833

Phase Ⅲ

Accrual NCT01004978

Randomized
phase Ⅱ

Accrual NCT01379521

Phase Ⅱ
Randomized
phase Ⅱ

Accrual NCT01352728
Accrual NCT01180959

EMERGING MOLECULAR TARGETS
In addition to the anti-angiogenic multi-targeted TKIs,
there is a growing number of biologics that target at different molecular pathways. Some of these treatments
act along molecules of intracellular signaling pathways
while others are agents relying on the inhibition of nonsignaling dependent mechanism (highlighted in Table 2).
A number of agents have shown promising preliminary
data for HCC, and these have been selected for more detailed discussion below.
c-mesenchymal-epithelial transition factor-1 inhibitor
c-mesenchymal-epithelial transition factor-1 (c-MET) is
a membrane receptor that is essential for hepatocyte and
tissue remodeling of liver after hepatic injury[13,14]. The
activation of c-MET is implicated in the proliferation,
invasion and metastases of cancer cell[15,16]. The expression of c-MET receptor protein occurs in 20% to 48%
of human HCC samples[17-20], and has been shown to be a
poor prognostic factor in patients with HCC. In addition,
the inactivation of c-MET could lead to regression of
tumors in xenograft model and growth inhibition in HCC
cell lines[21]. Therefore, therapeutics aiming at the c-MET
receptor is a rational approach for HCC. Two agents,
namely tivantinib and cabozantinib, have undergone more
advanced development. Tivantinib is an oral tyrosine kinase inhibitor of c-MET[22]. A randomized phase Ⅱ trial
comparing the use of tivantinib vs placebo as the secondline treatment, showed that the TTP was slightly improved
in the tivantinib arm (Tivantinib 1.6 mo; placebo 1.4 mo;
P = 0.04). In particular, a more obvious improvement of
TTP was noted in patients with tumors overexpressing
c-MET (Tivantinib arm: 2.7 mo; placebo arm: 1.4 mo; HR
= 0.38, 95%CI: 0.18-0.81, P = 0.01)[23]. Currently, a phase
3 study is underway to compare tivantinib vs placebo in
subjects with c-MET overexpressing HCC who have
failed one prior systemic therapy (NCT01755767).
On the other hand, carbozantinib is an oral TKI with

TACE: Transarterial chemoembolization; TKI: Tyrosine kinase inhibitor;
HCC: Hepatocellular carcinoma; c-MET: c-mesenchymal-epithelial transition factor-1.

treatment discontinuation (brivanib: 43% vs sorafenib:
33%)[2]. In the second-line setting, BRISK-PS compared
brivanib to placebo in patients who were refractory or intolerant to first-line treatment of sorafenib. The trial has
randomized 395 patients in 2:1 ratio to receive brivanib
800 mg daily or placebo along with best supportive care,
with OS as the primary endpoint. Disappointingly, although TTP was significantly longer in the brivanib arm
than placebo (4.2 vs 2.7 mo; P = 0.0001), providing a
signal of potential activity of brivanib, the study failed
to reach its primary endpoint of achieving benefit in OS
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Histone deacetylase inhibitor
The expression of tumor suppressor genes is influenced
by coiling and uncoiling of DNA around histone, which
is mainly mediated by histone acetylation. Acetylation of
histone results in less condensed chromatin leading to
expression of gene expression while histone deacetylases
(HDACs) remove the acetyl groups from histones leading
to condensed and transcriptionally silenced chromatin[32].
Such histone modification is one of the major epigenetic
mechanisms on gene regulation, and the HDACs are
amenable to inhibition by HDAC inhibitors. This class of
agents was initially investigated for hematological malignancies, and vorinostat and romidepsin have been approved
for the treatment of peripheral T-cell lymphoma[33,34].
For HCC, preclinical studies showed that treatment
with HDAC inhibitor could induce apoptosis in HCC
cell lines[35-37]. A phase Ⅰ/Ⅱ clinical trial assessed HDAC
inhibitor, belinostat, for treatment of advanced HCC.
Amongst the 42 patients treated in the phase Ⅱ portion, reasonable efficacy was demonstrated in a heavily
pretreated population, with disease stabilization rate of
47.6% and PFS of 2.64 mo[38]. Belinostat was well tolerated with lower than 10% grade 3 or above toxicities[38].
More interesting findings come from the exploratory
analysis on the role of HR23B to predict the clinical response. HR23B is a protein which is responsible for shuttling ubiquitinated cargos for proteosomal degradation.
It has been suggested that the expression of HR23B is a
potential predictive marker for response to HDAC inhibitor in hematological malignancies[39,40]. In the aforementioned phase Ⅱ trial on HCC, it was shown that tumors
with high HR23B histoscores is associated with a higher
rate of disease stabilization (P = 0.036)[38]. Further studies
are required to study the clinical role of HR23B as predictive biomarker in HCC.

activity against both c-MET and VEGFR-2. In a phase
II randomized discontinuation clinical trial; patients were
treated with cabozantinib and reassessed at 12 wk. Those
patients with evidence of response would continue with
carbozantinib while patients with stable disease were randomly assigned to carbozantinib or placebo. According
to the results reported in the 2012 ASCO meeting, an impressive efficacy has been observed; the progression-free
survival (PFS) was 4.4 mo while the median OS was 15.1
mo in the carbozantinib arm[24]. This encouraging data
has led to a planning of a phase Ⅲ clinical trial testing
the efficacy of carbozantinib in the second-line setting
(NCT01908426). This phase Ⅲ study is also planning to
collect the tumor tissues to determine whether c-MET is
a predictive marker, an aspect that has was not studied in
the previous phase Ⅱ study.
mTOR inhibitor
The phosphoinositide 3-kinase (PI3K)/Akt/mTOR axis
is involved in multiple cellular processes including survival and proliferation[25]. This signaling is initiated when
membrane receptors are activated by binding of growth
factors, which in turn recruit and activate the PI3K. The
activation of PI3K will lead to a cascade of activation of
downstream effectors leading to activation of mTOR.
Comprehensive genomic analyses have shown that components of the PI3K/Akt/mTOR pathway are frequently deregulated in up to 50% of HCC[26,27]. Therefore,
targeting the components of this pathway, especially the
downstream molecule mTOR, has been a research focus
for development of therapeutics for HCC.
mTOR inhibitors, especially everolimus and temsirolimus, are being investigated in patients with HCC. In a
phase Ⅰ study of everolimus in 28 patients with advanced
HCC, of whom over 70% were treated with more than
one prior regimen, the maximum tolerated dose was 10
mg daily. At this dose, treatment with everolimus yielded
a disease control rate of 44% and an overall survival of
8.4 mo[28]. The drug was generally well tolerated with
most common toxicities being fatigue and hyperglycemia[28]. A phase Ⅲ study comparing everolimus with
placebo (EVOLVE-1) in patients who have failed or
become intolerant to sorafenib has recently been completed (NCT01035229). At the time of writing, there has
been a press release indicated that the EVOLVE-1 study
failed to reach its primary endpoint of extending OS with
everolimus[29]. Further detailed results are expected in the
near future. For temsirolimus, a phase Ⅰ/Ⅱ study in a heavily pretreated population of unresectable HCC has reported
the maximum tolerated dose (MTD) of temsirolimus to be
25 mg every week; amongst the 36 patients recruited in the
phase Ⅱ portion, the disease control rate was 38.9%[30,31]. A
number of clinical trials have been designed to evaluate the
combination of mTOR inhibitor with sorafenib (see section
below: combinational treatment approach). Another mTOR
inhibitor, CC-223, which possesses dual activity against
mTORC1 and 2, is also undergoing phase Ⅰ/Ⅱ development in solid tumors including HCC (NCT 01177397).
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Arginine deprivation therapy
In human cells, arginine is a non-essential amino acid,
and arginine is synthesized from citrulline through a series of enzymatic reactions[41]. However, HCC cells are
known to be defective of a number of these enzymes
including argininosuccinate synthetase (ASS) or ornithine
transcarboxylase (OTC); as a result, there is impairment
in the cellular ability to replenish the arginine once it is
depleted, which subsequently leads to cell death[42,43]. This
mechanism of arginine deprivation is attractive because it
could provide selective cytotoxic effect on tumor but not
non-tumorous tissues.
At present, two classes of arginine degrading enzymes
have undergone clinical testing, namely the ADI-PEG 20
and the PEG-BCT-100. ADI-PEG 20 is an arginine deaminase which depletes arginine level by converting it to
citrulline and ammonia. Two phase Ⅱ studies have been
completed in HCC[44,45]. The reported disease-control rate
(DCR) and the mean OS were in the range of 30%-60%
and 7-16 mo, respectively. This has led to the conduct of
an international multi-centered study to compare the efficacy of ADI-PEG 20 vs placebo in the second-line set-
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In another phase Ⅰ study on sorafenib and everolimus,
the MTD of everolimus was only 2.5 mg daily, which was
a significantly lower dosage than that required to achieve
a biologically effective dose in human body[56]. Similar
problem is also experienced in the phase Ⅲ SEARCH
study comparing sorafenib-erlotinib vs sorafenib-placebo[57]. In this trial, not only did the sorafenib-erlotinib not
improve clinical outcomes, the combination was associated with shorter duration of treatment and higher withdrawal rate indicating poor tolerance.
There have been fewer studies on the combination
with a non-sorafenib agent. At present, the most well
studied regimen is the combination of erlotinib and bevacizumab. In a phase Ⅱ single-arm study of 40 Caucasian
HCC patients, Thomas et al[58] reported a response rate of
25%, and a median PFS and OS of 9.0 mo and 15.7 mo
respectively in an initial report. The results were subsequently updated in a final analysis, which demonstrated a
median PFS and OS of 7.2 mo and 13.7 mo[59]. However,
another phase Ⅱ study with the same combination failed
to reproduce the survival data; the response rate was only
3.7% and the overall survival was 9.5 mo[60]. A randomized phase Ⅱ study comparing bevacizumab-erlotinib to
sorafenib is currently underway to validate the efficacy of
this combinational regimen (NCT01180959).

ting, following failure to sorafenib (NCT01287585).
PEG BCT-100 is a recombinant human arginase
which degrades arginine by converting it to ornithine and
urea[46-49]. Compared to ADI-PEG 20, the agent has a
theoretical advantage of having broader activity on HCC
cells which express ASS but not OTC. Clinical trials in
phase II setting are being planned.
Immunotherapy
HCC is an inflammation-associated cancer; analysis of the
tumor microenvironment has suggested that local immune
responses may be prognosticator of the disease[50]. Specific
anti-tumor T-cell responses can be detected in patients
with HCC. Immune responses are regulated by molecules
that provide co-stimulatory and inhibitory signals to T
cells. Down regulation of T-cell activity upon binding to
ligands on antigen-presenting cells and tumor cells affects
peripheral tolerance and protection from autoimmune
damage[51]. The recent approval of ipilimumab for patients
with melanoma and Sipuleucel-T for patients with prostate
cancer, has highlighted the possibility of adopting immunotherapy in other malignancies including HCC[52,53].

COMBINATIONAL TREATMENT
APPROACH

Chemotherapy plus targeted agent
Although chemotherapy has not been directly compared
to placebo or sorafenib in randomized studies, chemotherapy has persistently been associated with a high radiologic response and a large magnitude in decrease of
serum alpha-fetoprotein level[61-63]. The recently published
phase Ⅲ data on EACH study comparing FOLFOX4
to doxorubicin chemotherapy has also suggested that
FOLFOX chemotherapy is a potential option of systemic treatment for patients with advanced HCC, with
radiologic response of over 8%[64]. Theoretically, the addition of chemotherapy could overcome the weakness
of cytostatic property of molecular targeted agents. To
test this hypothesis, a randomized phase Ⅱ clinical trial
has been conducted to compare sorafenib (400 mg twice
daily)-doxorubicin (60 mg/m2 every 3 wk) combination
vs doxorubicin (60 mg/m2 every 3 wk). According to the
trial results, there was an improvement of both OS (13.7
vs 6.5 mo; P = 0.006) and radiologic response rate (62%
vs 29%) favoring the combination arm[62]. However, this
benefit was at a cost of increased toxicities in the combinational arm especially with increased rate of left ventricular systolic dysfunction (all grade 19% vs 2%). It remains unclear whether the cardiac toxicity is due to drug
interaction or due to the synergistic toxicity conferred by
VEGF inhibition with sorafenib. A phase Ⅲ clinical trial
is currently undertaken to study the efficacy and safety
of the sorafenib-doxorubicin combination vs single-agent
sorafenib in the first-line setting (NCT01015833).

The concept of combination of different agents or treatment modalities is attractive for the following reasons[54]:
(1) taking into consideration most of the single-agent
therapies are associated with low radiologic response rate
and the high HCC tumor heterogeneity, the concurrent
use of compounds with synergistic activity may potentially improve the clinical outcome; and (2) the survival
time of patients with advanced HCC is relatively short
compared with other solid tumors, thus limiting the possibility of sequential treatments using individual agents.
Obviously, one of the biggest obstacles for combinational treatment is the concomitant compromised hepatic reserves present in most HCC patients with most of them
suffering from cirrhosis. Therefore, carefully planned and
dedicated early clinical trials are warranted to investigate
the toxicity and efficacy of novel combinations in patients before proceeding to phase Ⅲ development. Over
the past few years, different ways of combinational treatment has been explored by various groups, and these are
discussed below.
Combination of targeted agents
Most of developments have been based on combination of a novel class of targeted agent with sorafenib. At
present, there are more than 20 clinical trials with such
design. According to the recently available results, it appears that the difficulty of combining sorafenib with
other targeted agent may be greater than expected. For
examples, in a phase Ⅰ/Ⅱ study testing the combination
of temsirolimus and sorafenib, the MTD of the combinational regimen was sorafenib at 200 mg twice daily and
temsirolimus at 10 mg weekly, which was lower than that
found in melanoma patients with hepatic dysfunction[55].
WJG|www.wjgnet.com
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by provoke a post-treatment surge of angiogenic factors
including VEGF that may occur as early as a few hours
post TACE. The event may contribute to the revascularization of tumors and reduction of the efficacy of
TACE[65,66]. In addition, the peripheral rim of HCC tumors
frequently escapes the cytotoxic effects of TACE because
of tumor repopulation, and microscopic tumor progression is frequent during the interval between each treatment
cycle of TACE[67]. Combining anti-angiogenic drugs with
TACE may potentially improve treatment outcomes[68].
The concept of combining sorafenib and TACE was
initially tested in a single arm phase Ⅱ study in which
sorafenib was started at 1 wk after TACE with drug-eluding beads. This reported a DCR of 95% and objective
response rate of 58% according to European Association
for the Study of the Liver criteria[69]. However, the global
SPACE study, designed to test the continuous administration of sorafenib during TACE, failed to demonstrate
significant benefit favoring the combinational approach.
In the clinical trial, patients were randomized into two
arms: one arm undergoing continuous administration
of sorafenib 400 mg twice daily together with TACE at
specified intervals and another arm receiving placebo and
TACE. The primary endpoint was time to radiologic progression (TTRP). According to the results released in the
2012 ASCO Gastrointestinal Cancers Symposium, the
study has met its primary endpoint on the improvement
of TTRP in the sorafenib arm as compared to placebo
arm [median TTRP of sorafenib = 169 d vs placebo =
166 d; HR = 0.797, P = 0.072 (pre-specified P value for
the one-sided Log-rank test was set at 0.15)][70]. However,
there was no statistically significant difference in OS and
response rate between the two arms. In view of the small
difference in the TTRP and the lack of difference in OS,
most of the clinicians do not consider the results of this
trial to be encouraging.
The less impressive results of SPACE clinical trial
have casted shadow on whether the combination of
TACE and sorafenib is an effective approach. Other
groups attempt to address the issue with different studies. For examples, a multi-centered phase Ⅲ ECOG 1208
study is underway, testing the continuous use of sorafenib
with TACE vs placebo (NCT01004978). This phase Ⅲ
clinical trial has very similar design to the SPACE trial.
The clinical trial may help further determine whether the
approach of concurrent administration of sorafenib together with TACE is effective for treatment of HCC. On
the other hand, we are conducting a phase Ⅱ clinical trial
testing the use of axitinib in combination with TACE
(NCT01352728). Axitinib is a more potent TKI of all
three VEGFRs1-3, and its use could potentially inhibit
the surge of VEGF levels after TACE at a greater extent
than sorafenib. The clinical trial is expected to complete
accrual in early 2014.

came from subgroup analyses: both geographical difference and hepatitis status have had significant effects on
treatment outcomes[71]. Patients with hepatitis C virus infection or patients of non-Asian ethnicity tend to derive
more benefits from sorafenib than patients with hepatitis
B virus or the Asian origins. This type of finding was
also similarly observed in the subgroup analysis of the
Asian SHARP trial[71]. Different explanations including
genetic background, molecular pathogenesis, aggressive
approach using surgery/locoablative treatment between
West and East, have been postulated. Regardless of the
underlying postulations, the geographical location and
the hepatitis status should be taken into consideration
during the design of clinical trials in HCC. Preferably, a
dedicated phase Ⅰ/Ⅱ clinical trial should be designed to
evaluate new agents in hepatitis B and hepatitis C-related
HCC subpopulations, in addition, the design of international multi-centered trial should consider stratification
by geographical regions, in terms of East vs Non-East, in
the randomization process.
Selection of suitable patients
It is evident that unresectable HCC population consists
of a highly heterogeneous group of patients with a wide
spectrum of survival ranging from a few months only to
longer than 2 years[72-74]. As a result, it is difficult to precisely estimate the survival of patients during the design
of clinical trials that encompass a heterogenous population. Different staging systems have been developed to
define suitable patients for the administration and testing of systemic agents. At this juncture, the Barcelona
Cancer Liver Clinic (BCLC) classification is the most
frequently used staging system for clinical trials. It has to
be noted that BCLC was initially designed for allocation
of treatment rather than for prognostication of HCC. As
a result, the staging system is suboptimal in identifying
homogeneous group of patients in terms of prognosis
and disease behavior. For examples, patients classified as
BCLC stage C disease (i.e., advanced disease defined as
patients with Child’s A or B liver function, having a performance status of 1 or above, and the presence of vascular invasion or extra-hepatic disease) has been assigned
the target group for testing systemic agents. However,
there have been studies suggesting that the BCLC system
is inadequate in predicting the short-term outcome of
patients or identifying a homogenous group of patients
with advanced disease[75,76]. Also, the treatment allocation
as recommended by BCLC is considered too conservative by most Asian clinicians. For examples, most of the
hepatobiliary cancer surgeons in Asia will not regard
invasion of branch of portal vein as a definitive contraindication to surgical resection [77,78]. In view of these
limitations, a more precise staging system is necessary to
identify a homogenous group of patients for testing systemic agents.
On the other hand, in Asia, because of the limited
choice and the low efficacy of available systemic agents,
patients with unresectable HCC confined to liver are often treated with multiple cycles of TACE before consid-

FUTURE DIRECTIONS
Design of clinical trial
One interesting point observed from the SUN1170 study
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ering systemic agents, albeit limited efficacy[79]. Given the
increasing number of novel agents currently being tested
that may potentially improved efficacy for HCC, studies
are indicated to refine the TACE population and define
the optimal timing to shift away from TACE when the
treatment is no longer effective. For examples, there has
been a recent study by the European group on the development of a scoring system to guide the retreatment with
transarterial chemoembolization[80].

4

Personalized treatment
Experiences from the lung and breast cancer fields have
shown that success in clinical trials using targeted agents
can only be improved if we are able to apply to appropriately selected patients whose tumors are “addicted”
to a known driver gene or pathway. An ideal approach
would be targeting individual agents in patients whose
HCC tumors have the corresponding genetic mutations.
With recent genomic sequencing showing that a genetic
driver mutation, if present, occurs at a rate of lower than
5% in HCC, the chance of picking up a responder of a
novel agent in an unselected population is much lower
than 5%[81-85]. This clinical challenge is evidenced by the
persistently low response rate observed in multiple clinical trials on molecular targeted agents in unselected HCC
populations, all of which have resulted in an overall survival that leveled off in the range of 9 to 10 mo (Table 1).
Given the reported data on the role of c-MET expression and the potential use of HR23B to predict response
of individual targeted agents, future clinical trials should
be tailored towards identification of molecularly enriched
patient population. Therefore, it is important to obtain
pre-treatment tumor samples in the conduct of clinical
trials. Owing to the invasive nature of tumor biopsy, a
number of groups are currently studying the use of massive parallel sequencing to study the cancer genome in
patients’ plasma samples, which could potentially obviate
the need of needle biopsy[86-88].
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Abstract
Inflammatory bowel disease (IBD) is comprised of
Crohn’s disease and ulcerative colitis, both chronic inflammatory intestinal disorders of unknown etiology
characterized by a waxing and waning clinical course.
For many years, the drug therapy was limited to sulfasalazine and related aminosalicylates, corticosteroids
and antibiotics. Studies suggesting that the pathophysiology of these disorders relates to a disregulated, overactive immune response to indigenous bacteria have
led to the increasing importance of immunosuppressive
drugs for the therapy of IBD. This review details the
mechanisms of action, clinical efficacy, and adverse effects of these agents.

INTRODUCTION
Inflammatory bowel disease (IBD) includes Crohn’s
disease and ulcerative colitis, both chronic inflammatory
disorders of the gastrointestinal tract, characterized by a
relapsing and remitting course[1]. In the United States, the
incidence of Crohn’s disease is estimated to be between
6-8 per 100000, with a prevalence of 100-200 per 100000.
The incidence of ulcerative colitis is estimated to be
between 9-12 per 100000, with a prevalence of 205-240
per 100000[2]. IBD is associated with high health care
costs, and can result in a significant quality of life burden.
Unlike ulcerative colitis, which is limited to the mucosa,
Crohn’s disease typically causes transmural inflammation,
and can result in stricturing and penetrating complications. The goals of therapy are two-fold, and include in-
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duction and maintenance of remission, and avoidance of
complications. Remission has traditionally been defined
as the achievement of clinical remission, but a more recent trend has been towards achieving mucosal healing,
or deep remission[3]. These goals are achieved through
lifestyle modification, medical management, and surgery
when necessary. Though the underlying etiology of
these diseases remains poorly understood, it is thought
that Crohn’s disease and ulcerative colitis are driven by
an inappropriate immune inflammatory response to gut
microbes, in a genetically predisposed host[4]. The role of
immunity is reflected in the focus on immunosuppressive
medications in inducing and maintaining remission.
Though historically reserved for patients failing “conventional” therapies (such as 5-ASAs, antibiotics, and
in some cases, steroids), immunosuppressive therapies
such as immunomodulators and biologics are being used
earlier in an attempt to alter the natural history of IBD[5].
Though corticosteroids are among the oldest and most
effective therapies in IBD[6], their side effect profile limits
their appeal[5], and maintenance of a steroid-free remission has become a key tenet of the management of IBD.
The purpose of this review is to summarize the available immunosuppressive options for the medical management of IBD.

of 6-TG, and neither drug can be used at all in the 0.3%
of the population deficient in the enzyme, due to the risk
of life-threatening toxic complications[10]. Xanthine oxidase inhibitors can be used to boost response in patients
who preferentially shunt towards 6-MMP. Testing for
TPMT and measurement of both therapeutic and toxic
metabolite levels are readily available in the United States,
and can be used as an adjunct to routine monitoring of
blood counts and liver function tests.
Dose-independent, or hypersensitivity, reactions have
been described with use of 6-MP/AZA, and include
hepatitis, pneumonitis, arthritis, and fever. Perhaps the
most serious dose-independent reaction is pancreatitis,
which can occur in approximately 4% of treated patients[14]. The reactions usually occur early in the course
of therapy, and typically resolve with discontinuation
of the medication. Minor side effects such as nausea,
vomiting, and flu-like illness are possible, though thiopurines are typically well tolerated in 75% of patients using
them[15]. Serious opportunistic infections are possible, as
with any immunosuppressant, but uncommon[7,10]. With
regards to the development of cancer, and in particular
lymphoma, following the use of these therapies, a recent
meta-analysis[16] concluded that IBD-patients on thiopurines have a 4-fold increased risk of lymphoma, but
whether this increase was due to the medication or the
underlying disease could not be established. These data
were comparable to those from the CESAME group[17].
Moreover, this level of risk was well below what was
deemed necessary to impart significant reduction in quality-adjusted life expectancy compared to other treatment
strategies[11,18]. Ongoing and past exposure to thiopurines
has been shown to significantly increase the risk of nonmelanomatous skin cancers[19], and as such patients on
these therapies should be advised to use adequate sun
protection and have routine skin examinations.
There has been particular concern with regards to
the association between hepatosplenic T cell lymphoma
(HSTCL) and thiopurine use. HSTCL is a rare but fatal
lymphoma, which appears to occur more frequently in
patients with IBD as compared to the general population,
though the absolute risk remains very low[20]. The risk of
HSTCL appears to be higher in patients receiving thiopurines (both for IBD or for other reasons), and especially
in those with long-term exposure[20]. A 2011 review[20]
of all cases of HSTCL in IBD identified 2 other factors,
male gender and age 10-35, as being associated with the
development of HSTCL. Though combination therapy
with thiopurines and anti-tumor necrosis factors (TNFs),
particularly in this cohort of young males with IBD, has
been postulated to portend an even high risk for developing HSTCL, this has not actually been demonstrated and
is more theoretical, particularly since there were no cases
of IBD patients treated with anti-TNF monotherapy who
developed HSTCL. None the less, the authors concluded
that combination therapy should be used in patients with
IBD only when a clear benefit was expected[20]. Combination therapy is discussed in more detail below.

IMMUNOMODULATOR THERAPIES
Immunomodulators include thiopurines [6-mercaptopurine (6-MP) and azathioprine (AZA)], methotrexate
(MTX), and cyclosporine (CSA).
Thiopurine analogues
Crohn’s disease and ulcerative colitis: Though for
many years these medications have been widely used as
steroid-sparing agents for the maintenance of remission
in moderate-to-severe IBD, the data overall supporting
their efficacy are limited and often contradictory, particularly in ulcerative colitis[7,8]. Older data have shown that
thiopurines can be particularly effective in the long-term
management of peri-anal and fistulizing Crohn’s disease[9].
These drugs are not suited to the induction of remission[7], given a mean response time of 2-3 mo[10]. None
the less, their use is widespread, and their role on the
treatment pyramid well established[1,11].
6-MP and AZA are thought to act by inhibiting lymphocyte proliferation via the incorporation of active drug
metabolites into cellular nucleotides, which likely results
in anti-inflammatory effects through suppression of
T cell function and natural killer cell activity[12,13]. AZA
is the active pro-drug of 6-MP, and both are similarly
converted to their therapeutic end-product, 6-thioguanine (6-TG), to the inactive metabolite, 6-thiouric acid,
by xanthine oxidase, and to the hepatotoxic metabolite
6-methylmercaptopurine (6-MMP) by the thiopurine
methyltransferase (TPMT) enzyme[1,13]. Lower doses may
be needed in patients with intermediate TPMT enzyme
activity in order to avoid leukopenia caused by high levels
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Methotrexate
Crohn’s disease: MTX is a folic acid antagonist, and is
thought to act by interrupting DNA synthesis and increasing adenosine[21], and by inhibiting interleukin (IL)-1 and
suppressing T cell function. It’s role in the management of
IBD is much less well established than that of thiopurines.
There is evidence to support the use of parenteral MTX in
induction and maintenance of remission in refractory, steroid-dependent Crohn’s disease[8]. There are no convincing
data to support it’s use in ulcerative colitis - the few studies
that exist are limited both by size, quality, and the fact they
used lower doses than what was shown to be effective in
Crohn’s disease (15 mg/wk vs 25 mg/wk)[8].
MTX is thought to be safe and tolerable. Nausea can
occur in 15% of patients, but can typically be prevented
with the co-administration of folate 1 mg/d. Leukopenia,
hepatotoxicity, hypersensitivity pneumonitis, and opportunistic infections have been reported but are uncommon. MTX is teratogenic and should never be used in
pregnant women or those contemplating pregnancy[8,13].

(75% human, 25% mouse) that targets and binds to
TNF-alpha, a potent pro-inflammatory cytokine thought
to play a role in gut inflammation[28].
Crohn’s disease: IFX was initially released in 1998
for the treatment of moderate-to-severe and fistulizing
Crohn’s disease, after it was shown to induce remission
in a small, uncontrolled study of steroid-refractory patients[28]. These findings were later replicated in a larger,
placebo-controlled study[29], where IFX was shown to induce remission in one third of steroid-refractory patients
with luminal Crohn’s. The landmark study that guides
our current use of IFX as an induction and maintenance
medication in luminal Crohn’s disease is known as ACCENT Ⅰ, which showed that the 58% of patients considered to be responders to an initial IFX infusion were
more likely to have a sustained remission after 1 year
when maintained on q8 week infusions after an initial
loading period[30]. Subsequent research has shown a benefit of long-term therapy at 5-years[31].
IFX has also been shown to be effective in treating
fistulizing Crohn’s disease, resulting in both complete
closure of draining abdominal and perianal fistulae at 3
mo in 55% of patients receiving IFX 5 mg/kg (compared
to 13% of patients receiving placebo)[32], and in the longterm maintenance of remission of fistulizing Crohn’s disease in 36% of patients (compared to 19% in the placebo
group) at week 54 follow-up (ACCENT Ⅱ)[33]. A recent
small-scale retrospective study has shown IFX in combination with antibiotics to be safe and effective in treating
phlegmons[34].

Cyclosporine
Ulcerative colitis: CSA is a calcineurin inhibitor, and
is thought to act by decreasing pro-inflammatory lymphokines by inhibiting their antigen-induced secretion
through the binding of calcium calmodulin-dependent
protein phosphatase calcineurin[22].
The data with respect to the use of calcineurin inhibitors in IBD are very limited. CSA has proven to have
promise in the induction of remission of refractory
ulcerative colitis, but the data with regards to it’s use in
Crohn’s disease are less convincing. Oral cyclosporine has
not consistently been shown to be effective in the induction of remission of Crohn’s disease (though one study
showed a modest effect at higher doses)[23-25]. Uncontrolled data demonstrated some effectiveness in treating
fistulizing Crohn’s disease with parenteral CSA[26]. Studies
in patients with refractory ulcerative colitis have shown
that when used in the acute setting, as a bridge to thiopurine maintenance, CSA can be valuable in inducing remission and delaying or avoiding colectomy[27].
CSA is generally considered to be less safe than other
IBD therapies, because of the risk of serious side effects, such as anaphylaxis, seizure, pneumocystis carinii
pneumonia, and permanent nephrotoxicity[10]. Moreover,
ease of use is limited by the need for close monitoring of
drug levels due the narrow gap between the therapeutic
and toxic ranges[27]. As such, CSA is typically reserved as
a rescue agent for severe, refractory disease.

Ulcerative colitis: IFX has also been shown to have
benefit in the treatment of ulcerative colitis, specifically when refractory to conventional therapies. The
ACT-1 and ACT-2 trials[35] have shown that patients with
moderate-to-severe active ulcerative colitis refractory to
conventional treatment were more likely to have clinical
response at weeks 8, 30, and 54 in the IFX group compared to placebo, and are less likely to have undergone
colectomy by week 54[36]. Though some have argued for
the earlier implementation of IFX therapy in less severe
(i.e. moderate) ulcerative colitis[37], the use of IFX in ulcerative colitis has typically been reserved as third-line or
rescue therapy.
Safety and tolerability: IFX is generally considered to be
safe and tolerable, however a risk benefit analysis should
be undertaken when considering it’s use given the potential for serious complications. Using the ACCENT Ⅰ trial
data[30] as a fairly typical profile, 32% of patients were
found to have had an infection requiring treatment by
week 54, including 1 case of tuberculosis and 2 deaths
from sepsis (out of 2863 treated patients). Development
of a lupus-like syndrome was described though very rare,
though the development of ANA and anti-ds DNA antibodies more common (up to 56% and 34% respectively).
Antibodies to infliximab were detected in 14% of patients, and infusion reactions were much more common

BIOLOGICS
Perhaps the most significant advance in the treatment of
IBD has been the introduction of anti-TNF-alpha monoclonal antibodies, and subsequent biologic therapies, both
for Crohn’s disease and ulcerative colitis.
Infliximab
Infliximab (IFX) is a chimeric, monocolonal antibody
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in this group (16% vs 4%-6%). Infusion reactions were
typically mild, and required discontinuation of drug in
less than 1% of cases. Concomitant use of steroids and
immunomodulators decreased the risk of infusion reaction. There was a 1% rate of development of malignancy,
including lymphoma and non-melanomatous skin cancers. It is worth noting that data from the TREAT registry[38], a prospective analysis looking at the safety of IFX
and other medications for Crohn’s disease, taking into
account confounding factors such as disease severity and
use of other medications, showed that the risk of serious
infection and death was no greater in patients using IFX
vs immunomodulators, and the overall incidence comparable to that among all patients with Crohn’s disease. In
fact, the only independent risk factor for serious infection
and death that emerged was the use of prednisone, and
for serious infection alone was narcotics. Similarly though
there does appear to be an increased risk of lymphoma
among patients with IBD using IFX, this risk has not
been quantified, and the role of confounding factors not
fully understood[11].

patients with inadequate response to conventional therapies, and only readily available in the United States, Russia,
and Switzerland. It has been shown to have a modest improvement in response and remission rates in moderateto-severe Crohn’s disease as compared to placebo[45,46],
as well as with regards to fistulizing disease[47]. Rates of
antibody development were comparable to those with
IFX[30]. Since the lack of an Fc portion prevents the active transport of CZP across the placenta, there has been
some preference for it’s use in women of childbearing
age, however timing of administration of ADA and IFX
in the third trimester can be manipulated to reduce drug
concentrations in the newborn[48]. It is generally advocated
that biologic agents not be changed solely for this reason.
Natalizumab
Crohn’s disease: Natalizumab (NZA) is a selective adhesion-molecule inhibitor. It is a humanized monoclonal
IgG4 antibody against alpha-4-integrins, which are selectively involved in leukocyte transfer across the gut and
brain. It has been approved for the treatment of moderate-to-severe Crohn’s disease in patients who have been
refractory to conventional therapies. Though initial studies looking at NZA in Crohn’s disease were less promising[49], more recent, albeit smaller studies have suggested
that it may be effective in induction and maintenance of
remission in moderate-to-severe Crohn’s disease[50], and in
particular in patients who have lost response to anti-TNF
therapies[51].
Use of NZA has been limited due to its association
with progressive multifocal leukoencephalopathy (PML),
a devastating demyelinating CNS infection caused by the
reactivation of JC virus[52]. Because of this, it can only be
prescribed in the United States through a restricted distribution program. JC virus antibody testing is available,
but it’s use controversial as a screening tool in patients at
high risk of developing PML. The majority of normal individuals are seropositive for JC virus, and any immunosuppressed patients are at risk for de novo infection. Using
JC viuria as a marker for latent infection with high risk of
reactivation is promising, but more research is needed[53].

Adalimumab
Adalimumab (ADA) is a fully humanized, recombinant
monoclonal antibody against anti-TNF-alpha, and thus
immunogenicity and the formation of antibodies is theoretically lower. Unlike IFX, ADA is administered subcutaneously. The safety profile of ADA is similar to that of
IFX, which was discussed previously.
Crohn’s disease: ADA has been shown to be effective in inducing[39] and maintaining[40] remission in IFXnaïve patients with moderate-to-severe Crohn’s disease,
those with loss of response to IFX[41], and in patients
with fistulizing Crohn’s disease[42]. Initial response rates
are comparable between ADA and IFX - approximately
one-third of naïve patients will achieve remission[30,39].
The effects with regards to healing fistulas were more
robust for IFX[32,42]. Rates of mucosal healing in Crohn’s
disease were comparable with ADA and IFX[43]. Rates of
antibody formation were significantly less compared to
IFX[30,39].

Promising therapies
Golimumab: Golimumab is a fully human anti-TNF therapy, administered subcutaneously. It was recently approved
in the Unites States for treatment of patients with refractory ulcerative colitis based on phase 2 and phase 3 studies
showing efficacy over placebo in induction and maintenance of remission. Further studies are needed before use
of this medication becomes more widespread[54,55].

Ulcerative colitis: ADA has also been shown to induce[44] and maintain[29] remission in patients with moderate-to-severe ulcerative colitis who have been refractory
to conventional therapy with steroids, immunomodulators, or anti-TNFs, though the efficacy of ADA was
lower in those who were not anti-TNF naïve.
Certolizuman pegol
Crohn’s disease: Certolizuman pegol (CZP) is a humanized pegylated Fab fragment of an anti-TNF-alpha antibody. Because it does not contain an Fc portion like other
monoclonal antibodies (such as IFX and ADA), CZP
does not induce antibody-dependent cellular cytotoxicity.
It is administered subcutaneously. It is only approved for
the treatment of moderate-to-severe Crohn’s disease, in
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Ustekinumab: Ustekinumab is a fully human IgG1k
monoclonal antibody that blocks biologic activity of
IL-12 and IL-23, an inflammatory pathway thought to
be linked to the pathogenesis of Crohn’s disease[56]. A
phase 2b clinical trial was recently published, and demonstrated improved rates of induction response to therapy
among primary and secondary anti-TNF non-responders

3149

March 28, 2014|Volume 20|Issue 12|

Zenlea T et al . Immunosuppressive therapies for IBD

compared to placebo, however failed to demonstrate significant improvements over placebo in actual induction
of remission[56]. None the less, phase 3 data have not yet
been published, and this drug remains promising.

peutic agents, and for use in combination with immunomodulators.

Vedolizumab: Vedolizumab in an investigational, humanized monoclonal antibody that selectively inhibits
migration of lymphocytes into the gut by exclusively
targeting alpha-4-beta-7 integrin. By being more highly
selective than other anti-integrin therapies, specifically
NTZ, vedolizumab is not thought to carry the same risk
of PML, though long-term data are extremely limited[57].
Though phase 2 data demonstrated a positive trend, vedolizumab was not shown to induce clinical response in
Crohn’s disease[58]. Results were much more favourable
in ulcerative colitis, where vedolizumab was found to be
superior to placebo in inducing and maintaining remission[59], however more studies are needed.
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Core tip: In this review we describe and compare the
principal options for the management of intestinal failure in patients with inflammatory bowel disease: home
parenteral nutrition and intestinal transplantation.
We describe patient survival, complications and quality of life considerations that influence individualised
decision-making between approaches. As survival from
transplantation improves, decision-making is likely to
change.
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Abstract
Inflammatory bowel disease and Crohn’s disease in particular, is a common cause of intestinal failure. Current
therapeutic options include home parenteral nutrition
and intestinal transplantation. For most patients, home
intravenous therapy including parenteral nutrition, with
a good probability of long-term survival, is the favoured
choice. However, in selected patients, with specific
features that may shorten survival or complicate home
parenteral nutrition, intestinal transplantation presents
a viable alternative. We present survival, complications,
quality of life and economic considerations that currently influence individualised decision-making between
home parenteral nutrition and intestinal transplantation.

INTRODUCTION
Intestinal failure (IF) may result from obstruction, dysmotility, surgical resection, congenital defect or diseaseassociated loss of absorption[1]. It is characterized by the
inability to maintain protein-energy, fluid, electrolyte and/
or micronutrient balance[1]. Three categories exist: types 1,
2 and 3[2]. Type 1 generally occurs post-operatively and is
self-limiting [such as a patient developing an ileus, requiring short-term parenteral nutritional (PN) support for
days or even weeks]. Type 2 most commonly develops in
individuals with sepsis following major intestinal resection. Patients require nutritional support for many weeks

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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or months, pending definitive surgery that may reverse
dependency on PN. Type 3 is irreversible, for which longterm home parenteral nutrition (HPN) is required and is
the focus of this article.

but, like many early organ transplants, the graft failed to
survive[16,17]. It was only after refinements in immunosuppression that ITx started to show promise, with the first
successful small bowel (+ liver) transplant taking place
in 1988, enabling the recipient to achieve nutritional
autonomy[18]. With further advances in immunosuppression and operative techniques, the number of transplants
performed annually rose until 2005, since when it has remained stable[19]. In the United Kingdom alone, the number of intestinal transplants has increased from single figures (2000-2008) to 14-22/year (2011-2013)[20]. Currently,
100 ITxs are performed per year in adults, primarily in
North America and Europe; 65% of ITx transplants between 2006 and 2011 were indicated for short bowel syndrome (SBS), of which 13% were in patients with CD[19].
The number of transplants performed annually in other
parts of the world, such as Asia and South America, is
much lower, but gradually increasing[19]. In total, 20 ITxs
were reported to have been performed in Japan between
1996-2010, while Australia and India have both recently
reported their first cases[21-23]. To the best of our knowledge, there are no published reports of ITx in Africa.
At present, three types of graft transplants are performed: isolated intestinal, combined liver-intestinal and
multivisceral transplantation. Combined liver-intestinal
grafts include intestine, duodenum, liver and pancreas.
Multivisceral grafts include intestine, stomach, duodenum, pancreas, possibly liver and colon, or other organs.
At present, isolated small intestinal transplants are the
commonest, although abdominal wall transplantation is
increasingly combined with intestinal transplantation and
provides a readily accessible marker for rejection[19,24].
Currently, the choice between HPN and ITx as primary therapeutic options for patients with type 3 IF is
principally driven by predicted survival outcome. Thus,
HPN, with its superior long-term survival, remains the
first-line management option for most patients with type
3 IF, with ITx being reserved primarily for those with
HPN-associated complications and/or high risk of death
from their underlying disease (Table 1). However, if
transplant experience and survival continues to improve,
other factors, such as patients’ quality of life (QoL), will
enter decision-making when balancing HPN against ITx.

Intestinal failure in inflammatory bowel disease
Crohn’s disease (CD) is most commonly associated with
type 3 IF, but the overall incidence is low. The point
prevalence of type 3 IF as a percentage of all causes in
the United Kingdom in ulcerative colitis (UC) is 3% and
29% in CD[3]. UC is much less commonly associated
with type 3 IF because the small intestine is uninvolved,
although IF can still occur through complications arising
from delayed colectomy in immunocompromised patients, early re-operation, or mesenteric infarction after
colectomy.
When IF does occur in patients with CD, it is usually
due to one of three reasons: as a result of complications of surgery for intra-abdominal sepsis, extensive
primary small bowel disease impairing nutrient absorption, or uncomplicated sequential resection leading to a
shortened small bowel. The first is the principal cause of
IF in CD[4]. Following a first small bowel resection, the
reported risk of IF in patients with CD at 5, 10, 15 and
20 years is 0.8%, 3.6%, 6.1% and 8.5% respectively[5].
Predisposing factors to type 3 IF in CD include younger
age at diagnosis and (at first operation) stricturing disease
or family history of inflammatory bowel disease[6]. In
addition, the CD susceptibility gene nucleotide-binding
oligomerization domain-containing protein 2 (NOD2) is
associated with IF in patients without CD[7]. Whether this
also applies to CD remains to be proven, despite established associations between NOD2 mutation and small
bowel CD[8].

MANAGEMENT OPTIONS FOR
INTESTINAL FAILIURE
Three options exist for the management of patients with
type 3 IF: HPN, intestinal transplantation (ITx) and intestinal lengthening.
Home parenteral nutrition
HPN has formed the standard of care for managing
patients with type 3 IF for several decades[9,10]. Early
regimes were complicated, but solutions have evolved
to mixed-nutrient, stable, “single” or “bipartite” bags,
meeting a patient’s tailored nutritional requirements[9,11].
These solutions can be delivered through long-term percutaneous intravenous catheters, specialised pumps and
patients specially trained in self-administration, or specifically trained nursing staff. CD is the principal indication
for HPN in the United Kingdom, although other disease
aetiologies, such as cancer, form the principal indication
in other countries[12-15].

Intestinal lengthening
Intestinal lengthening procedures involve the lengthways
division of a dilated small intestine and subsequent endto-end anastomosis (“Bianchi procedure”) or sequential
zig-zag stapling of a dilated small intestine (serial transverse enteroplasty or “STEP procedure”)[25-28]. Lengthening techniques were pioneered in children with SBS, and
have rarely been performed in adults, although recent
European and American experience suggests they may
be a viable treatment option for SBS. However, as only
one series has reported their use in 2 patients with CD,
lengthening procedures will not be discussed further
in this review[29]. Instead, this review will focus on the
choice between HPN and ITx in patients with type 3 IF.

Intestinal transplantation
The first human small bowel transplant was in 1964
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Table 1 Intestinal transplantation indications
North American

European

Indications
Failure of home parenteral
nutrition (HPN)

Indication
Irreversible, benign, chronic
intestinal failure with no
possibility of bowel rehabilitation
associated with life threatening
complications of HPN
Individual case-by-case decision
for all patients

Impending or overt liver
failure

that having < 50 cm of remaining small bowel (RR = 7.7)
or an end-enterostomy (RR = 6.2) are associated with
worse survival[35,36].

[53,57,92,94]

Survival following intestinal transplantation
Survival following ITx (Table 2) currently appears worse
than for patients on HPN, with the American National
Registry reporting 1-, 3- and 5 year survivals of 77%,
61% and 51% for all primary adult ITxs (1987-2009; n =
687)[37]. The trouble with direct comparisons with HPN
survival data is, however, simple: the patient populations
differ, since only a minority on HPN and predominantly
those with established complications from HPN would
be considered to be transplant candidates. Series highlight
that graft and patient survival have improved considerably since earlier transplants; the American National Registry demonstrates a rise in 1-year survival from 69% in
1998 to 79% in 2007[38]. This improvement is particularly
evident in centres performing larger case volumes; for example, 5-year survival in Pittsburgh improved from 40%
in 1990-1994 to 68% in 2001-2003[19,39].
There are few survival data specific to adults with CD,
with only one multi-centre series (1987-2009; n = 86) reporting 1-, 3- and 5 year survivals of 79%, 53% and 43%
in patients with CD as the primary cause of IF[24]. As in
other series, 5-year survival from more recent procedures
(2001-2009) has increased (62% isolated ITx; 57% liverITx). Post-ITx survival in adults with CD therefore appears comparable to those of other diseases. As with
all patients, negative predictors for post-ITx survival in
CD include age > 40 years and hospitalization prior to
ITx[24,37]. Furthermore, although the presence of NOD2
mutations are associated with an increased risk of rejection, graft loss and death in all patients post-ITx, this effect is not specific to CD[40].

Central venous thrombosis of
≥ 2 central veins
Frequent and severe central
venous catheter-related sepsis
Frequent episodes of severe
Non-indications
High risk of death due to
dehydration despite
underlying disease
intravenous fluids in addition
to HPN
High risk of death attributable to Chronic dehydration
the underlying disease
Intra-abdominal invasive
Significantly impaired quality of
desmoids tumour
life
Congenital mucosal disorders
Ultra-short bowel syndrome
Intestinal failure with high
morbidity and low acceptance of
HPN
Need for frequent
hospitalisation, narcotic
addiction or inability to
function
Patient’s unwillingness to
accept long-term HPN

PATIENT SURVIVAL
Survival on home parenteral nutrition
HPN series provide survival information, although series
(Table 2) excluding cancer as a primary disease indication clearly have more relevance to IBD and ITx[14,30-32].
Of the latter, one series (1986-2001; n = 40) reported
1-, 3- and 5 year probability survivals on HPN of 97%,
82% and 67%[31]. Another study (1990-2006; n = 268)
excluding malignancy, but only including patients with
SBS, reported 1-, 5- and 10-year actuarial HPN survivals of 94%, 70% and 52%[30]. However, as 46% regained
nutritional independence, most within 1 year, and only
6% had CD, this study does not represent ITx candidates
or most patients with CD needing intravenous nutritional
support. Indeed another study (1979-2003; n = 188),
including 7% with malignancy (4% active neoplasia; 3%
desmoid), showed that patients with CD on HPN (n =
60) had a better 5-year probability survival than all other
patients (87% vs 77%)[33]. This is further supported by a
review of case series, which reported the 10-year survival
rate for patients with CD to be 88% in comparison to
62% for SBS due to other causes and 60% for pseudoobstruction[34]. Thus, in general, patients with CD have
the best probability of surviving long-term on HPN,
which may reflect their age or limited co-morbidity (compared, for example, with those with SBS from mesenteric
infarction). However, not all patients with CD have similar chances of long-term survival, as generic series show
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HOME PARENTERAL NUTRITION
COMPLICATIONS
Catheter-related complications
Complications (Table 3) including catheter-related blood
stream infections (CRBSI) and central venous thrombosis (CVT) are a significant cause of morbidity in patients
requiring HPN and form part of the indications for ITx
(Table 1).
Reported rates of CRBSI vary from 0.1/1000-2.41/1000
catheter days[41-43]. Centre practices may influence rates;
for example, increased use of lipid infusions or catheter
use for infusions other than PN, are associated with an
increase in CRBSI[44]. CD may also increase risk, with one
series of patients with CD describing 57% of patients
having at least one CRBSI within the 7.9 years follow-up,
and another series comparing patients with and without
CD, reporting an association between CD and infections,
attributed to immunosuppression and/or genetic immunodeficiency[5,45]. Most CRBSI are bacterial (some are
fungal) and remain a major concern, with between 4.5%
and 16% of all HPN deaths attributed to CRBSI[35,36,46]. It
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Table 2 Comparison of patient survival
1-yr
Home
parenteral
nutrition

Intestinal
transplantation

Series of 40 patients
excluding malignancy
(1986-2001)[31]
Series of 268 patients
with SBS and
excluding malignancy
(1990-2006)[30]
Patients with Crohn's
disease (CD) extracted
from multiple series[34]
Series of 60 patients
with CD (1979-2003)[33]
Series of 453 patients
(1990-2008)[39]
Series of 687 patients
(1987-2009)[37]
Series of 86 patients
with CD (1987-2009)[24]

Table 3 Potential complications of home parenteral nutrition
and intestinal transplantation
3-yr

97%

94%

5-yr

10-yr

82%

67%

70%

Home parenteral nutrition

52%

88%

87%
85%

61%

77%

61%

51%

79%

53%

43%

sis[51,52,54,55]. Careful PN lipid formulation certainly seems
to have a role in prevention and treatment[51,52,56].
Given its association with death, IFALD is an indication for ITx in most countries[53,57]. Patients with impending (raised bilirubin, progressive thrombocytopenia, or
splenomegaly) or overt liver failure (portal hypertension,
hepatosplenomegaly, fibrosis, or cirrhosis) should be considered for ITx[53,57]. Traditionally, stratification of waiting times for liver-ITx was influenced by the model for
end-stage liver disease (MELD), and paediatric version,
pediatric end-stage liver disease. However, deaths on the
waiting list in those awaiting combined liver-ITx were 8
times higher compared to liver alone[38]. As a result these
scores were adjusted to incorporate a sliding scale of
10% mortality at 3 mo. Over time this has reduced time
waiting for a transplant, increased the number of liverITx and narrowed the gap between the two groups in
both paediatric and adult populations[58]. In addition, the
MELD score and C-reactive protein have been shown
to be independent predictors of survival in IF and may
also be considered as reasons for early ITx assessment[59].
Future areas for research include algorithms that may
predict risk of developing IFALD. In reality, whilst liver
biopsy remains the gold standard for assessing hepatic
disease, non-invasive markers, such as Fibroscan®, are
gathering popularity. Rigorous data on its predictive value
are needed. If a Fibroscan® score equated to a level of
hepatic injury that in turn predicted the risk of IFALD,
then there would be a strong argument for tailoring lipid
exposure and total caloric intake to reduce this risk. As
yet there is insufficient evidence to justify its use as a
monitoring tool for patients on HPN.

42%

is however clear that meticulous patient and carer training
can achieve the very low CRBSI rates reported by some
centres[41,43].
Catheter-related CVT is less common than CRBSI,
with recent series reporting 0.06-0.16 episodes of
CVT/1000 d PN[33,43,47]. Nevertheless, at one centre, the
mean number of thrombosed central veins per patient
at the point of ITx assessment, was 1.495[48]. In an older
series of patients with CD on HPN (1987-2009; n =
86), 50% were reported to have exhausted vascular access[24]. This is clearly a concern for patients facing ITx,
where vascular access is of paramount importance. CVT
remains a prime consideration when determining an individual’s referral for ITx assessment[48,49].
Intestinal failure-associated liver disease
Intestinal failure-associated liver disease (IFALD) in children can be graded as early/mild, established/moderate
and late/severe based on biochemical, histological and
clinical parameters[50]. With late disease, clinical and radiological signs of liver failure are accompanied by extensive
hepatic fibrosis. IFALD incidence varies between centres,
with one series reporting no patient with a bilirubin > 50,
no decompensated liver disease or IFALD-related deaths
in 107 HPN patients over a median of 40 mo (range:
4-252 mo)[51]. Meanwhile, at the other extreme, another
series of 90 HPN patients (median HPN duration 49 mo,
range: 6-198 mo) reported complicated liver disease (as
defined by bilirubin > 60, decompensation or fibrosis/
cirrhosis on biopsy) in 50% of patients at 6 years; there
were 6 IFALD-related deaths in the latter series[52]. IFALD is associated with increased risk of death on HPN,
but in light of its variable frequency, mortality also differs
between centres (0%-22% of deaths)[51-53]. These differences may reflect differing HPN management decisions,
leading to variable exposure to risk factors, such as excess
calories (especially lipids), underlying diseases (e.g., bacterial overgrowth in CD) and recurrent episodes of sep-
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Intestinal transplantation

Catheter-related blood stream infection Allograft rejection
Catheter-related central venous
Infection
thrombosis
Intestinal failure-associated liver disease Graft vs host disease
Post-transplant
lymphoproliferative disease
Renal failure
Disease recurrence

Assessment tools
The Cambridge-Miami (CaMi) assessment tool has
undergone preliminary validation to predict ITx outcome according to an individual’s venous access and
co-morbidity[48,49]. It was developed as a pre-operative
scoring system to help quantify the likelihood of survival
after isolated ITx or as a composite graft, to help assess
patients. The score combines risk factors for early-, medium-, and long-term survival, including loss of venous
access and impairment of organs or systems not corrected by transplantation, each scored 0-3. Initial validation
examined the preoperative scores of 20 patients who had
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received intestinal transplants either isolated or as part of
a cluster graft, who had either been followed up postoperatively for at least 10 years, or died within 10 years and
compared with their survivals. A CaMi score < 3 was associated with survival ≥ 3 years (12/12 patients) and > 3
with survival < 6 mo (4/4). It is simple, disease-specific
and is undergoing prospective validation, but does not
examine QoL.

tions are the second commonest cause of graft failure,
accounting for 11% failures in a general ITx series
(1990-2008) and 18% (1987-2009) in a CD ITx series[24,39].
In one study 100 infections were reported in 19 ITx
recipients during a median 524 d (18 mo) follow-up, with
94% having at least one bacterial infection[63]. A larger
study (1994-2001; n = 124) reported 2.6 episodes/patient[64]. Bacterial infections are commonest, representing 61% of infections in one series, with septicaemia in
15%[64]. However, the risk of fatal bacterial infections has
declined following changes to immunosuppression regimes[39].
Viral infections, particularly cytomegalovirus (CMV)
and Epstein Barr virus (EBV), are potent causes of
post-ITx morbidity, but the risk is declining, with altered
immunosuppression regimes, viral monitoring and prophylaxis, and the matching of CMV donor to recipient
status[39,65,66]. In a recent series, (2001-2008; n = 322) 11%
of ITx recipients were infected but none died[39].

INTESTINAL TRANSPLANTATION
COMPLICATIONS
Post-ITx complications (Table 3) may result in graft failure or death. Graft failure leads to patients resuming HPN
and the need to consider re-transplantation, which has a
lower probability of success than the index transplant[37].
Graft failure is common, with reasons including allograft
rejection, graft-vs host disease (GVHD), infection, posttransplant lymphoproliferative disorder (PTLD), primary
non-function, or technical complications[39]. Most graft
failure occurs within the first few years. The North American Registry reported graft failure rates at 0.5-, 1-, 3- and
5 years of 16%, 26%, 46% and 48%[60]. Graft survival in
CD (2001-2009; n = 63) at 1-, 3- and 5 years is reported
to be 90%, 65% and 52% for isolated-intestinal grafts and
65%, 57% and 57% for liver-intestinal grafts[24]. Notably,
the reason why liver-ITx grafts in the latter series of CD
patients fared worse than in patients with other primary
disease remains unexplored.

Graft vs host disease
ITx recipients are at high risk of developing GVHD,
with one centre (1994-2007; n = 241) reporting GVHD
in 9% of recipients, with children being at greatest risk
(12.4% vs 4.6% adults, P = 0.05)[67]. Isolated ITx have a
lower risk than multivisceral grafts (4.4% vs 13.2%, P =
0.05). When GVHD does occur, it has a high mortality:
in one series (1990-2008; n = 500), 18% of those affected
died[39]. There are no data to show whether ITx recipients
with CD as the primary disease have an altered incidence
of GVHD.

Allograft rejection
Rejection occurs via an immune-mediated response,
which may be acute (cellular or vascular) or chronic[39].
Although the incidence of rejection has fallen with improvements to immunosuppressive regimes, it remains
a common problem. While not all episodes of rejection
result in graft loss, they are associated with substantial
morbidity[39]. Acute cellular rejection has been reported
to occur in 50%-75% intestinal transplants (1990-2008;
n = 500) varying, with immunosuppressive regime, while
acute vascular rejection occurred in 6% of isolated intestinal grafts (1990-2008; n = 215), of which 92% responded to treatment with anti-lymphocyte therapy[39]. Chronic
rejection occurred in 15% of all grafts (1990-2008; n
= 500), but as indicated above, liver-containing grafts
showed a significantly better chance of avoiding rejection
than liver-free grafts, presumably due to the transplanted
liver’s immune-protective properties[39,61]. In patients with
CD, acute rejection has been reported to be the commonest cause of graft failure in the first 3 mo (33%), while
chronic rejection was the commonest cause between 1-5
years (28%)[24].

Post-transplant lymphoproliferative disease
Immunosuppression increases the risk of malignancy (8.7
times higher than general population), with the commonest being PTLD, which is associated with 1% of graft
failures (2001-2008) and a high mortality (29% affected
died; 1990-1995)[39,68,69]. Recipients may be affected early
or late following ITx, as shown by rates of 2.5%, 5.3%,
7.2%, 8.2% and 10.2% at 0.5-, 1-, 2-, 3- and 5 years postITx in one series (2005-2009)[60]. Risk factors include
EBV infection, which is present in 97%, immunosuppression and splenectomy[39]. CD has not been investigated as a risk factor for PTLD.
Renal failure
Renal dysfunction is common in patients requiring HPN
due to chronic dehydration from SBS and oxalate nephropathy, associated with jejuno-colonic anastomoses
that are not uncommonly formed following CD resection.
Although recurrent episodes of dehydration may be considered an indication for ITx, the actuarial incidence of
significant renal dysfunction as a referral criterion for ITx
(usually including multivisceral transplant) is uncommon[53].
The risk of chronic renal failure is higher following
ITx than in patients remaining on HPN[70]. In the first
year following ITx, 80% of adults experience an episode
of acute kidney injury[71]. Isolated small intestinal recipi-

Infection
Immunosuppression minimises rejection, but renders
recipients vulnerable to environmental and donor infections, with resultant morbidity and mortality[62]. Infec-
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ents have a significant decline in renal function at 1 year,
but multivisceral recipients do not, which may relate to
their differing immunosuppressive regimes, since high
dose tacrolimus is a risk factor[71-73]. At one centre, 9%
of surviving adult recipients required renal replacement
therapy during a median follow-up of 7.6 years, with 50%
attending for dialysis and 50% undergoing renal transplant[74]. Furthermore, renal dysfunction at 1 year is a risk
factor for mortality[72]. Whether or not patients with CD
undergoing ITx have an increased risk of renal impairment due to oxalate exposure or other factors remains
unexplored.

However, ITx recipients scored worse for sleeping pattern. Another study using SF-36, compared ITx recipients with patients stable on HPN and those with complicated IF on HPN, who were defined as those referred
for ITx but who remained on HPN for whatever reason.
Better QoL in ITx recipients and patients stable on HPN
was reported than in those with complicated IF on HPN,
suggesting that the benefit of ITx over HPN is limited to
selected patients[85]. This is to be expected, since patients
on stable HPN not being considered for ITx cannot
reasonably be compared to ITx. Another study, limited
by low numbers from a single centre in the comparator
group, compared QoL in those transplanted with those
on stable HPN and found no difference between preITx and stable HPN, but a significantly higher QoL score
post-ITx[78]. Since all these studies were small (n = 55, 22
and 59) and included patients who had undergone a variety of grafts for differing indications and at varying intervals, larger prospective assessments with disease specific
tools are needed to confirm these findings, before QoL
can be used to guide ITx decision-making. The optimal
study would compare outcomes of those undergoing ITx
for HPN failure compared to those with poor QoL at
risk of HPN failure[78]. No studies have examined QoL
pre- and post-ITx in patients with IBD.

Disease recurrence
Patients may view ITx as a cure for CD and, theoretically, donor graft genetics may reduce the risk of CD
recurrence. However, case reports describe 2 patients,
transplanted in 1994, who later developed clinical and
histological recurrence (7 mo and 8 years post-ITx)[75,76].
In another series, up to 19% of ITx survivors with initial
CD had a recurrence suggested on routine histological assessment, but this did not affect graft function[74].
Similarly, another small study reported asymptomatic CD
recurrence in 50% (2/4) of patients, which was evident
only on mucosal biopsy specimens (granulomatous enteritis)[77]. Patients should therefore be advised that CD
may reoccur in the grafted tissue, but that this may not
manifest clinically, perhaps due to the effects of post-ITx
immunosuppression.

ECONOMIC CONSIDERATIONS
Both HPN and ITx impose financial burdens on the
healthcare system and the patient. HPN cost estimates
differ between countries and health services. In North
America, HPN is estimated to cost $64000/year[86]. In
the United Kingdom, HPN costs £30-40000/year, for 5
d/wk if self-caring, or £55-65000/year if requiring nursing support[87]. ITx in the United Kingdom is estimated
to cost £80000 in the first year, followed by £5000 annually. Thus, assuming no complications arise, ITx should
be cost-effective after 2 years[88]. Another European
group drew similar conclusions when they reported an
initial HPN fee of €9006, followed by €63000 annually,
compared to €73000 initially for ITx followed by €13000
annually[89].
HPN and ITx both affect an individual’s economic
situation. In some countries, patients are liable for a proportion of their healthcare cost, which places pressure on
the patient to be in gainful employment. Assessment of
employment status has been studied, but heterogeneity
of the studies has produced variable data. For example, a
recent review of QoL found that the employment rate after commencing HPN was 0%-52%[90]. In contrast, in the
last 500 transplants from Pittsburgh, 31% of their 151
adult patients were in employment or education[39]. At a
subsequent paper assessing long-term outcomes, of their
surviving adult patients, 41 (35%) were in employment[74].
The only comparative study between HPN and ITx was a
cross-sectional study, where demographic data in a QoL
study reported 56% (6% unemployed) of ITx recipients
in part or full-time employment, compared to 30% (52%

QUALITY OF LIFE
Generic and disease-orientated tools exist for the assessment of QoL. Generic tools completed by patients on
HPN and/or following ITx include the SF-36, Karnofsky
performance score and QoL Inventory[74,78-80]. The value
of generic tools, including EQ5D (EuroQol) which is used
by National Institute of Clinical Excellence to calculate
quality-adjusted life years, is that they are validated in many
diseases, allowing comparisons with QoL in other chronic
conditions, and in many languages[81]. Their disadvantage is
that they give little weight to disease-specific factors, such
as a stoma or need for parenteral fluids. Disease-orientated
tools have been developed, including both the Short
Bowel Syndrome-Quality of Life Scale for patients with
SBS and the HPN-QoL, for patients with IF on HPN[82,83],
which has been partially validated. An adapted version of
the HPN-QoL has been used post-ITx[84].
Quality of life on home parenteral nutrition vs intestinal
transplantation
The SF-36 and an adapted version of HPN-QoL have
been used to compare patients on HPN and following
ITx. One study using the adapted HPN-QoL, found ITx
recipients scored statistically better for ability to holiday/
travel, fatigue, gastrointestinal symptoms, stoma management/bowel movements and global health status/quality
of life and non-significantly better for eating ability[84].
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unemployed) of patients on HPN (P = 0.013)[84].

from the International Intestinal Transplant registry demonstrate improved graft survival in centres performing
more cases[19,93]. This trans-Atlantic debate remains unresolved, with Pironi and colleagues pointing out that some
European ITx candidates (catheter complications and
ultra-short bowel) had comparable survival figures on
HPN and post-ITx to those of equivalent Pittsburgh ITx
recipients[93]. A key point when considering the risks and
benefits of ITx vs HPN is that while ITx centre experience and/or outcomes may vary, the same is equally true
of HPN experience and outcome. As earlier indicated,
quality HPN outcomes such as the incidence of IFALD
and catheter-related complications, vary appreciably between different HPN centres[34,36,42,51,52]. Consequently,
while ITx survival is likely to continue to improve and
indications for ITx will shift as experience evolves, it is
also essential that patients with type 3 IF are managed in
expert IF centres with optimal HPN quality outcomes[53].

INDICATIONS FOR INTESTINAL
TRANSPLANTATION
Decisions regarding the role of ITx vs HPN in type 3 IF
necessarily consider many factors. Guidelines produced
by the American Society of Transplantation (AST) (Table
1) are based on the premise that HPN still offers patients
the best chance of long-term survival. Current guidelines
therefore state that ITx should only be considered for patients with complications associated with HPN[57]. These
vary, ranging from life-threatening IFALD, recurrent
CRBSI or limited venous access from CVT. Notwithstanding limited evidence of benefit, QoL can be included in the decision-making process. Thus, of these indications, HPN failure is the commonest (62%), followed
by risk of death from underlying disease (26%) and high
morbidity IF or low acceptance of HPN (12%)[91]. More
recent European guidelines suggest that indications for
ITx should be restricted to complications associated with
a higher mortality and do not support ITx for indications
such as chronic dehydration or poor QoL[92]. Further to
evaluate the indications, Pironi and colleagues recently
carried out a multi-centre, 5-year prospective followup of 545 European patients with type 3 IF, stable on
HPN; patients were divided into two groups based on
their candidacy for ITx according to AST criteria (Table
1). Within these groups, only those with desmoids or
IFALD were associated with an increased risk of death
on HPN, leading the authors to suggest that early referral for ITx should be mandatory for patients with these
conditions. By contrast, patients with central venous
catheter (CVC) complications or ultra-short bowel did
not have an increased risk of death on HPN. Since there
was no difference in survival in these groups whether
they were transplanted or not, the authors concluded that
CVC complications and ultra-short bowel be considered
indications for ITx on a case-by-case basis. Notably, no
patient who was considered to be an ITx candidate as a
result of poor QoL or chronic dehydration actually died
whilst remaining on HPN. The authors therefore concluded that these complications should not be considered
an indication for ITx. Relatively few patients of the entire
cohort underwent a transplant (n = 22), with a 5-year
mortality rate of 54%. All deaths in transplanted patients
were related to the transplant itself or to complications
resulting from immunosuppression.
After this paper the European Society of Parenteral
and Enteral Nutrition suggested that – at least in Europe
– indications for ITx should be restricted (summarised in
Table 1). This conclusion has been questioned by North
American colleagues among others, who highlighted that
the relatively poor survival rate of transplanted European
patients, compared to 75% 5-year survival in a larger (n
= 182) North American series over the same period[93].
Indeed, it has been suggested that the poor European
survival may relate to inadequate experience, since data
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CONCLUSION
Current management options for patients with irreversible IF secondary to IBD are HPN and ITx. For most
patients, HPN has the more favourable survival and complication profile, but for selected patients, such as those
with IFALD or specific catheter-related complications,
ITx may offer better survival. As experience and outcomes in ITx improve, indications for ITx will no doubt
widen. In the meantime, further work into tailoring the
indications for ITx to individual patients will facilitate
better selection. Since patients with CD have one of the
better outcomes on HPN, the future use of tools such
as CaMi, along with tailoring selection based on the predicted survival on HPN according to the primary disease
aetiology, will facilitate patients’ choice between ITx and
HPN.
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Microscopic features of colorectal neoplasia in inflammatory
bowel diseases
Aude Bressenot, Virginie Cahn, Silvio Danese, Laurent Peyrin-Biroulet
combination of cytologic (nuclear and cytoplasmic) and
architectural aberrations of the crypt epithelium. Immunohistochemical and molecular markers for dysplasia
are reviewed and may help with dysplasia diagnosis,
although diagnosis is essentially based on morphological criteria. The clinical, epidemiologic, and pathologic
characteristics of IBD-related cancers are, in many
aspects, different from those that occur sporadically in
the general population. Herein, we summarize macroscopic and microscopic features of IBD-related colorectal carcinoma.
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Core tip: The risk of developing dysplasia leading to
colorectal cancer is increased in both ulcerative colitis
and Crohn’s disease. The biopsy interpretations will
guide decision making in clinical practice: colonoscopic
surveillance or surgical management. This review summarizes histological features of dysplasia and colorectal
cancer in inflammatory bowel disease.

Abstract
The risk of developing dysplasia leading to colorectal
cancer (CRC) is increased in both ulcerative colitis and
Crohn’s disease. The prognosis of CRC may be poorer
in patients with inflammatory bowel disease (IBD) than
in those without IBD. Most CRCs, in general, develop
from a dysplastic precursor lesion. The interpretation
by the pathologist of the biopsy will guide decision
making in clinical practice: colonoscopic surveillance or
surgical management. This review summarizes features
of dysplasia (or intraepithelial neoplasia) with macroscopic and microscopic characteristics. From an endoscopic (gross) point of view, dysplasia may be classified
as flat or elevated (raised); from a histological point of
view, dysplasia is separated into 3 distinct categories:
negative for dysplasia, indefinite for dysplasia, and
positive for dysplasia with low- or high-grade dysplasia.
The morphologic criteria for dysplasia are based on a
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INTRODUCTION
The most common types of inflammatory bowel disease
(IBD) are ulcerative colitis (UC) and Crohn’s disease (CD).
The risk of colorectal cancer is increased in both UC[1]
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and CD[2,3]. The prognosis of colorectal cancer (CRC)
may be poorer in patients with IBD than in those without
IBD[4]. It is the pathologist’s biopsy interpretations that
guide the management of patients during surveillance[5].
Pathologic interpretation of specimens for evaluation of
dysplasia constitutes a critical step in endoscopic surveillance programs or surgery. Ultimately, it is the pathologist’s interpretation of mucosal biopsy specimens that
distinguishes high-risk from low-risk populations and
triggers recommendations for either continued surveillance or surgery. Thus, an accurate diagnosis of dysplasia
(or intraepithelial neoplasia) is the most important step in
the surveillance process.
We review here the pathological characteristics of
IBD-related colorectal cancer and dysplasia.

Table 1 Vienna classification of gastrointestinal epithelial
neoplasia
Category
1
2
3
4

5

Invasive neoplasia
Intramucosal carcinoma2
Submucosal carcinoma or beyond

Reproduced from Schlemper et al[94]. 1Non-invasive indicates absence of
evident invasion; 2Intramucosal indicates invasion into the lamina propria
or muscularis mucosae.

Dysplasia (intraepithelial neoplasia) in IBD
Most CRCs, in general, develop from a dysplasic precursor lesion. Patients with IBD develop dysplastic lesions
that can be polypoid, flat, localized, or multifocal [6].
Colorectal dysplasia may be defined as an unequivocal
neoplastic alteration of the intestinal epithelium that remains restricted within the basement membrane within
which it originated[7]. It is synonymous with the term
intraepithelial neoplasia adopted by the World Health Organization and Vienna nomenclature systems (Table 1) for
gastrointestinal neoplasia[5].

chitectural disarray[18], villous architecture, and inflammation[19], but these criteria have not been evaluated
longitudinally and have so far lacked the statistical power
to guide the management of patients with raised dysplasia[10,18,19].
Dysplastic polyps that are either encountered in nondiseased areas of the colorectum, for example, proximal
to the transition zone in UC[20], or have a non dysplastic
pedicle[19,21,22], are considered to be sporadic adenomas
unrelated to the colitis and are managed accordingly.
The endoscopic, histologic, and prognostic similarities
between adenoma-like polyps in IBD and sporadic adenomatous polyps suggest that some, if not all, of the
former are merely fortuitous adenomas, a conclusion that
is also supported by limited molecular-based evidence[23].
Follow-up studies after their endoscopic removal have
reported no significant excess risk for the development
of CRC[24-28]. This favorable outlook is maintained even
when the resected polyps contain HGD[28,29]. Adenomalike lesions can be adequately treated by polypectomy
provided the lesion can be completely excised, shows the
absence of dysplasia at the margins of the specimen, and
there is no evidence of flat dysplasia elsewhere in the
colon, either adjacent to, or distant from, the raised lesion[12].
Kisiel et al[30] showed that, while polypectomy may be
safe for the management of adenomas occurring in most
UC patients, the 5-years cumulative incidence of a combined endpoint (cancer or flat dysplasia) was 13%. Such
patients should be followed closely.

ULCERATIVE COLITIS
Macroscopic classification of dysplasia
From an endoscopic (gross) point of view, dysplasia may
be classified as flat or elevated (raised)[8-11]. Flat dysplasia
refers to endoscopically undetectable lesions, whereas
raised dysplasia refers to any type of endoscopically detectable lesion[12].
Raised dysplasia: Endoscopically visible dysplastic
raised lesions within an area affected by UC can be divided in adenoma-like and non-adenoma-like lesions on
the basis of their macroscopic characteristics[12]. Raised
lesions with dysplasia in UC have been broadly separated into those that appear similar to non-IBD related
sporadic adenomas, referred to as “adenoma like” and
those which do not resemble adenomas: “non-adenomalike (the former term “DALM”)[13]. Adenoma-like RLDs
represent well circumscribed, smooth or papillary, nonnecrotic, sessile, or pedunculated polyps that are usually
amenable to removal by routine endoscopic methods[13,14].
Non-adenoma-like lesions include velvety patches,
plaques, irregular bumps and nodules, wart-like thickenings, stricturing lesions, and broad-based masses[9,15-17]
and are not usually amenable to removal by colonoscopic
polypectomy. Non-adenoma, and adenoma like RLDs
are differentiated on the basis of their gross (endoscopic)
appearance. Histologic comparaisons of individual morphologic features in DALMs and adenoma-like dysplastic
polyps have indicated that DALMs show increased ar-
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Negative for neoplasia/dysplasia
Indefinite for neoplasia/dysplasia
Non-invasive low-grade neoplasia (low-grade adenoma/
dysplasia)
Non-invasive high-grade neoplasia
High-grade adenoma/dysplasia
Non-invasive carcinoma (carcinoma in situ)1
Suspicion of invasive carcinoma

Flat dysplasia: Flat dysplasia refers to dysplasia that is
detected unexpectedly in random biopsies of mucosa
without a corresponding macroscopic lesion, although
occult dysplasia is a more suitable term considering that
small or subtle raised lesions might easily go unnoticed in
the inflammatory background of IBD[31]. Retrospective
endoscopic studies have suggested that most dysplastic
lesions are in fact endoscopically visible. On the basis of
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the number, location, and shape (normal or dystrophic)
of goblet cells; and the presence or absence of surface
maturation, which is defined as the progressive acquisition of cytoplasmic mucin, a decrease in the size of nuclei, and the degree of stratification of the cells, from the
crypt base to the mucosal surface. Architectural features
that are important for the determination of dysplasia
include villiform change of the epithelium and the presence or absence and degree of crypt budding, branching,
and crowding; the latter is referred to commonly as a
“back-to-back” glandular growth pattern. In addition, the
contour of the crypts, the degree of irregularity, and the
presence or absence of intraluminal bridges (“cribriforming”) are important architectural features that are used to
evaluate dysplasia in IBD[39].

Table 2 Biopsy classification of dysplasia in inflammatory
bowel disease
Negative for dysplasia

Positive for dysplasia

Normal mucosa
Inactive (quiescent) colitis
Active colitis

Low-grade dysplasia
High-grade dysplasia

a review of random and targeted surveillance biopsies in
525 subjects with UC during a period of 15 years, Rutter
et al[9] reported that 85 of 110 (77.3%) biopsy specimens
of dysplasia or cancer corresponded to macroscopically
visible lesions, whereas 25 (22.7%) were invisible. Similarly, on the basis of a review of surveillance biopsies in
46 subjects with UC during a period of 10 years, Rubin et
al[32] reported that 38 of 65 dysplastic lesions (58.5%) and
8 of 10 cancers (80.0%) were visible as 23 polyps and
masses, 1 stricture, and 22 mucosal irregularities. Only
some of the dysplastic lesions described as flat by endoscopists correspond to expanded mucosa resembling diminutive adenomatous polyps, whereas most correspond
to histologically flat mucosa in which the crypts have
been colonized by dysplastic epithelium, without alteration of the overall mucosal architecture.

Negative for dysplasia: “Negative for dysplasia” applies
to epithelium that is regenerative in nature. In the presence of active inflammation, cryptitis, crypt abscesses, or
ulceration, all of which are common in the active phase
of IBD, the epithelium can undergo marked reactive
changes that, in some circumstances, may mimic some of
the “atypical” features of dysplasia. In general, nondysplastic (“reactive”) epithelium in IBD exhibits only mild
or moderate cytologic atypia coupled with preservation
of crypt architecture; however, a significant degree of
atypia may be present in markedly reactive epithelium
adjacent to ulcerated mucosa, an area in which the architecture of the crypts may be altered as well. One of the
hallmarks of reactive crypts is a base-to-surface epithelial
maturation gradient in which phenotypically immature,
mitotically active, basal colonocytes differentiate into mature surface cells, featuring small, normochromatic nuclei,
distinct absorptive and goblet cell phenotypes, and absent
mitoses[5]. Pathologists need to exercise caution when
evaluating dysplasia in ulcerated mucosa, and these areas
should be avoided by the endoscopist when obtaining
mucosal biopsies. Given the subtle gradation of changes,
the progressive acquisition of molecular mutations that
occurs in the progression of dysplasia in IBD[38,40,41], and
the wide range of morphologic patterns of atypia that is
related to epithelial regeneration and repair, regenerating
epithelium, particularly in the setting of active inflammation or ulceration, may reveal a level of atypia that occasionally is difficult to distinguish from true dysplasia[41]. In
these situations, pathologists use the “indefinite for dysplasia” diagnostic category. In reality, this diagnostic category is used most often as a result of one of the following circumstances: the presence of technical (tangential
sectioning) or staining issues that makes interpretation of
cytologic or architectural features difficult, atypia related
to inflammation or ulceration, or for the rare instances in
which dysplasia-like changes are present only in the crypt
bases. Naturally, the frequency of the use of this diagnostic category is directly proportional to the “comfort”
level and experience of the reviewing pathologist, and
is one of the reasons why it is highly recommended to
confirm any potential diagnosis of dysplasia with at least

Microscopic classification
Currently, dysplasia is separated into 3 distinct categories:
negative for dysplasia, indefinite for dysplasia, and positive for dysplasia (low or high grade) (Table 2)[7]. While
endeavouring to minimize disagreement in both terminology and interpretation, rates of agreement using this
grading system are only fair among both expert and community pathologists[33]. Crude rates of agreement among
experts have ranged from 42% to 72%; kappa values,
where there is a correction for chance agreement, have
remained fair for both experts and community pathologists[33-36]. Unfortunately, rates of agreement are lowest
for the indefinite for dysplasia and low-grade dysplasia
categories[24,33]. Based on these data, the CCFA consensus
guidelines and the United States Multisociety Task Force
strongly recommend that a second examination of the
biopsies should be performed by an independent pathology expert prior to definitive treatment[21,37].
The morphologic criteria for dysplasia are based on a
combination of cytologic (nuclear and cytoplasmic) and
architectural aberrations of the crypt epithelium[7,19,38].
Cytologic features that pathologists use to evaluate the
presence or absence and degree of dysplasia include the
nuclear/cytoplasmic (N/C) ratio of the cells; loss of cell
polarity; an increase in the number and location of mitoses (typical and atypical); the degree of nuclear stratification within the epithelium; the degree of chromasia of
the nuclei (an increase is referred to as “hyperchromasia”);
the presence, size, and multiplicity of nucleoli; the size
and regularity (or lack thereof) of the contour of nuclei;
and the variation in the size and shape of nuclei between
different cells (nuclear pleomorphism). Cytoplasmic
characteristics include the degree of mucinous depletion;
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A

C

75 mm

50 mm

B

D

25 mm

25 mm

Figure 1 Microscopic features of dysplasia in ulcerative colitis. A: A minor degree of architectural aberration may occur in low-grade dysplasia (HE stain, × 100); B:
Low-grade dysplasia is characterized by epithelium that contains cells with significant nuclear hyperchromaticity, enlargement, and elongation. The cytoplasm is mucin
depleted, and, as a result, is hypereosinophilic (HE stain, × 200); C: The degree of architectural aberration is more prominent in high-grade dysplasia. Architectural
aberrations, such as a complex crypt branching, or a back-to-back growth pattern that is characterized by dysplastic crypts that show little or no intervening lamina
propria, also may be present (HE stain, × 400); D: Full-thickness nuclear stratification, significant loss of cell polarity, nuclear pleomorphism are characteristic features
of high-grade dysplasia (HE stain, × 400).

one other experienced IBD pathologist before definitive
treatment[21,38].

ration is more prominent (Figure 1C). Cytologically, fullthickness nuclear stratification, significant loss of cell
polarity, nuclear pleomorphism, and an increase in the
number of normal appearing and atypical mitoses, often
at the level of the surface epithelium, are characteristic
features of high-grade dysplasia (Figure 1D). In some
instances, high-grade nuclei are more round or oval in
contour, and also show a higher N/C ratio. Architectural
aberrations, such as a complex crypt budding or branching, or a back-to-back growth pattern that is characterized by dysplastic crypts that show little or no intervening
lamina propria, may also be present (Figure 1C). Cystic
change, villiform surface change, and cribriforming are
also features of high-grade dysplasia[42-44].

Low-grade dysplasia: Low-grade dysplasia is characterized by epithelium that contains cells with significant
nuclear hyperchromaticity, enlargement, and elongation;
the last is referred to as “pencil-shaped” or “adenomatous” nuclei. Nuclei in low-grade dysplasia often show a
clumped chromatin pattern, multiple nucleoli, or a single
large nucleolus. Typically, the cytoplasm is mucin depleted, and, as a result, is hypereosinophilic. A decrease in
the number of goblet cells and unusually oriented goblet
cells, referred to as “dystrophic” goblet cells, may also be
observed (Figure 1B). Dysplastic cells are usually organized in a stratified manner, but in general, the nuclei are
limited to the basal half of the cell cytoplasm, without
full thickness stratification. Mitotic figures may be prominent, but there are only usually a few atypical mitotic
figures. Most importantly, dysplastic epithelium usually
does not show surface maturation, except in rare circumstances. A minor degree of architectural aberration may
occur in low-grade dysplasia (Figure 1A), but significant
architectural aberration is normally diagnostic of highgrade dysplasia (Figure 1C)[39].

Immunohistochemical or molecular markers of dysplasia: Many studies have been published in an effort to
help identify sensitive and specific immunohistochemical
or molecular markers that may aid in the differentiation
of dysplastic from reactive epithelium in IBD. p53 and
Ki67 have been studied the most extensively. Most of
the markers that were evaluated previously have been
linked, in some capacity, to the development of cancer,
and include those involved in control of cell proliferation
(e.g., Ki67, cyclin D1), intercellular adhesion (β-catenin,
e-cadherin), DNA content, mucin or glycoprotein histochemistry, and tumor suppression (p53)[40,45-59].

High-grade dysplasia: With progression to high-grade
dysplasia, the degree of cytologic or architectural aber-
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The p53 gene shows an increase in the frequency
of mutations in the dysplasia-carcinoma progression in
IBD[45-51]. p53 is a common early mutation in the dysplasia-carcinoma sequence in IBD, and, as a result, many
investigators have evaluated the role of p53 in helping
to differentiate reactive from dysplastic epithelium. For
instance, in a study by Wong et al[45], a moderate degree
of p53 staining was detected in almost 50% of reactive
cases, but strong p53 staining was seen only in cases of
true dysplasia. Unfortunately, although p53 expression
increases progressively from low- to high-grade dysplasia
and carcinoma, some studies showed that the epithelium
that is considered indefinite, or even negative, for dysplasia, may be p53 positive; this diminishes its usefulness
as a marker of true dysplasia[42,45,47]. Furthermore, p53
overexpression can be detected in a small proportion of
cases that are considered morphologically negative for
dysplasia[45,47,49,50]. In addition, several studies in other tissues have revealed a high rate of false-positive staining in
the absence of p53 mutations, and a high frequency of
false-negative staining as well[60,61]. Nonspecific binding
of p53 to non-p53 mutation-related antigens may also
lead to false-positive results. Furthermore, p53 results
may vary substantially depending on the specific type of
antibody used. For instance, some p53 mutations result in
the production of a protein that does not bind to some
antibodies that are directed against the wild-type protein.
Finally, there is no known antibody, or combination of
antibodies, in use that can detect all p53 mutations[60]. For
these reasons, p53 immunostaining is not routinely used
but can be helpful in rare cases to differentiate reactive
from dysplastic epithelium in IBD.
Several studies showed that dysplasia expresses markers of cell proliferation at higher levels in the crypt, and
in the surface epithelium, compared with biopsies that
are considered negative for dysplasia[45,46,58]. Unfortunately, there is much overlap between reactive epithelium and
dysplasia in this regard, so evaluation of cell proliferation
is not useful in individual cases to distinguish these lesions.
Recently, immunostaining for alpha-methylocyl-CoA
racemase (AMACR), an antibody that is often used in
the assessment of diagnostically difficult atypical, and
potentially neoplastic, lesions of the prostate, was shown
to have a high degree of specificity for detection of
dysplasia in the GI tract, such as in Barrett’s esophagus
and IBD[62]. In this recent study by Dorer and Odze[62],
AMACR was not expressed in any mucosal biopsy in UC
that was considered negative for dysplasia; however, it
was increased significantly in foci of low-grade dysplasia
(96%), high-grade dysplasia (80%), and adenocarcinoma
(71%) with a specificity for neoplasia of 100%. Thus,
AMACR is a new, potentially useful immunohistochemical marker that pathologists may use in their arsenal when
trying to differentiate reactive from dysplastic epithelium
in IBD. More recently, Chen et al[63] showed that Chitinase
3-like-1 may contribute to the proliferation, migration
and neoplastic progression of colonic epithelial cells
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under inflammatory conditions and could be a useful
biomarker for neoplastic changes in patients with IBD.
More recently, Ludwig et al[64] show that PDCD4 nuclear
expression may be usefully applied as ancillary marker in
the histological assessment of IBD-associated dysplastic
lesions.
Overall, dysplasia diagnosis is essentially based on
morphological criteria.
Crohn disease
Less studied than in UC, dysplasia in CD occurs more
often in areas close to, rather than distant from, the primary tumor mass. Dysplasia in CD is often multifocal[65].
In a study by Sigel et al[66], dysplasia was found adjacent to
carcinoma in 87% of cases and distant from carcinoma
in 41% of cases. Microscopic features that are used for a
diagnosis of dysplasia (or intraepithelial neoplasia) in CD
are the same that those used in UC dysplasia.
Colorectal carcinoma in inflammatory bowel disease
The clinical, epidemiologic, and pathologic characteristics
of IBD-related cancers are, in many aspects, different
from those that occur sporadically in the general population. For instance, cancers that occur in IBD, and particularly UC, tend to be distributed more evenly throughout
the length of colon, are more likely to be multiple in
number and tend to be of higher histologic grade than
with sporadic carcinomas[67]. In some studies, up to 27%
of IBD-related cancers are multiple in number[68,69]. In
addition, there is a higher prevalence of mucinous carcinomas in IBD[67,70,71]. More recently, there has been a shift
to a higher incidence of early-stage tumors (stage Ⅰ-Ⅱ)
compared with IBD-related cancers from previous decades[41,67,68]. Contemporary studies show that 50%-60% of
newly diagnosed IBD-related cancers are stages Ⅰ or Ⅱ.
Of course, this may be due to a combination of many
factors, such as an increased level of awareness and early
detection by colonoscopic surveillance. In one study, by
Delaunoit et al[67], of 290 patients who had IBD (241 with
UC and 49 with CD) and an equal number of age- and
sex-matched patients who had sporadic colorectal cancer,
UC-related carcinomas were diagnosed at a younger age
and tended to be distributed more evenly in the colon,
compared with sporadic tumors.
Macroscopic features
Pathologically, IBD-related tumors often grow in a more
diffuse fashion than sporadic cancers, and may be more
difficult to detect grossly because they may be raised only
minimally above the level of the surrounding mucosa[41,67].
The gross appearance of cancers in IBD is heterogenous.
They may be strictured, ulcerated, irregular, polypoid
(pedunculated or sessile), or nodular or they may appear
as an irregular plaque or bump[41,71]. Some tumors may be
entirely microscopic, without any grossly evident mucosal
abnormality[17,72]. A disproportionately higher percentage
of cancers in IBD, including UC, occurs in strictured segments of colon[73,74].
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Microscopic features
Microscopically, most IBD-related carcinomas are adenocarcinomas. Mucinous carcinomas make up a high
proportion, up to 50% in some studies[40]. In addition,
signet ring cell adenocarcinomas are 10 times more common in IBD than in the general population[41,75]. Rarely,
IBD-related adenocarcinomas may be extremely well
differentiated and consist of widely separated, regularly
arranged, bland-appearing glandular profiles that contain
only mildly atypical unilayered neoplastic epithelium with
low-grade cytologic atypia, and without desmoplasia[41,76].
These tumors may arise from mucosa that shows little
or no definite evidence of dysplasia. Other types of carcinomas, such as neuroendocrine carcinomas, mixed adenocarcinoma/squamous cell carcinoma, undifferentiated
carcinoma, and even pure squamous cell carcinoma (particularly in the distal rectum and anal canal in CD), have
been encountered in IBD; some occur with increased frequency[40,41,73-83]. However, these tumors are rare and are
often reported as single case reports or as small series.

ing carcinoma is related to the extent of the patient’s disease (pancolitis vs left-sided disease), duration of disease,
and level of activity. In IBD there is abundant evidence
to support the theory that cancer develops through an
inflammation-dysplasia-carcinoma sequence. Several
molecular events involved in the chronic active inflammatory process contribute to multistage progression of
carcinoma development. Morphologic identification of
dysplasia in IBD is the best and most reliable marker of
an increased risk for malignancy. Future advances in, for
example, stool DNA assays or the use of confocal endomicroscopy or endoscopic ultrasound may help in the
identification of high risk patients and the assessment of
dysplasic lesion[11].
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Core tip: Inflammatory bowel diseases (IBD) patients
have an increased risk of venous thromboembolism
(VTE) that represents a significant cause of morbidity and mortality. The prevention of VTE involves the
correction of modifiable risk factors, such as: disease
activity, vitamin deficiency, dehydration and prolonged
immobilization. Essential is also the role of mechanical and pharmacological prophylaxis. However, thromboprophylaxis in IBD patients, although guidelinerecommended is still poorly implemented because
of concerns about its safety and, over all, the lack of
awareness of the magnitude of thrombotic risk in these
patients. Further efforts are required to increase the
rate of pharmacological prevention of VTE in IBD so to
avoid some preventable morbidity and mortality.

Abstract
Inflammatory bowel disease (IBD) patients have an increased risk of venous thromboembolism (VTE), which
represents a significant cause of morbidity and mortality. The most common sites of VTE in IBD patients
are the deep veins of the legs and pulmonary system,
followed by the portal and mesenteric veins. However,
other sites may also be involved, such as the cerebrovascular and retinal veins. The aetiology of VTE is
multifactorial, including both inherited and acquired risk
factors that, when simultaneously present, multiply the
risk to the patient. VTE prevention involves correcting
modifiable risk factors, such as disease activity, vitamin
deficiency, dehydration and prolonged immobilisation.
The role of mechanical and pharmacological prophylaxis
against VTE using anticoagulants is also crucial. However, although guidelines recommend thromboprophylaxis for IBD patients, this method is still poorly implemented because of concerns about its safety and a lack
of awareness of the magnitude of thrombotic risk in
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INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’s dis-
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ease (CD) and ulcerative colitis (UC), are chronic disorders that predominantly affect the bowel; however, IBD
can also be associated with numerous extraintestinal complications. Among these complications, venous thromboembolism (VTE) is particularly important, due to both its
high prevalence and its significant morbidity and mortality[1-9]. However, despite extensive evidence supporting
the association between IBD and VTE, among physicians, there is still a lack of recognition of this risk, with
dangerous consequences for patients[8,10]. Thus, the aim
of this review is to summarise the most recent evidence
regarding the prevention and treatment of VTE in IBD
patients in light of the newest epidemiological data on
this feared association.

United Kingdom primary care General Practice Research
Database, only cancer and heart failure carried a greater
risk of VTE than IBD did[12]. Interestingly, another study
reported that the RR of VTE in pregnant females with
IBD was even greater than in pregnant females without
IBD with an OR of 8.44 (95%CI: 3.71-19.20) for UC and
6.12 (95%CI: 2.91-12.9) for CD[13]. Regarding the mortality rate in patients with IBD and VTE, the existing data
indicate, significant 2.5-fold-increased odds of mortality
associated with VTE-related hospitalisations compared
with non-VTE-related hospitalisations[8]. In addition, a
revisit of a series of 98 IBD patients with VTE evaluated
at the Mayo Clinic over a decade (1990-2000) reported a
22% mortality rate[6], which is similar to the 18% mortality rate that was reported in a cohort of IBD patients
with VTE two decades earlier at the same institution[9].

EPIDEMIOLOGY AND CLINICAL
FEATURES OF VTE IN IBD PATIENTS

VTE location
VTE occurs primarily in the deep veins of the legs and in
the pulmonary system and, less frequently, in the cerebrovascular system, portal vein, retinal vein, and mesenteric
veins (Figure 1)[14-17]. Recently, a cohort study aimed to
determine the location and clinical features of the first
VTE in IBD patients and confirmed this finding[18]. Of
157 IBD patients with a history of VTE, 142 (90.4%) had
DVT and/or PE, whereas 15 (9.6%) had cerebral, portal,
mesenteric, splenic or internal jugular vein thrombosis[18].

Epidemiological data
IBD patients have a 2- to 3-fold increased risk of developing deep venous thrombosis (DVT) and pulmonary
embolism (PE) compared with the general population[1,3-10]. In their population-based cohort study, Bernstein et al[7] found an incidence rate of DVT of 30.7
per 10000 person-years in IBD patients (30.0 for UC
patients and 31.4 for CD patients) and 14.9 per 10000
person-years for PE in the entire IBD population (19.8
for UC and 10.3 for CD). The overall relative risk (RR)
of VTE reported in this study was of 3.47 (95%CI:
2.94-4.09)[7]. These findings were confirmed by a recent,
large population-based study from Denmark reporting
an incidence rate of VTE of 24 per 10000 person-years
among IBD patients (24.4 for UC patients and 23.3 for
CD) compared with an incidence rate of 13.4 per 10000
person-years in a non-IBD cohort matched for age and
gender [4]. Although the incidence of VTE increases
with age, the highest RR for VTE was observed among
patients younger than 40 years of age[3-7], whereas no significant differences linked to sex or the type of IBD were
found[1-10]. VTE occurred more frequently during phases
of active disease and in patients with extended disease
(pancolitis in UC patients and extensive colonic involvement in CD)[3-6]. Recently, Grainge et al[5] conducted an
epidemiological study that aimed to quantify the risk of
VTE during different activity phases of IBD. The researchers confirmed that IBD patients had the highest
risk of VTE at the time of a flare (hazard ratio of 8.4
compared with controls), although an increased risk still
persisted during disease quiescence (hazard ratio of 2.1
compared with controls). These findings support the hypothesis of a procoagulant tendency in IBD patients[2,11].
Indeed, Miehsler et al[3] demonstrated that VTE is a specific feature of IBD because neither rheumatoid arthritis,
another chronic inflammatory disease, nor celiac disease,
another chronic bowel disease, was accompanied by an
increased risk of VTE compared with controls. Furthermore, these data were confirmed by the finding that
among 17 chronic illnesses that were evaluated using the
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Risk factors for VTE
Although a detailed exploration of risk factors is beyond the scope of this review, we must remember that
VTE in patients with IBD is a multifactorial event that
involves both hereditary and acquired factors that can
coexist, thereby multiplying the individual prothrombotic
risk[2,11,19]. The main modifiable acquired risk factors for
VTE in IBD patients are reported in Table 1. Several are
intuitively more frequent in IBD patients compared with
the general population, such as dehydration, indwelling
catheters, prolonged immobilisation, hyperhomocysteinaemia, surgical interventions, and active disease with
an “inflammatory burden”. The mutual interactions
between inflammation and coagulation have been extensively studied, and IBD represents a paradigmatic
model for this complex interplay[20,21]. Indeed, in IBD,
several mechanisms triggered by active inflammation
are involved in moving the coagulative balance towards
a prothrombotic state, including (1) increased plasmatic
levels of recognised risk factors for thrombosis, several
of which are also considered to be acute-phase reactants,
and decreased levels of natural anticoagulants; (2) reduced fibrinolytic activity; (3) endothelial abnormalities
that are mainly represented by the downregulation of the
anticoagulant thrombomodulin and endothelial protein
C receptor, which in turn affects the conversion of protein C into its activated form; and (4) abnormalities of
platelets, such as thrombocytosis and increased activation
and aggregation[11]. Concerning the inherited risk factors
for VTE, the most common factors are: factor V Leiden
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Table 1 Acquired risk factors for venous thromboembolism
in inflammatory bowel disease patients and modalities for
their prevention and/or treatment
Risk factor
Active disease
("inflammatory burden")
Smoking
Oral contraceptive use
Hyperhomocysteinaemia

Programmes for smoking cessation
Advise alternative methods of contraception
Assess the presence of vitamin deficiency
(vitamins B6 and B12 and folic acid) and
correct if necessary
Dehydration
Provide adequate hydration
Prolonged immobilisation Early mobilisation, especially after surgery;
graduated compression stockings or
pneumatic devices
Infections
Timely diagnosis and treatment of infections
Indwelling catheters
Limit the use of venous catheters; when
possible, administer oral and enteral
nutrition
Obesity
Encourage weight loss (diet, exercise)
Long-distance travel
Frequent ambulation, exercise, hydration

10 cm
20 cm

Figure 1 Computed tomography scan showing portal vein thrombosis (A)
and a pulmonary embolism (B) in a patient with active ulcerative colitis.

mutation, G20210A mutation of the prothrombin gene,
and homozygous C677T mutation in the methylenetetrahydrofolate reductase gene. However, no increased
prevalence of these genetic prothrombotic factors has
been found in IBD patients with or without VTE[19].
Therefore, patients with IBD face both the VTE risk
factors (acquired and inherited) identified in the general
population and those specific to IBD, and the prevention
and control of those risk factors are of paramount importance for thromboprophylaxis in this patient population.

pitalised patients with active disease[27-31]. Low molecularweight heparin (LMWH) and unfractionated heparin
(UH) are recommended for thromboprophylaxis in IBD
patients. The recommendations for VTE prophylaxis in
IBD patients that are included in the current guidelines
are summarised in Table 2. Although no randomised
controlled trials (RCTs) have specifically assessed the efficacy of anticoagulation for VTE prophylaxis in IBD
patients, several RCTs have demonstrated that in acutely
ill medical patients pharmacological prophylaxis significantly reduces the incidence of VTE[32,33]. Only data from
observational studies including IBD patients undergoing
thromboprophylaxis with LMWH in the perioperative
setting are available[34,35]. Scarpa et al[34] collected data on
755 colorectal surgical procedures, 383 of which were
performed in IBD patients. All patients had received
4000 IU/d LMWH from the day of operation through
to the discharge. Six postoperative thromboembolic
events occurred in this population, all in IBD patients; of
these events, two occurred in CD patients (clinical DVT
rate of 1.2%) and four occurred in UC patients (clinical
DVT rate of 2.6%)[34]. Similar data were reported by an
Irish study in which the rates of postoperative VTE were
evaluated both in 79 UC patients undergoing 180 major
intra-abdominal surgeries and in 18 patients with familial
adenomatous polyposis (FAP) undergoing 35 surgical operations of similar complexity[35]. All patients were treated
with standard perioperative VTE prophylaxis. Only three
UC patients (1.7%) developed VTE, compared with no
patients with FAP[35]. Unfortunately, in both of these
studies, a control group without prophylaxis was not included. Therefore, we can only hypothesise a benefit of
LMWH prophylaxis because the VTE rates reported in
a large cohort of hospitalised IBD patients in the United
States were similar to those found in the above-mentioned studies. More specifically, Nguyen et al[8] extracting
data from 73197 discharges for CD and 43645 discharges

PROPHYLAXIS AGAINST VTE IN IBD
PATIENTS
Non-pharmacological prophylaxis
As described above, VTE in IBD is a multifactorial process in which acquired risk factors seem to play the most
important role; therefore, these factors’ prevention and/
or treatment can lead to effective prophylaxis. Hydration,
correction of deficiencies in vitamins (particularly in vitamins B6 and B12 and folate) that can reduce homocysteine levels[22], graduated compression stockings or pneumatic devices, and early mobilisation after surgery should
be always considered, especially in hospitalised IBD
patients (Table 1). Additionally, even in the absence of
direct evidence, it might be expected that the control of
disease activity could decrease the risk of VTE by reducing the already-mentioned procoagulant factors that are
closely associated with active inflammation. Furthermore,
many drugs used for IBD treatment have shown anti-inflammatory activity and an anticoagulant effects. Indeed,
mesalamine can reduce platelet activation[23], azathioprine
and 6-mercaptopurine inhibit platelet aggregation in vitro[24], and infliximab normalises haemostatic parameters
and reduces the amount of circulating microparticles and
the levels of prothrombotic sCD40L in CD patients[25,26].
Pharmacological prophylaxis
Prophylactic anticoagulation in IBD patients is recommended by several practice guidelines for conditions
associated with a higher risk of VTE, particularly in hos-
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Effective anti-inflammatory treatment
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Table 2 Published guidelines for the prevention of venous thromboembolism in inflammatory bowel disease patients
Scientific society (reference)
European Crohn's and Colitis Organisation
(ECCO)[29]
European Crohn's and Colitis Organisation
(ECCO)[28]
British Society of Gastroenterology (BSG)[31]
American College of Gastroenterology
(ACG)[30]
American College of Chest Physicians
(ACCP)[27]

Recommendations

Type of population at risk

Mechanical thromboprophylaxis and/or heparin
UC
administration (UH or LMWH)
Consider VTE prophylaxis (UH, LMWH, or fondaparinux)
CD
in all hospitalised patients
Pharmacological VTE prophylaxis for hospitalised
UC
patients with severe UC
VTE prophylaxis with heparin for hospitalised patients
UC
with severe UC
Mechanical thromboprophylaxis with GCS or IPC;
Acutely ill hospitalised medical patients at
anticoagulant thromboprophylaxis with LMWH, UH or increased risk of thrombosis who are bleeding
fondaparinux when bleeding risk decreases
or at high risk of bleeding

GCS: Graduated compression stockings; IPC: Intermittent pneumatic compression; CD: Crohn’s disease; UC: Ulcerative colitis; VTE: Venous thromboembolism; LMWH: Low molecular-weight heparin; UH: Unfractionated heparin.

for UC and found that the crude rates of VTE were
21 per 1000 hospitalisations for UC patients and 13.9
per 1000 hospitalisations for CD patients. However, we
should note that in the population analysed by Nguyen et
al[8] only 18% and 11% of CD and UC patients, respectively, underwent bowel surgery during their hospitalisations and that abdominal surgery is a strong predictor of
developing VTE. In conclusion, available evidence on the
efficacy of thromboprophylaxis in IBD is still scarce, and
RCTs that aim to ascertain this issue are warranted.

the control group, one patient developed toxic megacolon and underwent urgent surgery. The remaining seven
clinical trials showed no bleeding-related adverse events
in their heparin groups[41]. All of this evidence confirms
that the prophylactic use of anticoagulants in hospitalised
IBD patients with acute disease is safe, despite the presence of bleeding at admission. Another unresolved issue
is whether thromboprophylaxis should be extended to
all ambulatory patients with disease exacerbation or only
to a subgroup considered to be at a higher risk of VTE.
As previously reported, the highest risk of VTE in IBD
patients is during phases of active disease[3-5]; however,
in the context of active disease, Grainge et al[5] found
that the RR was higher during non-hospitalised periods
than during hospitalised periods (hazard ratio of 18.8 vs
3.2). These data suggest that hospitalisation should not
be considered as the only discriminant factor for thromboprophylaxis and that anticoagulation could also be extended to a subgroup of ambulatory patients with active
disease and other significant risk factors for VTE. However, this finding should be interpreted with caution because the absolute risk of VTE is much more informative
than the RR, although not always known for an individual
patient. In fact, in the same study, the absolute risk of
VTE of a patient hospitalised for an IBD flare was nearly
six times higher than the absolute risk during an ambulatory flare (37.5 per 1000 person-years vs 6.4 per 1000
person-years)[5]. Thus, for each patient with active IBD,
the absolute risk of VTE should be carefully assessed,
including the personal and family histories of VTE, the
presence of cardiovascular or respiratory diseases, obesity, information on the use of oral contraceptives and
smoking status, the presence of genetic prothrombotic
risk factors, reduced mobility, and the presence of venous
catheters[43]. Additionally, as previously reported, also disease features could help in assessing the individual prothrombotic risk[3-10]. Lastly, it is well known that surgery
represents a major risk factor for VTE, particularly in
patients with IBD[8], and thromboprophylaxis is universally performed during the perioperative period. A recent
retrospective review of patient data obtained from the
American College of Surgeons National Surgical Quality

Issues associated to the adherence to the
pharmacological prophylaxis
Another key topic is the low rate of VTE pharmacologic
prophylaxis in hospitalised IBD patients, and, particularly
in those admitted for medical services compared with
those admitted for surgery, despite the recommendations provided by the guidelines[36,37]. The inadequate use
of anticoagulants for VTE prophylaxis in IBD is mainly
related to two factors: (1) gastroenterologists’ lack of
awareness of both the increased risk of VTE in IBD
patients and the guideline-recommended use of pharmacological prophylaxis in hospitalised IBD patients[38];
and (2) concerns about the safety of anticoagulant drugs
in patients with active IBD[36,39]. However, a recent retrospective study of 974 IBD inpatients with a reported
rate of pharmacological prophylaxis of 80% at admission showed that the rates of major and minor bleeding
were similar for patients who received VTE prophylaxis
and those who did not[36]. Moreover, VTE prophylaxis
was not associated with major postoperative bleeding[36].
Indirect evidence of the safety of anticoagulation in IBD
patients during an active flare also comes from certain
clinical trials in which UH or LMWH was used to treat
UC[40-42]. A meta-analysis of eight clinical trials showed
that few serious adverse events were observed in patients
treated with UH or LMWH compared with controls, with
no significant difference in any trial[41]. In particular, only
in one study, three patients with moderate-to-severe UC
included in the heparin group were withdrawn from the
study because of worsening of rectal bleeding[42]. One of
these patients required urgent colectomy. Additionally, in
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A

thrombi in the deep veins of the legs and recurrent PE
despite anticoagulant therapy and in cases with a high risk
of bleeding (Figure 2)[48].

B

CONCLUSION
IBD patients have a risk of VTE that is 2- to 3-fold
greater than that of the general population. This risk
is higher during disease flares, both for inpatients and
outpatients. However, during hospitalisation, multiple
prothrombotic risk factors other than active disease act
synergistically, multiplying the absolute risk of VTE.
Because VTE has significant morbidity and mortality, its
prevention is mandatory. VTE prevention involves correcting modifiable risk factors and administering pharmacological prophylaxis. However, although guidelines recommend thromboprophylaxis for IBD patients, it is still
poorly implemented because of concerns about its safety
and a lack of awareness of the magnitude of thrombotic
risk in these patients. Therefore, further efforts are required to increase the rate of pharmacological prevention
of VTE in IBD patients to avoid preventable morbidity
and mortality.

Figure 2 Plain abdominal Rx (A) and computed tomography scan (B)
showing an inferior vena cava filter placed for the prevention of recurrent
pulmonary embolism in a patient with Crohn’s disease and deep venous
thrombosis.

Improvement Program aimed to identify modifiable risk
factors for short-term (30-d) postoperative VTE[44]. The
study reported that the following actions can potentially
reduce the incidence of VTE in the surgical setting: correcting preoperative coagulopathy and/or anaemia, improving nutritional status, reducing steroid use, operating
early to avoid emergency surgery, and limiting anaesthesia
time[44].
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Core tip: Many platelets (PLT) changes have been
described in IBD, including morphological alterations
(mean PLT volume, PLT distribution width, plateletcrit,
and augmented granular content), count increase, microparticles release, over-excretion of granular content,
and increased formation of PLT-PLT and PLT-leukocyte
aggregates, which are all linked to PLT activation induced by inflammatory agonists. In this review article,
we present the multipotent role of PLT in human biological paths and emphasize on how PLT participate in
the chronic intestinal inflammation process in IBD.

Abstract
There is evidence that inflammatory bowel diseases
(IBD) combine both inflammation and coagulation in
their pathogenesis and clinical manifestations. Although
platelets (PLT) are well known for their role in hemostasis, there are a rising number of studies supporting
their considerable role as inflammatory amplifiers in
chronic inflammatory conditions. IBD are associated
with several alterations of PLT, including number,
shape, and function, and these abnormalities are mainly attributed to the highly activated state of circulating
PLT in IBD patients. When PLT activate, they increase
in size, release a great variety of bio-active inflammatory and procoagulant molecules/particles, and express
a variety of inflammatory receptors. These inflammatory products may represent a part of the missing link
between coagulation and inflammation, and can be
considered as possible IBD pathogenesis instigators. In
clinical practice, thrombocytosis is associated both with
disease activity and iron deficiency anemia. Controlling
inflammation and iron replacement in anemic patients
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INTRODUCTION
Inflammatory bowel diseases (IBD), namely Crohn’s
disease (CD) and ulcerative colitis (UC), are disorders
that primarily affect the gastrointestinal tract. The immune system, with its active components, dominates
IBD pathogenesis, but many genetic and environmental
factors have been also implicated. A growing number of
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studies are highlighting the importance of non-immune
cells like endothelial, mesenchymal, and nerve cells, as
well as platelets (PLT), as key players in the IBD inflammatory cascade[1].
PLT dysfunction is considered as participating in IBD
pathogenesis, although the existing evidence is rather
weak. On the other hand, there is solid evidence supporting PLT having functions of potent proinflammatory
cells in addition to their role in hemostasis. Several studies have shown that PLT constitute a crucial link between
inflammation and coagulation in both UC and CD, creating a vicious circle in which participating parameters conserve and propagate each other[2].
Many PLT changes have been described in IBD, including morphological alterations [mean PLT volume
(MPV), PLT distribution width (PDW), plateletcrit (PCT),
augmented granular content], count increase, microparticles (MPs) release, over excretion of granular content,
and increased formation of PLT-PLT and PLT-leukocyte
aggregates (PLA), which are all linked to PLT activation
induced by inflammatory agonists (Table 1). In the following sections, we will present the multipotent role of
PLT in human biological paths and emphasize how PLT
participate in the chronic intestinal inflammation process
in IBD.

Table 1 Platelet abnormalities in inflammatory bowel disease
Number and morphological
changes

Other abnormalities
Overproduction and excretion P-selectin, β-TG, PF-4, fibrinogen, vWF,
of granular content products fibrinolytic inhibitors, coagulation,
angiogenic and mitogenic factors
Increased incorporation of
CD40, P-selectin, GP53, GP Ⅱb/Ⅲa,
receptors in PLT membrane receptors for chemokines, cytokines and
complement components
Overproduction of PLTderived microparticles
PLT-PLT aggregates
formation
Increased PLT-leukocytes
formation
β-TG: β-thromboglobulin; GP: Glycoprotein; IBD: Inflammatory bowel
disease; MPV: Mean platelet volume; PCT: Plateletcrit; PDW: Platelet
distribution width; PF-4: Platelet factor-4; PLT: Platelets; vWF: Von
Willebrand factor.

PLT can also act as mediators between innate and
adaptive immune systems. When activated at inflammatory sites, they excrete large amounts of pro-inflammatory substances located in their intracellular granules[12],
by which they crosstalk, recruit, and activate leukocytes,
endothelial, and immune-like cells even at distant sites. A
typical example of the remote PLT actions is the ability
of PLT-derived CD40 ligand (CD40L) to activate dendritic cells in the injured tissue[13] and to stimulate immunoglobulin production by B-cell compartment[14].
PLT ability to interact with a large variety of cells is
also implicated in the generation of vascular inflammation. Endothelium dysfunction triggers PLT activation
processes and possibly renders PLT as the first in line to
initiate atherosclerotic immune responses. Therefore production and release of PLT highly inflammatory cargo
at the injured vessel wall induces and propagates the recruitment of leukocytes and the further construction of
atherosclerotic lesions.

PLEIOTROPIC FUNCTION OF PLT
PLT are small anuclear fragments (1-6 μm) derived from
bone marrow megakaryocytes, with a 5-9 d lifespan in
humans. Their primary role is hemostatic; surveying endothelial barrier consistence and interfering when vessel
integrity is threatened[3]. A significant decrease of PLT (<
20000/mm3) in septic models resulted in the disruption
of the endothelial barrier in clinical studies[4]. Collagen
from the exposed subendothelial layer at the injured
vessel site binds to plasma von Willebrand factor and
recruits circulating PLT to form a glycoprotein (GP) IbIX-V complex. PLT adhesion to the site of injury initiates a cascade of signaling transduction through GP VI
and integrin family surface receptors. PLT become activated and transform into high affinity platforms which
are suitable for participating in inflammatory reactions,
ligand binding, and clot formation promotion[5]. In addition, PLT participate in wound repair and tissue regeneration by interacting with components of extracellular
matrix and endothelium[6,7].
It has been demonstrated that PLT present innate immunological properties. They express Toll-like receptors
which can bind to lipopolysaccharides on the outer membrane of gram(-) bacteria[8]. In vitro and in vivo studies have
also demonstrated that PLT can internalize pathogens
resistant to clearance such as Staphylococcus aureus or HIV
virus, promoting further PLT activation changes[9]. Moreover, PLT stimulate the formation of extracellular DNA
nets by neutrophils that trap and kill gram(-) microbes, via
the lipopolysaccharides - Toll-like receptor 4 interaction
in septic models[10,11].
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Loss of discoid shape
Acquisition of pseudopodia
Size increase
Count increase (reactive thrombocytosis)
Density increase
Granular content augmentation
MPV value decrease
PDW value increase
PCT value increase

QUANTITATIVE AND QUALITATIVE
PLATELET CHANGES IN IBD
Elevation in PLT count (> 450000 × 109/L), defined as
reactive thrombocytosis (RT), may frequently occur in
certain conditions like hypo- or asplenism, blood loss,
acute or chronic inflammatory disorders, malignancies,
and iron deficiency. The first study reporting IBD RT
in 1968 by Morowitz et al[15] noted markedly-elevated
concentration of circulating PLT during a period of increased clinical activity in a case series of IBD patients.
This effect is the result of aberrant bone marrow throm-
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titis B, celiac disease[28-31], paroxysmal atrial fibrillation,
obesity[32], amyloidosis[33], and retinal vein occlusion[34].
Moreover, MPV could serve as a reliable predictor of
high risk patients for portal venous thromboembolism[35],
acute coronary syndromes[36], and stroke in patients with
atrial fibrillation. MPV has also been proposed as a useful
biomarker for early gastric, pancreatic, and hepatocellular
carcinoma diagnosis[37], dietary compliance to celiac disease and exacerbation of chronic obstructive pulmonary
disease[38].
In IBD patient studies a MPV value decrease has
long been observed[39] which has been inversely correlated with endoscopic and disease activity indices, such
as C-reactive protein and erythrocyte sedimentation
rate[40-44]. This MPV reduction can be attributed to the
decreased circulating reticulated PLT number that was
found in patients with active UC compared to inactive
and healthy control subjects[44]. In line, studies have reported an inverse relationship between extent of intestinal inflammation and MPV in IBD patients[40,41]. Öztürk
et al[45] suggested that all PLT parameters (PDW, PCT,
MPV) can prove to be useful surrogate markers for IBD
follow-up, as they reveal strong relationship with activity indices. We observed that MPV, PCT, and PDW were
correlated with certain iron deficiency markers (soluble
transferrin receptors, hemoglobin) but not with activity
indices such as C-reactive protein, Crohn’s disease activity
index score, or simple clinical colitis activity index score
in IBD patients. This observation reflects a possible role
of iron capacity as a regulator of megakaryopoiesis and
PLT morphology[46]. Literature reports about MPV correlations with clinical and laboratory parameters in IBD
patients are presented in Table 2.

bopoiesis under the influence of inflammatory mediators
and the aftermath of reduced PLT lifespan due to accelerated activation and consumption of thrombocytes at
the sites of inflammation.
Thrombopoiesis is mainly regulated by plasma thrombopoietin (TPO). Plasma TPO binds to C-Mpl receptors
on the PLT surface, and the remaining fraction promotes
thrombopoiesis by binding to the same receptors on progenitor megakaryocytes in bone marrow. Thus, in normal
conditions thrombopoiesis is controlled by a negative
feedback mechanism based on PLT mass in blood[16,17].
Cytokines and other inflammatory agents, especially interleukin 6 (IL-6), promote hepatic TPO production[18],
which is considered an acute phase reactant[19]. Heits et
al[20] have shown that IBD patients with thrombocytosis
have elevated plasma TPO and IL-6 levels. However, the
existing data are vague, as other studies display a lack of
correlation between PLT number and TPO concentration, indicating other possible regulating factors in IBD
RT[21]. Although PLT count is correlated to IBD disease
activity[22], it is not considered an independent risk factor
for the increased risk of thromboembolic (TE) events
observed in IBD patients as it is for cancer[23]. Properly
designed and adequately powered clinical studies evaluating predictive laboratory indices for TE events in IBD
are still lacking.
Moreover, some conflicting data have emerged over
the last decade about the role of preoperative RT in the
occurrence of chronic pouchitis in patients undergoing
ileal pouch-anal anastomosis. Two studies from the Surgery Department Division of Colon and Rectal Surgery
in California have pointed out that the presence of elevated PLT count before surgery was associated with an
increased risk for chronic pouchitis postoperatively[24,25]; a
severe complication that can result in the removal or diversion of the pouch. In discontinuity with these studies,
Lian et al[26] failed to predict the occurrence of inflammatory pouch disorders based on pre-colectomy laboratory
tests, including PLT count. Larger prospectively welldesigned series with patients requiring ileal pouch-anal
anastomosis are needed in order to verify possible implication of PLT in this subject.
Chronic inflammatory disorders are connected to
several morphological changes in PLT indices calculated
in whole blood count, such as MPV, PDW, and PCT. The
most widely-studied PLT parameter in humans is MPV.
PLT volume decreases when an inflammatory process
is present, which is mainly attributed to thrombopoiesis
abnormalities and increased PLT consumption. Inflammatory mediators stimulate bone marrow precursors to
enhance PLT generation at the cost of maturation time,
delivering smaller PLT in circulation, while at the same
time larger and more active PLT are consumed at inflammatory sites, as is proposed in the intestinal microvasculature of IBD patients[27].
MPV changes are correlated to inflammatory disorders like myocardial infarction, stroke, diabetes mellitus,
acute appendicitis, rheumatoid arthritis, chronic hepa-
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ASSOCIATION OF PLT WITH IRON
DEFICIENCY IN IBD
Anemia is the most frequent extra-intestinal manifestation of IBD, affecting approximately one third of patients[47,48]. The most prevailing type of IBD-associated
anemia is iron deficiency anemia (IDA)[48,49]. Iron deficiency is related both with up-and downregulation in PLT
count, with RT reported more frequently[50].
Several mechanisms related to iron deficiency have
been implicated in PLT overproduction. Iron scarcity
could trigger an increase influx of progenitor cells to the
megakaryocyte cell compartment, a diminution of PLT
maturation time[51], and the generation of high ploidy
megakaryocytes. Megakaryocytes can proliferate through
a procedure called endomitosis, and augment DNA ploidy and cytoplasmic volume and further abandon mitosis
before cytokinesis take place[52]. Iron deficiency may lead
to the production of larger polyploid megakaryocytes
capable of generating numerically more PLT, as it is observed in an iron deficient rat model[53]. Moreover, striking amino-acid sequence homology between erythropoietin (key hormone controlling erythropoiesis) and TPO,
both being members of the same hematopoietic growth
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Table 2 Mean platelet volume correlations with clinical and laboratory parameters in inflammatory bowel disease patients
Disease (n )

HC (n )

MPV correlations

Yüksel et al[41]

UC (61)

27

Järemo et al[39]

12

Güçlü et al[42]
Voudoukis et al[46]

UC (18),
CD (9)
UC (41)
UC (91), CD(107)

(-)
102

Öztürk et al[45]

UC (103), CD (72)

40

Kapsoritakis et al[40]

UC (93), CD (66)

38

Kayahan et al[44]

UC (37)

20

Liu et al[43]

CD (61)

50

Reduced MPV in UC compared to HC
Inverse correlation between MPV and disease activity
Inverse correlation between MPV and disease extent
Reduced MPV in UC patients compared to HC
Inverse correlation between MPV and disease activity
Reduced MPV in active compared to non-active disease
Reduced MPV in IBD patients compared to HC
Correlation of MPV with Hb and sTfR
Reduced MPV in IBD compared to HC
MPV decreases after remission in UC
MPV increases after remission in CD
Correlation between MPV and disease activity indices
Correlation between MPV and disease extent
Correlation between MPV and disease activity indices
Reduced MPV in UC compared to HC
Reduced MPV in CD patients compared to HC
MPV value did not correlate to disease activity

Ref.

CD: Crohn’s disease; Hb: Hemoglobin; HC: Healthy controls; IBD: Inflammatory bowel diseases; MPV: Mean platelet volume; sTfR: Soluble transferrin
receptor; UC: Ulcerative colitis.

factor subfamily, could be a tempting explanation for the
thrombocytosis observed in children with IDA[54] (Figure
1). This assumption, however, is in discordance with the
study by Kulnigg-Dabsch et al[55] that didn’t observe any
alteration in PLT production with the concomitant use
of erythropoietin combined to iron replacement therapy
in IBD patients with RT.
A special interest in IDA associated RT has arisen
over the last few years in IBD[55,56]. In a Kulnigg-Dabsch
et al[55] study, iron replacement was associated with dosedependent normalization of PLT count which remained
within normal range after therapy, highlighting a regulatory rather than a toxic effect of iron on PLT. Patients
presented with mildly elevated or within-normal range
inflammatory indices at baseline and during treatment,
demonstrating that RT could be mainly attributed to
IDA rather than systemic inflammatory response[55]. In
another study, iron replacement was not only associated
with PLT count decrease, but also to a significant decrease in PLT activation markers, such as P-selectin and
PLT-aggregation, suggesting that iron management may
express anti-thromboembolic properties in IBD patients
with increased risk for TE events. However, the small
number of participants and the need for study protocol
modification during the active phase does not allow us to
make safe conclusions[56].
Studies have also identified a correlation between
PLT count, red blood cell parameters, and anemic indices
in otherwise healthy IDA patients[57,58]. In a recent study
we observed a mutual relationship between PLT count
and iron deficiency parameters. Inflammatory indices (Creactive protein, Crohn’s disease activity index score, and
simple clinical colitis activity index score) and iron deficiency markers (ferritin, soluble transferrin receptors, and
index) were correlated to PLT count in 198 consecutive
IBD patients, indicating that RT is probably a multifactorial event in which iron deficiency and inflammation
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hold a major role. Moreover, taking into account the low
inflammatory indices in our patients’ cohort, we assumed
that iron deficiency could be the main factor affecting
PLT count in IBD[46].

PLT AS ACTIVE INFLAMMATORY
COMPONENTS
PLT circulate at a highly-activated state in IBD, as it is
demonstrated by an increased concentration of circulating PLT activation markers in the systemic circulation
of patients[59]. This activation possibly takes place in the
mesenteric microcirculation, where PLT are exposed to
several inflammatory mediators[60]. Molecules in the site
of injury like subendothelial collagen, cytokines from
activated leukocytes, and endothelial cells, increased local adenosine diphosphate (ADP) concentration due to
reduced capillary blood flow, substances released from
neighboring cells, arachidonic acid, PLT activating factor
(PAF), and thrombin generation augment PLT accumulation and activation in the intestinal microvasculature in
IBD[2]. During activation, PLT lose their normal discoid
shape, obtain projecting forms called pseudopodia, release an increased amount of microparticles (PDMPs),
and grow in size and density. Numerous metabolic reactions happen within their cytoplasm, where various inflammatory mediators are being produced[1,39]. Proteomic
studies have identified more than 300 proteins accumulated in granules of activated PLT[61]. PLT granules are
rich in PLT factor-4, β-thromboglobulin, fibrinogen, von
Willebrand factor, fibrinolytic inhibitors, coagulation V
and XI factors, protein S, angiogenic and mitogenic factors (PLT-derived growth factor, transforming growth
factor, endothelial growth factor, and vascular endothelial
growth factor), immunoglobulins, membrane ligand proteins (P-selectin), ADP, serotonin, IL-1β, chemokines,
RANTES, IL-8, and various other substances[12]. Certain
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Figure 1 Possible iron deficiency mechanisms affecting platelet count in inflammatory bowel disease. PLT: Platelets; TPO: Thrombopoietin; EPO: Erythropoietin.

of PDMPs bearing TF by leukocytes[64]. The above mentioned findings highlight the significant role of P-selectin
in IBD pathogenesis.
CD40L (CD 154) is a protein, strongly related to tumor necrosis factor (TNF) and expressed on the surface
of activated PLT and immune system cells. CD40L has
the ability to bind CD40 located on the surface of most
immune, endothelial, and other mesenchymal cells[65].
There are three CD40 family members encountered in
humans: CD40, CD40L, and the soluble form of CD40L
(sCD40L) derived by enzymatic fragmentation of CD40L
in serum[66]. The latter is believed to be produced and released only by activated PLT in IBD patients[67]. Increased
levels of CD40L(+) PLT and sCD40L are demonstrated
in disorders combining inflammation and thrombosis,
such as unstable angina, myocardial infarction[68], and
IBD[67,69].
CD40L interactions have a significant role in immune
mediated activation of inflammation and thrombosis.
They induce TF expression by endothelial cells and
monocytes[65]. SCD40L is able to bind onto GPⅡb/Ⅲa
to promote arterial thrombosis stabilization, as was demonstrated in CD40L deficient mice[70]. Pro-inflammatory
responses of CD40L/CD40 result in chemokines, ILs,
and CAMs (V-CAMs, I-CAMs, P/E-Selectin) upregulation in PLT and other immune cells[65]. CD40L can
stimulate PAF production, thus inducing PLT activation,
propagating immune mediated angiogenesis in IBD in
both human and murine models[71], and provoking cytokine overexcretion by human intestinal microvascular
endothelial cells such as IL-8, which constitutes a ma-

PLT granular products, such as P-selectin, GP Ⅱb/Ⅲa,
CD40L, and GP53, are incorporated into the cytoplasmic
membrane, giving them a more adhesive and interacting
phenotype. Moreover, PLT during activation develop
receptors for chemokines, cytokines, and complement
components, enabling them to participate in various
inflammatory cascades in IBD[1] (Figure 2). Molecules
released from the activated PLT induce an inflammatory
phenotype in endothelial cells and leukocytes. Polymorphonuclear cells enhance their superoxide, PAF, and
leukotriene production, and endothelial cells stimulated
by certain PLT factors (PAF, histamine, and RANTES)
increase vascular permeability[2]. CD40L(+) PLT of IBD
patients induce I- and V-cell adhesion molecules (CAM)
and IL-8 overexpression when co-cultured with human
intestinal microvascular endothelial cells in an experimental colitis model[62].
P selectin is a member of the CAMs family mainly
produced in PLT. A soluble fraction of P-selectin is
also detected in patients with inflammatory disorders,
including IBD, and possibly serves as selectin binding
inhibitor[63]. The lectin containing N-terminal domain
of P-selectin binds to P-selectin glycoprotein ligand
(PSGL-1) found in leukocytes (mainly polymorphonuclears) mediating recruitment and rolling of infiltrating
leukocytes in the gut mucosa, and initiating activation
processes like chemokines production by monocytes and
CD4(+) T-cells, as well as superoxide overexcretion by
neutrophils[1]. P-selectin ligation to PSGL-1 also serves
in PLT-PLT aggregation and PLA formation[2], induces
tissue factor (TF) generation, and stimulates the release
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PLT activation
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Mitogenic factors
(PDGF, TGF, EGF, VEGF)
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(P-selectin, CD40L, GP Ⅱb/Ⅲa, GP53, von Villebrand
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Figure 2 Factors affecting platelet function and platelet products in inflammatory bowel disease. PLT: Platelets; ADP: Adenosine diphosphate; PDMP: Plateletderived microparticles; PDGF: Platelet-derived growth factor; EGF: Epidermal growth factor; TGF: Transforming growth factor; VEGF: Vascular endothelial growth
factor; PF-4: Platelet factor-4; IL: Interleukin.

jor neutrophil chemoattractant[67]. Finally, PLT CD40L
(+)-derived vesicles seem to display an immunoregulatory
role by activating peripheral blood B-cells in producing
immunoglobulins when co-cultured with them in vitro[72]
and stimulating antigen specific IgG production by germinal center modulation in the B-cell compartment[14].
CD40L is essential in activating components of the
immune system in IBD. The infiltration of neutrophils
in the colonic mucosa of UC patients and macrophage
chemoattraction in granulomatous lesions in CD has
been found to be mediated mainly by CD40/CD40L interactions[1]. CD40(+) immune fluorescence staining was
observed only at inflamed intestinal sites and not at intact
mucosal segments in intestinal endoscopic biopsies from
IBD patients[73]. A positive correlation between sCD40L
and the extent of anatomical involvement in IBD was
also found[67]. Finally, CD40 deficient mice experienced
significantly milder dextran sodium sulfate (DSS) colitis
than wild type littermates[74].

opment of TE in IBD seems to be multifactorial, with
interaction of genetic and acquired factors (e.g., inflammation, hospitalization, and operations). TE events in
IBD indicate a higher predilection towards younger age
compared to non-IBD subjects[2]. Thromboembolism is
considered a negative prognostic outcome and represents
one of the four leading causes of death in these patients.
Thrombosis may correlate with disease activity, but it is
interesting to note that one third of the events happen
during clinical remission, indicating a continuous activate
state of PLT and coagulation systems in IBD[78,79].
Moreover, the increased concentration of PLA in circulation[80] is also considered as an aftermath of leukocyte
sequestration in mesenteric circulation, where they bind
to activated PLT[81]. This interaction is mainly guided by
PLT(+) P-selectin ligation to leukocytes PSGL-1. After
this initial step, further ligation of PLT GPⅡb/Ⅲa to
MAC-1 leukocyte membrane receptors, with fibrinogen
serving as the bridging connector, intensifies binding and
promotes PLA formation. PLA are major inflammatory
agent carriers, more active than circulating leukocytes or
activated PLT alone[82,83] and exhibiting an enhanced ability to adhere to mucosal endothelium[82]. Increased PLA
formation is noted in many chronic inflammatory disorders like diabetes mellitus, cardiovascular and collagenous
tissue diseases, asthma, systemic lupus, and rheumatoid
arthritis [84]. Therefore, PLA is indexed as a sensitive
marker of inflammation and PLT activation though not
in consistency with IBD activity in recent studies[82].

POTENTIAL ROLE OF PLT IN
THROMBOSIS IN IBD
PLT spontaneous aggregation is a unique feature found
in the blood of IBD patients that is not encountered
in other inflammatory conditions[59]. Aggregation is believed to be primarily accomplished in the mesenteric
microcirculation where PLT come into close contact with
increased inflammatory mediators[60]. PLT aggregates
are independent of disease activity, as their existence has
been noted in colonic biopsies of IBD patients in remission, but not in healthy controls[75].
PLT aggregation in IBD seems to represent the initial response of PLT leading to an increased risk for TE.
The reported prevalence of TE events (arterial or venous
thrombosis) in IBD is between 1.3% and 6.0%, with a
1.5-3.6 fold increased risk compared to the general population and other inflammatory disorders[76,77]. The devel-
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PLATELET DERIVED MICROPARTICLES
AND IBD
Eukaryotic cells are capable of budding small vesicles
like exosomes (endosomal products), apoptotic bodies
(byproducts of cell death), and MPs. Circulating MPs
are a heterogeneous mixture of cellular membrane fragments that are derived from a great variety of cells, and
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recapitulate the functions of their cellular origin. They influence a diverse series of physiological and pathological
functions, as they can transfer genetic material (m-RNA,
micro-RNA, DNA), membrane receptors, and a series
of parental molecules to target cells[85]. MP formation is
a well regulated process consisting of local concentration
changes in specific intracellular molecules, cytoskeleton
disruption, and phosphatidylserine inversion in the outer
membrane layer of ancestral cells[86].
Although MPs are detected in low concentrations in
health, a great variety of cardiovascular diseases, inflammatory disorders, cancer, and diabetes are associated with
increased MP production. They are considered major
procoagulant factors, due to TF and phosphatidylserine
exposure on their membrane[87]. PDMPs represent the
most abundant MP population in humans, approximately
70%-90% of cell-derived MPs[88]. Among them a large
amount of PDMPs originate from megakaryocytes[89].
PDMP production is enhanced in vitro by PLT agonists
like Ca2+, thrombin, ADP, collagen, fibrinogen, and high
shear stress, confirming the statement that PDMPs are
mainly derived by activated PLT[86].
PDMPs are increased in autoimmune disorders such
as mixed connective tissue disease, systemic sclerosis,
primary Sjögren’s syndrome, systematic lupus erythematosus, rheumatoid arthritis, Raynaud’s phenomenon, and
psoriasis[87,90-92], as well as in cardiovascular diseases such
as atherosclerosis, acute coronary syndrome, pulmonary
embolism, and pulmonary arterial hypertension [93-96].
Moreover, they can be used as antithrombotic indicators
and side-effect markers following blood transfusion[97,98].
Few studies have been conducted in IBD patients.
Andoh et al[99] showed increased PDMPs in active IBD
patients compared to inactive ones and healthy controls.
PDMPs correlated with clinical disease activity indices
and PLT activity markers, and significantly reduced after
remission achievement. However, this study included a
small sample size for exporting safe conclusions and PDMPs were measured using ELISA and not flow cytometry, the latter being considered a more reliable method.
Chamouard et al[100] demonstrated that infliximab therapy
induced a significant decrease in circulating MPs, mainly
of PLT origin, in CD but not in UC, implicating that
PDMPs shedding is important in the IBD inflammatory
response. Finally, Palkovits et al[101] noted that TF(+) MP
and especially TF(+) PDMPs were significantly increased
in IBD patients compared to healthy controls, although
they didn’t correlate with markers of coagulation activity and inflammation. These results indicate that PDMPs
may have an important role in IBD. Taking into account
the high procoagulant and proinflammatory predisposition of PDMPs, they can be useful targets, or even vectors, of future IBD therapies.

risk cardiovascular patients resulting in reduced mortality
rates[102]. Based on existing evidence, one can assume that
PLT could be an ambitious target cell for IBD therapies,
as it represents the critical crossroad between inflammation and coagulation.
Clopidogrel is a potent suppressor of PLT activation, PLA formation and production of PLT activation
markers such as P-selectin[103-105]. Clopidogrel significantly
inhibited PLT inflammatory markers and resolved IBD
symptoms in rats after a single intra-colonic administration of trinitrobenzenesulfonic acid and oxazolone[106].
Moreover, salicylic compounds like 5-aminosalicylic acid
regimens, which are broadly used in IBD, significantly reduced PLT activation markers in IBD patients[107]. However, the use of aspirin even in a low dose in IBD is still
uncertain, as it is associated with exacerbation symptoms
and should be offered in patients with a strong indication
for it[108]. Larger randomized controlled studies evaluating
its systematic anti-inflammatory effect in IBD are needed
in order to verify possible benefits.
Azathioprine and 6-mercaptopurine are reported to
inhibit collagen, ADP, and arachidonic acid-dependent
PLT aggregation, as well as PLA aggregate formation[109].
GPⅡ b/Ⅲ a antagonists (eptifibatide, abciximab, and
tirofiban) have been shown to be more competent in
sCD40L down regulation compared to aspirin in high
risk cardiovascular patients, an observation that might be
proved useful in IBD[110]. Moreover, infliximab therapy
induced significant disruption of CD40/CD40L dependent cognate interactions[111] and reduced circulated
MPs[100] in CD patients, suggesting a potent drug effect
on TNF, CD40L, and MPs production in IBD.
Other studies evaluating anti-PLT activation marker
products in experimental colitis have also been conducted. CD40/CD40L pathway inhibitor (Trapidil) administration resulted in a significant reduction of colonic
inflammation in wild type murine DSS induced colitis[74].
Moreover, CD40L deficient mice exhibited a reduced
thrombotic response that was restored after sCD40L
administration, highlighting the possible anticoagulant effect of anti-CD40L drugs in IBD where the risk for TE
events is increased[112]. Finally, P-selectin deficient mice or
P-selectin, PSGL-1 blocking antibody utilization induced
significantly decreased PLT recruitment in a DSS colitis
mouse model[113].

CONCLUSION
In conclusion, there an increasing data suggesting that
PLT are important key regulators in inflammatory disorders beyond hemostasis and thrombosis. Inflammation,
wound repair, angiogenesis, atherosclerosis, and tumor
metastasis are only some examples that reveal PLT multifactorial role. In IBD pathogenesis, PLT activation could
be the missing link between inflammation and coagulation, two “independent” processes linked in such a way
that each one activates and propagates the other.
Thrombocytosis has been associated with IBD mani-

USE OF ANTI-PLATELET DRUGS IN IBD
Anti-PLT therapy is unanimously certified as evidencebased primary and secondary prevention therapy in high
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festations such as disease activity, iron deficiency anemia,
and development of pouchitis, whereas PLT parameters
(PDW, PCT, and MPV) have been suggested as surrogate
markers for IBD. PLT count increase cannot be attributed only to inflammation, as we believe that iron deficiency should be considered a major governor of thrombopoiesis. Until now, no study was designed in such a way
as to discriminate to what extent inflammation and iron
deficiencies are responsible for PLT increase. However,
particular interest should be given to iron replacement in
IBD patients, and especially those with thrombocytosis
and low inflammatory indices or/and low hematocrit.
The possible association between iron replacement therapy and reduction of PLT activation markers raises new
questions regarding the involvement of iron scarcity in
the increased incidence of TE events in IBD patients, although the data are as yet inconclusive. Additionally, PLT
parameters seem to display good predictive value regarding disease activity, and can be cautiously used as costeffective follow-up biomarkers in IBD.
Despite the increasing number of studies revealing
the dominant role of PLT in IBD, little has been clarified
regarding the efficacy of anti-PLT drugs in IBD. Perhaps
different existing pathways between PLT hemostasis and
coagulation could explain the lack of potent anti-PLT
drugs approved in IBD. Breaking this vicious cycle by
encountering PLT inflammation properties appears to be
a challenging ordeal for future investigators and clinical
physicians, who will need to come up against resisting
IBD flares with a reduced selection of effective drugs.
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Update on nutritional status, body composition and growth
in paediatric inflammatory bowel disease
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improvements following treatment with biologics, there
are conflicting data. While some studies report enhancement of growth, others do not. The relationship
between disease severity, impaired growth and the
requirement for biologics needs to be considered when
interpreting these data. However, key features associated with improvements in growth appear to be successful clinical response to treatment, patients in early
stages of puberty, and the presence of growth failure at
the onset of treatment.
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Core tip: Assessing body composition gives a much
better indication of nutritional status than measures of
anthropometry, such as BMI. In children with IBD, significant and persistent deficits in lean mass, suggestive
of compromised nutritional status, have been reported,
both at diagnosis and following treatment. Data pertaining to body composition in response to biologics is
lacking, and data concerning growth improvements is
controversial. However, evidence suggests that the key
components associated with linear growth improvements
when treating with biologics are (1) successful clinical
response to treatment; (2) patients in early stages of
puberty; and (3) the presence of growth failure at the
onset of treatment.

Abstract
Growth and nutritional status are important issues in
paediatric inflammatory bowel disease (IBD). While
linear growth is easy to assess, nutritional status is
more complicated, with reports often compromised by
the use of simple measures, such as weight and the
body mass index, to assess nutritional status rather
than more appropriate and sophisticated techniques to
measure body composition. This review is an update
on what is currently known about nutritional status as
determined by body composition in paediatric IBD. Further, this review will focus on the impact of biologics on
growth in paediatric IBD. Significant lean mass deficits
have been reported in children with IBD compared with
controls, and there is evidence these deficits persist
over time. Furthermore, data imply that gender differences exist in body composition, both at diagnosis
and in response to treatment. With respect to growth
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is reduced in children with IBD compared with controls.
Boot et al[5] reported reduced lean mass Z-scores in a
cohort of 55 children with IBD, and this reduction persisted over two years of measurement. Similarly, Sylvester
et al[6] also found persistence of significantly lower lean
mass Z-scores over two years in patients with CD, and
these remained lower than controls even after adjustment
for height. Werkstetter et al[7] found significantly reduced
lean mass in children with well controlled IBD compared
with controls, as indicated by reduced phase angle α
Z-scores measured by BIA. Our group[8] has detailed significant reductions in body cell mass Z-scores (the metabolically active component of lean mass; adjusted for
height) in patients with UC having repeated measures of
total body potassium over three years. Lean mass adjusted for age and lean mass adjusted for height was shown
by Burnham et al[9] to be significantly lower in children
with CD than controls, and in a regression model including height, age, Tanner stage and race, CD was associated
with a 6% reduction in lean mass. Further, concurrent
increases in fat and lean mass were reported in control
subjects, whereas no relationship was found in those with
CD; that is, increases in fat mass were not associated
with increases in lean in children with CD. Azcue et al[10]
report body composition comparisons between patients
with CD, healthy controls, and patients with Anorexia
Nervosa, however, the different techniques used to calculate fat and lean mass, and the potential errors associated
with this, limit the interpretation of these data. They do
suggest that their finding of an elevated ECW:ICW ratio
in CD compared with control subjects is indicative of
protein-energy malnutrition, which in turn, is representative of lean mass deficits.
Despite consensus with respect to lean mass reductions in IBD, not all studies are in agreement with respect
to fat mass. Boot et al[5] suggest proportional reductions in
lean and fat mass, as shown by percentage body fat that
did not differ significantly from zero in their combined
IBD cohort. In contrast, in an all CD cohort Burnham et
al[9] report fat mass adjusted for age and fat mass adjusted
for height was not significantly different from controls.
Similarly, in 42 children with CD weight gain over a twoyear period was explained by gains in fat mass[6].
Several studies highlight the ineffectiveness of BMI to
determine nutritional status, as compared with body composition, in this cohort. Our group[8] have recently shown
normal BMI Z-scores in patients with UC, where body
cell mass Z-scores were significantly reduced. Sylvester
et al[6] found children with CD had lean Z-scores consistently below the mean of healthy controls over two years,
despite increases in BMI after 1 year that made them
comparable to healthy children. In the study of Thayu
et al[11], changes in body composition were not reflected
by changes in BMI, shown by normalisation of BMI in
the face of continued significant deficits in lean mass at
follow-up for female patients with CD compared with
controls. While easy to calculate, BMI is of little value in
determining nutritional status in children with IBD.

INTRODUCTION
Treatment considerations for paediatric patients with inflammatory bowel disease (IBD) are two-fold. Firstly, to
achieve optimal disease control and attain remission, and
secondly, to promote growth and progression through
puberty. Often, when the first consideration is achieved,
the latter will follow.
Growth failure and delayed puberty have long been
associated with paediatric IBD, and is more prevalent in
Crohn’s disease (CD) than ulcerative colitis (UC)[1]. Malnutrition has long been described as a factor contributing
to growth impairment. The development of malnutrition
in this cohort is multifactorial, being influenced by enteric
nutrient losses, suboptimum intake, malabsorption of
nutrients, and increased energy needs[2]. However, while
linear growth is straight forward to measure, and it is
clear patients with CD are more prone to growth failure
than UC, assessing malnutrition is more complex, with
many results limited by crude measures of weight and
body mass index (BMI) as proxy measures of malnutrition. Both these measures give little information about
what is actually happening in the compartments of the
body, and as such, increases in these parameters may not
be representative of improved nutritional status.
Assessing body composition, that is, fat mass and lean
mass at its most basic, gives a much better indication of
nutritional status than anthropometry. With this in mind,
growth and nutritional status in paediatric patients with
IBD should be considered in terms of body composition, rather than simple anthropometric changes. This
review is an update on what is currently known about
nutritional status as determined by body composition in
paediatric IBD. Further, as there have been several recent
reviews about the prevalence and mechanisms of growth
failure in IBD[3,4] this review will focus on the impact of
biologics on growth in paediatric IBD. Suitable research
studies were identified from the literature by searching
PubMed. Key words used to search included: IBD; body
composition; nutritional status; growth; child; adolescent;
infliximab. Relevant studies were also identified from the
reference lists of search results.

NUTRITIONAL STATUS AS DETERMINED
BY MEASURES OF BODY COMPOSITION
The techniques reported in the literature to measure
body composition in IBD have paralleled the technical
advancements in the field and become increasing more
sophisticated and, therefore, accurate. Early work utilized
anthropometry, such as measurements of skinfold thickness and body circumferences, which are proxy methods
at best, and are less accurate than other methods like bioelectrical impedance (BIA), isotope dilution, total body
potassium and dual energy X-ray absorptiometry (DXA).
IBD compared with normative data or controls
There is general consensus in the literature that lean mass

WJG|www.wjgnet.com

3192

March 28, 2014|Volume 20|Issue 12|

Hill RJ. Nutritional status in IBD

Gender differences in body composition
Several studies have detailed gender differences in body
composition in patients with IBD, and further, have
shown different treatment effects with respect to influence on nutritional status between genders. Dung et al[12]
report significantly higher percentage body fat in girls
with CD compared with boys, and Sentongo et al[13] detail
girls with CD have significantly higher percentage body
fat (approximately 6%) than controls, while boys were not
different. However, for any given age, this study found
significantly reduced lean mass in both the boys and girls
with CD, which was associated with disease activity.
Work by Thayu et al[11,14] is somewhat in disagreement
with the body composition patterns described above.
In contrast to the studies of Dung et al[12] and Sentongo
et al[13], Thayu’s group studied incident CD within two
weeks of diagnosis, and report body composition at diagnosis[14] and changes over time in response to treatment[11]
in the same cohort. At diagnosis, girls with CD displayed
a decrease in both lean and fat mass compared with controls (wasting), while boys displayed reductions in lean
mass, with relative preservation of fat mass (cachexia).
After adjustment for race, Tanner stage, age and fat
mass for height Z-scores, deficits in lean mass remained
significant in both genders compared with controls, but
were more pronounced in the girls with CD compared
with boys, and within the girls, in the girls diagnosed
during adolescence. Interestingly, body composition was
not associated with disease activity, however, there were
correlations with inflammatory markers. A subset of
this cohort was followed for 24-63 mo, and in boys the
body composition pattern changed from cachexia to one
of normalised lean mass, but excess fat mass compared
with controls. In girls, wasting at baseline developed into
cachexia at long term follow-up, illustrated by continued
deficits in lean mass, but normalisation of fat mass compared with controls.
An important consideration when interpreting these
data detailing gender differences in body composition is
the differential timing of peak height velocity between
girls and boys[15] and the changes in body composition
that are associated. Gender differences may in part be
explained by the timing of onset of disease in relation to
the occurrence of peak height velocity[13], which, in normal developing children, occurs earlier in girls than boys.

and hence, may compromise nutritional status.
Nonetheless, Thayu et al[11] described determinants
of change in body composition during follow-up of
their CD cohort. Medications included corticosteroids,
methotrexate, 6-mercaptopurine, azathioprine, infliximab
and enteral nutrition (not exclusive). In their model of
predictors, greater improvements in lean mass for height
Z-scores were associated with concurrent infliximab,
while greater increases in fat for height Z-scores were associated with cumulative corticosteroid dose and methotrexate. Interestingly, high dose corticosteroid therapy has
been shown to significantly increase whole body protein
breakdown and loss, even in the short term, in children
with CD and this may influence lean body mass acquisition in the long term[16]. This potentially explains the persistent deficits in lean mass over time described by Thayu
et al[11] and Sylvester et al[6].
Body composition in response to nutritional therapy
The early study of Lin et al[17] combined measures of subscapular and triceps skinfold thickness, mid arm circumference, CT scanning of the thigh, and creatine excretion
to investigate truncal and extremity body composition
in children with both CD and UC combined. Normative
data were not reported, nor were measures converted
to Z-scores, but rather, their work investigated change
in response to two durations of parenteral nutrition.
Both short term (ST; 5 wk) and long term (LT; 10 wk)
parenteral nutrition were associated with reduced disease
activity and significant increases in weight, muscle mass,
and truncal fat. Further, height was significantly increased
at 50-d post cessation of ST nutrition and at cessation
of LT, however, the relevance of this is limited as only
absolute heights were given and not Z-scores (no control
group). It is, therefore, unknown whether the increase in
height was simply a reflection of normal growth, as opposed to increased growth, as there was no comparison
group. With respect to extremity composition, increases
in fat were more pronounced in the arms and increases in
muscle were more pronounced in the legs, with changes
more apparent with longer parenteral nutrition.
Investigating two types of exclusive enteral nutrition
(EEN), Khoshoo et al[18] also showed improved body
composition and decreased disease activity. Fourteen
children with CD increased weight, lean mass (BIA) and
triceps skinfold thickness after both three and six weeks
of EEN compared to baseline. Similarly, Azcue et al[10]
showed improvements in weight, percentage ideal body
weight and absolute values of lean mass in children with
CD on EEN. EEN was compared to corticosteroids
and both groups significantly increased in the aforementioned parameters. In an age and Tanner stage matched
subgroup of ten males, height was shown to significantly
increase in the EEN group compared with the corticosteroid group. Interestingly, in both groups percentage
of lean mass did not change significantly over the three
months of treatment, but percentage fat mass did, with
a trend to greater increase in the corticosteroid group.

Effects of treatment on body composition
Data describing treatment effects of medications for
IBD is somewhat confounded by disease severity. For
example, disease activity was correlated with greater lean
mass deficits in the study of Burnham et al[9], and there
was a trend for use of corticosteroids to be associated
with lean mass reduction, which may simply be a result
of increased corticosteroid use with more severe disease.
The same study found mesalamine was predictive of lean
mass for height Z-score less than -1.00, and the authors
suggest this is indicative of upper gastrointestinal disease,
which is associated with more micronutrient deficiencies,
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This finding is perplexing, as for percentage fat mass to
increase there would need to be a decrease in percentage
lean mass. However, as previously mentioned several different body composition techniques, of varying accuracy
and sophistication, were used to measure each component, and as there is error and assumptions inherent in
different techniques, this questions the validity of their
body composition component data comparisons. For
example, Boot et al[5] have shown that BIA overestimates
fat mass compared with DXA as the standard in a cohort
of IBD patients. They also found greater differences
between the two methods when DXA determined bone
mass and lean tissue mass were added together and compared with lean mass by BIA. Further, Sentongo et al[13]
have shown significant differences between lean and fat
mass predicted from skinfold thickness compared with
assessment by DXA.

(n = 6) who were refractory to conventional therapy
(corticosteroids and/or azathioprine) and had growth
impairment (at least -1.00 change in Z-score for height),
de Ridder et al[25] described recommencement of normal
linear growth velocity in half their retrospectively studied
cohort. Borrelli et al[23] prospectively studied 18 children
with severe CD and reported both significantly increased
weight and height Z-scores at 6 mo post induction regimen. Following the three induction infusions, endoscopic
and histologic scores were significantly decreased. Clinical remission was achieved in 10 patients and inflammatory remission in 12 patients, and eight patients who
had achieved both clinical and inflammatory remission
had retreatment with infliximab beyond the induction
regimen. When examining retreated patients compared
with the 10 who only completed induction therapy, it was
shown that the significant improvements in weight and
height Z-scores remained only in the retreated group. It
is interesting to note that mean height Z-scores were indicative of growth failure in the retreated group (-1.15),
whereas they were not in the induction group (-0.86).
Further, all patients in the retreated group displayed clinical and inflammatory remission post induction therapy.
Hyams et al[26] studied only patients who clinically responded to induction with infliximab in their randomised
controlled trial of two different dosage regimens. Height
Z-scores were determined only in those patients with
greater than a 1 year delay in bone age, and at both wk 30
and 50 height Z-scores were significantly improved.
Pubertal progression and skeletal maturation are important considerations when evaluating the impact of
therapies on growth. Both these parameters were taken
into account by Walters et al[29] in their retrospective investigation of growth during the first year of infliximab therapy. A bone age correction factor was applied to Z-score
calculations for those children with a delay and patients
were grouped according to pubertal status (Tanner stages
1-3 vs Tanner stages 4-5). All 27 patients with growth
assessed established at least a partial response to the induction regimen, and mean height Z-score had decreased
over the period from diagnosis to infliximab induction,
even with the use of other conventional therapies. Height
and height velocity Z-scores were subsequently found to
improve only in those patients in early puberty, however,
all children showed significant improvement in weight.
Improvements in height velocity, weight and BMI were
significantly greater in those children exhibiting complete
symptomatic remission as opposed to partial. Similar results with respect to pubertal status and clinical response
were reported in the retrospective study of Malik et al[28].
Height velocity Z-scores accounted for pubertal status,
and height and height velocity Z-scores significantly
improved over the first 6-mo of treatment, with height
Z-scores additionally showing significant increases 12-mo
from baseline. Clinical responders showed significant improvements in height velocity. In a prospective study of
children with severe refractory or corticosteroid dependent CD, ten children who had not completed pubertal
growth showed significant improvement in height Z-score

GROWTH IN THE ERA OF BIOLOGICS
In the era of biologics, initial investigations into the efficacy and safety of their use in paediatrics are now evolving into interest in their ability to promote growth (Table
1) and improve nutritional status, although data predominantly investigate weight or BMI change and data on
body composition are scarce. In three retrospective studies[19-21], weight following infliximab therapy was shown
to increase, but no significant changes in linear growth
were reported. Afzal et al[19] reviewed the case notes of
24 children and detailed growth parameters 6 mo prior
to the first infusion of infliximab, at the time of first
infusion, and 6 mo post third infusion. All children were
on concomitant immunosuppression and while weight
Z-score significantly improved from initial dose of infliximab to 6 mo post, no significant change in height Z-score
was found between time points. Similarly, Sinitsky et al[21]
reported a significant improvement in BMI Z-score and
a trend to improvement in weight Z-score at 1 year after
starting infliximab in a cohort of 16 patients, however,
height Z-scores were not different. Diamanti et al[20] retrospectively evaluated 28 patients and divided them into
groups according to therapy so as to compare combined
infliximab, mesalazine and azathioprine, with mesalazine
and azathioprine only. Significant increases in weight and
BMI between baseline and follow-up (median 10 mo)
were reported for the infliximab group, however, height
was not found to be different in either treatment group.
Pfefferkorn et al[22] described the relationship between
growth and current treatment options in children remaining in Tanner stages 1-3 over 2 years. Thirty-six percent
of their cohort received infliximab and no significant differences in height velocity Z-scores were found at one or
two years follow-up. More frequent doses of infliximab
were reported in children receiving early and sustained
corticosteroid use, and this association persisted over the
two-years of follow-up.
In contrast, other studies have reported resumption of normal linear growth following treatment with
biologics[23-29]. In a small number of patients with CD
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Table 1 Summary of studies investigating the impact of biologics on linear growth
Ref.

Study type
and biologic

Subjects and medication at
baseline

Growth
1
failure

Afzal et al[19]

Retrospective;
infliximab

n = 24; median age: 10.3 yr;
All concomitant
immunosuppression

No

Diamanti et al[20]

Retrospective;
infliximab

Sinitsky et al[21]

Pfefferkorn et al[22]

Borrelli et al[23]

Cezard et al[24]

de Ridder et al[25]

Hyams et al[26]

Malik et al[27]

Malik et al[28]

Pubertal Measurement
status data
times
n = 0 in
Tanner 5

Remission
achieved

T - 6; T0; T
n = 17 clinical
No sig Δ ht Z at T + 6
+ 6 post 3rd remission after 3rd
infusion
infusion; of these,
n = 14 relapsed
and required
further infusions
T0; median Clinical remission No sig Δ HV Z at 10 mo post
10 mo post
in group A
for either group

n = 28; median age: 13 yr
Data not Data not
in infliximab, 5-ASA and
given
given
azathioprine (Group A: n = 14);
14 yr in 5-ASA and azathioprine
(Group B: n = 14)
Retrospective; n = 16; mean age 13.0 yr; n = 2
No
Data not
T0; T + 12
n = 10 clinical
infliximab
concomitant MTX; n = 1 6-MP;
given
remission
n = 1 tacrolimus; n = 8 5-ASA;
n = 14 azathioprine; n = 7
corticosteroid
Prospective;
Subgroup n = 34 commencing
No
Tanner 1-3 Dx; T + 12; T Data not given
infliximab
infliximab during first year of
+ 24
study; mean age: data not given;
concomitant medication: data
not given
Prospective;
n = 18; median age: 13 yr; n =
Yes in
No
T0; T + 6
After induction
infliximab
18 concomitant azathioprine; retreated
n = 10 clinical
n = 15 mesalamine; n = 13
group
remission; n =
corticosteroids
only
12 inflammatory
remission. n = 8
were retreated
Prospective;
Subgroup n = 10; mean age:
No
Pubertal
T-12; T + 12
Data not given
infliximab
data not given; concomitant
growth not
medication: data not given
completed
Retrospective; Subgroup n = 6 of refractory
Yes
No
Collection
n = 3 good
infliximab
group; mean age: 13.8 yr;
points
response; n
of these, n = 6 concomitant
unclear:
= 2 became
immunosuppression; n = 4
patients
unresponsive at
corticosteroids
followed for second infusion;
8-122 mo
n = 1 ceased due
to allergy
Prospective;
n = 103; mean age: 13.3 yr;
Yes
> 1 yr delay T0; week 30;
All displayed
infliximab,
however, ht Z only assessed in
skeletal
week 54
clinical remission
randomized those with > 1 yr delay skeletal
maturation
to induction
to 8 or 12
maturation (n = not reported);
regimen prior to
weekly
n = 93 concomitant 6-MP/
randomization
infusions
azathioprine; n = 9 MTX; n = 56
5-ASA; n = 36 corticosteroids
Retrospective; n = 36; median age: 14.7 yr; of
No
n = 17
T0; T + 6; n = n = 28 clinical
adalimumab these, n = 34 prior infliximab (n =
Tanner
11 T + 12
remission
7 non-responders; n = 16 loss of
1-3; n = 11
clinical response; n = 11 allergic
Tanner 4-5
reaction); n = 23 concomitant
immunosuppression; n = 15
corticosteroids

Retrospective; n = 28; median age: 13.1 yr; n =
infliximab
17 concomitant 5-ASA; n = 13
azathioprine; n = 13 MTX; n = 12
corticosteroids
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Yes
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Linear growth outcomes

No sig Δ ht Z at T + 12

No sig Δ HV Z at T + 12; No
sig difference HV Z at T +
24 between infliximab ≥ 1
yr, vs < 1 yr or no infliximab
Sig ↑ ht Z from T0 to T +
6 in retreated group only;
Note: all in retreated group
had achieved clinical and
inflammatory remission
Sig ↑ HV Z at T + 12

n = 3 resumed normal linear
growth velocity, all of which
were in good response
group; n = 3 no change

Sig ↑ ht Z from T0 to weeks
30 and 54

Sig ↑ ht Z and HV at T + 6
for whole group, those in
clinical remission, Tanner
1-3, immunosuppression,
allergic reaction to
infliximab; no sig changes
for group followed to
T + 12; independent of
corticosteroid use
n = 20
T - 6; T0; T +
n = 21 clinical
Sig ↑ ht Z from T0 to T + 6,
Tanner 1-3 6; n = 25 T + response; n = 10 and T - 6 to T + 12 for whole
12
clinical remission group; Sig ↑ HV from T0
to T + 6 for whole group,
clinical responders, Tanner
1-3, no corticosteroids, MTX
throughout
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Walters et al[29]

Retrospective; n = 27; median age: 14.3 yr; n = 3
infliximab
concomitant corticosteroids; n =
25 immunosuppression

Yes

n=9
T0; T + 12;
n = 20 clinical
Sig ↑ HV from T0 to T +
delayed
median 26
remission; n = 7 12 for Tanner 1-3 (and this
skeletal mo post (cur- partial remission
group displayed growth
maturation;
rent)
failure). Within Tanner 1-3,
n = 19 Tansig ↑ HV from T0 to T + 12
ner 1-3; n =
for complete remission; Sig
8 Tanner 4-5
↑ ht Z from T0 to current for
Tanner 1-3; ht Z negatively
correlated with disease
duration

1

Growth failure defined as mean group height Z-score < -1.00 at pre or initial biologic infusion. ASA: Aminosalicylic acid; MTX: Methotrexate; 6-MP: 6-mercaptopurine; Dx: Diagnosis; T - 12: 12 mo pre commencement; T - 6: 6-mo pre commencement; T0: Commencement of biologic; T + 6: 6 mo post commencement; T + 12: 12 mo post commencement; ht: Height; HV: Height velocity; sig: Significant at P < 0.05; Δ: Change; ↑: Increase; Z: Z-score.

in the year after treatment compared to the year before[24].
In the whole group of 21 children, 90% achieve complete remission.
A further study by Malik et al[27] detailed the effects
of a different biologic on growth in children with CD,
namely adalimumab. Their cohort comprised mainly of
children (34 out of 36) who had previously been treated
with infliximab but were either unresponsive, lost clinical
response or had an allergic reaction. Both height Z-score
and height velocity significantly improved over 6 mo,
however, this increase was significant only in the group
who achieved clinical remission. Further, height Z-score
did not show significant change in those patients who
were either unresponsive or lost clinical response to infliximab, but was only apparent in those with an allergic
reaction to infliximab. Linear growth was also related
to stage of puberty, with only those in the early stages
of puberty (Tanner 1-3) showing significant increases
in height Z-score and median height velocity, and while
use of corticosteroids did not impact improvements in
height, those on concurrent immunosuppression displayed significant improvement as opposed to those who
were not.
In summary, growth deficits are a marker of more
severe disease[3], as is use of biologics[30]. Hence, the relationship between treatment with infliximab and growth
promotion seems multifactorial. From the data reviewed
herein, features associated with improvements in growth
with use of biologics appear to relate to clinical response
to treatment, stage of puberty, and presence of growth
failure. Evidence suggests that clinical response is important for improving growth and while limited data exist,
this is probably related to mucosal healing[23]. It is also
apparent, and not surprising, that children late in puberty
do not respond with linear growth improvement. This
may have been a factor associated with the studies not
showing improvement in height as pubertal status was
either not assessed[20,21], or indicated to be in the later
stages[19]. Better growth response is also seen in those
patients who are suffering from growth failure prior to
treatment, with studies showing no improvement involving a cohort where growth was not impaired[19,21]. The
study of Diamanti et al[20] is limited by the authors only
looking at change in actual height values, with both genders grouped together, and no information on pubertal
status. Hence, it is difficult to determine at what stage
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their patients are with respect to pubertal progression
and peak height velocity.

CONCLUSION
Nutritional status, as indicated by compromised body
composition (that is, reduced lean mass), is present in
children with IBD and persists over time, irrespective
of treatment. Further, alterations in body composition
are expressed differently between boys and girls, and in
response to treatment. Reports suggest girls present with
wasting which morphs into cachexia with treatment. In
contrast, boys present with cachexia, with resolution of
lean mass with treatment, and excess of fat mass. It must
be noted that literature in this area is relatively limited,
and more studies are needed, particularly addressing responses to treatment.
As with compromised nutritional status, growth deficits are reported in children with IBD. Data are promising with respect to improvements in linear growth as a
result of treatment with biologics, however, it is clear that
further research is necessary in this area as the majority of studies conducted are retrospective in nature and
subject numbers are small. Key features associated with
improvements in growth appear to be successful clinical
response to treatment, patients in early stages of puberty,
thereby allowing a greater window of opportunity for
growth potential, and the presence of growth failure at
the onset of treatment, again allowing for greater growth
potential. An area that is lacking for evidence is the impact of biologics on body composition, and more data
are warranted in this area.
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Core tip: Studies on the natural history of Crohn’s disease (CD) provide invaluable data on its course and
clinical predictors, and may help to identify patient
subsets based on clinical phenotype. New data suggest
the possibility of a change in the natural history in CD,
with an increasing percentage of patients diagnosed
with inflammatory disease behavior. Hospitalization
rates remain high, while surgery rates seem to decrease in the last decade. Mortality rates still exceed
that of the general population. The impact of changes
in treatment strategy, including increased, earlier use
of immunosuppressives, biological therapy, and patient
monitoring on the natural history of the disease are
still conflictive.

Abstract
Crohn’s disease (CD) is a multifactorial potentially debilitating disease. It has a variable disease course, but
the majority of patients eventually develop penetrating or stricturing complications leading to repeated
surgeries and disability. Studies on the natural history
of CD provide invaluable data on its course and clinical predictors, and may help to identify patient subsets
based on clinical phenotype. Most data are available
from referral centers, however these outcomes may
be different from those in population-based cohorts.
New data suggest the possibility of a change in the
natural history in Crohn’s disease, with an increasing
percentage of patients diagnosed with inflammatory
disease behavior. Hospitalization rates remain high,
while surgery rates seem to have decreased in the last
decade. In addition, mortality rates still exceed that
of the general population. The impact of changes in
treatment strategy, including increased, earlier use of
immunosuppressives, biological therapy, and patient
monitoring on the natural history of the disease are
still conflictive. In this review article, the authors summarize the available evidence on the natural history,
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disorder
of the gastrointestinal tract of unknown etiology. Both
genetic and environmental risk factors (e.g., smoking or
appendectomy) contribute to its pathogenesis[1]. During
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the past two decades, the incidence pattern of inflammatory bowel disease (IBD) has changed significantly[2].
The disease course is reported to be highly variable, but
the majority of patients eventually develop penetrating
or stricturing complications. Nevertheless, there are still
relatively limited data available on the natural history of
IBD from population-based studies.
The phenotypic classification of CD based on clinical
features plays an important role in patient management,
and may help predict the clinical course in CD patients[3].
In 2005, the Montreal revision of the Vienna classification
system was introduced[4]. The broad categories for CD
classification remained the same [terminal ileum (L1), colon (L2) and ileocolon (L3) and upper gastrointestinal (GI)
(L4) as modifier], behavior [non-stricturing non-penetrating (B1), structuring (B2) and penetrating (B3)] with some
changes: e.g., upper GI disease and perianal involvement
became modifiers classified independently of, or alongside, disease at more distal locations and the later with disease behavior. Current practice guidelines from European
Crohn's and Colitis Organisation advocate the use of the
Montreal classification in both CD and ulcerative colitis
(UC)[5]. Using the Vienna classification system, it has been
shown in referral IBD cohorts that a significant change in
disease behavior often occurs over time, whereas disease
location remains relatively stable[6,7]. It is still uncertain
whether this progression is preventable.
Other significant adverse outcomes include need for
hospitalization, surgery, and reoperations. Hospitalization
and surgery are considered to be markers of disease severity in CD and are associated with high costs[8]. There are
relatively limited data available on hospitalization trends,
and data interpretation is complicated by local management strategy and reimbursement issues. According to recent population-based studies, major surgery was required
in 40% to 50% of CD patients within 10 years of diagnosis in the last 2 to 3 decades, with postoperative recurrence rates as high as 50% at 10 years. However, new data
suggest that surgical rates already began to decrease prior
to the widespread use of biologicals. The ultimate negative outcome is mortality[9]. CD mortality is still higher
than that of the background population and current data
do not suggest a change.
Recently, Peyrin-Biroulet et al[10] published a systematic
review of the natural history of CD in population basedcohorts. According to the authors’ conclusions, available
data did not suggest a significant change in CD outcome,
with approximately half of patients requiring surgery
within 10 years of diagnosis. Furthermore, the authors
stated that the impact of changing treatment paradigms
with the increased use of immunosuppressants and biological agents on the natural history of the disease was
poorly understood. In this article, evidence regarding the
natural history, the current trends in outcomes and predictive factors for evaluating the disease course in CD, are
discussed and summarized.
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DISEASE LOCATION, BEHAVIOR
AND OVERALL DISEASE ACTIVITY:
CHANGING PATTERNS OR DIFFERENCES
DUE TO DIAGNOSTIC TOOLS, AGE AT
ONSET, GEOGRAPHIC REGION AND
HOSPITAL SETTING?
In CD, disease location at diagnosis is relatively homogeneous and stable, with the exception of the reported variance in the frequency of upper gastrointestinal location,
especially when comparing pediatric- and adult-onset
populations. In addition, according to some studies, the
proportion of isolated colonic disease seems to have increased in the last decade. In the recent study by the IBSEN group[11], 27% of patients had L1 disease, 48% L2,
23% L3, and 2% L4 disease at presentation. Somewhat
lower rates of isolated colonic disease were reported
from Denmark (L2: 30%, 43%, and 37%, in 1962-1987,
1991-1993 and 2003-2004, respectively)[12]. Similar data
were recently reported from Eastern Europe (L1: 20%;
L2: 35%, L3: 44%, and L4: 2.4%) in 2002-2006[13]. Somewhat lower frequency of ileocolonic disease was reported
from the Mayo Clinic [14]. Disease extent was ileal in
45.1%, colonic in 32.0%, and ileocolonic in 18.6%.
Finally, two very recent, multinational, populationbased cohorts have come to similar conclusions. In the
EpiCom study[15], the distribution was not significantly
different in centers from Western and Eastern Europe
(L1: 35% vs 43%, L2: 31% vs 24%, L3: 27% and 32%,
isolated L4: 8% and 2%, total L4 involvement: 24%
vs 17%). The frequency of total upper gastrointestinal
involvement was higher compared to previous reports.
Another study was published from eight countries across
Asia and Australia[16]. Interestingly, disease location was
very similar in the Asian countries and Australia (L1:
31%, L2: 24%, L3: 45%, and L4: 5%). The highest variability is reported in the rate of upper gastrointestinal
involvement. This may be at least partly associated with
diagnostic procedures (e.g., completeness of bowel investigation), but differences in the definitions and interpretation of minute upper gastrointestinal lesions. As an
example, in the recent EpiCom study, only 10%-34% of
adult onset patients underwent a gastroscopy, while a full
colonoscopy was performed in 93%-96%. Additional
small bowel imaging (capsule endoscopy, magnetic resonance imaging, or computed tomography) was performed
approximately 60% of CD patients. Of note, location
seems to be relatively stable with only 10%-15% change
after approximately 10 years’ follow-up[7,17,18].
Up to one-third of patients present with complicated
disease phenotype at diagnosis. In the IBSEN cohort,
36%, 49%, and 53% of patients presented with stricturing or penetrating disease at diagnosis or developed such
complications within 5 or 10 years. However, some recent studies also reported a change in the initial disease
behavior over time. In the Veszprem cohort, patients
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ies[20-22]. While data on overall disease course so far have
lacked consensus, pediatric disease behavior seems to
parallel that of adults[23]. A Scottish study simultaneously
compared disease behavior and location in pediatric and
adult onset IBD patients[24]. In childhood-onset patients a
clear difference in disease location at onset and after five
years exists; with less ileum- and colon-only location but
more ileocolonic and upper gastrointestinal involvement
among pediatric-onset patients (P < 0.001 for each). In
addition, disease behavior after five years did not differ
between the two groups. Similar trends were recently
reported from the Eurokids registry with a larger proportion of pediatric-onset patients presenting with extensive
disease (L1: 16%, L2: 27%, L3: 53%, and L4: 54%)[22].
Finally, according to French data, pediatric-onset CD was
characterized by frequent occurrence of a severe phenotype during follow-up, with extensive location, complicated disease, and frequent need for immunosuppressives[25].
Additionally, according to the findings by Pigneur et
al[21], patients with childhood-onset CD often have more
severe disease, increased frequency of active periods, and
increased need for immunosuppressants. In contrast, the
cumulative risks of stricturing and penetrating complications and need for surgery were not different between
childhood-onset and adult-onset patients. Similar findings
were reported recently from a population-based study
including both pediatric and adult onset cohorts from
Hungary[18] and another from Canada[26]. Interestingly,
in the most recent publication from the EPIMAD registry[27], patients with pediatric-onset disease had roughly
similar disease behavior at diagnosis compared with
patients with an age at onset between 17-39 years, 40-59
year or > 60-years (B1: 72%, 66%, 69% and 78%). In this
paper, pediatric-onset patients presented more frequently
with ileocolonic disease, while elderly-onset CD patients
(> 60 years at diagnosis), isolated colonic disease. In addition, complicated disease developed significantly more
frequently in the pediatric-onset patients compared to
patients with an elderly onset (50% vs 30% at maximal
follow-up). The disease course in elderly-onset patients
was altogether milder[28]. Similar findings were reported
also form Hungary[29].
Few data are available regarding relapse rates and
overall disease course in IBD. Most data were published
from the Nordic countries. In one early publication, longterm disease course was reported in 185 CD patients
followed-up regularly between 1960-1978 in Copenhagen[30]. About 45% of patients were clinically asymptomatic for all observation years. The disease activity was
low in approximately 30% of patients and moderate-tohigh in approximately 25%. Continuous disease activity
was observed in about 20% of patients and intermittent
symptoms were reported in 35% of those with active disease in a given year. However, the cumulative relapse rate
after five years reached 93.1%. Similar disease course was
reported in a follow-up cohort from the same region in
1991-1993[12].
Somewhat different rates were published in the EC-

diagnosed from 1999 to 2008 presented more frequently
with inflammatory disease behavior compared to the previous cohort (65% vs 50%)[18]. Similarly, the probability of
progression to complicated disease behavior was associated with the calendar year of diagnosis, but not with age
at onset; after five and seven years 15.1% and 21.8% of
patients diagnosed after 1998 progressed to complicated
disease, while 27.4% and 33.3% of patients diagnosed between 1977 and 1998 showed such a progression. Other
factors identified were disease location, perianal disease
and smoking.
Recently, authors from New Zealand[17] published a
population-based cohort study, showing that > 70% of
CD patients had inflammatory disease at diagnosis, while
only 23% and 40% of patients with initial inflammatory
disease progressed to complicated disease phenotypes
after five and ten years of follow-up, respectively. The
median follow-up for CD patients was, however, only 6.5
years. In a study from the Mayo Clinic, 81.4% had nonstricturing, non-penetrating disease, 4.6% had stricturing
disease, and 14.0% had penetrating disease at diagnosis[14].
Similarly, only 22% of patients had fistulizing complications in the Manitoba CD cohort[19]. The cumulative risk
of developing either complication in the Mayo cohort
was 18.6% at 90 d, 22.0% at 1 year, 33.7% at 5 years, and
50.8% at 20 years after diagnosis. Similarly, B1 behavior
was observed in 68% and 75% of patients in Western
and Eastern Europe, respectively in the EpiCom study[15]
with 10% of all patients presenting with perianal involvement. The rate of inflammatory disease behavior
was even higher in Australian patients in the ACCESS
study[16] (Australia: 88% vs Asian countries: 66%), with
similar perianal involvement (12% and 18%). Another
remarkable finding of this study was that UC incidence
increased parallel with age. Nonetheless, some of these
changes may result from bias due to diagnostic delay,
differences in the diagnostic tools and completeness of
bowel examination in the different time periods.
In contrast, in the landmark study by Cosnes et al[6],
up to 70% of CD patients developed either penetrating
or stricturing disease within 10 years of diagnosis in a referral CD cohort. Similar results were published in a Belgian referral cohort[17]. During 10 years’ follow-up, 45.9%
of patients had a change in disease behavior from nonstricturing, non-penetrating disease to either stricturing
(27.1%) or penetrating (29.4%) phenotypes. In contrast,
disease location remained relatively stable during followup, with only 15.9% of patients exhibiting a change in
disease location within 10 years. The rate of perianal
complication varies between 10%-20% at presentation.
Of note, these were referral center cohorts and as highlighted earlier, trends were to some extent different in the
population-based setting.
According to the available literature, pediatric-onset
CD runs a more aggressive course, with more extensive
disease location, more upper GI involvement, more active disease, growth failure, and need for more aggressive
medical therapy in predominantly referral-center stud-
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IBD study[31]. All-type first cumulative recurrence rates
were 34%, 69.2%, and 77.5% after 1, 5, and 10 years of
follow-up, respectively, in 358 CD patients, with similar
second and third all-type relapse rates (40.2%, 76.9% and
82.6% vs 45.9 and 76.4% after 1, 5, and 10 years). Upper
gastrointestinal location and therapy with 5-aminosalicylic acid therapy were associated with increased risk of
relapse. Interestingly, relapse rates were associated with
the geographic region. Higher relapse rates were reported
from Copenhagen, while lower rates were observed in
Greece, Italy, and Norway. Similar to earlier reports, high
cumulative relapse rates (53%, 85% and 90% after 1, 5,
and 10 years, respectively) were reported recently from
the IBSEN group[11]. This was associated with early need
for steroids but not with disease phenotype or smoking
habits. In contrast, approximately 44% of patients were
in clinical remission during the second five-year period
and 43% experienced a decrease in disease severity (according to predefined disease patterns) during the followup period. In contrast, 3% of patients experienced an
increase in severity, 19% experienced chronic continuous
symptoms, and 32% experienced a relapsing course.

diagnosis) but with considerable differences between
countries. Rates were highest in Denmark, Ireland, Portugal while low rates were observed in Norway, Greece, and
Italy.
Likewise, high hospitalization rates were reported in
a population-based study from Canada[35]. In 1994-2001,
approximately 25% of subjects with Crohn’s disease
were admitted annually. The annual hospitalization rate
declined from 29.2 to 26.9 per 100000 over the seven
years of the study. The readmission rate was 39.4%, with
almost half of the hospitalizations occurring for surgery.
In a more recent population-based study from the same
region[36] the authors reported stable hospitalization rates
in CD patients diagnosed between 1988 and 2008, with
the highest hospitalization rates within the first year of
diagnosis (approximately 1.3 admissions per person-year).
Similar to previous studies, hospitalization rates declined
after the first year by about half with a stable rate over
the next 5 years.
A meta-analysis of hospitalization rates in IBD was
published from nine European countries based on the
data of the national statistic offices in 2009[37]. Hospitalization rates varied significantly among countries, ranging
between 1.2 and 4.3 discharges per 10000 for CD. The
highest rates were found in Denmark (4.33) and Scotland
(4.15), with the lowest in Spain (1.20), Switzerland (1.31)
and the Netherlands (1.46), a trend partly unrelated to
disease prevalence. Numbers were similar for UC and
CD in the given country with a specific age-distribution
pattern (CD: High peak in 20-30 year old patients and
small peak in the elderly; UC: Opposite trend).
Finally, multiple studies investigating US national
databases reported an increase in CD related hospitalization rates. However, it is difficult to determine if this rise
is associated with disease prevalence, severity or both.
According to the National Hospital Discharge Survey database, CD-related hospitalization rates increased significantly from 9.3 to 17.1 per 100000 from 1990 to 2003[38].
In particular, hospitalization rates in the 45-64 year-old
and > 65 year-old groups rose significantly, while rates
in younger patients remained essentially unchanged[39].
Similar trends were reported from the Nationwide Inpatient Sample[40]. Hospitalization rates increased 4.3%
annually between 1998 and 2004. In contrast, data from
Kaiser-Permanente suggested a decrease in CD-related
hospitalization rates by about one-third between 1998
and 2005[41] parallel with an increased use of IBD related
drugs (including a fivefold increase in anti-TNF use) and
a shift in gastroenterology-related visits from the gastroenterology division to primary care.
In conclusion, although hospitalization patterns and
causes may have changed, rates are still high, with approximately 50% of CD patients requiring hospitalization within 10 years of diagnosis. Actual rates may vary
significantly among age groups, time periods, reimbursement settings, and among countries. Findings must be
interpreted with attention given to the context of disease
prevalence, treatment strategy, and health care access.

HOSPITALIZATION: IS THIS AN
OBJECTIVE MEASURE?
Although hospitalization is an important outcome measure, it is subject to inconsistency, as it is influenced by
multiple factors other than disease severity, such as the
need for diagnostic workup, health insurance reimbursement policies and ethnic differences. In addition, the
threshold for hospitalization varies between specialized
centers, community hospitals, and private practice. In addition, a restructuring of costs is currently seen, as highlighted in a short-term study from The Netherlands[32]. In
this study, tumor necrosis factor inhibitors (anti-TNFs)
accounted for as much as two-thirds of the direct costs
in CD and one-third in UC (with a three-month total
cost of 1626€ in CD and 595€ in UC). Future studies
are needed to investigate if tight control and aggressive
therapy based on early patient profile stratification leads
to superior long-term outcomes. A cost-benefit analysis is
also required to justify the cost burden of these medications.
Relatively few data are available regarding hospitalization rates in patients with CD. Several decades ago, a
significant proportion of diagnostics were performed on
an inpatient basis, leading to fairly high initial hospitalization rates as reported in Scandinavia. For example, in Copenhagen the hospitalization rate in the year of diagnosis
83% in CD patients from 1962 to 1987. In addition, approximately 20% of patients were admitted yearly over
the next five years[33]. Data from the 1990s is available
from a pan-European prospective follow-up study[34].
This study confirmed that hospitalization rates declined
significantly from the second year after diagnosis. The
cumulative risk of overall hospitalization was also lower
compared to the previous year (52.7% at 10 years from
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SURGERY IN CROHN’S DISEASE: RATES,
TRENDS AND CAUSES

Table 1 Surgery trends for Crohn’s disease in population
based cohorts by years from initial diagnosis

Surgery is one of the most objective outcome measures,
since it is only performed if clinically indicated. Almost
decade ago, partly based upon historical data, the probability of surgery was reported between 3% and 96%
within 15 years of diagnosis[42], with clinical relapse and
reoperation rates of 50%-60% and 28%-45%, respectively, during the subsequent 15 years. Surgical resection
rates over time vary widely among published studies,
ranging between 25% and 61% in the first five years.
Early studies reported extraordinarily high surgical rates,
as high as 30%, 50%, and 60% at 5, 10, and 15 years,
respectively, in the population-based Stockholm County
cohort from 1955-1974[43]. Surgical rates did not seem to
change according to an update from the same cohort[44].
Even higher rates were reported some years later in a
population-based cohort from Denmark[45], with up to
35% of CD patients requiring surgery in first year after
diagnosis. The cumulative surgery rate was 61% and 82%
after 10 and 20 years.
Lower surgery rates were reported in the pre-biologic IBSEN cohort[11]. In patients diagnosed between
1990-1994, surgery rates of 14%, 27%, and 38% at 1, 5,
and 10 years were observed. Similar surgery rates were reported from the multinational European EC-IBD cohort
diagnosed in the same time period with a cumulative surgery rate of 37.2% after 10 years and reoperation rates of
2.2%, 18.5%, and 35.9% at 1, 5, and 10 years, respectively[31]. A geographic variability was reported. Patients from
northern European centers, especially Copenhagen, had
higher surgical need due partly to differences in disease
phenotype. Interestingly, cumulative surgery rates were
comparable from a recent publication from a referral
center in South Korea[46], which reported data from 1991
to 2007, which showed cumulative probability of surgery
of 15.5%, 25.0%, and 32.8%, at 1, 5, and 10 years after
diagnosis, respectively. Surgery rates in referral center
may not be directly comparable with that reported from
population-based studies, however. Geographic variability
is also evident in Asia, as surgery rates were much higher
in a Japanese referral center cohort[47], reaching as high
as 37.6%, 60.4%, and 74.2% at 5, 10, and 15 years. This
is comparable to historical studies from Europe in the
1960s and may represent a distinct patient management
strategy.
An association with disease phenotype was reported
in multiple studies. Terminal ileal location, stricturing or
penetrating disease, and younger age at diagnosis (< 40
years) were identified as risk factors for surgery. Recent
data from Canada, Denmark, the United Kingdom, and
Hungary, however, suggest that surgical rates were falling (Table 1) prior to the advent of biologic therapy, as
summarized by the IOIBD Epidemiology Task Force report[8]. This trend is best highlighted by a Danish study[12].
The rate of early surgery (within one year of diagnosis)
fell from 35% to 12% between 1962 and 2004 Risk has

Geographic region and time period of
investigation
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North America/Asia
Olmsted County, MN, United States[38]
1970-2009
Manitoba, Canada[2]
1988-2008
2001-2008
South Korea[39]1
1991-2007
Europe
Sweden[21]
1955-1974
Denmark[25-37]
1960-1978
2003-2005
Denmark[51]
1979-1986
2003-2011
Norway[28]
1990-1994
Wales, United Kingdom[32]
1986-1991
1992-1997
1998-2003
Veszprem Province, Hungary[32,33]
1977-2008
2002-2006
EC-IBD[29]
1991-2003

Time from diagnosis
1 yr

5 yr

10 yr

38%

48%

13%
10%

24%
18%

32%

15%

25%

33%

30%

50%

35%
12%

61%

44.70%
19.60%
14%

27%

32%
25%
19%

59%
37%
25%

15%
10%

31%
21%

38%

52%

40%

1

Referral cohort.

continued to decline, parallel with increased use of immunosuppressives and biologicals, although causality was
not established[48]. Similar trends were reported in a population-based CD cohort from Manitoba, Canada[37,38].
Surgery rates at one and five years decreased from 13%
and 22% in patients diagnosed between 1996 and 2000
to 10% and 18% for those diagnosed between 2001 and
2008 (HR = 0.79; 95%CI: 0.65-0.97). Reoperation rates
were unaffected by the era of diagnosis. In contrast, high
operation rates were reported from the Mayo Clinic[10] in
patients diagnosed between 1940 and 2001 with a cumulative risk for surgery 24%, 49%, and 64% at 1, 10 and
30 years from diagnosis, respectively. In an update of the
same cohort, presented in an abstract form, surgery rates
did not seem to decline in patients diagnosed between
1970 and 2004 with 38%, 48%, and 61% of patients being operated on at 5, 10, and 30 years.
An association was also suggested with a change in
disease management including tight follow-up and early
immunomodulator therapy, however data are partly conflictive. In a previous referral center study from France,
the need for intestinal surgery did not decrease despite
increased use of immunosuppressants[49]. However, in
this study immunosuppressives were almost exclusively
started after surgery. In contrast, recent population-based
reports from Wales and Hungary[50,51] reported that early
azathioprine (AZA) use may be associated with reduced
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frequency of resective surgery. In the study from Wales,
surgery rates decreased from 59% to 25% at five years
after diagnosis between 1986 and 2003. A similar fiveyear surgery rate (21.3%) was reported in the latter study
in patients diagnosed between 2002 and 2006[13]. In addition, a French study reported an association between
the duration of anti-TNF and AZA therapy and risk for
surgery[52]. Of course, long treatment duration allows responders to the above therapies to be identified.
While data are mixed and there exists geographic
variation, recent data suggest a multifactorial trend for
decreasing surgery. Disease behavior at diagnosis as reported in the most recent studies is more often inflammatory compared to earlier CD cohorts[15,16,18]. In addition, diagnostic tools and follow-up strategy has changed
significantly in the last decade, parallel with the earlier and
more widespread use of immunosuppressives, as reported in a recent publication from Canada[37]. In this study,
authors reported an association between early gastroenterologist care and lower risk of surgery parallel with an
increased early use of immunosuppressives. However,
exposure to immunosuppressives is still relatively limited
in the population-based studies and reoperation rates are
essentially unchanged.
However, results from two recent prospective randomized clinical trials cast some doubt on the efficacy of
early thiopurine therapy. In the first paper, the GETAID
group[53] reported that early aggressive therapy with AZA
(2.5 mg/kg) within 6 mo of diagnosis was no more effective than conventional management in increasing time
of clinical remission as assessed by trimesters for 36 mo.
However, 61% of the patients in the “conventional”
group required AZA within a median of 11 mo of diagnosis, which cannot be interpreted as a conservative approach. Therefore, a more accurate interpretation is that
authors compared early aggressive strategy with an earlyaccelerated strategy, and still the need for perianal surgery
was lower (4% vs 18%, P = 0.036). Another study, AZTEC, from the Spanish IBD group[54], appears promising
in design; early CD patients (< 8 wk of diagnosis), after
entering remission, patients were randomized to receive
AZA or placebo. The endpoint was steroid-free remission at week 76. Unfortunately, the trial was stopped for
futility; therefore the power of the study is somewhat
questionable.
A more precise interpretation of the results reveals
difficulties. First, diagnosis can still change in approximately 10% to 15% of CD patients during follow-up, as
suggested the IBSEN group. Thus, 8 wk from the first
specialists visit and diagnosis may introduce some unintentional bias with regards to the above. Second, we must
assume that 30% of patients entered remission without
steroid therapy, since under standard steroid taper schedules patients treated with steroids at diagnosis should still
have received steroids at 8 wk. In addition, approximately
one fourth of patients entered the trial without clinical
remission. In contrast, median C-reactive protein (CRP)
was low (CRP at diagnosis was not given). Of note, 92%
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of patients had inflammatory disease, extensive location
was observed in only one-third of patients, and patients
with fistulizing (internal penetrating or perianal fistula) or
stenosis were excluded. Thus we propose an alternative
interpretation of the findings: mild phenotype patients
at diagnosis do not necessarily benefit from early AZA
therapy in the short term. However, this trial does not
provide data on the efficacy of early AZA therapy in patients with complicated disease phenotype at diagnosis,
nor whether AZA has the potential to change the natural
history of the disease. In addition, the definition of clinical relapse was based simply on CD activity index (CDAI)
and this does not adequately define steroid-free status,
since under this definition most patients would have a
relapse as defined by a CDAI elevation before they would
need steroids. This is indeed a very soft endpoint. Interestingly, with a modified definition of relapse (CDAI >
220) AZA patients had a significant clinical benefit, even
bearing in mind the limitations of CDAI. From this trial,
it should be clear that the use of CDAI is insufficient as
the only definition of relapse. Other objective parameters
are needed, such as a change in CDAI > 100 from baseline, a need for a change in the medical therapy, or the
development of complications. Development of complicated disease or need for surgery would be the optimal
outcome measures to study the natural history of the
disease.
Of note, surgery should not always be regarded as a
negative outcome, and it has an important place in the
management of CD patients. Early surgery has been
shown to prolong clinical remission (HR = 0.57; 95%CI:
0.35-0.92)[55]. In addition, CD patients with limited complicated terminal ileitis diagnosed at surgery were reported to have low reoperation rates, and needed less steroids
and immunosuppressants during follow-up than those
not diagnosed intra-operatively[56]. The same was proven
for early terminal ileum resection in a population-based
Hungarian cohort[57]. In these patients, surgery is part of
a proactive treatment strategy and possibly represents an
alternative to medical therapy. On the other hand, surgery
during the first 6-10 mo of diagnosis is clearly linked to
unavoidable complications already present at diagnosis.
Unfortunately, this is more representative of the initial
cohort characteristics and should not be interpreted as a
real outcome measure. Thus, if we would like to study the
association between management and treatment strategy
most probably these patients should be excluded from
the analysis. Finally, the above surgery rates and trends
were reported from the pre-biologic era in cohorts with
no or only minimal or anti-TNF/biological exposure.
Whether biological therapy directly influences long-term
surgery trends outside of clinical trials remains unclear.

MORTALITY
In a meta-analysis from 2010, mortality in CD was increased with a pooled standardised mortality (SMR) of
1.39 (95%CI: 1.30-1.49)[58]. The meta-analysis included
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has changed, it is slightly increased together with a consistently increased mortality having been reported form
gastrointestinal causes.

Table 2 Key issues on the natural history of Crohn’s disease
-The distribution of location in Crohn’s disease (CD) has not changed
significantly in the recent decade, but differs according to age at onset
-Recent data indicate that there are an increasing proportion of Crohn’s
disease patients are diagnosed with an inflammatory disease behavior.
The progression to complicated disease phenotype is decreased
-There is evidence from population-based studies that the surgery rates
have recently declined in Crohn’s disease
-Data suggest that the decline in the surgical rates is partly associated
with early use of thiopurines. However, the relative importance of
changes in treatment strategy and patient monitoring on the natural
history remain conflictive
-Overall mortality rates in CD have been higher than that in the
background population, and there is only little evidence that these have
changed in the last decade. In addition, an increased mortality from
gastrointestinal causes is constantly reported
-Further data are needed to assess whether tight, and objective patient
monitoring (including clinical, laboratory, endoscopy and imaging) or
early administration of biological would lead to superior outcomes
-Cost-effectivity of the new treatment and monitoring strategies has to
be established

SUMMARY AND CONCLUSION: IS THE
NATURAL HISTORY OF CD CHANGING?
Studies on the natural history of CD provide invaluable
data on the disease course as well as clinical predictors,
and may help identify patient subsets based on clinical
phenotype. Most data are available from referral centers,
however outcomes are different from data reported from
population-based cohorts, so that results are not directly
comparable.
New data suggest a possible change in the natural history of Crohn’s disease (Table 2), with increasing numbers of patients diagnosed with inflammatory disease
behavior, likely, one would hope, due to new diagnostic
techniques and tools. Hospitalization rates remain high,
yet hospitalization is a relatively soft endpoint, and actual
rates may vary significantly according to age group, reimbursement setting, and countries. Findings must be interpreted with attention to disease prevalence, treatment
strategy, and health care access. In contrast, surgery rates
seem to have decreased in the last decade, yet it is difficult to identify the drivers of this change. A combination
of the greater proportion of patients with uncomplicated
disease behavior, changes in patient monitoring, different
therapeutic strategies, and altered attitude towards surgery may be at least partly responsible. Finally, mortality
rate in CD still exceeds that in the general population and
there is only little evidence that this has changed.
The impact of changing treatment strategy on the
above trends, including increased, earlier use of immunosuppressives and biologicals, and changed systems for
patient monitoring on the natural history is not entirely
clear. Unfortunately, data from randomized clinical trials are of limited value in studying the natural history of
the disease. This is partly because follow-up is limited
in duration and open-label extensions include the same
confounders as population-based cohorts. In addition,
the patient populations do not reflect the patients from
everyday clinical practice, as highlighted by a recent paper
from the United States[65]. Therefore, a direct extrapolation of the findings to the clinic is often difficult.
In conclusion, for clinical practice, it is important to
use available results from the published literature. We
must identify markers of progressive as well as mild disease, since an early patient stratification enables clinicians
to select the most appropriate therapy for a given patient.
Further data are needed to investigate whether tight,
objective patient monitoring and early administration of
biological agents lead to superior outcomes. Some clinical trials are underway (CALM, REACT) and results will
be available soon. However, the cost-effectiveness of the
new treatment and monitoring strategies also must be
established in the near future. In addition, it will be extremely important to follow-up the recent multinational,

nine population-based studies of which eight were European (including an EC-IBD study). Causes identified were
cancer, COPD, gastrointestinal disease, and genitourinary
disease. A recent nationwide study from Denmark confirmed a 50% increased mortality in CD, and concluded
that mortality in CD did not decrease over time, despite
a change in patient management[59]. Similar results were
published some years earlier in another meta-analysis[60],
which included referral center data. In subgroup analyses,
the SMR ratio was increased in hospitals (SMR = 1.73;
95%CI: 1.45-2.47), referral centers (SMR = 2.06; 95%CI:
1.63-2.60), and population-based studies (SMR = 1.48;
95%CI: 1.28-1.70).
In contrast, the authors of two very recent population-based studies failed to confirm an increase in the
overall CD mortality. In a study from Finland, mortality was not increased in 1915 adult IBD patients in
1986-2007. Mortality was increased from diseases of
the digestive system, but there was a reduced mortality
from mental and alcohol-related behavioral disorders
compared to the general Finnish population[61]. Another
recent population-based study from South-Limburg, in
the Netherlands did not find increased overall mortality in CD between 1991 and 2003 (SMR = 1.1; 95%CI:
0.7-1.6), despite increased mortality from gastrointestinal causes (SMR = 7.5; 95%CI: 2.8-16.4) in this patient
group[62]. This concurs with previous reports from the
Mayo Clinic, where authors did not find increased mortality in 314 patients between 1940-2001 (SMR = 1.2;
95%CI: 0.9-1.6)[63]. In addition, an increased risk of dying
from non-malignant gastrointestinal causes (SMR = 6.4;
95%CI: 3.2-11.5), gastrointestinal malignancies (SMR =
4.7; 95%CI: 1.7-10.2), and COPD (SMR = 3.5; 95%CI:
1.3-7.5)) was also observed. In contrast, another study
from Kaiser Permanente reported increased mortality in
CD patients between 1996 and 2003 (SMR = 1.4; 95%CI:
1.2-1.6)[64]. In conclusion, there is insufficient evidence to
support the hypothesis that overall CD mortality trends
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multicenter, population-based patient cohorts (EpiCom
and ACCESS), since accurate long-term data on harder
endpoints such as complications, surgery, and ultimately
mortality in the biological era is urgently awaited, and can
be obtained only in this setting. The key factor is the appropriate adjustment for confounders.
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Core tip: Inflammatory bowel diseases (Crohn’s disease
and ulcerative colitis) are chronic, progressive disorders
of the gastrointestinal tract. Different genes, including interleukin genes play central role in mediating
and modulating of inflammation in inflammatory bowel
diseases. In this review we summarized the interleukin and the interleukin receptor genes associated with
Crohn’s disease and/or ulcerative colitis performing an
electronic search on the PubMed database focusing on
the following terminology: inflammatory bowel disease,
Crohn’s disease, ulcerative colitis, interleukin and interleukin receptor.

Abstract
Inflammatory bowel disease (IBD), which includes
Crohn’s disease (CD) and ulcerative colitis (UC), represents a group of chronic inflammatory disorders caused
by dysregulated immune responses in genetically predisposed individuals. Genetic markers are associated
with disease phenotype and long-term evolution, but
their value in everyday clinical practice is limited at the
moment. IBD has a clear immunological background
and interleukins play key role in the process. Almost
130 original papers were revised including meta-analysis. It is clear these data are very important for understanding the base of the disease, especially in terms of
clinical utility and validity, but text often do not available for the doctors use these in the clinical practice
nowadays. We conducted a systematic review of the
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INTRODUCTION
Inflammatory bowel disease (IBD) - clinically classified
as Crohn’s disease (CD; OMIM 26600) and ulcerative

3208

March 28, 2014|Volume 20|Issue 12|

Magyari L et al . IL and ILR gene polymorphisms in IBD susceptibility

colitis (UC; OMIM 191390) - is a common chronic,
relapsing inflammatory disorder of the gastrointestinal
tract[1]. In Europe the highest annual incidence of CD is
12.7/100000 and 24.3/100000 for UC. In Asia and in the
Middle East both rates are much lower (CD: 5.0/100000
and UC: 6.3/100000). However in North America the incidence for UC is 19.2/100000 and they have the highest
rate for CD in the world with 20.2/100000[2]. Although
the precise etiology of IBD still remains obscure, the
accepted hypothesis is that in genetically predisposed
individuals the commensal luminal flora trigger an inappropriate, overactive mucosal immune response causing
intestinal tissue damage that is further modified by specific environmental factors (e.g., smoking)[3].
The location of inflammatory lesions and the types
of cytokines involved in the pathogenesis mainly distinguish CD from UC. Whereas CD is a segmental, transmural disorder involving any part of the gastrointestinal
tract, UC is characterized by superficial, continuous mucosal ulcers restricted to the colon. Imbalances between
pro- and anti-inflammatory cytokines in the mucosa have
been established for both CD and UC[4]. CD is associated with a T helper type 1 (Th1)[4] and T helper type 17
(Th17)[5] immune response, thus interferon gamma/interleukin 12 (IFNγ/IL12) and IL23/IL17 cytokines assign
the downstream release of complex network of further
pro-inflammatory cytokines (e.g., IL18, IL2, IL1, IL21,
IL22) (Figure 1). Th17 and a modified Th2 cytokine
profile (IL13 and IL5) are characteristic for UC. In addition, IL6 and tumor necrosis alpha (TNFα) are produced
by both Th1 and Th2 cells as well as by macrophages in
both IBD entities. A further group of T cells, regulatory
T cells (Treg) cells are important for the control of immune responses to self-antigens preventing autoimmunity
and maintaining self-tolerance[6]. The final result of this
activated cytokine network is the recruitment of more effector cells and the beginning of mucosal inflammation,
which will eventually become chronic due to defective
regulation of the immune response[6].
First, genome-wide association studies (GWAS) resulted in the identification of many novel susceptibility loci
CD and later for UC[7,8]. To date, the number of known
risk loci has expanded to 163[9]. Some loci seem to be specific either to CD or to UC, whereas others confer common susceptibility to IBD; approximately 30% of IBDrelated genetic loci are shared[10,11]. The IBD-associated
loci encode genes involved in innate pattern recognition
{nucleotide-binding oligomerization domain-containing
protein 2 (NOD2), autophagy (autophagy-related protein
16-1 (ATG16L1), immunity-related GTPase family M
protein (IRGM), differentiation of Th17-T lymphocytes
(IL23R), maintenance of epithelial barrier integrity IBD5
locus], and coordination of adaptive immune responses
[human leukocyte antigen (HLA)-region]}[12]. Polymorphisms in genes encoding cytokines and cytokine receptors may affect the course of the inflammatory cascade
and thereby increase the risk of developing IBD.
In this review we discuss in each of the IL families
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only those interleukins or interleukin receptors in detail,
which have relevant polymorphisms in IBD, CD or UC
(Figure 2).

SYSTEMATIC REVIEW
We conducted a systematic review of the literature of the
last 10 years on interleukin susceptibility genes to IBD.
PubMed was searched for papers and abstracts published
in English-language journals. We used the following medical subject heading terms and/or text words: “inflammatory bowel disease”, “ulcerative colitis”, “Crohn’s disease”
and “cytokines”. The search was focused on interleukin
susceptibility genes polymorphism resulting in IBD. No
restrictions were placed on race, ethnicity, or geographic
area. Extraction from each study was conducted independently by all authors, and consensus was achieved for all
data.

INTERLEUKIN AND INTERLEUKIN
RECEPTOR GENE POLYMORPHISMS
ILs are the subset of a larger group of cellular messenger molecules called cytokines, which are humoral, small
(4-15 kDa) inducible immune-regulatory proteins or glycoproteins which mediate communication between cells,
regulate cell growth and differentiation, and play a central
role in the development and homeostasis of the immune
system[6]. They act on target cells by binding to specific
IL receptors, initiating signal transduction and second
messenger pathways within the target cell. This can result
in gene activation, lead to mitotic division, growth and
differentiation, migration, or apoptosis. Cytokines act
in a highly complex coordinated network in which they
induce or repress their own synthesis as well as that of
other cytokines and cytokine receptors. The nomenclature of ILs is continuously evolving (www.genenames.
org/genefamilies/IL); they are assigned to each family
based on sequence homology and receptor chain similarities or functional properties (Table 1)[13].

IL1 FAMILY
The IL1 family is a group of 11 cytokines (IL1A, IL1B,
IL1RN, IL18, IL33, IL36A, IL36B, IL36G, IL36RN,
IL37 and IL38), which have similar gene structure and
induce a complex network of proinflammatory cytokines.
The interleukin 1 receptor (IL1R) family also expands to
9 distinct genes and includes coreceptors, decoy receptors, binding proteins, and inhibitory receptors[14].
IL1
IL1 is a potent proinflammatory cytokine, which affects
cell proliferation, differentiation, and the function of
many innate and specific immunocompetent cells, and
acts as an endogenous pyrogen. It also mediates many
inflammatory diseases by initiating and potentiating im-
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Figure 1 Differentiation of effector T helper and regulatory T cells in inflammatory bowel disease. Antigen presenting cells (APCs) (i.e., macrophages and dendritic cells) in the lamina propria are increased in absolute number in both forms of inflammatory bowel disease (IBD). First, microbial products (pathogen associated
molecular patterns, PAMPs) bind to a group of detection molecules of the innate immune system, called pattern recognition receptors (PRRs). This includes Toll like
receptors (TLRs) on cell surface intracellular compartments, and the cytoplasmatic nucleotide-binding oligomerization domain-containing protein (NOD)-like receptors
(NLR) family. Stimulation of these receptors induces intracellular signaling cascades, resulting in secretion of large number of cytokines, chemokines, and immunomodulatory factors. APCs interact with T cells by presenting an antigen on the surface of the major histocompatibility complex Ⅱ (MHCII), which is recognized by the
appropriate T cell receptor. The development of T helper (Th)1, Th2, Th17 and regulatory T cells (Treg) subsets from naïve, Th0 cells during primary immune response
is mainly determined by this cytokines and chemokines. It is under the control of certain transcription factors: T-box expressed in T cells (T-bet), GATA binding protein
(GATA3), retinoid-related orphan receptor (RORγt), RORα, signal transducer and activator of transcription (STATs) and forkhead box P3 (FoxP3). Interleukin (IL)12 is
the hallmark cytokine for Th1 cell lines, which produce interferon gamma (IFNγ) and are important for host defense to intracellular pathogens. IL4 promotes differentiation into Th2 cells, which produce IL4, IL5, and IL13 and participate in controlling humoral immunity to extracellular parasites and allergic inflammatory responses.
Th17 cells develop from naïve T cells in the presence of transforming growth factor beta (TGFβ), IL23, IL1B or IL6. The effector cytokines IL17A, IL17F, and IL22 play
key roles in Crohn’s disease (CD) and ulcerative colitis (UC), and in other autoimmune diseases. TGFβ and IL2 together convert naive T cells into regulatory T cells,
which promote self tolerance and prevent autoimmunity. CD is a predominantly Th1 and Th17-mediated disorder, while UC is associated with a Th17 and a modified
Th2 cytokine profile.

mune and inflammatory responses[13].
IL1 is made up of two major proteins: IL1A (OMIM
147760) and IL1B (OMIM 147720)[15]. These proteins
exert similar effects, first, by binding to the first extracellular chain of the IL1 type Ⅰ receptor (IL1RⅠ) (OMIM
147810) that recruits the IL1 receptor accessory protein
(IL1RAP) (OMIM 602626), which serves as a coreceptor
and is necessary for signal transduction. IL1A and IL1B
are also able bind to the IL1 type Ⅱ receptor (OMIM
147811), which acts as a decoy receptor and is not involved in signal transduction[13].
IL1B has an important role in initiating and amplifying the inflammatory response[16]. Normal colonic mucosa cells produce very little mature IL1B, however in
the mucosa of affected IBD patients, a large amount of
mature IL1B is produced[17,18]. The inability of normal
intestinal macrophages to produce mature IL1B could result from regulation at one or more steps from gene activation to post-translational processing of the propeptide
by IL1B converting enzyme and release of the mature
peptide[19,20].
The IL1 receptor antagonist (IL1RN) (OMIM 147679)
is an anti-inflammatory cytokine, which is synthesized
and released in response to the same stimuli that lead to
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IL1 production[21]. IL1RN lacks the IL1RAP interacting
domain, so that binding of the IL1RN to IL1RⅠ inhibits
IL1 signaling[15]. In IBD and several other inflammatory
diseases, an imbalance the IL1RN/IL1 ratio contributes to
the chronic inflammatory response[22-24]. Polymorphisms
of the IL1RN gene, which can lead to changes in the
IL1RN and IL1 balance, are associated with susceptibility
to UC[25]. Moreover, it is well accepted that IBD patients
have a decreased ratio of IL1RN/IL1B in their colonic
mucosal tissue[26].
The variant alleles of two IL1B promoter polymorphisms, IL1B T-31C and IL1B C-511T, have been found
to be in almost complete linkage disequilibrium, and the
haplotypes encompassing the IL1B T-31C variant conferred higher transcription of IL1B compared to the wild
type haplotype[27].
Four polymorphisms (rs315951, rs315952, rs419598
and rs16944) in the IL1B and IL1RN genes were analyzed in Mexican Mestizo UC patients. The first 3 single
nucleotide polymorphisms (SNPs) are located in the
IL1RN and the fourth one in the IL1B gene. The first
two (rs315951 and rs315952) are associated with the
risk of developing UC. They found significant increased
frequencies of IL1RN6/1TC (rs315952) and RN6/2CC
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Figure 2 Schematic representation of the interleukin families and receptors involved in the pathogenesis of inflammatory bowel disease. Only those interleukins (IL) and IL receptors (ILR) are shown where studies have demonstrated association between genes/single nucleotide polymorphisms (SNPs) and disease
phenotype. ILs are assigned to each family based on sequence homology and receptor chain similarities or functional properties, considerable overlap between these
families exists. Polymorphisms in genes encoding ILs and ILRs have been found to be involved in inflammatory bowel disease. Ligand binding initiates intracellular
phosphorylation cascades that are mediated by kinases (i.e., IL1 receptor associated kinase (IRAK); mitogen-activated protein kinase (MAPK); Janus kinase (JAK)
and TNF receptor associated factor (TRAF), resulting in signal transduction through certain transcription factors [including signal transducers and activators of transcription (STAT); nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB)]. These transcription factors stimulate the expression of a number of proinflammatory and anti-inflammatory cytokine genes involved in inflammatory bowel disease (IBD).

(rs315951), and decreased frequency of IL1B-511 TC
(rs16944) genotypes in UC patients. UC patients showed
increased frequencies of IL1RN CTC and TCG haplotypes, whereas TTG and CTG haplotypes showed
decreased frequency in UC patients. They also found
decreased gene expression of IL1RN level in the mucosa
from UC patients carrying the rs315951 GG genotype
when compared with UC patients with the rs315951 CC
genotype[28].

thereby blocks its downstream functional effects. IL18BP
has neutralizing isoforms, which have increased levels in
the intestinal tissue of active CD patients[30].
Several polymorphisms were studied in the IL18
gene: the A105C, the T113G and the C127T in the coding region, and the G-137C, the C-607A and the G-656T
in the promoter region. In the Japanese population significant difference was found in the allele frequency of
A105C between CD patients and healthy controls. However, there was no association between A105C and UC[31].
In another Japanese study the G allele at 113 and the
T allele at 127 were significantly higher in patients with
IBD compared to the control[32]. In the third Japanese
study allele and genotype frequency of G-137C were significantly higher in the proctitis-type UC patients than in
controls[33]. The frequency of haplotype 2 (-607A, -137C),
which have lower promoter activity and IFNγ- mRNA
level was significantly increased in the proctitis-type patients than in the control group[33]. Any significant differences in allele or genotype frequencies were observed in
the CD group[33]. The C-607A and the G-137C SNPs in
the promoter region were associated with the development of UC but not with CD in Tunisian patients. The

IL18
One of the main function of IL18 (OMIM 600953) is
to promote the production of IFNγ from T and natural
killer (NK) cells, particularly in the presence of IL12p70.
First it binds to its ligand binding chain the interleukin
18 receptor 1 (OMIM 604494), recruits its coreceptor
the IL18 receptor accessory protein (IL18RAP) (OMIM
604509), and the activation of nuclear factor kappa-lightchain-enhancer of activated B cells/mitogen activated
protein 8 is initiated. IL18 expression correlates with the
activities of CD[29].
IL18 binding protein (IL18BP, OMIM 604113) is
able to prevent the binding of IL18 to its receptor, and
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Table 1 Characteristics of cytokines in inflammatory bowel diseases
Family
IL1

IL2

IL10

IL12

IL6-like
cytokines
IL17

Chemokines

Th2-like
cytokines

Cytokine

Receptor

Cytogenetic location

Molecular weight

Cell source

Disease association (IBD)

IL1A
(IL1F1)
IL1B
(IL1F2)

IL1R1
IL1R2
IL1R1
IL1R2

2q14

17 kD

CD, UC

2q14

17 kD

IL1RN
(IL1F3)

IL1R1
IL1R2

2q14.2

16.1-20 kD

IL18
(IL1F4)

IL18R1
IL18RAP

11q22.2-q22.3

22.3 kD

IL2

IL2R

4q26-q27

15.5 kD

IL4

5q23-q31

15 kD

IL21
IL10

IL4RⅠ
IL4RⅡ
IL21R
IL10RA/IL10RB

4q26-q27
1q31-q32

15 kD
18.6 kD

IL19

IL20RA/IL20RB

1q32.2

35-40 kD

IL26
IL12

IL10R2/IL20R1
IL12RB1/IL12RB2

12q15
5q33.3

38 kD
IL12A: 35 kD,
IL12B: 40 kD

IL23
IL27

IL12RB1/IL23R
IL27RA/ IL6ST

12q13.13
16p11

IL6

IL6R/IL6ST

7p21-p15

19 kD
IL27A: 2 8 kD
IL27B: 25.4 kD
19-26 kD

IL17A

IL17RA/ IL17RC

6p12

35 kD

IL17F

IL17RA/IL17RC

6p12

44 kD

IL8

IL8RA/IL8RB

4q13-q21

16 kD

IL16

CD4

15q26.3

56 kD

IL13

IL13RA1/IL13RA2

5q31

10 kD

Macrophages, monocytes,
lymphocytes, keratinocytes,
microglia, megakaryocytes,
neutrophils, fibroblasts and
synovial lining cells
Monocytes, macrophages,
fibroblasts, neutrophils, epithelial
cells and keratinocytes
Macrophages, Kupffer cells,
keratinocytes, osteoblasts,
astrocytes, and DCs
CD4+, CD8+ activated T cells,
DCs, NK and NKT cells
Th2 cells, basophils, eosinophils,
mast cells, NKT and γ/d T cells
T and NKT cells
T and B cells, monocytes,
macrophages and DCs
Monocytes, keratinocytes, airway
epithelial cells and B cells
Activated T cells
Monocytes, macrophages,
neutrophils, microglia, DCs and B
cells
Macrophages and activated DCs
Activated DCs, macrophages, and
epithelial cells
Endothelial cells, fibroblasts,
monocytes/macrophages
Th17, CD8+ T cells, NK cells, NKT
cells, γ/d T cells and neutrophils
Th17, CD8+ T cells, NK cells, NKT
cells, γ/d T cells and neutrophils
Monocytes, macrophages,
neutrophils, lymphocytes,
endothelial cells, epithelial
cells, fibroblasts, keratinocytes,
chondrocytes, synovial cells, and
hepatocytes
T cells, eosinophils, mast cells,
eosinophils, monocytes, DCs,
fibroblasts and epithelial cells
T, NKT, mast cells, basophils and
eosinophils

CD, UC
UC

CD, UC

CD, UC
CD
CD, UC
CD, UC
UC
CD, UC
CD, UC

CD, UC
CD, UC
CD
UC
CD, UC
CD, UC

CD

CD, UC

IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; NK: Natural killer cells; NKT: Natural killer T cells; DCs: Dendritic cells.

high the risk for CD[40].

-137GG genotype frequency was significantly higher in
UC than in controls. Statistically significant association
was found between -607AA genotype in UC patients and
the distal localization of the lesions[34]. However the polymorphism G-137C was not found a susceptibility factor
for IBD in a German population[35].
Recent GWAS study[36] and meta-analysis confirmed
the IL18RAP region as CD locus[8]. The rs6708413 G allele is a shared risk locus for CD and Celiac disease[37]. In
individuals homozygous for the risk allele, the genotypes
strongly correlate with lower IL18RAP expression which
may lead to differential IL18-mediated innate immune
responses to infection[38]. Strong association of rs917997
SNP was demonstrated for both CD and UC[39]. In a new
GWAS study association of CD and IBD with coding
variant V527L was found. This rare missense increased
WJG|www.wjgnet.com

IL2 FAMILY
The IL2 family consists of IL2, IL4, IL7, IL9, IL15 and
IL21. This family of cytokines encompasses a group of
interleukins which share a common receptor subunit, the
“common γ chain”, which acts in unison with a subtype
specific α-chain to initiate the signaling cascade. This ILs
act mainly as growth and proliferation factors for progenitors and mature cells and also have roles in lineagespecific cell differentiation[13].
IL2
IL2 acts as a T cell growth factor and promotes proliferation and differentiation of NK cells to increase their cy3212

March 28, 2014|Volume 20|Issue 12|

Magyari L et al . IL and ILR gene polymorphisms in IBD susceptibility

tolytic functions. IL2 is essential for the development of
Th1, Th2, Treg, and Th17 differentiation[41].
The IL2 receptor (IL2R) consists of three noncovalently associated proteins: IL2RA (OMIM 147730),
IL2RB (OMIM 146710) and IL2RG (OMIM 308380).
The α-chain is produced when the T cell is activated by
antigen and constitutes the high affinity receptor together
with the other two subunits[42]. The β- and γ-chains form
the intermediate affinity IL2 receptor[43].
Several SNPs (rs6822844, rs13151961, rs13119723
and rs6840978) in the IL2/IL21 block were analyzed in
different populations. In a Dutch cohort the minor alleles
of these SNPs were associated with IBD. In UC patients
the effect was even stronger. However in the CD subgroup, the rs13119723 SNP was only borderline significant, while only a trend towards association was found
for the other SNPs. Testing of all four SNPs in the Italian
cohort, the same strong association of the minor alleles
in UC was found as in the Dutch cohort. The CD subgroup of the Italian cohort showed only a trend towards
association with the same alleles. However in the Jewish
population there was any significant association between
any of the SNPs and CD. Similarly a North American
study showed that these alleles have an influence on IBD.
The effect was strongest in the UC subgroup likewise. In
the CD subgroup of the North American cohort moderate association with the same alleles was also observed[44].

IL10 FAMILY
The members of the IL10 cytokine family (IL10, IL19,
IL20, IL22, IL24, IL26, IL28, and IL29) are mainly linked
through their similar intron-exon structure. This family
can be divided into viral and cellular homologs, where this
last named group contains the above mentioned ILs[51].
IL10
IL10 (OMIM 124092) is an anti-inflammatory cytokine,
which is produced by monocytes, T cells, B cells, NK
cells, macrophages, and dendritic cells. It inhibits both
antigen presentation and subsequent release of proinflammatory cytokines. Thereby attenuates the activated
immune system. The IL10 gene maps to a cytokine
cluster that includes IL19, IL20, IL24, and IL6 genes.
Two IL10RA (OMIM 146933) and two IL10RB (OMIM
123889) chains forms the heterotetrameric IL10 receptor
complex. The IL10RB chain is shared with other cytokine receptors[52].
In a GWAS the rs3024505 showed the most significant association in the combined verification UC samples.
Association between rs3024505 and CD was weak. These
results suggest that defective IL10 function is central to
the pathogenesis of the UC subtype of IBD[53]. In a latest
study from 29 SNPs conferring high genetic susceptibility to CD, the rs3024505 of the IL10 gene was associated
with susceptibility to UC in Australian population[54].
Similarly to this, the rs3024505 was associated with the
risk of UC and CD in a Danish study[55].
The IL10 promoter polymorphisms G-1082A,
C-819T, and C-592A have been most extensively studied.
They are in tight linkage disequilibrium[56]. Studies on the
IL10 promoter polymorphisms and IBD susceptibility
have been controversial[57-60]. In Spanish population the
G-1082A and the C-819T polymorphisms in the IL10
gene contribute to susceptibility to CD[61].
In IBD patiens in Tunisia the polymorphisms A-627C
and G-1117A were analyzed and found as potential factors influencing IBD susceptibility and phenotype. However, no significant variations in genotypes frequencies
were found comparing the CD and UC patients[62].
The A-1082G variant was analyzed in Caucasian population in many studies. It was suggested that G carriers
were more susceptible to UC[63], whereas in another study
G carriers were associated with lower UC incidence[64].
Only two datasets concerning the relationship between
A-1082G polymorphism and UC susceptibility in Asian
subjects[65,66] were identified. A meta-analysis showed no
association between -A1082G polymorphism and UC
susceptibility under any genetic models in overall analysis
or in subgroup analysis[67]. In an another study this variant
was significantly associated with the colonic localization
of the disease in Caucasian CD patients (children) with
French-Canadian origin[68].

IL4
IL4 (OMIM 147780), a pleiotropic cytokine, is the major
stimulus of Th2-cell development, which regulates allergic conditions and the protective immune response
against helminthes and other extracellular parasites[45].
There are 2 types of IL4Rs. IL4R Type Ⅰ binds only
IL4 and consists of 2 receptor chains: IL4RA (OMIM
147781) and the common γc, IL4R Type Ⅱ binds IL4
and IL13 and consists of the IL4RA and the IL13RA1
chains[46].
Functional polymorphism in the IL4 gene promoter
C-34T was associated with CD in a British population[47].
The same polymorphism was tested in a New Zealand
population, where no significant difference was observed
in the genotype frequencies of controls vs CD patients[48].
IL21
IL21 (OMIM 605384) is a cytokine with potent regulatory effects on cells of the immune system, including
NK cells and cytotoxic T cells, which can destroy virus
infected and cancerous cells[49]. In contrast with its anticancer effects, IL21 also contributes to inflammation in
several disorders, as can be expected for a Th17-related
cytokine. The functional receptor of IL21 consists of γc
and the IL21RA (OMIM 605383)[13].
GWAS provides evidence for 4q27 region IL2/IL21
association with UC[44] and CD[50]. This region contains
four genes in strong linkage disequilibrium: KIAA1109TENR-IL2-IL21.
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IL19
IL19 (OMIM 605687) might promote Th2-cell re-
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sponses, because it induces expression of IL4, IL5, IL10,
and IL13 by activated T-cells[69]. IL19 functions as a
monomer, binds to a heterodimeric receptor made up of
IL20RA (OMIM 605620) and IL20RB (OMIM 605621).
This complex also binds to IL20 and IL24[70].
In GWAS, 14 previously identified UC susceptibility
loci were analyzed. Association including the polymorphism rs3024505 in the IL19 was confirmed[71].

amining rs1363670 and rs6887695 SNPs in New Zealand
population differential effect was found. Carrying the
rs1363670 C variant increases risk for CD, while carrying
the rs6887695 C variant decreases risk for CD[82].
In a British cohort an association was found at
rs6556416, which encodes a subunit shared by IL12 and
IL23. Thus, the Th17 pathway seems as relevant to UC
and CD[83].

IL26
Expression of IL26 (OMIM 605679) seems to be restricted to memory T cells, NK cells, and Th17 cells.
Thereby it could have proinflammatory effects in CD[72].
The receptor for IL26 consists of IL10RB and IL20RA
chains. Dambacher reported expression of both IL26 receptor subunits IL20RA and IL10RB by several intestinal
epithelial cells (IEC) lines in CD[73].
First time, the rs2870946-G and the rs1558744-A
association were described with UC[74]. Further metaanalysis study confirmed the association of rs1558744-A
with UC[71].

IL23
IL23 is a disulfide-linked heterodimer of the p40 (IL12B)
and p19 (IL23A, OMIM 605580). IL23 interacts with a
receptor composed of IL12RB1 and IL23R chain (IL23R,
OMIM 607562)[78]. IL23 functions in innate and adaptive
immunity to regulate Th17 function and expansion[84].
In addition, this cytokine induces CD8+ memory T cells
to proliferate and produce IL17. Dysregulation of the
IL23/IL17 immune axis has been linked to immunopathology and autoimmune inflammation, like IBD. IL23R
polymorphisms play role in many autoimmune diseases[85-87] especially in IBD[88]. Polymorphisms in the IL23R
represent one of the strongest associations in CD, and
they have also been linked to the pathogenesis of UC[89].
The IL23R gene was identified as a CD susceptibility
gene in a North American population. Several independent functional SNPs of the gene and its neighboring
region were determined, several were found susceptible
to (rs10889677, rs11209032, rs11465804, rs11805303,
rs1495965, rs2201841, rs1004819) and the others were
protective (rs10489629, rs11209026, rs1343151, rs7517847)
against IBD in non-Jewish subjects[89]. After the primary
publication, numerous replication studies have been published these IL23R genetic polymorphisms in IBD.
From the susceptibility variants the rs1004819 and
rs1495965 were found as important risk factors for CD
in Koreans[90]. Similarly to these results the rs1004819 had
the most significant association with CD in Germans,
and the another rs10889677, rs2201841, rs11209032
showed increased genotype and allele frequencies comparing the CD cohort to the controls[91]. Positive association was described of IL23R rs10889677 and rs1004819
SNPs with CD in Brazilian population, where the allele
frequencies of the patients’ group differ significantly
from the controls[92]. Another susceptibility factors were
studied in Chinese cohort and the findings showed that
rs7530511 and rs11805303 of IL23R gene showed positive association with UC susceptibility[93]. In Jiangsu Han
population the rs11805303 was found as a susceptibility
polymorphism with UC too[94].
The protective variants of the IL23R gene were
analyzed in different populations. Association with
rs11209026 and rs7517847 SNPs were confirmed in
English subject, where the most significant SNP was
the rs7517847[95]. Similarly in Spanish population the
rs7517847 and the rs11209026 showed association with
IBD too, the rs7517847 showed the most protective
effect against CD and UC [80,96]. In another study the
rs11209026 coding variant was found as a strong protection against CD in German pediatric CD patients[97].

IL12 FAMILY
The IL12 family of cytokines includes IL12, IL23, IL27,
IL30 and IL35, which are important mediators of inflammatory diseases. Each member is heterodimeric complex
composed of two subunits whose expression is regulated
independently and have very different biological activities[75].
IL12
IL12 (also known as IL12p70) was first described as a
NK stimulating factor. It mediates development and
maintenance of Th1 cells by inducing production of
IFNγ by Th1 and NK cells. IL12 indirectly activates
the antimicrobial, antiparasitic, and antitumor activity
of macrophages and promotes cytolytic activity of NK
cells and lymphokine-activated killer cells[76]. Reduced
production of IL12 impairs Th1 responses and increases
susceptibility to infection with intracellular pathogens.
IL12 consist of p35 (IL12A, OMIM 161560) and p40
(IL12B, OMIM 161561) subunits, which is shared by
IL12 and IL23 cytokines. The IL12 receptor is composed of two subunits, IL12RB1 (OMIM 601604) and
IL12RB2 (OMIM 601642), which is homologous to the
gp130 subunit[77,78].
In a German population four IL12B SNPs (rs3212227,
rs17860508, rs10045431 and rs6887695) were analyzed.
The rs6887695 showed association with increased IBD
susceptibility, and there was also trend for association
with CD and UC. However just a trend was found for association of rs10045431 with UC. A haplotype of all four
investigated SNPs showed a trend for association with
CD[79].
From these SNPs the rs6887695 was investigated in
Spanish and Japanese population, but with different results. An association was found with CD (rs6887695) and
UC susceptibility (rs6887695) in the Japanese cohort, but
not to CD susceptibility in the Spanish cohort[80,81]. Ex-
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notype of CD[108]. In a Spanish population[109] homozygous for the IL6 G-174C polymorphism showed six-fold
higher risk for CD. The GG genotype is associated with
a greater production of IL6 compared with GC or CC
genotypes[110].

Five polymorphisms were analyzed in Hungarian
IBD population (rs1884444, rs11805303, rs7517847,
rs2201841, rs10889677 and rs11209032)[98]. The rs2201841
and rs10889677 homozygous variants confer risk for the
disease, while rs7517847 GG genotype has a protective
effect against the development of CD. In Hungarian CD
population two IL23R gene risk variants the rs2201841
and rs1004819 were found to be a susceptibility factor
for CD[99]. In another study with Hungarian CD patients
increased prevalence of the homozygous rs10889677 AA
and homozygous rs2201841 CC genotypes were found.
The rs10889677 AA genotype was significantly increased
in CD patients. The logistic regression analysis showed
the AA genotype represents an independent risk factor
for the development of CD[100].

IL17 FAMILY
This cytokine family is a recently discovered group of cytokines with six members (IL17A, IL17B, IL17C, IL17D,
IL17E and IL17F). IL17A was the original member of
this family. The others were discovered primarily from the
genome sequences within a short time-period (2000-2002),
and were sequentially named in the order of discovery[111-114]. They share the highest amino acid sequence
homology and perform distinct biological functions[115].

IL27
IL27 is a heterodimeric cytokine consisting of EpsteinBarr virus-induced gene 3 (EBI3, OMIM 605816) and p28
(also known as IL30, OMIM 608273). It binds a unique
receptor subunit IL27RA (OMIM 605350), which is associated with gp130 (IL6ST, OMIM 600694), a common
chain utilized by IL6 family cytokines. IL27 suppresses
Th2 and Th17 differentiation and proliferation[101,102].
In a Korean population the -A965G SNP was described as a susceptibility factor for IBD[103]. In a GWAS
five new regions were identified near the IL27 gene associated with early-onset IBD susceptibility (rs8049439,
rs2412973, rs1250550, rs4676410 and rs10500264)[104].

IL17
IL17A (OMIM 603149) acts on a variety of cells, which
respond by upregulating expression of proinflammatory cytokines, chemokines, and metalloproteases. It is
involved in the development of autoimmunity, inflammation, and tumors. IL17E (IL25, OMIM 605658) is an amplifier of Th2 immune responses. IL17F (OMIM 606496)
is mainly involved in mucosal host defense mechanisms.
The functions of IL17B (OMIM 604627), IL17C (OMIM
604628), and IL17D (OMIM 607587) are still largely
elusive. Increased levels of IL17A[116] and IL17F[117] have
been found in patients with IBD. It inhibits the proliferation of IECs, suggesting it might interfere with the repair
mechanism important for the maintenance of the tissue
integrity[118].
The IL17 receptor (IL17R) family includes five
members: IL17RA (OMIM 605461), IL17RB (OMIM
605458), IL17RC (OMIM 610925), IL17RD (OMIM
606807), and IL17RE (OMIM 614995)[119].
In a Japanese UC patients the rs2275913 polymorphism in the IL17A gene and the rs763780 in the IL17F
gene were analyzed. The frequencies of -197A/A and
7488T/T genotypes were found significantly higher in
UC patients than in controls[120]. In a Caucasian (German)
population, despite the increased colonic IL17F expression in CD, any significant differences could be found in
the frequency of rs763780 on IBD susceptibility[117].

IL6-LIKE CYTOKINES
Cytokines in this family (IL6, IL11, IL27 and IL31) signal
through receptors containing gp130 which are commonly
referred to as the IL6-like or gp130 utilizing cytokines
family[105]. They show pleiotropic biological activities with
immune, hematopoietic, and neural systems[105].
IL6
IL6 (OMIM 147620) is a multifunctional, pleiotropic
cytokine involved in regulation of immune responses,
acute-phase responses, hematopoiesis, and inflammation.
IL6 signals through a cell-surface type Ⅰ cytokine receptor complex consisting of the ligand-binding IL6R chain
(OMIM 147880), and the shared signal-transducing component IL6ST (also called gp130; OMIM 600694)[106].
English and Swedish children with CD and IL6-174
GG genotype were more growth retarded at diagnosis
and had higher levels of the IL6-induced inflammatory
marker C-reactive protein (CRP) than children with GC
or CC genotypes, concluded that IL6-174 genotype mediates growth failure in CD[107]. In an Irish cohort from
Dublin, significant difference was found in the frequency
of IL6-174 genotypes in the UC group compared with
the CD group[57]. In a Caucasian population from Canada
the same polymorphism was analyzed in CD and UC
patients. There were significant difference IBD, UC and
CD susceptibility, but it has influence on the clinical phe-
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INTERLEUKINS WITH CHEMOKINE
ACTIVITY
This group contains only two ILs, the IL8 and IL16[13].
IL8
IL8 was identified first as a neutrophil-specific chemotactic factor and later classified as a member of the CXC
chemokine family[121]. Its receptors are: CXCR1 (IL8RA)
and CXCR2 (IL8RB)[122]. IL8 plays crucial role in the
chemotaxis and migration of neutrophils, monocytes,
lymphocytes, and fibroblasts[123].
In a Polish population significant association was
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found between the genotype frequencies for the heterozygote of the IL8 T-251A and IBD. When IBD patients
were subdivided in UC and CD subgroups this association was also observed. Significant difference was found
between the A allele and the UC and CD cases, but not
in the summarized IBD group[124]. In a Chinese population any association was found between the T-251A polymorphism and UC[125]. They also investigated the role of
other polymorphisms of the IL8 gene and its impact on
the level of IL8 in serum. The frequency of the -353A/251A/+678T haplotype was significantly higher in UC
patients than in healthy controls. This haplotype tends to
be more common in severe UC patients than in mild tomoderate cases[125].

population. The cytokine network is highly complex with
interactive cascades of gene activation and suppression.
Not only the IL and ILR gene polymorphisms are in
relation with IBD pathogenesis but also the downstream
signaling components of several ILs (i.e., JAKs, STATs)
which could be potential targets of novel treatment
strategies. Many IBD loci are also implicated in other
immune-mediated disorders, most notably with ankylosing spondylitis and psoriasis[9]. Since the individual
associations may be non-informative, specific combinations of cytokine genotypes might predispose to disease
susceptibility or outcome. Therefore, polymorphisms in
cytokine genes and receptors should not in all cases be
studied strictly in isolation. More complete understanding of the immunopathogenic role of the various ILs in
intestinal inflammation will help in the development of
more effective novel therapeutic strategies in IBD. Albeit
genotyping these interleukin variants are often offer on
the palette of several direct-to-costumer companies, their
diagnostic or therapeutic clinical use is very limited due
to the limited clinical utility and validity of them. Meanwhile, the next generation techniques in combination
with the data analysis by systems-biology approach hopefully will contribute to the personalized therapy of the
patients in the near future.

IL16
IL16 (OMIM 603035) is a proinflammatory cytokine,
which inhibits T-cell proliferation, promotes Th1mediated responses, and reduces Th2-mediated inflammation[126]. IL16 mediates its biological activity via CD4
molecule, which is present on T cells, monocytes, macrophages, and dendritic cells. Patients with CD have elevated levels of IL16[127].
Regardless of the disease phenotype or the site of
intestinal involvement, the T allele and the TT genotype
in the IL16 promoter region T-295C were found significantly increased in German CD cohort, but not in UC
patients[128].
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also in protecting mucous epithelia from a variety of
insults. This review describes the trefoil factor family
and the role of the peptide family in relation to inflammatory bowel disease (IBD), and we summarize the
current knowledge of their expression, possible function
and potential pharmacological role in IBD.

Abstract

INTRODUCTION

Aamann L, Vestergaard EM, Grønbæk H. Trefoil factors in
inflammatory bowel disease. World J Gastroenterol 2014;
20(12): 3223-3230 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i12/3223.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i12.3223

Ulcerative colitis (UC) and Crohn’s disease (CD) are the
two most common inflammatory bowel diseases (IBDs).
The etiologies of both diseases are unknown but are considered to be multifactorial, involving the genetic composition of an individual, the commensal gut flora and the
environment[1].
Studies of the mucosal barrier indicate that trefoil factors (TFF) facilitate a significant role not only in mucosal
repair but also in protecting mucous epithelia from a
variety of insults in the gastrointestinal tract[2]. In this respect, repair is essential for preventing inflammation and
ulceration. In conjunction with other mechanisms, several
products that are primarily secreted from the goblet cells,
including TFF and mucins form the innate immune response and first line of defense in the mucus layer. How
this fully occurs is still only partly understood[3].
In mammals, the trefoil factor family consists of three
peptides: TFF1, TFF2 and TFF3; all three are widely
distributed in the gastrointestinal tract and are present
in virtually all mucous membranes. The importance of
TFFs in the protection and repair of epithelial surfaces is
well established[4].
TFF1 and TFF3 each have one trefoil domain, while

Inflammatory bowel disease (IBD), which comprises
ulcerative colitis and Crohn’s disease, is characterized
by inflammation of the gastrointestinal tract. The trefoil
factors 1, 2, and 3 (TFF1-3) are a family of peptides
that play important roles in the protection and repair of
epithelial surfaces, including the gastrointestinal tract.
TFFs may be involved in IBD pathogenesis and are a
potential treatment option. In the present review, we
describe the TFF family and their potential role in IBD
by summarizing the current knowledge of their expression, possible function and pharmacological role in IBD.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Trefoil factors; Inflammatory bowel disease;
Ulcerative colitis; Crohn’s disease; Inflammation
Core tip: Ulcerative colitis and Crohn’s disease are characterized by mucosal inflammation. The trefoil factor
(TFF) family consists of three peptides, TFF1, TFF2
and TFF3, and all are widely distributed in the mucous
membranes of the gastrointestinal tract. The TFFs facilitate a significant role not only in mucosal repair but
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with mucins, via a receptor, or in a completely different
way? Data suggest that TFFs may have multiple cellular
functions that support their protective and repair functions[16,17]. Below, we describe the potential mechanisms
involving anti-apoptotic properties, migration and invasion, angiogenesis, and interaction with mucins (Figure 1).
Anti-apoptotic properties are very important for
epithelial restitution, where epithelial cells must migrate
over the denuded area of the gut mucosa. In this process,
the epithelial cells are vulnerable to apoptosis or anoikis,
which is the form of apoptosis that is induced by anchorage-dependent cells detaching from the surrounding
extracellular matrix. TFFs have been found to have antiapoptotic effects in several cell lines[18,19], and this effect
has been supported by the finding that TFF3-deficient
mice have increased numbers of apoptotic cells in their
colonic crypts[17]. Furthermore, TFF3 has anti-anoikic
effects on intestinal epithelial cells via its activation of nuclear factor-kappa B (NF-κB)[20]. This effect of TFF was
dependent on the activation of epidermal growth factor
receptor (EGFR) and required TFF3 dimer[18].
An abnormal distribution or expression of tight junction proteins in gastrointestinal epithelial cells, which
causes barrier dysfunction, is thought to be involved in
IBD pathogenesis[21]. The effect of TFF3 on increased
intestinal permeability and its association with tight junction proteins was evaluated in an in vitro intestinal epithelia barrier model in which colorectal epithelial cells were
treated with platelet-activating factor (PAF). The analysis
revealed that TFF3 suppressed the PAF-induced downregulation of the tight junction proteins claudin-1 and
zonula occludens-1. These proteins maintain the tight
junction’s integrity and intestinal barrier function, and
TFF3 thereby decreases mucosal permeability[22]. TFF3
induces the recovery of tight junction protein changes,
which contributes to the TFF3-mediated stabilization
and maintenance of intestinal epithelial barrier function.
The findings may provide new insight into the protective
functions of TFF3 in epithelial cells and demonstrate its
potential for treatment of IBD[22,23].
The proliferative phase of wound healing is characterized by angiogenesis and pro-angiogenic properties,
which are dependent on cyclooxygenase-2 and EGFR
signalling and have been described for all TFFs[24].
Alterations in the intestinal mucous components may
impair the barrier function of the mucin layer and may
be a contributing factor to IBD[25]. In IBD, the mucin
types and expression are affected by several factors. For
example, the numbers of mucin-producing goblet cells
are reduced in active disease and changes in the thickness
and composition of the mucous gel layer may occur[26].
Although MUC2 is the major colonic mucin, alterations
in the composition and concentrations of colonic mucins
occur in IBD[26,27].
Several studies support the hypothesis that TFFs interact with mucins to enhance the mucosal barrier. TFFs
and mucins are co-localized in the gut. When TTF3 and
mucin were combined, they were more effective in pro-

Intestinal permeability

Trefoil factors
and IBD

Intestinal
mucosal
components

Anti-apoptotic effects
NF-κB
EGF-R

Figure 1 Role of trefoil factors in inflammatory bowel disease. The potential mechanisms involving anti-apoptotic properties, migration and invasion,
angiogenesis, and interaction with mucins. IBD: Inflammatory bowel disease;
EGF-R: Epidermal growth factor receptor; NF-κB: Nuclear factor-kappa B.

TFF2 has two trefoil domains. The trefoil domain is characterized by a sequence of amino acid residues, in which
6 cysteines are linked by 3 disulphide bonds to form
the “trefoil” disulphide loop structure or the clover-like
shaped structure[5]. The resistance of the peptides to proteolytic digestion, acids and thermal degradation seems
to be caused by the compact trefoil structure of the peptides[6,7]. TFF1 and TFF3 only contain one trefoil domain
but have a seventh free cysteine, which is essential for the
formation of dimers[6]. It is not clear whether the main
part of naturally occurring TFF1 and TFF3 consists of
monomers or dimers[2].
TFF2, formerly known as the Pancreatic Spasmolytic
Polypeptide, was the first TFF to be isolated in the early
1980s from a side-fraction obtained during the purification of insulin from porcine pancreas[7]. The human homologue of TFF2 is produced primarily by mucus neck
cells in the body and in antral glands of the stomach,
while a small amount is expressed in Brunner’s gland in
the duodenum[8,9]. The cloning of an estrogen-regulated
gene from the MCF-7 human breast cancer cell line resulted in the identification of pS2, which is today known
as TFF1[10]. TFF1 is also produced in the stomach by
superficial gastric foveolar cells[11]. It was also discovered
that these peptides share a new sequence motif, named
the trefoil domain[5]. A third trefoil factor, TFF3, was
identified in 1991 as a rat cDNA sequence[12] and a human cDNA sequence in 1993[13] that was initially known
as the intestinal trefoil factor (ITF). TFF3 is expressed in
the goblet cells of the small and large intestine[14] and is
co-produced and secreted with mucin (MUC)2[15].
This review describes the TFF family and the role of
this family as it relates to IBD and summarizes the current knowledge of their expression, possible function
and pharmacological role in IBD.

FUNCTIONAL CHARACTERISTICS OF
TFFS
The physiologically relevant functions of TFFs are not
clear, and the important question of how TFFs work
remains unresolved. Do they work by cross-linking
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tecting epithelial cells in an in vitro model of epithelial
barrier, which indicates a joint effect in mucosal protection[28]. The TFFs may act differently when coupled with
specific mucins, which is supported by the finding that
each TFF co-localizes with its own unique mucin type
in the ulcer-associated cell lineage (UACL) and normal
gastrointestinal mucosa. For example TFF1 couples with
MUC5AC, TFF2 couples with MUC6 and TFF3 couples
with MUC2[29].
The combination of mucins and TFFs has been
demonstrated to protect cell monolayers against injurious
agents by increasing mucus viscosity and decreasing proton permeation[28,30]. TFF2 in particular has been shown
to increase the viscosity and elasticity of porcine gastric
mucus and may contribute to a more resilient protective
barrier than TFF3. Conversely, TFF1 and TFF3 do not
increase the viscosity of mucus but instead form small
complexes with the mucins[31], which may be beneficial in
the intestines. TFF1 binds to the von Willebrand Factor
C domain of MUC2[32]. TFF3 was recently reported to
form a disulfide-linked heteromer with IgG Fc binding
protein, which could contribute to the stability of the
mucin network in the mucus layer by interacting with
MUC2 mucin[33].
In addition to the direct stabilization of the surface
mucous layer, TFF-mucin interactions have also been
shown to promote cellular effects such as cell migration
and NO production[34,35].

an agent that causes mild epithelial injury in wild-type
mice. The same was observed following chemotherapy
and radiation-induced damage[38]. In addition, luminal
treatment with recombinant TFF3 (rTFF3) restored the
capacity for restitution in TFF3-knockout mice exposed
to DSS and radiation-induced damage[37,38].
Although several animal studies have documented the
effect of treatment with TFFs, the optimal administration
route for treatment with TFFs remains unclear. In animal
models of gastric ulceration, both oral and systemic treatments with TFFs are effective for protection, prevention
and healing[39-43]. Subcutaneous infusions of recombinant
TFF2 (rTFF2) or porcine TFF2 (pTFF2) decreased acute
gastric ulceration damage by 50% without changing the
gastric acid secretion[39,40]. In the gastric ulceration model,
both orally and subcutaneously administered TFF2 had
an effect; however, both treatments aggravated duodenal
ulcerations. After oral administration, pTFF2 is bound to
the mucus layer of the stomach and small intestine, but
it does not reach the colonic mucosa[41]. The same dose
of pTFF2, given subcutaneously, was superior to oral
pTFF2 treatment. When administered orally as a prophylactic treatment, hTFF2 had a protective function in
Non-steroidal anti-inflammatory drug (NSAID)-induced
damage in rat gastric mucosa[42], whereas both rTFF2 and
rTTF3 prevented ethanol- and indomethacin-induced
gastric injury when given up to 2 h before injury. However, following intraperitoneal administration, the rTFF2
treatment had no effect[43].
The effects of TFFs have also been demonstrated in
animal models of intestinal inflammation and damage.
Here, the optimal route of administration is unclear, with
some studies favoring oral treatment and others favoring
systemic treatment[44-46]. In a DSS-induced experimental
colitis model, pre-treatment with subcutaneously or intracolonically administered TFF2, ameliorated the clinical
course of this chemically induced colitis, with the luminal
route being superior to the parenteral route[44]. In another
study, the distribution profile of subcutaneously and intraperitoneally administered TFF3 was very similar to the
intravenous distribution, with a high uptake of tracer in
the kidney and gastrointestinal organs. TFF3 availability
was slightly faster following sc administration than following ip administration, and both administration routes
would yield comparable pharmacological effects[45]. The
molecular forms of TFFs also seem to play a role. In a
DSS colitis model and in a model of colitis induced by
the intraperitoneal injection of mitomycin luminal treatment with dimeric TFF3 was effective, whereas treatment
with monomeric TFF3 had no effect. It is worth mentioning that a systemic TFF3 monomer treatment intensified the mucosal insults[47]. In a previous study, the subcutaneous administration of the hTFF1 dimer was proven
to be more compelling than the TFF1 monomer[48].
The DSS model is considered to be suitable for
studying acute epithelial damage, but the model lacks the
chronic inflammation characteristics of IBD. In colitis
models that are more representative of IBD, such as the

TFFS IN EXPERIMENTAL IBD
In animal models of IBD induced by the intrarectal administration of 5% acetic acid, various and conflicting
patterns of altered/increased TFF expression have been
observed[36]. A possible explanation for the conflicting
results observed in studies exploring the effects of TFFs
in the treatment of gastrointestinal damage may be that
different TFF forms, dosages and administration routes
have been used in colitis models.
In general, the expression pattern of the TFFs in animal models differs from the pattern observed in humans,
but the models have been very useful for investigating,
for example, the temporospatial expression of TFFs after
the induction of damage and the possible use of TFFs
for pharmacologic intervention in IBD.
In vivo studies have clearly shown that TFFs have
protective and healing effects when given exogenously
following either enteral or parenteral administration. This
finding suggests that TFFs might be useful in the IBD
treatment. In this instance, rodent colitis models have
been useful for examining the relationship between intestinal damage and the expression of the TFFs and thus
examining the role of exogenously added TFFs in epithelial repair during instances of injured mucosa.
Mashimo et al[37] showed that mice lacking TFF3 had
impaired mucosal healing, with poor epithelial regeneration after injury; those mice died from extensive colitis
after oral administration of dextran sulfate sodium (DSS),
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during the acute phase[56].
In a more recent study, the intraperitoneal application of rTFF3 promoted a protective effect against colitis
(trinitrobenzene sulphonic acid-induced) and was accompanied by a reduction in TNF-α expression in the colonic
endothelium. The protective effect was also paralleled by
a reduction in TLR4/NF-κB expression, indicating that
hTFF3 may have therapeutic potential through the inhibition of the TLR4/NF-κB signaling pathways[57].
Podolsky et al[58] investigated the possible linkage between TLR2 that plays a key role in the innate immune
system as well as in the digestive system. This possible
linkage was studied for TFF3 in a DSS-induced colitis
model and for TLR2 and TFF3 in knockout mice models.
The oral administration of a TLR2 agonist in TFF3 and
TLR2 knockout mice causes anti-apoptotic protection of
the TFF3 stress-induces inflammatory intestinal mucosa.
Recombinant TFF3 administration decreased morbidity
and mortality during acute colonic injury in a TLR2-deficient mice model. These findings imply that TLR2 exerts
diverse mucosa-protective properties in different epithelial cell types, critically suppressing mucosal apoptosis
and the associated leukocyte influx during acute colitis by
regulating TFF3 in goblet cells.
Several studies have indicated that TFF expression
may be regulated via the EGFR; TFFs and EGF are coexpressed in the UACL cell line[59]. The transcription of
TFF1 is enhanced by EGF[60], and EGFR activation is
required for the auto- and cross-induction of TFFs and
for the anti-apoptotic effect of TFF3[18]. Additionally all
TFFs have been shown to cause transient phosphorylation of the EGFR[61]. However, no binding to the EGFR
has been demonstrated, and the mechanisms remain unclear.
In a recent study, it was shown that dietary supplementation with conjugated linoleic acid, which may have
anti-inflammatory effects, protected against DSS-induced
colitis in a process involving the induction of TFF3[62].
Overall, multiple studies have investigated, with conflicting results, the relation between TFFs and cytokines
as well as the transcription factors related to the immune
system. More studies are clearly needed to describe the
regulation of TFFs in IBD and thus pave the way for
drug development.

dinitrobenzene sulphonic acid model, hTFF2 has shown
enhancing effects on colonic epithelial repair and a decrease in local inflammation after luminal application. In
addition, endogenous concentrations of TFF2 and TFF3
were increased in the active phase of colitis and reduced
to basal levels after hTFF2 treatment[49].
The chronic production of NO via inducible nitric
oxide synthase (iNOS) leads to tissue damage and inflammation. In a study involving local intracolonic hTFF2
treatment, the in vitro inhibition of NO and iNOS in
monocytes was observed, along with a reduction in the
levels of the damaging reactive oxygen species and a decrease in colitis. These findings further indicate that TFFs
exert a positive effect on mucosal protection[50].
In combination therapy, TFF3 and EGF act in a synergistic manner to stimulate cell migration in vitro and can
potentially provide a more effective and safe approach
for treating intestinal ulcerations[51]. This may reduce
the degree of colonic injury and may prove to be useful
when treating colitis in patients with a disease that is beyond the reach of enema therapy[46].
Poulsen et al[52] showed that orally given TFF did not
reach the colon. Systematically administered TFF2 and
TFF3 bind to the gastric mucosal surface and are transported to the lumen. Whether this occurs in the colon is
uncertain, but it seems that less of the systemically administered TFF is present in the colon than in the stomach[52,53]. The intragastric administration of the TFF1secreting Lactococcus lactis (L. lactis) in DSS-induced colitis
was followed by the active delivery of TFF at the colonic
mucosa. A significant protective effect was observed,
which may represent a new therapeutic approach that involves the in situ secretion of TFF by orally administered
L. lactis[54].
In another recent attempt to improve the application
of TFFs, a recombinant adenoviral vector containing
the human ITF (hITF) gene was constructed and shown
both to promote cellular migration in an in vitro intestinal
wound model and to improve the healing of intestinal
mucosal injury[55].

REGULATION OF TFF EXPRESSION IN
IBD
Several studies have shown that the cytokines and transcription factors that are related to the immune system
and important in IBD can regulate the expression of
TFFs and vice versa.
The tumor necrosis factor alpha (TNF-α) triggering
of NF-κB activation is known to be a proinflammatory
factor in the pathogenesis of IBD and may contribute
to the development of ulcerations. Toll-like receptor-4
(TLR4)/NF-κB expression is essential for the activation
of human intestinal epithelial cells and the subsequent
expression of cytokines. Using cell culture studies, it was
shown that both TNF-α and NF-κB induced the downregulation of TFF3 by repressing transcription and in
experimental colitis, the increase in the epithelial expression of NF-κB coincided with reduced TFF3 expression
WJG|www.wjgnet.com

TFFS IN CLINICAL STUDIES
Although multiple in vitro and animal studies since the
discovery of TFF 30 years ago have documented the
crucial role of TFFs in the epithelial restitution of the
gut, few studies have been performed in IBD patients to
investigate the clinical potential of TFF in IBD.
TFF are expressed in several tissues that contain mucus-secreting cells, but they are most markedly expressed
in the gastrointestinal tract. At this site, each TFF is colocalized with its unique mucin type. For example, TFF1
is co-localized with MUC5AC, TFF2 is co-localized with
MUC6, and TFF3 is co-localized with MUC2[63,64]. TFF1
and TFF2 are primarily located in the stomach[8,11], where3226
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as TFF3 is predominantly present in the mucous cells of
the small and large intestine[14]. Several studies have documented the supportive and protective functions of TFFs
in the human gastrointestinal tract. Those studies have
shown the up-regulated expression of all three TFFs at
the site of mucosal damage in IBD[65,66], peptic ulcer[67]
and the neoexpression of TFF1 in UC with histologically
severe disease[68].
The UACL, which occurs at sites of chronic gastrointestinal ulceration including IBD expresses a number of
peptides that have been implicated in the repair of damaged mucosa, such as the TFFs[13,69]. In small intestinal
Crohn’s disease, TFF2 mRNA is expressed in the acinar
and proximal duct cells, while TFF1 mRNA and peptide
are found in the distal duct cells and in the surface cells[65].
As in normal gastrointestinal mucosa, the co-localization
of specific TFFs and mucins is observed in IBD[29,68].
The co-localization of TFF3 with DMBT1 in IBD,
which has been proposed to have a role in cell differentiation and growth, indicates that DMBT1-TFF3 interactions may play a role in IBD[70].
Quantitative measurements of TFFs have been important tools for elucidating the biological functions
of the peptides and exploring their role as biomarkers for IBD. Larger than normal serum concentrations
of TFF2 and TFF3, i.e., 2000 to 10000 and 140 to 500
times higher, respectively, have been measured in bowel
discharges[71]. All three TFFs are present in sera from
healthy individuals[72]; in line with immunohistochemical
studies showing increased expression in IBD, the sera
concentrations of the peptides were also elevated in IBD
patients[73-75]. The TTF3 concentrations were significantly
higher in UC patients and their levels correlated with the
clinical and biochemical parameters of disease activity.
Because of large biological variations, measurements
of TFFs are not useful as clinical biomarkers for disease
activity in CD and UC[72,75]. However, quantitative measurements may still be important and should be included
in continued research in the area.
In clinical studies TFF peptides are considered promising for the treatment of inflammatory conditions of
mucous membranes. In IBD the effect of TFF3 enemas,
given in combination with oral mesalazine in patients
with mild-to-moderate left-sided UC, have been tested.
UC patients were given a total daily dose of 750 mg of
dimeric rTFF3 in 75 mL enemas (dosage concentration
of 10 mg/mL), similar to the luminally administered
doze used in animal models of gut injury that has proven
effective. The TFF3 enema was well tolerated, but in this
first human study no additional benefit of TFF3 treatment was detected compared to the effect of 5-aminosalicylic acid treatment alone[76]. One possible explanation
may be the rapid decay of TFFs observed in the colon[71].
In future trials, the systemic route should be explored.

that the peptides are linked to inflammatory conditions
in the gut. Although a significant role in mucosal protection and repair has been established for the TFFs, the full
knowledge of their biological functions in IBD remains
elusive. The quantitative measurements of the peptides in
patients with IBD have been less promising, due to large
inter-individual variations, and their future use as biomarkers in IBD is uncertain. Future studies are needed
to show whether the peptides have a potential as a novel
therapeutic in IBD. Additionally further identification of
the regulatory mechanisms that can affect TFF expression may aid in the development of new drugs for treating IBD.
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Biomarkers in inflammatory bowel diseases: Current status
and proteomics identification strategies
Tue Bennike, Svend Birkelund, Allan Stensballe, Vibeke Andersen
and prognostic tool of potentially great value. The technological development in recent years within proteomic
research (determination and quantification of the complete protein content) has made the discovery of novel
biomarkers feasible. Several IBD-associated protein
biomarkers are known, but none have been successfully implemented in daily use to distinguish CD and UC
patients. The intestinal tissue remains an obvious place
to search for novel biomarkers, which blood, urine or
stool later can be screened for. When considering the
protein complexity encountered in intestinal biopsysamples and the recent development within the field
of mass spectrometry driven quantitative proteomics,
a more thorough and accurate biomarker discovery
endeavor could today be performed than ever before.
In this review, we report the current status of the proteomics IBD biomarkers and discuss various emerging
proteomic strategies for identifying and characterizing
novel biomarkers, as well as suggesting future targets
for analysis.
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Abstract
Unambiguous diagnosis of the two main forms of inflammatory bowel diseases (IBD): Ulcerative colitis (UC)
and Crohn’s disease (CD), represents a challenge in
the early stages of the diseases. The diagnosis may be
established several years after the debut of symptoms.
Hence, protein biomarkers for early and accurate diagnostic could help clinicians improve treatment of the
individual patients. Moreover, the biomarkers could aid
physicians to predict disease courses and in this way,
identify patients in need of intensive treatment. Patients
with low risk of disease flares may avoid treatment
with medications with the concomitant risk of adverse
events. In addition, identification of disease and course
specific biomarker profiles can be used to identify biological pathways involved in the disease development
and treatment. Knowledge of disease mechanisms in
general can lead to improved future development of
preventive and treatment strategies. Thus, the clinical
use of a panel of biomarkers represents a diagnostic

WJG|www.wjgnet.com

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

Key words: Inflammatory bowel disease; Biomarker;
Proteomics; Citrullination; Ulcerative colitis; Crohn’s disease; Posttranslational modification
Core tip: Establishing the correct diagnose of Crohn’s
disease and ulcerative colitis (UC) patients remains
troublesome, and correct and early medication is critical. No reliable biomarkes have been implemented in
clinical usage, to distinguish between Crohn’s disease
patients and UC patients. Considering the protein complexity encountered in intestinal biopsy samples and
the recent development within the field of quantitative
proteomics, submitting the intestinal mucosa to a more
thorough analysis has the potential to reveal new biomarkers.
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translation, most proteins are covalently modified at least
once[25], and the final mature protein products are termed
proteoforms. These so-called posttranslational modifications (PTMs) are often crucial to the correct physiological
function of the given protein, and can determine activity
state, localization, turnover and interaction with other
proteins and substrates[23,25,26]. More than 200 distinct biologically relevant PTMs have been identified[27], so each
RNA transcript can be more than 200 different proteoforms. The PTMs increases the complexity and diversity
of the proteins tremendously (Figure 1). As a result, it is
estimated that the human body contains more than one
million different proteoforms[23], which constitutes the
human proteome (all expressed proteins).
When searching for biomarkers, it is possible to analyze the target sample on the DNA level, the RNA transcript level or the protein level. Techniques for studying
an organisms DNA code (genome) or RNA transcripts
(transcriptome) have the advantage that entire genomes
and transcriptomes can be sequenced and studied with
great sensitivity, precision and coverage, and a number of
biomarkers have been found for various diseases. Using
genomic sequencing techniques, several CD and UC loci
have been known for more than a decade, and the studies
have greatly increased our knowledge of the IBDs[22,28,29].
Several cellular IBD-pathways have been identified, including pathways involved in barrier function, epithelial
restitution, microbial defense, immune regulation, reactive
oxygen species generation, autophagy, and finally various
stress and metabolic pathways associated with cellular
homeostasis, reviewed by Khor et al[3]. However, as mentioned no IBD biomarkes capable of differentiating CD
from UC have been implemented in daily clinical usage,
and the impact of the genomic studies on the treatment
and diagnosis of the IBDs has been questioned[30-32].
Proteins represent an obvious target for biomarker
discovery studies, and as PTMs dramatically increases the
diversity and in many cases function of the mature proteins, they represent a promising area for IBD biomarker
studies. PTMs are introduced after translation of the
RNA transcripts (Figure 1), hence analyzing DNA and
RNA transcripts does not directly provide information
about the PTMs. A key technique capable of measuring
absolute and relative protein quantification in complex
protein mixtures in a high-throughput manner, as well as
identify several PTMs, is bottom-up mass spectrometry
(MS) based proteomics[24,33]. Proteomics is the large-scale
identification of proteins, and can often cover the study
of all expressed proteins by an organism (the proteome).
The bottom-up MS strategy is based on measuring the
mass-to-charge ratios (m/z) of peptides derived from
proteins which have been enzymatically cleaved into minor peptides. From the measured m/z’s the molecular
weight of the intact peptides can be calculated[25]. In addition to calculating the intact masses, the peptides are
collided with an inert gas which fragments the peptides,
and the fragment m/z’s are measured. The proteins in
the sample are subsequently identified by searching the
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INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic gastrointestinal disorders. The two most common forms of
IBD are Crohn’s disease (CD) and ulcerative colitis (UC).
Both disorders have great impact on the life quality of
the affected individuals and for society, measured on lost
labor and expenses to the health care system. Furthermore, new epidemiological data published in 2013 found
that the incidence and prevalence of the diseases are
still increasing[1]. The etiologies of CD and UC remain
unclear, but involve a complex interplay between genetic
and environmental factors[2-7]. The diagnosis can be delayed several years and may be difficult to make even for
trained physicians, as no biomarkers or commercial tests
capable of discriminating CD from UC patients have
been implemented in clinical use[8-10]. Furthermore, an
early and accurate diagnosis of IBD-patients is crucial, as
e.g., CD patients with extensive and deep ulcerations have
a 5-fold higher risk of requiring colectomy compared to
CD patients without extensive and deep ulcerations[11].
From 357 CD patients analyzed with computed tomography enterography, penetrating disease was found in
21% of the patients and extraintestinal manifestations in
19%[12,13]. Hence, there is a need for reliable and usable
biomarkers for the early and better diagnosis and prognosis of the IBD diseases[4,8,14-18].

GENOMIC, TRANSCRIPTOMIC AND
PROTEOMIC BIOMARKERS
In 2001, an NIH group defined a biomarker as “A characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic processes or pharmacologic responses to a therapeutic intervention.”[19], usable for diagnostics, monitoring disease
prognosis and disease monitoring and prediction. The
human genome contains the code for the expressed gene
products, including the proteins. Proteins function as the
building blocks of the human cells and tissue, and are responsible for the majority of the biological functions[20].
Proteins, therefore, represent an obvious target for biomarker discovery studies. The human genome comprises
approximately 20000 protein coding genes[21]. During
protein synthesis, the DNA code is first transcribed into
different RNA transcripts. Each gene can give rise to
several RNA transcripts resulting in a total of roughly
100000 different RNA transcripts[22-24] (Figure 1), which
in turn are translated into 100000 different proteins. After
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Figure 1 Major increase is encountered in the proteome complexity, from genes to RNA transcripts and finally to the mature, often posttranslational modification modified, proteins (proteoforms).

peptide masses and fragment m/z’s against an in silico
generated database, inferred from a reference database
of protein sequences. By matching the in silico calculated
peptide masses and fragment m/z’s to the measured,
the peptides and hence the proteins, are identified. For
a more thorough description, we refer to the review by
Steen et al[34]. The process can be performed in a quantitative manner to allow for relative or absolute quantitation
of the proteins, using different strategies[34]. MS can in
this way be used to identify proteins, as well as PTMs
that change the molecular weight of the protein and
can provide the amino acid position of the modification[25]. Previously, proteomics has been limited mainly
by the speed and sensitivity of the mass spectrometers.
However, recent development within the field of MS
has allowed for the identification of nearly all expressed
proteins of complex organisms, such as yeast, within a
few hours of measuring time, identifying and quantifying several thousand proteins[33,35]. When considering the
protein complexity encountered in the human intestinal
tissue, an obvious place to search for biomarkers, and
the recent development in the field of MS, a thorough
analysis of PTMs and protein abundances in healthy and
diseased state could be conducted. Biomarkers found in
the intestine could then be searched for in more easily
obtained sample material, such as blood or stool[6,10,31,36-39].
Antibodies to identified biomarkers for CD and UC
found by proteomics can be generated for development
of immunoassays and immunohistochemistry for evaluating the markers clinical use in routine tests less expensive
than sequencing genomes, transcriptomes or MS driven
proteomics.
This review reports known biomarkers for the IBDs,
but will focus on the newly identified proteomics biomarkers and emerging proteomics strategies for identifying and characterizing novel IBD biomarkers.

WJG|www.wjgnet.com

DIAGNOSIS OF INFLAMMATORY BOWEL
DISEASE AND KNOWN BIOMARKERS
Numerous biomarkers are known and used for the IBDs
(Table 1); however, no single biomarker is able to diagnose IBD or to distinguish CD from UC patients with a
high specificity and sensitivity[8-10,14]. CD is characterized
by chronic inflammation in any part of the gastrointestinal tract. Most commonly the terminal ileum or the
perianal region are inflamed, and in a non-continuous
manner. Histologically, CD shows thickened submucosa,
transmural inflammation, fissuring ulceration and non-caseating granulomas. UC, on the other hand, is characterized by inflammation limited to the colon, spreading continuously from the rectum and various distance proximal,
and histology shows superficial inflammatory changes
limited to the mucosa and submucosa with inflammation of crypts (cryptitis) and crypt abscesses[3]. There is
currently no single “gold standard” diagnostic test or examination to differentiate CD and UC. Instead, diagnosis
is based on a combination of symptoms, clinical examinations, laboratory findings, radiology, and endoscopy
with histology, which also is used to assess severity and
to predict the outcome of disease. Even when the tests
are performed by expert clinicians they can result in diagnostic uncertainty[10,14,15,17,40]. This section will report some
of the biomarkers commonly used to diagnose IBD. For
a review of additional IBD biomarkers we refer to the
work of Iskandar et al[4].
Antibodies and serum biomarkers
The two best-studied serological markers in IBD patients
are anti-Saccharomyces cerevisiae antibodies (ASCA) and antineutrophil cytoplasmic antibody (ANCA)[41].
ASCA is an antibody with affinity for antigens in the
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the review by Tamboli et al[51].

Table 1 Known common inflammatory bowel disease
biomarkers
Biomarker

Specificity

Fecal biomarkers
Stools are in direct contact with the inflamed intestinal
area and site for the gut microbiome, both from which
potential biomarkers are likely to originate. This is in
contrast to serum biomarkers, which could increase on
account of a variety of conditions, making stools an obvious place to search for biomarkers[40]. Fecal markers are
especially useful for the diagnosis of CD patients, where
the inflammation is patchy, may affect any part of the
gastrointestinal tract, and therefore might be missed by
colonoscopy[52]. The host-microbe interactions have been
recognized as central for understanding human physiological diversity, and the human microbiome project
has been launched to unravel the medical significance of
the human microbiome[53]. Several studies have identified
certain bacterial groups which are more abundant (Enterobacteriaceae, Ruminococcus gnavus, and Desulfovibrio) or less
abundant (Faecalibacterium prausnitzii, Lachnospiraceae, and
Akkermansia) in IBD[16], implicating that the host-microbe
interaction might be involved, reviewed by Rosenstiel[54].
Novel biomarkers with high sensitivity and specificity
may, therefore, be identified from stools.
The two most commonly used fecal markers for IBD
screening are calprotectin and lactoferrin (Table 1)[8]. Calprotectin is a calcium- and zinc-binding protein occurring
in large amounts in neutrophil granulocytes, where it accounts for 5% of the proteins. It is a very stable marker
and is resistant to colonic bacterial degradation, and can
be stored at room temperature for more than a week[55].
The concentration of fecal calprotectin is proportional to
the neutrophil cell infiltrate in the bowel mucosa, and it is
a very sensitive marker for intestinal inflammation[8,17,40].
However, calprotectin is not a specific marker for CD or
UC, and increased levels can also be found with neoplasia, other forms of IBD, infections, and polyps[17], as well
as with use of non-steroidal anti-inflammatory drugs,
increasing age[56] and upper gastrointestinal disease, such
as small bowel bacterial overgrowth[57].
Lactoferrin is an iron-binding glycoprotein expressed
by activated neutrophils[58]. During inflammation, lactoferrin is released by the injured tissue and has been found
to modulate inflammation and act in the defense against
infections as a part of the innate immune system[59]. It is
resistant to degradation and proteolysis, and unaffected
by freeze thaw cycles, making it a useful biomarker[17].
As such, it is an ideal marker for intestinal inflammation.
However, like calprotein it is unspecific for CD and UC,
but can distinguish active IBD from inactive IBD and irritable bowel syndrome[60]. Several studies report similar
performance of calprotectin and lactoferrin tests[6,60-64],
and neither can be used to differentiate CD from UC
with a high sensitivity and specificity.
To sum up, no reliable biomarkers exist usable as a
single “gold standard”. Therefore, to establish a diagnosis, histological examination of biopsies from the terminal ileum and colon is typically used in combination with

Usability

Serum biomarkers
ASCA
39%-79% of CD patients 14%-18% of controls tested
positive, 5%-15% UC
positive, limiting the diagpatients[41-43]
nostic value[44]
pANCA
20%-85% of UC patients 32% of controls tested posipositive, 2%-28% of the tive, limiting the diagnostic
CD patients[41,42,45]
value[44]
CRP
Marker for acute
Cannot differentiate CD from
inflammation
UC. However, usable for
monitoring disease state[48-50]
Fecal biomarkers
Calprotectin
Sensitive marker for
Cannot differentiate CD from
intestinal
UC. Used to monitor disease
inflammation[8,17,40]
state[17]
Lactoferrin
Can distinguish active
Unspecific for CD and UC.
IBD from inactive IBD
However, usable for moniand irritable bowel
toring disease state[60]
syndrome[60]
ASCA: Anti-Saccharomyces cerevisiae antibodies; ANCA: Anti-neutrophil
cytoplasmic antibody; IBD: Inflammatory bowel diseases; UC: Ulcerative
colitis; CD: Crohn’s disease; CRP: C-reactive protein.

cell wall of the yeast Saccharomyces cerevisiae. In comparison
to UC patients, CD patients are often positive for ASCA
(Table 1)[41-43]. However, a substantial amount of healthy
controls are also positive for ASCA positive[44], indicating
that specificity and sensitivity for CD patients are relatively low; limiting the diagnostic value of the marker in
differentiating CD from UC.
ANCAs are antibodies with affinity for neutrophil
granules. The antibodies have been found in a variety of
immune conditions, including Wegener’s granulomatosis and rheumatoid arthritis (RA)[4]. When staining for
ANCA, different patterns have been observed for UC and
CD patients using immunofluorescence microscopy (Table
1), and mainly UC patients display perinuclear ANCA
(pANCA) staining compared to CD patients[41,42,45]. Nonetheless, like the case of ASCA, a substantial amount of
healthy controls are pANCA positive[44].
Lastly, C-reactive protein (CRP) is one of several proteins that increase in serum upon acute phase IBD. CRP
is almost exclusively produced in the liver, upon stimulation by interleukin (IL)-6, tumor necrosis factor (TNF)alpha and IL-1-beta produced at the site of inflammation.
As such, an increased CRP-level is a marker for inflammation, but is not specific for CD or UC[8,40,46,47]. In some
cases, but far from always, CD is associated with a strong
CRP serum increase, whereas UC usually only results in
a modest response. However, the difference insufficient
to differentiate CD patients from UC patients[48-50], and
the reason for the different responses remains to be thoroughly accounted for[40].
Other serum biomarkers used include white blood cell
count, platelets, and albumin, which are all non-specific
for IBD and can be seen in inflammatory diseases and
cell stress[40]. More CD serologic markers are described in
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patient disease history and one or more of the above
mentioned markers[17,65]. Hence, much effort is invested
in analyzing the IBDs using various strategies, to identify
usable biomarkers and explain the disease etiologies.

analyzed by MS. In the study, several cytokine regulated
proteins were identified. Subsequently, human epithelial
cells were isolated from UC patients and CD patients.
Based on the findings, the samples were analyzed for the
enzyme indoleamine-2,3-dioxygene using antibodies by
western blotting. The group found an overabundance of
the enzyme indoleamine-2,3-dioxygene in CD and UC
compared to normal mucosa, hypothesizing an involvement of the Kynurenine pathway of tryptophan metabolism in the IBDs. Indoleamine-2,3-dioxygene activity has
furthermore been found to be essential in dendritic cells
to induce co-cultured T cell apoptosis[66].
When analyzing protein spots cut from gels the
MALDI-TOF MS method is applicable, but the analysis
of an entire 2D-PAGE gel is unfeasible, due to the commonly several thousand detectable spots. The technique
is therefore less suitable for high-throughput identification of many thousand proteins. Therefore, when analyzing digested 2D-PAGE gels one usually only investigates
changing protein spots and omits any information regarding non-changing protein spots. Information regarding non-changing proteins might prove equally important
as changing proteins for studies seeking to describe
disease etiologies. However, for biomarker studies 2DPAGE strategies represent a feasible and proven way of
identifying biomarker candidates. MALDI-TOF MS can
also be conducted using intact proteins without prior
enzymatic protein digestion. A variant of MALDI-TOF
MS is to spot the protein mixture on a modified surface,
to which the intact proteins bind and subsequently the intact masses of the proteins can be obtained by MS. This
technique is called surface-enhanced laser desorption/
ionization time of flight mass spectrometry (SELDI-TOF
MS) (Figure 2A). However, when studying intact proteins
using MALDI-TOF MS or SELDI-TOF MS, one usually
does not obtain identification of the detected signals.
Electrospray ionization (ESI) remains the only MS
technique for identifying and quantifying several thousands of proteins in a high-throughput manner (Figure
2B). ESI involves spraying the digested proteins directly
into the MS. By incorporating liquid chromatography (LC)
with columns prior to the ESI process, the peptides can
be separated and sequentially eluted over several hours.
This gives the MS systems enough time to analyze a large
proportion of the eluted peptides which subsequently
can be identified. In this way, large-scale proteomic studies can be performed in a high-throughput manner using
ESI LC-MS. These studies yield (relative) quantitative information of thousands of identified proteins in a single
experiment, and thus might provide better information
for explaining disease etiologies. In 2004, Hardwidge
et al[67] published such a study, which was the first large
scale proteomic analysis of a human cellular response
to a pathogen. Discovery-based proteomics was applied
to investigate the protein profiles (cellular response) of
human Caco-2 intestinal epithelia cells before and after
infection with E. coli. The group did not work directly
with IBD, but the results are applicable to the diseases,

KNOWN PROTEOMICS BIOMARKERS
FOR INFLAMMATORY BOWEL DISEASE
Proteomics studies can be performed in a discoverybased manner, where relative protein abundance levels
between two or more samples are detected, and PTMs
can be identified. Recent development of proteomics
platforms has brought the technology to the point where
several thousand proteins can be identified and (relatively)
quantified in a single analysis or a subset by targeted approaches[6,10,31,36-39]. As inflammation takes place in the intestine, the gut-tissue represents an obvious place to look
for novel biomarkers, which afterwards may be searched
for in for example feces and blood and used as a disease
marker. Several proteomic studies have successfully been
aimed at identifying IBD biomarkers to investigate disease etiologies and aid in establishing the correct diagnose
of UC and CD patients (Table 2). However, until now
none of the identified biomarkers have been implemented
in daily use[15].
The first group to publish a discovery-based proteomics study of the IBDs was Barceló-Batllori et al[66] in
2002. The aim of the study was to identify potential cytokine regulated proteins in colon epithelial cells isolated
from IBD patients, which might be involved in the pathogenesis of IBDs. Human adenocarcinoma cells were
in vitro exposed to known cytokines expressed in IBD,
namely interferon-gamma, IL-1-beta and IL-6 (TNFalpha was excluded as it is known to induce apoptosis
in such cells). Using proteomics, the protein profiles of
the cells were analyzed before and after exposure to the
cytokines. All proteins from the cells were first separated
using two-dimensional polyacrylamide gel electrophoresis
(2D-PAGE). By staining all protein in the gels, different samples (gels) can be compared in terms of protein
abundance based on the staining intensities, and differentiating protein spots can be visually identified. Spots of
interest were cut from the gel with a knife and the proteins were enzymatically digested to specific peptides using the protease trypsin (in-gel digestion). The digestion
of proteins is an essential step for protein identification,
as no MS technique currently exist that can identify thousands of intact proteins in a complex sample in a high
throughput manner. This is only possible when using
digested proteins (peptides). The proteins were identified
based on the peptides using MS, with the technique called
matrix-assisted laser desorption/ionization-time of flight
(MALDI-TOF) MS (Figure 2A). MALDI-TOF MS is a
sensitive technique, but it involves placing a few drops of
the sample on a plate which is left to dry prior to analysis.
During analysis a laser is used to evaporate small spots
from the dried droplet and ions in the produced gas are
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Table 2 Proteomics biomarker candidate studies and main findings
Ref.

Sample

Barcelo-Batllori et al[66],
2002

In vitro colon epithelial
cells and purified
epithelial cells from UC
and CD patients

Hardwidge et al[67], 2004

Human Caco-2 intestinal
epithelia cells before and
after infection with E. coli

Hsieh et al[68], 2006

Colonic biopsies
from UC, nonspecific
infectious colitis patients
and controls
Intestinal tissue cells
purified from patients
suffering from CD, UC,
and colon cancer

Shkoda et al[69], 2007

Meuwis et al[10], 2007

Serum from UC and CD
patients

Nanni et al[71], 2007

Serum from UC, CD
patients and healthy
controls
Serum from responding
and non-responding CD
patients to infliximab

Meuwis et al[70], 2008

Analysis

Findings and perspectives

2D-PAGE protein
quantitation, and in-gel
digestion and MALDI-TOF
MS and Western blot protein
identification
ESI LC-MS protein
identification and
quantitation, Western blot
verification
2D-PAGE protein
quantitation, and in-gel
digestion and MALDI-TOF
MS protein identification
2D-PAGE protein
quantitation, and in-gel
digestion and MALDITOF MS and Western blot
identification
SELDI-TOF MS m/z signal
profiling, MALDI-TOF MS
and Western blot protein
identification

The enzyme indoleamine-2,3-dioxygene was more abundant in cells
from CD and UC patients compared to normal mucosa. Tryptophan
and arginine metabolism may play a role in the IBDs

Intestinal epithelial cells
from CD patients and
healthy controls

Hatsugai et al[73], 2010

Peripheral blood
mononuclear cells from
UC and CD patients, and
healthy controls

M’Koma et al[74], 2011

Mucosal and submucosal
layers of samples
originating from CC and
UC patients
Microbes and human
proteins at the intestinal
mucosal-luminal
interface from CD and
UC patients, and healthy
controls
Colonic tissue biopsies of ESI LC-MS protein
Korean IBD patients
identification with label-free
quantitation

Han et al[14], 2013

Seeley et al[76], 2013

Gazouli et al[77], 2013

6 proteins were found to be more abundant in UC and 13 less
abundant. The result indicates that mitochondrial dysfunction might
be involved in UC the etiology. Four biomarker candidates were
identified, however, they require validation
Proteins associated with signal transduction, stress response and
energy metabolism were differently abundant in inflamed and noninflamed tissue. 32% of the differentially regulated proteins were
involved in energy metabolism

Successful in differentiating CD from UC patients with a sensitivity
of 85% and a specificity of 95% from several m/z signals. Four
biomarker candidates were identified, all known acute inflammatory
markers, limiting the diagnostic value. However, the feasibility of
serum biomarker studies was demonstrated
Solid-phase bulk protein
Able to separate the three groups with 97% prediction results. The
extraction, MALDI-TOF MS signals were not identified, but the feasibility of serum biomarker
signal profiling
studies was demonstrated
SELDI-TOF MS signal
Able to predict responders with a sensitivity of 79% and a specificity
profiling, MALDI-TOF MS,
of 80%. Increased amount of PF4 was associated with non-response
Western blot and ELISA
to infliximab with MS but not ELISA, so usability of PF4 as a
protein identification
biomarker seems limited
1D-PAGE and in-gel
Proteins more abundant in CD patients include several proteins
digestion, ESI LC-MS
involved in inflammation processes, and less abundant include
protein identification and
Annexin A1, involved in the anti-inflammatory action. Followquantitation
up research is required to assess the feasibility of the biomarker
candidates
2D-PAGE quantitation, and Successfully discriminated UC from CD based on seven differently
in-gel digestion and MALDI- present proteins, all associated with inflammation oxidation/
TOF MS protein identification reduction, the cytoskeleton, endocytotic trafficking and transcription.
The biomarker candidates require validation using a larger number
of patients, but seems promising
MALDI-TOF MS m/z signal Five m/z signals were detected in the submucosal layer, which could
characterization, no protein separate the two groups with an accuracy of 75 percent. The signals
identification
needs to be identified, however, the disease groups can be separated
on basis of the mucosal and submucosal profiles
Oligonucleotide ribosomal
35% of the detected bacterial phylotypes were present in different
RNA fingerprinting, SELDI- amounts in the diseases, indicating the involvement of host-microbe
TOF MS and MALDI-TOF
interactions in IBD. The microbiome might prove useful as a target
MS identification
for therapy

Nanni et al[72], 2009

Presley et al[75], 2012

125 proteins more abundant and 139 proteins less abundant after
infection, some related to innate immune responses. These proteins
might be relevant to look for in future biomarker studies

27 potential biomarkers were identified for UC, 37 biomarkers
for CD and 11 proteins commonly associated with IBD. Three
novel biomarkers were identified for active CD: Bone marrow
proteoglycan, L-plastin and proteasome activator subunit 1. The
biomarker candidates require validation, but might prove feasible as
new diagnostic and therapeutic targets
114 different m/z signals were found to be different between the two
groups. The signals remain unidentified

Histological tissue layers MALDI-TOF MS m/z signal
from UC and CC patients characterization, no protein
identification
Serum samples from
2D-PAGE quantitation, and 15 differently abundant proteins between responders and nonresponding and nonin-gel digestion and MALDI- responders to infliximab were identified.
responding CD patients TOF MS protein identification The biomarker candidates require further validation
to infliximab treatment

IBD: Inflammatory bowel diseases; UC: Ulcerative colitis; CD: Crohn’s disease; MALDI-TOF MS: Matrix-assisted laser desorption-ionization time-of-flight
mass spectrometry; 2D-PAGE: Two-dimensional polyacrylamide gel electrophoresis; ESI: Electrospray ionization; SELDI-TOF MS: Surface-enhanced laser
desorption/ionization time of flight mass spectrometry; LC: Liquid chromatography.
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Figure 2 Two commonly used mass spectrometry techniques. A: Matrix-assisted laser desorption/surface-enhanced laser desorption/ionizatio time of flight mass
spectrometry (MS), where the peptide or protein sample is dried on a target plate. Subsequently, a laser is used to evaporate the dried sample, and the generated gas
phase ions are analyzed by the mass spectrometer; B: Liquid chromatography (LC)-electrospray ionization (ESI) MS, where the liquid peptide (or protein) sample is
separated on a LC column, and sequentially eluted often over several hours. The eluted peptides are injected directly into the mass spectrometer by ESI and analyzed.

as the involvement of host-microbe interactions in the
IBDs have been suggested[54]. The cells were lysed, and
the lysates were chemically modified using chemical labels to allow for a relative comparison between the protein abundances measured by MS. Using ESI LC-MS, the
group recorded 10921 peptide fragments mass spectra,
from which they were able to identify 2000 proteins. Two
hundred and sixty four proteins had a known biological
function and were found to have at least a 2-fold abundance difference between infected and non-infected,
roughly half were more abundant post infection. Some
of the MS-findings were verified with western blots, and
significant changes were found in amount of actin-related
proteins before and after infection.
Even though ESI LC-MS has advantages in terms of
high-throughput, many biomarker studies have successfully employed MALDI-TOF MS protein identification
in IBDs. In 2006, Hsieh et al[68] applied discovery based
proteomics using such a platform. The group analyzed
the etiology and pathogenesis of UC using colonic biopsies to detect any significant difference in the protein
profiles. The biopsies were obtained from four UC patients, three patients with nonspecific infectious colitis
and five individuals with no obvious colonic disease.
The proteins were separated by 2D-PAGE and a total of
1000 protein spots were compared visually between the
diseased vs normal colon mucosa tissues. Forty proteinspots were found to be consistently different in intensity.
Spots of interest were cut from the gel, tryptic digestion
was performed and 19 proteins were identified using
MALDI-TOF MS. Hereof, 13 identified proteins were
less abundant in the UC-group and six proteins were
more abundant. Eight of the less abundant proteins
were identified as being mitochondrial proteins, suggesting that mitochondrial dysfunction might be involved in
UC.
A year later in 2007, Shkoda et al[69] also identified
a potential association between dysfunction in the en-
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ergy metabolism and IBDs. The group applied a similar
strategy and platform to investigate the loss of intestinal
cell function, a critical component in the initiation and
perturbation of chronic intestinal inflammation, and was
the first to compare inflamed and non-inflamed tissue
from the same patient. Intestinal cells were purified from
intestinal tissue obtained from patients suffering from
CD, UC, and colon cancer. The proteins were separated
by 2D-PAGE and analyzed by MALDI-TOF MS and
western blotting. 41 proteins were found to be differently
abundant between inflamed and non-inflamed tissue,
including proteins associated with signal transduction,
stress response and energy metabolism. Thirty-two percent of all detected differentially regulated proteins associated with IBD were involved in energy metabolism. In
2007, Meuwis et al[10] published the first proteomic serum
profiling study using SELDI-TOF MS in IBD, a variation
of MALDI-TOF MS. The study included 30 patients
with CD, 30 patients with UC, 30 inflammatory controls
and 30 healthy controls. By characterizing the serum
only by the m/z signals and not identified proteins with
SELDI-TOF MS, the group was able to differentiate CD
from UC with sensitivity of 85% (51/60) and specificity
of 95% (57/60). Several of the unidentified signals were
subsequently identified by MALDI-TOF MS, western
blotting, and ELISA assay. Four biomarker candidates
were identified: platelet aggregation factor 4 (PF4), myeloid related protein 8, fibrinopeptide A and haptoglobin
alpha-2 subunit. All four proteins are known acute inflammatory markers to be expected in the IBDs, but the
study succeeded in demonstrating that the separation of
CD and UC patients based on serum markers is possible,
highlighting the potential of serum profiling.
A year later, Meuwis et al[70] used the same platform
and strategy to analyze if serum from 20 CD patients
could be used to predict response to infliximab treatment.
Infliximab is a monoclonal antibody against TNF-alpha,
and was the first anti-TNF-alpha agent accepted for
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IBD treatment. The protein profiles were characterized
in serum prior to and post treatment with SELDI-TOF
MS. The group verified the four previous biomarkers,
and especially increased amount of PF4 was associated
with non-response to infliximab. However, the association could not be confirmed by ELISA, and did not correlate significantly with other disease markers. Even so,
the study was able to predict responders with a sensitivity
of 79% (55/70) and a specificity of 80% (56/70). Even
though the study did not succeed in identifying a usable
biomarker for the prediction of responders, the study
highlighted the potential in proteomic studies and response marker discovery.
In 2007, Nanni et al[71] optimized the methodological
approach used to evaluate serum with MALDI-TOF MS.
Using a solid-phase bulk protein extraction protocol followed by MALDI-TOF MS, they analyzed serum from
15 CD, 26 UC and 22 healthy individuals and were able
to separate the three groups with 97% prediction results.
Two years later, Nanni et al[72] conducted a study using
high-throughput ESI LC-MS to investigate protein variations in the intestinal epithelial cells from CD patients.
However, in contrast to Hardwidge et al[67] in 2004 who
used chemical labelling of the peptides to measure the
relative abundances, Nanni et al[72] employed a labelfree strategy, and relied on the accurate detection of the
peptide masses. In this way, significant savings can be
achieved for large studies and the sample preparation
protocols simplified. Intestinal epithelial cells were isolated from samples originating from two CD patients and
two control patients. The cells were lysed and the proteins were separated by 1D-PAGE, where the proteins
are separated only in one dimension in contrast to 2DPAGE, which allowed the entire visualized gel lane to be
cut into pieces and digested with trypsin. The resulting
peptides were analyzed by ESI LC-MS and by comparing the peptide intensities, relative protein abundances
could be calculated. Proteins which were found to be
more abundant in the epithelial cells from CD patients
include heat shock protein 70, tryptase alpha-1 precursor
as well as several proteins involved in inflammation processes. The nuclear protein Annexin A1, involved in the
anti-inflammatory action, and the malate dehydrogenase
enzyme was found to be less abundant. The feasibility of
the biomarker candidates remains to be validated. However, of great importance is the demonstration of the
utility of label-free ESI LC-MS analysis for the identification of differences in protein abundances for IBD.
In 2010, Hatsugai et al[73] performed the first study
which successfully discriminated UC from CD completely. The group analyzed peripheral blood mononuclear
cells from 17 UC patients, 13 CD patients and 17 healthy
controls. The proteins were separated by 2D-PAGE and
more than 1000 protein spots were detected in each gel.
Five hundred and forty-seven protein spots were selected
for the quantitative analysis, and 34 protein spots were
significantly different between the UC and CD groups.
Using 58 protein spots, the UC and CD patients could
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be differentiated. The 58 protein spots were furthermore
subjected to in-gel tryptic digestion followed by MALDITOF MS protein identification. Eleven of the proteins
were successfully identified, and were found to be functionally related to inflammation, oxidation/reduction, the
cytoskeleton, endocytotic trafficking and transcription.
The profiles could, furthermore, predict disease severity
and the UC patients’ responses to treatment.
In 2011, M’Koma et al[74] analyzed mucosal and submucosal layers of samples originating from Crohn’s colitis (CC) and UC, using MALDI-TOF MS. Five unknown
m/z MS signals were detected, which could separate the
two groups. The study did not identify the origin of the
signals, but highlighted the possibility of finding biomarkers in the intestinal tissue.
As mentioned earlier, even though we are far from
having a complete picture of the intestinal micro-biome,
changes in the bacterial composition have been detected
in IBD. In 2012, Presley et al[75] investigated the hostmicrobe interaction at the intestinal mucosal-luminal
interface of 14 CD patients, 21 UC, and 16 healthy controls. The mucosa prevents microorganisms from entering the host tissue. Using a novel saline-lavage technique,
saline was injected during colonscopy and extracted again
to avoid interference from the intestinal layer contents
resulting from a biopsy sample. The bacterial ribosomal
RNA genes were analyzed by oligonucleotide fingerprinting and the proteins were analyzed by SELDI-TOF MS
and MALDI-TOF MS. A combined proteome was constructed, constituting the proteomes from all detected
organisms. Of the 3374 detected bacterial phylotypes,
35% significantly differentiated the diseases, indicating
that host-microbe interactions might be involved in IBD,
presenting new possibilities for diagnosis and therapy.
In 2013, Han et al[14] analyzed colonic tissue of Korean IBD patients in a high-throughput manner using
ESI LC-MS and label-free quantitation. The study included four UC patients, three CD patients and two with
inflammatory related polyps related to UC. The biopsies
were homogenized and digested with trypsin without
prior prefractionation and on average 324 proteins were
identified for each group. Even though the number of
identified proteins is relatively low considering the 2000
proteins Hardwidge et al[67] identified in 2004, 27 potential
biomarkers were identified for UC, 37 biomarkers for CD
and finally 11 proteins that were commonly associated
with IBD. Three novel proteins, bone marrow proteoglycan, L-plastin and proteasome activator subunit 1 were
identified as potential biomarkers for active CD. These
biomarkes need validation, however, the feasibility of
conducting high-throughput proteomics with label-free
strategies in biomarker discovery was demonstrated.
A study published in 2013 by Seeley et al[76] investigated histological layers of 62 confirmed UC and CC tissues
by MALDI-TOF MS. A total of 114 m/z MS signals
were found to be statistically different between the two
groups, however the signals have yet to be identified.
Finally, in 2013, Gazouli et al[77] published a study
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where the response of 18 CD patients to infliximab
treatment was correlated with known serum biomarkers. Serum samples were analyzed using 2D-PAGE, and
240 protein spot were selected for in-gel digestion and
subsequent MALDI-TOF MS protein identification. The
group was successful in identifying 15 proteins which
were differentially present in the serum of CD patients
depending on the response to infliximab. The proteins
apolipoprotein A-I, apolipoprotein E, basic complement
C4, plasminogen, serotransferrin, beta-2-glycoprotein 1,
and clusterin were found to be more abundant in the patient groups with clinical and serological non-responders
and responders, than in the group of patients with clinical and serological remission. Additionally, leucine-rich alpha-2-glycoprotein, vitamin D-binding protein, alpha-1Bglycoprotein and complement C1r subcomponent were
found to be more abundant in the serum of the group of
patients with remission. Interestingly, the group was unable to confirm the findings by Meuwis et al[70], that PF4
could be a biomarker for infliximab response, emphasizing that the biomarker candidates need further validation.
Nonetheless, the study was successful in demonstrating
the feasibility of identifying biomarkers in the serum usable to predict treatment outcome.
As apparent, many studies have successfully applied
proteomic strategies to identify biomarkers, investigate
IBD pathogenesis and identify prognostic markers in
serum, stools, and tissue. Several biomarkers have been
found (Table 2), most related to unspecific inflammation,
and all biomarker candidates identified so far lacks follow-up validation studies. However, even though many of
the identified biomarkers are related to inflammation, the
studies have demonstrated the feasibility and potential of
the proteomics platform in IBD, and given clues to the
mechanisms of the IBDs. A few studies have successfully
differentiated CD patients from UC patients. However,
only based on unidentified m/z signals and not using
identified protein or peptide biomarkers, from which the
disease etiologies might be better explained. Nonetheless,
these studies demonstrate the presence of usable biomarkers yet to be identified. Identified biomarkers hold
the potential for designing diagnostic ELISA tests and
protein array chips, where antibodies are used to detect
the abundance of one or more antigens[78,79]. Such arrays
could constitute new clinical tools for diagnosis, prognosis and identify novel targets for therapy.
The studies have demonstrated the presence of biomarkers, in serum, in the intestinal tissue and in stools.
Many studies have aimed at performing global discoverybased proteomics in the intestinal tissue, and it has been
demonstrated that high-throughput techniques such as
ESI LC-MS, employing labelling or label-free quantitation
are feasible ways to identify biomarkers in highly complex samples. The advantage of high-throughput protein
identification and quantification strategies are especially
apparent when disease etiologies are to be examined.
Furthermore, few studies have investigated the possible association between various PTMs and the IBD dis-
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ease etiologies. Such an association is known from other
inflammatory diseases; an example being the inflammatory joint-disease rheumatoid arthritis (RA) where the PTM
citrullination is known to be involved in the etiology[80-83].

POSTTRANSLATIONAL MODIFICATIONS
AS BIOMARKERS
Today, more than 200 distinct PTM’s are known [84].
The PTMs are, to a large extend, important for the
physiological function of the protein and the half-life
of PTMs range from milliseconds to years[85]. Unfortunately, they are also often low abundance, highly diverse
and complex, and thus can be challenging to detect and
characterize[25,27,86]. Hence, PTMs represent promising
targets for biomarker discovery studies. For a review on
protein regulation by PTMs in the IBDs, we refer to the
work by Ehrentraut et al[5]. Common in vivo PTMs include
phosphorylation, which is a reversible modification of
the amino acids tyrosine, serine and threonine. Phosphorylation is known to be involved in activation and
inactivation of enzyme activity, modulation of molecular
interactions and cell signaling through specific domains.
Acetylation can target any N-terminal, and it is believed
that 84% of all human proteins undergo this modification[87]. The PTM affects the protein stability, and histone
acetylation is known to play a role in gene regulation.
Glycosylation is another central PTM. It is reversible and
known to be involved in cell-cell recognition and signaling, and regulation of proteins. Disulfide bond formation
between two cysteines is a key element in the stabilization
of proteins and protein complexes, such as, antibodies by
forming intra- and intermolecular crosslinks. Deamidation of asparginine or glutamine is a possible regulator
of protein-ligand and protein-protein interactions, and
ubiquitination is a marker for protein recycling/destruction[25]. Several PTMs are known to be involved in the
inflammatory responses, and PTMs could be involved
in the IBD disease etiologies. Lastly, citrullination is the
irreversible deimination of arginine into citrulline, in vivo
catalyzed by the peptidylarginine deiminases, a calcium
binding family of enzymes[88,89]. The exact role of the
modification remains largely unknown, but the modification is believed to alter the fold of the proteins, change
the protein polarity, and/or lead to denaturation in order
to render the protein more prone to enzymatic degradation[80,88,89]. Citrullination has been associated with several
diseases, including Alzheimer’s disease[90], and RA where
an anti-citrullinated protein antibody was identified[80-83].
Smoking has been associated with increased citrullination, and smoking is the best known environmental factor for the development of RA[91-95]. Several studies have,
furthermore, associated smoking with an increased risk
of developing CD and UC[96-100]. In RA, it is believed that
citrullination of proteins results in the generation of new
antigens being presented to the immune system, which
in turn triggers an autoimmune response[83]. It therefore
seems plausible that citrullination may have a similar role
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in the IBDs as well as other inflammatory diseases. However, as with many PTMs the MS-driven detection of
citrullinated proteins in a high-throughput manner is not
straight forward[84,101-104]. Nonetheless, if disease-specific
citrullinated proteins could be identified, these could be
utilized in ELISA or protein array chips for prognostics
and/or diagnostics. An example of the utilization of a
similar biomarker is the diagnosis of RA patients, where
the presence of anti-citrullinated protein antibodies in
the serum is used to detect the disease with a sensitivity
of 71% and specificity of 95%[80-83].
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Core tip: inflammatory bowel disease (IBD)-associated
with primary sclerosing cholangitis (PSC) (PSC-IBD)
shows an increased incidence of pancolitis, mild symptoms, and colorectal malignancy. Although an increased
incidence of pancolitis is a characteristic finding, some
cases are endoscopically diagnosed as right-sided ulcerative colitis. Pathological studies have revealed that
inflammation occurs more frequently in the right colon than the left colon. The cholangiographic findings
of immunoglobulin G4-related sclerosing cholangitis
(IgG4-SC) are similar to those of PSC. The rare association between IBD and IgG4-SC and the unique characteristics of PSC-IBD are useful findings for distinguishing PSC from IgG4-SC.

Abstract
This is a review of the characteristic findings of inflammatory bowel disease (IBD) associated with primary
sclerosing cholangitis (PSC) and their usefulness in the
diagnosis of sclerosing cholangitis. PSC is a chronic inflammatory disease characterized by idiopathic fibrous
obstruction and is frequently associated with IBD. IBDassociated with PSC (PSC-IBD) shows an increased
incidence of pancolitis, mild symptoms, and colorectal
malignancy. Although an increased incidence of pancolitis is a characteristic finding, some cases are endoscopically diagnosed as right-sided ulcerative colitis.
Pathological studies have revealed that inflammation
occurs more frequently in the right colon than the left
colon. The frequency of rectal sparing and backwash
ileitis should be investigated in a future study based
on the same definition. The cholangiographic findings
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Japanese Society of Gastroenterology[10] and the Japan
Society of Hepatology[11]. In a second nationwide analysis, only 125 of 388 patients (32%) had an established
diagnosis of IBD, 79% of whom had UC, whereas
only 6.4% were diagnosed with CD[11]. Ang et al[12] also
reported a low association rate of 20% (2/10) between
PSC and IBD in Singapore. The association of PSC
with IBD varies depending on geographical location,
with higher rates in European and American populations, and a significantly lower association in Asian
patients [13]. However, the incidence of IBD in PSC
patients in our series was higher (68.9%) than that already reported in Japan[14]. We speculate that this high
incidence was noted because only PSC patients who
had undergone total colonoscopy at clinical onset were
enrolled in our study. Yamagishi et al[15] also reported a
higher incidence of IBD in PSC patients (93%) examined by colonoscopy. It is possible that we overlooked
the endoscopic findings, as we did not perform a careful total colonoscopy because the symptoms of IBD
are mild and the endoscopic findings of the colon
show only slightly abnormal changes. The second national survey in Japan also reported that the incidence
of IBD in PSC patients increased to 61% when only
PSC patients examined by total colonoscopy were enrolled[11]. Therefore, the frequency of PSC-IBD should
be evaluated among patients undergoing careful total
colonoscopy. This selection criterion might decrease the
observed differences in frequency between eastern and
western countries.
The age at clinical onset of IBD is controversial and
has not been clarified. Loftus et al[9] reported that the
mean age of IBD diagnosis was higher among PSC-IBD
patients (32 years) compared with controls (28 years). In
contrast, Brackmann et al[16] reported that IBD patients
with PSC were significantly younger at the onset of
IBD symptoms (PSC: 19 years vs no PSC: 29 years; P =
0.04), whereas the colitis-colorectal cancer interval was
similar to that of IBD patients without PSC (17 years vs
20 years; P = 0.236). Joo et al[4] showed that PSC patients
with UC presented with UC at a significantly earlier age
(mean age: 24.5 years) compared with UC controls (mean
age: 33.8 years).
Takikawa et al[10,11] discovered two peaks in the PSC
age distribution, which has never been observed in other
countries, and revealed that most Japanese PSC patients
associated with IBD were adolescents or young adults. A
recent study from Canada also reported two peaks in the
PSC age distribution[17]. Our previous study also showed
a two-peaked age distribution, and that patients with
PSC-IBD were significantly younger than PSC patients
without IBD (33.6 years vs 58.9 years, P < 0.001)[14].
Although the diagnosis of IBD precedes that of
PSC in most patients, a recent study found that a shift
in the timing of diagnosis of the two diseases has occurred in recent years, with PSC more often being diagnosed first. PSC was diagnosed before IBD in a recent

INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic inflammatory disease characterized by idiopathic fibrous
obstruction[1]. The fibrosis causes diffuse narrowing of
the intrahepatic and extrahepatic bile ducts, and the resulting persistent biliary stasis leads to hepatic cirrhosis
and a poor prognosis. Liver transplantation is indicated
as a treatment for PSC. According to the diagnostic
criteria for PSC proposed by the Mayo Clinic in 1999[1]
and 2003[2], in addition to cholangiographic findings, the
presence of inflammatory bowel disease (IBD) is important.
However, several related studies with contradictory
results have recently been published[3,4].
IgG4-related sclerosing cholangitis (IgG4-SC) has
recently been established as a new clinical entity[5]. The
cholangiograms of IgG4-SC are occasionally similar to
those of PSC[6]. The differential diagnosis of PSC and
IgG4-SC is important because IgG4-SC patients respond
well to steroid therapy[7].
In this study, we aimed to clarify the clinicopathological characteristics of PSC-IBD and the usefulness of
PSC-IBD in the diagnosis of SC.

LITERATURE SEARCH
We conducted a literature search of English articles related to PSC-IBD, published between 2005 and March
2013, using the following keywords: “PSC,” “primary
sclerosing cholangitis,” “PSC-IBD,” “IBD,” “immunoglobulin G4 (IgG4)-related sclerosing cholangitis (IgG4SC),” “autoimmune pancreatitis,” and “IgG4-related
disease (IgG4RD).” We connected the key words using
“OR”. Pertinent articles obtained from the literature
search were reviewed. All references were manually verified, and all reference lists in the retrieved articles were
scrutinized to identify any additional articles that might
have been missed in the PubMed search. As clinical data
on PSC-IBD are limited, the authors also considered
their own > 20-year clinical experience in the treatment
of PSC-IBD. This study was primarily limited to adults
patients, with the exception of the “frequency of PSCIBD”section.

FREQUENCY OF PSC-IBD
PSC is strongly associated with IBD, and the prevalence
of PSC-IBD is as high as 60%-80% in western countries[8]. Approximately 80% of IBD is represented by ulcerative colitis (UC), 10% by Crohn's disease (CD), and
10% by indeterminate colitis[9]. Conversely, only 2%-7.5%
of IBD patients develop PSC[8].
Previous reports from Europe and the United States
have indicated that IBD complicates a high proportion
of PSC cases. In Japan, IBD is found in only 21%-32%
of PSC cases, according to surveys conducted by the
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Table 1 character of inflammatory bowel disease-associated with primary sclerosing cholangitis
Ref./Nation

Year

Endoscopic/histological findings
Extension of IBD

Loftus et al[9]
United States
Joo et al[4]
United States
Sano et al[14]
Japan

2005

Total colitis 56/61 (92% vs CUC 54%)

2009

Total colitis 34/40 (85% vs CUC 45%)

2010

Total colitis 6/20 (35% vs CUC 35%)
Right-sided 11/20 (55% vs 3.3%)
Left-sided 1/20(5% vs 31.7%)

Jørgensen et al[24] 2012
Norway
Boonstra et al[3]
2012
The Netherlands
Schaeffer et al[27] 2013
Canada

Total colitis 60/110 (55%)
Right-sided 25/110 (23%)
Left-sided 3/110 (3%)
Total colitis 207/380 (83%)
Left-sided 9/380 (4%)
Total colitis (IBD preceding PSC)
Right-sided (PSC following IBD)

Histological findings

Backwash-ileitis

Rectal sparing

19/37 (51% vs CUC 7%)
by endoscopy
10/24 (35.7% vs 26.9%)
by histology
Not studied

32/61 (52% vs CUC 6%)
by endoscopy
11/40 (27.5% vs 25%)
by histology
Not studied

11/93 (12%) by endoscopy
17/87 (20%) by histology

73/110 (66%) by endoscopy
70/107 (65%) by histology

< 10%

< 10%

Significantly higher
inflammation
in the right colon
Significantly higher
inflammation
in the right colon

CUC: Chronic ulcerative colitis; IBD: inflammatory bowel disease; PSC: primary sclerosing cholangitis.

cohort (2003-2007) when compared with a early cohort
(1993-1997) (50% vs 35%, P = 0.0009)[18].

plant had lower clinical and histological IBD activity
than the non-transplant group[24]. Marelli et al[25] reported
that progressive PSC requiring liver transplantation is associated with a milder course of UC, including reduced
disease activity and less use of steroids, azathioprine,
and surgery. Navaneethan et al[26] reported that severe,
progressive PSC requiring liver transplantation appeared
to reduce the disease activity of UC and the need for
colectomy.
However, these theories cannot explain why only
2%-7.5% of IBD patients develop PSC[8], whereas PSC
is strongly associated with IBD, or why CD is less associated with PSC. It is also unclear why immunosuppression does not improve PSC.

MECHANISM OF PSC-IBD
PATHOGENESIS
Several important observations, coupled with the strong
association between certain human leukocyte antigen
(HLA) haplotypes and the frequency of concurrent extrahepatic autoimmune disorders, support the concept
that PSC is an immune-mediated phenomenon [19,20].
Three UC susceptibility loci to be associated with PSC,
haboring the putative candidate genes REL, IL2 and
CARD9 were identified[19]. A recent study reported 12
significant genome-wide associations outside the HLA
region, 9 of which were new, increasing the number of
known PSC risk loci to 16. Despite comorbidity with
IBD in 72% of the included cases, 6 of the 12 loci
showed significantly stronger associations with PSC than
with IBD, suggesting overlapping yet distinct genetic
mechanisms for these two diseases[20].
The pathogenesis of PSC has been elucidated from
the standpoint of PSC-IBD. Translocation of microbial
flora across an inflamed, permeable gut with subsequent
activation of the immune system and inflammation of
the biliary tree is a hypothesized mechanism for the development of PSC. Activated intestinal lymphocytes enter the enterohepatic circulation and persist as memory
cells that cause hepatic inflammation. Chemokines and
adhesion molecules shared by the intestine and liver
could contribute to immune cell binding at both sites[21].
The observations that PSC can develop after colectomy[22] and that IBD can develop after liver transplantation[23] have led some investigators to suggest that aberrant homing of lymphocytes between the intestine and
liver could be involved in the pathogenesis of PSC[21].
Three recent studies indirectly supporting this theory
have been published. Patients who received a liver trans-
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CLINICOPATHOLOGIC
CHARACTERISTICS OF PSC-IBD
Previous studies have suggested that PSC-IBD differs
from IBD without PSC in several aspects. Table 1 summarizes the reports concerning PSC-IBD[3,4,9,14,24,27]. PSCIBD has been reported to show an increased incidence
of pancolitis, rectal sparing, backwash ileitis, mild symptoms, and colorectal malignancy[8]. However, these results are controversial. All of the investigators agree that
inflammation involved in PSC-IBD is milder than that in
typical UC without PSC. Moreover, the majority of PSCIBD patients show no or few IBD symptoms. Moayyeri
et al[28] reported that the number of hospitalizations and
courses of steroid therapy decreased significantly in UCPSC patients compared with UC controls. Our study
also indicated that none of the enrolled patients had a
severe clinical course, and that half of them were asymptomatic[14].
However, varied findings concerning the extent of
PSC-IBD have been reported. Although some authors
have reported that pancolitis is characteristic of PSCIBD[3,4,9], others have insisted that right-sided IBD is
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Figure 1 Colonoscopic findings at clinical onset. A: Cecum; B: Ascending colon; C: Sigmoid colon; D: Rectum. A 43-year-old female patient diagnosed with
asymptomatic, concurrent primary sclerosing cholangitis-inflammatory bowel disease. The first colonoscopy showed multiple white scars in the ascending colon and
right-sided transverse colon and no abnormal findings in the left-sided transverse colon, descending colon, sigmoid colon, or rectum.

characteristic[14,24]. A recent report concluded that when
IBD precedes PSC, pancolitis is common, whereas when
PSC precedes IBD, right-sided IBD is common[27].
Two reports revealed that the degree of inflammation was stronger in the right colon than the left colon
using the histological studies. The first report demonstrated severe inflammatory cell infiltration in the cecum
and ascending colon of PSC-IBD patients, whereas the
degree was mild in the rectum/descending colon (P =
0.0012); goblet cell disappearance was also observed
more frequently in the cecum/ascending colon than in
the rectum/descending colon (P < 0.05)[14]. The second
report revealed that the histopathological signs of inflammation involved the right colon in 86% of patients
and were purely right-sided in 23%. The frequency of
inflammatory findings was higher in the right colon
than the left colon (P < 0.01), but the general level of
inflammatory activity was low[24]. They also reported that
inflammatory findings were more frequent on histology
than on endoscopy.
These discrepancies may be due to differences in the
geographical location between studies or the method
used to assess total colitis based on the maximal extent
of colitis at any time during the study period. Fluctuations in the extent of inflammation may therefore explain the high frequency of total colitis[24,29].
The frequency of rectal sparing and backwash ileitis
differs between reports, with the frequency of backwash
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ileitis ranging from < 10% to 51%. Jørgensen et al[24]
speculated that repeated examination or different patient
selection criteria account for these differing results, and
also reported that the frequency of rectal sparing on histological examination (20%) was higher than that on endoscopic examination (12%). Nakazawa et al[5] speculated
that the different results were due to the definition and
criteria of backwash ileitis.
The frequency of rectal sparing ranges from < 10%
to 66%. Loftus et al[9] reported that rectal sparing was
observed in 52% of UC-PSC patients compared with
only 6% of UC patients without PSC on endoscopy. Jørgensen et al[24] reported that rectal sparing was observed
in 66% of patients on endoscopy and was consistent
with the results of pathological examination. In their
study, the patients were considered to have rectal sparing if the inflammation involved the rectum but was less
severe than that of the more proximal area of the colon. Joo et al[4] reported that rectal sparing was observed
in only 27.5% of patients on histologic studies. Rectal
sparing was defined as predilection if all biopsies from
the rectum or the entire rectal mucosa from a resection
specimen showed histologically normal mucosa. Rectal
sparing was considered relative if at least one biopsy
from the rectum at any time period or one portion of
the rectal mucosa from the colonic resection specimen
showed histologic features of chronicity, but at least mild
activity was present in the areas of the mucosa proximal
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Figure 2 Colonoscopic findings seven months later. A: Cecum; B: Ascending colon; C: Sigmoid colon; D: Rectum. A repeat colonoscopy seven months later
showing inflamed mucosa with multiple erosions and redness from the ascending colon to the right-sided transverse colon. Mucosal vessels are clearly visible in the
descending colon, sigmoid colon, and rectum.

to the rectum.
The extent of colon involvement, rectal sparing,
and backwash ileitis should be defined internationally to
clarify the characteristics of PSC-IBD.
In our experiences with endoscopy, inflammation was
more severe on the right, and rectal sparing appeared to
be present on endoscopy (Figures 1 and 2), by contrast,
less inflammatory cell infiltrations was observed in the
rectum on histology. These findings are very useful in
the diagnosis of PSC. In the presence of multiple biliary stenoses on magnetic resonance cholangiography,
inflammatory findings dominant in the right colon and
rectal sparing by total colonoscopy, invasive endoscopic
retrograde cholangiography can be avoided in clinical
practice.

been reported to be 14% and 31%, respectively. Among
75 PSC-IBD patients, PSC was the only independent
risk factor for the development of colorectal cancer, and
the overall survival rate without liver transplantation was
also reduced[30].
PSC-IBD patients tend to be younger at colorectal
cancer diagnosis[31]. Colorectal cancer develops at a much
younger age in these patients (39 years, range: 26-64
years) compared with IBD controls (59 years, range:
34-73) (P = 0.019)[3].
Colorectal cancer in PSC-IBD patients predominantly develops in the right colon. The tumors were located
proximally to the splenic flexure in 18 (67%) patients
with PSC and in 52 (36%) patients without PSC (P =
0.006)[29]. Thackeray et al[32] also reported that colorectal
cancer is most prevalent in the proximal colon (65%).
When such patients are diagnosed with cancer, they
tend to have more advanced tumors than IBD patients
without concurrent PSC. In their study, patients with
PSC had significantly more tumors with an American
Joint Committee on Cancer tumor stage of 3A or higher
when compared with patients with IBD alone (61.5%
and 38.5%, P = 0.003). The reason for the preferential
right-sided location of colorectal cancer in PSC patients
remains unknown, although it has been speculated that
the overall increased frequency of colorectal cancer in
these patients could be due to a cytotoxic effect on the
colonic mucosa caused by an altered bile acid composi-

COLORECTAL NEOPLASIA IN PSC-IBD
PATIENTS
PSC-IBD patients are at particularly high risk for the development of colorectal cancer. Boonstra et al[3] estimated that the colorectal cancer risk was increased 10-fold in
PSC-IBD patients compared with UC controls. Claessen
et al[29] have reported that patients with PSC-IBD have
a high long-term risk of developing colorectal cancer,
and that this risk is approximately three-fold higher than
that of cholangiocarcinoma. In patients with PSC-IBD,
the 10-year and 20-year risks of colorectal cancer have
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Figure 3 Cholangiographic examples of immunoglobulin G4-related sclerosing cholangitis and primary sclerosing cholangitis.
Cholangiograms of immunoglobulin G4-related sclerosing cholangitis
showing multiple stenoses in the intrahepatic ducts and stenosis in
the intrapancreatic portion (A, B). Cholangiograms of primary sclerosing cholangitis showing a beaded appearance (C) and pruning of the
intrahepatic ducts (C, D).

inflammation was more frequent after liver transplantation than before transplantation. The rate of relapse
after transplantation was higher than that before transplantation, and the overall clinical IBD activity was also
increased. Immunosuppression affects IBD activity after
liver transplantation in patients with PSC.
Early cancer detection through enrollment in surveillance programs is the only strategy available to decrease
cancer risk[31]. More extensive colitis with a concurrent
mild or even asymptomatic course, resulting in diagnostic delay and a lower colectomy rate, may contribute to
an increased risk of colorectal cancer development[9].
With the initial diagnosis of PSC in subjects with IBD,
immediate and annual surveillance colonoscopy and biopsy analysis, of the entire colon, are recommended[32,34].
The role of ursodeoxycholic acid (UDCA) as a chemopreventive agent is controversial. A meta-analysis
showed no significant protective association between
UDCA use and colorectal neoplasia. However, there
was a significant chemopreventive effect on the risk
of advanced colorectal neoplasia (OR = 0.35, 95%CI:
0.17-0.73), and low-dose UDCA use (8-15 mg/kg per
day) was associated with a significantly reduced risk of
colorectal neoplasia[35]. There were no significant differences in cholangiocarcinoma incidence between the
high-dose UDCA (17-23 mg/kg per·day) and placebo
groups[36]. A recent study showed that patients treated
with high-dose UDCA had a significantly higher risk of
developing colorectal neoplasia during the study compared with those who received placebo (HR = 4.4, P =
0.02)[37].

Table 2 Inflammatory bowel disease association in sclerosing
cholangitis n (%)
Ref.

IgG4-SC

PSC

Nishino et al[44]
Zen et al[45]
Ghazale et al[46]
Mendes et al[41]

0/24 (0)
0/17 (0)
3/53 (6)
NA

Nakazawa et al[5]

0/62 (0)

15/24 (62.5)
5/5 (100)
70%
Elevated group (n = 12)
6/12 (50)
Normal group (n = 115)
97/115 (90)
21/31 (68)

P < 0.0001
P < 0.0001

P < 0.0001

IgG4-SC: immunoglobulin G4-related sclerosing cholangitis; PSC: primary
sclerosing cholangitis.

tion. The predominance of right-sided inflammation is
also a predisposing factor[24]. The two reports showing
that the histologic findings of inflammation were higher
in the right compared to the left colon in PSC-IBD
patients are consistent with the preferential right-sided
location of colorectal cancer[14,24].
Previous studies have shown conflicting results regarding the course of IBD after liver transplantation
in patients with PSC. Recent studies have shown that
the increased risk of neoplasia is maintained after liver
transplant and proctocolectomy. Hanouneh et al[33] reported that patients with PSC-IBD after liver transplantation had a similar rate of colon neoplasia compared
to those without liver transplantation (34% vs 30%, P
= 0.24) during a mean follow-up period of 54.7 ± 47.7
mo. Jørgensen et al[24] showed that macroscopic colonic
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IgG4-related disease
IgG4-SC
PSC

(Cholangiographic classification type 2)
AIP

Type 2 AIP
PSC-IBD

Type 1 AIP

IBD

Figure 4 Correlation between inflammatory bowel disease and screrosing cholangitis. PSC is frequently associated with characteristic PSC-IBD, whereas
IgG4-SC is not associated with IBD. IgG4-SC is frequently associated with type 1 AIP, whereas type 2 AIP is frequently associated with IBD. PSC: primary sclerosing
cholangitis; PSC-IBD: IBD-associated with PSC; IBD: inflammatory bowel disease; IgG4-SC: immunoglobulin G4-related sclerosing cholangitis; AIP: autoimmune
pancreatitis.

found that it was elevated in 12 patients (9%). Björnsson et al[42] reported elevated serum IgG4 levels in 12%
of 285 patients with classic PSC. We performed a multicenter study in Japan to establish a cutoff value to differentiate IgG4-SC from controls[43]. Serum IgG4 levels
were compared between 56 patients with type 2 IgG4SC and 110 patients with PSC. The serum IgG4 levels
of the IgG4-SC patients were significantly higher than
those of the PSC patients (799 ± 800 mg/dL vs 68.7 ±
86.0 mg/dL, respectively, P < 0.001). When we set the
IgG4 cutoff value at 135 mg/dL, the sensitivity, specificity, and accuracy were 94.5%, 85.0%, and 90.5%, respectively. We also identified 13 of the 110 PSC patients
(11.8%) with IgG4 values higher than the cutoff value
of 135 mg/dL[43] Further studies are expected to clarify
the differences between IgG4-SC and PSC patients with
high serum IgG4 levels.
In contrast, the diagnosis of PSC is difficult because
there are no useful markers of PSC. As such, an association with IBD is a very useful finding in the diagnosis of
PSC. The frequencies of IBD associated with IgG4-SC
are summarized in Table 2[5,41,44-46]. No association between IBD and IgG4-SC has been reported, which is in
contrast to the strong association between IBD and PSC
(60%-80%)[5,44-46]. One study reported that 6% of IgG4SC cases were associated with IBD[46], as IBD is common in western countries. We are unable to describe the
details of IBD-associated IgG4-SC, although we speculate that the unique characteristics of PSC-IBD can be
used to distinguish PSC from IgG4-SC.
IgG4-SC is frequently associated with type 1 AIP[5].
Type 1 AIP is a different clinical entity from type 2 AIP,
which is closely associated with IBD. Type 2 AIP is not

THE USEFULNESS OF PSC-IBD
CHARACTERISTICS IN THE DIAGNOSIS
OF SCLEROSING CHOLANGITIS
Recently, IgG4-SC has attracted much attention following the emergence of clinical characteristics that distinguish it as a new clinical entity[5]. IgG4-SC shows various
cholangiographic features similar to those of pancreatic
cancer, PSC, and cholangiocarcinoma [7]. The characteristic cholangiographic features of IgG4-SC can be
classified into four types based on the stricture location
revealed by cholangiography and differential diagnosis[6].
Type 2 IgG4-SC, in which stenosis is diffusely distributed throughout the intrahepatic and extrahepatic bile
ducts, should be differentiated from PSC[38] (Figure 3).
The differential diagnosis of PSC and IgG4-SC is
important because patients with IgG4-SC show a good
response to steroid therapy. We previously reported the
differences between IgG4-SC and PSC[7]. The age at clinical onset was significantly higher for IgG4-SC patients.
Among the chief complaints in IgG4-SC, obstructive
jaundice, reflecting marked concentric stenosis of the
large bile duct, was most frequently observed. An elevated serum IgG4 level is a characteristic feature of IgG4SC[39]. An elevated serum IgG4 level and the association
with type 1 autoimmune pancreatitis (AIP) are the most
useful findings for discriminating between IgG4-SC
and PSC[6]. However, elevation of the serum IgG4 level
alone is not useful because some PSC cases also show
increased IgG4 levels. In addition, some IgG4-SC cases
are not associated with AIP[40]. Mendes et al[41] measured
the serum IgG4 levels in 127 patients with PSC and
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associated with IgG4-related diseases, including IgG4SC, and elevated serum IgG4 levels are not observed[47].
Clinically diagnosed IBD is incorporated in the diagnostic criteria for type 2 AIP in international consensus
diagnostic criteria for autoimmune pancreatitis[47]. These
complicated associations are illustrated in Figure 4.
There are no reports concerning the characteristics of
IBD associated with type 2 AIP. If IBD associated with
type 2 AIP shows characteristic findings, they might be
useful not only in discriminating type2 AIP from type1
AIP, but also in elucidating the mechanism of sclerosing
cholangitis.
In summary, PSC-IBD is associated with an increased incidence of pancolitis, mild symptoms and
colorectal malignancy. Although an increased incidence
of pancolitis is also a characteristic finding, some cases
are endoscopically diagnosed as right-sided UC. Pathological studies have revealed that the findings of inflammation were more prevalent in the right colon than the
left colon. The frequency of rectal sparing and backwash
ileitis should be investigated in a future study based on
the same definition. The rare association between IBD
and IgG4-SC and the unique characteristics of PSC-IBD
are useful for discriminating between PSC and IgG4-SC.
In particular, when IBD is characterized by right-sided
UC, rectal sparing, and backwash ileitis, the possible diagnosis of PSC-IBD should be considered. In the presence of multiple biliary stenoses on magnetic resonance
cholangiography, inflammatory findings dominant in
the right colon and rectal sparing by total colonoscopy,
invasive endoscopic retrograde cholangiography can be
avoided in clinical practice.
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Core tip: The etiology and pathology of inflammatory
bowel disease (IBD) remain elusive, and dysregulation
of the mucosal immune response toward commensal
bacterial ﬂora together with genetic and environmental
factors may play important roles in the pathogenesis
of IBD. A better understanding of the mechanisms of
immune responses in the intestinal mucosa will provide
new insights into the pathogenesis of IBD, and shed
some light on targeted immune therapy for this disease.
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Abstract
Inflammatory bowel disease (IBD) includes Crohn’s
disease and ulcerative colitis. The exact etiology and
pathology of IBD remain unknown. Available evidence
suggests that an abnormal immune response against
the microorganisms in the intestine is responsible for
the disease in genetically susceptible individuals. Dysregulation of immune response in the intestine plays a
critical role in the pathogenesis of IBD, involving a wide
range of molecules including cytokines. On the other
hand, besides T helper (Th) 1 and Th2 cell immune
responses, other subsets of T cells, namely Th17 and
regulatory T cells, are likely associated with disease
progression. Studying the interactions between various
constituents of the innate and adaptive immune systems will certainly open new horizons of the knowledge
about the immunologic mechanisms in IBD.

INTRODUCTION
The etiology and pathogenesis of inflammatory bowel
disease (IBD) remain elusive, and accumulating evidence
has indicated that sustained intestinal infections, mucosal
barrier defects, mucosal immune dysregulation, genetic
and environmental factors are involved in the disease
process[1-4]. Among these, the dysfunction of the mucosal
immune system plays an important role in the pathogenesis of IBD (Figure 1). Among a variety of inflammatory cells in the gut, mucosal CD4+ T cells are thought to
play a central role in both the induction and persistence
of chronic inflammation by producing proinflammatory
cytokines. Previous studies have indicated that T helper
(Th) 1-related cytokines [e.g., tumor necrosis factor (TNF),
interferon (IFN)-γ, interleukin (IL)-12] as well as Th17associated cytokines (e.g., IL-17A, IL-21, IL-23) are markedly increased in inflamed mucosa of Crohn’s disease

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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(CD) patients, whereas the cytokine profiles in inflamed
areas of ulcerative colitis (UC) patients seem to exhibit increased production of the Th2-associated cytokines such
as IL-4 and IL-13[1-3]. These proinﬂammatory cytokines
are potent in vitro stimulators of intestinal mucosal effect
or functions, including T cell and macrophage proliferation, adhesion molecule expression, chemokine expression, and secretion of other proinflammatory cytokines.

Luminal flora/dietary antigens

Genetic susceptibility
Environmental factor
Intestinal mucosal barrier
Abnormal immune responses in the gut

Imbalance of Th1/Th2/Th17/Treg
Increased cytotoxicity of CTL/NK cells
Increased activation and effects of B/Mf/DC

ABNORMAL IMMUNE RESPONSE IN THE
INFLAMED MUCOSA OF IBD PATIENTS
Antigen-specific activation of various lymphocytes within
the intestinal mucosa by enteric pathogens is an important feature of IBD immunopathology[1-4]. Under physiological conditions, a large number of innate and immune
cells are located in the intestinal lamina propria, such as
T, B, natural killer (NK), NKT cells, macrophages (Mφ),
dendritic cells (DCs), mast cells, neutrophils, eosinophils,
as well as stromal cells (such as fibroblasts). It is actually
surprising that the large lymphoid system in the intestine
coexists so peacefully with the external environment, a
single epithelial layer away from the luminal microbial
flora. However, under inflammatory conditions, a large
number of activated immune cells infiltrate into the intestinal mucosa. These immune cells and some stromal
cells not only express high levels of adhesion molecules
and auxiliary signal molecules (such as CD54, CD62L),
but also express high levels of inflammatory mediators
and chemokine receptors (such as CCR5, CCR6, and
CCR9) and integrin (such as integrin α4β7). Moreover,
fibroblasts and capillary endothelial cells in the intestinal
mucosa also express high levels of chemokines, selectins
(e.g., selectin E) and intracellular adhesion molecule-1
(ICAM-1, or CD54), which further induce intermolecular interactions of leukocytes in the blood circulation to
migrate into the intestinal mucosa, and promote local
inflammatory response[1-4].
Evidence has demonstrated that CD4+ T cells isolated
from inflamed mucosa of CD patients, when stimulated
in vitro, are able to produce large amounts of Th1/Th17associated proinflammatory cytokines (e.g., IFN-γ, TNF,
and IL-17A), while in UC inflamed tissue CD4+ T cells
and NK T cells secrete high levels of Th2-related cytokines (e.g., IL-4 and IL-13) and Th17-associated proinflammatory cytokines (e.g., IL-17A)[1-4]. The unbalance of
pro/antiinflammatory cytokines contributes to intestinal
mucosal inflammation. Recent studies have found that
some proinflammatory cytokines (e.g., IL-12, IL-18,
IL-21, and IL-23) are significantly increased in inflamed
mucosa of CD patients[5-7], and that some inhibitory cytokines (e.g., TGF-β, IL-10, IL-25, IL-33, and IL-37) are
significantly reduced. Moreover, loss of forkhead proteins (Foxp)3+ regulatory T cells (Treg) and FoxP3-IL-10+
CD4+ cells are also found in the inflamed mucosa of
IBD patients, and these events result in not maintaining
intestinal mucosal immune tolerance and further promoting local intestinal mucosal immune response, leading to
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Inflammatory damage in gut mucosa

Figure 1 Pathogenesis of inflammatory bowel disease. DC: Dendritic cell;
NK: Natural killer; Th: T helper; Treg: T regulator cell; CTL: Cytotoxic T lymphocyte; Mf: Macrophages.

the intestinal mucosal injury[8].

PLEIOTROPIC ROLE OF IL-21 IN IMMUNE
RESPONSE
IL-21 is a member of the IL-2 family of cytokines, expressed mainly by CD4+ T cells, including Th1, Th2, and
Th17 cells (Figure 2)[9,10]. IL-21 receptor (IL-21R) is structurally related to IL-2R and IL-15R, and is expressed in T,
NK, B cells, and DCs[9]. IL-21 exhibits a pleiotropic capacity to regulate T cell differentiation and function, enhances clonal expansion of antigen-activated naive CD4+
and CD8+ T cells, and induces the expression of genes
encoding IL-12R, IL-18R, IFN-γ, IL-2Rɑ, and the Th1associated transcription factor T-bet in activated memory
T cells[11,12]. IL-21 is also associated with the Th2-mediated immune response and plays a role in inhibiting the
differentiation of naive Th cells into IFN-γ-producing
Th1 cells. In synergy with IL-15, Ftl-3 ligand, and stem
cell factor, IL-21 promotes human NK cell maturation
and activation. It exerts further biological functions in B
cells, regulates differentiation and antibody production,
including production of all IgG isotypes, and synergizes
with anti-CD40 mAb to stimulate B-cell activation, clonal
expansion, and maturation (Figure 2)[13-15].
In recent years, IL-21 has been found to be produced
in excess in the intestine of IBD patients and may be
involved in the pathogenesis of human IBD[16-18]. When
mucosal T cells from CD patients are activated in vitro
with anti-CD3 in the presence of either a neutralizing
anti-IL-21 antibody or an IL-21R-IgG fusion protein, the
production of both IL-17A and IFN-γ is reduced. These
results together with the demonstration that IL-21deficient mice are resistant against Th1/Th17 cell-driven
colitis support the key role of IL-21 in positively regulating Th1 and Th17 cell-associated inflammatory pathways. IL-21 exerts further biological functions that could
contribute to its proinflammatory effect in the gut. For
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Survival
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CD8
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+IL-4

in inflamed mucosa of active CD patients compared
with healthy controls. Ten weeks after IFX infusion, CD
activity index, erythrocyte sedimentation rate, serum
C-reactive protein (CRP) and intestinal mucosal healing
were improved markedly in CD patients. Moreover, IL-21
expression and Th17 cell infiltration were also found to
be significantly decreased compared with those before
IFX therapy[19]. These data indicate that IL-21 plays an
important role in the pathogenesis of IBD.

IgG

+CD40

IL-21

CD4
Activation
IFN-g production
Th1 effect

PROINFLAMMATORY ROLE OF IL-23 IN
THE PATHOGENESIS OF IBD

DC
Maturation
activation

NK

Recent advances have also indicated that IL-23, mainly
produced by macrophages, is one of the critical cytokines
in IBD and is essential for promoting chronic intestinal
inflammation[20,21]. IL-23 and IL-12 are members of a
small family of proinflammatory heterodimer cytokines,
sharing a common p40 subunit covalently linked to a p35
subunit to form IL-12 or to a p19 subunit to form IL-23.
IL-12R is comprised of an IL-12Rβ1 and IL-12Rβ2
subunit, whereas the receptor for IL-23 consists of the
IL-12Rβ1 subunit and a novel component termed IL23R[20], which is expressed predominantly on T, NK, and
NKT cells and to a smaller extent, on monocytes, macrophages, and DCs. After binding to the IL-23R, IL-23
preferentially induces memory T cell activation. IL-23
exhibits some similar biological activities to IL-12, however, in comparison with IL-12 with profound induction
of the Th1 immune response, as well as promotion of
cytotoxic, antimicrobial, and anti-tumor responses, IL-23
is found to play a critical role in the maintenance of immune response by controlling T cell memory function
and by influencing the proliferation and survival of IL17-producing Th17 cells[22,23]. Moreover, recent work has
also shown that IL-23 could induce naive CD4+ T cells to
secrete IL-22, indicating that IL-23 is also associated with
the differentiation of naive CD4+ T cells[24].
Previous studies with murine colitis models have demonstrated a requirement for IL-23 in the development
of intestinal mucosal inflammation. IL-23p19 subunit
knockout results in a decrease of proinflammatory cytokines (e.g., TNF, IFN-γ, IL-6, and IL-17) and the presence
of less intestinal mucosal inflammation[25,26]. Moreover,
in vivo blockade of IL-23 using anti-IL-23p19 mAb or
its inhibitor STA-5326 could inhibit chronic intestinal
inflammation in a colitis model and down-regulate a Th1mediated immune response[26,27]. Elevation of IL-23p19
transcript levels has been observed in inflamed mucosa
of IBD patients, and its expression is correlated with the
severity of endoscopic lesions[28]. Recent work has demonstrated that myeloid DCs from mesenteric lymphoid
nodes of CD patients, when stimulated with exogenous
microbial antigens in vitro, produce higher levels of IL23p19 than UC patients and healthy controls[29].
In order to investigate the pathogenic role of IL-23
in the induction of mucosal inflammation in IBD, we
have analyzed IL-23p19 expression in inflamed mucosa

IFN-g
Cytotoxicity

Figure 2 Pleiotropic role of interleukin-21 in immune responses. IFN:
Interferon; IL: Interleukin; CD: Crohn’s disease; DC: Dendritic cell; NK: Natural
killer; CTL: Cytotoxic T lymphocyte.

example, IL-21 stimulates stromal cells to produce tissuedegrading proteases and enhances secretion of the T-cell
chemoattractant macrophage inflammatory protein-3a
by intestinal epithelial cells. IL-21 potentates the expression of Th1-related transcription factors and IFN-γ in
T and NK cells and the cytotoxic activity of NK cells.
IL-21 also inhibits the peripheral differentiation of Tregs
and makes CD4+ T cells resistant to Treg-mediated immune suppression. Therefore, through the multiple pathways IL-21 can damage the gut, and neutralizing IL-21
may have a therapeutic potential in the management of
IBD[13,18].
We have also investigated expression of IL-21R in
inflamed mucosa of IBD patients and evaluated its role
in the induction of NK cell cytotoxicity and activation
as well as Th17 differentiation[5]. The results have shown
that IL-21R-positive cells are significantly increased in
inflamed mucosa of IBD patients compared with healthy
controls, and IL-21R is mainly expressed in freshly isolated peripheral blood (PB)- and lamina propria (LP)CD4+, CD8+ T, B, and NK cells. When stimulated with
immobilized human IgG and IL-21, PB-NK cells from
IBD patients produce higher levels of IFN-γ and TNF
than those from controls. IL-21-primed IBD NK cells
show a more potent antitumor cytotoxicity to NKsensitive K562 cells than controls. Moreover, PB-T and
LP-T cells from IBD patients produce larger amounts of
proinflammatory cytokines (e.g., TNF and IFN-γ) than
those from controls when stimulated with IL-21 and antiCD3. Importantly, IL-21 facilitates IBD CD4+ T cells to
differentiate into Th17 cells[5]. In our further study, we
have also evaluated the role of anti-TNF mAb (infliximab,
IFX) in regulating IL-21 expression and Th17 cell infiltration in the intestinal mucosa of CD patients. Twentysix CD patients were treated with IFX at weeks 0, 2 and 6.
IL-21 and Th17 cells were found to be expressed highly
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Figure 3 Overexpression of interleukin-23 in inflamed mucosa of patients with inflammatory bowel disease weakens the intestinal defensive barrier and
disturbs the immune regulation in intestinal mucosa. IEL: Intestinal epithelial lymphocyte; IL: Interleukin; Th: T helper; Treg: T regulator cell; DC: Dendritic cell.

of IBD patients and its role in the induction of intestinal
epithelial lymphocyte (IEL) and NK cell activation as well
as Th17 cell differentiation. Expression of IL-23p19 has
been observed to be increased significantly in inflamed
mucosa of CD patients compared with that in UC patients and healthy controls. IL-23R cells are increased
significantly in PB- and LP-CD4+ and -CD8+ T and NK
cells. IL-23 could markedly promote IBD IEL and NK
cell activation and cytotoxicity and triggered IBD PBand LP-T cells to secrete significantly higher levels of
IFN-γ, TNF, IL-2, and IL-17A compared with healthy
controls. IL-23 promotes IBD PB- or LP-CD4+ T cells
to differentiate into Th17 cells. These data indicate that
IL-23 plays an important role in the induction of IEL,
NK, and T cell activation, proinflammatory cytokine
secretion, and Th17 cell differentiation[6]. In two IBD
models there is excessive accumulation of short-lived
neutrophils and inflammatory monocytes in the intestine.
IL-23-driven colitogenic T cell program has been found
to regulate upstream hematopoietic stem and progenitor
cells (HSPC)[30]. Targeted therapy directed against IL-23
may have a therapeutic role in treatment of IBD.
Additionally, we have also elucidated the further role
of IL-23 in the suppression of IL-10 in the IBD intestinal mucosa[7]. IL-10 is an important cytokine in the
induction of Th2 response that plays a crucial role in
adaptive immunity via the induction of specific antibod-
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ies to eliminate the reinvasion of microbes and the absorption of microbial products. IL-10 is also one of the
most effective immune regulatory cytokines contributing
to maintaining the homeostasis of the body[31,32]. Previous studies indicate that the production of IL-10 in the
intestine of IBD patients is suppressed, but the underlying mechanism has not fully understood yet. Therefore,
we examined the expression of IL-10, IL-23, and IgA in
the surgically removed colon specimens and found that
the levels of IgA and IL-10 were significantly lower, and
both negatively correlated with IL-23 expression and the
infiltration of inflammatory cells in the IBD mucosa.
The production of IL-10 by lamina propria mononuclear
cells was lower in the IBD group than the control, and
these levels could be enhanced by blocking IL-23. The
gene transcription of IL-10 was significantly suppressed
in CD4+ T cells of IBD mucosa, and this phenomenon
could be replicated in vitro by adding IL-23 in the culture
of polarized Th2 cells[7]. Thus we conclude that overexpression of IL-23 in the intestinal mucosa weakens the
defensive barrier in the gut and disturbs the local immune
regulation (IL-10 and Treg) (Figure 3).

POTENTIAL ROLE OF IL-25 IN THE
DEVELOPMENT OF IBD
IL-25 (also known as IL-17E) is a distinct member of the
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IL-17 family of cytokines, including IL-17A, IL-17B, IL17C, IL-17D, IL-17E (IL-25), and IL-17F. IL-25 shares
the receptor IL-17 receptor homolog 1 (IL-17Rh1) (also
named the IL-17RB) with IL-17B, although it binds
with a much higher affinity. IL-25R is a 56-kDa single
transmembrane protein and is expressed in Th2 central
memory cells, eosinophils, monocytes, airways smooth
muscle cells, fibroblasts, and endothelial cells. Evidence
has shown that IL-25 is also involved in the immune
responses in gut mucosa[33]. Previous work has demonstrated that IL-25 is constitutively expressed by intestinal
mucosal T cells of mouse strains (e.g., BALB/c, C57BL/6
mice) that are resistant to helminth Trichurismuris infection, whereas IL-25-deficient mice on a genetically resistant background fail to develop a Th2-mediated immune
response or eradicate Trichuris infection but develop severe infection-induced intestinal inflammation. Moreover,
the immunopathology in Trichuris-induced IL-25deficient mice is also associated with increased expression
of IFN-γ and IL-17A in the mesenteric lymph nodes and
cecum[33]. Administration of IL-25 could prevent intestinal mucosal inflammation in experimental colitis induced
with peptidoglycan, 2,4,6-trinitrobenzenesulphonic acid,
or oxazolone in mice. These data indicate that IL-25,
which promotes the differentiation and activation of Th2
cells in gut mucosa, plays a critical role in the attenuation
of destructive intestinal inflammation[33,34].
IL-25 has been also found to be decreased in the inflamed mucosa of IBD patients and could decrease the
synthesis of IL-12 and IL-23 in the CD14+Mφ from the
inflamed mucosa of patients with CD in vitro[35]. Therefore, IL-25 may be a negative regulator of inflammatory
responses in the intestinal mucosa. However, the exact
role of IL-25 in the development of IBD remains to
be elucidated. Recently, we have also studied the role of
IL-25 in the pathogenesis of IBD[36]. The results have
demonstrated that IL-25 is significantly decreased in the
sera and inflamed mucosa of patients with active IBD
compared with controls. The levels of IL-25 in inflamed
mucosa and sera are inversely correlated with endoscopic
disease activities and CRP, respectively, in IBD. IL-25
could markedly inhibit IBD CD4+ T cells to produce
TNF, IFN-γ, and IL-17A but promote IL-10 secretion.
IL-25 could suppress the differentiation of IBD CD4+ T
cells into Th1 and Th17 cells but did not interfere with
Th2 cell differentiation. Importantly, blockade of IL-10
secretion by IBD CD4+ T cells markedly attenuates the
inhibitory role of IL-25 in modulating both Th1 and
Th17 immune responses (Figure 4). Our study provides
evidence that IL-25 is a critical anti-inflammatory cytokine in the pathogenesis of IBD and may be considered
as a potential therapeutic agent for human IBD[36].

mune response, and plays an important role in immune
responses. The identification of the IL-17 family of cytokines as well as the IL-23-mediated expansion of IL17-producing T cells has uncovered a new subset of Th
cells, designated as Th17 cells. Th17 cells originate from
naive CD4+ T cells in the presence of TGF-β and IL-6.
Th17 cell differentiation does not require IL-17. The
amplification and stabilization of Th17 are provided by
IL-21 and IL-23. At the same time, the RORγt is identified as the master key regulator and transcription factor
of Th17 cell differentiation[37,38]. The IL-17 cytokine family includes six members, IL-17A, IL-17B, IL-17C, IL17D, IL-17E (or IL-25) and IL-17F, and act in vitro and in
vivo as potent proinflammatory cytokines[38]. IL-17A can
induce the expression of proinflammatory cytokines (such
as IL-6 and TNF), chemokines (such as KC, MCP-1 and
MIP-2) and matrix metalloproteases, which mediate tissue infiltration and tissue destruction. It is also involved
in the proliferation, maturation and chemotaxis of neutrophils[38].
Evidence has shown that high numbers of Th17 cells
are present in the colonic LP of the ileum and colon in
conventionallyraised mice, and that these cells are highly
infiltrated in inflamed areas of colitic mice[39,40]. Further
analysis confirms that commensal gut flora contributes
to the expansion of these CD4+ Th17 cells, leading to
intestinal mucosal inflammation. In terms of mucosal immunity, the IL-23/IL-17 axis has been observed to play
an important role in normal intestinal homeostasis.
To date, IL-17 and other Th17-associated cytokines
(e.g., IL-22 and IL-23) have been found to have protective
or pathogenic effects dependent on other effective factors in local tissue. Recent work[41] has also demonstrated
that most of the transcripts for Th17-related cytokines
are increased in IBD patients compared to normal controls, but more abundant in UC than in CD. In contrast,
upregulation of IFN-γ mRNA is marked in CD LP CD4+
T cells. Up-regulation of IL-23p19 mRNA is detected in
colonic mucosa from both UC and CD patients. The significance of Th17 immunity in UC is further supported
by the finding that recombinant IL-23 actually enhances
IL-17A production by LP CD4+ T cells in UC, but has
a lesser effect on LP CD4+ T cells in CD[42]. IL-17A is
protective against dextran sodium sulfate (DSS)-induced
colitis and colitis in the T cell transfer model, in which T
cells are injected into lymphopoenic mice. However, mice
deficient in IL-17F are resistant to DSS-induced colitis.
These data suggest that IL-17F, not IL-17A, is pathogenic
in the gut. IL-17 may synergize with other inﬂammatory
mediators in the gut. Recent studies have highlighted further potential heterogeneity within Th17 cell populations
by demonstrating that some may even secrete IL-10[43],
a factor known to inhibit intestinal inﬂammation. Thus,
it is possible that the actions of Th17 cells may differ
dependently on other factors that may be present in the
local environment. In the normal intestine, the primary
function of Th17 cells may be like sentinels which contribute to maintaining epithelial barrier function, whereas

POTENTIAL ROLE OF THE TH17/IL-17
AXIS IN THE PATHOGENESIS OF IBD
IL-17 has pleiotropic activities, functions through the
adaptive and innate immune system to promote im-

WJG|www.wjgnet.com

3259

March 28, 2014|Volume 20|Issue 12|

Xu XR et al . Pathogenesis of IBD
Luminal flora (dietary, bacterial)

IEL

IEL
T

Lamina propria

Mf

T

IEC

IEL

?

IL-25
-

IL-10
Th17

Th0
-

Th1

Under healthy conditions
IL-12
IL-23

Mf

Luminal flora (dietary, bacterial)

IEL

IEL
T

Lamina propria

Mf

T

IEC

IEL

?

IL-25
-

IL-10
Th17

Th0
-

Th1

IBD

Under healthy conditions
IL-12
IL-23

Mf

Figure 4 Inhibitory role of interleukin-25 in intestinal mucosa. IEL: Intestinal epithelial lymphocyte; IL: Interleukin; Th: T helper; Treg: T regulator cell; CTL: Cytotoxic T lymphocyte; Mf: Macrophages; IEC: Intestinal epithelial cells; IBD: Inflammatory bowel disease.

in sites of chronic intestinal inflammation, high levels of
IL-23 may activate their full pathogenic and antibacterial
functions. Recently, Secukinumab (an IL-17A antibody),
Brodalumab (an IL-17 receptor antibody) and two smallmolecule drugs (Vidofludimus and Tofacitinib) are used
in clinical trials for IBD patients, which inhibit IL-17 as
part of their overall pharmacological profiles[44].

with some overlapping usage between family members.
IL-12 (p35/p40) and IL-23 (p19/p40) are the best-known
members of the IL-12 family. Other members include
IL-27 (EBi3/p28) and IL-35 (EBi3/p35). Like the IL-17
family, however, a critical issue is whether these molecules
are pathogenic or protective in the gut. IL-27, produced
mostly by myeloid cells, is present at increased concentrations in IBD mucosa. If T cells are taken from mice deficient in the IL-27R and injected into lymphopoenic mice,
they induce significantly less colitis than wild-type T cells,
clearly suggesting that IL-27 is pathogenic in this model.
IL-27R-null mice are also less susceptible to DSS-induced

IL-27 AND IL-35: NEWER MEMBERS OF
THE IL-12 FAMILY
The IL-12 family is made up of secreted heterodimers
WJG|www.wjgnet.com
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colitis, again suggesting that IL-27 is a proinflammatory
mediator. In marked contrast, however, treating mice
with established TNBS-induced colitis with IL-27 reduces disease and cytokine production. In humans, IL-27 has
also been observed to reduce proinflammatory cytokine
production in Mφ activated with TNF[45].

have a regulatory role in autoimmune diseases is B-regulatory cells (Bregs). CD19+CD25+ B cells were the first
subset of human B cells previously suggested to have a
regulatory role. CD19+CD25+ B cells contribute up to
30% of all peripheral blood B cells in mice and can effectively present peptides to helper T cells. In humans, only
B cells expressing high levels of CD25 (BCD25+) seem
capable of acting as Bregs with abundant TGF-β production. However, it remains unknown how to identify Bregs
with membrane markers or transcription factors. Several
signals like B cell receptor (BCR), CD40 and/or Toll-like
receptor (TLRs) may include. These different activation
signals (alone or combined) were shown by many studies
to increase regulatory functions of Bregs[50].
Bacterial molecules have been used to stimulate Bregs.
In mice, splenic B cells stimulated ex vivo by bacteria
acquire the CD5+ CD1d+ phenotype, which is characterized by high level IL-10 expression and being capable of
markedly suppressing the activity of experimental IBD.
The protective subset (contributing 1% to 2% of all
splenic B cells) is composed of CD5+CD1d(high) B cells
activated via the TLR2/4 pathway by bacterial antigens
in the gut flora. Investigations into the influence of the
gut microbiota on the balance between effector B cells
and Bregs may open up new therapeutic possibilities in
IBD[51,52].

MICRORNA AND THE INTESTINAL
IMMUNE HOMEOSTASIS
MicroRNA (miR) is an emerging group of short, noncoding RNAs that play an important role in regulating
expression of classical genes at the post-transcriptional
level. miR regulates cell proliferation, apoptosis, growth,
cell differentiation, metabolism and other processes. Recently, miR in intestinal epithelial cells has been found to
regulate intestinal mucosal barrier function through its
important effect on intestinal epithelial cell proliferation
and differentiation. Moreover, differential expression of
miR in immune cells within the intestinal mucosa affects
the intestinal immune homeostasis[46,47].
In recent years, evidence has suggested that intestinal epithelial miR expression is closely related with the
incidence and development of IBD[46]. The expression
of miR-192, miR-375 and miR-422b is significantly decreased in inflamed mucosa of patients with active UC,
while miR-16, miR-21 and let-7 expression is significantly
increased. miR-19b and miR-629 are significantly decreased in patients with active CD inflammation within
the intestinal mucosa, while miR-23b, miR-106 and
miR-191 are significantly increased. The abnormal miR
expression will affect translation process of its corresponding target gene mRNAs, regulate gene expression
and thus participate in inflammatory injury of intestinal
mucosa in IBD. A recent study by Coskun et al[48] provides
the first evidence that miR-20b, miR-98, miR-125b-1*,
and let-7e* are deregulated in patients with UC.
We have also investigated the expressions of miR10a
in IBD and found that the expression of miR10a is decreased in inflamed intestinal mucosa of IBD patients.
Furthermore, we have also found that TNF inhibits
miR10a expression, while blockade TNF with anti-TNF
mAb markedly enhances miR10a expression in the intestinal mucosa (unpublished data). Our findings, together
with previous data showing that miR10a could block
intestinal inflammation in mice and reduce the differentiation Th1 and Th17[49], further prove that miR10a is involved in intestinal mucosal inflammatory response, and
that targeted therapy may be beneficial for human IBD.

ROLE AND FUNCTIONAL ALTERATIONS
OF THE INNATE IMMUNITY
Innate immunity prevents pathogens from entering and
spreading within the body. The intestinal innate immune
system involves three lines of defense: the mucus layer,
epithelium, and lamina propria. Mucus is the first line
of intestinal defense, and the major constitutive proteins
are mucins (MUC), with diverse isotypes in different
portions of the gastrointestinal tract. CD patients show
decreased MUC1 and MUC4 levels in the ileum, while
MUC2, MUC5AC, MUC5B, MUC6, and MUC7 are undetectable in lesions. UC patients also show decreased
MUC2 expression. As the second line of defense, the
intestinal epithelium is composed of a monolayer of fast
replicating polarized cells: enterocytes, goblet cells, and
enteroendocrine cells. All are bound together through
tight junctions that separate the body from intestinal lumen components. The membrane TLRs and cytosolic
nucleotide oligomerization domain receptor (NOD) are
the most important among intestinal pathogen recognition receptors. NOD2 has also been described as a negative regulator of TLR2-mediated IL-12 secretion. Some
NOD2 mutations have been described in CD patients,
which are associated with decreased defensin secretion
by ileal mucosa Paneth cells.
Lamina propria as a third line of intestinal defense
contains innate and immune cells. In IBD patients, DCs
promote a robust recognition of bacterial products that
might cause an immune responseto commensal bacteria,
provoking a loss of intestinal tolerance. Intestinal macro-

ROLE OF REGULATORY B CELLS
B cells are a source of inhibitory cytokines such as IL-10
and TGF-β. Depending on the signals B cells receive,
pro- or antiinflammatory cytokines can be produced, and
the shift towards an inflammatory or a protective/suppressive response will be induced. Specific B cell subset
found to affect autoreactive responses and suggested to
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phages from IBD patients have lost the ability to maintain tolerance, mainly through increased surface CD14
content and NF-κB transcription pathway activity, which
might induce increased peripheral macrophage recruitment. Increased cytotoxic activity and elevated NK cell
counts are also found in IBD patients. Crucial molecules
in NK cells, such as IL-15, IL-21 and IL-23, and their
cognate receptors, are elevated in the intestinal mucosa
of UC patients. Moreover, in IBD the IEL activation increases, resulting in elevated production of IFN-γ, TNF
and IL-2, which is associated with increased IL-23[53,54].
Deregulated mucin expression in IBD patients might
be due to the cytokine imbalance that characterizes these
diseases. These molecules stimulate various transcription factor pathways, such as JAK/STAT and NF-κB,
and induce mucin secretion. The combination of TNF
and IFN-γ could also decrease claudin-3, claudin-5 and
claudin-7 expression, with a marked increase in paracellular permeability in rat colon. Moreover, TNF, IL-6 and
IFN-γ increase apoptosis and monolayer permeability in
HT-29/B6 cells. These cytokines also inhibit the woundhealing in HT-29/B6 cells. Increased apoptosis and
delayed woundhealing of epithelial cells would augment
monolayer permeability, and damage the epithelial barrier
function[54,55].
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CONCLUSION
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The exact etiology of IBD is still not completely understood, and increasing data have demonstrated that
these conditions occur through an inappropriate immune
response to a subset of commensal enteric bacteria in a
genetically susceptible host, with disease initiated by environmental triggers. Dysfunction of the mucosal immune
system evokes intestinal inflammation through the activation of both innate and acquired immunity in the gut.
Among these, T cell activation and Teff/Treg imbalance
play an important role in the process of inflammation.
Understanding of immunopathogenesis of IBD will help
us to find new ideas for diagnosis and treatment.
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Liquid biopsy of gastric cancer patients: Circulating tumor
cells and cell-free nucleic acids
Masahiro Tsujiura, Daisuke Ichikawa, Hirotaka Konishi, Shuhei Komatsu, Atsushi Shiozaki, Eigo Otsuji
cell-free nucleic acids (cfNAs) such as DNA, mRNA and
microRNA have been recognized, and their clinical relevance is attracting considerable attention. In this review, we discuss recent developments in this research
field as well as the relevance and future perspectives of
CTCs and cfNAs in cancer patients, especially focusing
on GC.
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Core tip: The potent utilities of circulating tumor cells
and cell-free nucleic acids have recently attracted attention toward their clinical application in therapeutic
management of cancer patients. The concept of “liquid
biopsy” can allow for repeated samplings and real-time
monitoring of tumor dynamics in each individual patient
and consequently would facilitate the development of
“tailor-made” cancer management programs. Before
translating this novel diagnostic and prognostic assay
into the clinical settings, further large-scale studies with
well-established methods are required to validate its
clinical relevance.

Abstract
To improve the clinical outcomes of cancer patients,
early detection and accurate monitoring of diseases are
necessary. Numerous genetic and epigenetic alterations
contribute to oncogenesis and cancer progression, and
analyses of these changes have been increasingly utilized for diagnostic, prognostic and therapeutic purposes in malignant diseases including gastric cancer (GC).
Surgical and/or biopsy specimens are generally used to
understand the tumor-associated alterations; however,
those approaches cannot always be performed because
of their invasive characteristics and may fail to reflect
current tumor dynamics and drug sensitivities, which
may change during the therapeutic process. Therefore,
the importance of developing a non-invasive biomarker
with the ability to monitor real-time tumor dynamics
should be emphasized. This concept, so called “liquid
biopsy”, would provide an ideal therapeutic strategy
for an individual cancer patient and would facilitate the
development of “tailor-made” cancer management programs. In the blood of cancer patients, the presence
and potent utilities of circulating tumor cells (CTCs) and
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INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
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and the second leading cause of cancer-related death in
the world[1]. Although recent improvements in diagnostic
techniques and peri-operative management have resulted
in an increase in the early detection of GC and a decrease
in its mortality in the past decades, a total of 986600
new GC cases and 738000 deaths are estimated to have
occurred in 2008 worldwide[1]. Several factors seem to restrict diagnostic and therapeutic strategy for treatment of
GC and, consequently, to incur the insufficient survival
rate: (1) a lack of satisfactory diagnostic assays for early
detection of GC; (2) an absence of valuable prognostic
indicators; (3) the insufficient effectiveness of current
treatments including surgery and chemotherapy for GC
patients with advanced stages; and (4) poorly understood mechanisms of tumor progression and resistance
to treatments, and a consequent deficiency of targeted
therapy. Therefore, the importance of developing useful
diagnostic and monitoring tools should be emphasized to
improve the clinical outcome of patients with GC.
In the past few decades, numerous studies have demonstrated the potential utility of blood-based biomarkers such as circulating tumor cells (CTCs) and cell-free
nucleic acids (cfNAs)[2-5]. These promising markers are
considered to possess great potential and could facilitate
therapeutic strategies for cancer including the following:
early detection of diseases, predication of prognostic
outcome, monitoring of tumor dynamics and development of novel targeted treatments.
Generally, tumor-linked genetic alterations are investigated using tissue samples from surgical or biopsy specimens. These procedures cannot be conducted routinely
owing to their invasive nature especially in recurrent and/
or metastatic cases with anatomical and/or clinical difficulties. Moreover, a result acquired from a single biopsy
can provide only spatiotemporally restricted information
and may fail to reflect its heterogeneity and inconsistent
tumor characteristics. Detecting CTCs and cfNAs could
serve as a “liquid biopsy” for cancer patients, which
would be less invasive compared to surgical or endoscopic biopsy and allow us to have repeated samplings
and to track the current status of tumor characteristics,
such as therapeutic efficiency and resistance. From these
viewpoints, the concept of “liquid biopsy” may lead to
a better understanding of the genetic landscape in both
primary and metastatic lesions as well as the opportunity
for tracing genomic evolution.
In this article, we review the historical backgrounds,
characterizations and recent developments of both CTCs
and cfNAs in cancer research including GC and discuss
future perspectives.

tion of CTCs in peripheral blood of patients with various
malignancies, validating Ashworth’s previous remarks.
Generally, CTCs are considered to appear at very low
concentrations in the peripheral blood of cancer patients,
usually a single tumor cell in a background of millions
of blood cells[7,8]. Thus, the accurate detection of CTCs
with sufficient sensitivity and specificity has been a major
technical challenge for researchers (Figure 1).
Techniques for the isolation and enrichment of CTCs
The approaches of CTC isolation/enrichment can be
mainly categorized into two groups: (1) physical methods;
and (2) biological methods. Isolation based on physical
properties does not require the immunological labeling
of CTCs because it depends on the characteristics of
CTCs, such as size, density, electric charge, migratory capacity and deformability. These methods include density
gradient centrifugation, filtration, and dielectrophoresis.
Several filtration-based approaches have been developed
based on the concept that the majority of CTCs derived
from epithelial cancers are generally larger in diameter
than other blood cells[9,10]. However, significant variations in cell size within an individual patient as well as in
different types of tumor cells have been reported[11-13].
Therefore, new approaches using multiple filters have
been investigated to resolve those issues and achieve the
accurate enrichment of CTCs[14,15]. While those new approaches are likely to possess great promise in isolating
CTCs, further validation studies should be conducted to
verify their significance.
Biological methods are another popular approach
for the isolation of CTCs, which rely on immunological antibody-based capture of CTCs. In general, this
assay involves positive selection with antibodies against
tumor-associated antigens, such as epithelial cell adhesion
(EpCAM) and cytokeratins (CKs), as well as negative selection with antibodies against the common leukocyte antigen CD45. In particular, EpCAM has been demonstrated to be over expressed and to function as an oncogene
in human epithelial cancers including GC[16-18]. Among
several technologies based on antibody-based isolation,
the CellSearch system (Veridex) is the most widely used
separation system. In this platform, immunomagnetic
beads coated with anti-EpCAM antibodies capture CTCs,
followed by immunostaining with both positive markers,
which are CK8/18/19 for cytoplasmic epithelial markers and 4',6'-diamidino-2-phenylindole hydrochloride for
nucleic acids, and a negative marker, leukocyte-specific
marker CD45. Accumulating studies have demonstrated
the usefulness of the CellSearch system as diagnostic and
prognostic indicator in patients with metastatic disease.
To date, it is the only technology that has been approved
by the United States Food and Drug Administration for
the detection of CTCs in the peripheral blood of patients
with metastatic breast, prostate and colon cancers[19-24].
CTCs are generally thought to be quite heterogeneous
in both phenotype and genotype, and only a few cells
with malignant features could develop into metastatic

BIOLOGY AND DETECTION OF CTCS
In 1869, Ashworth reported the presence of CTCs for
the first time in a case of a metastatic cancer patient, in
whom cells similar to those in the primary tumors were
found in the blood at autopsy[6]. Since then, various studies have demonstrated the identification and characteriza-
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Figure 1 Flow chart of current and potential applications of circulating tumor cell and circulating cell-free nucleic acids technologies. Circulating tumor
cells (CTCs): The blood samples from cancer patients are processed through various isolation/enrichment and detection techniques. A new in vivo approach allows
the enrichment of CTCs directly from a peripheral vein of patients, using a wire functionalized by attachment of epithelial cell adhesion antibodies[32]. CTCs are usually captured along with contaminating leukocytes. Various detection methods are utilized to detect the rare cell population in the bloodstream. Circulating cell-free
nucleic acids (cfNAs): Plasma/serum are generally isolated with centrifuge techniques and subsequently processed for the extraction of specific nucleic acids. Cancerspecific alterations are most commonly analyzed in circulating DNA. Circulating miRNA has attracted increasing attention because of its stability in plasma/serum.
Most recently, long non-coding RNA in plasma was also evaluated as a potent biomarker in gastric cancer patients. CGH: Comparative genome hybridization; FACS:
Fluorescence activated cell sorter; FISH: Fluorescence in situ hybridization; FAST: Fiberoptic array scanning technology; EPISPOT: Epithelial immunospot; qRT-PCR:
Quantitative real-time polymerase chain reaction; LOH: Loss of heterozygosity.

tumors. During the journey toward the development of a
metastatic lesion, some CTCs might undergo the epithelial-to-mesenchymal transition (EMT), which is characterized by decreased expression of epithelial markers and
the acquisition of mesenchymal features[25]. The EMT
has been proposed to be frequently related with cancer
aggressiveness and might increase the ability of tumor
cells to migrate. Although the identification of EMTlike cancer cells in the bloodstream and its relevance to
cancer dissemination is currently under evaluation, assays
targeting only epithelial cells may miss the most invasive
and potentially significant subpopulation with respect to
cancer progression. Therefore, alternative enrichment
approaches with different epithelial antigens or negative
selection methods aimed to avoid the biased selection of
CTC population might be advantageous.
Tumor-specific markers, such as human epidermal
growth factor 2 (HER2), prostate-specific antigen (PSA),
mucin-1/2 (MUC1/2) and carcinoembryonic antigen
(CEA), have also been implemented to capture CTCs
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more specifically and adapt to the heterogeneity of CTCs
in immunological approaches. More recently, a microfluidic-based device, called the “CTC-Chip”, has been
developed for CTC cell detection strategies with a significant increase in yield and purity. Using this new technology, in which whole blood is flowing through chips with
automatically optimized flow kinetics, microposts coated
with anti-EpCAM antibodies capture CTCs directly from
small volumes of blood samples. The CTCs are then
stained with secondary antibodies against either CKs or
tissue-specific markers, such as PSA in prostate cancer or
HER2 in breast cancer, followed by automated scanning
of the microposts. Several studies have demonstrated the
potent usefulness of this method due to its enhanced
sensitivity and specificity, in that the higher number of
isolated CTCs facilitates dynamic monitoring during a
time course of cancer therapies[26-28]. Moreover, recent
technological progress has allowed for the isolation and
analysis of single intact CTCs[29-31]. These remarkable approaches should have major impacts and further under-
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ness[42-44]. Of particular note, Wu et al[44] have developed
a sensitive assay using a high-throughput colorimetric
membrane array, in which multiple markers, such as human telomerase reverse transcriptase (TERT), cytokeratin
19 (CK19), CEA and MUC1, are measured simultaneously and the combination of four markers serves as a
prognostic indicator for overall survival and postoperative recurrence/metastasis in GC. Recently, non-coding
RNAs, such as miRNAs and Piwi-interacting RNAs (piRNAs), have been proven to alter their expression in carcinogenesis and tumor progression[45-47], so these cancerspecific alterations have been reported to be useful for
the detection of CTCs in GC[48-52]. However, some of
those reports, in which a mononuclear cell layer was used
to isolate total RNA, may not reflect miRNAs originating
only from CTCs because the possibility of contamination by leukocyte-originated RNAs cannot be excluded.
The presence of miRNAs originating from peripheral
blood cells has been demonstrated in the blood of both
cancer patients and normal individuals, and furthermore,
contamination from those miRNAs has been observed
even for circulating cell-free miRNA analysis[53,54]. Those
issues should be addressed before proceeding to clinical
practice, and moreover, exhaustive exploration to identify
more sensitive miRNA/piRNA-related markers might be
desirable to achieve an accurate assay.
Recurrence and metastasis are the most critical factors not only for predicting clinical outcome but also for
the quality of life in patients with GC. As summarized
in Table 2, accumulating reports have suggested the
significance of CTC detection as a prognostic indicator
by various approaches, including both the CellSearch
System and RT-PCR/qRT-PCR methods. Hiraiwa et al[55]
examined CTCs in 130 gastrointestinal cancer patients
involving 44 GC patients using the CellSearch System.
Their results demonstrated that the metastatic GC patients with ≥ 2 CTCs (n = 15) had a significantly shorter
overall survival rate than the metastatic GC patients with
< 2 CTCs (n = 12) (P = 0.039). In a prospective study,
Matsusaka et al[56] also evaluated the relevance of CTCs to
chemotherapy and clinical outcome using the CellSearch
System. Their results showed that GC patients with ≥ 4
CTCs at 2 and 4 wk after the initiation of chemotherapy
had significantly shorter overall survival and progressionfree survival in comparison with GC patients with < 4
CTCs, whereas CTC status at baseline (i.e., before the
initiation of chemotherapy) had no statistical association
with clinical outcomes. These findings may imply the
close relationship of CTC status and treatment response.
The majority of the studies using RT-PCR/qRTPCR methods, which are also widely used for prognosis
analysis, have relatively small numbers of cases. Under
such circumstances, Mimori et al[57] focused on one candidate marker, membrane type 1 matrix metalloproteinase (MT1-MMP) mRNA levels, based on results from
cDNA microarray analysis, and consequently validated its
relevance in a subsequent qRT-PCR based study involving more than 800 GC patients. As a result, MT1-MMP

standing of the biology and significance of those heterogeneous populations.
Although most of these technologies have used blood
samples in vitro, a new revolutionary in vivo approach allows the enrichment of CTCs directly from a peripheral
vein of patients[32] (Figure 1). In this system, a structured
medical Seldinger guidewire is functionalized with the attachment of EpCAM antibodies. The device is inserted
into a peripheral vein, which enables the capture of a
large number of CTCs from up to 1.5 L of blood over
the duration of 30 min. Despite its potent utility, a largescale study is required to verify its relevance and to eliminate the possibility of adverse effects.
Techniques for the detection and identification of CTCs
After enrichment of CTCs, identification procedures are
conducted to investigate their genetic and biological profiles in detail. Various methodologies for this process have
been advocated and developed in the past few decades,
ranging from cytometric/protein-based approaches to
polymerase chain reaction (PCR)-based approaches. The
former approaches involve conventional methods, such
as immunostaining for specific markers, fluorescence in
situ hybridization (FISH) and comparative genomic hybridization, and newly developed methods, such as fiberoptic array scanning technology with high throughput in
CTC screening[33,34] and epithelial immunospot, which can
detect proteins secreted from CTCs[35-37].
PCR-based detection of CTCs has evolved remarkably, especially after the introduction of the quantitative
RT-PCR (qRT-PCR) technique, which can minimize
possible false-positive results by using a certain “cutoff
value” during the analysis process. Identification of appropriate DNA/RNA-based markers expressed by CTCs
is considered critical in order to enhance the specificity
and reliability of its detection. Therefore, conventional
markers for CTCs, such as CKs and CEA, and other
diverse markers have been investigated towards their possible clinical application in several malignancies[38]. CTCrelated markers and the introduction of profile analysis
including microRNAs (miRNAs) features also might be
useful to resolve these issues[39-41].
CTC detection in patients with GC and its clinical
relevance
To date, many researchers have tried to detect CTCs in
patients with GC and demonstrated its relevance to biological and oncogenic functions using various approaches.
Table 1 represents a summary of previous reports, especially focusing on methodologies, targeted molecules and
detection rates. Since its introduction, RT-PCR technology has become the most widely used approach to achieve
a satisfactory detection rate despite the extremely low
concentration of CTCs in the bloodstream. However, a
high sensitivity of RT-PCR may cause an increase in false
positive detection even in healthy controls. Therefore,
some researchers have utilized multiple detection markers
in an mRNA-based assay and suggested its potent useful-
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Table 1 Detection of circulating tumor cells in gastric cancer
Characteristic and number of
patients

Control
(n )

Detection method

Detection rate/statistic value

Pre or post
treatment

9 (PB)

4

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

20 (PB)

22

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

49 (PB)
21 (PV)

50

RT-PCR

CK19 mRNA

Ⅰ-Ⅳ

30 (PB)

58

RT-PCR

CK20 mRNA

Inoperable/
metastatic
I, Ⅲ, Ⅳ

34 (PB)

33

RT-PCR

CK19 mRNA

35 (PB)

9

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

52 (PB)

14

RT-PCR

CK19 mRNA
CK20 mRNA

Ⅰ-Ⅳ

Ⅰ-Ⅳ

41 (PB)
(36 with curative surgery)
(5 with inoperable)
57 (PA)
30
49 (PV)
51 (SVC)

EGC, Ⅲ
29 (PB)
15
(paired, after surgery during surgery and
follow-up)

Ⅰ-Ⅳ

106 (PB)

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

22.2%
0%
35%
0%
0%
0%
0%
16.7%
3.4%
20.6%
0%
45.7%
0%
9.6%
0%
9.6%
1%
22.2%
33.3%
80%
PA: 17.5%
PV: 18.4%
SVC: 21.6%
8.8%
33.3%
0%
EGC: 22.2%
Ⅲa: 20%
Ⅲb: 26.7%
Total: 24.1%
EGC: 22.2%
Ⅲa: 20%
Ⅲb: 34.4%
Total: 34.4%
0%
40.6%

(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(PB)
(PV)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(before curative surgery)
(during curative surgery)
(inoperable Pt.)

(before surgery)
(during surgery)
(Ctrl.)
(after surgery)

41 (PB)

Ⅰ-Ⅳ

46 (PB)
(18 EGJ caner)
(28 with GC)

Ⅰ-Ⅳ

59 (PB)

Ⅰ-Ⅳ

70 (PB)

10

10 (with
qRT-PCR
benign GI
disease)
Oncoquick
100
density
(tumorgradient
free Ctrl.) centrifugation
15
qRT-PCR

RT-PCR

(41 with curative resection)
(29 with residual tumor)
Ⅰ-Ⅲ
46 (PB)
13
(with curative resection)
(paired, before and after surgery)
Ⅰ-Ⅳ
52 (PB)
36

CK20 mRNA

CEA mRNA

CK20 mRNA

(Ctrl.)

RT-PCR

CEA mRNA

RT-PCR

c-Met mRNA
MUC1 mRNA

Ⅰ-Ⅳ

42 (PB)

30

RT-PCR

hTERT mRNA
CK19 mRNA
CK20 mRNA
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24.4%
0%
27.8%

(Pt.)
(Ctrl.)
(Pt. with EGJ cancer)

21.4%
0%
1%
0%
45.8%
0%
36.6%

(Pt. with GC)
(with benign GI disease)
(tumor-free Ctrl.)
(before surgery)
(after surgery)
(Ctrl.)
(Pt. with curative
resection)
(Pt. with residual tumor)

44.8%
Total: 40%
52.2%
19.6%
0%
61.5%
5.6%
71.2%
8.3%
61.9%
0%
69.0%
3.3%
61.9%

Funaki et al[133]
Mori et al[134]
Aihara et al[135]

Soeth et al[136]
Yeh et al[137]
Noh et al[138]
Majima et al[139]

Nishida et al[60]

Miyazono et al[59]

At least either
one positive in
PA/PV/SVC
Noh et al[140]

(during follow-up)

(during
surgery)
Ⅰ-Ⅳ

Ref.

(before surgery)
(after surgery)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)

Sumikura et al[141]

Koike et al[142]
Friederichs
et al[143]

Ikeguchi et al[58]

Illert et al[144]

Seo et al[145]

Uen et al[42]

Wu et al[43]
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CEA mRNA
Ⅰ-Ⅳ

64 (PB)

Ⅰ-Ⅳ

32 (PB)

80

(paired, before and after chemotherapy)
Ⅰ-Ⅳ
57 (PB)
(before surgery)
52 (PB)
(after surgery)
56 (TDB)
Ⅰ-Ⅳ
52 (PB)
20
(40 pre-ope)
(12 post-ope)
Ⅰ-Ⅳ
41 (PB)
41

101 (PB)

Ⅰ-Ⅳ

14

MAH

hTERT mRNA
CK19 mRNA
CK20 mRNA
MUC1 mRNA

FACS/ICC

CK8/18/19

FACS/ICC

CK8/18/19

3.3%
78.6%
0%
81.3%
78.1%
82.8%
84.4%
No detection in controls
21.9%

(before chemotherapy)

15.6%
54.4%
21.2%

(after chemotherapy)
(before surgery)
(after surgery)

26.8%

(TDB sample)
(before surgery)
(after surgery)

Tani et al[147]

Cell search
system

EpCAM
CK8/18/19
CK19 mRNA↑

(Nonmetastatic GC)
(metastatic GC)
(Ctrl.)
Curative resection (n = 69)
vs Ctrl. (n = 14)
Non-curative resection (n
= 32) vs Ctrl. (n = 14)
Non-curative resection (n
= 32) vs Ctrl. (n = 14)

Hiraiwa et al[55]

qRT-PCR

14.3%
55.6%
0%
P = 0.0127

(Pt.)

Yie et al[149]

P = 0.0087
CK20 mRNA↑

P = 0.0022
22.8%

810 (PB)

29

RT-PCR

MT1-MMP
mRNA

Ⅰ-Ⅳ

55 (PB)

86

RT-PCR
ELISA

Survivin
mRNA↑

Ⅰ-Ⅳ

70 (PB)

20

qRT-PCR

CEA mRNA
CK19 mRNA
VEGF mRNA
Survivin
mRNA

Ⅰ-Ⅳ

846 (PB)

25

qRT-PCR

uPAR mRNA↑

No data for Ctrl.
45.5%
AUC = 0.772
45.7%
97.1%
38.6%
98.6%

Ⅰ-Ⅳ

30 (PB)

Cell search
system

EpCAM
CK8/18/19

qRT-PCR

CEA mRNA

qRT-PCR

CK18 mRNA

(after curative
surgery)
N/A

Ⅰ-Ⅳ

Ⅰ-Ⅳ

90 (PB)
(90 before surgery)
(41 preoperative)
(49 postoperative)

95 (PB)

98 (PB)

miR-106a↑

miR-17↑

21

30

qRT-PCR

RT-PCR
ELISA

B7-H3 mRNA↑

Survivin
mRNA

Pt. (n = 55) vs Ctrl. (n = 86)

(Control samples were used the calibrator source)
404/846 47.8%
P < 0.0001

30

PituchNoworolska
et al[61]

5.0%
16.7%

Ⅰ-Ⅳ

123 (PB)

Kolodziejczyk
et al[146]

CEA mRNA

(32 with non-curative ope)

Ⅰ-Ⅳ

Wu et al[44]

qRT-PCR

(69 with curative ope)

Advanced
52 (PB)
(paired, before and during chemotherapy)

(Ctrl.)
(Pt.)
(Ctrl.)

32.7%
13.7%
18.8%
36.6%
30%
Ⅰ/Ⅱ: 81.8%
Ⅲ/Ⅳ: 31.6%
Total: 50%
P = 0.006
AUC = 0.684
P = 0.016
P = 0.001
AUC = 0.743
P = 0.019
50.5%
P < 0.0001
AUC = 0.86
Ⅰ/Ⅱ: 25%

Koga et al[148]

Mimori et al[57]

Bertazza et al[150]

Kita et al[151]

Pt. (n = 846) vs Ctrl. (n =
25)
(baseline)
Matsusaka et al[56]
(2 wk after chemotherapy)
(4 wk after chemotherapy)
(Pt.)
Qiu et al[152]
(Ctrl.)
Saad et al[153]

Pre-ope vs Ctrl.

Zhou et al[48]

Post-ope vs Ctrl.
Pre-ope vs Ctrl.
Post-ope vs Ctrl.

Arigami et al[154]

Pt. (n = 95) vs Ctrl. (n = 21)
Cao et al[155]

Ⅲ/Ⅳ: 56.1%
Ⅰ-Ⅳ: 45.9%
Ⅰ-Ⅳ

Ⅱ-Ⅳ

93 (PB)
(42 preo-ope)
(51 post-ope)

32

35 (PB)

50

qRT-PCR

piR-651↓
piR-823↓
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qRT-PCR

CEA mRNA

3270

P < 0.001
AUC = 0.841
P < 0.001
AUC = 0.822
22.9%

Pt. (n = 93) vs Ctrl. (n = 32)

Cui et al[49]

(Pt.)

Dardaei et al[156]
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CK20 mRNA
TFF1 mRNA
MUC2 mRNA
Ⅰ-Ⅳ

53 (PB)

20

qRT-PCR

miR-21↑

Ⅰ-Ⅳ

52 (PB)

15

qRT-PCR

miR-200c↑

Ⅰ-Ⅳ

40 (PB)

17

qRT-PCR

miR-421↑

37.1%
(Pt.)
31.4%
(Pt.)
22.9%
(Pt.)
No detection in controls
P < 0.0001
Pt. (n = 53) vs Ctrl. (n = 20)
AUC = 0.853
P = 0.018
Pt. (n = 52) vs Ctrl. (n = 15)
AUC = 0.715
P < 0.01
Pt. (n = 40) vs Ctrl. (n = 17)
AUC = 0.773

Zheng et al[50]
ValladaresAyerbes et al[51]
Zhou et al[52]

AUC: Area under the receiver operating characteristic curve; BM: Bone marrow; EGC: Early gastric cancer; EGJ: Esophagogastric junction; GI:
Gastrointestinal; MAH: Membrane-array hybridization; PA: Peripheral artery; PB: Peripheral blood; PV: Portal vein; SVC: Superior vena cava; TDB: Tumordraining blood; N/A: Not available; qRT-PCR: Quantitative real-time polymerase chain reaction; FACS: Fluorescence activated cell sorter; ICC: Intracellular
cytokine flow cytometry.

mRNA levels in peripheral blood were indicated to be an
independent factor for determining recurrence and distant metastasis of GC (P = 0.0018).
Intriguingly, some groups have reported time-dependent changes in the detection rate of CTCs during the
peri-operative time course[58-61]. Those changes may imply
the possibility of monitoring the tumor dynamics; however, the biological and clinical meaning of CTCs still
remains unknown and controversial. In fact, incompatible events, including both increase and decrease in CTC
detection rates during surgical maneuvers, have been
proposed so far[58-61]. This discrepancy might be partially
explained by a wide variety of measurement parameters,
from the methodology itself to targeted markers, patient
background/properties and sample conditions.
In summary, recent technological advances have provided considerable progress and interest in the detection
of CTCs in various cancers, including GC. Although
previous studies have shown a potent usefulness of CTC
detection as a novel diagnostic and prognostic assay in
cancer patients, little remains known about the biological
features and fundamental roles of these cells. Detailed
characterization of CTCs and well-designed experiments
should resolve current underlying issues and provide the
opportunity for clinical impact in cancer therapy.

which NRAS mutations in the plasma of patients with
myelodysplastic syndrome or acute myelogenous leukemia, and KRAS mutations in the plasma or serum of
patients with pancreatic cancer[65], were detected. Those
findings opened up a new field in the exploration of circulating nucleic acids, and many meritorious studies have
demonstrated the biological function of cfNAs and their
potential as novel biomarkers regarding DNA, mRNA
and miRNAs (Figure 1).
In regard to the origin of circulating nucleic acids,
two main potent release mechanisms, called “passive”
and “active”, are advocated to date. The passive mechanism involves the release of nucleic acids originated from
apoptotic and necrotic cells into the bloodstream. Macrophages and phagocytes play an important role in phagocytosis of necrotic and apoptotic cells and can release
digested nucleic acids into the microenvironment[66,67]. In
contrast, it is reported that fragments of cellular nucleic
acids can be actively released[68,69]. Although the active secretion into the circulation remains enigmatic, one potential explanation is that cancer cells would release nucleic
acids to transform the targeted recipient cells at distant
locations[70-72]. In addition to those two mechanisms, cfNAs might be released by CTCs, however, there appears
to be a huge gap between the amount of cfNAs and the
rarity of CTCs in the bloodstream as described in the
previous section. Thus, this hypothesis has been controversial so far.

BIOLOGY AND DETECTION OF CELLFREE NUCLEIC ACIDS

Circulating cell-free DNA in plasma/serum
The study of circulating cfDNA in the plasma/serum
involves the measurement of the total volume of circulating DNA as well as the detection of cancer-related genetic/epigenetic aberrations, which include microsatellite
instability, loss of heterozygosity, genetic polymorphisms,
point mutations, methylation, deletion/amplification/
translocation of chromosome and integrity (i.e., the ratio
of longer DNA fragment to shorter one based on the
different cleavage process between apoptosis and necrosis[73]). The latter approach is generally recognized to be
able to cover a wider range of oncogenic alterations in
various cancers and to possess more potent application
in the clinical setting than the former one, partly because
cfDNA can be released into the bloodstream and is

The study of cfNAs has a considerably long history
since it was first reported in 1948 by Mandel and Metais[62], who successfully detected nucleic acids in human
plasma. Unfortunately, their work attracted little attention at that time owing to a lack of sufficient understanding of that innovative concept. Regarding malignant disease, in 1977, Leon et al[63] first reported the presence of
cell-free DNA (cfDNA) in the serum of cancer patients.
Furthermore, they also mentioned its potent function
as a clinical indicator, showing decreased cfDNA levels
in response to radiotherapy. In 1989, Vasioukhin et al[64]
successfully detected cfDNA with neoplastic characteristics and proposed the first evidence suggesting that
tumors can shed DNA into the circulation. This hypothesis was further strengthened by two studies in 1994, in
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Table 2 Prognostic value of circulating tumor cells in gastric cancer
Characteristic and number
of patients

Detection method

17
RT-PCR
(non-responsive to chemotherapy)
Ⅰ-Ⅳ
57
RT-PCR
Ⅰ-Ⅳ

106

46
41
(with curative resection)
Ⅰ-Ⅲ
46
Ⅰ-Ⅳ
Ⅰ-Ⅳ

Yeh et al[137]

OS

P = 0.014

CK19 (+) vs (-)

CEA mRNA

P = 0.03

CEA (+) vs (-)

(a)

Miyazono et al[59]

P = 0.02

CEA (+) vs (-)

(a)

Sumikura et al[141]

P < 0.05
P = 0.0363

CK20 (+) vs (-)
CK20 (+) vs (-)

N/A
(b)

Friederichs et al[143]
Illert et al[144]

CEA after sugery (+)
vs (-)

(a)

Seo et al[145]

RT-PCR

CEA mRNA

qRT-PCR
RT-PCR

CK20 mRNA
CK20 mRNA

Liver metastasis
recurrence
Recurrence/
metastasis
2-year-survival
OS

RT-PCR

CEA mRNA

Recurrence

P ≤ 0.00022

C-Met mRNA
MUC1 mRNA
CEA mRNA

Recurrence
OS
OS
Recurrence/
metastasis
Recurrence/
metastasis
OS
OS

P = 0.015
P = 0.0178
P = 0.0352
P = 0.032

P = 0.0223
P = 0.039

OS
OS
Recurrence/
metastasis
RFS

52

RT-PCR

Ⅰ-Ⅳ

42

RT-PCR

Ⅰ-Ⅳ

64

MAH

hTERT/CK19/
CEA/MUC1

Metastatic

27

CellSearch
System
qRT-PCR
RT-PCR

EpCAM
CK8/18/19
CK19 mRNA
CK20 mRNA
MT1-MMP

69
(with curative resection)
Ⅰ-Ⅳ
810

Ref.

CK19 mRNA

Ⅰ-Ⅳ

Ⅰ-Ⅳ

Statistic value

C-Met (+) vs (-)
MUC1 (+) vs (-)
CEA (+) vs (-)

(c)
(b)
(b)
(c)

Wu et al[44]

CTC ≥ 2 vs < 2

(b)
(b)

Hiraiwa et al[55]

P = 0.0347
P = 0.049
P = 0.0018

CK19 (+) vs (-)
CK20 (+) vs (-)
MT1-MMP (+) vs (-)

(b)
(b)
(c)

Mimori et al[57]

P = 0.026

Survivin (+) vs (-)

(b)

Yie et al[149]

Survivin high vs low

(d)
(b)

Bertazza et al[150]

All marker (+) vs the
others

55

RT-PCR
ELISA

Survivin
mRNA

Ⅰ-Ⅳ

70

qRT-PCR

Survivin
mRNA

OS

P = 0.026
P = 0.036

EpCAM
CK8/18/19

PFS (2 wk after
chemotherapy)

P < 0.001
P < 0.001
P < 0.001

OS (2 wk after
chemotherapy)

P < 0.001
P < 0.001

(b)
(d)

PFS (4 wk after
chemotherapy)
OS (4 wk after
chemotherapy)
Recurrence
DFS

P < 0.001
P < 0.001
P < 0.001
P = 0.004
P = 0.001
P = 0.001
P = 0.02
P < 0.001
P = 0.04
P = 0.001
P = 0.06
P = 0.02
P = 0.046
P < 0.001
P < 0.001
P = 0.016
P = 0.028
P = 0.044
P = 0.028

(b)
(d)
(b)
(d)
(a)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)

51
Cell search
(2 wk after
system
chemotherapy)
48
(4 wk after
chemotherapy)

123

qRT-PCR

CEA mRNA

30
(after curative surgery)

qRT-PCR

CK18 mRNA

Ⅰ-Ⅳ

Ⅰ-Ⅳ

RFS
OS

Ⅰ-Ⅳ

95

qRT-PCR

B7-H3 mRNA

OS

Ⅰ-Ⅳ

98
52

Survivin
mRNA
miR-200c

DFS

Ⅰ-Ⅳ

RT-PCR
ELISA
qRT-PCR

OS
RFS

Wu et al[43]

(c)

P = 0.009

Ⅰ-Ⅳ

Advanced

Uen et al[42]

CTC ≥ 4 vs < 4

CEA (+) vs (-)

CK18 (+) vs (-)

B7-H3 high vs low
Survivin (+) vs (-)
miR-200c high vs low
miR-200c high vs low

(d)
(b)
(d)

Koga et al[148]

Matsusaka et al[56]

Qiu et al[152]

Saad et al[153]

Arigami et al[154]
Cao et al[155]
Valladares-Ayerbes
et al[51]

a: χ2 test/Fisher’s exact test; b: Kaplan-Meier survival curves, Log-rank test/Breslow-Wilcoxon test; c: Logistic regression model (multivariate); d:
Multivariate Cox proportional hazard regression model. DFS: Disease-free survival; MAH: Membrane-array hybridization; OS: Overall survival; PFS:
Progression-free survival; qRT-PCR: Quantitative real-time polymerase chain reaction; RFS: Relapse-free survival.
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detectable in the plasma/serum in healthy humans[69,74].
In fact, numerous reports have demonstrated the detection of genetic and epigenetic alterations in circulating
DNA in the plasma/serum in cancer patients[75-79]. Furthermore, in colorectal cancer, recent two reports clearly
demonstrated a correlation between acquired resistance
to the anti-EGFR antibody drugs, such as cetuximab
and panitumumab, and the emergence of KRAS mutations, which was successfully detected and monitored in
the blood of patients under treatment[80,81]. Misale et al[81]
also indicated the potential of cfDNA to monitor tumor
dynamics more sensitively compared to conventional assays, showing that KRAS mutant alleles were confirmed
in the blood of a cetuximab-treated patient 10 mo earlier than radiographic examinations. Moreover, Leary
et al[82] have recently analyzed individual tumor-specific
DNA translocations in paired solid tumor and circulating cfDNA samples using next-generation sequencing
technology and consequently demonstrated the feasibility
of personalized biomarkers, enabling a so-called “tailormade” therapeutic strategy. In summary, moving toward
the development and future application in the clinical
setting, the accumulated evidence has proven the potent
usefulness of cfDNA for the detection of disease as well
as for the assessment of residual disease, recurrence, and
secondary resistance.

poorer prognosis in GC (P < 0.001, disease-free survival,
Kaplan-Meier survival curves, Log-rank test).
Concerning genetic alterations in other types of cancers, the relationships with tumor-specific gene alteration such as HER2 in breast cancer[89] and adenomatous
polyposis coli in colorectal cancer[75,90] have been revealed
even in circulating cfDNA. In GC, Park et al[91] investigated gene amplification of MYC in the plasma of GC
patients and showed that the plasma MYC/GAPDH ratio was significantly higher in the GC patients than that in
the healthy controls (P < 0.001) and correlated with the
tissue MYC/GAPDH ratio (P = 0.009), and tissue MYC
status by FISH (P = 0.024). In contrast, among GC patients with a 2+ or 3+ score in a HER2 IHC assay, Lee et
al[92] reported that no significant association was observed
between the HER2 level in plasma and the copy number
variation in tumor tissue determined by FISH. Although
it is unclear why there was a discrepancy between these
two results, it may be partially explained by the inappropriate employment of reference genes and the heterogeneity of GC tissues. The investigation of circulating
cfDNA relating to genetic aberration in GC remains in
its infancy. Therefore, further evidence is expected to address current controversial issues and develop this field.
Circulating cell-free mRNA in plasma/serum
The presence of RNase in plasma/serum had long been
known, and furthermore, the RNase concentration in
serum was reported to be elevated in cancer patients in
the 1970s[93,94]. Given that mRNA in plasma/serum might
be more fragile than DNA and susceptible to degradation by RNase, it was not clear whether mRNA could
exist in plasma/serum with sufficient integrity to allow
amplification, although several reports had previously
suggested the possible presence of RNA in serum forming a complex with proteolipids[95,96]. In 1999, two groups
reported the successful detection of cell-free RNA such
as tyrosinase mRNA in serum of patients with malignant
melanoma[97] and epstein-barr virus-associated RNA associated in plasma of patients with nasopharyngeal carcinoma[98]. Subsequently, many studies have demonstrated
the presence of specific mRNA in plasma/serum and
its potent clinical relevance in patients with a variety of
cancers[99-101]. At present, it is considered that mRNA in
plasma/serum may be protected from degradation by
packaging in secretory membrane vesicles, such as exosomes, microvesicles and multivesicles, which are released
from cellular surfaces into the bloodstream[102,103].

Detection of circulating DNA in patients with GC and its
clinical relevance
Previous reports regarding circulating cfDNA in GC patients are summarized in Table 3. Among those reports,
a few studies with respect to the concentration of circulating cfDNA are found, in which a housekeeping gene,
beta-actin[83], and a non-coding genomic DNA repeat
sequence, ALU[84], were evaluated. In contrast, the detection of methylated DNA in plasma/serum appears to be
the most widely used approach in GC, which was usually investigated by methylation specific-PCR (MSP) or
quantitative methylation specific-PCR (qMSP) assays. In
2002, Lee et al[85] first reported the potent application of
detecting methylated DNA of death-associated proteinkinase, E-cadherin, GSTP1, p15 and p16 in the serum
of GC patients. Thereafter, technological advances and
the exploration of more sensitive and specific genes
have provided the accumulated evidence in this field.
In detail, comprehensive analyses by methylation CpG
island microarray have suggested the possibility of more
significant genes for detecting methylated DNA[86,87].
Most recently, Ling et al[88] clearly demonstrated the potent usefulness of detecting methylated XAF1 DNA as a
diagnostic as well as prognostic biomarker with satisfactory degrees of specificity and sensitivity. Specifically,
methylated XAF1 DNA in serum was detected in 69.8%
(141/202) of the GC patients and none of the healthy individuals (0/88) with an area under the receiver operating
characteristic curve (AUC) of 0.909 in a receiver operating characteristic (ROC) curve analysis for discrimination
of the two groups and was significantly correlated with
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Circulating cell-free miRNA in plasma/serum
In the past decade, circulating cell-free miRNAs in
plasma/serum have attracted increasing attention among
investigators in various types of research field including oncology. The discovery of miRNA dates back to
1993, when Lee et al[104] found that a short RNA product
encoded by the lin-4 gene inhibited the translation of
its putative target, lin-14 mRNA, with partial sequence
complementarity during a study of Caenorhabditis elegans (C.
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Table 3 Circulating cell-free DNA in gastric cancer
Characteristic and number
of patients

Controls (n )

Plasma/
serum

Detection method

Unresectable

78 (peptic
ulcer)
118 (chronic
gastritis)
236 (healthy
donors)

Serum

ImmunoMG7-Ag
PCR
Semi quantitative
PCR

198

Detection rate/statistic value
82.8%

N/A

51

30 (gastritis)

Serum

qPCR

EBV DNA

(peptic ulcer)

5.9%

(chronic gastritis)

197 (healthy
controls)

100%
92.9%

0%

I-Ⅳ

54

30

Serum

MSP

DAP-kinase
E-cadherin
GSTP1
p15
p16

I-Ⅳ

60

16

Serum

MSP

p16

I-Ⅳ

109

10

Serum

MSP

p16
E-cadherin
p16 +
E-cadherin

I-Ⅳ

41

10

Serum

MSP

I-Ⅳ

63

10

Serum

I-Ⅳ

60

22

Serum

I-Ⅳ

109

10

Serum

I-Ⅳ

53

21

Plasma

N/A

4

10
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Serum

p16
E-cadherin
RARb
p16 + E-cadherin + RARb
MSP

p16
E-cadherin
RARb
p16 + E-cadherin + RARb
qMSP

APC
E-cadherin
hMLH1
TIMP3
Four markers combined
APC +
E-cadherin
MSP
RARb
p16 + E-cadherin + RARb
qPCR
β-actin (102
bp)
β-actin (253
bp)
DNA integrity (253 bp/102
bp)
MSP
RUNX3
p16
RASSF1A
CDH1

3274

Ren et al[157]

(GC)

7.7%

0.8%
P < 0.01

Ref.

(healthy donors)
Correlation with
metastasis
(Pt. with EBER (+)
in primary tumor)
(Pt. with EBER (+)
in filtrating
lymphocytes)
(Pt. with EBER (-)
in primary tumor)
(gastritis)
(Ctrl.)

(a)
Lo et al[158]

23.3%
3.6%
48.1%
57.4%
14.8%
55.6%
51.9%
No detection in controls
26.1%
With p16 methylation
in primarily tumor
0%
Without p16
methylation
in primarily tumor
0%
(Ctrl.)
18.3%
23.9%
36.7%
No detection in controls
22.0%
22.0%
14.6%
24.4%
No detection in controls
27.0%
23.8%
17.5%
50.8%
No detection in controls
16.7%
13.3%
41.7%
16.7%
55%
13.6%
(Ctrl.)
OS: P = 0.006
Methylation (+) vs (-)
23.8%
47.7%
P = 0.03

Lee et al[85]

Kanyama et
al[159]

Ichikawa et al[160]

Koike et al[142]

Koike et al[161]

Leung et al[162]

(b)
Ikoma et al[163]

Pt.(n = 53) vs Ctrl. (n =
21)

(c)

P < 0.0001

(c)

AUC = 0.75
P = 0.07

(c)

100%
50%
25%
25%

Sai et al[83]

Tan et al[164]
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I-Ⅳ

52
(40 pre-ope)
(12 post-ope)

20

Serum

I-Ⅳ

52

50

Serum

MSP

p16
E-cadherin
RARb
p16 + E-cadherin + RARb
MSP
p16

No detection in controls
9.6%
9.6%
3.8%
23.1%
26.9%
(all Pt.)
60.9%

I-Ⅳ

20

22

Plasma

Fluorescence
DNA
-based assay concentration↑
MSP
MGMT
p15
hMLH1

I-Ⅳ

47

30 (benign
gastric disease)
30 (healthy
controls)

Serum

MSP

RASSF1A

I-Ⅳ

20

21

Serum

MSP

HSulf-1

I-Ⅳ

57

79

Plasma

qPCR

MYC/
GAPDH↑

I-Ⅳ

65

50

Serum

qMSP

RUNX3

I-Ⅳ

65

73

40 (benign
gastric disease)
20 (healthy
controls)

Serum

20

Serum

MSP

qMSP

DLEC1

TFPI2

70%
36.4%
50%
18.2%
25%
9.1%
24.0%
3.3%

(benign gastric disease)

0%
55%
19.0%
P < 0.001

(healthy controls)
(Pt.)
(Ctrl.)
Pt. (n = 57) vs Ctrl. (n =
79)

0%
P < 0.005

AUC = 0.841
29.2%

65

80

Plasma

qMSP

SLC19A3

33.8%
5%

(benign gastric disease)

0%
9.6%
0%
P = 0.004

P < 0.0001

AUC = 0.82

I-Ⅳ

46

30 (healthy
controls)

Serum

46 (benign
gastric disease)
I-Ⅳ

58

30 (healthy
controls)
46 (gastric
precancerous
lesions)

Serum

Methylation
CpG island
microarray
MSP

MeDIP
Methylation
CpG island
microarray
MSP

(healthy controls)
(Pt.)
(Ctrl.)
Correlation with LN (a)
meta.
Correlation with distant (a)
meta.
Pt.(n = 45) vs Ctrl. (n =
60)
(Validation 1)
Pt. (n = 20) vs Ctrl. (n =
20)
(Validation 2)

Chen et al[168]
Park et al[91]

Sakakura et
al[169]

Zhang et al[170]

Hibi et al[171]

Ng et al[172]

BX141696

56.5%

Zheng et al[86]

WT1
CYP26B1
KCNA4
CHRM2

50%
73.9%
67.4%
31.0%

Chen et al[87]

FAM5C

31.0%

MYLK
FAM5C +
MYLK
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(Pt.)
(Ctrl.)
Pt. (n = 65) vs Ctrl. (n =
50)
(Pt.)

P = 0.0115
I-Ⅳ

Abbaszadegan
et al[165]

(Pt. with p16
methylation in primary
tumor)
(Ctrl.)
Pt.(n = 20) vs Ctrl. (n = (d) Kolesnikova et
22)
al[166]
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
Wang et al[167]

10%
AUC = 0.8651
I-Ⅳ

Tani et al[147]

3275

P < 0.001
70.7%
P < 0.001
77.6%

Pre- vs post-operation

10%
30.4%

(healthy controls)
(gastric precancerous
lesions)

Pre- vs post-operation
(GC Pt.)
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I-Ⅳ

59

54

Plasma

qPCR

ALU↑

N/A

25

9

Plasma

MSP

ATP4B

I-Ⅳ

71

21

Serum

qMSP

Vimentin

Operable

73

20

Serum

MSP

SOX17

I-Ⅳ

73

Plasma

qPCR

HER2

Serum

qMSP

XAF1

Pt. with 2+/3+ score in HER2 IHC assay
I-Ⅳ
202
88

P < 0.001
AUC = 0.784
64%
0%
P = 0.018
58.9%
0%
OS: P = 0.049
64.4%

69.8%
0%
AUC = 0.909
DFS: P < 0.0001

Pt. (n = 59) vs Ctrl. (n = (c)
54)

Park et al[84]

(Pt.)
Raja et al[173]
(Ctrl.)
Pt. (n = 73) vs Ctrl. (n = (c)
Shirahata et
21)
al[174]
(Pt.)
Balgkouranidou
(Ctrl.)
et al[175]
Methylation (+) vs (-) (b)
Pt. with 2+/3+ score in
Lee et al[92]
HER2 IHC assay
(Pt.)
(Ctrl.)
Pt. (n = 202) vs Ctrl.(n =
88)
Methylation (+) vs (-) (b)

Ling et al[88]

a: χ2 test/Fisher’s exact test; b: Kaplan-Meier survival curves, Log-rank test/Breslow-Wilcoxon test; c: Unpaired t-test/Mann-Whitney U-test; d: Unknown
statistic method. AUC: Area under the receiver operating characteristic curve; LN: Lymph node; MeDIP: Methylated DNA immunoprecipitation; MSP:
Methylation specific-PCR; qMSP: Quantitative methylation specific-PCR. qRT-PCR: Quantitative real-time polymerase chain reaction; N/A: Not available;
GC: Gastric cancer; EBV: Epstein-barr virus; DAP: Death-associated protein; APC: Adenomatous polyposis coli; OS: Overall survival; HER: Human
epidermal growth factor.

exosomes etc.)[72,116] and binding to certain proteins (Argonatute 2, High-density Lipoproteins, etc.)[117-119]. Furthermore, secretory vesicles including miRNAs have been
shown to be able to function as intercellular transmitters[72,116,120], suggesting that circulating miRNAs in plasma/serum possess various roles in cancer development
and metastasis. Those findings have provided new insight
into the screening and monitoring of cancer patients, and
emerging evidence has suggested the promising potential
of circulating miRNA as a novel and non-invasive biomarker in clinical practice[121,122].

elegans) development. In 2000, a second miRNA, let-7, was
identified to repress the functions of multiple mRNAs in
C. elegans[105]. Subsequently, let-7 was found to be widely
conserved across species, implying the ubiquitous roles
of miRNAs[106]. Since then, accumulated research has revealed their biological features in a variety of diseases.
In summary, miRNAs are a group of noncoding small
RNAs, whose mature form generally consists of 19-25
nucleotides. miRNAs are involved in post-translational
regulation of gene expression by inhibiting stability and
translation of mRNAs[107]. To date, more than 1800 miRNAs have been characterized in Homo sapiens according to
the miRNA database (miRBase), and the number of listed miRNAs is increasing. It is suggested that one miRNA
can regulate multiple different mRNAs, and conversely
one mRNA can be regulated by multiple miRNAs[108,109].
Concerning malignant diseases, miRNAs have been
demonstrated to play essential roles in cell proliferation,
cell differentiation, apoptosis, EMT, and metastasis[45,46].
Numerous studies have proven the aberrant expression
of miRNA and its critical characteristics including both
oncogenic and tumor suppressive functions in various
cancers. Those findings have motivated us to accelerate
this promising field to the next stage, such as development of miRNA-based biomarkers and therapies[110,111].
In 2008, the successful detection of circulating miRNAs and their significance in malignant diseases were
first reported by several groups[112-115]. Notably, Mitchell et
al[112] and Chen et al[113] clearly demonstrated the biological
features and potent utility of circulating miRNA, showing their high stability and reproducibility with resistance
to endogenous/exogenous RNase, prolonged incubation
at room temperature, extreme pH conditions and multiple freeze-thawing processes. The stability of miRNA in
plasma/serum, likely greater than that of mRNA, could
be explained by some protective mechanisms, which involve packaging in secretory particles (apoptotic bodies,
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Detection of circulating cell-free RNA in patients with
GC and its clinical relevance
As summarized in Table 4, the number of previous reports regarding circulating mRNA in GC patients is small
compared with those regarding other types of cancers
and with those concerning circulating DNA in GC. However, as Kang et al[123] recently reported that the detection
of plasma hTERT mRNA can serve as a potential marker for diagnosis and prognosis of GC patients, increased
insight and evidence about circulating mRNA might facilitate the development of this field.
Since the potent utility of determining miRNAs in the
plasma of GC patients was first reported by our group in
2010[124], many studies have demonstrated the significance
of circulating miRNAs as novel biomarkers (Table 5).
Still, the immaturity of the field has led to several issues
concerning its actual introduction in clinical settings. To
date, there has been no consensus regarding how interand intra-individual variations can affect the results,
which sample (i.e., plasma or serum) is more favorable
for measuring circulating miRNA, or which molecule is
the most appropriate for the sensitive detection and endogenous controls. Moreover, as mentioned before, one
miRNA can regulate multiple mRNAs and the numbers
of discovered miRNAs and targeted mRNAs are still
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Table 4 Circulating cell-free mRNA in gastric cancer
Characteristic and number
of patients
Ⅰ-Ⅳ

52
(40 preoperative)
(12 postoperative)

Ⅰ-Ⅳ

89
[paired, before and
after surgery (n = 69)]

Controls
(n )

Plasma/
serum

20

Plasma

42

Plasma

Detection method
qRT-PCR

qRT-PCR

Detection rate/statistic value

hTERT
MUC1
hTERT + MUC1
hTERT
MUC1
hTERT + MUC1

7.5%
1%
15%
16.7%
8.3%
16.7%

CXCR4↑

41.6%
23.2%
21.4%
P < 0.05

Bmi-1↑

Ⅰ-Ⅳ

118

40
Plasma
(gastritis)
58 (healthy
controls)

qRT-PCR hTERT mRNA↑

Tani et al[147]

(preoperative)

(postoperative)

No detection in controls
[before surgery (n = 89)]
[after surgery (n = 69)]
[Ctrl. (n = 42)]
Before surgery (n = 89) vs Ctrl.
(n = 42)
57.3%
[before surgery (n = 89)]
43.5%
[after surgery (n = 69)]
28.6%
[Ctrl. (n = 42)]
P < 0.05
Before surgery (n = 89) vs Ctrl.
(n = 42)
P < 0.05
Before (n = 89) vs after (n = 69)
surgery
P < 0.05
GC (n = 118) vs gastritis (n =
40)
P < 0.05
GC (n = 118) vs Ctrl. (n = 58)

AUC = 0.891
DFS: P < 0.001
DFS: P = 0.001
OS: P < 0.001
OS: P < 0.001

Ref.

Xu et al[176]

(a)

(a)
(a)
(a)

Kang et al[123]

(a)

GC (n = 118) vs Ctrl. (n = 58)
(b)
(c)
(b)
(c)

a: Mann-Whitney U-test; b: Kaplan-Meier survival curves, Log-rank test/Breslow-Wilcoxon test; c: Multivariate Cox proportional hazard regression model.
AUC: Area under the receiver operating characteristic curve; DFS: Disease-free survival; OS: Overall survival; qRT-PCR: Quantitative real-time polymerase
chain reaction; hTERT: Human telomerase reverse transcriptase; MUC1: Mucin-1.

increasing owing to recent advances in bioinformatic
analysis, making it more difficult to obtain a meticulous
understanding of each miRNA. Although comprehensive
approaches by genome-wide profiling can address those
problems to some extent, a further large-scale validation
with well-established methods seems to be required in
this area as well.
To overcome obstacles due to inter-individual variations, our group tried to identify candidate miRNAs
by comparing miRNA profiles between pre- and postoperative samples in the same individuals[125]. Because
miRNAs are involved in various non-cancerous cell biology including physiological modulation and pathological
disruption of basic pathways[126,127], the existence of interindividual differences can be strongly suspected based on
miRNA expression. As a result, two miRNAs, miR-451
and miR-486, were selected based on this strategy and
their significant value in discriminating between GC
patients and healthy controls was clearly demonstrated
with an AUC of 0.96 and 0.92 in ROC curve analysis for
miR-451 and miR-486, respectively. We suggest that the
miRNAs isolated by these concepts could be valuable
biomarkers for the effective detection of early cancer and
recurrence because the change of these miRNAs can be
affected by the reduction of the volume of cancer tissue
and is therefore directly related to tumor existence.
Most recently, our group published new observa-
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tions in which long non-coding RNAs (lncRNAs) in the
plasma of GC patients were successfully detected[128].
Specifically, three lncRNAs (H19, HOX antisense intergenic RNA and metastasis associated lung adenocarcinoma transcript-1) stably exist in plasma from both GC
patients and healthy controls. Plasma H19 levels were
significantly higher in the patient group than the control
group and decreased postoperatively, implying the possible use of H19 levels as a novel diagnostic marker in
GC. LncRNAs are defined as non-protein coding transcripts longer than 200 nt lacking significant open reading
frames and involved in fundamental cellular processes,
such as RNA processing, gene regulation, chromatin
modification, gene transcription, and post-transcriptional
gene regulation based on RNA sequence complementary
interactions[129,130]. Detailed investigations have shown
that lncRNAs can exhibit developmental and tissue specific expression patterns as well as aberrant regulation in
a variety of diseases, including GC[131,132]. Explorations of
a novel type of RNA can provide more intriguing aspects
in this research field.

CONCLUSION
Although the concept of “liquid biopsy” possesses great
potential in detection and monitoring of diseases as
previously described in detail, several hurdles should be
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Table 5 Circulating cell-free microRNA/long non-coding RNA in gastric cancer
Characteristic and
number of patients
microRNA
Ⅰ-Ⅳ

Ⅰ-Ⅳ

Ⅰ-Ⅳ

69

164

56

Controls (n ) Plasma/
serum
30

127

30

Plasma

Serum

Plasma

Detection method

qRT-PCR

Solexa
sequencing
qRT-PCR

Detection rate/statistic value

miR-17-5p↑

P = 0.05

miR-21↑

P = 0.006
P = 0.013

miR-106a↑
miR-106b↑

P = 0.008
P < 0.001
P = 0.022

let-7a↓
miR-106a/
let-7a↑
miR-1↑

P = 0.002

P < 0.01
P < 0.01
P < 0.01

miR-486↑

40

41

Serum

N/A

82

82

Serum

Microarray miR-187*↑
qRT-PCR miR-371-5p
↑
miR-378↑
Microarray miR-221↑
qRT-PCR

N/A
20
(pre-op, post-op and
recurrent)
Ⅰ-Ⅳ
30
Ⅰ-Ⅳ
87

39

Serum

qRT-PCR

miR-376c↑
miR-744↑
miR-196a

Serum
Plasma

qRT-PCR
qRT-PCR

miR-21↑
miR-17-5p↑

Ⅰ-Ⅳ

P = 0.0016
P = 0.0009
P < 0.0001
AUC = 0.74
AUC = 0.71
AUC = 0.71
P = 0.012
P = 0.002
P < 0.001
P < 0.001

190

Plasma

Ⅰ-Ⅲ

79
(25 without LN meta)
(54 with LN meta)
Ⅰ-Ⅳ
69

Plasma
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paired (n = 29), pre-op >
post-op
AUC = 0.92 Pt. (n = 56) vs Ctrl (n = 30)
paired (n = 29), pre-op >
post-op
AUC = 0.704 Pt. (n = 40) vs Ctrl (n = 41)
AUC = 0.715

miRNA
miR-375↓
microarray
qRT-PCR
miRNA
miR-195-5p
microarray
↓
miR-21↑
miR-146a↑
miR-148a↑
qRT-PCR
miR-21↑

Liu et al[177]

Konishi et
al[125]

(b)
(a)
(b)
(a)
(a)

AUC = 0.861
(a)
Pt. (n = 68) vs Ctrl (n = 68) (second validation
study)

Liu et al[178]

Song et al[179]

Wang et al[181]
Wang et al[182]

Pre-op (n = 65) > post-op
(n = 16)
OS: P = 0.0003 miR-20a high
Pre-op (n = 65)
vs low
OS: P = 0.013 miR-20a high
pre-op (n = 65)
vs low
P < 0.001
AUC = 0.835 Pt. (n = 20) vs Ctrl (n = 20)

(a)

Pre-op (n = 20) > post-op (n = 20)
Post-op (n = 20) < at recurrent (n = 20)
AUC = 0.81

miR-17-5p
high vs low

P = 0.006

miR-20a↑

20

(a)

(a)

(a)
(a)

OS: P = 0.0003

Serum

Pt. (n = 164) vs Ctrl (n = 127)

(a)
(a)
(b)

Pt. (n = 30) vs Ctrl (n = 39)
Pre-op (n = 65) > post-op
(n = 16)
Post-op (n = 16) <
recurrent (n = 6)
Pre-op (n = 65)

(16 post-op)

20

(a)
(b)

Tsai et al[180]

P = 0.003

20

Pt. (n = 69) vs Ctrl (n = 30)
paired (n = 10), pre-op >
post-op
Pt. (n = 69) vs Ctrl (n = 30)
AUC = 0.721 Pt. (n = 69) vs Ctrl (n = 30)
paired (n = 10), pre-op >
post-op
Pt. (n = 69) vs Ctrl (n = 30)
AUC = 0.879

Tsujiura et
al[124]

(a)
(a)

(65 pre-op)

(6 recurrent)

Pt. (n = 69) vs Ctrl (n = 30) (a)

miR-20a↑
P < 0.01
(a)
miR-27a↑
P < 0.01
(a)
miR-34a↑
P < 0.01
(a)
miR-423-5p
P < 0.01
(a)
↑
Five-serum AUC = 0.879
Pt. (n = 22) vs Ctrl (n = 22) (test study)
miRNA
signature↑
AUC = 0.831 Pt. (n = 142) vs Ctrl (n = 105) (validation study)
Microarray miR-451↑
P < 0.01
AUC = 0.96 Pt. (n = 56) vs Ctrl (n = 30) (a)
qRT-PCR

Ⅰ-Ⅳ

P < 0.01

Ref.

P < 0.05
P < 0.001
P = 0.001
P < 0.001
CSS: P =
0.0451

3278

Fold changes Pt. (n = 20) vs Ctrl (n =
13.3
130)
Correlation with pN stage
Correlation with pN stage
Correlation with pN stage
miR-21 high vs low

(a)
(c)

(c)
(d)
(a)

Zhang et al[183]

(a)

Gorur et al[184]

(e)
(e)
(e)
(c)

Kim et al[185]

Komatsu
et al[186]
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Ⅰ-Ⅱ

80

70

Plasma

qRT-PCR

miRNA199a-3p↑

(healthy
controls)
20
(precancerous
disease)
Long non-coding
RNA
Ⅰ-Ⅳ
43

33

Plasma

qRT-PCR

CSS: P =
0.0133
P < 0.001

(d)
(a)

P = 0.004

Pt. (n = 80) vs Ctrl. (n =
70)
Pt. (n = 80) vs pancreous disease (n = 20)

P = 0.012

Pre-op > post-op (n = 30)

(b)

H19

P = 0.029

HOTAIR
MALAT1

P = 0.096
P = 0.14

AUC = 0.818

Pt. (n = 43) vs Ctrl. (n =
33)

Li et al[187]

(a)

(a)

Arita et al[128]

(a)
(a)

a: Unpaired t-test/Mann-Whitney U-test; b: Wilcoxon test; c: Kaplan-Meier survival curves, Log-rank test; d: Logistic regression model (multivariate); e:
Kruskal-Wallis test. AUC: Area under the receiver operating characteristic curve; CSS: Cause-specific survival; LN: Lymph node; N/A: Not available; qRTPCR: Quantitative real-time polymerase chain reaction; OS: Overall survival.

overcome before translating it into clinical settings. One
of the most important issues is the lack of consensus
in technical approaches, which involves various aspects
of the methodologies, such as preferable sample type,
storage conditions, candidate molecules and suitable detection techniques. Moreover, technical errors may introduce contaminated cells or molecules into experimental
samples, which could cause misunderstandings and statistical errors. Therefore, the standardization of techniques
throughout all experimental steps should be emphasized.
Owing to recent remarkable technological developments, novel revolutionary approaches including an in vivo
CTC isolation system[32] and multi-detectable array have
been introduced into this research field. However, some
issues raised by those advances should be addressed
properly. Although multi-detection approaches can facilitate exhaustive screenings and provide us with various
types of information, the important considerations are
which molecules should be selected as a tumor marker
and how the result of an individual patient obtained by
multiple detection panels should be effectively utilized.
Of course, the cost and practicality of each assay should
also be taken into consideration to some extent.
In summary, the science of CTCs and circulating
cfNAs remains in its infancy. Despite numerous approaches and techniques that have been advocated to
accomplish the ultimate goal, that is, the development of
a useful, sensitive and real-time monitoring system from
the blood, few proposals have been translated into clinical practice. Large-scale studies and further understanding of their biology and significance could resolve those
problems and enhance their utility as biomarkers. Consequently, the development of novel biomarkers based on
CTCs and cfNAs could provide many benefits for cancer
patients including the improvement of clinical outcomes
in the near future.
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ORIGINAL
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Cortactin expression confers a more malignant phenotype
to gastric cancer SGC-7901 cells
Jun Wei, Zhong-Xin Zhao, Yang Li, Zhu-Qing Zhou, Tian-Geng You
lines were successfully established and designated as
LV5-cortactin-SGC, LV5-SGC, LV3-shRNA-SGC and LV3SGC. Cortactin overexpression promoted SGC-7901 cell
migration (340.7 ±12.6 vs 229.1 ± 23.2, P < 0.01) and
invasion (71.6 ± 5.2 vs 48.4 ± 3.6, P < 0.01). Cortactin downregulation impaired SGC-7901 cell migration
(136.2 ± 19.8 vs 225 ± 17) and invasion (29.2 ± 5.2
vs 49.6 ± 3.8, P < 0.01). The results from the MTT
and colony formation assays results indicated increased
LV5-cortactin-SGC cell proliferation and decreased LV3shRNA-SGC cell proliferation compared to the control
cells. Flow cytometry analysis demonstrated that cortactin overexpression promoted the proliferation index
of SGC-7901 cells, and the results were reversed when
cortactin was downregulated. Mouse tumor models
confirmed that cortactin expression increased SGC-7901
cell proliferation and metastasis in vivo . Western blotting analysis revealed that cortactin elevated EGFR expression and activated the downstream molecules.
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Abstract

CONCLUSION: Cortactin expression promoted the
migration, invasion and proliferation of SGC-7901 cells
both in vivo and in vitro . The EGFR signaling pathway
is mechanistically involved.

AIM: To study the effects of cortactin on the tumor
biology of SGC-7901 cells and identify the mechanism
involved in the process.
METHODS: Cell lines in which cortactin was stably
overexpressed or knocked down as well as the respective control cell lines were established by standard
molecular methods. The effects of cortactin on the proliferation, migration and invasion capacity of SGC-7901
cells were assessed by the MTT assay, colony formation, flow cytometry, transwell migration and matrigel
invasion. Nude mouse models were also used to assess the role of cortactin in the growth and metastasis
of SGC-7901 cells in vivo . Western blotting analysis
was performed to detect the expression of epidermal
growth factor receptor (EGFR) and downstream molecules.

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

Key words: Gastric cancer; Cortactin; Epidermal growth
factor receptor; Invasion; Metastasis; Proliferation
Core tip: Cortactin is an actin-related protein 2/3
complex-activating and filamentous (F)-actin-binding
protein that is implicated in tumor cell motility and
metastasis. Clinical studies have shown that cortactin
overexpression is often associated with the clinicopathological parameters and poor prognosis in a variety
of cancers, including gastric cancer. In this study, the
effects of cortactin on gastric cancer progression were
investigated. The results showed that cortactin expression promoted SGC-7901 cell migration, invasion and

RESULTS: Cell lines in which cortactin was stably
overexpressed or knocked down as well as control cell
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proliferation both in vitro and in vivo . The epidermal
growth factor receptor signaling pathway is mechanistically involved. Cortactin may serve as a novel therapeutic target of gastric cancer.

In this study, molecular methods were used to overexpress and knockdown cortactin in SGC-7901 gastric
carcinoma cells and the resulting phenotypes were analyzed. The overexpression of cortactin promoted the
migration, invasion and proliferation of SGC-7901 cells
in vitro. Cortactin overexpression enhanced tumor growth
and metastatic capacity in vivo. The Western blotting
results indicated that epidermal growth factor receptor (EGFR) expression was upregulated in the cortactin
overexpression cells and that the downstream molecules
were activated. Cortactin silencing resulted in the opposite effects. These observations are consistent with a
previous report indicating that cortactin overexpression
in a cervical cancer cell line markedly inhibits the ligandinduced down-regulation of EGFR[18]. In the same study,
the RNAi-mediated reduction of cortactin expression in
an 11q13-amplified HNSCC cell line accelerated EGFR
degradation[18]. Therefore, cortactin and EGFR may synergistically contribute to the progression of gastric carcinoma. Cortactin may serve as a promising therapeutic
target in gastric cancer.

Wei J, Zhao ZX, Li Y, Zhou ZQ, You TG. Cortactin expression confers a more malignant phenotype to gastric cancer SGC-7901 cells. World J Gastroenterol 2014; 20(12):
3287-3300 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i12/3287.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i12.3287

INTRODUCTION
Gastric carcinoma is one of the most common cancers in
the world and the second leading cause of cancer death
worldwide[1-3]. Over 70% of new cases and deaths occur
in developing countries and the highest incidence rate is
in China and other eastern Asian countries[3]. One recent
study indicated that the 5-year overall survival of the
disease was 53%[4]. In contrast, the 5-year survival rates
for all tumor stages are only 20% to 25% in the western
world, and the median survival time approximately 24
mo[5]. Surgery and adjuvant chemo-radiotherapy are traditional therapies that have a poor prognosis, therefore molecular targeted therapy has been studied extensively. Targeted therapy is based on a comprehensive understanding
of the mechanisms governing gastric cancer progression,
but an exact mechanism has yet to be elucidated.
Cortactin protein was first identified in chicken cells
transformed by the src oncogene[6]. The gene encoding
cortactin maps to chromosome 11q13, which is often
amplified in many carcinomas, such as head and neck
squamous cell carcinoma (HNSCC)[7]. Cortactin is an actin-related protein 2/3 (Arp2/3) complex-activating and
filamentous (F)-actin-binding protein that is implicated
in tumor cell motility and metastasis[8]. The protein is
enriched in cortical structures such as membrane ruffles
and lamellipodia[9]. The properties of cortactin indicate
that it may be important for microfilament-membrane interactions as well as the transduction of signals from the
cell surface to the cytoskeleton[9]. In carcinoma cells that
constitutively overexpress cortactin, this protein accumulates in the cytoplasm as well as protruding leading lamellae or podosome-like structures, thereby contributing to
the invasive potential of these tumor cells[10]. Cortactin
overexpression often occurs in malignant tumors regardless of the chromosome 11q13 amplification and is associated with poor prognosis[11-15]. Cortactin has also been
studied in gastric carcinoma tissues. The results indicated
that cortactin overexpression directly correlates with
more advanced cancer and lymph node stages as well as
degree of differentiation; thus, cortactin overexpression
is associated with unfavorable survival[16,17]. However, the
exact role of cortactin in gastric cancer progression remains unknown.
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MATERIALS AND METHODS
Cell culture
SGC-7901 cells (obtained from Professor Liang, School
of Medicine, Tongji University) were cultured in RPMI
1640 (Gibco, Grand Island, NY, United States) supplemented with 10% fetal calf serum (FCS) and maintained
at 37 ℃ in 5% CO2. HEK293T cells were cultured in
DMEM with high glucose supplemented with 10% FCS
and maintained at 37 ℃ in 5% CO2.
Antibodies and plasmids
Rabbit polyclonal anti-cortactin, anti-phospho-cortactin,
anti-EGFR, anti-AKT, anti-phospho-AKT, anti-signal
transducer and activator of transcription 3 (STAT3),
anti-phospho-STAT3, anti-glyceraldehyde 3-phosphate
dehydro- genase (GAPDH) and the secondary mouse
anti-rabbit antibody were purchased from Epitomics
(Burlingame, CA, United States). For overexpression and
knockdown of cortactin, the pGLV5/H1/GFP+Puro
and pGLV3/H1/GFP+Puro lentiviral plasmid were
used, respectively. The PG-P1-VSVG, PG-P2-REV and
PG-P3-RRE helper plasmids were employed to package
the lentiviral vector (Genepharma, Shanghai, China).
The design of shRNA to silence the expression of
cortactin
Two following validated cortactin shRNA sequences
we r e u s e d , ( f o r wa r d ) : 5 ’ - G AT C C G A A AG AC TAC T C C AG T G G T T T C A AG AG A AC C AC T G GAGTAGTCTTTCTTTTTTG-3’, and (reverse):
5’-AATTCAAAAAAGAAAGACTAC TCCAGTGGTTCTCTTGAAACCACTGGAGTAGTCTTTCG-3’.
The non-specific control sequences were as follows:
(forward) 5’-GATCCGTTCTC CGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAACT
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TTTT TG-3’, and (reverse) 5’-AATTCAAAAACCTAAGGTTAAGTCGCCCTCGCT CGAG CGAGGGCGACTTAACCTTAGG-3’. The two pairs were annealed
and inserted into the BamHI and EcoRI sites of the
pGLV3/H1/GFP+Puro lentiviral plasmid. The product
was then transformed into Trans5α (TransGen Biotech,
Beijing, China). Positive clones were selected and verified
by restriction enzyme and sequence analysis.

GAAAGACA-3’. (GAPDH forward primer) was 5’-G
GTGGTCTCCTCTGACTTCAACA-3’, (GAPDH
reverse primer): 5’-GTTGCTG TAGCCAAATTCGTTGT-3’. All the experiments were performed in triplicate
with 3 replicates.
Western blotting assay
Western blotting was performed as previously described[19] with antibodies against cortactin, phosphorcortactin, GAPDH, EGFR, STAT3, phosphor-STAT3,
AKT and phosphor-AKT at 1:1000 dilutions. The band
intensity was detected using Image Quant LAS 4000 (GE
Healthcare, Buckinghamshire, England) and analyzed using ImageJ software.

Construction of cortactin overexpression plasmid
The cortactin coding sequence (CDS) was obtained by
polymerase chain reaction (PCR) using the TransTaq
High Fidelity PCR SuperMix I (TransGen Biotech,
Beijing, China) in accordance with the manufacturer’
s protocol. The following primers were used: (forwa r d ) 5 ’ - ATA AG A AT G C G G C C G C AT G T G GAAAGCTTCAGCAGGCCACG-3’, and (reverse)
5 ’ - C G G G AT C C C T AC T G C C G C AG C T C C A CATAGTTG-3’. The cortactin CDS was inserted into to
the NotI and BamHI sites of the pGLV5/H1/GFP+Puro
lentiviral plasmid, and the product was transformed into
Trans5α (TransGen Biotech, Beijing, China). Positive
clones were selected and verified by PCR and sequence
analysis.

Cell migration and invasion assays
Cell migration and invasion assays were performed using 24-well Transwell chambers with a pore size of 8 μm
(Costar, New York, NY, United States) planted with 5 ×
104 cells in serum-free RPMI 1640. The lower chambers
were filled with medium that contained 10% fetal bovine
serum as the chemoattractant. For the invasion assays,
the inserts were coated with 50 μL Matrigel (1:3 dilution;
BD Bioscience, Franklin Lakes, NJ, United States). After
culture for 24 h, the cells on the upper membrane surface
were removed by scraping with a cotton swab, and the
cells that passed through the filter were fixed and stained
using the hematoxylin-eosin reagent. The invading cells
were counted in five randomly selected high power fields
using a microscope. All the experiments were performed
in triplicate with 3 replicates and the mean was calculated.

Packaging of lentiviral vectors and the establishment of
stable transfectants
The successfully constructed pGLV3-cortactin shRNA
and the pGLV5-cortactin vector were transfected into
HEK293T cells with PG-P1-VSVG, PG-P2-REV and
PG-P3-RRE plasmids. All transfection reactions were
performed using the GeneExpresso Max Transfection
Reagent (Excellgen; Rockville, MD, United States) in
accordance with the manufacturer’s instructions. Eight
to twelve hours after transfection, the culture medium
of the HEK293T cells was changed to fresh culture
medium. The supernatant was then harvested at 72 h
and titered using the HEK293T cell line. The pGLV3control shRNA and pGLV5-control plasmids were also
packaged simultaneously. The lentiviral stock titer was 1
× 108 TU/mL. SGC-7901 cells were cultured in six-well
tissue culture plates and infected with the four lentiviral
vectors at a multiplicity of infection of 40 for 24 h. The
medium was replaced with fresh complete medium. After
3 d, cells were observed by fluorescence microscopy to
confirm that greater than 90% of the cells were GFPpositive (Figure 1). Subsequently, the GFP-positive cells
were screened by addition of 5 μg/mL puromycin. The
resultant stable cell lines were designated as LV5-cortactin-SGC, LV5-SGC, LV3-shRNA-SGC, and LV3-SGC.

Cell proliferation assay
In general, 1 × 10 3 cells were seeded per well in a
96-well culture plate. Fifty microliters of 5 mg/mL
3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenyltetraz oliumb-romide (Kengen, Nanjing, China) in 1 × phosphatebuffered saline was added to growth medium 48 and 72
h after plating. The cells were incubated for 4 h at 37 ℃
and then solubilized with 150 μL DMSO for 30 min. A
96-well plate reader (Bio-Rad, Philadelphia, United States)
was used to measure the absorbance at 490 nm. All the
experiments were performed in triplicate with 3 replicates
and the mean was calculated.
Colony formation assay
After achieving 70% to 80% confluence, the cells were
trypsinized, washed three times with phosphate-buffered
saline (PBS), and then plated in triplicate at 1 × 10 3
cells/6 cm well. After 14 d of culture, the colonies were
fixed with 4% paraformaldehyde and stained with crystal
violet. The number of colonies per well was counted using a microscope and a cluster of 50 cells was designated
as a colony. Three independent experiments were performed.

Real-time quantitative reverse transcription PCR
Real time reverse transcription (RT) polymerase chain
reactions were performed as previously described using
GAPDH as an internal control[19]. The primer sequences
used for q-RT-PCR are as follows: (cortactin forward
primer) 5’-TGAGTGTGTGTTCTTCCCCAAG-3’,
(cortactin reverse primer) 5’-CACGTGACCTTCTG-
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Flow cytometry analysis
Cells were plated at 2 × 105 cells per well in a 6-well cul-
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Figure 1 Establishment of the LV5-cortactin-SGC, LV5-SGC, LV3- shRNA-SGC, and LV3-SGC stable cell lines. A, E: LV5-cortactin-SGC; B, F: LV5-SGC; C, G:
LV3-shRNA-SGC; D, H: LV3-SGC. The stable transfectants expressed green fluorescent protein. The left half of the figure was obtained under light field, and the right
half was obtained under fluorescence. There is no morphological difference found between the stable cell lines.

ture plate and cultured for 48 h. The cells were then harvested, fixed with 70% ethanol, and washed with ice-cold
PBS. The cells were stained with 50 μg/mL propidium
iodide and 250 μg/mL RNase and incubated for 30 min
in the dark at room temperature. The cells were subsequently analyzed by flow cytometry using a FACS Calibur

WJG|www.wjgnet.com

(Becton Dickinson, Bedford, MA, United States).
In vivo assays of tumor growth and metastasis
Four- to six-week-old female BALB/c nude mice were
purchased from the Slac Laboratory Animal Company
(Shanghai, China) and fed in the Experimental Animal
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Figure 2 Cortactin expression at the mRNA and protein level in the recombinant cell lines. A, B: Bar chart represents quantitative real-time polymerase chain
reaction assessment of the cortactin mRNA levels in the LV5-cortactin-SGC, LV5-SGC, LV3-SGC and LV3-shRNA-SGC cells (bP < 0.01 between groups, Student’s
t-test); C: Western blotting analysis of cortactin and phosphorylated cortactin in the LV5-cortactin-SGC and LV5-SGC control cells. The cortactin and phosphorylated
cortactin increased greatly in the LV5-cortactin-SGC cells compared with the LV5-SGC cells; D: Western blotting analysis of cortactin and phosphorylated cortactin in
the LV3-shRNA-SGC and LV3-SGC control cells. The levels of cortactin and phosphorylated cortactin were decreased significantly in the LV3-shRNA-SGC cells compared with LV3-SGC cells. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control.

Statistical analysis
The results are expressed as the mean ± SD. For the
comparison of the means between two groups, a twotailed t-test was used. For the statistical analysis of the
in vivo metastases, the Mann Whitney U test was used.
Statistical analysis was performed using SPSS software
version 17.0. A P-value < 0.05 was considered statistically
significant.

Center of Tongji University. All mice were maintained
in a germ-free environment with free access to food and
water. To examine the effects of cortactin on tumor cell
proliferation and metastasis in vivo, LV5-cortactin-SGC,
LV5-SGC, LV3-shRNA-SGC and LV3-SGC cells were
used. For the in vivo proliferation assay, four nude mice
from each group were injected subcutaneously with 5.0 ×
106 cells. The tumor volumes were measured at the indicated times according to the following formula[20]: 0.5 ×
length × width2. After 8 wk, the mice that were injected
subcutaneously were sacrificed and the tumors were dissected and measured to calculate the volume. For the
spontaneous metastasis assay, the cells were injected into
the inferior portion of the gastric serosa of 8 nude mice
in each group. The mice were monitored every 3 d and
sacrificed 12 wk after injection. The livers of the mice
were dissected, and the liver metastases were evaluated.
Paraffin-embedded tumors and livers were sectioned,
and stained with hematoxylin and eosin. The slides were
microscopically observed to confirm the presence of the
tumor formation and metastasis in the mice. The average values were expressed as the mean ± SE. This animal
experiment was approved by the ethic commission of the
experimental center of Tongji University. The study was
in accordance with the recommendations of the regional
and country animal ethics committee.

WJG|www.wjgnet.com

RESULTS
The establishment and identification of stable
transfectants
Four stable recombinant cell lines were generated using
the pGLV5-cortactin, pGLV5-control, pGLV3-cortactin
shRNA and pGLV3-control lentiviruses, which were designated as LV5-cortactin-SGC, LV5-SGC, LV3-shRNASGC and LV3-SGC cells, respectively. As shown in Figure 1, the stable transfectants expressed green fluorescent
protein, and no morphological differences were observed
between the stable cell lines. Quantitative real-time PCR
was performed to identify the levels of cortactin gene
transcription in the cell lines. Cortactin mRNA transcription was significantly increased in LV5-cortactin-SGC
cells compared with the LV5-SGC cells (P < 0.01, Figure
2A) and significantly reduced in the LV3-shRNA-SGC
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Figure 3 Cortactin expression promotes SGC-7901 cell migration. A-D: Number of LV5-cortactin-SGC cells (A) that migrated through the chamber was greatly increased compared with that for the LV5-SGC cells (B). The number of LV3-shRNA-SGC cells (D) that migrated through the chamber was greatly decreased compared
with the number of migrating LV3-SGC cells (C); E: Statistical analysis of invasion by LV5-cortactin-SGC and control LV5-SGC cells (340.7 ± 12.6 vs 229.1 ± 23.2, bP
< 0.01); F: Statistical analysis of invasion by LV3-shRNA-SGC and control LV3-SGC cells (136.2 ± 19.8 vs 225 ± 17, dP < 0.01). Student’s t-test was used, and P < 0.05
was considered statistically significant.

cells compared with the LV3-SGC cells (P < 0.01, Figure
2B). Western blotting analysis showed that the cortactin
protein expression was increased by 2.6-fold in the LV5cortactin-SGC cells compared with the LV5-SGC cells
(Figure 2C). Cortactin protein expression was decreased
by 70% in the LV3-shRNA-SGC cells compared with
the LV3-SGC cells (Figure 2D). These results suggested
that the inserted genes were highly efficient in the stable
transfectants.

and invasion assays were performed. For the migration
assay, Transwell chambers were used in absence of Matrigel. LV5-cortactin-SGC cell migration was significantly
enhanced compared with that of LV5-SGC cells. The
number of LV5-cortactin-SGC cells that migrated to the
lower chamber was 340.7 ± 12.6 per high-power field
(HPF) compared with 229.1 ± 23.2 per HPF for the LV5SGC cells (P < 0.01; Figure 3A, B and E). Simultaneously, LV3-shRNA-SGC cell migration greatly decreased
compared with that of LV3-SGC cells. The mean number of LV3-shRNA-SGC cells that migrated to the lower
chamber was 136.2 ± 19.8 per HPF compared with 225
± 17 per HPF for the LV3-SGC cells (P < 0.01; Figure
3C, D and F). For the invasion assay, Matrigel, an artificial

Cortactin promote the SGC-7901cell migration and
invasion in vitro
To determine the role of cortactin expression in gastric
cancer cell migration and invasion, Transwell migration
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Figure 4 Cortactin expression promotes SGC-7901 cell invasions. A-D: Number of LV5-cortactin-SGC cells (A) that invaded the chamber was greatly increased
compared with the number of invading LV5-SGC cells (B). The number of LV3-shRNA-SGC cells (D) that invaded the chamber was greatly decreased compared with
the number of invading LV3-SGC cells (C); E: Statistical analysis of invasion by LV5-cortactin-SGC and control LV5-SGC cells (71.6 ± 5.2 vs 48.4 ± 3.6, bP < 0.01);
F: Statistical analysis of invasion by LV3-shRNA-SGC and control LV3-SGC cells (49.6 ± 3.8 vs 29.2 ± 5.2, dP < 0.01). Student’s t-test was used, and P < 0.05 was
considered statistically significant.

extracellular matrix, was used. Similarly, LV5-cortactinSGC cell invasion was significantly enhanced compared
with that of the LV5-SGC cells (71.6 ± 5.2 vs 48.4 ± 3.6,
P < 0.01; Figure 4A, B and E). Compared with LV3-SGC
cells, the LV3-shRNA-SGC cells displayed reduced invasion (49.6 ± 3.8 vs 29.2 ± 5.2, P < 0.01; Figure 4C, D and
F). These results indicated that cortactin expression promotes the migration and invasion potential of SGC-7901
gastric cancer cells.

tric cancer cell growth, the MTT and colony formation
assays were performed. The MTT assay results indicated
an obvious increase in LV5-cortactin-SGC cell proliferation compared with the LV5-SGC cells on the second
and the third days (P < 0.05; Figure 5A). The proliferation capacity of the LV3-shRNA-SGC cells significantly
decreased compared with the LV3-SGC cells on the second (P < 0.05; Figure 5B) and the third days (P < 0.01;
Figure 5B). The effect of cortactin on SGC-7901 cell
growth was also confirmed by the colony formation assay. These results indicated that cortactin overexpression
clearly contributes to an increased ability to form colonies (P < 0.01; Figure 5C, D and G). Moreover, cortactin

Cortactin promotes SGC-7901 gastric cancer cell
proliferation
To investigate the effect of cortactin expression on gas-
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Figure 5 Cortactin expression promotes SGC-7901 cell proliferation. A: MTT assay results showed that the LV5-cortactin-SGC cell proliferation was increased
on the second (aP < 0.05 vs LV5-SGC cells) and the third (cP < 0.05 vs LV5-SGC cells) days after plating; B: LV3-shRNA-SGC cell proliferation was significantly lower
on the second (eP < 0.05 vs LV3-SGC cells) and third (bP < 0.01 vs LV3-SGC cells) days after plating. The colony formation assay confirmed the role of cortactin in
SGC-7901 cell proliferation. The LV5-cortactin-SGC, LV5-SGC, LV3-shRNA-SGC and LV3-SGC cell colonies were stained with crystal violet (C-F, respectively); G:
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0.05 was considered significantly significant.
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Figure 6 Effect of cortactin on the cell cycle as analyzed by flow cytometry. A-D: Cell-cycle stages of LV5-cortactin-SGC, LV5-SGC, LV3-shRNA-SGC and LV3SGC cells were detected by flow cytometry; E: Proliferation indexes of LV5-cortactin-SGC and LV5-SGC cells, aP < 0.05 between groups was assessed by Student’
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significantly significant.

downregulation significantly reduced of the colony formation capacity of the SGC-7901 cells (P < 0.05; Figure
5E, F and H). These results suggest that cortactin expression influences SGC-7901 cell growth and proliferation.

shRNA-SGC cells was significantly reduced compared
with that of LV3-SGC cells (P < 0.01; Figure 6C, D and
F). These results suggest that cortactin increases the proliferation index of SGC-7901 cells.

Cortactin increases the proliferation index of SGC-7901
cells
To investigate the effects of cortactin expression on the
cell cycle in SGC-7901 cells, the flow cytometry assay was
performed. The proliferation index was calculated as (S +
G2M)/(G0G1+S+G2M) according to a previous study[21].
The LV5-cortactin-SGC cell proliferation index was significantly higher than that of LV5-SGC cells (P < 0.05;
Figure 6A, B and E). The proliferation index of the LV3-

Cortactin overexpression accelerates tumor growth and
metastasis in vivo
To investigate the role of cortactin overexpression in the
tumor growth and metastasis in vivo, the tumor formation
and metastatic abilities of the LV5-cortactin-SGC, LV5SGC, LV3-shRNA-SGC and LV3-SGC cells were compared in a mouse tumor model. For the tumor growth assay, the cells were inoculated subcutaneously in the nude
mice and the tumor growth was measured weekly for 2
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the tumors of the nude mice inoculated with the LV3SGC cells (212.5 ± 77.2 vs 87.76 ± 33.6, P < 0.05; Figure
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U test; Figure 7C). These results indicate that cortactin
overexpression induces metastasis in vivo. Moreover, cortactin knockdown reduces the metastatic potential of the
SGC-7901 cells; however, the results were not statistically
significant. The primary and secondary tumors were also
confirmed by microscopy (data not shown).
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Cortactin promotes the EGFR expression and activates
the EGFR signaling pathway in SGC-7901 cells
To study the mechanism by which cortactin enhances the
growth of SGC-7901cells in vitro and in vivo, the EGFR,
STAT3, phosphorylated-STAT3, AKT, and phosphorylated-AKT protein levels were detected by Westernblotting. As shown in Figure 8, the levels of EGFR,
phosphorylated-STAT3 and phosphorylated-AKT were
increased in the LV5-cortactin-SGC cells compared with
the LV5-SGC cells, and no difference in the total STAT3
and total AKT protein levels were observed between the
two cell groups. The levels of EGFR, phosphorylatedSTAT3 and phosphorylated-AKT were decreased in the
LV3-shRNA-SGC cells compared with the LV3-SGC
cells. Similarly, the expression of total STAT3 and total
AKT was not different between the two cell groups.
These results indicate that cortactin over- expression enhances the EGFR expression in the SGC-7901 cells and
in turn constitutively activates the EGFR signaling pathway.
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Figure 7 Cortactin expression promotes SGC-7901 cell growth and metastasis in vivo. A: Growth curves of the primary tumor volumes (mm3) of the LV5cortactin-SGC and LV5-SGC cells (aP < 0.05 vs LV5-SGC cells, Student’s t-test);
B: Growth curves of primary tumor volumes (mm3) of the LV3-shRNA-SGC and
LV3-SGC cells (cP < 0.05 vs LV5-SGC cells, Student’s t-test); C: Number of liver
metastases in the four cell lines (eP < 0.05 vs LV5-SGC cells, Mann Whitney U
test).

DISCUSSION
Metastasis remains to be the major cause of treatment
failure and poor prognosis in patients with malignant
tumors, and it is a multistage process that involves the
motility and migration of cells and proliferation in a
new site[22]. Cortactin is a filamentous actin cross-linking
protein and a substrate of Src protein tyrosine kinase.
The overexpression of wild-type cortactin results in a
significant increase in endothelial cell migration[23]. Cell

mo post inoculation. The tumors of the mice inoculated
with the LV5-cortactin-SGC cells were obviously larger
than the tumors of the mice inoculated with the LV5SGC cells (608.2 ± 153.69 mm3 vs 274.5 ± 41.6 mm3, P
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Figure 8 Cortactin expression promotes epidermal growth factor receptor expression and activates the downstream molecules AKT and signal transducer
and activator of transcription 3. Western blotting results show that epidermal growth factor receptor (EGFR), phosphor-signal transducer and activator of transcription 3 (STAT3) and phosphor-AKT were increased in LV5-cortactin-SGC cells and decreased in LV3-shRNA-SGC cells compared with their control cells. No alteration
in the expression of total STAT3 and total AKT was observed in the four cell lines.

migration is a coordinated process that involves dynamic
changes in the actin cytoskeleton and its interplay with
focal adhesions[24]. The cortactin N-terminus associates
with F-actin, whereas the C-terminus interacts with focal
adhesions[24]. The phosphorylation of cortactin tyrosine
residues by the FAK-Src complex modulates cortactin’
s interaction with FAK and increases its turnover at focal adhesions to promote cell motility[24]. Yamada et al[25]
showed that cortactin knockdown results in the downregulation of adhesion molecules, such as E-cadherin,
β-catenin, and epithelial cell adhesion molecule, and
leads to the decreased invasion of oral squamous cell
carcinoma cells. Nakane et al[26] showed that cortactin
knockdown significantly diminished DU145 cell migration and invasion ability and no apparent morphological
changes in the cells were observed by microscopy. Patel
et al[27] showed that NIH3T3 fibroblasts overexpressing
cortactin displayed increased motility and invasion in
modified Boyden chamber assays without any striking
morphological changes. These results are consistent with
our observations. As shown in Figures 3 and 4, LV5-cortactin-SGC cell migration and invasion was significantly
enhanced compared with the migration and invasion
of the LV5-SGC cells, whereas LV3-shRNA-SGC cell
migration and invasion was greatly reduced compared
with the migration and invasion of the LV3-SGC cells.
In addition, no morphological changes were observed
in the four cell types (Figure 1). The mechanism that
regulates cortactin-mediated effects on the migration
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and invasion of cancerous or non-cancerous cells was
intensely investigated. One study indicates that cortactin
is implicated in the cell-cell adhesion and cell spreading[28]. Cortactin overexpression results in enhanced cell
migration and invasion via reduced cell spreading and
intercellular adhesive strength[28]. Hill et al[29] reported
that the cortactin gene was a transcriptional target of
the hyaluronan/CD44 standard form signaling, and the
mechanistic underpinning of CD44-mediated EMS1/
cortactin transcription is dependent on a nuclear factor
kappa-light-chain-enhancer of activated B cells in breast
cancer cells. Cortactin is functionally important in CD44mediated cell motility and adhesion in endothelial cells[29].
Clark et al[30] demonstrated that cortactin expression levels
in HNSCC cells correlate with the formation of invadopodia and associated matrix degradation. Moreover,
the secretion of the matrix metalloproteinases (MMP)
MMP-2 and MMP-9 as well as the surface expression of
MT1-MMP is dependent on the level of cortactin expression[30]. In the cortactin knockdown cells, the number of
invadopodia was reduced and these cells were not able
to degrade the extracellular matrix (ECM). In the reverse
experiment, cortactin overexpression enhanced ECM
degradation and invasiveness[30]. Bryce et al[31] found that
cortactin promotes persistent of lamellipodial protrusion
and enhances the rate of new adhesion formation in the
lamellipodia through simultaneous interaction with the
Arp2/3 complex and actin filaments. These functions
are important in cell motility. Rothschild et al[8] showed
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that cortactin tyrosine phosphorylation is an essential requirement for effective HNSCC motility. Another study
indicated that tyrosine phosphorylation of cortactin
might act as a unique and naive switch in the regulation
of cell motility[32]. The effects of cortactin on cell motility and invasion are becoming increasingly clear and more
complex. The present study shows that cortactin phosphorylation was increased in the LV5-cortactin-SGC cells
and decreased in the LV3-shRNA-SGC cells compared
with the control cells (Figure 2C, D). These results may
partly explain the alteration in migration and invasion in
the four cell lines, but the specific mechanism requires
further elucidation. Clinical studies gave demonstrations
that cortactin overexpression is often associated with
clinicopathological parameters and poor prognosis in a
variety of cancers, such as HNSCC, breast cancer, pancreatic and ampulla of Vater adenocarcinomas, colorectal
carcinoma, gastric cancer, non-small cell lung cancer and
hepatocellular carcinoma[11-13,17,33-37]. This association may
underscore the important role of cortactin in cell migration and invasion.
To evaluate the effect of cortactin expression on cell
proliferation, the MTT assay, colony formation assays
and flow cytometry were performed. The MTT assay
(Figure 5A) and colony formation assay (Figure 5C, D
and G) results showed that cortactin overexpression increased the proliferation of the LV5-cortactin-SGC cells
compared with the LV5-SGC cells. LV3-shRNA-SGC
cell proliferation significantly reduced compared with that
of the LV3-SGC cells as assessed by the MTT assay (Figure 5B) and the colony formation assay (Figure 5E, F and
H). Flow cytometry analysis demonstrated that cortactin
overexpression increased the proliferation index of the
LV5-cortactin-SGC cells compared with that of the LV5SGC cells (Figure 6A, B and E). Cortactin downregulation impaired the proliferation index of LV3-shRNASGC cells compared with that of LV3-SGC cells (Figure
6C, D and F). The Western blotting results showed that
cortactin overexpression promoted EGFR expression,
and cortactin downregulation impaired EGFR expression. These results are consistent with a previous study
showing that cortactin overexpression is associated with
attenuated ligand-induced EGFR down-regulation in
HeLa cells[18]. Moreover, RNAi-mediated reduction of
cortactin expression accelerates EGFR degradation in
HNSCC cell lines [18]. The molecules downstream of
EGFR were also detected by Western blotting, and the
levels of phosphorylated-STAT3 and phosphorylatedAKT were increased in the LV5-cortactin-SGC cells
and decreased in the LV3-shRNA- SGC cells compared
with their control cells. The levels of total STAT3 and
total AKT were similar among the four cell types. These
results directly support the notion that cortactin overexpression is implicated in EGFR upregulation and
constitutive downstream signaling, thereby conferring a
proliferation advantage to SGC-7901 cells. EGFR is frequently implicated in cancer cell proliferation, the inhibition of apoptosis and tumor-induced neovascularization
via the activation of downstream signaling pathways, in-
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cluding the PI3K/Akt, the MAPK and the Jak2/STAT3
pathways. EGFR is often overexpressed in various types
of tumors, such as salivary gland carcinomas, colorectal
cancer (CRC), non-small-cell lung cancer (NSCLC), biliary tract cancer, and gastric cancer[38-43]. Galizia et al[43]
showed that EGFR overexpression is correlated to poor
prognosis in gastric cancer. However, Kim et al[44] showed
opposite effects. Though the role of EGFR expression
in gastric cancer prognosis is not clear, the present study
demonstrated that EGFR is involved in the progression
of gastric cancer. In addition to the ability to migration
to secondary sites, the potential to grow from micrometastasis to a macrometastsis is an important factor in the
metastatic process. Our mouse tumor growth and metastasis assay also confirmed that cortactin overexpression
promotes the growth and metastasis of SGC-7901 cells in
vivo. These more malignant phenotypes may be attributed
to the overexpressions of cortactin and EGFR, which
confer migration, invasion and proliferation advantages
to SGC-7901 cells both in vivo and in vitro.
EGFR targeted therapy has been applied in various
cancers, including NSCLC, HNSCC and CRC[41,45,46]. This
treatment strategy is currently being explored in clinical trials for gastric cancer patients[47]. Though current
EGFR targeting agents may produce dramatic responses,
these drugs are effective in only a fraction of patients.
Moreover, resistance to these agents frequently develops[40]. Therefore, effective treatments may involve a
combination of different targeted agents or chemotherapeutic compounds. Based on the present study, cortactin
may be a promising coupled target for gastric cancer in
the future.
In conclusion, cortactin expression confers a more
malignant phenotype to SGC-7901 cells both in vitro and
in vivo. Cortactin expression upregulates EGFR expression, and cortactin and EGFR synergistically contribute
to the progression of gastric cancer. Cortactin may serve
as a novel therapeutic target for gastric cancer. The role
of cortactin in the progression of gastric cancer warrants
further studies.
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Regulatory effect and mechanisms of carbon monoxidereleasing molecule Ⅱ on hepatic energy metabolism in
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pathology, alanine transaminase (ALT) and aspartate
transaminase (AST) activities. Hepatic glucokinase activity, lactic acid levels and mitochondrial swelling were
also determined.
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RESULTS: Improved survival was observed in CORM-2
treated mice. Both the CLP and CLP + CORM-2 groups
had sustained low blood glucose levels within the first
18
post-operative 36 h. F-FDG micro-PET images showed
abnormally high levels of hepatic glucose metabolism
(standardized uptake value) in the CLP group (2.76 ±
0.39 vs 0.84 ± 0.14, P < 0.01), which declined to normal levels after CORM-2 intervention (1.29 ± 0.32 vs
2.76 ± 0.39, P < 0.05). glucokinase activity was markedly increased in the CLP group (6.38 ± 0.56 U/g vs 4.60
± 0.21 U/g, P < 0.01), but was normal after CORM-2
intervention (4.74 ± 0.14 U/g vs 6.38 ± 0.56 U/g, P
< 0.05). CORM-2 suppressed plasma lactic acid levels (4.02 ± 0.02 mmol/L vs 7.72 ± 2.37 mmol/L, P <
0.05) and protected hepatic mitochondria in CLP mice.
CORM-2 intervention also reduced elevated plasma AST
(199.67 ± 11.08 U/L vs 379.67 ± 16.34 U/L, P < 0.05)
and ALT (63.67 ± 12.23 U/L vs 112.67 ± 9.74 U/L, P <
0.05) activities in CLP mice.

Abstract
AIM: To investigate the possible mechanisms of exogenous carbon monoxide-releasing molecule Ⅱ
(CORM-2) intervention on hepatic energy metabolism
in experimental sepsis.

CONCLUSION: The release of CO molecules by
CORM-2 protects mitochondria and maintains a stable
level of hepatic glucose metabolism. Thus, CORM-2 improves liver function and survival in septic mice.

METHODS: Forty-eight C57BL/6 mice were randomly
divided into four groups (n = 12): sham group; cecal ligation and puncture (CLP) group; CLP + CORM-2
group and CLP + iCORM-2 (inactive CORM-2) group.
Survival rates were determined after 72 h. Twenty-four
similarly treated mice (n = 6 in each group) were assayed for post-operative continuous blood glucose in
the first 36 h. Thirty-six similarly treated mice (n = 9
in each group) underwent micro-positron emission to18
mography (PET) scanning after tail vein injection of Ffluorodeoxyglucose (FDG) 24 h after operation. Plasma
and liver specimens were collected for assay of liver
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Core tip: This study used an exogenous carbon mon18
oxide (CO) intervention for the first time and F-fluorodeoxyglucose/micro-positron emission tomography
to detect hepatic glucose metabolism in vivo in septic
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of low blood glucose (hypoglycemia) and hypoglycemiainduced complications in critically ill patients[13-15]. Therefore, it is crucial to find a new and effective mode of
treatment as a secondary or even alternative option to insulin therapy in maintaining normal blood glucose levels
in septic patients.
Carbon monoxide (CO) is one of the metabolic
products of heme oxygenase (HO), and regulates inflammation. Our previous studies have demonstrated that
endogenous CO has a protective effect on vital organs
(including liver, lung, and intestine) by suppressing multiple organ inflammatory responses and reducing oxidative stress[16-20]. No other study has thus far assessed the
regulatory effect of CO on glucose metabolism in sepsis.
In the present study, an exogenous CO intervention
was used for the first time and 18F-fluorodeoxyglucose
(FDG)/micro-positron emission tomography (PET) was
employed to detect hepatic glucose metabolism in vivo in
septic mice. The protective effect of CO on hepatic mitochondria in septic mice was examined, and its regulatory effect on abnormal glucose metabolism was explored.
The results will provide new evidence for potentially
improving outcomes as a consequence of exogenous CO
on the survival rate in septic patients.

mice. The protective effect of CO on hepatic mitochondria in septic mice was examined, and its regulatory
effect on abnormal glucose metabolism was explored.
The results will provide new evidence for potentially
improving outcomes as a consequence of exogenous
CO on the survival rate in septic patients.
Liang F, Cao J, Qin WT, Wang X, Qiu XF, Sun BW. Regulatory effect and mechanisms of carbon monoxide-releasing molecule Ⅱ on hepatic energy metabolism in septic mice. World J
Gastroenterol 2014; 20(12): 3301-3311 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i12/3301.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i12.3301

INTRODUCTION
Sepsis is a systemic inflammatory response caused by infections, trauma, and various diseases. It has become the
most common cause of death in modern clinics[1]. Severe
pathological changes associated with sepsis are present
throughout the development process from the systemic
inflammatory response syndrome to the multi-organ dysfunction syndrome[2]. Despite extensive studies of the inflammatory changes on the occurrence and development
of sepsis, less is known regarding the changes in energy
metabolism in vital organs associated with sepsis.
Sepsis is generally considered to involve physiological
changes in the body towards high metabolism. Characteristic changes include increased energy consumption,
excessive protein and fat metabolism, negative nitrogen
balance, high blood glucose (hyperglycemia) levels, and
excessive production of glycogen[3,4]. To date, there is no
consensus on the cause of high metabolism. This complex response is jointly influenced and determined by a
series of factors, including endotoxin, interleukins (IL-1
and IL-6), platelet-activating factor, tumor necrosis factor,
arachidonic acid (metabolite of the cyclooxygenase and
lipoxygenase pathways) metabolism, reactive oxygen species, neutrophil adhesive material, nitric oxide, complement, and the coagulation cascade[5]. Overall, high blood
glucose is an important causative factor of enhanced
metabolism in sepsis. Early onset and sustained development of hyperglycemia are possibly important factors
responsible for the high mortality seen in sepsis[6].
Studies have shown that oxidative decomposition
of glycogen is restricted in patients with sepsis, and the
resulting hyperglycemia is closely related to the manifestations of septic patients regarding disease progression,
immune dysfunction, poor wound healing, and enhanced
muscle protein breakdown[6-11]. In addition, the survival
rate of patients with severe acute sepsis can be improved
significantly by strengthening the application of insulin to
control blood glucose to near normal levels[12]. However,
a recent large randomized study showed that the control
of blood glucose levels by intensive insulin therapy cannot effectively reduce the mortality rate of patients in
intensive care units (ICU), and instead increases the risk
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MATERIALS AND METHODS
Materials
Tricarbonyldichlororuthenium (Ⅱ) dimer (CORM-2)
was obtained from Sigma Aldrich (St Louis, MO, United
States) and solubilized in dimethyl sulfoxide (DMSO)
to obtain a 40 mmol/L stock. The inactive form of
CORM-2 (negative controls) was used in the experiments
and was prepared as follows: CORM-2 was “inactivated”
(iCORM-2) by leaving the CORM-2 stock at 37 ℃ in a 5%
CO2 humidified atmosphere for 24 h to liberate CO. The
iCORM-2 solution was also bubbled with nitrogen to remove the residual CO present in the solution. An adenosine triphosphate assay kit and a bicinchoninic acid protein
assay kit were obtained from Beyotime (Jiangsu, China).
A lactate assay kit was obtained from Jiancheng (Jiangsu,
China). A blood glucose meter was purchased from ACCU-CHEK Performa (Roche, Germany). 18F-FDG was
obtained from Jiangsu Institute of Nuclear Medicine (Jiangsu, China). A small animal PET device and 3D OSEM
MAP imaging system were purchased from Inveon Dedicate (Siemens, Germany). A WIZARD Gamma Counter
was obtained (PE/1470 Wizard, United States).
Animal model of cecal ligation and puncture
C57BL/6 male mice (20 ± 2 g) were randomly divided
into four groups, including the sham group which received no treatment, the cecal ligation and puncture
(CLP) group which underwent CLP surgery, the CLP +
CORM-2 and CLP + iCORM-2 group which underwent
CLP surgery, followed by tail vein injection of 8 mg/kg
CORM-2 and iCORM-2, respectively. The concentration of CORM-2 injected into mice was obtained from
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the literature and relevant experience of our research
group[16,17,21]. The Council on Animal Care and Use at Jiangsu University approved the experimental protocol on
animal protection and welfare. Anesthesia consisted of
the spontaneous inhalation of isoflurane-N2O in a 60%
oxygen/40% nitrogen mixture, which was performed
when necessary.

PET scanning was performed after 60 min of continuous
anesthesia, during which attention was paid to temperature control and anesthetic dose. Continuous scanning
was performed with a small animal PET device for 10
min, and images were reconstructed using a 3D OSEM
MAP imaging system. The obtained data were processed
by free attenuation correction using the β-smoothing
parameter of 0.1. The maximum uptake value of FDG
in the liver of each mouse was calculated by measuring
the 18F radioactivity in the marked contour area of the
liver. The standardized radioactive uptake value (SUV)
in each mouse was obtained by standardization of tissue
weight and calculation of the injection decay time of the
radioisotope[23]. Mice were euthanized immediately after
micro-PET scanning. Complete liver specimens were
weighed and the radiation level was then detected with a
γ-ray counter. The calculated results were standardized to
obtain the final SUV values[24,25].

Measurement of mouse survival rate after CLP
A total of 48 C57BL/6 male mice (aged 6-8 wk and
weighing 20 ± 2 g) were fed in the laboratory for 1 wk.
The mice were divided into four groups (n = 12) according to a random number table as described above. Mouse
survival was monitored six times daily for up to 72 h.
Blood glucose measurements
A total of 24 C57BL/6 male mice (aged 6-8 wk and
weighing 20 ± 2 g) were randomly divided into four
groups (n = 6) and treated as described above. Blood glucose levels were assayed in all groups of mice preoperatively, and at 1, 2, 4, 6, 8, 10, 12, 16, 20, 24 and 36 h postoperatively. During glucose measurement, the tail tip (2-3
mm) was excised and massaged to harvest a small volume
of blood (1.0-10 μL) which was placed into the hole of a
blood glucose test strip. Glucose measurements were obtained using a rapid blood glucose meter. For continuous
monitoring, blood flow was obtained by scrubbing the
end of the tail with sterile-clean alcohol wipes.

Transaminase, glucose-metabolizing enzyme, and lactic
acid assays
Blood specimens were collected by right ventricular
puncture. Plasma was separated and stored at 4 ℃ in
heparin tubes. Plasma alanine transaminase (ALT) and aspartate transaminase (AST) activities were assayed using
an automatic blood biochemical analyzer. Hepatic glucokinase (GK) activities and lactic acid levels were assayed
by enzyme-linked immunosorbent assay kits following
the manufacturer’s instructions.

Preparation of liver tissue homogenates
A total of 36 C57BL/6 male mice were randomly divided
into four groups (n = 9) and treated as described above.
All mice were sacrificed 24 h postoperatively. Plasma and
complete liver tissue specimens were collected and stored
in liquid nitrogen at -70 ℃ before use. To prepare tissue
homogenates, 0.1 g specimens were weighed and added
to 1 mL of phosphate buffered saline solution and processed by ultrasonic lysis on ice twice (30 s each)[16,17]. The
homogenates were centrifuged at 12000 g and 4 ℃. The
supernatants were collected and stored at -70 ℃ before
use.

Detection of mitochondrial function
Hepatic mitochondria were isolated by the Aprille method[26]. Mitochondria were resuspended in the assay buffer
which was supplemented with 125 mmol/L sucrose, 50
mmol/L KCl, 2 mmol/L KH2PO4, 5 μmol/L rotenone,
10 mmol/L HEPES, and 5 mmol/L succinate with a
protein content of 1.0 mg/mL. The extent of mitochondrial swelling was assayed by measuring the decrease in
absorbance (A540) every 30 s for 30 min following the
addition of 50 μmol/L Ca2+ at 37 ℃.
Statistical analysis
Measured data are presented as a mean value ± SD. Statistical analysis of the experimental data was performed
by single-factor one-way analysis of variance using SPSS
17.0 software and independent specimen Student’s t test.
Survival analysis was performed by log-rank sum test.
An alpha value of P < 0.05 was considered a statistically
significant difference between measures and outcomes.

Histopathological examination
Liver tissue specimens (approximately 0.4 g) were taken
from the left lobe of the liver 24 h postoperatively and
fixed in 10% formalin, followed by routine paraffin embedding and sectioning. After hematoxylin/eosin (HE)
staining, the sections were observed under a light microscope (× 400 magnification) to examine sinusoidal congestion, cellular edema, and inflammatory cell infiltration
in liver specimens[22].

RESULTS
Survival of septic mice
In this study, the 72 h survival rate of mice in each treatment group was examined postoperatively. The results
showed that the survival rate of mice in the CLP group
was substantially low, and was only 42% at 24 h and 26%
at 48 h postoperatively. In contrast, the survival rate of

Micro-PET imaging and 18F-FDG biodistribution
During the testing procedures, continuous anesthesia was
achieved by mask inhalation of isoflurane with a VMR
small animal anesthesia machine. 18F-FDG was administered by tail vein injection at a dose of 20 μCi. Micro-
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Figure 2 Effect of carbon monoxide-releasing molecule Ⅱ on blood glucose in septic mice. Mice were challenged with cecal ligation and puncture
(CLP) and treated with tricarbonyldichlororuthenium (Ⅱ) dimer (CORM-2) or
iCORM-2 as described in the Methods section. Serum glucose concentrations
were assessed in all groups of mice preoperatively, and at 1, 2, 4, 6, 8, 10, 12,
16, 20, 24 and 36 h postoperatively. Blood glucose levels in the CLP group decreased to 30%-50% of the normal controls, and remained at these low levels
for more than 36 h postoperatively. However, no changes were found in blood
glucose levels in the CLP mice after intervention with CORM-2. Results are
mean ± SD, aP < 0.05 vs sham mice.

Figure 1 Effect of carbon monoxide-releasing molecule Ⅱ on survival of
septic mice. Mice were challenged with cecal ligation and puncture (CLP) and
treated with tricarbonyldi- chlororuthenium (Ⅱ) dimer (CORM-2) or iCORM-2
as described in the Methods section. All mice had access to water and food.
Mouse survival was monitored six times daily for up to 72 h after surgery. Data
are shown as the percentage of surviving animals. The survival rate of mice in
the CLP group was substantially low, and was only 42% at 24 h and 26% at 48
h postoperatively. In contrast, the survival rate of mice in the CORM-2 group
was significantly increased after the CORM-2 intervention, and was 73% at 24 h
and 66% at 48 h postoperatively (P < 0.05). Moreover, at 72 h postoperatively,
66% of the mice were still alive.

uptake value of the liver, and thus the greater the ability
to take up glucose. Compared with the normal control
group, the CLP group of mice showed significant increases in the level of hepatic glucose metabolism, and
these increases were suppressed by CORM-2 intervention (Figure 4A and B). After micro-PET scanning, complete liver specimens were extracted for evaluation of 18FFDG biodistribution and the data obtained quantified the
experimental results (Figure 4C).

mice in the CORM-2 group was significantly increased
after the CORM-2 intervention, and was 73% at 24 h and
66% at 48 h postoperatively (P < 0.05). Moreover, at 72 h
postoperatively, 66% of mice were still alive (Figure 1).
Effect of CORM-2 on blood glucose in septic mice
In each experimental group, blood glucose levels decreased to 30%-50% of that found in normal controls,
and remained at these low levels for more than 36 h postoperatively (P < 0.05). In addition, substantial changes
in blood glucose levels were not found in the CLP mice
after CORM-2 intervention (P > 0.05, Figure 2).

Effect of CORM-2 on plasma ALT and AST activities in
septic mice
Plasma ALT and AST activities are important indicators
commonly used to determine the extent of hepatocellular damage. The experimental results showed that the
CLP group of mice had significantly increased plasma
ALT and AST activities 24 h postoperatively as compared
with the sham group (P < 0.05). However, the CLP +
CORM-2 group had minor increases in plasma ALT and
AST activities, and the differences were statistically significant compared with the CLP group (P < 0.05, Figure
5). Together, these results indicate that CORM-2 reduces
plasma ALT and AST activities in septic mice, thereby
mitigating hepatic damage.

Histopathological changes in the liver of septic mice
Under light microscopy, liver specimens from mice in
the CLP group showed sinusoidal dilatation and congestion, hepatocellular swelling, vacuolar changes in partial
hepatocytes, and neutrophil infiltration. In the CLP +
CORM-2 group, sinusoidal congestion and hepatocellular
swelling remained in certain areas of the liver specimens,
however, hepatocellular damage was less severe and the
extent of hepatic neutrophil infiltration was reduced (Figure 3).

Effect of CORM-2 on hepatic mitochondrial function in
septic mice
The degree of hepatic mitochondrial swelling was examined to determine sepsis-induced changes in hepatic
mitochondrial function. The CLP group of mice had
significant hepatic mitochondrial swelling with severely
damaged mitochondrial function. After CORM-2 intervention, the extent of hepatic mitochondrial swelling was
reduced and mitochondrial function was clearly protected

Effect of CORM-2 on hepatic glucose metabolism in
septic mice
In vivo FDG/micro-PET imaging showed the uptake of
the radioactive tracer in the experimental groups 1 h after
tail vein injection. The marked area represents the coronal section of a liver from a septic mouse. Moreover, the
greater the brightness of this area, the higher the FDG
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Figure 3 Effect of carbon monoxide-releasing molecule Ⅱ on liver injury in septic mice. Mice were challenged with cecal ligation and puncture (CLP) and
treated with tricarbonyldichlororuthenium (Ⅱ) dimer (CORM-2) or iCORM-2 as described in the Methods section. Morphologic characteristics at 24 h after CLP were
observed under light microscopy with hematoxylin and eosin (HE) staining. Liver specimens from mice in the CLP group showed sinusoidal dilatation and congestion,
hepatocellular swelling, vacuolar changes in partial hepatocytes, and neutrophil infiltration. However, in the CLP + CORM-2 group, hepatocellular damage was obviously less severe and the extent of hepatic neutrophil infiltration was reduced. A: Sham; B: CLP; C: CLP + CORM-2; D: CLP + iCORM-2.

(P < 0.05, Figure 6).

records, millions of septic patients are hospitalized each
year in the United States, and there are more than 200000
deaths as a consequence of septic shock[28]. Sepsis occurs
across all age groups in the human population[29]. It is
recognized as the second leading cause of death in ICU
patients[30-32]. The main feature of sepsis is that excessive
proinflammatory mediators are released and exceed the
ability of the body to physiologically regulate the inflammatory response according to normal homeostatic mechanisms[33-35]. The reason why a large number of inflammatory factors are produced during sepsis is that multiple
vital organs and tissues undergo a variety of pathological
changes, including abnormal tissue or cellular metabolism[36].
The tissue inflammatory response leads to local vasodilation and increases microvascular permeability, with
the systemic manifestation in a highly dynamic state. The
resulting demand for substrates of energy metabolism
(including oxygen, glucose, protein, and fat) is relatively
high, which increases energy metabolism and causes a
series of clinical manifestations, such as hyperglycemia,
lactic acidosis, hyperlipidemia, high protein catabolism,
and a negative nitrogen balance. One of the major pathological changes is hyperglycemia. This is caused by an
increase in anaerobic glycolysis of muscle tissues and fat
metabolism, and a reduction in hepatic glycogen synthesis[36-38].
In septic patients, hyperglycemia not only means se-

Effect of CORM-2 on hepatic GK activity level in septic
mice
GK is a type of hexokinase (HK), and is referred to as
HK IV which exists predominantly in the insulin cells of
the hepatocyte nucleus. GK is one of the key enzymes
involved in hepatic glucose metabolism, and its activity
reflects hepatic glucose metabolism. Compared with the
normal control group, the CLP group of mice had significantly increased hepatic GK activity. In contrast, the
CLP + CORM-2 group had significantly reduced hepatic
GK activity (Figure 7).
Effect of CORM-2 on lactic acid levels in septic mice
The levels of lactic acid in plasma and hepatic homogenates of septic mice were determined by enzyme-linked
immunosorbent assay. When compared with the sham
group, the CLP and CLP + iCORM-2 groups had significantly higher levels of lactic acid (P < 0.05). However,
after CORM-2 intervention, lactic acid levels in plasma
and hepatic homogenates declined significantly (Figure
8).

DISCUSSION
Sepsis is now regarded as one of the leading causes of
death in clinics[27]. According to the hospital statistical
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Figure 4 Effect of carbon monoxide-releasing molecule Ⅱ on fludeoxyglucose uptake in the liver of septic mice. Mice were challenged with cecal ligation and
puncture (CLP) and treated with tricarbonyldichlororuthenium (Ⅱ) dimer (CORM-2) or iCORM-2 as described in the Methods section. 18F-fludeoxyglucose (FDG) was
administered by tail vein injection at a dose of 20 μCi followed by micro-positron emission tomography scanning and measurement of 18F-FDG biodistribution. Compared with the normal control group, the CLP group of mice showed significant increases in the level of hepatic glucose metabolism, and these increases were suppressed by CORM-2 intervention. A: Representative images of liver FDG uptake; B: The mean standardized radioactive uptake values in liver tissue; C: Quantification
of 18F-FDG biodistribution. bP < 0.01 vs sham mice; dP < 0.01 vs CLP mice.

vere illness and a generally poor prognosis[39,40], but also
exerts significant harmful effects on multiple vital organs.
Hyperglycemia weakens the immune system, decreases
resistance to infection, and reduces neutrophil function
(including a reduction in chemotactic ability, the formation of oxygen radicals, and a decreased capacity for
phagocytosis of bacteria, despite the actual increase in
peripheral vascular leakage). In contrast, hyperglycemia
influences the formation of cytokines in tissues, including an increase in proinflammatory cytokine production,
such as tumor necrosis factor and IL-6, which are released at an early stage[41].
Recent studies have shown that blood glucose is not
an independent factor which increases the mortality rate
in septic patients[42,43]. However, blood glucose plays a
crucial role in severe sepsis and this disease itself has a
significant impact on the changes in blood glucose[44].
Therefore, maintaining stable blood sugar levels is critical in the treatment of sepsis. It is for this reason that
a number of studies have attempted to stabilize blood
sugar levels in septic patients through intensive insulin
therapy at an early stage of treatment, with the aim of
improving the survival of patients or reducing their duration of hospitalization[45]. However, a number of studies
have found that such intensive insulin therapy frequently

WJG|www.wjgnet.com

induces hypoglycemia in septic patients, and serious clinical consequences may arise[46,47]. In such a dilemma, there
is no doubt that a new treatment is needed as a secondary or even alternative approach for the control of blood
glucose.
CO is a metabolic product of HO and has a remarkable anti-inflammatory capacity. To date, no study has
reported on the effects of CO on the in vivo metabolic
capacity of glucose or other similar biological agents.
Among the metabolic products from the heme portion
of HO-1, CO and bilirubin both inhibit apoptosis, necrosis, inflammation, and oxidative stress. Moreover, iron
ions enhance the synthesis of anti-oxidants and ferritin.
Recent research suggests that the HO system may have a
role in insulin sensitivity and cellular metabolism[48,49].
Recently, transition metal carbonyls have been identified as potential CO-releasing molecules (CORMs) with
the potential to facilitate the pharmaceutical use of CO
by delivering it to the tissues and organs of interest[50].
Studies have shown that CORM-2 suppresses LPSinduced inflammatory responses in human umbilical vein
endothelial cells (HUVECs), peripheral blood mononuclear cells and macrophages[51,52]. Similarly, much results
have confirmed that CO derived from CORMs protects
mice from lethal endotoxemia and sepsis induced by LPS
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Figure 5 Effect of carbon monoxide-releasing molecule Ⅱ on plasma aspartate aminotransferase and alanine aminotransferase activities in septic mice.
Mice were challenged with cecal ligation and puncture (CLP) and treated with tricarbonyldichlororuthenium (Ⅱ) dimer (CORM-2) or iCORM-2 as described in the
Methods section. Plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities at 24 h after surgery were determined. Plasma activities of
ALT (A) and AST (B) were higher in CLP-challenged mice compared with sham mice, whereas ALT and AST activities were markedly decreased after administration of
CORM-2. Results are mean ± SD, bP < 0.01 vs sham mice; aP < 0.05 vs CLP mice.
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Figure 7 Effect of carbon monoxide-releasing molecule Ⅱ on hepatic
glucokinase activity level in septic mice. Mice were challenged with cecal
ligation and puncture (CLP) and treated with tricarbonyldichlororuthenium (Ⅱ)
dimer (CORM-2) or iCORM-2 as described in the Methods section. Hepatic
glucokinase activities were assayed by enzyme-linked immunosorbent assay.
Compared with the sham group, the CLP group of mice showed a significant
increase in hepatic glucokinase (GK) activity. In contrast, the CLP + CORM-2
group showed significantly reduced hepatic GK activity. Results are mean ±
SD, bP < 0.01 vs sham mice; aP < 0.05 vs CLP mice.

Figure 6 Effect of carbon monoxide-releasing molecule Ⅱ on hepatic mitochondrial function in septic mice. Mice were challenged with cecal ligation
and puncture (CLP) and treated with tricarbonyldichlororuthenium (Ⅱ) dimer
(CORM-2) or iCORM-2 as described in the Methods section. Isolated mitochondria were resuspended in the assay buffer. Ca2+-induced mitochondrial swelling
was assayed by the decrease in absorbance at 540 nm. The CLP group of mice
had significant hepatic mitochondrial swelling with severely damaged mitochondrial function. Following CORM-2 intervention, the extent of hepatic mitochondrial swelling was reduced and mitochondrial function was clearly protected (P
< 0.05 vs CLP mice). The curves represent typical recordings from experiments
of at least three different mitochondrial preparations.

and stabilized for more than 48 h until death. However,
following CORM-2 intervention, blood glucose levels
were seen to decrease slightly, but the changes were not
statistically significant.
The main reason for this phenomenon may be that
the feeding behavior of mice was substantially reduced
postoperatively. Since mice are rodents with an inherently
active metabolism, the energy required by them after
trauma is significantly enhanced. Thus, short-term fasting may cause significant hypoglycemia. Barkhausen et
al[56] reported this phenomenon in 2009. Is this possibly
caused by a reduction in metabolic ability after serious
infection due to sepsis? If so, then is it contrary to the
theory of systemically high metabolism in septic patients
studied previously?
Here we investigated in vivo hepatic glucose metabo-

or cecal ligation and puncture (CLP)[53-55].
Our previous studies showed that CORM-2 inhibited
over-expression of adhesion molecules, attenuated leukocyte sequestration in the organs of CLP or burn-induced
septic mice, and decreased intracellular oxidative stress
and NO production in LPS-stimulated HUVECs[16-20]. In
the present study, we investigated the changes in hepatic
glucose metabolism in septic mice after CLP treatment
with or without CORM-2 intervention, and further explored the potential effects of CO on energy metabolism.
The experimental data showed that at 1-2 h after
operation, blood glucose levels in the liver of CLP mice
significantly decreased to 30%-50% of the normal level,
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Figure 8 Effect of carbon monoxide-releasing molecule Ⅱ on hepatic lactate production in septic mice. Mice were challenged with cecal ligation and puncture
(CLP) and treated with tricarbonyldichlororuthenium (Ⅱ) dimer (CORM-2) or iCORM-2 as described in the Methods section. Lactate production in hepatic homogenates (A) and plasma (B) were assessed 24 h after CLP injury. When compared with the sham group, the CLP groups had significantly higher levels of lactic acid. After CORM-2 intervention, lactic acid levels in plasma and hepatic homogenates declined significantly. Results are presented as mean ± SD. bP < 0.01 vs sham mice;
a
P < 0.05 vs CLP mice.

lism in mice using 18F-FDG/micro-PET. To date, the
application of PET technology has enabled remarkable
research observations in cancer and neurobiology. In addition, PET technology has been used in gene expression,
pharmacological studies, and energy metabolism. However, the application of PET technology in the field of
inflammation is restricted, and this is primarily due to the
limitations of tracers and resolution. Moreover, research
reports to date, have not been available on the application of PET technology in sepsis. This study used microPET, which is presently the most advanced molecular
imaging technology. To meet the research requirements
for model animals of small sizes, PET technology has
been improved significantly in terms of spatial resolution
and sensitivity.
An increasing number of radiolabels have been used
for in vivo imaging of small animals. 18F-FDG is a glucoselike radioactive tracer, which has been used for the in vivo
study of changes in glucose metabolic ability in local tissues and organs in humans and animals, as influenced by
various diseases or drugs[57]. 18F-FDG is transported into
cells by the glucose transporter which is located on the
cell membrane and then phosphorylated to 18F-2’-FDG-6
by HK. Unlike G-6-P, 18F-2’-FDG-6 does not continue
glucose metabolism, but is retained in cells. Therefore,
the 18F-FDG levels represent the ability of cells to transport and metabolize glucose. Evidence shows that high
FDG uptake not only occurs in malignancies, but is also
commonly present in benign inflammatory responses[58].
In this study, 18F-FDG/micro-PET was used for the
first time to investigate changes in hepatic glucose metabolism in septic mice after CORM-2 intervention. The results showed that the level of hepatic glucose metabolism
in septic mice significantly increased, and exceeded normal levels. In contrast, CLP mice showed no significant
difference when compared with the sham group following CO intervention. In addition, the 18F-FDG biodistribution analysis showed that CO inhibited the abnormal
increase in hepatic glucose metabolism in septic mice.
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To determine the potential cause of the above phenomena, we determined hepatic GK expression levels in
septic mice. GK is primarily found in animal hepatocytes
and pancreatic islet B-cells. GK is the key enzyme involved in glucose metabolism and an increase in GK level
generally means an elevation in glucose metabolism. In
the present study, hepatic GK expression levels in CLP
septic mice 24 h after operation, was significantly higher
than that seen in the sham group. These changes were
obviously reduced after CO intervention. We speculate
that CO inhibited the expression of GK, thereby reducing the level of hepatic glucose metabolism in septic
mice.
Another important change related to abnormal metabolism in sepsis is lactic acidosis. This process, also
known as acid shuttle, results from an increase in anaerobic glycolysis of muscle and other tissues caused by
reverse dysregulation of hormones and cytokines. The
duration and extent of lactic acidosis directly affects the
formation of late onset organ dysfunction, while acidosis
caused by lactic acid accumulation is extremely unfavorable in the prognosis of sepsis[16,36,44].
Interestingly, our experimental data showed that
CORM-2 suppressed the abnormal increase in plasma
lactic acid levels in septic mice. Lactic acidosis has a significant impact on energy metabolism in the body, and
the increase in plasma lactic acid levels is an exact basis
for measuring the impairment of mitochondrial function. In this context, we wondered whether CO has a
protective effect on hepatocellular mitochondria as it
suppressed increases in the levels of plasma lactic acid
in septic mice. Hence, we determined the degree of impairment of mitochondrial function by analyzing hepatic
mitochondrial swelling in septic mice. The results showed
that CO effectively protected hepatic mitochondrial function in septic mice. It is possible that CO regulates blood
glucose and plasma lactic acid levels by protecting mitochondrial function.
The protective effect of CO on liver function was
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tabolism levels in the CLP group, which declined to normal levels after CORM-2
intervention. Glucokinase (GK) expression was markedly increased in the CLP
group, but turned normal after CORM-2 intervention. CORM-2 suppressed plasma lactic acid levels and protected hepatic mitochondria in CLP mice. CORM-2
intervention also reduced elevated plasma alanine transaminase and aspartate
transaminase levels in CLP mice.

confirmed by observations of hepatic pathological
sectioning and serum ALT/AST measurements. CO reduced sinusoidal dilatation and congestion, hepatocellular
swelling and deformation, and infiltration of inflammatory cells. In addition, the rise in plasma ALT levels was
markedly suppressed after CO intervention.
Liver is the most important organ in the body to regulate blood glucose, and has a substantial ability to regulate
glucose metabolism. CO possibly protects liver function
in a variety of ways, and thus effectively assists the body
to maintain blood glucose metabolism at a normal physiological level. This will significantly favor improvement in
the functions of vital organs and tissues, and thus translate to improved prognosis in sepsis. Indeed, this was reflected in our experimental survival analysis data in experimental mice. On the basis of our previous study on the
anti-inflammatory effects of CO, the present study opens
up a new research direction for exploration of the effects
of CO on energy metabolism in the body. This study primarily focused on CO regulation of glucose metabolism
and its preliminary mechanism in sepsis. Exogenous CO
has significantly physiological functions and could be developmed as a potential therapeutic agent. More detailed
molecular mechanisms need to be studied further and
clarified from a more comprehensive perspective.

Applications

The protective role of CORM-2 on mitochondria and the level of hepatic glucose
metabolism during sepsis, and its therapeutic potential in anti-inflammation will
help develop novel strategies against sepsis in the future.

Terminology

Sepsis: it is generally considered to involve physiological changes in the body
towards high metabolism. Carbon monoxide (CO): it is one of the metabolic
products of heme oxygenase, and regulates inflammation.

Peer review

This is a well designed experimental study of the potential benefit of CO in sepsis. The authors concluded that release of CO molecules by CORM-2 protects
mitochondria and maintains the stable level of hepatic glucose metabolism.
CORM-2 thus improves liver function and survival in septic mice. Overall, this
study is well-done, the paper is clearly written. The reason for the study seems
sound. The conclusions seem to be relevant and the literature covers the subject. A few points need to be clarified, but they seem minor.
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Myofibroblastic cell activation and neovascularization
predict native liver survival and development of esophageal
varices in biliary atresia
Janne S Suominen, Hanna Lampela, Päivi Heikkilä, Jouko Lohi, Hannu Jalanko, Mikko P Pakarinen
RESULTS: Collagen 1 (16.4% vs 4.5%, P < 0.0001),
α-SMA (17.9% vs 4.6%, P < 0.0001) and CD34 (4.9%
vs 3.8%, P = 0.017) were markedly overexpressed in
BA patients compared with controls. Patients who underwent liver transplantation by age of two years had
significantly higher expression of collagen 1 (18.6%
vs 13.7%, P = 0.024), α-SMA (20.4% vs 15.4%, P =
0.009) and CD34 (5.9% vs 4.0%, P = 0.029) at PE
compared with native liver survivors. CD34-positive
microvessels were identified in the centrizonal region
close to central vein in every BA patient. In majority
of BA cases (56%) neovascularization was frequent as
CD34-positive microvessels were observed in over half
of the hepatic lobules. In controls, the CD34-positive
microvessels were rare as they were completely absent in 40 % and were found in less than 5 % of the
hepatic lobules in the rest. The difference between BA
patients and controls was significant (P < 0.0001). Patients who developed esophageal varices by two years
had significantly higher expression of CD34 at PE compared with patients without varices (5.6% vs 4.0%, P
= 0.019). Expression of α-SMA (r = 0.758, P < 0.0001)
and collagen 1 (r = 0.474, P = 0.016), and the amount
of CD34-positive microvessels (r = 0.356, P = 0.047)
were related to patient age at PE.
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Abstract
AIM: To study the relation between collagen 1, α-smooth
muscle actin (α-SMA) and CD34 expression and the
most essential portoenterostomy (PE) outcomes.

CONCLUSION: Hepatic myofibroblastic cell activation,
fibrogenesis and neovascularization are enhanced in
BA, progress with increasing PE age and relate to native
liver survival and development of esophageal varices.

METHODS: Liver specimens were obtained at PE from
33 biliary atresia (BA) patients for immunohistochemical
analysis of collagen 1, α-SMA and CD34. Liver biopsies
from 35 organ donors were used as controls. Expression patterns were related to clinical data including age
at PE, serum total and conjugated bilirubin concentration at the time of PE and during follow-up, incidence
of esophageal varices in follow-up upper gastrointestinal endoscopies, and native liver survival as well as to
detailed histopathological findings.
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Core tip: The majority of biliary atresia (BA) patients
require liver transplantation (LTx) due to progressive
hepatic fibrosis and associated portal hypertension.
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sion of collagen 1, α-SMA and CD34 at the time of
PE in a controlled manner, and related the results to the
most essential PE outcomes including clearance of jaundice, native liver survival and development of esophageal
varices.

We aimed to relate expression of collagen 1, α-smooth
muscle actin (α-SMA) and CD34 to the most essential
portoenterostomy (PE) outcomes. Collagen 1, α-SMA
and CD34 were markedly overexpressed in BA patients
compared with controls and centrizonal neovascularization was increased in BA. Patients who underwent LTx
by age of two years had significantly higher expression
of collagen 1, α-SMA and CD34 at PE compared with
native liver survivors. Fibrogenesis and neovascularization are enhanced in BA, progress with increasing PE
age and relate to native liver survival and development
of esophageal varices.

MATERIALS AND METHODS
Patients and study design
This study was performed at the Children’s Hospital in
Helsinki, Finland. The national paediatric LTx program
has been running since 1987 in our hospital and the
treatment of BA was nationally centralized to our unit in
2005[14]. All available perioperative liver biopsies obtained
at the time of PE were collected for immunohistological
analysis and medical records were reviewed. A total of 33
BA patients born between 1990 and 2012 were enrolled.
Collected clinical data included age at PE, serum total
and conjugated bilirubin concentration at the time of PE
and during follow-up, detection of esophageal varices in
follow-up upper gastrointestinal endoscopies, and indications as well as the age at LTx. All patients underwent
endoscopic surveillance for esophageal varices as described previously[15]. A multidisciplinary team (paediatric
hepatologists, transplant paediatricians, paediatric gastrointestinal, and transplant surgeons, neurologists) decided
on listing for liver transplantation based on the following
parameters: (1) original liver disease, quality of life (cholangitis and septic episodes), growth, nutrition, neurology,
kidney function, bone health; (2) portal hypertension
(portal flow, spleen size, hypersplenism, varices, ascites);
(3) cholestasis (bilirubin, bile acid levels, itching); (4) liver
biochemistry (ALT, AST, GT, clotting factors, prealbumin, albumin, cholesterol, Galactose half-life); (5) imaging
findings (liver and spleen size, parenchymal heterogeneity,
biliary lakes, focal lesions); and (6) liver histology (fibrosis,
cirrhosis, bile ducts). Clearance of jaundice was defined
as a decrease in serum bilirubin concentration below 20
µmol/L. As controls we examined 35 liver biopsies obtained from deceased donors at organ recovery.
The ethics committee of the hospital district of Helsinki and Uusimaa approved this study a priori and the
study conforms to the principles of the 1975 Declaration
of Helsinki.

Suominen JS, Lampela H, Heikkilä P, Lohi J, Jalanko H, Pakarinen MP. Myofibroblastic cell activation and neovascularization predict native liver survival and development of esophageal varices in biliary atresia. World J Gastroenterol 2014;
20(12): 3312-3319 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i12/3312.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i12.3312

INTRODUCTION
Biliary atresia (BA) is a rare cholestatic liver disease of
infancy leading, if untreated, to cirrhosis, liver failure and
death within the first two years of life[1]. Kasai portoenterostomy (PE) aims to re-establish bile flow and is considered the first line treatment of BA[2]. However, BA still
remains the most common indication for paediatric liver
transplantation (LTx) due to progressive liver fibrosis and
associated complications such as esophageal varices following PE[3].
Although the pathogenesis of BA remains unclear,
virus-induced fibroinflammatory process affecting the
biliary tree is marked[4,5]. The process of hepatic fibrogenesis and development of cirrhosis is multifactorial
and multitude of involving proteins has been identified[6].
In liver fibrosis extracellular matrix proteins, mainly collagens accumulate excessively. Majority of collagens
are deposited by myofibroblasts that differentiate from
hepatic stellate cells (HSCs) and portal fibroblasts[7,8]. In
normal liver tissue HSCs are inconspicuous but upon activation these cells transform into α-smooth muscle actin
(α-SMA) producing contractile myofibroblastic cells[9]. In
two previous studies with a smaller number of patients,
increased α-SMA expression was found to associate with
histological fibrosis scores of the liver and PE outcomes
in infants with BA[10,11].
CD34 is a cell surface glycoprotein expressed in vascular endothelium. The relationship between progressive
fibrosis and angiogenesis is unclear but neovascularization is found in a variety of liver diseases. This vascular
reorganization may represent a response to liver injury
including alterations in liver microcirculation associated
with portal hypertension and development of esophageal
varices[12,13].
In the present study we explored the hepatic expres-
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Immunohistochemistry and imaging
Altogether 33 biopsies were taken at the time of Kasai
PE, including 6 core needle biopsies and 27 surgical
wedge biopsies. The biopsies were fixed in formalin, embedded in paraffin, sliced, and stained with conventional
stains. The representativeness of the biopsy material was
considered good: > 8 (wedge) or > 10 (needle) portal
areas were present in 29 (88%) biopsies. Histological liver
fibrosis was assessed by Metavir (0-4) and Ishak (0-6)
fibrosis scores by two experienced pediatric liver pathologists, blinded to the clinical patient data, until consensus
was reached[16,17].
Immunostaining for collagen 1 was performed with
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Table 1 Prevalence of centrizonal microvessels in biliary
atresia patients (n = 32) at the time of portoenterostomy
and in control (n = 35) livers
Number of patients
Patients
Grade 1
Grade 2
Grade 3
Grade 4

BA

Controls

0
5
9
18
P < 0.0001

14
21
0
0

Table 2 Patient characteristics at the time of portoenterostomy

n (%) Age at PE (d)

Ⅱ

3 (9.1)
26 (78.8)
4 (12.1)

Ⅲ
Ⅲa

102 (78-141)
64 (7-140)
51 (37-81)
P = 0.092

Bilirubin
(μmol/L)

Conjugated
bilirubin

186 (98-247)
172 (103-470)
171 (103-201)
P = 0.838

162 (86-207)
117 (45-224)
85 (69-109)
P = 0.183

Data presented as median and range. Comparisons between groups
were performed with Kruskal-Wallis test. BA: Biliary atresia; PE:
Portoenterostomy.

Data presented as number of patients. Comparison between groups was
performed with Mann-Whitney U-test. Microvessel grades: 1: No central
zones with microvessels; 2: < 5% of central zones with microvessels; 3:
5%-50% of central zones with microvessels; and 4: > 50% of central zones
with microvessels. BA: Biliary atresia.

the time of PE and at three months following PE was
174 (98-470) μmol/L and 21 (2-627) μmol/L, respectively. Of the 33 patiens, 30 had been followed-up over two
years. Overall, 58% (19/33) of the patients cleared their
jaundice and 57% (17/30) survived with their native liver
beyond two years following PE. By two years after PE,
47% (14/30) of the patients had developed endoscopically verified esophageal varices.

COL1A2/COL1A1 monoclonal antibody, clone I-8H5
(Abnova Corporation, Taiwan), for α-SMA using Monoclonal Mouse Anti-Human Smooth Muscle Actin, clone
1A4 (Dako, Denmark) and for CD34 using Monoclonal
Mouse Anti-Human CD34 Class Ⅱ, clone QBEnd-10
(Dako, Denmark) and NovoLink Polymer Detection System (Leica Biosystems Newcastle Ltd, Newcastle Upon
Tyne, United Kingdom).
A Leica DM RXA microscope was used to obtain
images of stained sections. A total of five random portal
areas were chosen from each section of wedge biopsies
(× 100 magnification) and all core needle biopsies were
photographed as a whole. The proportion of the antibody-positive area (area fraction) was measured by using
ImageJ Image Analysis Software[18]. To evaluate neovascularization CD34-positive endothelial cell clusters forming centrizonal microvessels were counted with semiquantitative scoring system. Each biopsy was reviewed
and scored for the presence of microvessels on scale of
1-4 (Table 1). Imaging and all immunohistochemical expression analyses were performed without knowledge of
the clinical patient data.

Expression of collagen 1, α -SMA and CD34 in BA vs
control livers
As shown in Figure 1, expression of collagen 1, α-SMA
and CD34 was markedly increased in BA when compared
with controls (16.4% vs 4.5%, P < 0.0001, 17.9% vs 4.6%,
P < 0.0001, 4.9% vs 3.8%, P = 0.017, respectively). The
increase was most striking for collagen 1 and α-SMA,
stained area fractions being about four fold higher than
in controls. The portal tracts stained intensively with collagen 1 and marked collagen 1 positive septae protruded
towards the central vein. α-SMA staining showed strong
immunoreactivity both on portal areas and along perisinusoidal spaces. The expression of collagen 1, α-SMA
and CD34 did not differ significantly between different
subtypes (Ⅱ, Ⅲ, Ⅲa) of BA (P = 0.360, P = 0.345 and P
= 0.736, respectively for collagen 1, α-SMA and CD34).
Expression of collagen 1, α-SMA and CD34 in relation to
clearance of jaundice, native liver survival and the age
at the time of portoenterostomy
Patients who underwent LTx by age of two years showed
significantly higher expression of collagen 1, α-SMA and
CD34 in liver biopsies obtained at PE when compared to
patients who survived with their native livers beyond two
years (Figure 2 and Table 3). Children who cleared their
jaundice tended to have lower expression of collagen 1
and α-SMA at PE (Table 3), although this did not reach
statistical significance, (P = 0.079 and P = 0.097, respectively). The degree of α-SMA staining correlated with
the level of preoperative conjugated bilirubin (r = 0.448,
P = 0.023), bilirubin level at three months (r = 0.446, P
= 0.029) and relative change of bilirubin level by three
months (r = -0.395, P = 0.044). Patients who underwent
LTx by age of two years were older at the time of PE
than native liver survivors, but the difference was not
quite statistically significant (79.1 d vs 65.8 d, P = 0.054).

Statistical analysis
The data are reported as means and standard deviation
or medians and range. Comparisons between groups
were performed with Mann-Whitney U-test and multiple
comparisons with Kruskal-Wallis test. Correlations were
calculated with Spearman’s rank correlation. A P-value <
0.05 was considered significant. All of the analyses were
made with Statview software (Statview 5.0.1; SAS Institute Inc., CA, United States).

RESULTS
Patient characteristics
Table 2 illustrates the patient characteristics at the time
of PE. No type Ⅰ atresias were found and in four patients with type Ⅲ atresia perioperative cholangiography
showed patent passage from gallbladder to bowel (type
Ⅲa). The median (range) age at PE among all BA patients was 64 (7-141) days and median serum bilirubin at
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B

C
pt
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pt
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cv

cv

D
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F
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cv
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G

25

H

Collagen 1

Area fraction (%)

Area fraction (%)

15
10
5

I

SMA

25

20

0

30

20
15
10
5

P < 0.0001
BA

8

P < 0.0001
0

Controls

BA

Controls

CD34

Area fraction (%)

7
6
5
4
3
2

P = 0.017
BA

Controls

Figure 1 Expression of collagen 1, α-smooth muscle actin and CD34 in biliary atresia vs control livers. Staining of collagen 1 (A, B), α-SMA (C, D) and CD34 (E,
F) by immunohistochemistry. Figure A, C and E represent liver biopsies of a BA patient, who underwent Kasai portoenterostomy at the age of 54 d and figure B, D and
F are liver biopsies obtained from a deceased donor (× 100 magnification). The same area of the histological tissue section is illustrated after immunohistochemistry
for both subjects, respectively. Portal tracts (pt) stain intensively with collagen 1 and marked collagen 1 positive septaes (arrows) protrude towards central vein (cv) (A).
In control liver collagen 1 staining is limited to portal area and endothelial lining of central vein (B). α-SMA staining shows strong immunoreactivity both in portal areas
(pt) and along perisinusoidal spaces (arrows) (C), whereas in control specimen a faint α-SMA staining can be seen in biliary epithelial cells (D). Marked increase in
CD34 staining is observed on portal (arrow) and centrizonal (arrowhead) area on liver biopsy of BA patient (E) compared with control (F). Summary of collagen 1 (G),
α-SMA (H) and CD34 (I) immunohistochemistry in BA patients and controls. Collagen 1, α-SMA and CD34 were markedly overexpressed in BA at the time of Kasai
portoenterostomy compared with controls. The results are expressed as proportion of the antibody-positive area. The box represents interquartile range, line across
the box median, and the whiskers 90th percentile range. α-SMA: α-smooth muscle actin; BA: Biliary atresia.
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A

28

ment of esophageal varices.
CD34-positive microvessels were identified in the
centrizonal region close to central vein in every BA patient. In 18 BA cases (56%) neovascularization was frequent as CD34-positive microvessels were observed in
over half of the hepatic lobules. In controls, the CD34positive microvessels were rare as they were absent in 40
% and were found in less than 5 % of the hepatic lobules
in the rest (Figure 4 and Table 1). The difference between
BA patients and controls was significant (P < 0.0001).
The amount of CD34-positive microvessels did not differ significantly between different subtypes (Ⅱ, Ⅲ, Ⅲa)
of BA (P = 0.426).

Collagen 1

Area fraction (%)

24
20
16
12
8

B

P = 0.024
LT

28

NL
SMA

Interrelations between collagen 1, α -SMA and CD34 and
correlations with histological fibrosis scores
Expression of α-SMA was closely related with the expression of collagen 1 (r = 0.731, P = 0.0002). It also
correlated positively with CD34 (r = 0.502, P = 0.011)
expression and histological fibrosis scores (Metavir and
Ishak, r = 0.515, P = 0.010 and r = 0.511, P = 0.011, respectively). Collagen 1 expression correlated with fibrosis
scores (Metavir and Ishak, r = 0.503, P = 0.012 and r =
0.513, P = 0.010, respectively) and CD34 expression (r =
0.625, P = 0.0014).

Area fraction (%)

24
20
16
12
8

C

P = 0.009
LT

10

NL
CD34

DISCUSSION

9

Early diagnosis and successful PE establishing sufficient
bile flow are the key events for extended native liver survival in BA[1]. Even though the majority of BA patients
end up with LTx due to progressive hepatic fibrosis and
associated portal hypertension it is essential to increase
the proportion of BA patients, who survive with their
own liver into adolescence or even adulthood. LTx carries
well-known risks of allograft ageing and the side effects
of long-term immunosuppression[19]. Several cytokines
have been identified to play an important role in the regulation of liver fibrogenesis. Transforming growth factor
β1 (TGF-β1) is one of the most powerful profibrotic
cytokines and the family of matrix metalloproteases is
recognized as another key mediator in this process[20,21].
Despite intensive research, understanding of mechanisms
that regulate disease progression following PE is scarce.
Several candidate genes have been proposed to act as a
prognostic markers when predicting outcomes[22,23], but
further understanding of pathogenesis of BA is critical
concerning development of more effective treatment
strategies.
Hepatic stellate cells have a crucial role in the pathogenesis of hepatic fibrosis. After transformation into
myofibroblasts in response to a liver injury, stellate cells
start to produce increased amounts of collagen and express an intracellular microfilament protein α-SMA, a
marker of activated HSC phenotype[24]. Increased α-SMA
expression has been shown to associate with increased
liver fibrosis as assessed by histological scoring and PE
outcomes in infants with BA[11,25]. We found a 4-fold
increase in α-SMA and collagen 1 expression in BA pa-

Area fraction (%)

8
7
6
5
4
3

P = 0.029

2
LT

NL

Figure 2 Comparison of collagen 1 (A), α-smooth muscle actin (B) and
CD34 (C) staining by immunohistochemistry between patients, who
received liver transplant by two years of age and native liver survivors.
The results are expressed as proportion of the antibody-positive area. All of the
studied proteins were overexpressed at the time of Kasai portoenterostomy in
patients, who were transplanted by two years. The box represents interquartile
range, line across the box median, and the whiskers 90th percentile range. NL:
Native liver; LT: Liver transplant; α-SMA: α-smooth muscle actin.

The age at the time of PE correlated positively with the
expression of α-SMA (r = 0.758, P < 0.0001) (Figure
3), collagen 1 (r = 0.474, P = 0.016), and the amount of
CD34-positive microvessels (r = 0.356, P = 0.047).
Neovascularization and CD34 immunohistochemistry in
relation to esophageal varices
Patients who developed esophageal varices by two years
following PE had significantly higher expression of
CD34 at the time of PE compared with patients who remained free of varices (Table 3). Of note, expression of
collagen 1 or α-SMA were not associated with develop-
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Table 3 Hepatic expression of collagen 1, α-smooth muscle actin and CD34 in biliary atresia (n = 27) at the time of portoenterostomy and in control (n = 35) livers
Clearance of jaundice
Collagen 1
Area, % (SD)
a-SMA
Area, % (SD)
CD34
Area, %

2-yr native liver survival

Esophageal varices

Yes

No

NL

LT

Yes

No

14.7 (4.9)
P = 0.079
16.4 (5.1)
P = 0.097
4.4 (1.4)
P = 0.213

18.5 (5.4)

13.7 (3.5)
P = 0.024
15.4 (4.9)
P = 0.009
4.0 (0.9)
P = 0.029

18.6 (5.4)

17.2 (4.9)
P = 0.217
18.2 (4.3)
P = 0.537
5.6 (2.0)
P = 0.019

14.6 (5.0)

19.8 (4.8)
5.6 (2.4)

20.4 (4.2)
5.9 (2.4)

17.1 (6.1)
4.0 (1.6)

All BA patients

Controls

16.4 (5.4)
P < 0.0001
17.9 (5.2)
P < 0.0001
4.9 (2.0)
P = 0.017

4.5 (2.2)
4.6 (1.9)
3.8 (1.0)

Data presented as mean and SD. Comparisons between groups were performed with Mann-Whitney U-test. BA: Biliary atresia; PE: Portoenterostomy; NL:
Native liver; LT: Liver transplant; a-SMA: a-smooth muscle actin.

expressing cells can not be ascertained by immunohistochemistry alone, it seems likely that these cells originated
from portal myofibroblasts and activated stellate cells. As
expected, expression pattern of accumulating collagen 1
followed that of α-SMA expressing myofibroblastic cells
producing extracellular matrix proteins[7].
CD34 is a glycoprotein expressed on vascular endothelium and CD34 immunostaining can be used to
elucidate neovascularization in response to a liver injury[11,12]. We assessed neoangiogenesis by CD34 staining
using both quantitative and qualitative approaches. The
degree of CD34 staining was significantly increased in
BA patients compared with controls when measured as
an immunopositive area on histological liver sections.
We then analysed centrizonal areas in hepatic lobules to
explore possible neovascularization in the region around
the central vein, theoretically most prone to ischemic injury. Only distinct CD34-positive endothelial cell clusters
with a vessel lumen were considered as microvessels to
avoid misinterpretation of faint diffuse sinusoidal expression of CD34 as revascularization. Microvessels around
the central vein were more frequent among BA patients
compared with controls, which is a novel finding in BA.
Interestingly, patients who developed endoscopically verified esophageal varices during follow-up had significantly
higher expression level of CD34 already at the time of
PE compared to those who did not. Regarding pathogenesis of esophageal varices, myofibroblastic differentation
of portal fibroblasts and HSC activation lead to increased
hepatic vascular resistance by accumulation of extracellular matrix proteins, but also dynamic changes in hepatic
vasculature occuring in chronic liver injury are important
as evidenced by activation of the renin-angiotensin system[28]. Experimental studies on portal hypertension and
liver cirrhosis further imply that not only altered hemodynamics but also active neovascularization contributes
to formation of collateral vessels and that hypoxia and
angiogenesis progress along with fibrogenesis in response
to chronic liver injury[29,30]. Hepatopulmonary syndrome
(HPS) represents an important cause of pulmonary disease in children with BA. Corresponding animal models
suggest involvement of pulmonary neovascularization
and activation of angiogenic signalling pathways also in
HPS[31].

160

Age at the time of PE (d)

140
120
100
80
60
40
20
0
5

10

15
20
SMA area fraction (%)

25

30

Figure 3 Correlation between the age at the time of portoenterostomy and
α-smooth muscle actin expression. A significant correlation was seen using
Spearman’s rank correlation test (r = 0.758, P < 0.0001). α-SMA: α-smooth
muscle actin; PE: Portoenterostomy.

tients compared with controls. Overexpression of α-SMA
staining was related to clearance of jaundice as it correlated with serum bilirubin concentration and relative decrease of bilirubin three months after PE. Patients who
survived with their native liver for the first two years had
significantly lower expression of α-SMA and collagen
1 at the time of PE than patients who underwent LTx.
Those who underwent LTx were older at the time of PE
and, although the age difference was not quite statistically significant, it accords well with the improved clinical
outcomes of PE performed at early age[26]. Furthermore,
age at PE had a strong positive correlation with the expression of α-SMA and collagen 1. Collectively, these
findings suggest that myofibroblastic cell activation associated liver fibrosis progresses with advancing age after
birth before PE, being a major predictor of native liver
survival.
Besides activated stellate cells, portal myofibroblasts
are another cell type expressing α-SMA, and similarly
to the present study, increase in α -SMA expression
around portal tracts has been previously shown to occur
in BA[27]. Here, an intense increase in α-SMA staining
was observed also in perisinusoidal spaces in addition
to portal regions. Although definitive source of α-SMA

WJG|www.wjgnet.com

3317

March 28, 2014|Volume 20|Issue 12|

Suominen JS et al . Fibrogenesis and neovascularization in biliary atresia

A

B

cv
cv

Figure 4 High magnification (× 400) images of CD34 immunohistochemistry on centrizonal region. There are multiple microvessels (arrows) around central
vein (cv) in biliary atresia patient who underwent Kasai portoenterostomy at the age of 51 d (A) whereas only endothelium of central vein is stained in control liver (B).
patients for their retrospective study regarding the incidence of BA. The results
seem quite reasonable, especially the positive relationship between hepatic
neovascularization and incidence of esophageal varices is novel although the
relationship between liver fibrogenesis and clinical outcome of PE has already
widely known as well as that between age performed PE and liver fibrogenesis.

This study has certain limitations such as the relatively
small number of patients. It is also impossible to obtain
liver biopsies from matched healthy infants. However,
considering rarity of BA and current literature our series
of 33 BA patients is reasonably good in size.
In conclusion, hepatic expression of α-SMA, collagen
1 and CD34 was increased in BA, suggesting myofibroblastic cell activation associated fibrogenesis and neovascularization. Low expression of α-SMA and collagen 1
at the time of PE was related to improved bile flow and
native liver survival. Microvessels were common in the
centrizonal region of the hepatic lobules among BA patients already at the time of PE and increased expression
of CD34 predicted development of esophageal varices.
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Protective effects of intravenous anesthetics on kidney
tissue in obstructive jaundice
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jaundice. Thirty-two Wistar-albino rats were randomly
divided into four equal groups. Laparatomy was performed on each animal in the four groups and common
bile ducts were ligated and severed on day 0. After 7 d,
laparotomy was again performed using ketamine, propofol, thiopental, or fentanyl anesthesia whose antioxidative properties are well known in oxidative stress in
a rat liver model of obstructive jaundice. After 2 h, the
rats were sacrificed. Renal tissue specimens were analyzed for catalase, superoxide dismutase and malondialdehyde enzymes activities. All values are expressed
as the mean ± SD. P values less than 0.05 were considered statistically significant.
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RESULTS: All animals survived without complications
until the end of the study. Enlargement in the bile duct
and obstructive jaundice were observed in all rats.
Catalase was found to be significantly lower in the fentanyl group than in the ketamine (P = 0.039), propofol
(P = 0.012), and thiopental (P = 0.001) groups. Superoxide dismutase activities were similar in all groups (P
> 0.05). Malondialdehyde was found to be significantly
lower in the ketamine group than in the propofol (P =
0.028), thiopental (P = 0.002) and fentanyl (P = 0.005)
groups. Malondialdehyde was also lower in the fentanyl
group than in the thiopental group (P = 0.001). The results showed that obstructive jaundice sensitizes renal
tissue to damage under the different anesthetics.

AIM: To evaluate the protective effects on kidney tissue of frequently used intravenous anesthetics (ketamine, propofol, thiopental, and fentanyl) in rats with
obstructive jaundice.

CONCLUSION: Among the agents tested, ketamine
and propofol generated the least amount of oxidative
stres on renal tissues in this rat model of obstructive
jaundice created by common bile duct ligation. The importance of free radical injury in renal tissue in obstructive jaundice under different intravenous anesthetics
during hepatobiliary and liver transplant surgery should
be considered for prevention of postoperative acute renal failure.

METHODS: There is an increased incidence of postoperative acute renal failure in patients with obstructive

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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ing oxidative stress[13,14].
To date, there have been no reports of the effects of
intravenous anesthetic agents on oxidative stress in renal
tissues in rats with OJ. Biliary obstruction is associated
with an intense state of oxidative stress. Antioxidant defenses [as demonstrated by superoxide dismutase (SOD)
and catalase (CAT) activities] are decreased and lipid peroxidation [as demonstrated by malondialdehyde (MDA)
levels] are increased in rat models with OJ[13,15]. In this
study, we therefore investigated the effects on renal tissues of frequently used intravenous anesthetics (ketamine,
propofol, thiopental, and fentanyl), in a rat model of
oxidative stress caused by OJ through common bile duct
ligation. We used these intravenous anesthetics as their
antioxidative properties are well known.

Key words: Obstructive jaundice; Postoperative acute
renal failure; Oxidative stress; Intravenous anesthetics;
Renal tissue damage
Core tip: There is an increased incidence of postoperative acute renal failure in patients with obstructive
jaundice. Recent studies suggested that the free oxygen radicals produced in obstructive jaundice may play
a major role in the etiopathogenesis of acute renal failure. We evaluated the protective effects on kidney tissue of frequently used intravenous anesthetics, whose
antioxidative properties are well known, in a rat model
of obstructive jaundice. Among the agents tested,
ketamine and propofol generated the least amount
of oxidative stres on renal tissues in this rat model of
obstructive jaundice created by common bile duct ligation.

MATERIALS AND METHODS
Animals
The experimental protocol was approved by the Animal
Ethics Review Committee of the Faculty of Medicine,
University of Kahramanmaras and adhered to the National Institutes of Health Guidelines for the Use of Experimental Animals. Thirty-two male Wistar rats (300-375
g) were subjected to controlled conditions of temperature (about 22  ℃) and illumination (12 h light:12 h dark
cycle), and were provided with food and water ad libitum.
They were fed a commercial diet. Rats were placed in individual metabolic cages and acclimatized for 1 wk before
the study commenced.

Hatipoglu S, Yildiz H, Bulbuloglu E, Coskuner I, Kurutas EB,
Hatipoglu F, Ciralik H, Berhuni MS. Protective effects of intravenous anesthetics on kidney tissue in obstructive jaundice. World
J Gastroenterol 2014; 20(12): 3320-3326 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i12/3320.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i12.3320

INTRODUCTION
Today, palliative and curative operations are performed
on many patients with obstructive jaundice (OJ) under
anesthesia. As a result of improvements in liver transplant surgery in the last 50 years, more complicated and
prolonged operations are being conducted. Patients with
severe OJ usually have a number of metabolic disorders
and one or multiple organ function failure. Renal dysfunction is one of the serious complications in patients
with OJ[1-3].
An association between OJ and acute renal failure
(ARF) has been recognized for well over a century. The
renal damage is due to biliary disorders either present on
admission to hospital or which develop postoperatively.
One third of patients with OJ have deterioration of renal function before surgical intervention[4]. On the other
hand, surgery on patients with OJ is known to be associated with increased risk of postoperative renal failure[5-8].
Early diagnosis and prevention of spontaneous evolution
of the disease can improve prognosis.
Patients with intra- or extra-hepatic bile duct obstruction are susceptible to ARF especially after major
surgery[9]. Surgical treatment for the relief of OJ is still
complicated by postoperative ARF in almost 10%of
patients[3]. Patients with OJ are often subjected to either
general or sedation anesthesia, usually using drugs which
are metabolized by the liver and/or are eliminated by the
kidney and the liver. Some intravenous anesthetic agents
have been shown to increase production of reactive
oxygen species and cause tissue damage[9-13]. In contrast,
some intravenous anesthetic drugs are capable of reduc-

WJG|www.wjgnet.com

Experimental design
In this prospective experimental study, rats were divided
randomly into four groups, each group containing eight
animals. Food was withdrawn for 12 h before the operation, with water available ad libitum during this period.
Each rat was weighed during each anesthetic and anesthetized with ketamine (50 mg/kg) intramuscularly. As described by Lee et al[16], experimental jaundice was created
by ligation of the common bile duct[13,15]. The abdominal
cavity was opened with a midline incision after disinfection of the skin. The common bile duct was located and
OJ induced by double ligation with 5/0 silk and transsection of the common bile duct in the supraduodenal part
between the lowermost tributary of the bile duct and the
uppermost tributary of the pancreatic duct. The abdominal wall was then closed with 3-0 silk in two layers. Cages
were examined daily.
After 7 d, Group Ⅰ rats received intramuscular singledose ketamine (50 mg/kg), Group Ⅱ received intramuscular single-dose propofol (10 mg/kg), Group Ⅲ
received intramuscular single-dose thiopental (20 mg/kg),
and Group IV received intramuscular single-dose fentanyl (50 mcg/kg). Two hours later, the rats were sacrificed.
Sample collection
The animals were anesthetized and a second laparotomy
was performed through a similar incision. The left and
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RESULTS

Table 1 Mean malondialdehyde, superoxide dismutase levels
and catalase levels in renal tissue of rats
Groups

Catalase

B1 (ketamine)
B2 (propofol)
B3 (thiopental)
B4 (fentanyl)

146.11 ± 20.911
154.11 ± 21.462
174.8 ± 36.63
122.48 ± 20.541,2,3

Superoxide
dismutase

Malondialdehyde

3.52 ± 0.73
3.74 ± 0.67
3.70 ± 0.61
3.41 ± 0.59

0.27 ± 0.0804,5,6
0.50 ± 0.244
0.73 ± 0.225,7
0.47 ± 0.196,7

All animals survived without complications until the end
of the study. Enlargement of the bile duct and OJ were
observed in all rats. The mean values of the parameters
studied are presented in Table 1. The results showed that
the presence of OJ sensitized the renal tissue to damage
under the different anesthetics.
CAT was found to be significantly lower in the fentanyl group than in the ketamine (P = 0.039), propofol
(P = 0.012), and thiopental (P = 0.001) groups. Although
CAT was higher in the thiopental group than in the ketamine and propofol groups, this difference was not statistically significant (Table 1, Figure 1A).
SOD activity was similar between all groups and intergroup differences were not found (P > 0.05) (Table 1,
Figure 1B).
MDA was found to be significantly lower in the ketamine group than in the propofol (P = 0.028), thiopental
(P = 0.002) and fentanyl (P = 0.005) groups. MDA was
also lower in the fentanyl group than in the thiopental
group (P = 0.001). MDA was similar between the propofol and thiopental groups and no other significant intergroup difference was found (Table 1, Figure 1C).

Data are expressed as mean ± SD. Mean malondialdehyde (MDA),
superoxide dismutase (SOD) levels and catalase (CAT) levels in renal
tissue of rats (8 rats in each group). CAT and SOD activities are expressed
as U/mg protein. MDA enzyme activities are expressed as nmol/mg
protein. P-values < 0.05 were considered statistically significant. In the
CAT group: 1P = 0.039 for ketamine vs fentanyl comparison; 2P = 0.012
for propofol vs fentanyl comparison; 3P = 0.001 for thiopental vs fentanyl
comparison. In the MDA group: 4P = 0.028 for ketamine vs propofol
comparison; 5P = 0.002 for ketamine vs thiopental comparison; 6P = 0.005
for ketamine vs fentanyl comparison; 7P = 0.001 for thiopental vs fentanyl
comparison.

right kidneys of each rat were carefully removed in all
groups and stored in iced 0.9% NaCl solution for a
short time. A 0.5 cm × 0.5 cm sample of kidneys (left
or right) which contain both renal cortical and medullar
tissue were washed with physiological saline to remove
hematoma and blotted on filter paper. The renal tissue
was immediately frozen in liquid nitrogen and stored at
-80  ℃ for later measurement of MDA, SOD and CAT
activities.

DISCUSSION
Many clinical observations and experimental studies point
to the frequent occurrence of different organ complications in patients with OJ. One of the main consequences
of biliary obstruction is its effect on renal function,
which markedly increases patient morbidity and mortality. Acute renal failure is a life-threatening complication
of OJ which continues to be a significant challenge, involving 6%-18% of patients, and is associated with high
mortality (20%-100%)[20-23]. Patients with intra- or extrahepatic bile duct obstruction are susceptible to ARF
especially when undergoing major surgery, and postoperative ARF in patients with OJ remains a clinically significant complication[9,24]. ARF occurs in approximately 9%
of patients requires surgery for relief of OJ, and contributes to eventual mortality in 76% of those who develop
it. Postoperative mortality has been directly attributed to
ARF in approximately 5%-16% of patients after surgery
for OJ[25,26].
When mechanical biliary obstruction is diagnosed,
surgical, endoscopic or radiologic intervention is usually
recommended. On the other hand, despite advances in
preoperative evaluation and postoperative care, surgical
intervention for relief of obstructive jaundice still carries
high morbidity and mortality rates, mainly due to sepsis
and renal dysfunction[25,27-30]. The presence of OJ (total
bilirubin < 8 mg/dL) is an independent risk factor for
the development of postoperative renal dysfunction[31].
Although the association between OJ and ARF has
been recognized since 1910 when Clairmont and Von
Haberer[22] first postulated that jaundice might predispose
to postoperative renal failure, surprisingly few reports or

Antioxidant study
In order to determine tissue antioxidant levels, the renal
tissue samples were removed from the freezer, brought
to room temperature, then homogenized with three volumes of ice-cold 1.15% KCl. Activities of antioxidant
enzymes and levels of lipid peroxidation were measured
in the supernatant after centrifugation at 14000 rpm.
SOD activity was measured by the method described by
Fridovich[17]. CAT activity was determined by measuring
the decrease in hydrogen peroxide concentration at 230
nm by the method of Beutler[18]. Lipid peroxidation was
reflected by MDA levels, which were measured by the
method described by Ohkawa et al[19]. All enzyme activities are expressed as units per milligram protein (U/mg
protein).
Statistical analysis
All values are expressed as mean ± SD. The Kolmogorov-Smirnov statistic was used to test the normality of
the distribution. Differences between SOD groups were
evaluated by Kruskal-Wallis variance analysis followed
by a post hoc (Bonferroni correction) Mann-Whitney U
test. Differences between MDA and CAT groups were
evaluated by one way analysis of variance (ANOVA) for
continuous variables with post hoc procedures (Bonferroni
correction). P-values < 0.05 were considered statistically
significant. Data were analyzed using SPSS 9.05 for Windows® statistical package (Chicago, IL, United States).
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A

acute OJ[32]. Intrarenal vasoconstriction, attributable to a
decrease in effective arterial blood volume and induced
by peripheral arterial vasodilation, is proposed to play a
causative role in OJ[35]. Decreased creatinine clearance
and urine osmolality are the parameters which point to
the probability of renal dysfunction occurrence in OJ[4].
Although the etiology of renal dysfunction is multifactorial, it is strongly associated with hemodynamic and body
fluid disturbances. However, the etiology of this clinical
status is still unclear.
Oxidative stress occurs during many pathological
processes in an organism. Free oxygen radicals are neutralized by the antioxidant system and a balance is maintained. A major protective mechanism against reactive
oxygen metabolites is also the antioxidant enzyme cascade[36-38]. Antioxidant defenses (as demonstrated by CAT
and SOD activities) are decreased and lipid peroxidation
(as demonstrated by MDA levels) are increased during
extrahepatic OJ in rat models[13,15]. When this balance is
impaired, however, tissue damage may result. Oxidant
injury is considered to be an important mechanism in the
pathophysiology of ARF[36-40] and severe oxidative stress
has been implicated in the renal dysfunction associated
with experimental OJ[41]. Ischemia and nephrotoxicity are
important factors in the pathogenesis of ARF and their
effects on renal cells can be loss of SOD and superoxide
radical accumulation[36]. Oxygen free radicals produce
damage to the renal arteriolar endothelial cells, glomerular cells, and renal tubular epithelial cells[36-38].
Renal tissues in OJ appear to be susceptible to
ischemia-reperfusion injury[42]. Tissue injury induced by
OJ involves lipid peroxidation[43]. Experimental animals
with OJ have been shown to be deficient in fat-soluble
vitamins, such as vitamins A and E[13,43]. Because these
vitamins have potential to ameliorate secondary tissue
damage induced by lipid peroxidation, enhanced oxidative stress could exacerbate secondary tissue damage.
Moreover, OJ could alter the activities of antioxidant
enzymes resulting in increased production of superoxide
and hydrogen peroxide[44]. Tissue damage associated with
OJ may be caused by accelerated generation of hydroxyl
radicals[43-46]. Oxidative stress seems to be a cardinal feature of cholestasis, implicated in the pathophysiology
of organ injury not only in the liver, but also in renal tissues[47]. Superoxide radicals may play an important role in
the pathophysiology of cholestatic liver injury, intestinal
barrier failure and ARF[47].
Commonly used intravenous agents have been shown
to increase oxygen production and generate tissue damage[9-13,48]. Intravenous anesthetic agents generate free
radicals by altering intracellular cytochrome p450, peroxisomes, and enzymatic systems in the mitochondria[9].
Moreover, they consume and inhibit enzymatic and nonenzymatic systems that protect the cells via scavenging
free radicals. They cause lipid peroxidation, DNA damage and changes in proteins by inducing oxidative damage, which eventually may lead to alterations in cellular
functions such as reduced gap junction-mediated trans-
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Figure 1 Mean malondialdehyde, superoxide dismutase levels and catalase activity in our groups [B1 (ketamine), B2 (propofol), B3 (thiopental)
and B4 (fentanyl)]. A: Catalase (CAT); B: Superoxide dismutase (SOD); C:
Malondialdehyde (MDA).

series have appeared in the literature[20,32]. Antifibrinolytic
agents, OJ, prostaglandin inhibitors, cyclosporine A, radiocontrast dyes and volatile anesthetic agents contribute
to ARF[31,33,34]. There is a lack of knowledge about the
oxidative effects of intravenous anesthetic agents in renal
tissue during surgery for OJ patients.
Postoperative ARF may be precipitated in patients
with OJ either by surgery or septicemia or a combination
of both. Effective plasma volume depletion, systemic
endotoxemia, and myocardial dysfunction contribute
to hemodynamic and renal disturbance in patients with
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mission, activation of transcription factors, intracellular
calcium and pH changes, and/or cell death[9-13,49].
Transient functional impairment of renal cation and
water transport in the proximal convoluted tubule occurred 3 to 4 d following bile duct ligation in rats[6]. Maximum plasma concentrations and renal clearance of bile
acids occurred between the 3rd or 4th postoperative day
following common bile duct ligation. This peak coincided
with maximal disruption of the proximal convoluted tubule architecture and postoperative changes in renal function such as increased urine flow rate and decreased urine
osmolality and sodium excretion[6]. Because of these results, we chose to sacrifice our rats on the 7th postoperative day and specimens of renal tissues were resected.
Ketamine has been extensively studied as a safe and
reliable dissociative sedative/anesthetic agent in various
clinical situations. Ketamine’s properties as a protective
agent against oxidative stress and ischemia/reperfusion
injury of the brain, kidney, skeletal muscle, heart, and intestine have been reported[50-54]. In our experiment, MDA
levels were lower in the ketamine group compared with
the other groups, confirming ketamine as an agent which
protects against oxidative stress. MDA is one of the fairly
reactive metabolic products resulting from the effect of
free oxygen radicals on tissues and from a series of reactions during lipid peroxidation. The tissue MDA level is a
sensitive indicator of lipid peroxidation and thus of oxidative stress[55]. Since ketamine lowered MDA levels more
than the other agents used, we can conclude that it has
an influence over the antioxidant defense system, while
reducing lipid peroxidation.
Propofol and thiopental are another type of highly
lipid-soluble anesthetic which have demonstrated antioxidant properties by inhibiting lipid peroxidation[56-58].
Both are often used to reduce cerebral edema during liver
transplantation in fulminant hepatic failure patients[13].
Propofol is widely used for the induction and maintenance of general anesthesia, as well as for sedation of intubated postoperative patients on mechanical ventilation.
Propofol has been proven to ameliorate ischemic/reperfusion injury in several organs, including the heart[59],
lungs[60], brain[61], and kidney[62]. Propofol has been found
to limit oxidative injury in the liver and other tissues[63].
According to our literature searches, the oxidative effects of propofol and thiopental on renal tissue injury
due to OJ have not been studied before now. Regarding
the markers of oxidative stress, MDA was highest in the
thiopental group, and was significantly higher than in the
ketamine or fentanyl groups. Although CAT was higher
in the thiopental group than in the ketamine and propofol groups, this difference was not statistically significant.
SOD catalyzes the produced superoxide radicals into
H2O2, whereas CAT prevents oxidative damage by dissociating H2O2 and inhibiting lipid peroxidation[64]. In our
experiment, SOD activity was similar amongst all groups
and no significant intergroup difference was found.
Fentanyl is one of many opioid receptor agonists and
has effects on the brain, heart, and liver[65]. Regarding its
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oxidative effects on renal tissue in OJ however, little is
known. In our experiment, CAT was found to be significantly lower in the fentanyl group than in the ketamine,
propofol, and thiopental groups.
The association between ARF and OJ is well established. However, despite the substantial number of
clinical reviews, animal studies, and various pathogenic
mechanisms and therapeutic strategies proposed, the
main pathophysiological mechanisms are still obscure.
Therefore, postoperative ARF remains a major challenge
in hepatobiliary and liver transplant surgery. It is important to recognize ARF early and take adequate measures
to prevent its occurrence. As free oxygen radicals appear
to play a significant role in ARF etiopathogenesis, one
option is preoperative and postoperative antioxidant
treatment to prevent ARF in OJ. According to our experiment, ketamine and propofol generated the least amount
of oxidative stress in renal tissues in this rat model of OJ
created by common bile duct ligation. In addition, close
collaboration of clinicians, especially hepatobiliary and
liver transplant surgeons and anesthesiologists, is very
important during the preoperative, perioperative, and
postoperative process to prevent ARF.
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METHODS: A total of 219 consecutive patients with
IBD, of which 146 had Crohn’s disease and 73 had
ulcerative colitis, regularly seen at the outpatient unit
of the Division of Gastroenterology at the University
Hospital Pedro Ernesto of the State University of Rio
de Janeiro, a tertiary referral center, were enrolled in
this study from February 2009 to January 2011. We
analyzed the presence of major TPMT genetic variants
(TPMT*2, *3A, *3C) in IBD patients by means of a specific allele and RFLP-PCR. Genomic DNA was isolated
from peripheral blood leukocytes by proteinase-K/Sodium Dodecyl Sulfate digestion and phenol-chloroform
extraction. TPMT*2 (C238G), TPMT*3A (G460A/
A719G), and TPMT*3C (A719G) genotypes were detected by real-time polymerase chain reaction followed
by direct sequencing with specific primers. Clinical data
were systematically recorded, and correlated with the
genotype results.
RESULTS: The distribution of the selected TPMT gene
polymorphism TPMT*2 (C238G), TPMT*3A (G460A/
A719G), and TPMT*3C (A719G) genotypes was 3.6%,
5.4%, and 7.7% of the patients, respectively. Among
the side effects recorded from patients taking azathioprine, 14 patients presented with pancreatitis and/or an
elevation of pancreatic enzymes, while 6 patients had
liver toxicity, and 2 patients exhibited myelosuppression/neutropenia. TPMT polymorphisms were detected
in 37/219 patients (8 heterozygous for *2, 11 heterozygous for *3A, and 18 heterozygous for *3C). No homozygotic polymorphisms were found. Despite the prevalence of the TPMT*3C genotype, no differences among
the genotype frequencies were significant. Although
no association was detected regarding myelotoxicity or
hepatotoxicity, a trend towards the elevation of pancreatic enzymes was observed for TPMT*2 and TPMT*3C
genotypes.

Abstract
AIM: To analyze the prevalence of thiopurine-methyltransferase (TPMT) genotypes and their association
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CONCLUSION: The prevalence of TPMT genotypes
was high among Brazilian patients. Variants genes *2
and *3C may be associated with azathioprine pancreatic toxicity in a IBD southeastern Brazilian population.

creased risk of myelosuppression. However, patients with
high TPMT activity are usually resistant to thiopurines or
require a higher dose to achieve efficacy, which increases
the risk of hepatotoxicity[7,9-12].
However, the large variability in the activity of TPMT
among patients has been attributed to TPMT gene polymorphisms[13,14]. The TPMT gene has been localized to
chromosome 6p22.3. A total of 24 TPMT genetic polymorphisms have been identified; these polymorphisms
are associated with decreased levels of enzymatic activity
and/or thiopurine drug-induced toxicity. These activities
are genetically determined and demonstrate a trimodal
distribution in the Caucasian population: 88.6% of individuals carry two allele types resulting in normal or
high TPMT activity (TPMT *1), 0.3% are homozygous
for low activity alleles with no detectable TPMT activity, and 11.1% are heterozygous and display intermediate activity[13,14]. The overall concordance rate between
TPMT genetic polymorphisms and specific phenotypes is
98.4%[7,9,10,12,15].
Three mutant alleles, TPMT *2, *3A, and *3C, account for the majority of the variant alleles in the entire
human population studied to date. Intermediate or low
TPMT activity is most frequently associated with these
allele polymorphisms[13,14]. The distribution of these alleles differs significantly among ethnic populations,
particularly the *3A and *3C genotypes[7,9,11,12]. However,
a number of studies have shown that the frequency of
these alleles does not differ in IBD patients compared to
controls within the same populations.
The aim of this study was to determine the prevalence of TPMT gene polymorphisms in a group of
Brazilian patients with IBD and to investigate the relationship between these polymorphisms and thiopurine
related-toxicity and treatment response.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Although commonly used to treat patients
with inflammatory bowel disease, the potentially severe
side effects of azathioprine remain a concern. To determine a patient’s predisposition to azathioprine toxicity,
the thiopurine-methyl-transferase genotype must be
determined prior to azathioprine administration.
Carvalho ATP, Esberard BC, Fróes RSB, Rapozo DCM, Grinman
AB, Simão TA, Santos JCVC, Carneiro AJV, Ribeiro-Pinto LF, de
Souza HSP. Thiopurine-methyltransferase variants in inflammatory bowel disease: Prevalence and toxicity in Brazilian patients.
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INTRODUCTION
The purine analogs azathioprine (AZA) and 6-mercaptopurine (6-MP) are the most common immunosuppressant drugs used to treat inflammatory bowel disease (IBD)
and have been shown to be effective in inducing and
maintaining remission[1-5]. Recent evidence has indicated
that azathioprine can control active inflammation and
prevent relapse in Crohn’s disease (CD) and ulcerative
colitis (UC), as well as reduce steroid dependence and
induce and maintain remission in CD. Many of these
beneficial effects have been attributed to the ability of
AZA to induce T cell apoptosis[6,7]. However, in one third
of patients, treatment with AZA is withdrawn due to either toxicity (gastrointestinal intolerance, pancreatitis, and
bone marrow suppression in 9%-28% of patients) or a
lack of a clinical response (15% of cases)[6,8].
The metabolism of AZA and 6-MP is complex. AZA
is a pro-drug, which is absorbed into the plasma and rapidly converted to 6-MP via a glutathione-dependent process. 6-MP can be inactivated by xanthine oxidase (XO)
and thiopurine-methyl-transferase (TPMT) or converted
to cytotoxic 6-thioguanine nucleotides (6-TGNs) via a
multi-enzymatic process[7,9,10] TPMT or XO deficiency
results in greater conversion of 6-MP to 6-TGNs, which
are the predominant active metabolites related to drug
efficacy, but this conversion also induces toxicity. Patients
with low TPMT activity display higher 6-TGN levels
when treated with standard doses of AZA and are at in-
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MATERIALS AND METHODS
Study population
A total of 219 consecutive patients with IBD, of which
146 had CD and 73 had UC, regularly seen at the outpatient unit of the Division of Gastroenterology and
Gastrointestinal Endoscopy at the University Hospital
Pedro Ernesto of the State University of Rio de Janeiro,
a tertiary referral center, were enrolled in this study from
February 2009 to January 2011. The diagnosis of IBD
was based on established diagnostic criteria, including clinical, imaging, endoscopic, and histological parameters.
The following data were collected from all patients:
gender, age, age at diagnosis, disease activity, history of
IBD-related surgery, chronic steroid use including steroiddependent or steroid-refractory disease, and the presence
of side effects from medical treatment. For patients with
CD, the disease location was characterized as the terminal
ileum (L1), colon (L2), ileocolon (L3), or upper gastrointestinal tract (L4). In addition, the predominant disease
behavior was defined as non-stricturing/non-penetrating
(B1), stricturing (B2), and perforating (B3), according to

3328

March 28, 2014|Volume 20|Issue 12|

Carvalho ATP et al . TMPT variants and azathioprine toxicity in IBD
Table 2 Primer sequences used to identify the G238C,
G460A, and A719G polymorphisms of the thiopurinemethyl-transferase gene

Table 1 Baseline demographic and clinical characteristics of
the inflammatory bowel disease patients n (%)
Diagnosis
Gender
Male:female
Age at diagnosis
< 40 (A1):40 (A2)
Disease location CD
Terminal ileum (L1)
Colon (L2)
Ileocolon (L3)
Upper GI (L4)
Disease behavior
NS/NP (B1)
Stricturing (B2)
Penetrating (B3)
Perianal disease
Yes:no
Disease location UC
Pancolitis
Non-pancolitis
Disease activity
Moderate/severe
Mild/Remission
Surgery because of IBD
Yes:no
Chronic steroid use
Yes:no
Side effects of medication
Yes:no
Azathioprine
Yes:no

CD (n = 146)

UC (n = 73)

61:85

30:43

111:35

38:35

Name

30 (20.5)
42 (28.8)
65 (44.5)
9 (6.2)
53 (36.3)
45 (30.8)
48 (32.9)

38 (52.1)
35 (47.9)
15 (20.5)
58 (79.5)

48:98 (32.9)

0:73 (0)

26:120 (17.8)

10:63 (13.7)

43:103 (29.4)

18:55 (24.6)

138:8 (94.5)

44:29 (60.3)

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

the Montreal classification[16]. Perianal disease was considered separately as an additional feature. CD activity was
based on the Crohn’s Disease Index[17]. For patients with
UC, disease extension was based on the Montreal classification using a modified criteria that combined ulcerative
proctitis and left-sided UC (E1 + E2) and included extensive UC (pancolitis; E3). Disease activity was assessed
using the Truelove index[18] (Table 1).

254

375
175

PCR assay
To determine the G238C, G460A, and A719G polymorphisms, we performed PCR amplification in a final
volume of 50 μL. The PCR reaction contained 100 ng
genomic DNA, 1 U Platinum Taq polymerase, 1X reaction buffer, 10 mmol/L deoxynucleoside triphosphates
(dNTP) (all from Life Technologies, United States) and
primers (Table 2).

DNA extraction and genotyping
After a questionnaire containing clinical information was
completed for each patient, peripheral blood samples
were obtained from all participants by venipuncture and
collection in EDTA tubes. Genomic DNA was isolated
from peripheral blood leukocytes by proteinase-K/Sodium Dodecyl Sulfate digestion and phenol-chloroform
extraction as previously described[19]. The TPMT gene
polymorphisms most commonly described in the literature,
TPMT*2 (C238G), TPMT*3A (G460A/A719G), and
TPMT*3C (A719G) genotypes, were detected by realtime polymerase chain reaction (PCR) followed by direct
sequencing with specific primers (Table 2) for each region
of interest. These regions corresponded to exons 12, 21,
and 26 of the TPMT gene. The genotype frequencies of
the TPMT gene polymorphisms were analyzed in the study
population of CD and UC patients. Genotype-phenotype
associations with major clinical features were established,

WJG|www.wjgnet.com

Product size

and the estimated risks for the mutations were calculated.
Briefly, PCR was performed using a buffer containing 0.75 mmol/L MgCl2, 0.2 mmol/L dNTPs, 1.0 U
Platinum Taq DNA polymerase (all from Invitrogen, Life
Technologies, Carlsbad, CA, United States), 20 pmol each
primer, 200 ng genomic DNA, and sterile ultrapure water
to a final volume of 50 µL. For amplification, the DNA
was first denatured for 5 min at 94 ℃, followed by 35
cycles of denaturation for 30 s at 92 ℃, annealing for 30 s
at 60 ℃ (exons 12 and 21) or 58 ℃ (exon 26), and extension for 1 minute at 72 ℃. At the end of the 35 cycles,
an additional 10-min cycle at 72 ℃ was performed. The
PCR products were then purified with the Illustra GFX™
PCR DNA and Gel Band Purification kit according to the
manufacturer’s protocol (GE Healthcare, Buckinghamshire, United Kingdom).
The sequencing reactions were performed using the
ET Dye Terminator Cycle Sequencing Kit (GE Healthcare, Buckinghamshire, United Kingdom) according to
the manufacturer’s protocol. The primers used were the
same as those used for the PCR reaction (Table 2). For
each product, eight sequencing reactions were performed;
four contained sense oligonucleotides, and four contained
antisense oligonucleotides.

38:108 (26.1)

28 (19.2)
118 (80.8)

Sequence

P2W reverse
5’ GTA TGA TTT TAT GACGGT TG 3’
P2M reverse
5’ GTA TGA TTT TATGCA GGT TTC 3’
P2C forward
5’ TAA ATAGGAACC ATCGGA CAC 3’
460 forward 5’ TCC CCA AAT CAT AAC AGA GTG 3’
460 reverse
5’ CTAGAACCCAGAAAAAGTATAG3’
719 forward
5’ CGT TGT CTT GAG AAG GTT GA 3’
719 reverse 5’ CAT TAC ATT TTC AGG CTT TAG CAT A 3’

Detection of G238C
To detect the G238 polymorphism, a PCR assay was performed as previously described. Unpurified PCR products
with a length of 256 base pairs were analyzed by agarose
gel electrophoresis followed by staining with ethidium
bromide. A DNA fragment was amplified with primers
P2M and P2C when C238 (mutant) was present, whereas
a DNA fragment was amplified with primers P2W and
P2C when G238 (wild-type) was present (Figure 1).
Detection of G460A
To detect the G460A polymorphism, a PCR assay was

3329

March 28, 2014|Volume 20|Issue 12|

Carvalho ATP et al . TMPT variants and azathioprine toxicity in IBD
S

1

2

3

4

5

6

Figure 1 Agarose gel (2%) electrophoresis showing heterozygosis of thiopurine-methyltransferase*2 in one patients. S: Standard; 1, 2, 3, 4, 6: Wild homozygous; 5: Polymorphic heterozygous.

performed as previously described. The PCR product
was digested with Mwo I (New England Biolabs, Ipswich,
MA, United States) for 1 h at 60 ℃. The digested products were analyzed by gel electrophoresis. Mwo I digestion
of wild-type DNA yielded fragments of 267 and 98 base
pairs, whereas DNA containing the G460A polymorphism was not digested, resulting in an uncleaved fragment of 365 base pairs.

RESULTS
Genotype analysis
The prevalence of the selected TPMT gene polymorphism TPMT*2 (C238G), TPMT*3A (G460A/A719G),
and TPMT*3C (A719G) genotypes was 3.6%, 5.4%, and
7.7% of the patients, respectively. TPMT polymorphisms
were detected in 37/219 patients, being 8 heterozygous
for *2 (21.6%), 11 heterozygous for *3A (32.4%), and 18
heterozygous for *3C (46.0%). Despite the prevalence of
the TPMT*3C genotype, no differences among the genotype frequencies were significant. No homozygous polymorphism was found in this study. The allele frequencies
in the study population are shown in Table 3. No significant difference was observed in the allele frequencies
of the TPMT gene variants according to the predicted
Hardy-Weinberg equilibrium.
Next, we investigated the prevalence of the TPMT
gene variants and analyzed the distribution of each polymorphism with respect to the specific type of IBD (Table
4). For all three TPMT gene polymorphisms analyzed in
this study, the frequencies of the wild-type (common homozygous), heterozygous, and homozygous polymorphic
genotypes were similar among CD and UC patients (P =
0.722; P = 0.750; and P = 0.612, respectively). Importantly, no homozygous polymorphic types were observed.

Detection of A719G
To detect the A719G polymorphism, a PCR assay was
performed as previously described. The PCR product
was digested with Acc I (New England Biolabs, Ipswich,
MA, United States) for 2 h at 37 ℃ and analyzed by
electrophoresis. The A719G polymorphism generates an
Acc I restriction site in the amplified fragment and yields
fragments of 207 and 86 base pairs upon digestion. Wildtype DNA yielded an uncleaved fragment of 293 base
pairs.
Statistical analysis
Tests for Hardy-Weinberg equilibrium were performed
using the Genepop (Genepop web version 3.1) software.
For all other data evaluations, we used SPSS 17.0 software (SPSS Inc., Chicago, IL, United States). The distribution of the individual characteristics was evaluated
using simple descriptive statistics. Differences among
the distributions of the selected variables were evaluated
using either the chi-square test or the Fisher exact test
for categorical data. All of the tests were two-tailed, and
statistical significance was established at P-values of less
than 0.05.

Genotype-phenotype analysis
Next, we investigated the potential role of genotype in
specific phenotypic variables. The associations between
the sub-phenotypic categories and the genotype frequencies of the single nucleotide polymorphism (SNPs) in different subgroups of patients with CD and UC are shown
in Table 5.
Among the side effects recorded from patients taking azathioprine, 14 patients presented with pancreatitis
and/or an elevation of pancreatic enzymes, while 6 patients had liver toxicity, and 2 patients exhibited myelosuppression/neutropenia. No associations between the
TPMT*3A (G460A/A719G) polymorphism and specific
CD or UC sub-phenotypes were observed. By contrast,
we observed a trend towards a positive association be-

Ethical considerations
This study was approved by the Ethical Committee of
the University Hospital Pedro Ernesto of the State University of Rio de Janeiro, and informed consent was obtained from all subjects (2310/2008). The study protocol
was in accordance with the ethical principles for medical
research involving human subjects statement of the Helsinki Declaration.
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Table 3 Allelic frequencies of C238G, G460, and A719G in patients with inflammatory bowel disease
Polymorphism
CD
C238G
Observed
Expected
G460A/A719G
Observed
Expected
A719G
Observed
Expected
UC
C238G
Observed
Expected
G460A/A719G
Observed
Expected
A719G
Observed
Expected

CHz

HTz

RHz

C:C
141
141
G:G/A:A
137
137
A:A
128
128

C:G
5
5
G:A/A:G
9
9
A:G
18
16

G:G
0
0
A/A:G/G
0
0
G:G
0
1

C:C
71
71
G:G/A:A
70
70
A:A
66
66

C:G
2
2
G:A/A:G
3
3
A:G
7
7

G:G
0
0
A/A:G/G
0
0
G:G
0
0

n

Allelic frequency

χ2

P -value

146

C
0.98

G
0.02

0.04

0.83

146

G/A
0.97

A/G
0.03

0.14

0.70

146

A
0.94

G
0.06

0.63

0.42

73

C
0.99

G
0.01

0.01

0.90

73

G/A
0.98

A/G
0.02

0.03

0.85

73

A
0.95

G
0.05

0.18

0.66

CD: Crohn’s disease; UC: Ulcerative colitis; CHz: Common homozygous; HTz: Heterozygous; RHz: Rare homozygous. Data were analyzed using Fisher’s
exact test. If P < 0.05-not consistent with HWE. Not accurate if < 5 individuals in any genotype group.

gene polymorphisms is relatively high among Brazilian
patients, including two genetic variants, TPMT*2 and
TPMT*3C, that may be associated with pancreatic toxicity in IBD patients taking azathioprine. Nevertheless, the
distributions of wild-type, heterozygous, and homozygous genotypes were similar among CD and UC patients,
and no homozygous polymorphic type was observed.
Immunosuppressant agents such as Azathioprine and
6-MP are essential to promote and maintain remission in
IBD patients. Unfortunately, major side effects have been
associated with the use of these drugs, potentially limiting their utility. TPMT functions as a crucial enzyme in
the metabolism of thiopurine drugs (including azathioprine and 6-MP) by methylating (i.e., inactivating) these
drugs[10,20]. In IBD, genetic polymorphisms of TPMT
have been associated with low or no enzyme activity, resulting in higher levels of metabolite concentrations and
enhancing pharmacological activities and the risk of side
effects[21].
TPMT deficiency can also be measured by its activity in red blood cells or by genotypic determination.
Although the methods are different, they yield similar
results. Genotyping has greater clinical significance because it is not subject to external influences such as blood
transfusions[10,22,23] TPMT gene polymorphisms can be
easily identified, enabling the identification of patients
with potential risk for drug toxicity. This is of particular
interest in Brazil, which features a heterogeneous population and has been considered a low prevalence area for
IBD, although the incidence has increased rapidly in the
last decade[15].
This study identified a TPMT gene polymorphism
prevalence of 16.9% among patients with IBD, which is
relatively high compared to reports in the literature for
Caucasian populations (10% and 11%)[7,20,21]. In other

Table 4 Analysis of thiopurine-methyl-transferase gene polymorphisms in patients with inflammatory bowel disease n (%)
TPMT SNP
C238G
CD (n = 143)
UC (n = 71)
G460A/A719G
CD (n = 126)
UC (n = 69)
A719G
CD (n = 135)
UC (n = 71)

CHz

HTz

RHz

C:C
137 (95.8)
69 (97.2)
G:G/A:A
118 (93.7)
66 (95.7)
A:A
122 (90.4)
66 (93.0)

C:G
6 (4.2)
2 (2.8)
G:A/A:G
8 (6.3)
3 (4.3)
A:G
13 (9.6)
5 (7.0)

G:G
0
0
A/A:G/G
0
0
G:G
0
0

P -value
0.722

0.750

0.612

Data were analyzed using Fisher’s exact test. CHz: Common homozygous;
HTz: Heterozygous; RHz: Rare homozygous. CD: Crohn’s disease; UC:
Ulcerative colitis; TPMT: Thiopurine-methyl-transferase.

tween the TPMT*2 (C238G) and TPMT*3C (A719G)
genotypes and the development of pancreatitis and/or
abnormal levels of pancreatic-related enzymes in patients
with IBD. For the TPMT*2 (C238G) genotype, amylase/lipase tended to be more elevated in patients with
CD, while pancreatitis appeared to be more common in
patients with UC. For the TPMT*3C (A719G) genotype,
the levels of amylase/lipase tended to be higher among
patients with CD. Other adverse effects, including myelossuppression/neutropenia and hepatotoxicity presented an overall low prevalence and were not associated with
TPMT polymorphisms (Table 5).

DISCUSSION
This is the first study to investigate the TPMT*2,
TPMT*3A and TPMT*3C genotypes in Brazilian patients
with IBD. We determined that the prevalence of TPMT
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Table 5 Association between the thiopurine-methyl-transferase polymorphisms and adverse effects in patients with inflammatory
bowel disease n (%)
C238G
Adverse effect
Crohn’s disease
Myelosuppression
Neutropenia
Flu-like symptoms
Nausea/vomiting
Allergy/dermatitis
Hepatotoxicity
Amylase/lipase elevation
Pancreatitis
Ulcerative colitis
Myelosuppression
Neutropenia
Flu-like symptoms)
Nausea/vomiting
Allergy/dermatitis
Hepatotoxicity
Amylase/lipase elevation
Pancreatitis

CHz
35/143 (24.5)
0
3 (2.1)
3 (2.1)
12 (8.4)
1 (0.7)
5 (3.5)
6 (4.2)
1 (0.7)
14/71 (19.7)
0
0
1 (1.4)
4 (5.6)
3 (4.2)
0
2 (2.8)
0

G460A/A719G
HTz
0
0
0
0
0
1 (0.7)
2 (1.4)
1 (0.7)
0
0
0
0
2 (2.8)
0
1 (1.4)
1 (1.4)

CHz
30/126 (23.8)
0
2 (1.6)
3 (2.4)
9 (7.1)
2 (1.6)
5 (4.0)
6 (4.7)
2 (1.6)
18/68 (26.5)
0
0
1 (1.5)
3 (4.4)
3 (4.4)
0
3 (4.4)
1 (1.5)

A719G

HTz
0
0
0
1 (0.8)
0
0
0
0
0
0
0
0
0
0
0
0

CHz
33/135 (24.4)
0
2 (1.5)
3 (2.2)
11 (8.1)
2 (1.5)
5 (3.7)
3 (2.2)
2 (1.5)
14/71 (19.7)
0
0
1 (1.4)
3 (4.2)
2 (2.8)
0
3 (4.2)
1 (1.4)

HTz
0
0
0
1 (0.7)
0
0
4 (2.9)
0
0
0
0
0
0
0
0
0

CHz: Common homozygous; HTz: Heterozygous.

studies, the analysis of different populations has yielded
more variable results, but the data on IBD patients did
not differ from controls within the same populations.
Studies in North American and European Caucasians
indicate a predominance of the 3A genotype, which represents nearly 85% of all polymorphisms[9,24]. Indjova et
al[25] also observed a predominance of the 3A genotype
in a healthy Bulgarian population, although with a lower
prevalence (30.4%). In a cohort of ninety-seven thiopurine-treated paediatric IBD patients, 18 (18.56%) were
heterozygous, while 2 (2.06%) were homozygous for a
mutated TPMT gene[26]. However, studies of African and
Eastern Asian patients have indicated a predominance of
the 3C genotype. In Asiatic studies, analyses of TPMT
gene polymorphisms have detected only the 3C allele
among a healthy Chinese population[27] as well as among
South Korean patients with IBD[28]. By contrast, in western Asia, studies in Jordan[15] and Iran[29] detected different patterns of polymorphisms, and the occurrence of
the 3C genotype was not exclusive.
In the present study, the distribution of genotypes
among the 37 heterozygotes within the IBD population was 21.6% TPMT*2, 32.4% TPMT*3A, and 46%
TPMT*3C. With regard to the entire population in the
study, this distribution corresponded to 3.6%, 5.4%, and
7.7% of the population, respectively, in contrast to previous studies of Caucasian (*3A) and Asian (*3C) populations, which usually report a clear predominance of a single gene polymorphism. Nevertheless, compared to other
Brazilian data obtained from different regions and with a
non-IBD population[30-32], we observed an overall higher
prevalence of TPMT gene polymorphisms. However, we
observed a similar *3A and *3C allele distribution compared to other studies involving non-IBD patients from
Rio de Janeiro[30,32]. This finding is supported by the het-
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erogeneous and highly mixed nature of the population
in southeastern Brazil, particularly Rio de Janeiro, where
European and African immigrants constitute a majority
of the population background[33].
Similar to other studies, we did not identify any significant association between TPMT gene polymorphisms
and hepatotoxicity[21] or myelotoxicity[9,12]. It is possible
that the sample size and/or the absence of polymorphic
homozygotic patients may have influenced these results.
However, interestingly, Gazouli et al[26] did not find any
association between TPMT polymorphisms and the occurrence of thiopurine-related adverse events, even having detected a relatively high rate of polymorphic homozygotic among IBD patients. In this study, we observed
a potential association of the *2 and *3C genotypes
with pancreatic changes. An elevation of pancreatic enzymes was associated with the TPMT*2 and TPMT*3C
genotypes in CD, while pancreatitis was more frequently
observed in UC patients with the TPMT*2 genotype. A
possible association between specific TPMT genotypes
and the pancreatic changes combined with the use of
azathioprine in this study may support the dependence
of these changes on genetic polymorphisms rather than
idiosyncratic responses, as previously suggested [21,34].
Thus, future studies with larger sample sizes and different
populations will be necessary to confirm these findings.
In conclusion, our investigation of TPMT gene polymorphisms identified that the prevalence of TPMT gene
polymorphisms is relatively high among Brazilian patients
and a specific genetic profile among IBD patients from
Rio de Janeiro. The possibility of specific TPMT genotypes be associated with adverse events, including potentially severe pancreatic toxicity, should alert physicians
to the potential need to perform genetic testing prior
to the initiation of therapy with thiopurine agents. Such
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measures could facilitate the selection of appropriate
medications and personalized doses of thiopurine agents
to minimize toxic responses while maintaining full treatment efficacy.
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COMMENTS
Background

7

The purine analogs azathioprine and 6-mercaptopurine (6-MP) are the most
common immunosuppressant drugs used to treat inflammatory bowel disease
(IBD). Thiopurine-methyl-transferase (TPMT) is a crucial enzyme in the metabolism of azathioprine and 6-MP. TPMT genetic polymorphisms are associated with decreased levels of enzymatic activity and/or thiopurine drug-induced
toxicity.

8

Research frontiers

Evidence indicates the existence of TPMT activity differences between wild-type
and heterozygous and homozygous mutated subjects. The carriers of at least
one variant allele and with both intermediate and absent TPMT activity have an
increased risk for developing thiopurine-induced myelotoxicity compared with
individuals with normal genotype and TPMT activity. A high degree of concordance was demonstrated between TPMT genotype and phenotype.

9

Innovations and breakthroughs

In Caucasians, approximately 11% of the population harbour heterozygous
and 0.3% homozygous TPMT mutations, leading to an intermediate or low
TPMT activity, respectively. More than 24 mutations are now indexed but the
clinical relevance of some of them remains unclear. TPMT*3A, TPMT*3C, and
TPMT*2 represent the most prevalent mutant alleles in Caucasians and AfricanAmericans and account for 80%-95% of intermediate or deficient methylator
phenotypes.

10

11

Applications

In IBD patients from Rio de Janeiro the distribution of genotypes were predominantly TPMT*3A, and TPMT*3C, in contrast to previous studies of Caucasian
(*3A) and Asian (*3C) populations, which usually report a clear predominance
of a single gene polymorphism. This finding is supported by the heterogeneous
and highly mixed nature of the population in southeastern Brazil, where European and African immigrants constitute a majority of the population background.

12

Terminology

13

Thiopurine-methyltransferase polymorphisms are relatively common among
Brazilian patients with inflammatory bowel disease. In contrast to most studies, the rates of myelossuppression and hepatotoxicity were low, but a trend
towards pancreatic toxicity may be associated with TPMT*2 and TPMT*3C
genetic variants in IBD patients taking azathioprine.

Peer review

14

The authors firstly investigated the TPMT*2, TPMT*3A and TPMT*3C genotypes in Brazilian patients with IBD and demonstrated that the prevalence of
TPMT gene polymorphisms is relatively high among Brazilian patients, including two genetic variants, TPMT*2 and TPMT*3C, that have been associated
with pancreatic toxicity in IBD patients taking azathioprine. These results were
interesting and important in clinical pretreatment of IBD.
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Propensity score analysis demonstrated the prognostic
advantage of anatomical liver resection in hepatocellular
carcinoma
Masayuki Ishii, Toru Mizuguchi, Masaki Kawamoto, Makoto Meguro, Shigenori Ota, Toshihiko Nishidate,
Kenji Okita, Yasutohsi Kimura, Thomas T Hui, Koichi Hirata
RESULTS: In the whole analysis set, the histological background of the liver, liver function, and tumor
marker levels differed significantly among the groups.
Although the overall survival (OS) and recurrence-free
survival rates of the two groups did not differ significantly in the whole analysis set, the OS of the AR group
was significantly longer than that of the NAR group
after propensity matching (76.2 ± 6.3 mo vs 58.9 ± 6.3
mo; P = 0.0039). Although AR (HR = 0.456, P = 0.039)
was found to be a prognostic factor in the univariate
analysis, only vascular invasion (HR = 0.228, P = 0.002)
and the hepatocyte growth factor level (HR = 52.366,
P = 0.035) were subsequently found to be independent
prognostic factors.
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CONCLUSION: AR conveys a survival advantage over
NAR in specific subpopulations of HCC patients with
tumors of less than 5 cm in diameter, single tumor, and
good liver function.
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Abstract

Core tip: The aim of this study was to compare the
prognostic advantage of hepatocellular carcinoma (HCC)
patients that underwent anatomic liver resection (AR)
or non-anatomic liver resection (NAR) using propensity
score-matched populations. Consecutive 268 HCC patients were enrolled and 44 patients from each group
were matched using logistic multivariate analysis followed by propensity score analysis. The overall survival
of the AR group was significantly longer than that of
the NAR group after propensity matching. Vascular
invasion and the hepatocyte growth factor level were
subsequently found to be independent prognostic fac-

AIM: To compare the prognoses of hepatocellular carcinoma (HCC) patients that underwent anatomic liver
resection (AR) or non-anatomic liver resection (NAR)
using propensity score-matched populations.
METHODS: Between January 2002 and December
2010, 268 consecutive HCC patients, including 110 and
158 patients that underwent AR and NAR, respectively,
were retrospectively enrolled in this study. Forty-four
patients from each group were selected and matched
using logistic multivariate analysis followed by propensity score analysis.
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underwent NAR. The patients’ tumors were evaluated
by both ethoxybenzyl-enhanced magnetic resonance
imaging and contrast-enhanced computed tomography
scans were performed prior to surgery in order to assess
tumor number and size. Clinical laboratory tests were
carried out before surgery under stable conditions without inflammation. Histological evaluations of the tumor
and liver parenchyma were carried out using surgical or
biopsy specimens. Operative variables were recorded by
the operating staff including the anesthesiologists. The
design of this retrospective study conformed to the ethical guidelines of the Declaration of Helsinki, and all the
patients gave their informed consent with individual signatures.

tors. AR conveys a survival advantage over NAR in specific subpopulations of HCC patients.
Ishii M, Mizuguchi T, Kawamoto M, Meguro M, Ota S, Nishidate T, Okita K, Kimura Y, Hui TT, Hirata K. Propensity score
analysis demonstrated the prognostic advantage of anatomical
liver resection in hepatocellular carcinoma. World J Gastroenterol 2014; 20(12): 3335-3342 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i12/3335.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i12.3335

INTRODUCTION

Surgical procedure
AR was defined as the complete removal of at least one
Couinaud segment and exposure of the hepatic veins on
the resected liver surface at the segment border. NAR
was defined as the removal of the tumor regardless of
the tumor margin or Couinaud segment without exposing the hepatic veins on the cut liver surface. All cases
attempted to select AR, but some patients did not qualify
for AR after liver resection due to unexposure of any
segmental landmark or poor liver function. Indication of
liver resection is based on same criteria[23] during entire
study period with same team. During surgery, a Cavitron ultrasonic sound aspirator and saline-linked electric
cautery were used for the parenchymal dissection. When
necessary, the pedicle of the hepatic hilum was intermittently clamped in cycles involving 10 min of clamping
and 5 min of reperfusion.

Liver resection is one of the curative approaches employed for hepatocellular carcinoma (HCC), which is the
sixth most prevalent cancer worldwide[1-3]. The optimal
strategy for HCC management depends on the balance
between the characteristics of the tumor and host liver
function[4-6]. Although the indications for liver resection
for HCC recommend that only patients that retain good
liver function should undergo the procedure[7,8], the liver
function of these patients can deteriorate due to chronic
liver disease, including cirrhosis associated with viral
hepatitis[2,3].
The optimal type of liver resection for HCC has been
debated and is divided into anatomic resection (AR) and
non-anatomic resection (NAR)[9-12]. Basically, AR is recommended for HCC patients who maintain good liver
function[11,13,14]. On the other hand, the clinical prognosis
of cirrhotic patients that undergo NAR is comparable
to that of cirrhotic patients that undergo AR[15-17]. Metaanalysis of AR vs NAR has demonstrated the superiority
of AR in specific subgroups[18,19]. However, none of these
reports were randomized control studies. Therefore, it is
very difficult to compare the outcomes of the two surgical procedures due to the different tumor status and liver
function backgrounds of the patients that undergo them,
and so no conclusion about the matter has ever been
reached.
To overcome the effects of patient background,
performing multivariate analysis followed by propensity
score-matched analysis makes it possible to compare
elective groups whilst minimizing confounding factors
in non-randomized retrospective studies[20-22]. The aim
of this study is to elucidate the prognostic differences
among AR and NAR for HCC after matching gender,
tumor characteristics, and liver function using propensity
score analysis.

Statistical analysis
For the statistical analyses, demographic data and perioperative laboratory test results were extracted from the
clinical database, and the differences among the groups
were compared using the χ 2 test followed by the posthoc 2 × 2 Fisher’s exact test, when necessary. Continuous
variables were compared using the Mann-Whitney U test.
The factors affecting overall survival were assessed using
the Kaplan-Meier method, with comparisons performed
using the Log-rank test and univariate or multivariate
analyses performed using the Cox proportional hazards
regression model. Multivariate analyses were performed
by backward selection of covariates with cut-off univariate P value of 0.05. To adjust for the different covariate distributions of the two groups (the AR and NAR
groups), one-to-one matches were performed using
propensity score analysis. The variables entered into the
propensity model were gender, age, albumin level, bilirubin concentration, prothrombin time, tumor size, tumor
number, operation time, and intraoperative blood loss.
The model was then used to obtain one-to-one matches
using the nearest-neighbor matching method. All calculations were performed using the StatView 5.0 software
package (Abacus Concepts Inc., Berkeley, CA), NCSS
(NCSS, Kaysville, UT), or SPSS 16.0 (SPSS Inc., Chicago,

MATERIALS AND METHODS
Patients
Between January 2002 and December 2010, 268 consecutive HCC patients who underwent hepatectomy were
recruited for this study after providing informed consent.
Among the 268 patients, 110 underwent AR and 158

WJG|www.wjgnet.com

3336

March 28, 2014|Volume 20|Issue 12|

Ishii M et al . Prognostic advantage of anatomical resection
Table 1 Clinicopathological characteristics of hepatocellular carcinoma patients who underwent initial hepatectomy in the full
analysis set and one-to-one propensity score-matched pairs
Variables

Full analysis set

Gender (M:F)
Age (yr)
Etiology
(B:C:BC:NBNC)
Background (N:CH:L)
Histology (W:M:P)
Albumin (mg/dL)
Bilirubin (mg/dL)
PT (%)
ICGR15 (%)
Child-Pugh score (A:B)
MELD score
Tumor size (cm)
No. of tumors
VI (-:+:++)
OT (min)
Blood loss (mL)
Blood transfusion (U)
BMI
Platelets
AST (IU/L)
ALT (IU/L)
MELD
BTR
Hyaluronate (ng/mL)
HGF (ng/mL)
AFP (ng/mL)
PIVKA (mAU/mL)

Propensity score-matched pairs

A (n = 110)

NA (n = 158)

97:13
68 (64-70)

133:25
66 (64-68)

50:32:1:27
16:56:38
50:32:1:27
3.91 ± 0.42
0.6 (0.6-0.6)
93.3 ± 12.2
8.5 (7.4-9.9)
109:1
7.68 ± 2.73
4.2 (3.5-5.5)
1 (1-1)
75:18:17
400 (364-439)
435 (380-600)
1.3 ± 3.6
23.19 ± 3.27
15.6 (13.3-17.1)
36 (31-41)
34 (29-38)
7.03 (6.87-7.19)
6.07 (5.60-6.59)
98 (76-132)
0.32 (0.29-0.36)
21.2 (11.2-80.9)
228 (90-639)

70:61:6:21
9:49:100
29:94:35
3.86 ± 0.47
0.8 (0.7-0.9)
90.6 ± 13.6
13 (10.8-15)
153:5
7.58 ± 1.39
2.5 (2.2-3.0)
1 (1-1)
124:25:9
280 (260-300)
300 (230-390)
0.5 ± 2.3
23.61 ± 3.38
12.6 (11.7-14.2)
36 (31-45)
32 (28-37)
7.12 (6.87-7.42)
5.42 (5.07-5.84)
155 (128-196)
0.36 (0.32-0.39)
13.7 (8-29.5)
35 (27-53)

P value

A (n = 44)

NA (n = 44)

P value

0.455
0.862

38:6
64.9 ± 10.2

38:6
64.5 ± 9.5

NA
0.838

0.035
< 0.001
0.138
0.321
< 0.001
0.106
< 0.001
0.419
0.674
< 0.001
0.761
0.027
< 0.001
< 0.001
0.049
0.313
0.504
0.206
0.413
0.674
< 0.001
< 0.001
0.069
0.178
0.015

19:18:1:6
4:20:20
6:30:8
3.99 ± 0.34
0.68 ± 0.26
92.4 ± 11.5
10.4 ± 5.6
44:0
7.78 ± 3.21
3 (2.5-3.5)
1 (1-1)
34:7:3
340.1 ± 105.8
400 (310-482)
0.4 ± 1.4
23.57 ± 3.01
13.45 ± 4.71
40 (33-46)
38 (32-43)
7.10 (6.87-7.39)
5.89 (4.99-6.50)
103 (66-139)
0.33 ± 0.14
11.7 (6.5-38.4)
38 (24-158)

24:12:1:7
5:14:25
8:28:8
3.92 ± 0.41
0.72 ± 0.39
92.5 ± 12.4
13.5 ± 8.8
44:0
7.37 ± 1.29
3 (2.3-3.5)
1 (1-1)
31:10:3
322.7 ± 96.8
355 (270-560)
0.5 ± 1.6
22.83 ± 3.13
16.41 ± 13.69
33 (30-48)
29 (27-39)
7.03 (6.43-7.29)
5.73 (5.06-6.02)
137 (104-187)
0.39 ± 0.15
14.5 (5.8-46.4)
30 (23-66)

0.602
0.422
0.836
0.379
0.545
0.948
0.053
NA
0.448
0.904
0.554
0.716
0.441
0.926
0.833
0.263
0.178
0.439
0.103
0.396
0.277
0.204
0.066
0.902
0.721

Median (95%CI of median) for skewed distribution and mean ± SD for normal distribution. A: Anatomical resection; NA: Non-anatomical resection; M:
Male; F: Female; B: Hepatitis B; C: Hepatitis C; NBNC: Non-B and non-C hepatitis; N: Normal; CH: Chronic hepatitis; L: Liver cirrhosis; W: Well differentiated hepatocellular carcinoma; M: Moderately differentiated hepatocellular carcinoma; P: Poorly differentiated hepatocellular carcinoma; PT: Prothrombin
time; ICGR15: Indocyanine green retention rate at 15 min; VI: Vascular invasion; OT: Operative time; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; MELD: Model for end-stage liver disease; BTR: Branched chain amino acids to tyrosine ratio; HGF: Hepatocyte growth
factor; AFP: Alpha-fetoprotein; PIVKA: Protein induced by vitamin K absence or antagonist.

IL). All results are expressed as mean ± SD values. P values of < 0.05 were considered to be significant.

none of these factors differed between the groups, indicating that the clinical backgrounds of the two groups
had been successfully matched.
In the full analysis set, recurrence free survival (RFS)
and overall survival (OS) did not differ significantly
among the groups (Figure 1); i.e., the median RFS of
the AR group was 48.1 ± 5.2 mo, and that of the NAR
group was 47.2 ± 4.8 mo (P = 0.282). In addition, the
OS of the AR group was 94.5 ± 8.2 mo, and that of the
NAR group was 78.2 ± 5.1 mo (P = 0.293).
On the other hand, among the propensity scorematched pairs the OS of the AR group was significantly
longer than that of the NAR group (76.2 ± 6.3 mo vs
58.9 ± 6.3 mo, P = 0.0039) (Figure 2), although there was
no significant inter-group difference in RFS (43.9 ± 7.1
mo vs 36.8 ± 5.8 mo, P = 0.213).
Multivariate analysis of the variables that were found to
be significant predictors of OS in the univariate analysis revealed that although AR (HR = 0.456, P = 0.039), ICGR15
(HR = 1.101, P < 0.001), tumor size (HR = 1.151, P =
0.001), vascular invasion (HR = 0.232, P < 0.001), blood
loss (HR = 1.002, P = 0.001), serum aspartate transaminase level (HR = 1.024, P = 0.001), and serum HGF level

RESULTS
We retrospectively analyzed 268 HCC patients who initially underwent hepatectomy at our institute. Basically,
AR was preferred, but some patients did not qualify for
AR due to poor liver function and so were scheduled
for NAR. In addition, no exposure of anatomical landmark after liver resection was also defined NAR. The full
analysis set consisted of 110 and 158 patients that underwent AR and NAR, respectively (Table 1). After one-toone matching using propensity score analysis, 44 pairs of
patients were matched and compared. In the full analysis
set, the histological background of the liver; indocyanine
green retention rate at 15 min (ICGR15); vascular invasion; operative time; intraoperative blood loss; blood
transfusion volume; branched-chain amino acid to tyrosine ratio; and serum bilirubin, hyaluronate, hepatocyte
growth factor (HGF), and protein induced by vitamin K
absence levels differed significantly among the groups
(P < 0.05). Among the propensity score-matched pairs,
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Figure 1 Recurrence-free survival (A) and overall survival (B) of hepatocellular carcinoma patients who underwent initial hepatectomy in the full analysis
set. Anatomical resection (single line: n = 110); non-anatomical resection (dotted line: n = 158). P < 0.05 was considered to be significant.
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Figure 2 Recurrence-free survival (A) and overall survival (B) of hepatocellular carcinoma patients who underwent initial hepatectomy among the oneto-one propensity score-matched pairs. Anatomical resection (single line: n = 44); non-anatomical resection (dotted line: n = 44). P < 0.05 was considered to be
significant.

(HR = 43.179, P = 0.015) were identified as prognostic
factors in the univariate analysis, only vascular invasion (HR
= 0.228, P = 0.002) and the HGF level (HR = 52.366, P =
0.035) were subsequently confirmed as independent prognostic factors in the multivariate analysis (Table 2).

the AR and NAR groups were significantly different,
we successfully matched 44 patients from each group to
produce pair with very similar clinical variables. In this
matched patients, all cases attempted to select AR initially. AR is only qualified by the exposure of anatomical
landmark, otherwise the others were defined as NAR.
First of all, we need to examine the selection bias in this
matched patient group. All of the matched patients belonged to Child-Pugh class A, had a mean tumor size of
less than 5 cm, a mean tumor number of less than 1.5,
and a mean BMI of less than 24. Therefore, our results
were obtained under particular circumstances; i.e., among
lean patients with good liver function, tumors measuring
less than 5 cm in diameter, and a small number of tumors
(most patients only had one).
The prognosis of HCC patients after hepatectomy
is determined by the balance between their liver function[4,25,26] and the characteristics of their tumors, such

DISCUSSION
We have demonstrated the survival benefit of AR compared with NAR for HCC patients who initially elect to
undergo surgery, although the type of liver resection was
not found to be an independent prognostic factor in the
multivariate analysis. We have also demonstrated that propensity score-matched analysis can be used to compare
specific therapies among selected subgroups.
AR for initial hepatectomy was selected for patients
who possessed good liver function and reasonably sized
tumors[11,14,18,19,24]. Although the initial backgrounds of
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Table 2 Univariate and multivariate analysis of prognostic factors in the one-to-one propensity score-matched pairs
Overall survival
Prognostic factors
Anatomical resection
Female gender
Age
Background (N + CH)
Histology (W + M)
Albumin
Bilirubin
Prothrombin time
ICGR15
Tumor size
No. of tumors
Absence of VI
Operative Time
Blood loss
Blood transfusion
Body mass index
Platelets
AST
ALT
MELD
BTR
Hyaluronate
HGF
Alpha-fetoprotein
PIVKA

Univariate analysis
HR

95%CI

0.456
0.673
0.994
0.867
0.442
0.536
1.247
0.984
1.101
1.151
1.075
0.232
1.003
1.002
1.117
0.957
1.023
1.024
1.005
1.067
0.772
1.001
43.179
1.000
1.000

0.211-0.983
0.157-2.877
0.955-1.033
0.412-1.825
0.194-1.005
0.187-1.534
0.375-4.145
0.951-1.019
1.047-1.158
1.069-1.241
0.728-1.588
0.109-0.496
0.999-1.006
1.001-1.002
0.914-1.364
0.839-1.091
1.000-1.047
1.012-1.037
0.992-1.019
0.966-1.179
0.557-1.068
0.999-1.003
2.321-803.29
1.000-1.000
1.000-1.000

Multivariate analysis

P value
0.039
0.572
0.747
0.707
0.068
0.249
0.721
0.371
< 0.001
0.001
0.723
< 0.001
0.189
0.001
0.316
0.509
0.109
0.001
0.472
0.278
0.084
0.234
0.015
0.138
0.534

HR

95%CI

P value

0.546

0.205-1.453

0.226

1.059
1.165

0.990-1.134
0.977-1.389

0.097
0.089

0.228

0.092-0.568

0.002

1.001

1.000-1.002

0.179

1.010

0.994-1.026

0.209

52.366

1.310-2094.1

0.035

P < 0.05 was considered to be significant. N: Normal; CH: Chronic hepatitis; W: Well differentiated hepatocellular carcinoma; M: Moderately
differentiated hepatocellular carcinoma; ICGR15: Indocyanine green retention rate at 15 min; VI: Vascular invasion; CI: Confidence interval;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; MELD: Model for end-stage liver disease; BTR: Branched chain amino acids to tyrosine ratio; HGF: Hepatocyte growth factor; PIVKA: Protein induced by vitamin K absence or antagonist.

as tumor size, tumor number, and vascular invasion[27,28].
Our matched pairs exhibited similar liver function and
tumor characteristics before hepatectomy. One possible
reason why AR was associated with better OS than NAR
in the matched pair analysis is that liver function was
preserved better after AR than after NAR. The patients’
tumor characteristics were matched by propensity score
analysis, and the insignificant difference in RFS among
the groups in the matched pair analysis demonstrates that
this was successful. The AR procedure basically involves
the resecting of the whole segmental area fed by portal
blood flow; and hence, few or no necrotic non-functioning areas remain after the procedure[13]. On the other
hand, NAR only involves the resecting of the tumor margin and regions of the tumor that cross into other liver
segments[16]. Therefore, NAR might leave intact necrotic
tissue or areas of hypo-perfusion in which liver function
could deteriorate. If the resected liver volume had been
similar in both groups, liver function might have been
better after AR than after NAR due to the size of the
ischemic area. However, we did not compare liver function or the total liver volume after liver resection between
the AR and NAR groups. Most patients were discharged
soon after hepatectomy without suffering any serious
adverse events (data not shown). The above mentioned
hypothesis should be examined in a future study.
AR eradicates putative intrahepatic occult metastases
from HCC[13,24]. Therefore, the local recurrence rate af-
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ter AR might be lower than that after NAR. Indeed, the
RFS curve of the AR was superior to that of the NAR
within 24 mo after operation (RFS rate at 24 mo of AR
was 59.7% vs that of NAR was 48.3%). However, RFS
curves between the groups were becoming closer after
24 months after operation and the RFS periods of the
AR and NAR groups eventually overlapped. Therefore,
recurrence-free expectation of AR might be limited to
within the early period after the operation. In addition,
most recurrence was observed away from the resected
segment in the NAR group (data not shown). This supports the hypothesis that HCC recurrence mainly involves
multicentric tumor development rather than intrahepatic
metastasis[15-17]. Therefore, no apparent RFS difference
was observed between the AR and NAR although the OS
of the AR was significantly longer than that of the NAR.
Oncological behavior, such as the size and number
of tumors, also plays an important role in the prognosis
of HCC patients after initial hepatectomy[29,30]. The Milan
criteria[31] represent the gold standard method for predicting prognosis not only after liver transplantation[32] but
also after liver resection[33,34]. Most studies that found that
AR was associated with favorable outcomes recruited
patients with single tumors of less than 5 cm in diameter
(who would meet the Milan criteria) who had maintained
good liver function. Our results generally support the
findings of these reports, but some patients in our study
had more than one tumor. Hence, our results suggest that
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function levels and tumor characteristics. Although recurrence free survival did
not differ significantly between the groups, the overall survival of the AR group
was significantly longer than that of the NAR group.

the indications for AR for HCC should be extended from
only patients with single tumors to include patients with
two small tumors. Further study is needed to determine
the exact number and size of tumors that predict a better
clinical outcome after AR.
Although selection bias was inevitable in the matched
pair analysis, we obtained an interesting result in our Cox
proportional hazards model-based multivariate analysis;
i.e., we identified two independent prognostic factors
among the matched pair cases. Vascular invasion had already been identified as a significant prognostic factor in
HCC[2,35,36]. The biological activity of HGF promotes the
proliferation of both native[37,38] and malignant cells[39,40].
Both the serum HGF level and the incidence of HCC
development increase with the progression of hepatitis
and cirrhosis[4,41,42]. This suggests that a relationship exists
between tumor progression and HGF activity in HCC
patients. Although this might be unique to the specific
subgroup of patients examined in the present study, the
blockade of this biological pathway might represent a target of molecular therapy for HCC.
We compared the post-hepatectomy prognosis of
HCC patients between patients that underwent AR and
those that underwent NAR. Propensity score analysis
successfully matched subjects from each group with
similar liver function levels and tumor characteristics.
Although RFS did not differ significantly between the
groups, the OS of the AR group was significantly longer
than that of the NAR group. Therefore, AR for HCC
conveys a survival advantage over NAR in patients with
tumors of less than 5 cm in diameter, single tumor, and
good liver function.

Applications

AR for HCC conveys a survival advantage over NAR in patients with tumors of
less than 5 cm in diameter, single tumor, and good liver function.

Terminology

AR is a resection of one or more segment which is characterized by Glisson’
s anatomy. On the other hand, NAR is a resection of the liver parenchyma
regardless anatomic structure. AR tends to lose more liver parenchyma with
liver proper function than NAR. If the liver function was maintained, AR was
preferred to select for HCC resection. On the contrary, NAR was preferred if the
liver function was deteriorated to avoid postoperative liver failure.

Peer review

This paper describes the prognosis comparison of HCC patients between patients that underwent AR and NAR using propensity score-matched populations.
Further two independent prognostic factors have been found from multivariate
analysis. This study provides the information for the prognostic advantage of
AR in HCC patients.
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METHODS: Patients undergoing endoscopic examinations were enrolled in the present study. String tests
were done on the next day of endoscopy. Segments
of 23S rRNA were amplified from DNA obtained from
string tests. PCR-restriction fragment length polymorphism was accomplished by restriction enzymes BbsI
and BsaI recognizing the mutation site A to G at 2143
or at 2142 of 23S rRNA domain V, respectively.
RESULTS: One hundred and thirty-four patients with

H. pylori infection underwent string tests. To compare

phenotypic resistance, 43 isolates were successfully
cultured in 79 patients in whom 23S rRNA was successfully amplified. Of five patients with clarithromycinresistant H. pylori , 23S rRNA of H. pylori isolates from
four patients could be digested by BsaI. In 38 susceptible isolates, 23S rRNA of H. pylori isolates from 36 patients could not be digested by either BsaI or BbsI. The
sensitivity and specificity of the string test to detect
genotypic clarithromycin resistance were 66.7% and
97.3%, respectively. Positive and negative predictive
values were 80% and 94.7%, respectively.
CONCLUSION: String test with molecular analysis is
a less invasive method to detect genotypic resistance
before treatment. Further large-scale investigations are
necessary to confirm our results.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Helicobacter pylori ; String test; Clarithromycin resistance; Polymerase chain reaction-restriction
fragment length polymorphism

Abstract
AIM: To evaluate the utility of the string test to detect
genotypic clarithromycin-resistant Helicobacter pylori
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Core tip: According to region, antibiotic resistance is
mostly detected by culture of endoscopic biopsy. The
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less invasive methods to detect antimicrobial resistance
prior to eradication therapy.
The mechanisms of antibiotic resistance in H. pylori
have been widely studied in previous studies. For clarithromycin, point mutations at “hot-spots” (A to G at
2142, 2143) in 23S rRNA domain V were proposed as
the major mechanism of clarithromycin resistance of
H. pylori[23]. With appropriate restriction enzymes (BbsI
and BsaI), the mutations (A to G at 2142, 2143) were
discriminated between susceptible and resistant strains
by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP)[24].
It was reported that there were 107-108 organisms per
milliliter of gastric juice[25]. Therefore, H. pylori in gastric
juice could be detected by non-invasive tests such as bacterial culture, rapid urease test (RUT), and polymerase
chain reaction (PCR) assay[26]. The string test was proven
to be able to detect H. pylori with a high sensitivity and
specificity[27]. Approximately 0.5 mL of gastric juice with
H. pylori attached by every 10 cm of the string was reasonable for molecular biological analysis[28]. The aim of
this study was to evaluate the string test to detect genotypic clarithromycin-resistant H. pylori.

study aimed to detect genotypic clarithromycin resistance by string tests. Amplified 23S rRNA from strings
was digested by restriction enzymes to discriminate
A2142G or A2143G mutations conferring clarithromycin
resistance. Culture was also done to compare genotypic
and phenotypic resistance. Sensitivity and specificity
of the method were 66.7% and 97.3%, respectively.
Positive and negative predictive values were 80% and
94.7%, respectively. Our study demonstrates that the
string test, rather than endoscopic biopsy culture, could
provide an option for molecular analysis in future.
Wu JY, Wang SSW, Lee YC, Yamaoka Y, Graham DY, Jan
CM, Wang WM, Wu DC. Detection of genotypic clarithromycinresistant Helicobacter pylori by string tests. World J Gastroenterol
2014; 20(12): 3343-3349 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i12/3343.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i12.3343

INTRODUCTION
Since Helicobacter pylori (H. pylori) was isolated in 1984[1], it
has been widely believed to be a major cause of peptic ulcer, gastritis and mucosa-associated lymphoid tissue lymphoma (MALToma)[1-4]. Evidence from Mongolian gerbils
and epidemiological studies suggests the carcinogenesis
of H. pylori in gastric cancer[5,6]. It has been reported that
increased production of reactive oxygen species and
reactive nitrogen species by H. pylori leads to gastric inflammation and carcinogenesis[7]. Recent reports showed
that eradication of H. pylori not only reduced the severity and recurrence of peptic ulcers and gastritis, but also
diminished the chance of gastric cancer development[8-10].
Furthermore, remissions in MALToma were also proven
after H. pylori was eradicated[11,12]. Thus, eradication of H.
pylori is the uppermost important issue in gastric ulcer,
duodenal ulcer, MALToma, atrophic gastritis, and gastric
adenocarcinoma, as well as following gastric cancer resection[13].
Currently, several regimens for H. pylori eradication
have been suggested, such as traditional triple, sequential,
hybrid, and concomitant therapies[14-18]. However, one
major cause of unsuccessful eradication is the presence
of antimicrobial resistance[19]. In patients with metronidazole-resistant strains, 20% to 50% decreases in cure
rates were noted with metronidazole-based combination
regimens[20,21]. In clarithromycin-based triple therapy,
treatment failure has been reported in more than 50% of
patients with clarithromycin-resistant strains[22]. Therefore, early detection of antibiotic resistance could avoid
treatment failure.
In regard to H. pylori antibiotic susceptibility tests
(either agar dilution test or E-test), invasive endoscopic
biopsy for culture of H. pylori isolates is necessary. However, technique-dependent culture procedures limit its
clinical application for most general practices. Consequently, it is a practical issue to investigate more rapid and
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MATERIALS AND METHODS
Patients undergoing endoscopic examinations at Kaohsiung Medical University Hospital were candidates in this
study, which was approved by the local ethics committee.
Patients who had taken antibiotics, bismuth salts, or proton pump inhibitors within one month, those who had
ever received H. pylori eradication treatment or gastric
surgery, and those who had a bleeding peptic ulcer, severe
co-morbidity, or current pregnancy or lactation were all
excluded. H. pylori infection was documented by the rapid
urease test (RUT), culture, and histology in all enrolled
patients. 13C-UBT was also performed on the same day.
Positive H. pylori infection was considered when either
culture yield was positive or any two of the other three
tests, including RUT, histology, and 13C-UBT, were positive. The string test was carried out in patients with H.
pylori infection on the following day.
The procedure of 13C-UBT was modified from a
previous protocol[29]. Briefly, the regimen consisted of
ingestion of 100 mg 13C-urea agent (manufactured by
the National Nuclear Institute of Taiwan) following 100
mL of milk as a test meal. An overnight fast for at least
8 h was requested. After ingestion of the 13C-urea agent,
patients were asked to rinse their mouth out three times.
Duplicate baseline breath samples were taken before ingestion, and 25 min after ingestion for the test. A mass
spectrometry device was used to measure excess 13C in
breath samples. The result of 13C-UBT more than 4/mL
was defined as positive.
The string test (Entero-Test H. pylori, HDC Corporation, CA, United States) was used to detect H. pylori as
previously described[27]. A 90-cm nylon string coiled inside a gelatin capsule was used. A free-end looped string
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Table 1 Polymerase chain reaction primers and sequences
used in this study
Primer
name

Sequence

cagA 5'-GAT AAC AGG CAA GCT TTTGAC G-3'
cagR 5'-CTG CAA AAG ATT GTT TGG CAG A-3'
HP-K1 5'-CCA CAG CGA TGT GGT CTC AG-3'
HP-K2 5'-CTC CAT AAG AGC CAA AGC CC-3'

Rapid urease test

50  ℃

349

54  ℃

425

13

C-UBT

Culture

H. pylori positive
n = 134

The annealing temperature and the size of amplicons are also listed. The
reaction conditions are detailed in Materials and Methods.

H. pylori negative

Entero-Test H. pylori (string test)
n = 134

protrudes through a hole in the other end of the capsule.
Before the capsule was swallowed, 10-20 cm of the freeend string was pulled out and its position was ensured by
adhesion of a small piece of tape to the patient’s cheek.
It was swallowed with 300 mL of water after 8 h of fasting. One hour after swallowing, the string was retrieved
in a swift motion to prevent gag reflex and discomfort.
The capsule separated from the string during withdrawal
and was passed into the stool; although minimal complications such as capsule retention can occur, these did
not happen in our study fortunately. The withdrawn
string yielded one to two mL of gastric juice and was
placed in a sterile petri dish without any fluid to prevent
dilution. The first 30 cm was discarded to preclude oral
contamination. The string was then checked against the
pH indicator. The segment of string, showing low pH as
red color appearance, was most desirable. The string was
then processed for extraction of DNA, PCR, cultured
for H. pylori and CLO test.
Genomic DNA was extracted from the string as
previously described[30]. To ensure the presence of H.
pylori genes, the extracted DNA was first tested for the
cagA gene by PCR, as the prevalence of the cagA gene
of H. pylori in Taiwan is greater than 95%[31]. The PCR
condition and the sequence of the primers were used as
previously indicated (Table 1)[32]. Briefly, 20 µL of PCR
mixture, containing 5 µL of extracted DNA, 200 µmol/
L of (each) deoxynucleoside triphosphates (dNTPs), 0.4
µmol/L (each) primer, 1.5 mmol/L MgCl2, and 1 U of
Taq polymerase in PCR buffer [20 mmol/L Tris-HCl
(pH 8.4), 50 mmol/L KCl, 0.2% glycerol], was held for 5
min at a denaturation temperature of 95 ℃, followed by
35 cycles of 30 s each at a denaturation temperature of
95 ℃, an annealing temperature of 50 ℃, and an elongation temperature of 72 ℃ and by 5 min at 72 ℃. The
PCR products were analyzed by 1% agarose electrophoresis.
Among subjects with positive PCR amplification of
the cagA gene, PCR-RFLP was done to elucidate the
point mutations (A2142G and A2143G) of 23S rRNA,
which were responsible for clarithromycin resistance of
H. pylori[24,33]. PCR primers and conditions used to amplify
the fragments of the peptidyl transferase region of the
23S rRNA are listed in Table 1. In brief, PCR amplification of DNA was performed in a final volume of 50 µL
containing 100 ng of H. pylori genomic DNA, 75 mmol/
L Tris-HCl (pH 8.8), 20 mmol/L (NH4)2SO4, 0.01%
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Histology

Endoscopic examination
n = 231

Annealing Size
temperature (bp)

Extracted DNA from string Firs
test cagA gene by PCR
cagA amplify
n = 125

Not amplify

23S rRNA amplify
n = 79

PCR-RFLP

Figure 1 Trial profile. PCR: Polymerase chain reaction; RFLP: Restriction
fragment length polymorphism; H. pylori: Helicobacter pylori.

Tween 20, 1.5 mmol/L MgCl2, 0.2 mmol/L of dNTPs,
1 mol/L of primers and 2 U of Taq DNA polymerase.
The cycling program was 1 cycle at 95 ℃ for 5 min; 35
cycles of 95 ℃ for 30 s, 54 ℃ for 30 s, and 72 ℃ for 30
s, and a final elongation step at 72 ℃ for 10 min. Ten
microliters of amplicon was incubated with restriction
enzymes (24 h at 56 ℃ for BsaI and at 37 ℃ for BbsI) to
discriminate wild type, A2142G mutant (BbsI restriction
site), and A2143G mutant (BsaI restriction site)[24].

RESULTS
One hundred and thirty-four patients (58%) were proved
to be infected with H. pylori by invasive and non-invasive
methods as described in Materials and Methods. These
patients underwent string tests on the next day of endoscopy. The trial profile is shown in Figure 1. To ensure
that the retrieved string contained detectable amounts
of H. pylori, PCR-based cagA gene detection was also
done since the cagA gene is reported at a high detection
rate in H. pylori from East Asia and Taiwan[31,34], and cagA
genes were detected from 93.3% of strings (125/134),
validating the usability of DNA (Figure 2). Eventually,
segments of 23S rRNA were amplified in 79 of 125 patients with positive gene amplifications from strings. To
elucidate the point mutations (A2142G and A2143G) of
23S rRNA which are the main mechanism of clarithromycin resistance of H. pylori, restriction enzymes (BsaI
and BbsI) were applied. Seventeen amplicons possess
BsaI-recognizable restriction site (i.e., A2143G mutant),
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-

+

500

CagA for string test

Figure 2 Polymerase chain reaction amplification of the cagA gene. The numbers on the top row indicate the patient numbers. M: Marker; -: Negative control; +:
Positive control.

String DNA BsaI, 56C, o/n
M

176

+

180 +

184 +

191

+

196 +

197

+

200 +

203

+

Figure 3 Polymerase chain reaction-restriction fragment length polymorphism for detection of clarithromycin resistance. The numbers on the top row indicate the patient numbers. M: Marker; +: Amplicons digested by BsaI. Clarithromycin-resistant Helicobacter pylori isolates from five patients (patient Nos. 176, 180,
191, 197, and 203) showed positive reactions.

either BsaI or BbsI in 38 phenotypically susceptible H.
pylori (Table 2). Therefore, the sensitivity and specificity
of string-based PCR-RFLP to detect genotypic clarithromycin resistance of H. pylori were 66.7% and 97.3%,
respectively. Positive and negative predictive values were
80% and 94.7%, respectively.

whereas none of the 79 amplicons had the restriction site
for BbsI (A2142G mutant) (Figure 3).
Culture from string is affected by several factors such
as transportation, storage, and the contamination from
oral flora, and is therefore more difficult than biopsied
tissues. Among 79 patients who underwent string-based
PCR-RFLP, H. pylori was successfully cultured in 43 patients. Among 43 H. pylori isolates, five (11.6%) were phenotypic-resistant to clarithromycin by E-tests and four
were genotypic-resistant by BsaI digestion (i.e., A2143G
mutant). Otherwise, 36 isolates were not digested by
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DISCUSSION
Since H. pylori eradication failure is caused mainly by antimicrobial resistance, detection of resistance prevalence
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providing further molecular analysis in the present study.
In positive cases, 23S rRNA was successfully amplified in
79 cases whereas H. pylori was successfully cultured from
strings in 43 patients. Among 43 isolates, five (11.6%)
were resistant to clarithromycin with similar antibiotic resistance prevalence in the same region[43]. 23S rRNA from
string DNA of four patients was digested by BsaI among
the five patients with clarithromycin-resistant H. pylori.
DNA from 36 strings was not digested by either BsaI or
BbsI in 38 patients with clarithromycin-susceptible H.
pylori. In further analysis by bacterial DNA from culture,
five resistant isolates possessed the A2143G mutation,
which was compatible with previous reports that more
than 90% of the resistant strains had the A2143G mutation in Asia[44].
In conclusion, the sensitivity and specificity of stringbased PCR-RFLP for detection of genotypic resistance
of clarithromycin were 66.7% and 97.3%, respectively, in
the present study. Positive and negative predictive values
were 80% and 94.7%, respectively. Our study provided
a possible option for less invasive genotypic analysis of
clarithromycin resistance rather than culture of endoscopic biopsy. However, further large-scale investigations
are necessary to confirm our results.

Table 2 Result of polymerase chain reaction-restriction
fragment length polymorphism from the string test
String PCR-RFLP
E-test

Sensitive
Resistant

Sensitive

Resistant

36
1

2
4

Five were resistant to clarithromycin as confirmed by E-tests in 43
Helicobacter pylori isolates. Among these 43 patients undergoing the
string test, four 23S rDNA amplicons from strings were digested by
BsaI, indicating a mutation site A to G at 2142 of 23S rRNA. PCR-RFLP:
Polymerase chain reaction-restriction fragment length polymorphism.

is critical for choice of treatment strategy[22]. Among antibiotics for H. pylori eradication, clarithromycin resistance
plays an important role in eradication failure when clarithromycin-based triple therapy is used[19,35]. For susceptibility testing, H. pylori culture is always mandatory but
not practical for most general practices due to technical
difficulty. Therefore, empirical therapy was suggested by
regional resistance prevalence[13]. The current study aimed
to develop a less invasive method for detection of genotypic clarithromycin resistance before “test-and-treat”[36].
Clarithromycin resistance of H. pylori caused by single
point mutations within 23S rRNA has been reported[37].
A to G mutations at positions 2143 and 2144 of 23S
rRNA were proposed as one of the major causes of
clarithromycin resistance[38]. Although other mutations
(A2142C, A2143C, A2115G, G2141A, and A2142T) have
also been reported to be associated with resistance to
clarithromycin, studies from East Asian countries have
shown that more than 90% of the mutant strains had the
A2143G mutation instead of the A2142C mutation[39].
Another study in China showed that gene mutation rates
of A2142C, A2142G, and A2143G in the 23S rRNA
gene were 1.5% (1/65), 6.2% (4/65), and 84.6% (55/65),
respectively[40]. Clarithromycin-resistant H. pylori with the
A2143G mutation possesses a recognizable sequence
(2143GAGACC2148) by restriction enzyme BsaI, whereas
the sequence of resistant strains with the A2142G mutation is recognized by BbsI. Therefore, appropriate restriction enzymes (BbsI and BsaI) can be used to discriminate
susceptible and resistant strains at “hot-spot” mutations
(A2142G or A2143G)[24].
Because bacterial culture is not always satisfactory,
the string test was used to detect H. pylori as described in
a previous report[27]. This was a gastric juice-based PCR
to detect the bacteria and tissue obtained by the string.
According to the previous result, string test-based PCR
for the detection of H. pylori was accurate, convenient,
and well tolerated by patients. Besides the detection of H.
pylori, it also carried approximately 0.5 mL of gastric juice
containing PCR-detectable yields of bacteria absorbed by
every 10 cm of the string. Therefore, the utility and efficiency of string tests for detection of H. pylori have been
well established in several studies[41,42].
High cagA detection rate (93.3%, 125 out of 134
patients) merited the usability of DNA from string for
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Laparoscopic hepaticoplasty using gallbladder as a
subcutaneous tunnel for hepatolithiasis
Long Cui, Zhi Xu, Xiao-Feng Ling, Li-Xin Wang, Chun-Sheng Hou, Gang Wang, Xiao-Si Zhou
(range: 50-400 mL). The mean operative time was 318
± 68 min (range: 236-450 min). The operative morbidity and hospital mortality were zero. The immediate
stone clearance rate was 100%. All patients were followed up for an average of 17 mo (range: 7-36 mo).
One of the six patients had abdominal mass with pain,
and subcutaneous tunnel cholangiography showed severe gallbladder-biliary anastomotic stricture at 4 mo
postoperatively. There was no stone recurrence and no
cholangitis during follow-up.
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CONCLUSION: Laparoscopic hepaticoplasty using
gallbladder with a subcutaneous tunnel and preserving
the sphincter of Oddi is feasible, safe and effective for
hepatholithiasis.

Abstract

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

AIM: To investigate the feasibility, efficacy and safety
of laparoscopic hepaticoplasty using gallbladder as subcutaneous tunnel and sphincter-of-Oddi preservation
for hepatolithiasis.

Key words: Hepatolithiasis; Laparoscopy; Hepaticoplasty; Minimally invasive surgery; Subcutaneous tunnel

METHODS: From January 2010 to July 2013, six patients with hepatolithiasis were treated at our institution. All the patients underwent laparoscopic surgery.
The procedures included common hepatic duct exploration, stone clearance by fiberoptic choledochoscopy,
hilar bile duct hepaticoplasty with preservation of the
sphincter of Oddi, anastomosis between the hilar bile
duct and neck of the gallbladder, and establishment
of a subcutaneous tunnel with the gallbladder. Two
patients underwent left lateral hepatectomy simultaneously. Clinical data including operation time, intraoperative blood loss, operative morbidity, hospital mortality,
stone clearance, and recurrence rate were analyzed.

Core tip: The treatment of hepatolithiasis is still a great
challenge for surgeons. The residual and recurrent calculi are two major difficulties. This study introduces a
new technique for hepatolithiasis and describes its two
advantages. The first is that the sphincter of Oddi is
preserved and it prevents intestinal reflux, which decreases the postoperative cholangitis rate; the second
is that the subcutaneous tunnel is a minimally invasive
approach for residual and recurrent stones that avoids
reoperation. In selected cases, the operation can be
completed via laparoscopy, and this technique is simple
and safe.

RESULTS: All patients successfully completed laparoscopic surgery. The mean length of hospital stay was
4.5 ± 0.9 d (range: 3-6 d). The mean blood loss of the
hepatectomy was 450 mL (range: 200-700 mL), and
the blood loss of the other four was 137 ± 151 mL

Cui L, Xu Z, Ling XF, Wang LX, Hou CS, Wang G, Zhou XS.
Laparoscopic hepaticoplasty using gallbladder as a subcutaneous tunnel for hepatolithiasis. World J Gastroenterol 2014;
20(12): 3350-3355 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i12/3350.htm DOI: http://dx.doi.
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pathological examination findings were not taken into
consideration.

org/10.3748/wjg.v20.i12.3350

Distribution of calculi
Three of the patients had stones in segments Ⅱ-Ⅳ, one
in segments Ⅴ-Ⅵ, and two had bilateral stones. In one
of the latter two patients, stones were accompanied by
hilar bile duct stricture, and both had left lateral hepatic
atrophy.

INTRODUCTION
Hepatolithiasis is prevalent in Southeast Asia but rare
in Western countries. The occurrence rate was reported
to be 0.6%-1.3% of patients with gallstones in Taiwan,
South Korea and China[1,2]. Long-term hepatolithiasis can
lead to secondary biliary cirrhosis and cholangiocarcinoma, and may be a heavy burden on patients[3-5]. In the
past, the traditional treatment procedures for hepatolithiasis were common bile duct exploration, resection for
fibrous and atrophic liver tissues, and choledochojejunostomy. In recent years, the development of laparoscopic
surgery has introduced a minimally invasive method such
as laparoscopic hepatectomy[6]. Laparoscopic hepatectomy for the treatment of hepatolithiasis has been widely
used in many institutes, but, to the best of our knowledge, there are no reports of laparoscopic heapticoplasty
with gallbladder for treatment of hepatolithiasis.
Since 1993, an open operative procedure has been
introduced in which hepaticoplasty was performed using
a free segment of jejunum or gallbladder for a subcutaneous tunnel and preservation of the sphincter of Oddi.
The aim was to set up a tunnel between the biliary duct
and tela subcutanea in order to remove recurrent stones
and drain the bile in recurrent cholangitis in a minimally
invasive manner[7]. Since January 2010, a new laparoscopic surgical procedure has been attempted and the results
are reported below.

Laparoscopic bile duct exploration
Patients were placed in the Lloyd-Davis position under
general anesthesia with tracheal intubation. The primary
surgeon stood between the patient’s legs, with one assistant on each side. A CO2 artificial pneumoperitoneum
was established with intra-abdominal pressure controlled
at 12-14 mmHg. The sites of trocars were similar to
those in the laparoscopic cholecystectomy. The length
and site of the common hepatic choledochotomy used
were governed by the size and location of the stones,
which was at least 3 cm. Detection of intra- and extrahepatic bile ducts was carried out by flexible fiberoptic
choledochoscopy (4.9 mm P-20; Olympus, Tokyo, Japan)
through the choledochotomy to find and remove the
stones and to detect any bile duct strictures. Stones were
extracted by forceps, stone basket or saline flushing under choledochoscopic guidance. Large impacted stones
were fragmented by plasma shock wave lithotripsy[8] and
extracted by choledochoscopy.
Laparoscopic left hepatectomy
A new trocar was placed at the right subcostal midclavicular line. The round, falciform, left coronary and
triangular ligaments were transected with a harmonic
scalpel (Olympus). The margin of hepatectomy ran for 1
cm to the left side of the falciform ligament and hepatic
transection was continued with the harmonic scalpel to
the inferior side of the liver. The hepatic parenchyma was
transected gradually along the transection line with the
harmonic scalpel or Ligasure (Covidien, Mansfield, MA,
United States). The pedicles of hepatic segments Ⅱ and
Ⅲ were exposed and transected with titanium clips, hemlock or EndoCutter (Covidien). The left hepatic vein was
transected with a linear EndoCutter, and the specimen
was placed into the specimen bag. A flexible fiberoptic
choledochoscope was used to detect extra- and intrahepatic bile ducts by the orifice of the left hepatic bile duct,
remove stones in the hepatic bile duct (Figure 1), and
close the orifice by suture. Finally, the raw surface was examined carefully to ensure that there was no bleeding or
bile leakage.

MATERIALS AND METHODS
Clinical data
From January 2010 to July 2013, six patients (5 female
and 1 male; mean age: 57.8 years, age range: 21-74 years)
with hepatolithiasis underwent laparoscopic surgery
at our institution. Ultrasonography (USG), computed
tomography angiography and magnetic resonance cholangiopancreatography (MRCP) were performed preoperatively concerning the stricture location, distribution
of calculi, concomitant liver fibrosis and atrophy, and the
anatomy of the biliary tree and vascular system.
Indications for laparoscopy
The indications for laparoscopic surgery were: (1) fit
for open surgery (good general condition, no significant
organ dysfunction, able to tolerate anesthesia and liver
resection); (2) no extrahepatic or future remnant intrahepatic biliary stricture, or no suppurative cholangitis; (3)
Child-Pugh class A or B liver function without serious
atrophy-hypertrophy complex or severe hepatic portal
translocation; (4) no gallbladder size shrinkage and no
pathological changes; and (5) no necessity for large hepaticoplasty because of small size of bile duct stricture.
Diagnosis of cholangiocarcinoma by preoperative imaging, and intraoperative frozen section and postoperative
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Laparoscopic hepaticoplasty using gallbladder as a
subcutaneous tunnel
The gallbladder was examined carefully to ensure that its
wall was normal. The cystic duct was exposed, cut off
and ligated, the cystic artery was preserved to avoid injury, and the neck of the gallbladder was freely separated.
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Figure 1 Removal of intrahepatic duct stones by stone basket using a
flexible fiberoptic choledochoscope.

Figure 3 hepatic duct was repaired using the neck of the gallbladder.

Figure 4 fundus of gallbladder was fixed at the tela subcutanea to establish a tunnel between the hepatic duct and the subcutaneous layer.

Figure 2 neck of the gallbladder was opened longitudinally about 3 cm in
length.

performed if USG showed features of stone recurrence
or ductal strictures. If necessary, cholangiography was
performed by opening the subcutaneous channel.

The neck of the gallbladder was opened longitudinally at
about 3 cm in length (Figure 2); a flexible fiberoptic choledochoscope was inserted into the gallbladder to detect
whether the mucosa was normal, and to remove gallbladder stones. If the mucosa was normal, the gallbladder
was used as a tunnel. For hilar bile duct stricture, the
common hepatic duct was opened longitudinally, stricture
of the right and left hepatic ducts was corrected, and the
hepatic duct was repaired using the neck of the gallbladder (Figure 3). Side-to-side anastomosis was performed.
The gallbladder bed was separated to ensure that the
fundus of the gallbladder could be drawn and fixed at the
peritoneum and abdominal rectal muscle anterior sheath
(Figure 4). The fundus of the gallbladder was about 3 cm
× 2 cm on rectus sheath. Finally, the gallbladder fundus
was marked on the skin with electrocautery.
For all cases, a T-tube was routinely inserted into the
common bile duct for postoperative cholangiography and
choledochoscopy.

RESULTS
All patients successfully completed laparoscopic surgery.
The mean length of hospital stay was 4.5 ± 0.9 d (range:
3-6 d). The mean blood loss of the hepatectomy was 450
mL (range: 200-700 mL), and the blood loss of the other
four was 137 ± 151 mL (range: 50-400 mL). The operative time was 318 ± 68 min (range: 236-450 min). The
operative morbidity and hospital mortality were zero. The
immediate stone clearance rate was 100%.
All patients were followed up for an average of 17
mo (range: 7-36 mo). There was no stone recurrence or
cholangitis during follow-up. One patient had an abdominal mass with pain, and subcutaneous tunnel cholangiography showed severe gallbladder-biliary anastomotic
stricture at 4 mo postoperatively. Considering the subcutaneous tunnel failure, we performed gallbladder chemical ablation with 95% ethanol[9,10] via the subcutaneous
tunnel because the patient refused cholecystectomy.

Follow-up
All patients received the same postoperative care by the
same team of surgeons. USG was conducted every 3-6
mo, and then annually, or whenever the patients presented with symptoms suggestive of cholangitis. MRCP
or endoscopic retrograde cholangiopancreatography was
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and clinical research, we established a new technique for
treatment of residual and recurrent hepatolithiasis and
have achieved good results. We performed hepaticoplasty
with gallbladder or segmental free jejunum for a subcutaneous tunnel and preserved the sphincter of Oddi. There
are two advantages to this technique for residual and recurrent hepatolithiasis: preservation of the sphincter of
Oddi and the use of a subcutaneous tunnel.
In recent years, surgeons have paid increasing attention to the preservation of the sphincter of Oddi. The
sphincter consists of the ampulla, biliary sphincter and
pancreatic sphincter. It regulates the excretion of bile and
pancreatic juice, prevents intestinal reflux, and avoids retrograde biliary infection. If the function of the sphincter
of Oddi is destroyed, there is a series of pathological
changes, such as decreased basal pressure of the sphincter, disappearance of the common bile duct-duodenum
pressure gradient, biliary pneumatosis, bacteria in the bile
juice, and bile duct chronic inflammation. Thus, many
complications such as recurrent bile duct stones, cholangitis and cholangiocarcinoma occur[22]. Some authors
have reported that patients with sphincter of Oddi dysfunction tend to have a higher risk of recurrence and a
greater demand for reoperation than those without these
conditions[23-25]. Therefore, we suggest that the sphincter
of Oddi should be preserved if there is no laxity or restriction.
The key point of this technique is to ensure the normal function of the sphincter of Oddi. There are many
methods to diagnosis sphincter of Oddi dysfunction,
but many of them are invasive[26]. We have found a relatively simple method for intraoperative judgment: if the
intraoperative exploration shows that a 16 Fr catheter
can pass through the orifice of the duodenum ampulla,
the sphincter of Oddi can be considered to have normal
function and it should be preserved.
The second feature of this technique is the use of a
subcutaneous tunnel as a minimally invasive approach for
treatment of residual or recurrent hepatolithiasis. The
first case of hepaticoplasty using the jejunum with a subcutaneous tunnel was performed at our institute in 1993.
The common hepatic and left and right hepatic ducts
were opened longitudinally to form a “basin of hepatic
duct”, then a 12-15-cm free pedicled jejunum (anal side)
was side-to-side anastomosed with the “basin of hepatic
duct” and the oral side of the jejunum was fixed to the
abdominal wall (Figure 5).
The gallbladder subcutaneous tunnel is more physiological and convenient than the free jejunum. If no gallbladder shrinkage or pathological changes are found, and
there is no need for large-scale hepaticoplasty because of
the small size of bile duct stricture, the gallbladder can
be used as a subcutaneous tunnel. The anastomosis is not
difficult even by laparoscopy. During follow-up, the tunnel can be incised for biliary drainage, cholangiography,
choledochoscopic exploration, lesion biopsy, stones clearance, and biliary stricture dilation under local anesthesia
whenever the patients present with symptoms suggestive

Abdominal wall

Figure 5 anterior wall of the hepatic basin was repaired using a free segment of jejunum, and a hepatico-subcutaneous stoma was formed.

Asia, and is characterized by bile duct stricture and stone
formation, causing acute and recurrent life-threatening
cholangitis. Repeated cholangitis results in bacterial infection in the biliary system, liver and blood, and leads to
liver abscess, sepsis, biliary cirrhosis and even cholangiocarcinoma. To prevent immediate and late sequelae, aggressive treatment is needed.
There are many methods of treatment for hepatolithiasis, such as bile duct exploration and hepatectomy.
All of them have the same principles: to remove lesions,
extract stones, correct strictures, maintain drainage, and
prevent recurrence. In recent years, minimally invasive
treatment of hepatolithiasis has developed greatly, including laparoscopy, choledochoscopy, and percutaneous
transhepatic choledochoscopy.
Many authors have reported that hepatectomy seems
to be the most definitive approach for hepatolithiasis to
remove the lesions including stones, strictures, dilation
and affected hepatic tissues[11-13]. Laparoscopic hepatectomy has also become possible with the availability of
new instruments that allow bloodless liver resection. In
1996, Azagra et al[14] were the first to report laparoscopic
hepatic left lateral lobectomy. Since then, there have been
many cases of laparoscopic hepatectomy for hepatolithiasis reported, confirming the good short- and long-term
effects, high safety, rapid recovery, even for patients with
previous biliary operations[15-19].
Although some cases of regional-type hepatolithiasis
can benefit from hepatectomy, residual and recurrent
stones are still a major challenge for diffuse-type hepatolithiasis. The reasons may include: (1) the lesions of
diffuse-type hepatolithiasis are only reduced through hepatectomy and another treatment approach is needed; (2)
it is difficult to remove stones thoroughly during surgery
for diffuse-type hepatolithiasis, and the stone recurrence
rate is high[12]; and (3) postoperative reflux cholangitis
related to the method of biliary reconstruction, especially
Roux-en-Y hepaticojejunostomy, has become an important cause of stone recurrence[20,21].
Reoperation for residual and recurrent hepatolithiasis
is difficult, and can impose great physical and mental suffering on patients. After several years of experimental
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of cholangitis. Also, the tunnel can be marked by electrocautery intraoperatively or by USG postoperatively.
According to our experience, 24% (32/146) of recurrent or residual hepatolithiasis cases underwent biliary
drainage, stone clearance and stricture dilation via the
subcutaneous tunnel[4]. The high availability enabled the
patients to avoid reoperation and fully demonstrated the
necessity and value of the subcutaneous tunnel.
In our follow-up, we did not find infection, rupture,
volvulus, or increasing stone recurrence rate due to the
subcutaneous tunnel. Although the gallbladder-hilar bile
duct anastomosis stricture in the present study may have
been due to inexperience, we have not found efferent obstruction of the subcutaneous tunnel in any of the other
cases.
The difficulty of this technique is the total laparoscopic anastomosis of the gallbladder neck and hilar bile
duct. It is necessary to dissect the triangle of Calot carefully, freeing the gallbladder bed, ligating the cystic duct
and creating an anastomosis. It also requires intermittent
all-layer suture at least 3 cm in diameter.
In summary, this technique reduces postoperative
reflux cholangitis rate by preserving the sphincter of
Oddi but also provides a minimally invasive treatment for
recurrent or residual stones via the subcutaneous tunnel.
Also, this technique is simple and safe. However, currently the number of cases is small, and more cases and
the long-term effects need further study.

This is a well-written original paper describing an interesting and intelligent
technique (hepaticoplasty using the gallbladder) for laparoscopic management
of the rare and difficult entity of hepatolithiasis. Satisfactory results are reported.
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RESULTS: Stage Ⅰ, Ⅱ and Ⅲ cancers accounted for
9.7%, 35.7% and 54.6% of the cases, respectively,
according to the American Joint Committee on Cancer
th
(AJCC) staging system, 7 edition. Only 178 (42.1%)
patients had more than 15 lymph nodes harvested.
Hazard ratio estimates for Arm A compared with Arm
S were 0.47 (P < 0.001) for OS and 0.59 (P < 0.001)
for DFS. The 5-year OS rate was 52% in Arm A vs
36% in Arm S (P = 0.01); the adverse events in Arm A
were mild and easily controlled. Ultimately, 73 patients
(26.5%) who received doublet or triplet regimens
switched to monotherapy with fluoropyrimidines. The
OS and DFS did not differ between monotherapy and
the combination regimens, however, both were statistically improved in the subgroup of patients who were
switched to monotherapy with fluoropyrimidines after
doublet or triplet regimens as well as patients who received ≥ 8 cycles of chemotherapy.
CONCLUSION: In clinical practice, platinum/fluoropyrimidines with adequate treatment duration is recommended for stage Ⅱ/Ⅲ gastric cancer patients accordth
ingto the 7 edition of the AJCC staging system after curative gastrectomyeven with limited lymphadenectomy.

Abstract
AIM: To determine the efficacy of adjuvant chemotherapy for gastric cancer in clinical practice, a retrospective analysis was conducted in a high-volume
Chinese cancer center.

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

METHODS: Between November 1995 and June 2007,
a total of 423 gastric or esophagogastric adenocarcinoma patients who did (Arm A, n = 300) or did not
(Arm S, n = 123) receive radical gastrectomy followed
by postoperative chemotherapy were enrolled in this
retrospective analysis. In Arm A, monotherapy(fluoropy
rimidines, n = 25), doublet (platinum/fluoropyrimidines,
n = 164), or triplet regimens [docetaxel/cisplatin/5FU
(DCF), or modified DCF, epirubicin/cisplatin/5FU (ECF)
or modified ECF, etoposide/cisplatin/FU, n = 111] were
administered. Disease-free survival (DFS) and overall
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Key words: Adjuvant chemotherapy; Gastric cancer;
Lymphadenectomy; Fluoropyrimidine; Platinum
Core tip: Although the ACTS GC and CLASSIC trials
demonstrated that postoperative chemotherapy improved overall survival after standard D2 gastrectomy,
severe challenges in adjuvant settings remain unsettled,
such as low D2 resection rates in some regions. Our retrospective study is complementary to large-scale phase
Ⅲ prospective trials, and demonstrated the efficacy and
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neither of the above-mentioned trials enrolled sufficient
patients with pathological grade T4 or N3 tumors. These
patients were classified as stage Ⅳ under the 6th version,
but were classified as stage Ⅱ-ⅢC under the 7th version[10,11]. Thus, no evidence is available to guide adjuvant
treatment in this population. It is clear that the data from
the prospective ACTS GC and CLASSIC studies do not
fully meet the needs in clinical practice, even in Japan
and South Korea.
Thus, in this 12-year retrospective study, we assessed
the benefit of adjuvant chemotherapy in LAGC patients
classified according to the 7th edition of the AJCC system after curative gastrectomy with limited or standard
lymphadenectomy.

safety of postoperative platinum/fluoropyrimidines in
stage Ⅱ/Ⅲ gastric cancer patients accordingto the upth
dated 7 edition staging system after curative gastrectomy with standard or limited lymphadenectomy.
Deng W, Wang QW, Zhang XT, Lu M, Li J, Li Y, Gong JF,
Zhou J, Lu ZH, Shen L. Retrospective analysis of adjuvant
chemotherapy for curatively resected gastric cancer. World J
Gastroenterol 2014; 20(12): 3356-3363 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i12/3356.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i12.3356

INTRODUCTION

MATERIALS AND METHODS

Gastric cancer (GC) is the fourthmost common type of
cancer and the second leading cause of cancer-related
death worldwide[1]. It is also the second most frequent
malignancy in China[2]. More patients are diagnosed with
late stage GC in China than in South Korea and Japan,
with up to 60% of patients in stage Ⅲ according to the
7th edition of the American Joint Committee on Cancer
(AJCC) staging system[3,4].
Surgical resection of the primary tumor and regional
lymph node dissection is the mainstay of curative treatment for patients with locally advanced GC (LAGC). Different types of surgical procedures for GC can affect the
results of postoperative chemotherapy. Gastrectomy with
extended (D2) lymphnode dissection is considered standard treatment in both Asian and Western countries[5].
However, in clinical practice, D2 lymphadenectomy rates
vary among different hospitals and regions in China. In
some European and American countries such as Turkey
and Chile, high incidence rates, high rates of late-stage
GC, and deficiencies in specially trained surgeons are
considered to be severely challenging as in China[1].
Globally, adjuvant treatment varies among countries,
based on data from different clinical studies. The Intergroup-0116 study and the MAGIC study showed that
postoperative chemoradiotherapy or perioperative chemotherapy improved overall survival compared with surgery alone[6,7]. However, both studies assessed the benefits of adjuvant therapy after only limited surgery, which
has long been questioned by Asian oncologists. Recently,
two large-scale randomized phase Ⅲ trials (the ACTS
GC study and the CLASSIC study) demonstrated that
postoperative chemotherapy increased the 5-year overall
survival (OS) rate by 13%-15% after standard D2 gastrectomy[8,9]. However, significant challenges in adjuvant
therapy remained unsettled, such as low D2-resection
rates in many regions. Moreover, it is unclear whether
the Japanese regimen with TS1 for 1 year or the Korean
regimen with oxaliplatin/capecitabine (XELOX) for 8
cycles was more effective and better tolerated. To date,
no direct comparison has been carried out in prospective studies, and oncologists are uncertain about which
regimen to choose. In addition, the AJCC staging system
was updated from the 6th to the 7th edition in 2010, but

WJG|www.wjgnet.com

Between November 1995 and June 2007, 423 consecutive LAGC patients treated with surgery alone or with
surgery followed by post-operative chemotherapy were
enrolled in this study. The surgeries had been conducted
by surgical oncologists or general surgeons in 62 different Chinese institutes ranging from specialized cancer
centers to general hospitals, while the consultations or
adjuvant chemotherapy had been carried out in a single
center at the Department of Gastrointestinal Oncology,
Peking University Cancer Hospital and Institute. The inclusion criteria were as follows: histologically confirmed
gastric adenocarcinoma; curative resection with at least
D1 lymphadenectomy; no evidence of distant metastases; TNM stage of ⅠB-ⅢC (according to the 7th edition
of the AJCC staging system); no previous malignancies;
and no neoadjuvant chemotherapy or radiotherapy prior
to surgery. The exclusion criteria were as follows: incomplete medical records or refusal to follow-up.
Of the 423 enrolled patients, 123 received surgery
alone (surgery-alone arm, Arm S) and 300 received postoperative adjuvant chemotherapy (adjuvant arm, Arm A).
The chemotherapeutic regimens were as follows: monotherapy with fluoropyrimidines (capecitabine, TS-1,
tegafur-uracil, infusional 5FU), doublet regimens (cisplatin with a fluoropyrimidine, oxaliplatin with a fluoropyrimidine), or triplet regimens (eitherpaclitaxel, docetaxel,
epirubicin or etoposide with cisplatin or oxaliplatin and
a fluoropyrimidine). No patient received radiotherapy.
Regimen selection was based on stage, performance status, available combinations and patient preferences. Triplet regimens were considered for patients with T3/T4 tumors and positive lymph nodes; doublet regimens were
considered for patients with T3/T4 tumors or positive
lymph nodes. Etoposide was administered prior to 2003,
and taxanes were administered after 2003. Monotherapy
was considered for patients with poor performance status or co-morbidities or elderly patients.
Patients in Arm A underwent hematologic testing
and assessment of their clinical symptoms each week at
Peking University Cancer Hospital and Institute. Patients
in Arm S underwent examinations at local hospitals,
and the results of their hematologic tests or symptom
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records were not complete. Adverse events were defined
according to the Common Toxicity Criteria of the National Cancer Institute, version 3.0. The presence of a
relapse was determined by means of imaging studies or
pathological diagnosis, including ultrasonography, computed tomography (CT), gastrointestinal radiography
series, or endoscopy. For suspected disease, additional
diagnostic tools were considered. Patients underwent
at least one type of imaging study, usually CT, at 3-mo
intervals during the first 2 years after surgery and at
6-mointervals thereafter until 5 years after surgery.

frequent grade 3 or 4 adverse events were neutropenia
(17.6%), nausea and vomiting (6.1%), anorexia (3.5%),
and diarrhea (2.3%). In general, 61 patients (20.3%) developed grade 3 or 4 toxicities (data not shown).
Among the 300 patients in Arm A, the number of
chemotherapy cycles ranged from 1 to 17 with a median
of 6. Treatment was continued for at least 3 cycles in 269
patients (90.0%), at least 6 cycles in 176 patients (58.7%),
at least 8 cycles in 79 patients (26.3%), and at least 10
cycles in 39 patients (13.0%). Reasons for withdrawal
of treatment included refusal by the patient to continue
treatment due to adverse events or other factors, the detection of metastasis or relapse. A total of 141 patients
(47.0%) had dose modifications or chemotherapy delays.
Of the 275 patients receiving doublet or triplet regimens, 73 patients (26.5%) switched to monotherapy due
to toxicity or upon their request.

Statistical analysis
The data were processed using SPSS version 15.0 for
Windows XP. Disease-free survival (DFS) was defined
as the time from surgery prior to a recurrence of gastric
cancer, the occurrence of a second primary cancer, or
death from any cause. OS was defined as the time from
surgery to death from any cause. Univariate analyses
were applied to evaluate the prognostic factors affecting
the survival rate in patients with various histopathologic
characteristics and adjuvant therapy regimens. Each
categorical variable was compared using the chi-squared
test. The Kaplan-Meier method was used for survival
analysis. The Log-rank rule was applied in the monovariate analyses, while a Cox proportional hazard regression
model was used in the multivariate analysis. A P value of
less than 0.5 was considered statistically significant.

OS and DFS
By the last follow-up examination on May 1 st 2010,
283 patients (66.9%) were confirmed to have recurrent disease,and 238 patients (56.3%) had died; only 6
patients (1.4%) were lost of follow-up. The median OS
and DFS based on a median follow-up time of 87.0
mo were 56.2 (95%CI: 48.4-64.0) and 33.4 (95%CI:
25.3-41.5)mo, respectively. The 5-year survival rate was
48.0%. Both median OS and DFS were statistically longer in Arm A than in Arm S: the OS was 63.0 mo (95%CI:
46.7-79.3) vs 42.9 mo (95%CI: 37.4-48.3) (p = 0.001),
respectively; the 5-year OS was 52% vs 36%, respectively
(p = 0.01); and the DFS was 41.5 mo (95%CI: 24.4-58.6)
vs 24.4 mo (95%CI: 15.7-33.1), respectively (p = 0.007)
(Figure 1). For stage Ⅱ/Ⅲ patients, a similar survival
benefit was observed in Arm A. In Arm A vs Arm S, the
OS was 58.0 mo (95%CI: 48.4-67.6) vs 37.6 mo (95%CI:
30.3-44.9), respectively (p < 0.001); the 5-year OS was
52% vs 36%, respectively (p = 0.01); the DFS was 34.9
mo (95%CI: 22.2-47.6) vs 14.9 mo (95%CI: 16.0-22.0),
respectively (p < 0.001). The 5-year DFS was 45% in
the chemotherapy group and 28% in the surgery-alone
group (p = 0.07).

RESULTS
Patient characteristics
A total of 423 patients were enrolled in this study: 300
in Arm A and 123 in Arm S. In these patients, stage Ⅰ,
Ⅱ and Ⅲ GC accounted for 9.7%, 35.7% and 54.6%,
respectively. As the surgeries had been carried out at
various Chinese hospitals and no photographs were collected, the details of the procedures were difficult to
qualify,however, 178 (42.1%) patients had more than 15
lymph nodes harvested.
The patient profile and tumor characteristics, except
for age, were well balanced between Arm A and Arm S
(Table 1). More elderly patients (≥ 65 years old) were
included in Arm S (43.9%) than in Arm A (29.3%, p =
0.04). In addition, Arm S patients tended to have earlierstage GC than Arm A patients (18.7% stage IB in Arm S
vs 6.0% in Arm A, p = 0.12), and the rate of having a ratio of positive lymph nodes harvested < 0.33 was 66.7%
in Arm S and 57.7% in Arm A (p = 0.07).

Subgroup analysis of OS and DFS
Among the 45 patients over 65 years old, no benefit in
OS was observed in Arm A (n = 32) compared with
Arm S (n = 13). The DFS tended toward improvement with chemotherapy at 49.4 mo in Arm A (95%CI:
35.7-63.1)vs 29.8 mo in Arm S (95%CI: 24.0-35.6, p =
0.053). In each of the following subgroup analyses, an
initial comparison was performed for patients over 65 to
exclude potential bias due to age.
Patients in Arm A received monotherapy (n = 25)
or doublet (n = 164) or triplet (n = 111) regimens as
postoperative chemotherapy. The OS was shorter in the
monotherapy group (46.6 mo, 95%CI: 25.6-67.6) than in
the doublet (63.2 mo, 95%CI: 22.9-103.5) or triplet (65.2
mo, 95%CI: 43.4-86.9)therapy groups, but the difference
was not statistically significant. The DFS showed the

Adverse events, treatment compliance and modifications
Only the data for the 300 patients in Arm A were analyzed for adverse events, and the 123 patients in Arm S
were not included in the safety analysis. Adverse events,
including hematologic and non-hematologic toxic effects, were analyzed, and included leukopenia, anemia,
thrombocytopenia, elevated total serum bilirubin levels,
peripheral neuropathy, nausea, and vomiting. The most
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Table 1 Characteristics of the patients n (%)
Total

Arm A

Arm S

P value

423

300 (70.9)

123 (29.1)

NA

320 (75.7)
103 (24.3)

223 (74.3)
77 (25.7)

97 (78.9)
26 (21.1)

0.324

281 (66.4)
142 (33.6)

212 (70.7)
88 (29.3)

69 (56.1)
54 (43.9)

0.04

97 (22.9)
287 (67.8)
24 (5.7)
15 (3.5)

61 (20.3)
211 (70.3)
18 (6.1)
10 (3.3)

36 (29.2)
76 (61.8)
6 (4.9)
5 (4.1)

0.145

147 (34.8)
276 (65.2)

95 (31.7)
205 (68.3)

52 (42.3)
71 (57.7)

0.07

202 (47.8)
221 (52.2)

136 (45.3)
164 (54.7)

66 (53.7)
57 (46.3)

0.12

9 (2.1)
67 (15.8)
204 (48.2)
89 (21.0)
54 (12.8)

7 (2.3)
35 (11.7)
165 (55.0)
52 (17.3)
41 (13.7)

2 (1.6)
32 (26.0)
39 (31.7)
37 (30.1)
13 (10.6)

117 (27.7)
126 (29.8)
95 (22.5)
85 (20.1)

70 (23.3)
100 (33.3)
68 (22.7)
62 (20.7)

47 (38.2)
26 (21.1)
27 (22.0)
23 (18.7)

0.11

41 (9.7)
100 (23.6)
51 (12.1)
56 (13.2)
98 (23.2)
77 (18.2)

18 (6.0)
70 (23.3)
38 (12.7)
48 (16.0)
67 (22.3)
59 (19.7)

23 (18.7)
30 (24.4)
13 (10.6)
8 (6.5)
31 (25.2)
18 (14.6)

0.12

253 (59.8)
170 (40.2)

171 (57.0)
129 (43.0)

82 (66.7)
41 (33.3)

0.07

167 (39.5)
130 (30.7)
126 (29.8)

115 (38.3)
91 (30.3)
94 (31.4)

52 (42.3)
39 (31.7)
32 (26.0)

0.542

Characteristics
Number
Sex
Male
Female
Age group
< 65
≥ 65
Histology (adenocarcinoma)
Well-moderate differentiated
Poorly differentiated
Signet-ring cell
Mucinous
Location of tumor
Proximal
Distal
Extent of LN dissection
< 15
≥ 15
Depth of invasion (T stage)
T1
T2
T3
T4a
T4b
No. of invaded LN (N stage)
N0 (0)
N1 (1-2)
N2 (3-6)
N3 (≥ 7)
AJCC stage (7.0 version)
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Positive/harvested LN ratio
< 0.33
≥ 0.33
Vascular invasion
Positive
Negative
Unknown

0.529

LN: Lymph node; NA: Not available; AJCC: American Joint Committee on Cancer.

same tendency for the monotherapy, doublet and triplet
therapy groups at 24.5 mo (95%CI: 8.2-40.8), 38.4 mo
(95%CI: 20.0-80.3) and 45.8 mo (95%CI: 19.2-72.4), respectively (p = 0.321).
In the doublet regimen group (n = 164), 124 patients
(75.6%) received oxaliplatin/fluoropyrimidines, and 40
patients (24.4%) received cisplatin/fluoropyrimidines; no
differences in OS or DFS were detected between the two
subgroups (data not shown). In the triplet regimen group
(n = 111), 24 patients (21.6%) received DCF or modified DCF (taxanes/cisplatin/5FU), 52 patients (46.8%)
received epirubicin/cisplatin/5FU (ECF) or modified
ECF (epirubicin with cisplatin or oxaliplatin and 5FU or
capecitabine), and 35 patients (31.5%) received etoposide/cisplatin/5FU. No differences in DFS or OS were
observed among the three subgroups (data not shown). In
Arm A, a total of 272 (90.7%) patients received platinum/

WJG|www.wjgnet.com

fluoropyrimidine-containing regimens which included
either oxaliplatin (n = 126) or cisplatin (n = 146), and no
survival differences were observed (data not shown).
Among patients who received doublet or triplet regimens, 73 patients (26.5%) switched to monotherapy with
fluoropyrimidines, either oral or infused. Significant differences in the total number of chemotherapy cycles, OS
and DFS were observed between patients who switched
and patients who did not (Table 2, Figure 2). Regimens
modified to monotherapy with fluoropyrimidines significantly prolonged OS and DFS in both the doublet and
triplet regimen groups.
Given that switching to monotherapy could have
improved the treatment tolerability and prolonged duration of the chemotherapy, we further compared survival
data of patients who received ≥ 8 chemotherapy cycles
within 8 mo after surgery with patients who received ≤
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Figure 1 Kaplan-Meier curves of disease-free survival (A) and overall survival (B) in Arm A and Arm S. P-value by Log-rank test. A: Disease-free survival (DFS):
41.5 mo vs 24.4 mo, p = 0.007; B: Overall survival: 63.0 mo vs 42.9 mo, p = 0.001.

Table 2 Disease-free survival and overall survival of patients in Arm A received different chemotherapy regimens (n = 300)

Monotherapy
Doublet
Monotherapy switched
No monotherapy switched
Triplet
Monotherapy switched
No monotherapy switched
Doublet and triplet
Monotherapy switched
No monotherapy switched

n

Cycles median (range)

25
164
38
126
111
35
76
275
73
202

4 (2-15)
6 (1-17)
8 (3-17)
6 (1-12)
6 (2-14)
9 (5-14)
6 (2-11)
6 (1-17)
8 (3-17)
6 (1-12)

Disease-free survival (mo) (95%CI)
38.4 (21.0-80.3)
NR1
25.4 (18.7-32.1)
45.8 (19.2-72.4)1
NR1
24.9 (9.4-40.4)
45.8 (23.8-67.8)
NR1
25.4 (18.3-32.5)

Overall survival (mo) (95%CI)
63.2 (22.9-103.5)1
NR1
44.4 (28.3-60.5)
65.2 (43.5-87.0)1
NR1
56.2 (42.0-70.4)
63.8 (41.4-86.2)
NR1
49.4 (35.7-63.1)

1

Statistically significance (P < 0.001). NR: Not reached.

7 chemotherapy cycles in the same time period (Figure 3).
Statistically longer OS and DFS rates were observed in
the group with ≥ 8 chemotherapy cycles (p < 0.001), indicating that a longer adjuvant duration provided a survival benefit in patients who switched to monotherapy.

ment, the Cox hazard ratio (HR) estimation for Arm A
compared with Arm S was 0.47 (95%CI: 0.36-0.63; p <
0.001) for the OS and 0.59 (95%CI: 0.44-0.79; p < 0.001)
for the DFS (data not shown), indicating a risk reduction
in patients who received adjuvant therapy.

Univariate and multivariate analysis of prognostic
factors
Univariate analysis showed an association between OS
and DFS and location of the tumor (p = 0.014), T stage (p
< 0.001), N stage (p < 0.001), positive/harvested lymph
node (LN) ratio (p < 0.001), and adjuvant chemotherapy
treatment (p = 0.001). Similarly, LN dissection was a
signiﬁcant factor for DFS (p = 0.032) (data not shown).
In contrast, gender, age, WHO performance status and
histological differentiation did not affect the OS or DFS.
On multivariate analysis, the extension of the LN
dissection (＜ 15 and ≥ 15 LNs harvested), N stage
and adjuvant chemotherapy were associated with OS
and DFS, whereas the location of the tumor and T
stage were independent factors for DFS. Therefore, the
multivariate analysis using a Cox regression identified 3
prognostic factors: the extension of the LN dissection
(p = 0.008), the N stage (p = 0.012), and treatment with
postoperative chemotherapy (p < 0.001). After adjust-

WJG|www.wjgnet.com

DISCUSSION
Adjuvant chemotherapy after curative resection is known
to improve outcomes in gastric cancer treatment, although
the preferred recommendations differ by geographical
region[12]. Based on the United States Intergroup-0116,
United Kingdom MAGIC, Japan ACTS GC, and South
Korea CLASSIC studies, the recommended adjuvant
treatments are chemoradiotherapy in the United States,
perioperative chemotherapy in the United Kingdom and
a few other European countries, and adjuvant chemotherapy in most Asian countries, either TS1 for 1 year
or XELOX for 8 cycles over 6 mo[6-9]. The former two
studies enrolled patients who underwent only limited surgeries, while the latter two studies enrolled patients who
underwent at least D2 gastrectomy.
It is well accepted that the type of surgical procedure
will affect the results of adjuvant treatment[13]. D2 gastrectomy is now recommended as the standard surgical
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Figure 2 Kaplan-Meier curves of disease-free survival (A) and overall survival (B) in patients with monotherapy switched or not. P-value by Log-rank test. A:
Disease-free survival: Not reached vs 25.4 mo, p = 0.000; B: Overall survival: Not reached vs 49.4 mo, p = 0.005.
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6th edition of the AJCC staging system are now classified
as stage Ⅱ-ⅢC in the updated 7th edition. Although they
lacked distant metastasis, these patients were previously
regarded as stage Ⅳ and thus were not enrolled in clinical studies of adjuvant therapies such as the ACTS GC
and CLASSIC studies. However, these so-called “stage
Ⅳ-M0” patients comprise a significant fraction of the
patients in China. Therefore, these two large-scale phase
Ⅲ studies are still far from solving the known challenges
in clinical practice such as non-ideal surgeries and more
patients at later stages. We hope that this retrospective
study which conducted analyses using the definitions of
the 7th edition of the AJCC staging system will provide
complementary data for oncologists not only in China,
but also in nations where D2 lymphadenectomy is limited to some extent. Patients were consecutively enrolled
at a single center, but they were drawn from throughout
China for consultation or treatment. Thus, the findings
should be applicable to clinical practice nationwide.
Age was not well balanced between the two arms of
surgery alone and surgery with adjuvant chemotherapy,
with more elderly patients in Arm S. However, in the sub-

treatment for resectable GC in both Asian and Western
countries[14-17]. However, D2 lymphadenectomy is a demanding technique, requiring rigorous training and a sufficient number of annual operations to ensure the skill
of the surgeons. Unlike Japan and South Korea, many
institutions in rural areas or small cities in China are not
specialized centers with appropriate surgical expertise
and postoperative care. In 2010, out of 2312 consecutive
GC patients who underwent resection in a high-volume
cancer center, more than 14 lymph nodes were harvested
in only 650 (28.1%)[18]. Additionally, although D2 lymphadenectomy has become more widespread recently in
China due to continuing education, the exact proportion
of D2 lymphadenectomies throughout the country is
not yet available. In this study, it was difficult to establish
the details of the surgical procedures at other institutions. We were only able to qualify the surgeries by the
number of lymph nodes harvested based on the classification of the NCCN guidelines in which dissecting a
minimum of 15 lymph nodes for histologic examination
is required for both D1 and modified D2 resections[15].
In addition, T4/N3 patients classified according to the
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group of patients over 65 years of age (n = 45), no differences in the OS or DFS were observed between Arm
S and Arm A. It is unlikely that the age imbalance influenced the results of the overall analysis. Patients in Arm
S tended to be at earlier pathological stages, although this
trend was not statistically significant. In general clinical
practice, oncologists are less likely to prescribe chemotherapy for older patients or patients at relatively earlier
stages because requests from patients and their families
would interfere with the doctors’ decisions under such
circumstances.
In general, adjuvant chemotherapy in this 12-year
retrospective study was safe and effective in prolonging the 5-year OS and DFS. Following the exclusion of
stage Ⅰ patients, the survival benefit remained significant
in stage Ⅱ/Ⅲ patients according to the 7th edition of the
AJCC staging system. This benefit was also confirmed
on multivariate analysis, which showed a risk reduction
in patients who received adjuvant therapy. Currently, no
further data on adjuvant chemotherapy in prospective
studies using the 7th edition of the AJCC staging system are available. Based on this study, it is reasonable to
deduce that patients classified as stage Ⅱ/Ⅲ under the
new staging system are also likely to benefit from postoperative chemotherapy.
Surprisingly, no significant difference in survival was
found among monotherapy and doublet and triplet
regimens, while patients who switched to monotherapy
or underwent ≥ 8 cycles of chemotherapy experienced
prolonged DFS and OS by up to 2-fold. These results
were consistent with the findings from the ACTS GC
study in which the OS correlated with the duration of
TS1 administration[19]. Considering that only 67% of the
patients completed adjuvant chemotherapy in both the
ACTS GC and CLASSIC studies, proper timing of treatment modification and an adequate duration of adjuvant
treatment might be more effective in producing survival
benefit than high-dose chemotherapy or combinations
of stronger or more chemotherapeutic agents.
Subsequent to fluoropyrimidines and platinum, paclitaxel sequenced with oral fluoropyrimidines was tested
in Yoshida’s large-scale randomized phase Ⅲ study (the
SAMIT trial), but it failed to show a survival benefit
superior to monotherapy with oral fluoropyrimidines[20].
In our study, various chemotherapeutic agents, including taxane-, platinum-, epirubicin-, or etoposide-based
regimens, did not show any significant differences in
survival benefit. These results was supported by an
inter-trial comparison between the ARTIST and CLASSIC studies[21]. After standard D2 gastrectomy, patients
receiving 6 cycles of cisplatin/capecitabine, the control
group in the ARTIST study, showed a 3-year DFS, which
was similar to patients receiving 8 cycles of oxaliplatin/
capecitabine in the CLASSIC study. Consequently, fluoropyrimidines with or without platinum (either cisplatin
or oxaliplatin) is considered effective and safe as adjuvant therapy, even for patients who did not receive standard D2 lymphadenectomy. New agents such as taxanes
and even trastuzumab for HER2-overexpressing tumors
should be studied in future explorative trials based on
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molecular pathological classification systems or the efficacy of predictive biomarkers.
In conclusion, this retrospective study was complementary to large-scale phase Ⅲ prospective trials which
demonstrated the efficacy and safety of postoperative
platinum with fluoropyrimidines in stage Ⅱ/Ⅲ gastric
cancer patients under the updated 7th edition AJCC staging system after curative gastrectomy with standard or
limited lymphadenectomy. Necessary treatment modifications and adequate treatment durations are recommended in adjuvant settings.
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Multi-slice computed tomography manifestations of hepatic
epithelioid angiomyolipoma
Chun-Lai Dai, Li-Ping Xue, Yu-Mei Li
RESULTS: Upper abdominal multi-slice spiral CT scanning and three-stage enhancement scanning were conducted in five patients with HEA before operation. HEA
had certain characteristic CT manifestations: low density masses, a few relatively high-density masses or fatdensity masses diffusely shown in foci, clear boundary,
round or oval and large focus, and tumour size ranging from 3.1 cm × 2.5 cm to 7.0 cm × 5.2 cm. During
enhancement scanning, the foci were significantly enhanced uniformly or non-uniformly during the arterial
phase, while during the venous and equilibrium phases,
the foci were enhanced continuously or showed obvious low-density masses. Obviously enhanced and widened vessels could be found adjacent to foci or in the
central area of foci during the arterial phase.
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CONCLUSION: CT manifestations of HEA have certain
characteristics. Primary diagnosis can be obtained by
combining CT findings with clinical data, but pathological examination is still needed for a definite diagnosis.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To explore the characteristics of multi-slice
computed tomography (CT) manifestations of hepatic
epithelioid angiomyolipoma (HEA), improve the rate of
accurate diagnosis, and reduce the misdiagnostic rate.

Key words: Liver; Epithelioid; Angiomyolipoma; Computed tomography
Core tip: The multi-slice computed tomography manifestations in five patients with HEA were analyzed in
the study. In computed tomography scanning, low density masses, a few relatively high density masses or fat
density masses were showed in foci, the boundary was
clear, the focus was round or oval and large, and the
size of the tumour was 3.1 cm × 2.5 cm to 7.0 cm × 5.2
cm. The foci were significantly enhanced during arterial
phase, enhanced continuously or showed obvious low
density masses during venous phase and equilibrium
phase, and obviously enhanced and widened vessels
could be found adjacent to foci or in the central area of
foci.

METHODS: The multi-slice CT manifestations in five
patients who were diagnosed with HEA definitely by
postoperative pathological examination were analysed
retrospectively. Three female patients and two male
patients were included. Before operation, four patients
received plain CT scanning and dynamic enhancement
scanning, and the other patient only received enhancement scanning, with immunohistochemical analysis
conducted after postoperative pathological examination. Four patients were misdiagnosed by CT, including
three patients misdiagnosed with hepatic cell carcinoma
and one patient with focal nodular hyperplasia.
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HBsAg- and alpha fetoprotein-negative and have normal
hepatic function. Before operation, four patients received
plain CT scanning and dynamic enhancement scanning,
and the other patient only received enhancement scanning.

Dai CL, Xue LP, Li YM. Multi-slice computed tomography
manifestations of hepatic epithelioid angiomyolipoma. World J
Gastroenterol 2014; 20(12): 3364-3368 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i12/3364.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i12.3364

Methods
All patients were asked to comply with an absolute diet
for 6-8 h before scanning. The patients were supine when
scanning was performed, using 64-MSCT (Siemens,
Germany). The scanning parameters were as follows:
the spiral collimation was 64 × 0.625; the thickness of
each slice was 5 mm; the interval thickness was 5 mm;
the speed of couch movement was 12 mm/s; the tube
voltage was 120 kV; and the tube current was 260-320
mAs. The extent of scanning was as follows: during the
plain scanning phase, arterial phase, venous phase, and
equilibrium phase, the extent of scanning was from the
diaphragmatic dome to the level of the inferior pole of
the kidney, including the whole liver; the scanning was
finished for one time when the patient held their breath
at the end of inspiration. Anconal venous transfusion of
non-ionic contrast medium (OmniPaque 300 or Ultravist
300, 80-100 mL) with a high pressure injector was used
during enhancement scanning. The rate of injection was
3.0 mL/s. The starting times of the arterial phase, venous
phase, and equilibrium phase were 25, 35, and 60 s after
the beginning of injection, respectively. After scanning,
the original data were processed by thin slice reconstruction (one millimetre, the interval between two adjacent
slices was one millimetre). The images of all patients received multiplanar reconstruction.

INTRODUCTION
Angiomyolipoma commonly occurs in the kidney and
liver, but is also found in the retroperitoneum, heart, mediastinum, lung, and vagina[1-3]. A typical angiomyolipoma
consists of vessels, smooth muscles, and fat. Ishak [4]
reported hepatic epithelioid angiomyolipoma (HEA) for
the first time. HEA is a kind of rare mesenchymal benign
tumour and a special type of angiomyolipoma. HEA
consists of epithelioid cells and is commonly found in females, with the male to female ratio of 1:5[5,6]. HEA does
not have special clinical manifestations and may be easily
confused with many kinds of tumours. Therefore, the
rate of misdiagnosis is very high.
At present, HEA is considered a kind of epithelioid
tumour adjacent to vessels and different from hamartoma[7,8]. The pathological diagnosis depends on immunohistochemical examination[9]. The biological behaviour of
HEA is benign generally, but malignant HEA has been
reported, and the prognosis of some patients are bad.
Now many scholars have realised that the biological behaviour of HEA has malignant potential[10-14]. Some studies have shown that high expression of Ki-67 is one of
the characteristics of HEA[15]. Therefore, early diagnosis
of HEA is very important.
Multi-slice spiral computed tomography (MSCT) is an
important method for preoperative diagnosis of HEA,
but the CT manifestations are various because HEA does
not contain or rarely contains mature adipose tissue[16-18].
Thus, diagnosis is difficult, with the accuracy rate of
preoperative diagnosis being 32% or less, and diagnosis
mainly depends on puncture and biopsy currently[19,20].
This study retrospectively analysed CT manifestations in
five patients who were diagnosed with HEA definitely
by pathological examination and immunohistochemical
examination, in order to improve diagnosis of the disease
and provide a reference for improving the rate of accurate preoperative diagnosis of HEA.

RESULTS
Upper abdominal multi-slice spiral CT scanning and
three-stage enhancement scanning were conducted in the
five patients before operation. The growth positions of
HEA included the right lobe of the liver (three patients)
and the left lobe of the liver (two patients). The size of
tumour was 3.1 cm × 2.5 cm to 7.0 cm × 5.2 cm. The CT
manifestations of HEA were: the tumours were round;
slightly low-density masses were found in four patients
(Figure 1A) and a low-density mass was found in one
patient (Figure 2A); the boundary of tumours was clear;
and no bleeding, necrosis, cystic degeneration, or calcification was found. A little fatty density was found in one
case, but dilatation of adjacent intrahepatic bile duct was
not found.
The manifestations during dynamic enhancement
scanning were: the lesions of five patients were enhanced
significantly during the arterial phase; and the enhancement degree was stronger than that of liver parenchyma,
including four patients with non-uniform enhancement
(Figure 1B) and one patient with uniform enhancement
(Figure 2B). Contrast agent disappearance was found in
three patients during the venous phase and equilibrium
phase, including two patients with an obvious decrease of

MATERIALS AND METHODS
Subjects
Five patients with HEA who were diagnosed definitely
by pathological examination after operation at our hospital from May 2010 to June 2012 were included, including two men and three women. Their mean age was 56.5
years (range: 46-61 years). Three patients were found with
a liver space-occupying lesion and without any clinical
symptoms; two patients visited the hospital because of
distending pain in the right upper quadrant without obvious causative factors. All five patients were found to be
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Figure 1 Computed tomography plain scanning: oval mass in posterior
segment of the right hepatic lobe, slightly low density, clear boundary,
and uniform density (A); venous phase: the enhancement of foci weakening (B); arterial phase: obvious and uniform enhancement of foci (C).

Figure 2 Arterial phase: non-uniform enhancement of foci (indicated by
a white arrow), and widened vessels in central area of foci (indicated by a
black arrow) (A); CT plain scanning: oval mass in the right hepatic lobe,
low density, clear boundary, and uniform density (B); equilibrium phase:
continuous enhancement of foci, and equidensity (C).

enhancement degree, which was significantly lower than
that of normal liver parenchyma, and one patient with a
decrease of enhancement degree that was slightly lower
than that of normal liver parenchyma (Figure 1C). The
lesions of two patients were enhanced continuously. The
enhancement degree of lesions during the venous phase
was stronger than that of normal liver parenchyma, and
the enhancement degree of lesions during the equilibrium phase was similar to that of liver parenchyma (Figure
2C). Enlarged vessels were found near the tumour or in
the central area of the tumour of two patients (Figure
1B).
Among the five patients with HEA, four were misdiagnosed, including three diagnosed with hepatic cell
carcinoma (HCC) and one with focal nodular hyperplasia
(FNH). Multi-slice CT manifestations in five patients
with HEA are displayed in Table 1.

WJG|www.wjgnet.com

DISCUSSION
HEA is a kind of very rare mesenchymal tumour and
mainly consists of epithelioid cells[3]. HEA does not
contain adipose tissue or contains little mature adipose
tissue, so its diagnosis is difficult. In recent years, it has
been reported that angiomyolipoma is a true neoplasm[20],
but there are previous few reports on imaging of HEA,
and the prognosis of some patients is bad[21,22]. Therefore, more attention should be paid to the disease. In this
study, the diagnosis of HEA was improved by retrospectively analysing the imaging data of five patients with
HEA.
CT manifestations of HEA vary and diagnosis is difficult. Most of the patients were diagnosed definitely by
puncture and biopsy[23,24]. Peh and partners[25] reported
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Table 1 Multi-slice computed tomography manifestations in five patients with hepatic epithelioid angiomyolipoma
Shape

Boundary

Density

Enhancement

Abnormal vessels adjacent to tumors
and intratumoral abnormal vessels

Oval
Oval

Clear
Clear
Clear

Oval

Clear

Slightly low, uniform

Oval

Clear

Slightly low, uniform

Fast in and slow out enhancement
Fast in and fast out enhancement pattern, non-uniform
enhancement
Fast in and fast out enhancement pattern, non-uniform
enhancement
Fast in and slow out enhancement pattern, continuous
and non-uniform enhancement
Fast in and slow out enhancement pattern, continuous
and non-uniform enhancement

No
No

Oval

Slightly low, uniform
Slightly low, non-uniform,
containing a few lipid
Slightly low, uniform

three patients with HEA of different manifestations, including one case whose CT manifestations were similar to
those of FNH, one case whose CT manifestations were
similar to those of HCC, and one case with typical CT
manifestations of HEA (coexistence of lipid, widened
vessels, and smooth muscle tissue, which were similar to
the reported manifestations). It is easy to diagnose typical
HEA mixed with lipid, but most of the HEA foci had no
lipid, which made diagnosis difficult[5].
Analysis of CT manifestations in five patients with
HEA showed that the boundary of foci of the five patients was clear, the foci were large, round or oval. The
densities in four patients were relatively uniform and
without lipid; the density in one patient was not uniform,
with a little adipose tissue in focus. During enhancement scanning, the foci of five patients were obviously
enhanced during the arterial phase, including the foci
of four patients that were enhanced non-uniformly and
the focus of one patient that was enhanced uniformly.
The vessels adjacent to foci or in the central area of foci
widened. During the venous phase, four patients showed
low-density masses, and one patient showed a highdensity mass. This mass continued to be present in the
equilibrium phase, showing equidensity mass.
It is concluded that it is not difficult to diagnose the
lesions with adipose density in foci, while for the lesions
without adipose density in foci, HEA should be considered when the following conditions appear: low density
is shown in plain CT scanning, the boundary is clear, the
foci are round or oval, and the size of foci is large (the
long diameter of foci in the study was 3.1 cm or more);
during enhancement scanning, the foci are obviously
enhanced uniformly or non-uniformly during the arterial
phase, then the foci show high density or obvious low
density during the venous phase and equilibrium phase;
and obviously enhanced and widened vessels are found
in the area adjacent to foci or in the central area of foci
during the arterial phase.
Among the five patients with HEA in the study, three
showed low-density masses or slightly low-density masses
during plain scanning, and they were misdiagnosed as
HCC because of the characteristic of ‘fast in and fast out
enhancement pattern’; and one patient showed a slightly
low-density mass during plain scanning, and the patient
was misdiagnosed with FNH because of the characteris-
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Yes
No
Yes

tic of ‘fast in and slow out enhancement pattern’. Thus,
HEA needs to be differentiated from the following diseases.
HCC
Patients with HCC often show an irregular low-density
mass, and most of them have medical histories of hepatitis B or liver cirrhosis. The level of alpha foetoprotein
is high, and portal vein cancer embolus formation is often found. Large foci are enhanced obviously and nonuniformly during enhancement scanning. In contrast,
HEA is a round or oval mass with slightly low or low
density. The foci are large with a ‘fast in and fast out enhancement pattern’, and the enhancement of foci is not
uniform generally. The patients do not have a medical
history of hepatitis B and the results of laboratory examination are negative[23-25].
FNH
The foci are equidensity and equisignal masses compared
with liver parenchyma on CT. The characteristic is a star
scar in the central area of foci, which show a ‘fast in and
slow out enhancement pattern’ and continuous enhancement, but the star scar cannot be enhanced. Conversely,
the foci of HEA are slightly low-density or low-density
masses, without a scar in the central area of foci[23-25].
In short, the imaging manifestations of HEA have
certain characteristics. Primary diagnosis can be obtained
by combining CT findings and clinical data (e.g., without
a medical history of hepatitis B and negative results of
laboratory examination), but a definite diagnosis depends
on puncture and biopsy or histopathological examination.

COMMENTS
COMMENTS
Background

Hepatic epithelioid angiomyolipoma (HEA) is a kind of very rare mesenchymal
tumour and mainly consists of epithelioid cells. HEA does not contain adipose
tissue or contains little mature adipose tissue, so its diagnosis is difficult. In
recent years, it has been reported that angiomyolipoma is a true neoplasm, but
there are previous few reports on imaging of HEA, and the prognosis of some
patients is bad. Therefore, more attention should be paid to the disease. In this
study, the diagnosis of HEA was improved by retrospectively analysing the imaging data of five patients with HEA.
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In recent years, it has been reported that angiomyolipoma is a true neoplasm,
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but there are previous few reports on imaging of HEA, and the prognosis of
some patients is bad. Therefore, more attention should be paid to the disease.

Innovations and breakthroughs

In this study, the diagnosis of HEA was improved by retrospectively analysing
the imaging data of five patients with HEA.

Applications
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Computed tomography (CT) manifestations in patients with HEA have certain
characteristics. Primary diagnosis can be obtained by combining CT findings
with clinical data, but pathological examination is still needed for a definite diagnosis.
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Peer review

In this manuscript, the authors explores and analyzes CT manifestations of five
patients with HEA who were diagnosed definitely by pathological examination
and immunohistochemistry, and provide reference for improving accurate rate
of diagnosis. The manuscript is very well written.
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Analysis of prognostic factors and outcomes of gastric
cancer in younger patients: A case control study using
propensity score methods
Ki-Han Kim, Yoo-Min Kim, Min-Chan Kim, Ghap-Joong Jung
or signet ring cell carcinoma (P < 0.001), advanced T
stage gastric cancer (P = 0.045), and advanced tumornode-metastasis stage cancer (P = 0.036). The older
group with gastric cancer had more comorbidities (P
< 0.001). With the exception of the number of lymph
node dissection (P < 0.001) and retrieved lymph node
(P = 0.010), there were no statistically significant differences between the postoperative outcomes of the
two groups. During the follow-up period, there were
19 recurrences in the younger group and 11 recurrences in the older group. The overall five-year survival
rates in the younger and older groups were 84.3% and
89.6%, respectively (P = 0.172). There were no significant differences (P = 0.238) in the overall survival
of patients with advanced T stage gastric cancer in the
two groups, with five-year survival rates of 70.8% in
the younger group and 79.5% in the older group. With
regard to the age-adjusted survival rate, there was significant difference between the two groups (P = 0.225).
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Abstract

CONCLUSION: In spite of aggressive cancer patterns
in the younger group with gastric cancer, the younger
group did not have a worse prognosis than the older
group in our study.

AIM: To understand the clinicopathological and prognostic features of gastric cancer in younger and older
patients.

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

METHODS: Between January 2002 and December
2008, 1667 patients underwent curative gastric surgery. For comparative purposes, the patients were divided into two groups: younger patients who were less
than 40 years old (112 patients), and older patients
who were 40 years old and older (1555 patients). In
both groups, propensity scoring methods were used to
select patients with similar disease statuses. A total of
224 matched cases, with 112 patients in each group,
were included in the final analysis.

Key words: Gastric cancer; Younger patients; Prognosis
Core tip: In this study, propensity scoring methods
were used to select patients with similar disease statuses. A total of 224 matched cases (112 patients in
each group) were included in the analysis. The younger
group with gastric cancer had more aggressive patterns
than did the older group. The overall five-year survival
rates between the younger and older groups were not
significantly different. While there were more cases of
aggressive cancer patterns in the younger group, early

RESULTS: Compared to the older group, the younger
group with gastric cancer had a significantly higher percentage of females (P = 0.007), poorly differentiated
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we identified 1945 patients who underwent gastric surgery between January 2002 and December 2008. Among
them, 1667 patients who had no peritoneal seeding or
distant liver metastasis underwent R0 resection. We defined the younger group with gastric cancer as being less
than 40 years old, which is similar to the cut-off that has
been used in previous reports[3,5-6,13-15,17-19]. We divided the
1667 gastric cancer patients into two groups: younger
patients who were less than 40 years old (112 patients),
and older patients who were at least 40 years old (1555
patients). To reduce potential confounders in this retrospective observational study, the values of the propensity
scores were used to adjust for differences between the
two groups with regard to operation date and type of
gastrectomy. A total of 224 matched cases, with 112 patients in each group, were included in the final analysis.
The data were prospectively retrieved from operative and
pathological reports, and follow-up data were obtained
from the outpatient clinical database. Clinicopathological characteristics, postoperative outcomes, postoperative
morbidities and mortalities, and survival rates were retrospectively compared between the two groups. The following data were obtained for each patient: age, gender,
body mass index (BMI), comorbid disease, tumor size,
histologic type, tumor location, tumor-node-metastasis
(TNM) stage, and postoperative outcomes. Postoperative
outcomes included operative time, hospital stay, type of
gastrectomy, reconstruction, extent of lymph node dissection, number of retrieved lymph nodes, recurrence,
and survival.
In this study, the gastric cancer stage was classified
according to the 7th edition of the American Joint Committee on Cancer staging criteria[20]. Standard lymph node
dissection (D2) was performed according to the 2010
Japanese gastric cancer treatment guidelines[21].

diagnosis and curative resections improved the prognosis and patient survival; the younger group with gastric
cancer did not show a worse prognosis than the older
group.
Kim KH, Kim YM, Kim MC, Jung GJ. Analysis of prognostic factors and outcomes of gastric cancer in younger patients:
A case control study using propensity score methods. World J
Gastroenterol 2014; 20(12): 3369-3375 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i12/3369.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i12.3369

INTRODUCTION
Gastric cancer is one of the most common digestive cancers in the world. In addition, gastric cancer is the fourth
most common cancer, and the second leading cause of
cancer-related death, with approximately 700000 deaths
annually[1]. The prevalence of gastric cancer remains high
in some Asian countries, especially in South Korea and
Japan. While the incidence of advanced gastric cancer is
decreasing in developed countries as a result of recent
developments in medical screening, routine screening
does not include people younger than 40 years of age, so
gastric cancer in younger patients is a disturbing problem.
In addition, gastric cancer is difficult to detect in younger
patients who are asymptomatic, even in the advanced
stages. The proportion of patients with gastric cancer
ranges from 6% to 15% in patients younger than 41 years
of age[2-4]. There is controversy about whether gastric
cancer differs between younger and older patients. Several reports have suggested that younger patients are often diagnosed with advanced-stage disease, and younger
patients have been observed to have a markedly worse
prognosis than their older counterparts[5-10]. However,
another recent report showed the prognosis for younger
patients with gastric cancer to be equal or better than that
of older patients[11-17].
The proportion of younger patients with gastric
cancer is smaller than that of older patients. Therefore,
most studies have used small cases series of younger
patients and large cases series of older patients for their
comparisons[2-15]. In this case-control study, matching was
performed with the aim of selecting subsets of case and
control groups with similar distributions of observed covariates (operation date and type of gastrectomy), thereby
increasing the robustness of this retrospective observational study by reducing the bias that can be introduced
by unbalanced groups. We used propensity scoring
methods to evaluate whether the prognosis for younger
patients with gastric cancer is equal to or poorer than that
of older patients.

Adjuvant chemotherapy, follow-up protocol, and
recurrence
Adjuvant chemotherapy was performed in patients with
pathologically identified advanced gastric cancer who
had provided their informed consent. Adjuvant chemotherapy was not performed for patients with stage I gastric cancer, but adjuvant chemotherapy was performed
for patients within stage ⅡA or higher gastric cancer.
Follow-up results were obtained from patient hospital records and telephone calls, and recurrence was determined
by endoscopy, computed tomography, and positron emission tomography. All patients who received follow-up
were monitored postoperatively with routine blood tests,
tumor markers (carcinoembryonic antigen and carbohydrate antigen 19-9), chest radiography, endoscopy, and
computed tomography. In patients with early gastric cancer, follow-up studies were performed every six months
for two years and annually for three years. For patients
with advanced gastric cancer, follow-up studies were performed every three months for the first year, every six
months for the second year, and annually for following
three years.
We classified recurrence patterns into four catego-

MATERIALS AND METHODS
Patients and data collection
From a prospectively collected gastric cancer database,
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of the retrospective observational design by reducing the
bias that can be introduced from unbalanced groups. The
data were summarized using frequencies and percentages
for categorical variables and means and standard deviations for continuous variables. After descriptive analyses
were performed, a Fisher’s test was used to compare
categorical variables between the groups, and a MannWhitney U test was used to compare continuous variables
between the groups. P values of less than 0.05 were considered to be statistically significant. Survival curves were
calculated using the Kaplan-Meier method. All statistical
analyses were conducted using SPSS version 18.0 (SPSS,
Chicago, IL).

Table 1 Clinicopathological features of the patients
Clinicopathological
feature
Gender
Male
Female
BMI (mean ± SD, kg/m2)
Comorbidity
No
Yes
Size of main lesion
(mean ± SD, mm)
Histologic type
Well differentiated
Moderate differentiated
Poorly differentiated
Signet ring cell
Other
Lauren classification
Intestinal
Diffuse
Mixed
Tumor location
Upper
Middle
Lower
Whole
T stage1
EGC
AGC
N stage1
N0
N1
N2
N3
Stage1
Ⅰ
Ⅱ
Ⅲ

Younger patients Older patients
(n = 112)
(n = 112)

P -value
0.007

49
63
22.4 ± 3.4

70
42
23.1 ± 2.7

100
12
4.1 ± 3.1

74
38
3.9 ± 3.3

7
19
70
14
2

29
34
41
5
3

18
72
22

58
34
20

15
40
55
2

15
25
70
2

50
62

66
46

67
12
11
22

72
16
14
10

57
21
34

75
11
26

0.086
< 0.001

0.604
< 0.001

RESULTS
Clinicopathological features between younger and older
patients with gastric cancer
The proportion of females in the younger group was
greater than that in the older group (P = 0.007). The
older group had more comorbidities than did the younger group (P < 0.001), and the younger group had more
poorly differentiated or signet ring cell gastric carcinomas
(P < 0.001). In addition, using the Lauren classification,
a diffuse form of cancer was found in 64.3% of patients
in the younger group (P < 0.001). Compared to the older
group, the younger group had more aggressive T stage
gastric cancer (P = 0.045) and more cases of advanced
TNM stage cancer (P = 0.036). There were no significant
differences in the BMI, tumor size, tumor location, and
N stage between the two groups (Table 1).

< 0.001

0.154

0.045

0.132

0.036

Postoperative outcomes and complications
Table 2 shows the postoperative outcomes of the two
groups; there were statistically significant differences in
the extent of lymph node dissection (P < 0.001) and the
number of retrieved lymph nodes (P = 0.010). There
were no significant differences in operative time, hospital
stay, operative method, type of gastrectomy, type of anastomosis, or cancer-related organ resection. Complications
in the younger group were found in 10 (8.9%) of the 112
patients, and one (0.9%) major complication required
endoscopic control of intraluminal bleeding. Nine minor
complications in the younger group were treated with
conservative management. In the older patients, there
were 16 (14.3%) complications, 3 (2.7%) of which were
major; one patient required endoscopic control of intraluminal bleeding, and two patients required re-operation
to repair duodenal stump leakage. Other complications
in older patients were also treated with conservative management. There were no statistically significant differences between the two groups in postoperative complications (P = 0.297).

1

Based on the 7th edition of the American Joint Committee on Cancer
classification.

ries[22]: locoregional, hematogenous, peritoneal, and distant lymph nodes. Locoregional recurrence was defined
as the presence of tumors in the adjacent organs, which
includes gastric bed, anastomosis, gastric stump, and regional lymph nodes. Hematogenous recurrence included
recurrence in the liver, lung, bone, brain, or other distant
sites. Peritoneal recurrence was defined as peritoneal
seeding or ovarian metastases (Krukenberg’s tumor). Recurrence in distant lymph nodes was defined as extraabdominal lymph nodes.
Statistical analysis
To reduce bias, a propensity scoring approach was used
to match the younger and older patients according to the
operation date and type of gastrectomy. Patients less than
40 years of age (case) were matched to patients at least
40 years old (control) by using patient identifiers and operation dates (± 15 d). Matching was performed to select
subsets of case and control groups with similar distributions of the observed covariates operation date and type
of gastrectomy. The matching increased the robustness

WJG|www.wjgnet.com

Tumor recurrence and survival
The median follow-up period was 79.2 mo in the younger
group and 80.3 mo in the older group. We performed
adjuvant chemotherapy for patients within stage Ⅱ or
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Table 2 Postoperative outcomes
Postoperative outcomes

Table 3 Tumor recurrence and patterns

Younger patients Older patients P -value
(n = 112)
(n = 112)

Operative time
207.3 ± 57.1
(min, mean ± SD)
Hospital stay (d, mean ± SD)
7.9 ± 2.6
Operative method
Laparoscopy
46
Open
66
Type of gastrectomy
Total
28
Subtotal
84
Type of anastomosis
B-Ⅰ
48
B-Ⅱ
35
R-Y
29
Lymph node dissection
D2
43
Over D2
69
Number of retrieved lymph
41.4 ± 16.4
nodes (mean ± SD)
Cancer-related combined resection
No
107
Yes (number of patients)
5
Spleen1
4
Pancreas1
0
Liver1
0
Adrenal gland1
0
Small bowel1
1
Ovary1
1
Median follow-up duration
79.2 (8.0-137.7)
(mo, range)
Postoperative complications
No
102
Yes
10
Wound problem
3
Intra-abdominal bleeding
1
Intra-luminal bleeding
3 (12)
Ileus
1
Duodenal stump leakage
0
Acute pancreatitis
0
Pulmonary disease
0
Hepatic disease
1
Dumping syndrome
1

205.7 ± 56.7

0.832

10.1 ± 13.0

0.087
0.268

Postoperative
outcomes
Median follow-up
duration (mo, range)
Chemotherapy (stage
Ⅱ or higher) n (%)
Tumor recurrence
No
Yes
Time to recurrence
after surgery
(mo, mean ± SD)
Recurrence patterns1
Locoregional
Hematogenous
Peritoneal
Distant lymph nodes

37
75
1.000
28
84
0.856
52
32
28
< 0.001
79
33
36.3 ± 13.2

0.010

P -value

79.2 (8.0-137.7)

80.3 (0.7-137.5)

0.523

49/55 (89.1)

36/37 (97.3)

0.235

93
19
17.8 ± 9.8

101
11
18.5 ± 12.6

0.169

6
6
10
2

0.862

5
5
3
2

Combined numbers.

older groups were 84.3% and 89.6%, respectively. There
were no significant differences in the survival rates between the two groups (P = 0.172). In cases of advanced
T stage gastric cancer, the overall five-year survival rates
were 70.8% in the younger group and 79.5% in the older
group (P = 0.238) (Figure 1). There was no significant
difference in the age-adjusted survival rate between the
two groups (P = 0.225) (Figure 2).

0.523
0.297

96
16
5
1
4 (12)
1
22
1
2
0
0

DISCUSSION
Gastric cancer is generally considered to be an age-related
disease, and more than half of gastric cancer patients
are older than 60 years of age. Gastric cancer rates have
been consistently decreasing as a result of recent medical
screening systems. However, gastric cancer in younger
group populations remains a serious problem in some
countries, such as South Korea, where routine screening
does not occur in people under 40 years of age. Therefore, in the absence of gastrointestinal symptoms, gastric
cancer is difficult to diagnoses in young people, even in
the advanced stages of the disease. This retrospective
matched case-control study was performed to determine
the clinicopathological and prognostic features of gastric
cancer in younger and older patients.
Studies have generally been limited by a small number of patients, the inclusion of historical data, a lack of
comparison with similar control groups, and a limited
ability to account for disease survival. Thus, most studies
have made comparisons between small cases series of
younger patients and large cases series of older patients
with gastric cancer[2-15]. These unbalanced comparisons
may generate biased and inconsistent results. Therefore,
in this study, we matched the younger and older groups
with increasing robustness to reduce the bias that can be
caused by unbalanced groups.
Many studies have shown interesting clinical differences between younger and older patients with gastric
cancer. Most notably, the gender ratio is different be-

1

The number of resected organs is a combined number; 2Intra-luminal
bleeding was treated endoscopically; duodenal stump leakage required reoperation.

higher. In the 55 patients in the younger group with stage
Ⅱ or higher cancer, 49 patients received with adjuvant
chemotherapy; in the 37 older patients with stage Ⅱ or
higher, 36 patients adjuvant chemotherapy. There was
no significant difference in the use of adjuvant chemotherapy between the two groups (P = 0.235). During the
median follow-up period, tumor recurrences occurred in
19 cases in the younger group and 11 cases in the older
group. The median time to recurrence after surgery was
17.8 mo in the younger group and 18.5 mo in the older
group, but the difference between the groups was not
statistically significant (P = 0.169). In the younger group,
peritoneal recurrence was the most common recurrence
pattern. However, in the older group, the most common
recurrences were locoregional and hematogenous (Table
3). The overall five-year survival rates in the younger and

WJG|www.wjgnet.com

Older patients
(n = 112)

1

0.409
103
9
6
3
1
1
0
0
80.3 (0.7-137.5)

Younger patients
(n = 112)
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1.0

0.98

0.8
Cumulative survival

Young patients
Older patients

1.00

89.6%

84.3%

Age-adjusted survival

A

0.6
0.4
0.2

0.96
0.94
0.92
0.90
0.88

Young patients
Older patients

0.86

0.0
0.0

B

25.0
50.0 75.0 100.0 125.0
Time after surgery (mo)

20.0
40.0
60.0
80.0
Time after surgery (mo)

100.0

Figure 2 Age-adjusted survival curves. There were no significant differences
between the two groups (P = 0.225).

1.0
79.5%

0.8
Cumulative survival

0.0

0.6

younger patients with gastric cancer generally have more
diffuse gastric cancer than older patients (following the
Lauren classification); younger patients also tend to have
a more poorly differentiated carcinoma or signet ring cell
carcinoma, a more advanced T stage, a greater likelihood
to have lymph node metastasis, and a greater proportion
of tumors in the body of the stomach. These features
include poorly differentiated diffuse adenocarcinomas,
which are associated with genetic abnormalities[25-27]. Genetic susceptibility is one major factor that is associated
with the development of gastric cancer. Diffuse types
of gastric cancer are reported to be common in younger
groups that have a genetic predispositions, and these
diffuse gastric cancers lead to a poorer prognosis, the
intestinal type of gastric cancer, which is associated with
a better prognosis than diffuse types, is more common in
older patients[28,29]. In younger compared to older patients,
gastric cancer is significantly more likely to be located in
the body of the stomach[17]. In the present study, poorly
differentiated and signet ring cell type cancers were more
predominant in the younger group than in the older
group (P < 0.001). Following the Lauren classification,
the diffuse type was more prevalent in the younger group
(P < 0.001). Although there were no significant differences in tumor location, there was a higher frequency
of tumors in the middle portion of the stomach in the
younger group compared to the older group. Tumor staging is a crucial factor for determining whether and how
to perform surgery and tumor stage correlates closely
with prognosis. As already noted, the younger group
with gastric cancer had more aggressive T and N stages
than did the older group. Although there were significant
differences in the N stage, the T and TNM stages were
more advanced in the younger group compared to the
older group (P = 0.045 and P = 0.036, respectively).
The prognosis of young patients with gastric cancer
has been debated for years. Compared to older patients,
younger patients have more aggressive patterns of gastric
cancer, and several reports have shown that younger patients with gastric cancer have worse prognoses than old-

70.8%

0.4
0.2

Young patients
Older patients

0.0
0.0

25.0
50.0 75.0 100.0 125.0
Time after surgery (mo)

Figure 1 Comparison of overall five-years survival rates in the younger
and older groups of patients with gastric cancer. A: There were no significant differences between the two groups (P = 0.172); B: In cases of advanced
T stage gastric cancer, there were also no significant differences in the overall
five-year survival rates (P = 0.238).

tween younger and older patients with gastric cancer,
which means that gender-associated differences can be
amplified in different age group. For example, younger
groups are comprised of more female patients than
older groups[4,5,11,12,14,15], and in male patients, malignant
neoplasms often occur in the stomach, esophagus, liver,
colon, or rectum[23]. There is currently no widely accepted
explanation for the reversal of the male/female ratio
in younger patients with gastric cancer. Several reports
have suggested that the predominance of females may
be caused by hormonal factors, such as the amount of
estrogen and the higher percentage of estrogen receptorpositive cells in younger females[15,24]. However, the relationship between hormones and the prognosis of gastric
cancer remains controversial. In our study, there was a
significantly higher proportion of females in the younger
group compared to the older group (P = 0.007).
Another interesting clinical difference between younger and older patients with gastric cancer is the histologic
aggressiveness of the cancer. Several studies have reported similar clinicopathological features in younger patients
with gastric cancer compared to older patients[2-6,11-14,23].
While there are some differences among the reports,
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er patients[5-10]. However, another recent report showed
the prognosis in the younger group to be equal to or better than that of the older group[11-17]. The good prognosis
and improved survival rate that have recently been found
in younger patients may be a result of improved surgical techniques and extended lymph node dissections for
gastric cancers with aggressive patterns of the disease. In
our study, more extensive lymph node dissections (over
D2) were performed in the younger group with gastric
cancer (P < 0.001), and more lymph nodes were retrieved
in the younger group than in the older group. The overall
five-year survival rates in the younger and older groups
were 84.3% and 89.6%, respectively, but the difference
was not statistically significant (P = 0.172). For advanced
T stage gastric cancer, the overall five-year survival rates
were 70.8% in the younger group and 79.5% in the older
group, and the difference was also not statistically significant (P = 0.238). After adjusting for age, there was no
significant differences in the survival curve between the
two groups (P = 0.225) (Figure 2).
In our study, tumor recurrence occurred in 19 cases
in the younger group and 11 cases in the older group.
Kong et al[17] reported that peritoneal metastasis occurred
more often in younger patients than older patients with
gastric cancer. Peritoneal metastasis is predominantly
seen in gastric cancer with ascites, which is often poorly
differentiated. The link to poorly differentiated gastric
cancer may partially explain why peritoneal metastasis is
more prevalent in younger patients. While there was no
significant difference in tumor recurrence between the
two groups (P = 0.169), there were more peritoneal metastases in the younger group than in the older group.
The lower comorbidity and postoperative complication rates are advantages for young patients with gastric
cancer. Comorbidity is an important factor that affects
postoperative complications[30]. Yoo et al[31] reported that
the presence of postoperative complications such as
leakage, are negative prognostic factors in patients with
advanced gastric cancer. Therefore, in our study, a lower
comorbidity and a lack of major postoperative complications such as leakage, may have improved the prognosis
in the younger group with gastric cancer, which may have
counteracted the aggressive patterns of gastric cancer
that were present in the younger group.
A delay in gastric cancer diagnosis may be a factor in
the poor prognosis that is observed in younger groups
with gastric cancer. If a younger patient has a suspicious
lesion or a familial history of gastric cancer, physicians
should carefully observe this patient and perform regular
endoscopic evaluations. Early diagnosis of younger patients with gastric cancer will improve their surgical prognosis.
In our case-control matched study, the younger group
with gastric cancer had more advanced and aggressive
patterns, which is consistent with previous studies. While
the younger group with gastric cancer tended to have aggressive patterns, early diagnosis and curative resection
improved the prognosis of the younger group with gastric cancer.
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CASE REPORT

Helicobacter heilmannii sensu stricto-related gastric ulcers:
A case report
Takehisa Matsumoto, Masatomo Kawakubo, Taiji Akamatsu, Naohiko Koide, Naoko Ogiwara, Seiko Kubota,
Mitsutoshi Sugano, Yoshiyuki Kawakami, Tsutomu Katsuyama, Hiroyoshi Ota
without corpus atrophy. Urea breath test and H. pylori
culture were negative, but Giemsa staining of biopsies
revealed tightly coiled bacteria that immunostained with
anti-H. pylori antibody. Sequencing of SH9 16S rRNA
and the partial urease A and B subunit genes showed
that the former sequence had highest similarity (99%;
1302/1315 bp) to Helicobacter heilmannii (H. heilmannii ) sensu stricto (H. heilmannii s.s.) BC1 obtained from
a bobcat, while the latter sequence confirmed highest
similarity (98.3%; 1467/1493 bp) to H. heilmannii s.s.
HU2 obtained from a human. The patient was diagnosed with multiple gastric ulcers associated with H.
heilmannii s.s. infection. After triple therapy (amoxicillin,
clarithromycin, and lansoprazole) with regimen for eradicating H. pylori , gastroscopy showed ulcer improvement and no H. heilmannii s.s. upon biopsy.
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Core tip: Herein we report a case of Helicobacter heilmannii sensu stricto (H. heilmannii s.s.)-related gastric
ulcers. The organism was identified as H. heilmannii s.s
which is a recently identified species of the former “H.
heilmannii ” type 2 group by transmission electron mi-

croscopy, 16S rRNA gene and the partial urease gene
sequences. After triple therapy with regimen for eradicating Helicobacter pylori , gastroscopy showed ulcer
improvement and no H. heilmannii s.s. upon biopsy.

Abstract
A spiral bacterium (SH9), morphologically different from

Helicobacter pylori (H. pylori ), was found in a 62-year-

Matsumoto T, Kawakubo M, Akamatsu T, Koide N, Ogiwara N,
Kubota S, Sugano M, Kawakami Y, Katsuyama T, Ota H. Helicobacter heilmannii sensu stricto-related gastric ulcers: A case
report. World J Gastroenterol 2014; 20(12): 3376-3382 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/

old woman’s gastric mucosa. Gastroscopic examination
revealed multiple gastric ulcers near the pyloric ring;
mapping gastric biopsy showed mild mononuclear infiltration with large lymphoid follicles in the antrum,
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INTRODUCTION
Helicobacter spp. have been isolated from an ever-expanding range of host species[1].
Although gastric non-Helicobacter pylori (H. pylori.)
helicobacters (NHPH)[2-5] are ubiquitous in animals, including primates, dogs, cats and pigs, their occurrence
in humans is rather low compared to the occurrence of
H. pylori. NHPH infection in human gastric mucosa has
been suggested to occur through zoonotic transmission[6]. Sequence analysis of 16S rRNA genes detected in
NHPH-positive gastric biopsies revealed the presence of
2 sequence types. This has led to the sub-classification of
gastric NHPH as “Helicobacter heilmannii (H. heilmannii)”
type 1 and “H. heilmannii” type 2. “H. heilmannii” type 1 is
identical to Helicobacter suis, which colonizes the stomachs
of pigs[7]. “H. heilmannii” type 2 represents a group of
species, including Helicobacter felis, Helicobacter bizzozeronii,
Helicobacter salomonis, and the previously named “Candidatus
H. heilmannii” or “H. heilmannii”[8].
Furthermore, to avoid confusion with the name H.
heilmannii, Haesebrouck et al[9] have proposed that H.
heilmannii sensu lato (H. heilmannii s.l.) be used to refer to
the whole group of non-H. pylori helicobacters detected
in the human or animal stomach, for instance, when only
histopathology, electron microscopy, or crude taxonomic
data are available. The name H. heilmannii sensu stricto
(H. heilmannii s.s.) or other species names should be used
whenever bacteria are really identified to the species level.
In line with this concept, Smet et al[10] reported the
successful isolation of H. heilmannii s.s. (formerly “Candidatus H. heilmannii”) from the gastric mucosa of cats.
The bacterium was commonly found in feline rather than
canine hosts, and sequence analysis of the urease gene of
the bacterium showed high similarity to that of the originally named “Candidatus H. heilmannii”[10,11].
To date, few studies have identified gastric NHPH to
the species level by genetic analysis[5,11-14]. Thus far, the
differences in the pathogenicity and eradication therapy
response between Helicobacter suis (H. suis) and H. heilmannii s.s. infection in humans have not been understood.
We describe here the case of a patient with multiple
gastric ulcers infected with H. heilmannii s.s., as defined in
a report by Smet et al[10].

Figure 1 Initial gastrointestinal endoscopy shows gastric ulcers in the
antrum.

A

Figure 2 Histological findings in non-Helicobacter pylori helicobacter
SH9 in gastric mucosa. The organisms are present in small groups in gastric
pits (A, B). The organisms display a tightly coiled spiral configuration and (B)
are positive for the anti-Helicobacter pylori (H. pylori) antibody. (A) HE, original
magnification, × 1000; (B) Immunostaining with anti-H. pylori antibody, original
magnification, × 1000.

her symptoms. Gastrointestinal endoscopic examination
after lansoprazole therapy revealed multiple gastric scars
near the pyloric ring. Gastric tissue biopsies were taken
from the scars and revealed the regenerative changes with
active inflammation and the presence of H. heilmannii s.l.
on hematoxylin and eosin (H and E) and Giemsa staining
in the mucus covering the gastric mucosa; these bacteria
were larger and more tightly coiled than H. pylori (Figure
2A). The spiral bacteria were immunostained with a rabbit polyclonal antibody against H. pylori (Dako, Carpinteria, CA) (Figure 2B); this antibody is generated using the
whole H. pylori bacterial extract as the antigen, and it exhibits
cross-reactivity with “Candidatus H. heilmannii”[15] and H.
suis[16]. The cross-reactivity of anti-H. pylori antibodies from
different sources with “Candidatus H. heilmannii”[17] and H.
suis[18] have been reported to be similar.
The patient was referred to our hospital for verification of the diagnosis of H. heilmannii s.l.. The patient’
s laboratory data were within the normal range. Serum
anti-H. pylori immunoglobulin G antibody, measured with
an enzyme-linked immunosorbent assay (ELISA) kit using the E plate test (Eiken Kagaku, Inc., Tokyo, Japan),
was 2.1 IU/mL (cut-off value: 10 U/mL ). The 13C-urea

CASE REPORT
A 62-year-old woman underwent gastrointestinal endoscopy because of the sudden onset of epigastralgia and
multiple gastric ulcers were found near the pyloric ring
(Figure 1). Gastric tissue biopsies were taken from the
ulcer edge and revealed regenerative changes with active inflammation. For the treatment of gastric ulcers,
lansoprazole (30 mg/d) was administered once daily to
the patient for 4 wk, which resulted in the resolution of
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biopsy specimens from the patient into the stomachs of
specific pathogen-free mice[20,21]. Transmission electron
microscopy of the mouse gastric mucosa colonized with
SH9 revealed that the bacteria showed 5-9 coils per cell
with flagella at each pole, and were 4-6 μm long and 1
μm wide, which is larger and more coiled than H. pylori
(Figure 5). In order to characterize SH9, the 16S rRNA
and urease genes were sequenced. Polymerase chain reaction (PCR) amplification of the 16S rRNA gene from
SH9-derived DNA isolated from the mouse was performed using 2 sets of primers: 79F (5’-GTGAGTAATGCATAGATGACATGCCC, originally designed in this
study) and H679R (5’-ATTCCACCTACCTCTCCCA),
and H279F (5’-CTATGACGGGTATCCGGC) and
1494R (5’-TACGGCTACCTTGTTACGAC) [22-24] The
urease gene was amplified by PCR using the primers
U430F (5’-GCKGAWTTGATGCAAGAAGG)[11] and
UH6R2 (5’-TTATCCAAGTGGTGGCACACC)[13] and
sequenced. The sequence obtained represented the partial 16S rRNA gene with a readable sequence of 1323 bp
(GenBank/EMBL/DDBJ accession no. AB778508) determined from the DNA. The closest match of the 16S
rRNA sequence with H. heilmannii s.s BC1 obtained from
a bobcat was obtained with 99% (1302/1315 bp) identity (GenBank/EMBL/DDBJ accession no. AF506772).
The urease gene from SH9 was amplified by PCR using
the primer U430F together with H6-R2. The sequencing represented the partial urease gene with a readable
sequence of 1493 bp (GenBank/EMBL/DDBJ accession no. AB778507). The comparatively high similarities
of the DNA sequence to that of H. heilmannii s.s HU2
(AF508012) obtained from a human, BC1 (AF507996),
ASB2 (HM625825) isolated from an European feline,
and ASB1 (HM625826) isolated from an European feline
were 98.3% (1467/1493 bp), 98.3% (1427/1451 bp),
90.5% (964/1065 bp), and 90.4% (958/1060 bp), respectively. The DNA sequences of the urease genes from
SH9 and from reference organisms were aligned using
GENETYX ver. 9 (GENETYX Corp., Tokyo, Japan),
and the resulting alignment was modified to remove regions containing gaps. A phylogenetic tree was constructed according to the neighbor-joining method[25,26] and
the Kimura model. The stabilities of the relationships
were assessed by bootstrap analysis comprising 1000 data
settings. Figure 6 demonstrates a phylogenetic tree constructed on the basis of urease gene analysis, and grouping of clusters as shown by O’Rourke et al[11]. The results
demonstrated high levels of homology with cluster B.

Figure 3 Gastrointestinal endoscopy after lansoprazole therapy shows
erosion and a slightly coarse granular appearance in the antrum.

breath test result (UBiT, Otsuka Pharmaceutical Co.,
Tokushima, Japan) was negative. The patient was not
administered any non-steroidal anti-inflammatory drugs.
The patient had 3 household cats.
Gastrointestinal endoscopy and mapping gastric biopsy according to the updated Sydney system[19] was performed in our hospital for the histological evaluation of
gastritis. In addition, antral biopsy specimens were taken
for the culture of H. pylori and for the inoculation of mice
by peroral administration of gastric mucosal homogenates.
On gastrointestinal endoscopic examination in our hospital, background gastric mucosa of the present patient
showed erosive and a slightly coarse appearance in the
antrum (Figure 3), and normal appearing mucosa, without
atrophy, in the corpus. Histopathological examination of
gastric biopsy specimens showed mild mononuclear infiltration with large lymphoid follicles, and without neutrophil infiltration and epithelial degeneration in the antrum
(Figure 4) and normal morphology in the corpus. Tightly
coiled spiral bacteria were identified in the antrum, but not
in the corpus, by histological examination; however, H.
pylori was not isolated by microbiological culture. Based on
these clinical, endoscopic, and histological findings, a diagnosis of multiple gastric ulcers associated with H. heilmannii
s.l. (designated as SH9) infection was made.
After confirmation of the H. heilmannii s.l. infection,
the patient was treated with 1-wk triple therapy consisting
of lansoprazole (30 mg/d), amoxicillin (1500 mg/d), and
clarithromycin (1200 mg/d) according to the standard
protocol for eradicating H. pylori infection. Twelve wks
after the cessation of treatment, gastrointestinal endoscopy showed gastric scars. Further, gastric biopsy mapping
showed smaller lymphoid follicles in a biopsy obtained
from the greater curvature of the antrum as well as the
normal appearance of the corpus, without the presence
of these organisms, as evaluated by histology and immunostaining with anti-H. pylori antibody. The patient
showed complete remission at the follow-up endoscopy
performed 7 years after the completion of eradication
therapy, and currently remains healthy.
An attempt was made to maintain and propagate
SH9 in vivo by inoculating homogenized whole-antral
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DISCUSSION
We investigated the H. heilmannii s.s., designated as SH9,
of human origin, both histologically and genetically by
analysis of the sequences of both the 16S rRNA and urease genes.
We were unable to detect H. pylori, but detected a
population of corkscrew-shaped organisms in gastric tissue biopsy samples taken from the marginal region of the
gastric ulcers and from the antrum. The organisms were
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Figure 4 Histological findings of the lesser curvature of gastric antrum from a SH9 (Helicobacter heilmannii sensu stricto)-infected patient after the administration of lansoprazole for the treatment of gastric ulcers. The gastric mucosa shows large lymphoid follicles with germinal centers without epithelial degeneration.

ground gastric mucosa of the patient showed chronic
gastritis with prominent lymphoid follicles without atrophy, although the mapping biopsy was performed after
administration of lansoprazole for the treatment of gastric ulcers. These findings are similar to those obtained in
previous studies of H. heilmannii s.l.[15,27-29]. The negative
antibody test and urea breath-test results of the present
patient were also consistent with previous results of H.
heilmannii s.l. infection[15]. The sensitivity of urea breathtest for detection of H. heilmannii s.l. was reported to be
low[30] and in this study, urea breath-test was negative. A
false-negative urea breath-test test may occur due to the
lower activity of H. heilmannii s.l. urease, as suggested by
previous studies[30-32].
The 16S rRNA gene sequence of SH9 exhibited
99.1% (1302/1314 bp) similarity to H. heilmannii s.s. BC1;
this was higher than that to H. suis. In the subsequent
comparison of the urease gene sequence, SH9 revealed
apparently higher levels of urease gene sequence similarities to H. heilmannii s.s. HU2 and H. heilmannii s.s. BC1.
In the phylogenetic analysis following sequencing of the
urease genes, SH9 was classified as belonging to Cluster B,
proposed by O’Rourke et al[11] (Figure 6). Consequently,
we identified SH9 as H. heilmannii s.s.. Interestingly, homologies to the urease gene sequences of H. heilmannii
s.s. ASB1 and ASB2 isolated from European felines were
approximately 90%. The slightly differences between the
urease genes of SH9 and the European isolates may suggest geographical differences.
H. heilmannii s.l. infection have been reported in
patients with acute[29] and chronic gastritis[15,27,28], duodenal ulcers[33], gastric mucosa-associated lymphoid tissue (MALT) lymphoma[15,27,34], or gastric carcinoma[35].
However, since identification at the species level of H.
heilmannii s.l. is often lacking, the pathogenicity of H. suis
and H. heilmannii s.s. has not been clear. H. suis infection
has, however, been reported to cause gastric MALT lymphoma in experimental animals[16,18,36]. In contrast to H.
suis, H. heilmannii s.s. infection in humans has rarely been
reported. Interestingly, Dieterich et al[12] reported multiple
H. heilmannii s.l. strains infection in a gastric ulcer patient
and in his 2 cats after partially analyzing the urease B
gene and suggested transmission of H. heilmannii s.l. from

A

2.0 μm

B

500 nm
Figure 5 Ultrastructure of SH9 (Helicobacter heilmannii s.s.) infected
mouse gastric mucosa. The organisms showing tightly coiled spiral configuration (A) with flagella (B) are positioned on the apical surface of the surface
mucous cells.

found in the mucous gel or on the surface of mucous
cells without adhesion to gastric epithelial cells. Back-
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Figure 6 Phylogenetic tree based on partial ureA and ureB gene sequences, demonstrating the relationship between Helicobacter spp. from animals and
humans. Clusters A through E correspond to Helicobacter suis (H.suis), Helicobacter heilmannii sensu stricto (H. heilmannii s.s.), Helicobacter bizzozerronii (H. bizzozerronii), Helicobacter felis (H. felis), and Helicobacter salomonis (H. salomonis), as described by O'Rourke et al[11]. Ca .H.heilmannii : Candidatus H. heilmannii ; H.
pylori: Helicobacter pylori.

the patient’s household cats. Based on partial urease B
gene sequences of H. heilmannii s.l. strains in their report,
all of their H. heilmannii s.l. strains can be defined as H.
heilmannii s.s. as the partial urease B gene sequences they
reported demonstrated the highest similarity 98% with
H. heilmannii s.s (GenBank/EMBL/DDBJ accession no.
L25079). In addition, the reported H. heilmannii s.s. isolates have commonly been observed in feline rather than
canine hosts[11]. The present patient also had 3 cats, again
suggesting transmission of H. heilmannii s.s from the patient’s household cats.
H. heilmannii s.l. eradication by antimicrobial treatment
regimens that are used for eradicating H. pylori results
in clinical and histological improvement in H. heilmannii
s.l.-associated gastroduodenal diseases[15,29,33,34,37]. Furthermore, in the present case, 1-wk triple therapy (amoxicillin, clarithromycin, and lansoprazole) for the eradication
of H. pylori was effective. Thus, the regimen for H. pylori
eradication may also be effective for H. heilmannii s.s. PCR
analysis is desirable for the precise evaluation of H. heilmannii s.s infection status after eradication therapy. In the
present case, H. heilmannii s.s. was considered to be successfully eradicated, because the patient showed complete
remission at the follow-up endoscopy performed 7 years
after the completion of eradication therapy. Currently,
the patient is healthy.
In conclusion, we presented a case of H. heilmannii
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s.s.-associated multiple gastric ulcers. Further studies are
needed to clarify the pathogenicity of H. heilmannii s.s.
and to verify effective eradication strategies for H. heilmannii s.s..

COMMENTS
COMMENTS
Case characteristics

A 62-year-old female with Helicobacter heilmannii sensu stricto (H. heilmannii
s.s.)-related gastric ulcers.

Clinical diagnosis

Sudden onset of epigastralgia.

Differential diagnosis

Gastroesophageal reflux disease, Gastric cancer, nonsteroidal anti-inflammatory drug-related gastric uler, Helicobacter pylori (H. pylori)-related gastric ulcer.

Laboratory diagnosis

Laboratory data were within the normal range. Serum anti-H. pylori immunoglobulin
G antibody and the 13C-urea breath test result were negative.

Imaging diagnosis

Gastroscopic examination revealed multiple gastric ulcers near the pyloric ring.

Pathological diagnosis

Pathological and molecular biological examinations revealed the gastric ulcer
with H. heilmannii s.s. infection.

Treatment

The patient was treated with 1-wk triple therapy consisting of lansoprazole (30
mg/d), amoxicillin (1500 mg/d), and clarithromycin (1200 mg/d) according to the
standard protocol for eradicating H. pylori infection.

Related reports

H. heilmannii s.s. infection in humans is not very well reported.
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Term explanation

The name Helicobacter heilmannii sensu stricto is H. heilmannii identified to the
species level.

13

Experiences and lessons

H. heilmannii s.s. is also related to a human gastric ulcer.

Peer review

This article shows a rare case of H. heilmannii s.s. infection in a patient with
multiple gastric ulcers.
14
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Streptococcus pyogenes

Core tip: Acute phlegmonous gastritis (PG) is a rare
and often fatal condition that is characterized by bacterial infection. Patients with PG can present with abdominal pain, abdominal distension, nausea, vomiting,
fever, and signs of infection. Computed tomography is
useful in the early diagnosis of PG. However, because
of the rarity of this disease, the diagnosis and choice
of appropriate treatment is difficult. Here, we report a
case of acute PG complicated by delayed perforation
during conservative treatment after explorative laparotomy without gastric resection.

Abstract
Here, we report on a case of acute phlegmonous
gastritis (PG) complicated by delayed perforation. A
51-year-old woman presented with severe abdominal
pain and septic shock symptoms. A computed tomography scan showed diffuse thickening of the gastric wall
and distention with peritoneal fluid. Although we did
not find definite evidence of free air on the computed
tomography (CT) scan, the patient’s clinical condition
suggested diffuse peritonitis requiring surgical intervention. Exploratory laparotomy revealed a thickened gastric wall with suppurative intraperitoneal fluid in which
Streptococcus pyogenes grew. There was no evidence
of gastric or duodenal perforation. No further operation
was performed at that time. The patient was conservatively treated with antibiotics and proton pump inhibitor, and her condition improved. However, she experienced abdominal and flank pain again on postoperative
day 10. CT and esophagogastroduodenoscopy showed
a large gastric ulcer with perforation. Unfortunately,
although the CT showed further improvement in the
thickening of the stomach and the mucosal defect, the
patient’s condition did not recover until a week later,
and an esophagogastroduodenoscopy taken on postoperative day 30 showed suspected gastric submucosal
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INTRODUCTION
Phlegmonous gastritis (PG) is a rare and often fatal disease that is characterized by bacterial infection of the
stomach. Patients present with abdominal pain, nausea,
vomiting, fever, and signs of infection. The most common pathogens related to PG are members of the Streptococcus species. Streptococcus accounts for approximately
68% to 75% of all PG cases[1,2]. Although the pathogen-
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esis is not completely known, predisposing factors, such
as mucosal injury, immunocompromise, alcohol use, and
a history of gastritis have been hypothesized as being
important factors[2-4]. However, approximately 50% of
the patients who develop PG were previously healthy. Because of its rarity, the proper treatment of PG is not precisely known; therefore, treatment decisions are difficult.
We present a case of acute PG complicated by delayed
perforation resulting from unsuccessful conservative
treatment.

A

B

CASE REPORT
Figure 1 Thickening of the stomach wall was aggravated on abdominal
computed tomography. The diameter of the thickened antrum wall increased
from 1.7 to 4.0 cm over a 20 h period. A: A computed tomography (CT) reconstruction image taken at another hospital approximately 20 h earlier; B: An initial
CT reconstruction image taken at our hospital.

A previously healthy 51-year-old woman was brought to
the emergency room. She presented with severe abdominal pain and vomiting. There was no history of alcoholism or other diseases. One day prior to admission, she
vomited and experienced upper abdominal pain after dinner; as a result, she visited another hospital. She was diagnosed with usual gastritis and underwent treatment with
an H2 blocker. Although she took a pill, the symptoms
worsened. Upon examination, the bowel sounds were
hypoactive, the diffuse abdomen was tender to palpation,
and there was muscle guarding. Her blood pressure was
70/40 mmHg, her heart rate was 122 beats per minute,
and her body temperature 36.2  ℃.
The patient’s laboratory results upon admission were
as follows: white blood cell count (WBC), 2.9 × 103/μL
(normal, 4-10 × 103/μL), with 92.6% segmented neutrophils (50%-70%); hemoglobin, 14.3 g/dL (12-16 g/dL);
platelet count, 308 × 103/μL (150-400 × 103/μL); aspartate transaminase, 25 U/L (about 40 U/L); alanine
transaminase, 18 U/L (about 40 U/L); amylase, 85 U/L
(25-125 U/L); and C-reactive protein, 26.03 mg/dL
(about 0.3 mg/dL).
Computed tomography (CT) revealed a diffusely distended and thickened whole stomach with intraperitoneal
fluid. Compared with a CT scan performed earlier at another hospital, gastric distention and wall thickening had
aggravated remarkably (Figure 1). Although we did not
find definite evidence of free air on the CT scan, the patient’s clinical condition suggested diffuse peritonitis requiring surgical intervention. Our preoperative diagnosis
was peritonitis with septic shock. We could not exclude
bowel perforation, including gastric wall perforation. We
suspected that the cause of the gastric distension was
inflammation caused by a hidden, sealed gastric perforation. Because her situation was emergent, the patient
underwent aggressive fluid resuscitation and was administered broad-spectrum antibiotics. She was taken to the
operating room for an explorative laparotomy without
other examinations, such as diagnostic endoscopy. Upon
exploration, the stomach was abnormally edematous and
appeared pale. The surface of the stomach was covered
with whitish fibrinous exudates. The intraperitoneal cavity was filled with large amounts of turbid, straw-colored
fluid. The peritoneal fluid was sampled for microbial
culture analysis. There was no evidence of gastric or duo-
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A

B

Figure 2 Computed tomography reconstructed images. A: The computed
tomography (CT) showed a focal mucosal defect at the lesser curvature side
of the body (white arrow), POD 9; B: CT revealed improvement in the state of
thickening and fluid collection at the submucosal layer of the gastric body and
antrum, POD 29. POD: Postoperative day.

denal perforation. The remaining bowel appeared normal
upon inspection. Massive irrigation was performed, and
Jackson-Pratt drains were inserted. No further operation
was performed at that time. The patient was admitted to
the intensive care unit for management.
For the initial 48 h, the patient received intensive support with a cardiac dose of epinephrine, norepinephrine,
and fluid to treat septic shock. Although the neutropenia
worsened during first 12 postoperative hours, it normalized by postoperative day (POD) 2. After 2 d in the intensive care unit, the patient remained in the general ward
for an additional 40 d. She was administered intravenous
moxifloxacin for 10 d and piperacillin/tazobactam for
18 d. We prescribed an H2 blocker and administered it
with a proton pump inhibitor. Streptococcus pyogens grew
from the peritoneal fluid culture. At POD 4, with parenteral nutrition support, the patient started to drink sips
of water. After a few days, she was able to consume a
liquid diet. Because the patient complained of mild to
moderate left flank pain, we performed a CT scan and
laboratory tests on POD 9 (Figure 2 and Table 1). The
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DISCUSSION

Table 1 Laboratory values
Upon
Postoperative POD
admission
2
WBC
(4.0 × 103-10.0 × 103/μL)
Hemoglobin
(12-16 g/μL)
Platelets
(150 × 103-350 × 103/μL)
Segmented neutrophils
(40%-74%)
Prothrombin time (INR)
AST (about 40 U/L)
ALT (about 40 U/L)
Amylase (25-125 U/L)
CRP (about 0.3 mg/μL)

2060

520

13.7

13.9

12.6

299

169

94

92
1.1
25
18
85
26

10290 14340 5980

95.2
1.3
104
65
124
18.9

Acute phlegmonous gastritis is a rare and potentially
fatal condition. It is an acute infection of the stomach
wall, submucosa, and muscularis propria by pyogenic
bacteria[5-9]. The etiology of PG is unclear. Predisposing
factors, such as alcoholism, mucosal injury, immunocompromise, acquired immune deficiency syndrome, gastric
hemorrhage, pregnancy, neutropenia after chemotherapy,
and endoscopic procedure have been reported[6,8,10-13].
Our patient was healthy and had no predisposing factors.
The clinical presentation of PG is nonspecific. The
symptoms include epigastric pain, nausea, vomiting, and
less often, diarrhea and fever. The usual presentation is
severe epigastric pain. Sepsis and multiple organ failure
have been frequently reported[4,14]. The onset of PG is
usually rapid[11]. Moreover, the disease’s progression is
rapid. PG may follow a rapidly fulminating course, with
rapid onset, marked toxemia, and early peripheral circulatory collapse[15]. In our case, thickening of the gastric wall
was rapidly aggravated for only a day.
PG can be diagnosed by endoscopy, endoscopic ultrasound, and CT scan[15-18]. Although an accurate diagnosis
is difficult using examination tools alone, it is possible
after appropriate clinical correlation. Because PG is extremely rare and has an atypical presentation, a clinician
can misdiagnose it despite performing medical examinations, including CT. Our patient was not administered
antibiotics at the other hospitals she first visited; instead,
she received a diagnosis of usual gastritis.
PG pathogens are identified from cultures of the
peritoneal fluid, gastric aspirates or tissue. Hemolytic
streptococcus is the most frequently found organism.
Pneumococci, staphylococci, Proteus vulgaris, Escherichia
coli, Clostridium welchii, and Bacteroides subtilis are also
found[6,15]. PG resulted in the deaths of 41% of the PG
patients reviewed, with Streptococcus found in 53.3% of the
patients who died. Streptococcus was not only the major
organism identified but also the most common organism
associated with a fatal outcome[6].
The optimal treatment for PG is controversial. Starr et
al[19] reported that the overall mortality rate was 48% after
1945 (when antibiotics became available). Seventy-five
percent of the patients died after subtotal gastrectomy,
and there was a 50% mortality rate for the patients who
were treated with antibiotics only. Kim et al[6] reviewed
36 PG cases from 1975 to 2003. They reported that the
mortality rate for patients with surgical resection was
20%, compared with 50% in patients who were treated
medically. The mortality rate for localized disease was
10% compared with 54% in patients with diffuse disease.
In a review of the 9 PG cases in Korea from 1980 to
2011, Kim et al[20] noted that the mortality rate for patients undergoing surgery was 67%; for patients treated
medically, it was 0%. Starr et al[19] recommended treatment
options. Subtotal gastrectomy is feasible for the chronic
form of PG, and early recognition and prompt intensive supportive management are available for the acute

POD POD
9
24

1.1
53
45
29

13.1 10.1
423

344

85 74.8

57
57
220
6.1

1.1
33
33
155
7.5

POD: Postoperative day; WBC: White blood cell; AST: Aspartate
transaminase; ALT: Alanine transaminase; CRP: C-reactive protein.

CT scan revealed improved thickening of the gastric wall,
but the lesser curvature of the stomach exhibited focal
non-enhanced mucosal lesions. This lesion suggested a
suspicious focal wall disruption, but no free air was observed. The patient was treated with parenteral nutrition
support. Because we provided parenteral nutrition and
regular nutritional status assessments were performed,
the patient’s nutritional status was well maintained. On
POD 23, the patient underwent an esophagogastroduodenoscopy (EGD) that revealed a large gastric ulcer and
a suspicious perforation site on the high body posterior
wall of the stomach (Figure 3). However, because there
was no definite evidence of free perforation and the perforated site was covered with fibrotic tissue, we decided
to wait until the perforation site healed naturally. Unfortunately, although the CT showed further improvement
in the thickening of the stomach and the mucosal defect,
the patient’s condition did not recover until a week later,
and an EGD taken on POD 30 showed suspected gastric
submucosal dissection (Figures 2 and 3). We decided to
perform a second operation. The gastrectomy revealed
that there was no wall dissection, but a thin fibrotic tissue covering a 1.5 cm perforation was found on the high
body of the stomach. This perforation site was consistent
with prior CT findings. General edema and focal fragile tissue of the wall were also revealed. Because of the
gastric wall findings, a total gastrectomy and Roux-en-Y
anastomosis were performed.
Gross examination of the specimen revealed a serosal
perforated area with diffuse exudative materials. The mucosal surfaces showed a multifocal ulceration and diffuse
red-brown discoloration with marked edematous change.
Microscopic examination revealed ulceration with necrosis and acute and chronic inflammatory infiltrate from
the mucosa to the serosa.
Postoperatively, the patient recovered without complications and was discharged on POD 10 following the
second operation. She resumed her regular diet and no
longer required antibiotics.
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A

B

Figure 3 Esophagogastroduodenoscopy. A: A large ulceration was detected (left), and perforation was suspected (right, black arrow), postoperative day 23; B:
Submucosal dissection was suspected (left). Magnified image of the area of suspected dissection (right).

form of PG. More recently, total gastrectomy has not
been recommended in septic conditions because of high
morbidity and mortality, and localized resections are recommended when possible[4,11]. Resection of the stomach
is mainly indicated for complications, including perforation. If operative exploration is undertaken, meticulous
evaluation should be performed to exclude a perforation.
Endoscopic insufflations should be considered when
possible[1]. The extent and progress of the disease may
be a key determination of successful survival and proper
treatment choices. As in our case, delayed perforation of
the stomach can occur with the diffuse form. The extent
of the disease is predictable with CT. CT will reveal a
thickened and hypodense gastric wall. Additionally, CT
will reveal low-density areas showing peripheral rim enhancement, which is indicative of intramural abscess[6,21].
Therefore, if diffuse and advanced disease is suspected,
resection of the stomach can be considered even when
there is no perforation upon exploration. Additionally,
if the clinical presentation worsens during conservative
management, early evaluation, including CT or EGD,
should be performed.
In conclusion, we report a case of acute PG complicated by delayed perforation. PG is a rare and challenging
condition. However, proper and successful treatment and
survival is possible when it is diagnosed early. We believe
that performing early EGD and CT is helpful for both
early diagnosis and detecting complications. Additionally,
the key to selecting the proper treatment for PG is to
precisely predict the extent of the disease.
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Case characteristics

A 51-year-old woman presented with severe abdominal pain and signs of septic
shock.

Clinical diagnosis

Diffuse and severe abdominal tenderness and muscle guarding with hypotension.

Differential diagnosis

Gastric perforation, bowel perforation and severe gastritis with infection.

Laboratory diagnosis

WBC, 2.9 × 103/μL (normal: 4-10 × 103/μL), with 92.6% segmented neutrophils
(50%-70%); platelet count, 308 × 103/μL (150-400 × 103/μL); CRP, 26.03 mg/dL
(about 0.3 mg/dL); and liver function tests were within the normal limits.

Imaging diagnosis

Computed tomography (CT) showed diffuse thickening of the gastric wall and
severe distention with peritoneal fluid.

Pathologic diagnosis

Microscopic examination revealed ulceration with necrosis and acute and
chronic inflammatory infiltrate from the mucosa to the serosa.

Treatment

The patient was treated with total gastrectomy because of delayed complications.

Related reports

Acute phlegmonous gastritis is a rare condition. It is an acute infection of the
stomach wall, submucosa, and muscularis propria with pyogenic bacteria. The
etiology of phlegmonous gastritis (PG) is unclear. Predisposing factors, such as
alcoholism, mucosal injury, immunocompromise, acquired immune deficiency
syndrome (AIDS), gastric hemorrhage, pregnancy, neutropenia after chemotherapy, and endoscopic procedure have been reported.

Term explanation

Acute phlegmonous gastritis is an acute infection of the stomach wall.

Experiences and lessons

This study reports a case of acute PG complicated by delayed perforation. We
believe that performing early esophagogastroduodenoscopy and CT is helpful
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for both early diagnosis and detecting complications. Additionally, the precise
prediction of the extent of the disease is the key to selecting the proper treatment.

Peer review

11

Because this is a rare disease, a case report is interesting. Proper evaluation
and precise prediction of the extent of the disease is the key for successful
treatment and survival.
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CASE REPORT

Gastric foreign body granuloma caused by an embedded
fishbone: A case report
Guo-Dong Shan, Zong-Pin Chen, Yong-Sheng Xu, Xiao-Qin Liu, Yuan Gao, Feng-Ling Hu, Ying Fang,
Cheng-Fu Xu, Guo-Qiang Xu
patient was initially diagnosed as having a submucosal
tumor, and subsequent surgical resection showed that
the lesion was a foreign body granuloma caused by an
embedded fishbone. Our case indicated that the differential diagnosis of a foreign body granuloma should be
considered in cases of elevated lesions in the gastrointestinal tract.
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Core tip: Gastric foreign body granulomas caused by
embedded fishbones that mimic submucosal tumors
are rare. A gastric intestinal stromal tumor, gastric leiomyoma, and gastric neurofibroma should be considered
as differential diagnoses. A computed tomography scan
is the most sensitive diagnostic choice, and endoscopic
ultrasonography can also be helpful for diagnosis.
Shan GD, Chen ZP, Xu YS, Liu XQ, Gao Y, Hu FL, Fang Y,
Xu CF, Xu GQ. Gastric foreign body granuloma caused by an
embedded fishbone: A case report. World J Gastroenterol 2014;
20(12): 3388-3390 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i12/3388.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i12.3388

Abstract
Fishbones are the most commonly ingested foreign
bodies that cause gastrointestinal tract penetration.
However, fishbones embedded in the gastrointestinal
tract that lead to foreign body granulomas that mimic
submucosal tumors are rare. Herein, we describe a
56-year-old woman who presented with a 20-dayhistory of upper abdominal pain. Endoscopy revealed
an elevated lesion in the gastric antrum. An abdominal
computed tomography scan showed a mass in the
gastric antrum and a linear calcified lesion in the mass.
An endoscopic ultrasonography examination revealed
a 3.9 cm × 2.2 cm, irregular, hypoechoic mass with
indistinct margins in the muscularis propria layer. The
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INTRODUCTION
In countries where fish is often consumed, fishbones are
the most commonly ingested foreign bodies that become
impacted in the upper gastrointestinal tract[1]. When a
foreign body becomes impacted in the upper gastrointestinal tract, 80%-90% of cases resolve spontaneously.
However, 10%-20% require nonoperative intervention,
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A

Figure 1 Gastric foreign body granuloma caused
by an embedded fishbone. A: A computed tomography scan showed a linear calcified lesion in the stomach; B: Gastroscopy revealed a submucosal tumor in
the gastric antrum; C: Endoscopic ultrasonography
showed an irregular hypoechoic mass with indistinct
margins in the muscularis propria layer; D: Histopathological examination showed chronic and acute inflammatory infiltrates and a foreign body granuloma in the
specimen (HE, ×100).

B

L

R

C

D

and 1% or fewer require surgery[2]. However, the chronic
lodging of a foreign body in the gastrointestinal tract is
rare, especially in the stomach. Here, we report a case of
a gastric foreign body granuloma caused by an embedded fishbone that presented with upper abdominal pain.
Endoscopy and a computed tomography (CT) scan revealed an elevated lesion in the gastric antrum, which was
suspected to be a submucosal gastric tumor. Subsequent
surgical resection showed that the lesion was caused by
an embedded fishbone.

and C).
A diagnosis of a suspected submucosal gastric tumor
was made. The patient underwent uneventful distal gastrectomy. Histopathological examination of the resected
specimen showed that the suspected tumor was a foreign
body granuloma surrounding an embedded fishbone
(Figure 1D).

DISCUSSION
Fishbones embedded in the stomach wall, forming elevated submucosal lesions that mimic submucosal tumors, are rare. Because the symptoms and signs are vague
and nonspecific, the accurate diagnosis of an embedded
fishbone remains a challenge for clinicians. Gastric cancer, gastric intestinal stromal tumors, gastric leiomyoma,
gastric neurofibroma, and gastric tuberculosis should be
considered as differential diagnoses of a gastric foreign
body granuloma.
Endoscopy with biopsy is a common method for
diagnosing a gastric mucosal lesion. However, regarding gastric submucosal lesions, endoscopic biopsies are
usually small and superficial, and it is difficult to obtain
a clear diagnosis. In the present case, histopathological
examination of an endoscopic biopsy specimen revealed
mild chronic inflammatory changes and mild intestinal
metaplasia. To improve the endoscopic diagnosis of a
submucosal lesion, forceps biopsy, endoscopic mucosal
resection, or endoscopic submucosal dissection should
be considered.
EUS is a valuable diagnostic tool for submucosal
tumors and for the detection of foreign bodies in the
gastric wall[3]. A fishbone presents as a hyperechoic focus
on EUS and can appear as a fine needle when the echo is

CASE REPORT
A 56-year-old woman presented with a 20-d-history of
upper abdominal pain. The pain had developed gradually
over a 20-d-period, with left back radiation. No vomiting or
weight loss was reported. She was a farmer without a significant past medical history or a family history of malignancy.
Physical examination and routine blood tests, including tumor markers and inflammatory markers, showed no abnormalities. An impression of chronic gastritis was made, and
upper gastrointestinal endoscopy was arranged.
The endoscopy revealed an elevated lesion in the gastric antrum, and histopathological examination of a biopsy specimen showed mild chronic inflammatory changes
and mild intestinal metaplasia. An abdominal CT scan
showed a mass in the gastric antrum and a linear calcified
lesion in the mass (Figure 1A). A subsequent endoscopic
ultrasonography (EUS) examination revealed a 3.9 cm ×
2.2 cm, irregular, hypoechoic mass with indistinct margins
in the muscularis propria layer. EUS also revealed that the
mucosal and submucosal layers were mildly thickened,
whereas the other layers, the peripheral gastric wall, and
the regional lymph nodes were not involved (Figure 1B
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pected tumor was a foreign body granuloma surrounding an embedded fishbone.

in parallel with the fishbone. However, in the patient described here, 360-degree EUS was performed, and only
a cross-section of the fishbone was observed; this hyperechoic spot was confused with calcification and necrosis.
Therefore, longitudinal EUS can have greater sensitivity
for the diagnosis of an embedded fishbone than 360-degree EUS.
CT is a useful tool for diagnosing foreign bodies impacted in the gastrointestinal tract. According to previous
studies, CT detects impacted fishbones in the esophagus
with a sensitivity of 90.9%-100% and a specificity of
100%[1,4,5]. A fishbone will usually present as a linear calcified lesion on CT images[6]. In the present case, the CT
scan also revealed a linear calcified lesion in the stomach
mass.
Endoscopic removal of the fishbone was impossible in this patient because the bone was invisible on the
stomach surface. Surgery is usually preferred for patients
with embedded fishbones. However, if the embedded
fishbone is relatively superior, with an absence of peritonism, endoscopic retrieval might also be possible. In
a case of gastric perforation caused by a chicken bone,
endoscopic extraction and clipping were successfully performed without peritoneal irritation[7].
In conclusion, embedded fishbones are rare causes of
gastric foreign body granulomas. A CT scan is the most
sensitive diagnostic choice, and EUS can also be helpful
for diagnosis.

Treatment

The patient underwent uneventful distal gastrectomy.

Related reports

To our knowledge, no cases of gastric foreign body granulomas caused by embedded fishbones have been reported previously.

Term explanation

A foreign body granuloma occurs due to prolonged exposure to an endogenous
or exogenous inflammatory agent. Under these conditions, the mononuclear
macrophage system is activated, and foreign bodies steadily accumulate cell
infiltrates due to the action of adhesion molecules and chemokines.

Experiences and lessons

The case indicated that the differential diagnosis of a foreign body granuloma
should be considered in cases of elevated lesions in the gastrointestinal tract.

Peer review

The authors present a strange case of a foreign body (fishbone) in the gastric
wall that simulated a gastric tumor. The case is quite interesting.
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A 56-year-old woman presented with a 20-d-history of upper abdominal pain.
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An impression of chronic gastritis was made.

Differential diagnosis

A gastric intestinal stromal tumor, gastric leiomyoma, or gastric neurofibroma.

Laboratory diagnosis
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Routine blood tests, including tests for tumor markers and inflammatory markers, showed no abnormalities.

Imaging diagnosis

An abdominal computed tomography scan showed a mass in the gastric antrum
and a linear calcified lesion in the mass.
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Pathological diagnosis

Histopathological examination of the resected specimen showed that the sus-
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latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
important research topics, the problems that have now been resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to
write a series of articles (7-10 articles) to comment and discuss
a hot topic to help improve the diagnostic and therapeutic skills
of readers; (9) Medical Ethics: The editorial board members are
invited to write articles about medical ethics to increase readers’ knowledge of medical ethics. The topic covers international
ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).
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Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
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Figures and Tables, but not in both.
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and
end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1365
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renewed hope for better outcomes in the treatment of
post-transplant HCV recurrence. This review evaluates
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associated with the management of post-transplant
HCV recurrence.
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Core tip: Management of recurrent hepatitis C in posttransplant patient is challenging but can be rewarding as treatment has been shown to improve survival
and slow fibrosis progression. This review summarizes
major challenges in this population and discusses the
natural history of post-transplant Hepatitis C virus
(HCV), risk factors for HCV recurrence, management
of immunosuppression and current treatment options.
The preliminary data on use of newer direct acting antiviral drugs in the post-transplant setting has also been
included.

Abstract
Cirrhosis secondary to hepatitis C virus (HCV) is a very
common indication for liver transplant. Unfortunately
recurrence of HCV is almost universal in patients who
are viremic at the time of transplant. The progression
of fibrosis has been shown to be more rapid in the
post-transplant patients than in the transplant naïve,
hence treatment of recurrent HCV needs to be considered for all patients with documented recurrent HCV.
Management of recurrent HCV is a challenging situation both for patients and physicians due to multiple
reasons as discussed in this review. The standard HCV
treatment with pegylated interferon and Ribavarin can
be considered in these patients but it leads to a lower
rate of sustained virologic clearance than in the nontransplanted population. Some of the main challenges
associated with treating recurrent HCV in post-transplant patients include the presence of cytopenias; need
to monitor drug-drug interactions and the increased
incidence of renal compromise. In spite of these obstacles all patients with recurrent HCV should be considered for treatment since it is associated with improve-
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INTRODUCTION
Cirrhosis related to hepatitis C virus (HCV) infection is a
significant cause of morbidity and mortality worldwide.
The World Health Organization estimates that around
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150 million people worldwide are chronically infected
with HCV, and that more than 350000 people die every
year from HCV related liver diseases[1]. Liver transplantation (LT) is the best curative option for patients with
HCV related cirrhosis and this is the leading indication
for LT in the United States[2]. Unfortunately post-transplant HCV recurrence is almost universal, and it presents
a challenging situation to both patients and transplant
hepatologists alike. Patients who are wrestling posttransplant surgical complications, medication related side
effects and rejection episodes have to also worry about
ongoing allograft injury secondary to HCV recurrence. In
addition, physicians face the challenge of identifying candidates eligible for antiviral therapy, ascertaining the ideal
time to initiate therapy and find means to combat side effects of therapy, in this cohort of very sick patients.

that the one year protocol biopsy was useful to predict
rate of progression[11]. In a recent large multicenter study
involving 1264 patients, the cumulative risk of cirrhosis
at 3 years was 38% for women and 33% for men[12]. This
rapid progression in fibrosis translates to overall worse
clinical outcomes in HCV patients. In a retrospective
analysis of UNOS database HCV recurrence was found
to significantly and independently impair patient and allograft survival after liver transplantation[13]. In this large
study involving more than 11000 patients, HCV was
associated a 20% increased risk for mortality and 30%
increased risk for graft failure.

RISK FACTORS FOR RECURRENCE
Donor factors
Several studies have found that HCV recurrence is more
rapid and more severe in patients who received organs
from older donors[14-16]. The reason for this is not entirely
well understood, but it is probably multifactorial and
is likely related to age related changes in liver including
decreased hepatocyte volume, pseudocapillarization of
sinusoids and reduced microcirculation[17,18]. Older livers
also have changes in hepatic stellate cell activation and
decreased liver regenerative capacity, which in the background of ongoing recurrence of hepatitis could contribute to the rapid progression of fibrosis in post-transplant
patients[19]. Though donor age significantly affects outcome, it essentially is a non-modifiable risk factor. In
this era of organ shortage, avoiding older age donors for
hepatitis C patients is not a practical solution since more
than a third of adult deceased donors are older than fifty
years[2].
A few early studies had suggested than recipients of
living donor liver transplantation (LDLT) were at higher
risk for recurrence than deceased donor transplants
(DDLT)[20]. Garcia-Retortillo et al[20] reported that LDLT
patients had a 2.8-fold higher risk of developing severe
recurrence when compared to DDLT. But other well
designed larger studies have refuted these results[21-23].
And one of the studies with long term follow up actually
showed better outcomes in LDLT with improved survival and lower fibrosis scores[24]. In a recent meta-analysis
of fourteen studies, with a total of 2024 participants,
no significant differences were found between LDLT
and DDLT in terms of long-term patient survival, graft
survival, or HCV recurrence. In summary, LDLT can be
safely offered in experienced centers to HCV patients,
without impacting significantly outcomes.
Other donor related factors that have been studied
include HLA matching, degree of steatosis of donor
liver, occurrence of reperfusion injury and cold ischemic
time. But none of these factors have been established as
playing a causative role in fibrosis progression. Donor
livers with > 40%-50% steatosis are usually not accepted
by transplant centers since these livers have been associated with higher rates of primary non function and graft
failure[25,26]. Also, presence of significant donor steatosis

NATURAL HISTORY OF RECURRENCE
Recurrence of HCV viremia occurs very early after transplant, with initial studies showing presence of HCV particles in serum of 96% of the patients who underwent
LT for HCV[3]. Allograft infection is believed to occur
during reperfusion of liver immediately after transplantation and in fact the viral particles have been found to replicate within few hours of transplantation[4]. HCV core
and NS3 viral peptide sequences have been found to be
identical before and after LT in most patients, suggesting
that the sequence is largely preserved[5]. Also of concern
is the fact that HCV infection is found to be more rapidly progressive in the post LT setting with two major
forms being reported[6]. Severe cholestatic hepatitis is the
more aggressive form and this presentation is unique to
patients on immunosuppression who are exposed to very
high viral load. The second form is the more common,
chronic hepatitis with associated rapid progression of
fibrosis.
As mentioned above, the recurrence of HCV viremia post LT is universal but the severity of recurrence
and rate of fibrosis progression are variable and are
influenced by multiple donor and recipient factors. And
unfortunately liver tests are not sensitive or specific in
identifying graft dysfunction or degree of fibrosis in post
LT patients, which is the reason several centers propose
performing annual protocol biopsies in patients transplanted for HCV. Early diagnosis of allograft injury can
lead to earlier initiation of therapy, with the caveat that
interpretation of liver biopsies is not straightforward in
this population due to frequent overlapping pathologies
like reperfusion injury or rejection episodes. These protocol biopsies have also been useful in understanding the
natural history of recurrent HCV. Several studies have
demonstrated accelerated rate of fibrosis progression
leading to increased graft loss with reported rates of cirrhosis ranging from 20% to 54% at 5 years[7-10]. We routinely perform protocol biopsies in our center and early
experience demonstrated accelerated rate of fibrosis in
post LT patients at a rate of 0.8 per year and we found
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has also been associated with more rapid progression of
HCV recurrence; raising the question of whether such
livers should even be used in this subset. But data on
milder degree of steatosis is not clear or uniform. A few
studies have proposed that it is safe to use donor livers
with mild steatosis, as they do not have any impact on
graft survival[27,28]. But Briceño et al[29] reported that three
year post LT graft survival was 95%, if steatosis was <
30% and 69% if donor steatosis was > 30% (P = 0.0001).
This study goes so far as to suggest that LT with > 30%
steatotic donor livers should be precluded for HCV recipients. This appears to be safe approach, but we know
that 20%-25% of the general population has hepatic
steatosis secondary to nonalcoholic fatty liver disease.
And the people in the donor pool, which includes people
involved in motor vehicle accidents, usually have a history of alcohol use related steatosis too. From a practical
standpoint it might not be entirely possible to direct all
livers with greater than 30% steatosis away from hepatitis
C patients, but recognition of risk for rapid progression
of HCV recurrence can lead to closer follow up and earlier treatment initiation.

strongly and independently associated with IFN-based
treatment response in patients after LT. And interestingly
recipient IL28B TT genotype was associated with more
severe histological recurrence of HCV. In contrast, Lange
et al[43] showed that donor IL28B had significant impact
on the natural course and treatment outcome of HCV
liver graft reinfection. Our center published data found
that the rate of sustained viral response (SVR) to HCV
therapy was 100% if both recipient and donor were CC
genotype, while the SVR was only 25% if neither donor
nor recipient had a CC genotype. Recipients and donors
with CC genotype also had less fibrosis than recipients
with genotypes CT and TT[44]. Overall, IL28B genotype
appears to affect both the treatment response and also
the natural history of recurrence. Consequently, once the
relationships are more clearly established, there might
be a role for preferentially offering donor livers with CC
genotype to HCV patients.

IMMUNOSUPPRESSION
Corticosteroids
Corticosteroids are used routinely as part of immunosuppressive regimen in LT patients both for induction
and for management of episodes of acute cellular rejection (ACR). Initial studies in the non-transplant setting
showed that use of steroids lead to a dose dependent
increase in HCV viral load[45]. Gane et al[7] studied viral
replication in post LT patients receiving steroids and
showed that a more dramatic increase in viral load occurred in this population and methylprednisolone treatment for ACR was found to lead to a 4-100 fold increase
in serum HCV RNA. The mechanism for this is not
clearly understood, but in vitro studies using a replicon
model showed that treatment of hepatocytes with clinically relevant concentrations of steroids actually resulted
in a slight decrease in HCV replication[46]. Therefore, the
rapid replication noted in vivo is probably more related
to the suppressed host immune response than to the
virus. Steroids have been shown to mediate suppression
of virus-specific plasmacytoid dendritic cells and T-cell
responses potentially leading to unchecked viral replication[47,48]. Keeping in line with these findings, Berenguer
et al[49] demonstrated that avoiding rapid steroid tapering
and using a steroid sparing double induction immunosuppression regimen led to less severe disease. And other
studies have similarly suggested that slow tapering of steroids and use of lower doses lead to better outcomes in
HCV patients[50]. The results from clinical observational
studies mentioned above appeared to support the idea of
avoiding steroid boluses and avoid high dose steroids for
induction, but the results from randomized controlled trials have been mixed.
A recently published randomized controlled trial divided 75 HCV positive recipients to receive tacrolimus
(TAC) plus a corticosteroid or TAC plus mycophenolate
mofetil. They found that the steroid-avoidance regimen
had no apparent impact on LDLT outcomes like survival

Viral factors
Viral replication can be detected very early in the postoperative period[30] but viral kinetics are variable. Serum
HCV RNA levels typically increase rapidly from the
second week post LT and peak by the fourth postoperative month[31]. Outside of the transplant setting, the level
of viremia has not been shown to correlate with disease
severity in patients with HCV[32,33]. However, it appears
to play a significant role in progression of post LT recurrence. A few early studies did not show correlation
between level of viremia and risk for progression and
even suggested that a carrier state might exist with high
levels of viremia and absent inflammation[8,34]. Several
other well conducted studies have shown that high level
of post LT viremia was independently associated with
more rapid progression of hepatitis[7,35-37]. Shackel et al[36]
reported that a one year peak viral load > 107 IU/mL was
associated with a hazard ratio of 8.68 for worse patient
survival. An international consensus panel has indeed
accepted both pre and early post LT viral load as established risk factors for severe recurrence[38]. A correlation
between early levels of viremia and subsequent allograft
injury suggests that initiation of antiviral therapy early in
the post LT course might be desirable. Another viral factor that has been explored is genotype, with early studies
suggesting than genotype1b was associated with higher
risk for recurrent hepatitis[26,39]. But later studies did not
find any influence of genotype on outcomes[39,40].
Polymorphism in IL28B gene, which encodes interferon-lambda-3 (IFN-λ-3), has been established as a
predictor of response to IFN based therapy in the nontransplant setting[41]. Charlton et al[42] examined the impact
of IL28B polymorphisms in the post LT setting and
evaluated the role of both donor and recipient IL28B status. Both recipient and donor liver IL28B genotype were
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or fibrosis progression[51]. But steroid boluses were used
for episodes of acute cellular rejection in both arms of
the study. In another two year prospective randomized
study, steroid free immunosuppression was compared to
steroid use and they found that steroid avoidance with
basiliximab, calcineurin inhibitor, and mycophenolate
sodium was safe and as effective as steroid containing
immunosuppression in adult OLT[52]. Overall there appeared to be no benefit to the steroid free protocol in
terms of ACR, fibrosis progression, patient survival,
or graft survival rates[53]. In summary, steroids should
be used cautiously in post LT HCV patients and, when
needed, lower doses should be used with a slow taper.
But there is not enough evidence to switch all HCV patients to a completely steroid free immunosuppression
regimen.

longer based on observational studies. Mycophenolic
acid (MPA) has also been shown to be an inhibitor of
HCV replication[64,65]. MPA was shown to have a distinct
anti-HCV mechanism of action, independent of cell proliferation and guanosine depletion. Further clinical studies are needed exploring its use in HCV patients. Antilymphocyte agents which are used to treat rejection are
associated with worse recurrence and hence have to be
employed with caution[63].

TREATMENT
Preemptive therapy
Treating HCV patients on liver transplant waiting list can
be considered as a prophylactic approach since absence
of viremia at the time of transplant can prevent recurrence. Unfortunately, tolerance for treatment is very low
in these patients with decompensated liver disease [66].
When newer drugs for HCV are available in the future
there is hope that higher proportion of patients on the
LT waiting list will be virus negative. Another treatment
strategy is termed pre-emptive therapy, where patients are
initiated on antiviral therapy early in the post LT period
before the recurrence of viremia. The rationale behind
this strategy is to prevent liver inflammation or fibrosis
by early suppression of the virus. Although the reasoning behind this hypothesis is sound, data from clinical
observational studies and trials do not support this strategy. High rates of discontinuation due to side effects
and poor SVR rates plague this approach. In one of the
earlier studies addressing this question Mazzaferro et al[67]
initiated antiviral therapy at a median duration of 18 d
post LT and demonstrated SVR rate of 33% with milder
graft injury both in patients who remained HCV negative and in patients who turned HCV positive despite
therapy and similar results were demonstrated in patients
who received a living donor liver transplant[68]. These
results have not been consistently reproduced. In a small
randomized controlled trial by Singh et al[69] pre-emptive
treatment delayed the occurrence of HCV hepatitis, but
did not decrease the incidence or the severity of HCV
hepatitis and this delay has been demonstrated in studies with long term follow-up too[70]. Unfortunately many
studies have shown that both eligibility for therapy and
tolerability for these medications are low in this post LT
cohort. In Shergill et al[70] randomized trial only 41% of
the post LT patients were eligible to receive pre-emptive
antiviral therapy and dose reductions and discontinuations were required in 85% and 37% of patients, respectively. Other studies have shown similar side effect profile
and low SVR rates[71]. In the immediate post LT period,
most patients are battling renal dysfunction, cytopenias,
immunosuppression related side effects and episodes of
acute rejection which is probably why the physiologic reserve to endure side effects from PEG IFN or Ribavarin
is low. So until safer and more effective antiviral drugs
are available the pre-emptive strategy cannot be recommended for routine practice.

Calcineurin inhibitors
TAC and Cyclosporine A (CysA) are the most widely
used maintenance immunosuppression in post LT
patients. In vitro studies have shown that CysA has a
suppressive effect on the HCV replication and protein
expression in cultured human hepatocyte cells and this
effect appears to be independent of its immunosuppressive function[54,55]. We found similar effects in-vivo in two
clinical trials at our center where the use of CysA was
found to be associated with a modest HCV RNA drop
and appeared to enhance the antiviral response to interferon based antiviral therapy when compared to TAC[56,57].
Similarly a meta-analysis of 17 studies concluded that
CysA was associated with a marginally higher relative risk
(RR) for achieving SVR with antiviral therapy when compared to TAC[58]. Though the data on antiviral effects of
CysA are convincing, the same is not true regarding clinical outcome parameters like survival or rejection rates. A
meta-analysis of 16 randomized trials including patients
transplanted for all etiologies concluded that TAC was
superior to CysA in improving survival and preventing
acute rejection[59]. There is a lack of large randomized
controlled trials addressing this question specifically in
HCV patients. A retrospective study concluded that in
patients undergoing LT for HCV-related liver disease,
post-transplantation outcome was not related to the Calcineurin Inhibitors used, with no differences in bridging
fibrosis, cirrhosis, cholestatic hepatitis, allograft loss or
mortality between TAC and CysA[60]. In another retrospective analysis of data from UNOS database suggested
that using CysA was associated with increased risk of
patient death and graft failure[61]. Adding to the complexity of the situation, recent data has shown that the use of
TAC is associated with ACR in patients with certain IL28B polymorphism and CysA might be beneficial in this
specific subset[62].
Data on the role of other maintenance immunosuppressants like Azathioprine and Rapamycin in HCV recurrence or fibrosis progression is not very clear. Samonakis et al[63] have suggested that there may be a beneficial
effect of maintenance azathioprine given for 6 mo or
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Table 1 Clinical outcome of treatment for post-transplant hepatitis C recurrence
Ref.

I

Roche et al[85] (2008)

Study design

113 Retrospective
study

Carrión et al[81] (2007)

81

Neff et al[86] (2004)

57

Oton et al[87] (2006)

55

Samuel et al[83] (2003)

52

Fernández et al[82]
(2006)
Mukherjee et al[84]
(2006)

47
39

SVR

Fibrosis progression

Discontinuance

38%

Fibrosis stage remained stable (78.5%) in 24% overall did not complete therapy. 38%
patients with SVR and increased (44%) in required the premature discontinuation of
non-responders
either IFN, RBV, or both agents
Randomized
48% in early
Fibrosis progression -26% in treated group Treatment interruption in 22% and 56% of
controlled
fibrosis and 18% in
vs 70% in untreated group
patients with mild and advanced fibrosis
trial
advanced fibrosis
respectively
Retrospective 24.5% virus negative Responders to therapy trended toward
Overall discontinuation rate 31.5%. Dose
study
at 48 wk
improvement in level of fibrosis
adjustments in 74%
Prospective
43.60%
No improvement in fibrosis progression
29% discontinued due to intolerance
cohort study
Randomized
21%
No impact on fibrosis progression
Treatment interruption 43%
controlled
trial
Prospective
23%
Significant histological improvement in
Treatment interruption in 21%
cohort study
23%
Prospective
33.30%
Improved or stable fibrosis scores were also
43.6% discontinuation rates
cohort study
demonstrated in 66.7% of non-responder

SVR: Sustained virologic response; IFN: Interferon; RBV: Ribavarin.

Treatment of established recurrence
Most centers initiate treatment of HCV after histological recurrence has been documented on liver biopsy. The
AALSD guidelines on HCV therapy also recommend
treatment initiation in appropriate candidates after demonstration of recurrent histologic disease, but the stage
of fibrosis at which therapy should optimally be started
is not clear ant it does vary between centers. Results from
initial studies evaluating efficacy of IFN monotherapy
were disappointing[72]. But subsequent studies with dual
therapy of IFN and Ribavarin, more specifically with
pegylated IFN (PEG IFN) have been encouraging[73]. In
a systematic review by Berenguer et al[74] of 19 studies
including 611 patients who received PEG-IFN alfa with
ribavirin for established histologic recurrence of HCV,
the mean SVR rate was found to be 30.2% despite high
rate of treatment discontinuation and dose reductions
due to adverse events. Therapy has also been found to be
cost effective in a study by Logge et al[75] where they used
a Markov model for disease progression. Several studies have looked at prognostic factors for achievement of
SVR and have demonstrated an association with lower
pretreatment HCV RNA, HCV genotype 2 or 3, adherence to therapy, and achievement of an early virological
response[76,77].
Clinically, the most important question is whether
treatment is associated with improvement in clinical
outcomes like survival or fibrosis progression. Selzner et
al[78] retrospectively analyzed long term outcome of 446
patients treated with dual therapy found that treatment
was independently associated with significantly prolonged
survival. Similar encouraging survival outcome has also
been demonstrated in few other studies[79,80]. Another
important clinical outcome is rate of fibrosis progression
and data on the effect of treatment on fibrosis progression has not been uniform (Table 1)[81-87]. In one of the
early observational studies analyzing histological response
from our center, we demonstrated that fibrosis progres-
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sion was slower in patients who underwent HCV therapy
in a cohort of 34 patients[88]. Selzner et al[78] also reported
improved histologic outcome with PEG IFN based treatment for HCV recurrence but paired biopsies were available only in 52% of this study group. Results from a few
other smaller studies also suggest that treatment leads to
improvement in fibrosis but there has been variability in
how fibrosis data is reported[89,90]. This probably is the
reason that a meta-analysis of 14 studies which analyzed
histologic response by Berenguer et al[74] found a significant heterogeneity among studies and only a minority of
patients underwent liver biopsy both prior to and after
antiviral therapy. Despite these limitations it did appear
that achieving SVR led to improvement in the stage of
fibrosis and the necroinflammatory grade, while nonresponders generally experienced progressive fibrosis.
The face of HCV therapy is rapidly changing with
the arrival of newer, more potent antiviral drugs. Direct
acting antiviral drugs like Boceprevir and Telaprevir were
approved in 2011 for treatment of HCV and they have
shown significant increase in SVR when used in combination with PEG IFN and Ribavarin. In phase Ⅲ trials in
the non-transplant setting 63%-75% of treatment naïve
patients receiving triple therapy achieved SVR[91,92]. But
triple therapy does come with its own set of challenges
which are more conspicuous in the transplant setting
including drug interactions, need for frequent dosing,
increased incidence of cytopenias, high costs with proven
efficacy only in HCV genotype 1 patients. Telaprevir is an
inhibitor of the enzyme cytochrome P450 3A which is
involved in the metabolism of both CysA and TAC. Garg
et al[93] conducted a phase Ⅰ study to assess the interaction
between Telaprevir and CysA or TAC. And they showed
that Telaprevir increased CysA exposure by approximately 4.6-fold and increased TAC exposure by approximately
70-fold. In a pilot study to assess the safety and efficacy
of triple therapy in LT patients, data were gathered for 12
wk in nine HCV patients who were treated with a combi-
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nation of Telaprevir, PEG IFN, and ribavirin along with
TAC, CysA or Sirolimus[94]. It was found that drug-drug
interactions between TVR and immunosuppressants
could be managed with close monitoring of trough levels
and adequate dosage adjustments. A recent cohort study
of patients treated with Boceprevir (n = 18) or Telaprevir
(n = 19) based triple therapy demonstrated that SVR rates
were comparable to dual therapy but around a third of
patients developed severe anemia requiring transfusion[95].
Results from ongoing trials involving triple therapy in
this special population are expected in the near future.
The potential for newer drugs which can potentially be
used in regimens without IFN and Ribavarin will change
the treatment scenario drastically. A case report of a patient with severe recurrent HCV who was treated with
Sofosbuvir, an HCV polymerase inhibitor, and Daclatasvir, an HCV NS5A replication complex inhibitor for
24 wk demonstrated undetectable HCV RNA within 4
wk of initiating treatment, and the patient achieved SVR
at 9 mo[96]. If these promising results hold good in clinical trials, several of the challenges associated with posttransplant hepatitis C recurrence could be tackled more
effectively.
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CONCLUSION
Recurrence of HCV presents a clinically challenging situation in post-transplant patients. The recurrence of viremia is universal and the progression of fibrosis is rapid.
Incidence of cirrhosis and graft failure is significantly
higher in untreated patients translating to poor overall
clinical outcome. Multiple donor, viral and immunosuppression related factors have been found to influence
rate of fibrosis progression and clinical outcome. Treatment of recurrence with PEG IFN and Ribavarin is efficacious in this population albeit with lower SVR rates
and worse side effect profile. Therapy is associated with
multiple challenges including severe cytopenias, drug interactions and renal failure. But given the improvement
in survival and fibrosis progression associated with treatment, physicians should try to treat all eligible patients
with recurrence, despite obstacles. Direct acting antiviral
drugs have ushered a new era in the management of
HCV patients. Emerging data on direct acting antivirals
in the post-transplant setting shows promise in terms of
safety and efficacy with appropriate monitoring and dose
adjustment of immunosuppressants. Though multiple
studies have investigated the role of antiviral therapy, well
designed randomized controlled trials further exploring
various aspects of HCV therapy in post LT population
are urgently needed.
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Core tip: Proteins that are involved in the replication cycle of hepatitis C virus are relevant targets for antiviral
therapies. Their dynamical properties, however, cannot
be sufficiently studied in experiments yet. Alternatively,
owing to the available power of modern computers, the
mechanism by which they operate can be investigated
in computer experiments using appropriate models.
In this regard, considerable progress has now been
achieved for the viral helicase protein and the obtained
results, in combination with experimental data, have
significantly improved our understanding of its activity.

Abstract
Hepatitis C virus (HCV) helicase is a molecular motor
that splits nucleic acid duplex structures during viral
replication, therefore representing a promising target
for antiviral treatment. Hence, a detailed understanding
of the mechanism by which it operates would facilitate
the development of efficient drug-assisted therapies
aiming to inhibit helicase activity. Despite extensive
investigations performed in the past, a thorough understanding of the activity of this important protein was
lacking since the underlying internal conformational
motions could not be resolved. Here we review investigations that have been previously performed by us for
HCV helicase. Using methods of structure-based computational modelling it became possible to follow entire
operation cycles of this motor protein in structurally
resolved simulations and uncover the mechanism by
which it moves along the nucleic acid and accomplishes
strand separation. We also discuss observations from
that study in the light of recent experimental studies
that confirm our findings.

Flechsig H. Computational biology approach to uncover hepatitis C virus helicase operation. World J Gastroenterol 2014;
20(13): 3401-3409 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i13/3401.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3401

INTRODUCTION
Hepatitis C is a liver disease caused by infection with the
hepatitis C virus (HCV). According to the world health
organization, about 150 million people are chronically
infected by HCV with 3-4 million additional infections
every year. About 75%-85% of newly infected individuals develop chronic disease with long-term complications
including liver cirrhosis and liver cancer. Since to date no
vaccine is available and more than 350000 patients die
yearly in consequence of hepatitis C disease, the virus
poses a major health concern.
HCV belongs to the family of Flaviviridae and has a
positive sense single-stranded RNA genome that consists of a single open reading frame, which is translated

© 2014 Baishideng Publishing Group Co., Limited. All rights
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into a single protein of approximately. 3000 amino acids.
This polyprotein is further cleaved by viral and cellular
proteases into three structural and seven non-structural
proteins, which organize replication and packaging of the
viral genome. A key role in the multiplication process of
the virus is occupied by non-structural proteins NS5A
and NS3, which function as molecular motors directly
interacting with RNA. NS5A is a polymerase that synthesizes new viral RNA while NS3 contains a large portion
that operates as a helicase, capable of translocating along
single nucleic acids strands and separating their complementary strands or remove proteins bound to them[1].
Due to their eminent role in the replication machinery
of HCV, these proteins have attracted much attention as
possible targets for anti-HCV drugs and thus towards the
development of effective treatments[2-4].

is flexibly linked to motor domain Ⅰ, and discussed its
possible functional role. Based on the early studies timeresolved single molecule experiments have been designed
and important aspects of HCV helicase operation were
investigated in optical tweezer setups and using fluorescence analysis[13,14]. These experiments have elucidated
the ATP-dependent unwinding activity of the helicase on
DNA and RNA duplex structures and greatly contributed to the understanding of helicase function. Although
models for the operation of HCV helicase have been
established and theoretical investigations were performed
additionally[6,11,15], the internal conformational motions
related to interactions with ATP molecules in this protein
could not be sufficiently resolved and thus, the particular
mechanism by which HCV helicase moves along nucleic
acid strands and performs strand separation remained
elusive hitherto. In this situation, modelling studies that
are based on present structures of HCV helicase and employ methods from computational biology may play an
important role.
In this article we review investigations that have been
previously performed by us for HCV helicase. We shall
focus here on the conceptual aspects of our analysis
and present our findings in a rather general framework,
while a more profound description including details can
be gathered from our original publication[16]. Moreover,
we will discuss our findings in the light of novel crystal
structures of HCV helicase complexed with ATP-mimicking nucleotides and DNA and RNA.

HCV helicase
Helicases are motor proteins that are powered by adenosine-triphosphate (ATP) molecules and ubiquitous in
virtually all processes that involve manipulation of DNA
and RNA[5]. They are capable of displacing proteins
bound to the nucleic acids, removing secondary structures
and, most prominently, separating their duplex structures
into single-stranded components[6,7]. Hence, they play a
central role in replication, recombination and repair of
nucleic acid substrates. Likewise generally in molecular
motors, the operation of helicase proteins relies on cyclic
internal conformational motions driven by binding of an
ATP molecule, its hydrolysis into adenosine-diphosphate
(ADP) and a phosphate Pi, and the dissociation of the
chemical products[8,9]. These internal structural changes
are used to generate forces on the nucleic acid strand and
allow the helicase to translocate along it and eventually
implement its particular function.
The NS3 helicase was the first HCV protein that
could be successfully crystallized and to date represents
the probably best-characterized helicase molecule. The
first structures of this protein were reported in 1997
by Yao et al[10] and, bound to a short fragment of DNA
oligonucleotides, in 1998 by Kim et al[11]. Figure 1 shows
the molecular architecture of HCV helicase. The protein
consists of three domains that are arranged in a Y-shaped
form. Domains Ⅰ and Ⅱ are structurally related and referred to as the helicase motor domains. At the open interface between these domains, ATP molecules can arrive
and bind to a pocket that is located close to the surface
of domain Ⅰ. The motor domains are separated from
the third helicase domain by a large deep cleft in which a
single nucleic acid strand can be bound and hold.
In the past the HCV helicase protein has been the
subject of numerous investigations, aiming to explore its
functional properties and understand the mechanism by
which it operates. Despite its clinical relevance it has thus
become also a prototype helicase representing a broad
class of structurally and functionally related proteins[12].
Already the first crystallographic studies of HCV helicase
have indicated the mobility of motor domain Ⅱ, which
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Computational biology methods
The function of any protein relies on its intrinsic structural flexibility and is caused by internal conformational
motions. Since these motions can hardly be resolved to
a sufficient extend by experimental methods and, furthermore, available structural data provides only static
snapshots, capturing a protein at a few steps along its
functional cycle, our knowledge about the operation principles of proteins is often limited. On the other side, the
tremendous increase of computational power that has
become available over the last decades have enabled the
investigation of protein dynamics in computer simulations and opened promising new possibilities in protein
research employing numerical modelling.
Widespread approaches that have become a standard
tool of computer-assisted molecular biology are molecular dynamics simulations[17-19]. These descriptions take
into account all atoms of a protein and allow to model
complicated interactions between them by using multiparameter force-fields. Molecular dynamics simulations
allow to investigate dynamical processes in proteins at
high resolution. Their application, however, is limited
by the size of the protein and the timescales of internal
motions. While usually these methods are capable of resolving rapid processes with motions on timescales up to
nanoseconds, they fail to cover the biologically relevant
slow conformational motions associated with the ATPrelated turnover cycles in protein machines and molecular
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Figure 1 Molecular architecture of hepatitis C virus helicase. A: Structure of hepatitis C virus (HCV) helicase in ribbon representation (Protein Data Bank code
1A1V). Motor domains Ⅰ and Ⅱ are coloured golden and blue, respectively. Domain Ⅲ is shown in grey. A sulfate ion, shown as beads, is located at the surface of
domain Ⅰ in the proximity of the adenosine-triphosphate (ATP) binding pocket. The short DNA fragment (shown in bead representation) occupies a large cleft separating the motor domains from the third domain; B: Network representation of HCV helicase. The chain of beads representing a single DNA strand is shown in green.

motors. To follow large-amplitude motions with typical
timescales of tens of milliseconds in molecular dynamics simulations would require a massive computational
expense, which is beyond what can be reached nowadays,
even with modern computer architectures.
To overcome these difficulties, coarse-grained models
of protein dynamics have been developed and became
increasingly popular in the past[20]. Being based on rigorous approximations, they allow a straightforward numerical implementation and can drastically reduce the
computational burden. In such models, the structure of a
protein is simplified and the complicated intra-molecular
interactions are replaced by effective potentials. A coarsegrained approach commonly used to investigate dynamics of protein machines is the elastic-network model[21,22].
Within this description, entire amino acid residues of a
protein structure are typically replaced by single identical beads and interactions between them are mediated
by empiric harmonic potentials that depend only on the
distance between any two beads. Within the framework
of this model, a protein is therefore viewed as an elastic
object, i.e., a network of beads connected by deformable elastic springs. Despite the coarse-grained nature
of elastic-network descriptions and the gross simplification made, these models have been proved powerful
in describing ATP-induced slow motions in molecular
machines and advanced the understanding of important
aspects of their collective dynamics[23-28].
In the first part of this review we will explain how an
elastic-network description of HCV helicase that incorporated interactions with ATP ligands was established
and individual operation cycles were followed in computer experiments. We will then show how the dynamical
modelling was extended to include also interactions with
nucleic acid strands, which allowed us to study how internal conformational motions are coupled to progressive
helicase locomotion and follow the mechanism of strand
separation.

WJG|www.wjgnet.com

ATP-INDUCED OPERATION CYCLES OF
HCV HELICASE
We have used the nucleotide-free structure determined
by Yao et al[10] [Protein Data Bank (PDB) code 1HEI] to
construct the elastic network of HCV helicase. The network (Figure 1B) consisted of 443 identical beads, which
represented entire amino acid residues, and elastic springs
connecting any two beads if their spatial distance was
below a prescribed interaction radius of 8 Angstroms.
A spring connecting two beads was assigned the natural
length that corresponded exactly to the distance between
the two beads as extracted from the PDB file. Therefore,
by construction, the initial network represented a steady
conformation of the protein. When, however, interactions between the network and ligands were taken into
account, network dynamics could be induced and related
conformational motions were analyzed. The internal
motions of proteins in solution are dominated by friction and internal forces are negligible already on timescales slower than tens of picoseconds. The slow ATPrelated conformational motions in protein machines and
molecular motors are certainly overdamped. Therefore,
within the elastic-network model, slow conformational
motions of a protein are described as relaxation motions
of its corresponding elastic network. If, for simplicity,
thermal fluctuations and hydrodynamical interactions are
neglected, the dynamics of the network can be described
by equations of motion that correspond to Newton
mechanics[16]. This set of equations was numerically integrated in the computer simulations to obtain the position
of all network beads at every instant of time. In this way
structural changes of the protein network could be conveniently traced.
To follow ATP-induced dynamics in HCV helicase,
we have established a ligand-elastic-network model that
incorporated binding of ATP, its hydrolysis, and the dissociation of the product in an approximate fashion. ATP
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Substrate

Product

Open

Figure 2 Cyclic ligand-induced conformational motions in
hepatitis C virus helicase. Top row: binding of the substrate
ligand led to switching from open to closed conformation. Release of the product ligand induced motions back to the open
form; Bottom row: motions of the motor domains relative to the
nucleic acid binding cleft that are critical for grip control are
indicated by arrows.

Closed

DNA cleft

Side view

itself is a relatively complex molecule and its interactions
with the protein rely on complicated processes and involve chemical details that could not be accounted for in
our description. To remain consistent with the approximate nature of the model, we have described an ATP
molecule by a single ligand bead (the substrate ligand)
and modelled its binding process to the ATP-pocket by
allowing it to physically interact with network beads present there. Specifically, upon binding, the substrate ligand
could create spring connections to four selected beads
inside the binding pocket. These particular interaction
beads corresponded to amino acid residues that belong
to sequence motifs which have been shown to be conserved among all helicases and are crucially involved in
interactions with ATP. The additional ligand springs were
initially stretched so that initiated by the binding process,
attractive forces between the ligand and the four pocket
beads were generated and network deformations became
induced. First localized in the binding pocket, they gradually spread and resulted in conformational motions of the
entire protein network until eventually a steady network
state that corresponded to the network-ligand complex
was reached. In this conformation, to roughly emulate the
hydrolysis of ATP, we assumed that the substrate ligand
became converted into the product ligand, which represented the chemical products ADP and Pi being ready to
dissociate from the protein. Therefore, we assumed that
the product ligand, in contrast to the substrate ligand,
could no longer interact with the ligand pocket and thus
removed the four ligand springs. Since then the ligandfree network found itself in a conformation that was different from the native one, with the network springs be-
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ing deformed, conformational motions bringing it back
to its initial state occurred. The reset ligand-free network
could then in principle bind another substrate ligand and
the next ATP-induced operation cycle would be initiated.
The cyclic ligand-induced conformational changes
in HCV helicase as obtained from our simulations are
depicted in Figure 2. We observed that subsequent to
binding of the substrate ligand pronounced relative motions of the two motor domains, bringing the HCV helicase from an open-shape conformation in which these
domains were well separated into a closed-shape form
where they were found in tight contact, were induced. In
this conformation of the network-ligand complex the
substrate ligand was converted into the product ligand,
which was then removed from the network. Under subsequent conformational motions, bringing the helicase network back to its initial configuration, the motor domains
moved away from each other and restored the openshape form.
In addition to these large-scale domain rearrangements, we recognized another component of the same
dynamics that was more subtle and consisted in motions
of the domains with respect to the cleft that holds the
nucleic acid strand. Such changes become apparent in the
side view perspective of the protein (Figure 2): Under
binding of the ligand, motor domain Ⅰ moved upwards
and therefore broadened the cleft at one side, whereas
motor domain Ⅱ moved downwards narrowing the
cleft at the opposite side. Along the back-motion of the
network, after removal of the product ligand, the situation was reversed. Domain Ⅰ moved back downwards,
whereas domain Ⅱ was lifted away from the nucleic acid
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cleft.
Our findings suggest that by performing these motions relative to the cleft that holds the nucleic acid
strand, each of the motor domains is capable of controlling its grip on the strand. Consequently, by weakening
or tightening the grip depending on the presence of the
substrate ligand, the large-amplitude opening and closing motions of the motor domains can be translated into
steady translocation along the single nucleic acid strand
by means of a ratchet mechanism. To demonstrate the
mode by which HCV helicase is able to move along
nucleic acid strands, we have performed simulations in
which an approximate description of a DNA strand was
included and interactions between the protein and DNA
were accounted for in a simplified way.

they were in tight contact. At this stage, when the ligand
after its conversion from substrate into product was removed, the grip of the motor domains on the DNA was
reversed. Consequently, the bond between motor domain
Ⅱ and the DNA was removed (hand-off) and, at the
same time, a bond between the Thr269-bead from motor
domain Ⅰ and the nearest bead in the DNA was established (hand-on). Then, during the ligand-free part of the
operation cycle, the motor domains slowly moved away
from each other, this time with motor domain Ⅰ holding
the DNA chain. After one ligand-induced operation cycle
the helicase is found again in the initial open-shape conformation, with the motor domains being separated, but
became effectively transported along the DNA - as we
found - by one single base in the chain. The translocation
mechanism is illustrated in Figure 3, where snapshots
from the simulation are depicted.
With the described model extensions we could successfully uncover, in a structurally resolved way, the
mechanism by which HCV helicase is able to move along
a single DNA strand. The style of locomotion along
DNA used by HCV helicase is reminiscent of the mechanism by which worms deform themselves to crawl along
trees. The ATP-dependent opening and closing motions
of the two motor domains are converted into directed
base-by-base translocation along the DNA strand by an
integrated ratcheting mechanism of these domains, i.e. the
alternating gripping (hand-on and hand-off style) on the
DNA. Because of that analogy, the described mechanism
of propagation along DNA employed by HCV helicase is
referred to as the ratcheting inchworm translocation.

RATCHETING INCHWORM
TRANSLOCATION
We have extended our dynamical description to incorporate interactions between the HCV helicase and a single
DNA strand. While apparently detailed models of DNA
and its dynamical properties are available, it was more important for our purposes to employ a proper mechanical
description of this molecule. To remain consistent with
the coarse-grained modelling implemented so far, a single
DNA strand was described as a chain of identical beads
which were consecutively linked by elastic springs (see
Figure 1B). The chain, which was representing the sugarphosphate backbone of DNA, was placed roughly in the
center of the nucleic acid binding cleft and was allowed
to undergo deformations such as stretching and bending
when interacting with the helicase.
Regarding the interactions between HCV helicase and
the nucleic acid it is known that, instead of being distributed over the entire cleft, major contacts to the sugarphosphate backbone of DNA are established to specific
conserved amino acid residues of the protein[11]. These
are Thr269 from motor domain Ⅰ and Thr411 from
motor domain Ⅱ. In our description we have restricted
helicase-DNA interactions to those two key residues
and modelled them only roughly via additional elastic
links that were established when a motor domain moved
towards the DNA strand and removed when a motor
domain was lifted from the strand. As described in the
previous section, upon binding of the substrate ligand to
the helicase network, motor domain Ⅱ moved down and
therefore tightened its grip on the DNA strand (hand-on
state), whereas at the same time motor domain Ⅰ moved
away from the strand and weakened its grip (hand-off
state). Therefore, when the substrate ligand was bound,
we have created a stiff bond between the Thr411-bead
from motor domain Ⅱ and the nearest bead in the DNA
chain, while a bond connecting the Thr269-bead from
motor domain Ⅰ to the chain was absent. Then, along
the formation of the network-ligand complex, the largeamplitude slow conformational changes occurred under
which motor domain Ⅰ moved towards domain Ⅱ until
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STRAND-SEPARATION BY HCV
HELICASE
In the performed computer experiments we finally
aimed to demonstrate how steady translocation of HCV
helicase along the single nucleic acid strand is coupled
to the separation of the second complementary strand.
Therefore, we have set up a model of duplex DNA that
consisted of two opposite single chains that were bridged
by additional links. These connections were intended
to effectively mimic the attractive interactions between
complementary bases of the opposing single chains that
stabilize the duplex form of DNA. On the other side,
however, these bridge-links could also be broken when
the two strands become separated and interactions between them gradually vanished. The duplex DNA was
positioned in such a way that the upper strand was again
centered in its putative binding cleft and the complementary strand was located below the motor domains of the
protein (Figure 4).
While the two motor domains of HCV helicase serve
as essential modules, whose opening and closing motions make inchworm translocation possible, the role of
the third protein domain is less clear. As revealed from
our previous simulations it is rigidly connected to motor
domain Ⅰ and, therefore, has to follow its motion. Hence,
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B

D
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A
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Figure 3 Ratcheting inchworm translocation. Four
consequent snapshots (A-D) within a single ligandinduced operation cycle are shown. Red bonds indicate
connections between a motor domain and the DNA
chain. After one cycle, the helicase is found in a similar
open-shape conformation, but is propagated by one
base along the DNA strand (compare A and D).

Figure 4 Unzipping of duplex DNA by hepatitis
C virus helicase. Shown are three consequent
snapshots (A-C) from a simulation that demonstrates ratcheting inchworm translocation and
mechanical strand separation.

C

during progressive translocation of the motor domains
the third domain will always be dragged by domain Ⅰ.
This fact may suggest a significant role of domain Ⅲ
during the process of duplex separation. Although little is
known about interactions between HCV helicase and the
duplex DNA, we can, based on the previously proposed
mechanism[11], assume the following mechanical scenario
of action. Under steady translocation of the two motor

WJG|www.wjgnet.com

domains along the upper DNA strand, the third helicase
domain encounters the free end of the complementary
strand at the DNA fork and interactions between them
set in. Particularly, repulsive forces shall appear that
tend to push apart the lower DNA strand and prevent
it from penetrating into the protein structure, where it
would cause partial unfolding. In the simulation we have
therefore assumed that the lower DNA strand was always
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subject to an overall repulsive force that was generated by
beads from the third helicase domain and which became
strong at short distances.
With the implemented setup we have traced three
ligand-induced operation cycles of HCV helicase within
a single simulation and observed how progressive baseby-base inchworm translocation along the upper DNA
strand lead to separation of the lower strand. In Figure
4 snapshots taken at different time moments during
the simulation are provided. As the two motor domains
moved along the upper DNA strand, the third helicase
domain was dragged into the free space at the duplex
fork. As a result of the repulsive interactions that tried
to prevent contact of this domain with the lower strand,
forces pushing away that strand were generated. As these
forces built up, stress was accumulated in the bridge-links
that held together the DNA duplex structure. Eventually these connections became broken one after another
and the duplex DNA was successively unzipped. Our
simulation show that the third helicase domain acted like
a wedge that, in the course of translocation along the upper strand, was pressed between the two DNA strands
and mechanically separated them. We found that HCV
helicase had broken three base-pairs after three translocation steps, one base-pair at a time.

ments. We have found that the ATP-induced dynamics in
this protein consisted in well-organized large-amplitude
conformational changes and involved concerted relative
motions of the two motor domains. These motions are
functional and, as identified from our simulations, can
lead to progressive base-by-base inchworm translocation
along a single DNA strand my means of a ratchet mechanism. Along this process, the third helicase domain acts
as a wedge that is pressed between the two DNA strands
and actively separates the duplex structure by breaking
base-pairs one at a time.
The ratcheting inchworm translocation had been
previously proposed based on experimental data. Furthermore these results suggested that DNA unwinding
occurs in bursts, whereas our findings reveal that basepairs are broken step by step. After our work was published Charles M. Rice reported in 2010, in his Inaugural
Article in PNAS, novel crystal structures for a set of
HCV helicase complexes with ATP-mimics and bound
single-stranded DNA[29]. They provide, for the first time,
conformational snapshots along the functional cycle of
HCV helicase and allow to discuss the molecular basis of
its activity. The obtained data shows that upon binding of
the ATP- mimicking nucleotide the two motor domains
come into tight contact, and, while interactions between
domain Ⅱ and the DNA are maintained, they appear to
be decreased between the protein domain Ⅰ and the 3’
end of the DNA. In a transition conformation corresponding to a post-hydrolysis state of the helicase, however, distances to the DNA are changed and new connections between domain Ⅰ and the DNA strand appear,
whereas domain Ⅱ may be able to slide along the strand
when returning to the initial open-shape conformation
of the helicase. Taken together, these novel crystal structures provide insights into ATP-induced conformational
changes in HCV helicase and offer a molecular-level
explanation of the ratcheting single-base translocation
mechanism based on the observed loss and recovery of
interactions between the protein and the single DNA
strand. Furthermore, in 2011 crystal structures capturing HCV helicase with its natural substrate RNA became
available in its nucleotide-free conformation and bound
to a non-hydrolyzable analog[30]. They also evidence largescale domain motions and the switching from open to
closed conformation in response to binding of the ATPmimicking ligand and point towards a mechanism of
unidirectional stepping along RNA by one base-pair per
hydrolysis cycle, caused by alternating affinities of the helicase to bind the RNA.
The novel structural data has unravelled important
aspects of the molecular mechanisms that underlie the
activity of HCV helicase and thereby largely contributed
to the understanding of how this important molecular
motor performs its operation. In Figure 5, observations
from our simulation are compared with the experimentally determined structures. The structural data is in well
agreement with the predictions of conformational motions as revealed from our computer experiments, as

CONCLUSION
Molecular machines and motors are nanoscale engines
that operate by performing cyclic changes of their
conformation, powered by the chemical energy that is
derived from the hydrolysis of ATP molecules. To observe these conformational motions directly in singlemolecule experiments in sufficient detail is however not
yet possible due to the limited resolution of nowadays
techniques. Therefore, important aspects of the activity
of motor proteins remained elusive so far. On the other
side, the growing capacities of modern computers have
facilitated the investigation of protein dynamics in computer simulations.
Here, we present a review of computer-assisted investigations that have been previously performed for the
helicase protein of HCV by employing coarse-grained
molecular dynamics methods. HCV helicase is a molecular motor that translocates over nucleic acid strands
and splits their duplex structure. Since it plays a crucial
role in the replication cycle of the virus, HCV helicase
presents a major target for drugs and understanding of
the functional properties underlying its operation is a
key step towards the development of efficient anti-HCV
therapies.
Despite a lot of past studies, the mechanism by
which HCV helicase moves over nucleic acid and drives
strand separation remained speculative. By establishing
a structure-based mechanical model of this protein that
included interactions with ATP molecules and DNA in
an approximate manner, we were able to follow entire
operation cycles of HCV helicase in computer experi-
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A

Ligand-free

B

Ligand-complex

C

Ligand-free

D

ADP.BeF3

they confirm both the essential relative motions of the
motor domains and the ratchet mechanism employed by
the protein to translate them into locomotion along the
nucleic acid strand with a step-size of one single base. In
addition to the static structures, results from high-resolution optical tweezers experiments, aimed to follow the
unwinding of double-stranded RNA by HCV helicase,
have been reported in 2011 by the Bustamante lab[31].
They observe an opening of the duplex structure in single base-pair steps, which is consistent with what we have
found in our computer experiments. It should be mentioned that recently coarse-grained modelling of HCV
helicase has been combined with atomistic simulations[32].
The obtained results are in support of the inchworm
model of helicase locomotion and propose key amino
acid residues crucial for the translocation machinery.
In summary, using coarse-grained structure-based
modelling that included interactions with ATP molecules
and DNA in an approximate fashion, we were able to
follow entire operation cycles of an important molecular
motor in computer experiments for the first time. Our
findings are today confirmed by experimental data that
has been acquired recently. Generally, our study demonstrates the feasibility of approximate mechanical models
in computer experiments of molecular machines and
motors. Despite their coarse-grained nature, such dynamical descriptions are capable of explaining functional
aspects of these nanoscale engines and, therefore, help to
understand the general principles by which they operate.
Although approaches from computational biology have
been proven remarkably successful in assisting in protein

WJG|www.wjgnet.com

Figure 5 Comparison with novel hepatitis C virus crystal
structures. Structural changes between ligand-free conformation and ligand-bound complex as predicted by our simulations
(A and B) are compared with structures determined in recent
experiments (C and D, Protein Data Bank codes 3KQH and
3KQU; ADP.BeF3 was used as ATP analog). ATP: Adenosinetriphosphate; ADP: Adenosine-diphosphate.

research, their explanatory power is also limited and apparently they cannot replace the experiments. Recently,
large progress has been achieved in single-molecule techniques to investigate protein dynamics. In experiments
that are based on the high-speed atomic force microscopy
it became possible to observe protein machines as they
perform their operation[33,34]. These approaches offer new
possibilities towards an understanding of the important
machines that control life at the nanoscale. Researchers
may also use such experimental methods to investigate
helicase motors in the future.

REFERENCES
1
2
3
4
5
6
7

3408

Frick DN, Lam AM. Understanding helicases as a means
of virus control. Curr Pharm Des 2006; 12: 1315-1338 [PMID:
16611118 DOI: 10.2174/138161206776361147]
De Francesco R, Migliaccio G. Challenges and successes in
developing new therapies for hepatitis C. Nature 2005; 436:
953-960 [PMID: 16107835 DOI: 10.1038/nature04080]
Kwong AD, Rao BG, Jeang KT. Viral and cellular RNA
helicases as antiviral targets. Nat Rev Drug Discov 2005; 4:
845-853 [PMID: 16184083 DOI: 10.1038/nrd1853]
Moradpour D, Penin F, Rice CM. Replication of hepatitis
C virus. Nat Rev Microbiol 2007; 5: 453-463 [PMID: 17487147
DOI: 10.1038/nrmicro1645]
Caruthers JM, McKay DB. Helicase structure and mechanism. Curr Opin Struct Biol 2002; 12: 123-133 [PMID:
11839499 DOI: 10.1016/S0959-440X(02)00298-1]
Lohman TM, Bjornson KP. Mechanisms of helicase-catalyzed DNA unwinding. Annu Rev Biochem 1996; 65: 169-214
[PMID: 8811178 DOI: 10.1146/annurev.bi.65.070196.001125]
Jankowsky E, Fairman ME. RNA helicases--one fold for
many functions. Curr Opin Struct Biol 2007; 17: 316-324

April 7, 2014|Volume 20|Issue 13|

Flechsig H. Operation cycles of HCV helicase

8
9
10

11

12
13

14

15

16

17
18
19
20
21

[PMID: 17574830 DOI: 10.1016/j.sbi.2007.05.007]
Spudich JA. How molecular motors work. Nature 1994; 372:
515-518 [PMID: 7990922 DOI: 10.1038/372515a0]
Enemark EJ, Joshua-Tor L. On helicases and other motor
proteins. Curr Opin Struct Biol 2008; 18: 243-257 [PMID:
18329872 DOI: 10.1016/j.sbi.2008.01.007]
Yao N, Hesson T, Cable M, Hong Z, Kwong AD, Le HV,
Weber PC. Structure of the hepatitis C virus RNA helicase
domain. Nat Struct Biol 1997; 4: 463-467 [PMID: 9187654
DOI: 10.1038/nsb0697-463]
Kim JL, Morgenstern KA, Griffith JP, Dwyer MD, Thomson
JA, Murcko MA, Lin C, Caron PR. Hepatitis C virus NS3
RNA helicase domain with a bound oligonucleotide: the
crystal structure provides insights into the mode of unwinding. Structure 1998; 6: 89-100 [PMID: 9493270 DOI: 10.1016/
S0969-2126(98)00010-0]
Frick DN. The hepatitis C virus NS3 protein: a model RNA
helicase and potential drug target. Curr Issues Mol Biol 2007;
9: 1-20 [PMID: 17263143]
Dumont S, Cheng W, Serebrov V, Beran RK, Tinoco I,
Pyle AM, Bustamante C. RNA translocation and unwinding mechanism of HCV NS3 helicase and its coordination
by ATP. Nature 2006; 439: 105-108 [PMID: 16397502 DOI:
10.1038/nature04331]
Myong S, Bruno MM, Pyle AM, Ha T. Spring-loaded mechanism of DNA unwinding by hepatitis C virus NS3 helicase.
Science 2007; 317: 513-516 [PMID: 17656723 DOI: 10.1126/
science.1144130]
Zheng W, Liao JC, Brooks BR, Doniach S. Toward the mechanism of dynamical couplings and translocation in hepatitis
C virus NS3 helicase using elastic network model. Proteins
2007; 67: 886-896 [PMID: 17373706 DOI: 10.1002/prot.21326]
Flechsig H, Mikhailov AS. Tracing entire operation cycles
of molecular motor hepatitis C virus helicase in structurally
resolved dynamical simulations. Proc Natl Acad Sci USA
2010; 107: 20875-20880 [PMID: 21081697 DOI: 10.1073/
pnas.1014631107]
McCammon JA, Gelin BR, Karplus M. Dynamics of folded
proteins. Nature 1977; 267: 585-590 [PMID: 301613 DOI:
10.1038/267585a0]
Tuckerman ME, Martyna GJ. Understanding modern molecular dynamics: techniques and applications. J Phys Chem
B 2000; 104: 159-178 [DOI: 10.1021/jp992433y]
Karplus M, McCammon JA. Molecular dynamics simulations of biomolecules. Nat Struct Biol 2002; 9: 646-652 [PMID:
12198485 DOI: 10.1038/nsb0902-646]
Tozzini V. Coarse-grained models for proteins. Curr Opin
Struct Biol 2005; 15: 144-150 [PMID: 15837171 DOI: 10.1016/
j.sbi.2005.02.005]
Tirion MM. Large Amplitude Elastic Motions in Proteins
from a Single-Parameter, Atomic Analysis. Phys Rev Lett
1996; 77: 1905-1908 [PMID: 10063201 DOI: 10.1103/Phys-

22

23

24

25
26

27

28

29

30

31

32

33
34

RevLett.77.1905]
Bahar I, Atilgan AR, Erman B. Direct evaluation of thermal
fluctuations in proteins using a single-parameter harmonic
potential. Fold Des 1997; 2: 173-181 [PMID: 9218955 DOI:
10.1016/S1359-0278(97)00024-2]
Hinsen K. Analysis of domain motions by approximate
normal mode calculations. Proteins 1998; 33: 417-429 [PMID:
9829700 DOI: 10.1002/(SICI)1097-0134(19981115)33:3<417::
AID-PROT10>3.0.CO;2-8]
Bahar I, Atilgan AR, Demirel MC, Erman B. Vibrational dynamics of folded proteins: significance of slow and fast motions in relation to function and stability. Phys Rev Lett 1998;
80: 2733-2736 [DOI: 10.1103/PhysRevLett.80.2733]
Tama F, Sanejouand YH. Conformational change of proteins
arising from normal mode calculations. Protein Eng 2001; 14:
1-6 [PMID: 11287673 DOI: 10.1093/protein/14.1.1]
Zheng W, Doniach S. A comparative study of motor-protein
motions by using a simple elastic-network model. Proc Natl
Acad Sci USA 2003; 100: 13253-13258 [PMID: 14585932 DOI:
10.1073/pnas.2235686100]
Yang L, Song G, Jernigan RL. How well can we understand large-scale protein motions using normal modes of
elastic network models? Biophys J 2007; 93: 920-929 [PMID:
17483178 DOI: 10.1529/biophysj.106.095927]
Flechsig H, Popp D, Mikhailov AS. In silico investigation of
conformational motions in superfamily 2 helicase proteins.
PLoS One 2011; 6: e21809 [PMID: 21829442 DOI: 10.1371/
journal.pone.0021809]
Gu M, Rice CM. Three conformational snapshots of the
hepatitis C virus NS3 helicase reveal a ratchet translocation
mechanism. Proc Natl Acad Sci USA 2010; 107: 521-528 [PMID:
20080715 DOI: 10.1073/pnas.0913380107]
Appleby TC, Anderson R, Fedorova O, Pyle AM, Wang R,
Liu X, Brendza KM, Somoza JR. Visualizing ATP-dependent
RNA translocation by the NS3 helicase from HCV. J Mol
Biol 2011; 405: 1139-1153 [PMID: 21145896 DOI: 10.1016/
j.jmb.2010.11.034]
Cheng W, Arunajadai SG, Moffitt JR, Tinoco I, Bustamante
C. Single-base pair unwinding and asynchronous RNA release by the hepatitis C virus NS3 helicase. Science 2011; 333:
1746-1749 [PMID: 21940894 DOI: 10.1126/science.1206023]
Zheng W, Tekpinar M. Structure-based simulations of the
translocation mechanism of the hepatitis C virus NS3 helicase along single-stranded nucleic acid. Biophys J 2012; 103:
1343-1353 [PMID: 22995507 DOI: 10.1016/j.bpj.2012.08.026]
Ando T. Molecular machines directly observed by highspeed atomic force microscopy. FEBS Lett 2013; 587: 997-1007
[PMID: 23318713 DOI: 10.1016/j.febslet.2012.12.024]
Ando T, Uchihashi T, Kodera N. High-speed AFM and
applications to biomolecular systems. Annu Rev Biophys
2013; 42: 393-414 [PMID: 23541159 DOI: 10.1146/annurevbiophys-083012-130324]
P- Reviewers: Bock T, Diamantis I S- Editor: Gou SX
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

3409

April 7, 2014|Volume 20|Issue 13|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i13.3410

World J Gastroenterol 2014 April 7; 20(13): 3410-3417
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (2): Hepatitis C virus

Chronic hepatitis C virus infection and atherosclerosis:
Clinical impact and mechanisms
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Fabio Nascimbeni, Anna Florio, Paola Loria
analytic reviews and prospective studies are warranted.
The pathogenic mechanisms connecting HCV infection,
chronic liver disease, and atherogenesis are not completely understood. However, it has been hypothesized
that HCV may promote atherogenesis and its complications through several direct and indirect biological
mechanisms involving HCV colonization and replication within arterial walls, liver steatosis and fibrosis,
enhanced and imbalanced secretion of inflammatory
cytokines, oxidative stress, endotoxemia, mixed cryoglobulinemia, perturbed cellular and humoral immunity,
hyperhomocysteinemia, hypo-adiponectinaemia, insulin
resistance, type 2 diabetes and other components of
the metabolic syndrome. Understanding these complex
mechanisms is of fundamental importance for the development of novel therapeutic approaches to prevent
and to treat vascular complications in patients with
chronic HCV infection. Currently, it seems that HCV
clearance by interferon and ribavirin treatment significantly reduces non-liver-related mortality; moreover,
interferon-based treatment appears to decrease the
risk of ischemic stroke.
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Abstract

Core tip: Hepatitis C virus (HCV) infection represents a
risk factor for carotid atherosclerosis, heart failure and
ischemic stroke. However, findings from studies addressing coronary artery disease and HCV have yielded
conflicting results. Moreover, an excess of cardiovascular mortality among anti-HCV positive subjects has
been reported. HCV promotes atherogenesis through
direct and indirect mechanisms. Inflammation, cytokines activation, cellular and humoral immunity, metabolic derangement, oxidative stress, liver steatosis and

Hepatitis C virus (HCV) infection represents a major
health issue worldwide due to its burden of chronic
liver disease and extrahepatic manifestations including cardiovascular diseases, which are associated with
excess mortality. Analysis of published studies supports
the view that HCV infection should be considered a
risk factor for the development of carotid atherosclerosis, heart failure and stroke. In contrast, findings
from studies addressing coronary artery disease and
HCV have yielded conflicting results. Therefore, meta-
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role of HCV as a cardiovascular risk factor needs to be
analysed in-depth.
Accordingly, in this review we evaluated the literature
regarding the association between chronic HCV infection
and atherosclerosis, the clinical impact on the development of cardiovascular diseases and the possible pathogenic mechanisms underlying increased cardiovascular
risk in those with HCV infection.

fibrosis have been postulated as potential atherogenic
mechanisms. Knowledge of such complex mechanisms
may be important for understanding disease progression and promoting novel therapeutic approaches. At
present, interferon-based treatment of chronic hepatitis
C seems to reduce the risk of stroke as well as nonliver-related mortality.
Adinolfi LE, Zampino R, Restivo L, Lonardo A, Guerrera B,
Marrone A, Nascimbeni F, Florio A, Loria P. Chronic hepatitis C
virus infection and atherosclerosis: Clinical impact and mechanisms. World J Gastroenterol 2014; 20(13): 3410-3417 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i13/3410.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3410

HCV AND ATHEROSCLEROSIS
Table 1 reports the findings of the studies evaluating the
association between HCV and carotid atherosclerosis.
Ishizaka et al[12,13], assessing a large number of subjects in
two studies conducted in the general population, were
first in reporting an association between HCV infection
and atherosclerosis. The first study was published in 2002
and showed that HCV infection was associated with an
increased risk of carotid atherosclerosis[12]. Similar results
were obtained in a second study published in 2003[13]. Irrespective of known atherogenic risk factors, Ishizaka et
al[12,13] found that HCV was an independent predictor of
carotid atherosclerosis. Another study, which enrolled a
large cohort of Japanese subjects from the general population, showed that HCV-infected subjects had increased
arterial stiffness compared to HCV-negative controls[20].
Fukui et al[21] confirmed these results in a series of patients with type 2 diabetes in which anti-HCV positivity
was demonstrated to be an independent risk factor of
both increased carotid intima-media-thickness (IMT) and
plaque. Following these pioneer Japanese reports, two
Italian studies further confirmed the independent association between HCV infection and atherosclerosis. Boddi
et al[10] showed that the prevalence of an IMT greater
than 1 mm was significantly higher in anti-HCV positive
subjects than in controls. At multivariate analysis, antiHCV positivity was an independent predictor of IMT.
Similarly, Targher et al[15] showed that HCV positivity was
an independent predictor of increased carotid IMT.
A large study in Egyptian individuals, including HCV
infected patients, HCV subjects with viral clearance, and
subjects never infected (controls), showed that the prevalence of carotid atherosclerosis did not vary when patients with active infection were compared to those with
past infection. However, HCV infected patients showed
a higher risk of atherosclerosis following adjustment for
known cardiovascular risk factors[22].
Petta et al[23] evaluating carotid atherosclerosis in a
cohort of biopsy-proven chronic hepatitis C genotype 1
patients, reported that HCV patients had a significantly
higher prevalence of atherosclerosis than matched control subjects (41.9% vs 22.9%, respectively). In addition,
the severity of hepatic fibrosis was independently associated with a higher risk of carotid plaques.
Recently, our group assessed carotid atherosclerosis in a large cohort of consecutive liver biopsy-proven
chronic hepatitis C patients with and without steatosis[24].
HCV patients showed a significantly higher prevalence
of atherosclerosis than that observed in the HCV-

INTRODUCTION
Hepatitis C virus (HCV) infection is endemic worldwide,
with an estimated global prevalence of 3%, resulting in
approximately 170 million infected people[1]. HCV infection is the major cause of chronic liver diseases leading to
a wide range of hepatic diseases, including cirrhosis and
hepatocellular carcinoma. In addition, there is a growing
body of data concerning the role of HCV in extrahepatic
manifestations[2], including metabolic derangements[3],
and, more recently, accelerated atherosclerosis eventually
triggering cardiovascular events[4].
Atherosclerosis, either subclinical or manifest, is a
chronic inflammatory disease. The chief clinical manifestations are coronary artery disease (CAD), stroke and
ischemic limbs. In addition to the “traditional” factors of
atherosclerosis other “novel” factors have been hypothesized. The possible role of an infectious agent in the development of experimental atherosclerosis in rodents was
first reported more than 120 years ago[5], and this concept
has gained new life in recent years[6]. In the last few years,
a strict association between atherosclerosis and nonalcoholic fatty liver disease (NAFLD) has been reported,
challenging the old paradigm that ‘‘chronic liver disease
protects from atherosclerosis”[7,8]. Similar to NAFLD,
HCV infection is increasingly identified as a potential
atherogenic condition. In fact, chronic HCV infection
causes hepatic and systemic inflammation[4] via increased
levels of pro-atherogenic chemokines and cytokines[4]
and hepatic steatosis, a distinguishing feature of this infection[9]. In addition, it has been demonstrated that HCV
colonizes and replicates within carotid plaques[10,11] likely
causing vascular inflammation. Earlier studies conducted
in the general population showed that HCV markers
were independently associated with atherosclerosis[12,13].
Subsequent research, however, yielded conflicting results,
some studies confirming[14,15] and others denying such an
association[16,17]. However, recent data have shown excess
cardiovascular mortality during the course of chronic
HCV infection[18,19]. Given the high prevalence of HCV
infection on a worldwide basis and the primacy of cardiovascular diseases among the causes of mortality, the
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significantly lower (16.0%) and the presence of plaques
(3.9%) was a relatively uncommon finding. Such data
support the view that chronic HCV infection predisposes
individuals to the premature development of atherosclerosis and advanced carotid changes despite the more
favourable cardiovascular risk profile featuring lower lipid
levels and lower prevalence of metabolic syndrome[24].
An increased risk of carotid atherosclerosis was also
demonstrated in HIV-infected patients. In this setting,
Sosner et al[27] reported an increased prevalence of carotid
plaque in HIV/HCV co-infected patients, strengthening
the view that HCV infection is an independent risk factor
of atherosclerosis.
In contrast to the above studies which highlighted a
strict association between chronic HCV infection and carotid atherosclerosis, other studies did not confirm such
an association. For example, Bilora et al[28] and Caliskan
et al[29], in the setting of hemodialysis patients, did not
find any association between HCV infection and atherosclerosis. Similarly, in a cohort of HCV-infected women,
with and without HIV co-infection, Tien et al[30], after
adjustment for confounding factors, were unable to demonstrate an association between HCV infection and atherosclerosis. Likewise, Masiá et al[31] did not observe any
association between HCV infection and atherosclerosis in
a cohort of HIV co-infected patients.
It is important to underline that those studies showing a positive association, generally included a very large
population of subjects, whereas the studies showing no
association were generally conducted in smaller cohorts
of patients at high risk for atherosclerosis (e.g., either
hemodialysed or HCV/HIV co-infected) (Table 1). Considering that atherosclerosis is a multi-factorial disorder,
studies with low power may have generated false negative
results of doubtful clinical significance. In addition, inconsistency among studies may be the result of different
features in the populations under examination, differences in the assessment of HCV infection and stage of liver
disease, technique used to evaluate atherosclerosis and,
of primary importance, comparator control groups and
adjustment for confounding factors. Overall, we deem
that an analysis of available studies supports the view that
HCV infection should be considered a risk factor for the
development of atherosclerosis. Meta-analytic reviews
and adequate prospective studies are eagerly awaited to
gauge the impact of HCV on the development of atherosclerosis more precisely.

Table 1 Main characteristics of the studies which evaluated
the association between hepatitis C virus and atherosclerosis

Ref.

Type of study

Studies showing association
Ishizaka et al[12], 2002
Population
Ishizaka et al[13], 2003
Population
Tomiyawa et al[20], 2003
Cohort
Fukui et al[21], 2003
Cohort
Boddi et al[10], 2007
Cohort
Targher et al[15], 2007
Cohort
Butt et al[35], 2009
Observational
cohort
Mostafa et al[22], 2010
Cross-sectional
Petta et al[23], 2012
Cohort
Adinolfi et al[9], 2013
Cohort
Studies showing no association
Bilora et al[28], 2008
Cohort
Caliskan et al[29], 2009
Cohort
Tien et al[30], 2009
Cohort
Masiá et al[31], 2011

Cohort

Country

HCV+ HCV(n )

(n )

Japan
Japan
Japan
Japan
Italy
Italy
United
States
Egypt
Italy
Italy

104
25
87
31
31
60
82083

4784
1967
7427
179
120
60
89562

329
174
326

795
174
477

Italy
Turkey
United
States
Spain

40
36
273

40
36
1502

63

138

HCV: Hepatitis C virus.

negative control group (53.7% vs 34.3%, respectively, P <
0.0001). HCV patients without steatosis showed a higher
prevalence of atherosclerosis than that observed in the
HCV-negative control group without steatosis (26.0%
vs 14.8%, P < 0.015). HCV patients with steatosis had
a prevalence of atherosclerosis significantly higher than
NAFLD patients (77.7% vs 57.8%, P < 0.0001). These
results provided definite evidence that HCV was strictly
associated with the development of atherosclerosis and
that patients with HCV-related steatosis, irrespective of
HCV genotype, age, gender and degree of histological
liver damage, exhibited the highest prevalence of atherosclerosis. Moreover, at multivariate analysis, HCV-related
steatosis was an independent risk factor for carotid atherosclerosis (OR = 32.35; 95%CI: 5.4-230, P < 0.0001).
HCV-related steatosis predicted atherosclerosis with an
AUC of 0.78 (95%CI: 0.71-0.85, P < 0.0001; with a positive specificity of 81.7% and sensitivity of 74.2%). These
data suggest that steatosis is both a good marker for
identifying atherosclerosis-prone individuals and an early
mediator of atherosclerosis. Evidence for the latter role is
based on steatosis being associated with traditional proatherogenic factors such as metabolic syndrome, insulin
resistance, hyper-homocysteinaemia, liver inflammation
and fibrosis scores, hypo-adiponectinaemia and hypertumour necrosis factor-alpha (TNF-α)[25] and oxidative
stress[26]. In brief, our study[24] suggests that HCV-related
steatosis modulates atherogenic factors such as inflammation and the dysmetabolic milieu, therefore, favouring development of atherosclerosis. Furthermore, our study[24]
showed that amongst the younger HCV population (e.g.,
< 50 years old) about 34% showed atherosclerosis and a
significant proportion (24.1%) had plaques, whereas in
the control group the prevalence of atherosclerosis was
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IMPACT OF HCV-ASSOCIATED
ATHEROSCLEROSIS ON CARDIAC AND
CEREBRAL VASCULAR DISEASES
A consistent body of evidence indicates that chronic
HCV infection should be considered a risk factor for
subclinical atherosclerosis. Accordingly, the question is: is
there evidence that HCV is a risk factor for the development of cardiac and cerebral vascular diseases? Clearly
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Table 2 Main characteristics of the studies which evaluated the association between hepatitis C virus and cardiac diseases
Ref.
Studies showing association
Vassalle et al[14], 2004
Alyan et al[37], 2008
Butt et al[35], 2009
Yelken et al[38], 2009
Maruyama et al[39], 2013
Younossi et al[40], 2013
Adinolfi et al[9], 2013
Studies showing no association
Völzke et al[16], 2004
Arcari et al[17], 2006
Forde et al[36], 2012
Younossi et al[40], 2013

HCV+ (n )

HCV- (n )

Type of study

Country

Comment

Cohort

Italy

Cohort
Cohort
Cohort
Cohort
Population
Retrospective

Turkey
United States
Turkey
Japan
United States
Italy

139
82083
26
217
173
78

225
89582
26
19568
742

CAD patients
Renal transplanted
Myocardial perfusion defect
Congestive heart failure
Hospitalized

Cross-sectional
Case-control
Population cohort
Population

Germany
United States
United Kingdom
United States

21
292
4809
173

4033
290
71668
19568

Myocardial infarction
Myocardial infarction
Myocardial infarction

CAD (491), HCV 6.3%
vs control (195), 2%

CAD: Coronary artery disease; HCV: Hepatitis C virus.

Vassalle et al[14] showed that HCV infection was an independent predictor of angiographically-documented CAD
(adjusted OR = 4.2; 95%CI: 1.4-13.0). Similar results
were reported in another study conducted in patients
with CAD[37] and in a study on hemodialysed patients[38].
Two recent studies have further reinforced the possible
role of HCV in the development of cardiac diseases.
Maruyama et al[39] showed myocardial perfusion defects
in 87% of patients with chronic hepatitis C; of interest, such defects improved after viral eradication with
interferon treatment. Younossi et al[40], evaluated 19.741
United States subjects from the National Health and
Nutrition Examination Survey (NHANES), and showed
that chronic HCV infection was independently associated
with the presence of metabolic conditions, such as insulin resistance, type 2 diabetes mellitus and hypertension,
and with congestive heart failure.
Recently, we conducted a retrospective study including 78 HCV-positive patients compared to 742 HCVnegative subjects[41]. We observed higher ischemic heart
events in the HCV-positive patients than in the HCVnegative patients (22% vs 13%, respectively, P = 0.031).
In contrast to the above studies, several other studies did not show an association between HCV infection
and cardiac diseases, particularly myocardial infarction. In
this context, in a large study including subjects from the
NHANES database, Younossi et al[40] showed that chronic
HCV infection was independently associated with congestive heart failure, but not ischaemic heart disease.
Similarly, Arcari et al[17] and Maruyama et al[39] did not find
any association between HCV infection and myocardial
infarction. Völzke et al[16], in their study conducted in the
Pomeranian general population, Germany, enrolled 233
HCV-Ab positive cases and 4033 control individuals, and
did not show an association between HCV seropositivity
and cardiovascular diseases.
In conclusion, the findings from a consistent number
of studies which showed a strict association between
HCV infection and cardiac diseases are in conflict with
negative studies, which mainly addressed myocardial in-

the answer is not straightforward and involves different
levels of assessment. First, it is important to evaluate a
hard outcome, such as mortality related to cardiovascular
diseases in those with HCV infection, and next, studies
evaluating such an association need to be weighted.
Evidence for a significant excess of cardiovascular
mortality among anti-HCV positive subjects is provided
by a large study which assessed HCV-associated all-cause
mortality in the general United States population [32].
Moreover, a study conducted in the general population
showed that HCV infection was an independent predictor of cerebrovascular deaths and that such mortality was
correlated with serum HCV RNA levels[33]. Of importance, HCV clearance by interferon and ribavirin treatment significantly reduces non-liver-related mortality in
these patients[34]. The above data suggest a possible direct
impact of HCV infection on cardiovascular diseases.
HCV and cardiac diseases
In the last few years many studies have evaluated the association between HCV infection and atherosclerosis. Table
2 reports the main findings of these published papers.
Epidemiological and cohort studies have reported
conflicting results. Butt et al[35] conducted the largest epidemiological study (82083 HCV-infected and 89582 HCVuninfected subjects) in United States veterans over a 5-year
period. The data showed that HCV infected subjects had
a significantly higher prevalence of cardiac diseases (myocardial infarction, congestive heart failure, coronary artery
bypass grafting or coronary angioplasty) despite being
younger and having a more favourable cardiometabolic
risk profile. In contrast, Forde et al[36] in a retrospective
analysis which included HCV-infected and -uninfected
subjects in a United Kingdom general practice, failed to
show any difference in the incidence of myocardial infarction during a median observational period of 3.2 years.
However, as acknowledged by these authors[36], the nature
of the study, the outcome evaluated and the relative short
follow-up period may have affected the results.
In a case-control study, which included 686 patients,
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Table 3 Main characteristics of the studies which evaluated the association between hepatitis C virus and stroke
Type of study

Country

HCV+ (n )

HCV- (n )

Population retrospective
Population retrospective
Population cohort
Cohort retrospective
Cohort retrospective

United States
United States
Taiwan
Taiwan
Italy

21919
4094
2875
79

67109
16376
12450
741

Population retrospective

United States

173

19568

Ref.
Studies showing association
Forssen et al[42], 2009
Gutierrez et al[43], 2012
Liao et al[44], 2012
Hsu et al[45], 2013
Adinolfi et al[9], 2013
Studies showing no association
Younossi et al[40], 2013

Comment

NHANES (2005-2010)

Hospitalized
NHANES (1999-2010)

NHANES: National Health and Nutrition Examination Survey; HCV: Hepatitis C virus.

farction as the outcome. Accordingly, at present, due to
the different methodology and parameters evaluated, it
is difficult to draw definitive conclusions. Despite such
limitations, it seems reasonable to conclude that chronic
HCV infection appears to be linked with excess cardiovascular risk, except for myocardial infarction. Again, meta-analytic reviews and prospective studies are warranted.

tive individuals, 123 cases with stroke and 697 age- and
gender-matched controls. We found that the prevalence
of HCV was higher in cases with stroke than in the control group (26.8% vs 6.6%, P = 0.0001). Moreover, HCV
patients with stroke were younger and had lower risk factors and higher inflammation indices than HCV-negative
stroke patients. Multivariate analysis showed HCV infection to be an independent risk factor for stroke (OR =
2.04; 95%CI: 1.69-2.46, P = 0.0001).
Taken collectively, these data[41,42,44,45] suggest that
HCV infection increases the risk of stroke. Moreover, in
HCV patients, stroke occurs at younger age, irrespective
of sex and in subjects with lower risk of stroke/atherosclerosis such as lower cholesterol/triglyceride levels, and
lower prevalence of hypertension[41]. Finally, HCV viral
load appears to be associated with an increased risk of
mortality in patients with stroke[33].
A meta-analysis of the studies which evaluated
whether HCV infection was a risk factor for stroke has
been conducted[46]. The results suggested that HCV infection significantly increased the risk of stroke (OR =
1.97; 95%CI: 1.64-2.30). However, due to the relatively
low number of studies performed, the authors suggest
caution in the interpretation of the data and advocate
further studies to confirm the results[46].

HCV and stroke
In the last 5 years, six papers, reported in Table 3, were
published concerning the association between HCV and
stroke. In contrast to those previously reported studies on cardiovascular diseases, 5 out of these 6 reports
showed an association between HCV infection and ischemic stroke.
In a large retrospective population-based study, Forssen et al[42] showed an association between HCV infection and stroke (OR = 1.76; 95%CI: 1.23-2.52). This
report, however, was published in abstract form alone.
Similarly, another retrospective report published by Gutierrez et al[43] in abstract form, showed a close association
between HCV infection and stroke (OR = 9.61; 95%CI:
2.51-35.78) in subjects enrolled from the NHANES
cohort during 2005-2010. In contrast, in another retrospective study from the NHANES database, between
1999-2010, Younossi et al[40] were not able to demonstrate
an association between HCV infection and stroke. However, many confounding factors, such as gender, race, and
hypertension, were significantly different between the
HCV population and the control group. Therefore, heterogeneity may have generated unreliable results.
In a large prospective study conducted in Taiwan,
utilizing the Taiwan National Health Insurance Research
Database, Liao et al[44] demonstrated a strict association
between HCV infection and stroke (HR = 1.22; 95%CI:
1.13-1.40). Similarly, Hsu et al[45] showed that HCV infection was a risk factor for stroke (HR = 1.23; 95%CI:
1.06-1.42) in a large retrospective study including Taiwan
subjects from the Longitudinal Health Insurance database
2000. Of importance, these authors demonstrated that
an interferon-based therapy reduced the risk of stroke in
HCV patients[45].
We recently conducted a study with the aims of
evaluating the prevalence and role of HCV infection in
patients with stroke[41]. The study enrolled 820 consecu-
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HCV AND ATHEROSCLEROSIS:
PATHOGENIC MECHANISMS
The precise pathogenic mechanisms connecting HCV
infection, chronic liver disease, and atherogenesis are not
completely understood. Figure 1 depicts the potential
pathogenic factors involved. It is logical to hypothesize
that HCV may promote atherogenesis through several
direct and indirect biological mechanisms. Atherosclerotic plaques are widely recognized to develop and to
destabilize as a result of persistent inflammatory changes.
Chronic HCV infection is associated with both hepatic
and systemic inflammation, which is triggered by HCV
either directly or indirectly. Such inflammatory pathways
involve cytokines release and increased oxidative stress.
HCV RNA sequences have been isolated within carotid
plaques, supporting the hypothesis that HCV plays a
direct pro-atherogenic role by inducing arterial inflammation, likely via the pro-inflammatory cytokine interleukin
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Cryoglobulin
Pro-inflammatory
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IR diabetes
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Lipid peroxidation
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Adiponectine
Antioxidants

Oxidative stress
Living and
replicating within
plaque

Chronic local and systemic
inflammation

Cerebrovascular
disease

Cardiac
disease

Ischemic stroke

Atherosclerosis

Figure 1 Pathogenic mechanisms associated with the development of atherosclerosis in chronic hepatitis C infection. HCV: Hepatitis C virus; IR: Insulin
resistance.

1β[47]. In addition, HCV structural and non-structural
proteins play a major role in initiating and maintaining
chronic inflammation. HCV promotes an imbalanced T
helper (Th)1/Th2 cytokines ratio perturbing the equilibrium between cellular immunity, promoted and maintained by interleukin (IL)-2, TNF-α and interferon-γ,
and humoral immunity, sustained by IL-4, IL-5, IL-6
and IL-10[48]. Compared to HCV negative individuals,
patients with chronic HCV infection have been shown
to exhibit higher TNF-α levels which are associated with
an increased risk of heart failure and death[49]. Moreover,
an intermediate cardiovascular risk, higher levels of proinflammatory cytokines (IL-6 and TNF-α), and a higher
ratio of pro-inflammatory/anti-inflammatory cytokines
(TNF-α/IL-10 and IL-6/IL-10) have been reported in
non-obese, non-diabetic, HCV-infected patients than that
observed in the control group[50]. HCV-driven secretion
of inflammatory cytokines may contribute to the development of cardiovascular disease through several effector mechanisms, including enhanced synthesis of matrix
metalloproteinase-9, intracellular adhesion molecules, expression of anti-endothelium antibodies, and generation
of oxidative stress and insulin resistance.
The higher prevalence of atherosclerosis observed in
chronic HCV infection is correlated with liver steatosis[24],
a key feature of HCV infection which is associated with
several pro-atherogenic factors including inflammatory
cytokines, hyper-homocysteinaemia, hypo-adiponectinae-
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mia, insulin resistance, and components of the metabolic
syndrome[24].
Atherosclerosis in HCV patients is also associated
with liver fibrosis[23] which is an expected finding given
the tight association between steatosis and fibrosis in
those with chronic hepatitis C[9]. Histological hepatic
changes play a pivotal role in regulating local and systemic
inflammation through proteins secreted by the diseased
liver[4].
HCV is considered a metabolic virus and is associated
with metabolic disorders, in particular insulin resistance
and type 2, which are diabetes pro-atherogenic conditions.
HCV infection is associated with increased levels of
endotoxaemia, which promotes a strong inflammatory
reaction via TNF-α and toll-like receptors, which are
both able to induce a marked inflammatory reaction. Of
interest, HCV is also the agent causing mixed cryoglobulinaemia a paradigmatic vasculitic condition[4].
Based on the above considerations it is clear that
chronic HCV infection represents a condition directly
and indirectly promoting a milieu of pro-atherogenic
factors, mainly pro-inflammatory molecules, which trigger atherogenesis and favour its complications eventually leading to an increased prevalence of cardiovascular
diseases. A more detailed understanding of the complex
mechanisms underlying HCV-related inflammation and
atherogenesis is of key importance for the development
of novel therapeutic approaches targeting the different
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steps of the inflammatory response to prevent and treat
atherosclerosis in patients with chronic HCV infection.

10

CONCLUSION
The literature seems to support the view that chronic
HCV infection is a risk factor for atherosclerosis, the development of cardiovascular diseases and significant cardiovascular mortality. However, further well-conducted
studies are necessary to better assess the impact of HCV
on the different cardiovascular conditions, in particular
on myocardial infarction. The pathogenic mechanisms
should be further elucidated due to their potential impact
on the development of novel therapeutic approaches to
prevent and to treat cardiovascular complications in patients with chronic HCV infection.
Based on the evidence discussed in the present article,
we feel it reasonable to recommend to screen noninvasively for atherosclerosis all patients with chronic HCV
infection. Knowledge of the whole pathologic burden
will be of help in making a reasoned decision for the
management of chronic HCV infection. In this respect,
it is important to underline that existing data seem to
indicate that interferon-based treatment reduces the risk
of stroke and of cardiovascular-related mortality. Future
studies should clarify the full impact and the right timing
of antiviral treatment in preventing, improving or reversing HCV-related atherosclerosis.
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Adaptive immune response during hepatitis C virus
infection
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Joaquín Miquel, Cristian Perna, Eduardo Sanz-de-Villalobos
non-cytopathic viruses because of its ability to recognize infected cells and to destroy them by cytopathic
mechanisms and to eliminate the virus by non-cytolytic
machinery. HCV is able to impair this response by several means such as developing escape mutations in
neutralizing antibodies and in T cell receptor viral epitope recognition sites and inducing HCV-specific cytotoxic T cell anergy and deletion. To impair HCV-specific
T cell reactivity, HCV affects effector T cell regulation
by modulating T helper and Treg response and by
impairing the balance between positive and negative
co-stimulatory molecules and between pro- and antiapoptotic proteins. In this review, the role of adaptive
immune response in controlling HCV infection and the
HCV mechanisms to evade this response are reviewed.
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Core tip: In the last few years, the knowledge about
the role of adaptive immune response in hepatitis C
pathogenesis has increased exponentially. This review
summarizes our current understanding of the role of
antigen-specific responses in hepatitis C virus (HCV)
control and liver damage and discusses recent findings
that identify costimulatory molecules modulation, apoptosis induction and chemokine regulation as major HCV
mechanisms to evade immune control.

Abstract
Hepatitis C virus (HCV) infection affects about 170 million people worldwide and it is a major cause of liver
cirrhosis and hepatocellular carcinoma. HCV is a hepatotropic non-cytopathic virus able to persist in a great
percentage of infected hosts due to its ability to escape
from the immune control. Liver damage and disease
progression during HCV infection are driven by both
viral and host factors. Specifically, adaptive immune
response carries out an essential task in controlling
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negative co-stimulatory molecules and pro-apoptotic
factors to switch-off their activity, and a subsequent constriction in the specific T cell population is produced. After this event, a memory T cell population is maintained
for years to come to respond faster to a new infection
and in certain cases to keep under control occult viral infection[4].

http://www.wjgnet.com/1007-9327/full/v20/i13/3418.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i13.3418

INTRODUCTION
Hepatitis C virus (HCV) is a hepatotropic non-cytopathic
virus which is able to evade immune system efficiently as
mechanism to persist in infected hosts. To fight against
a viral infection the host displays two kinds of immune
responses, the innate and the adaptive immune response.
The innate response is the first immunological barrier
and it is essential in controlling cytopathic viruses but
not enough in non-cytopathic infections. This primary
response limits viral spreading but also acts as adaptive
response activator through antigen presentation to viral
specific cells. Adaptive response is the second line in the
immunological defense and it plays a major role in noncytopathic viral infections due to the ability of this kind
of infections to remain occult to the innate system. The
current knowledge about the role of the adaptive response role in viral control and pathogenesis during HCV
infection will be reviewed in the following paragraphs.

ADAPTIVE IMMUNE RESPONSE IN HCV
INFECTION
The definitive barrier to control HCV infection is the
adaptive immunity. This response has two arms to fight
against pathogens; humoral and cellular immune response. Humoral immune response that means neutralizing and non-neutralizing antibodies (Non-nAbs), can
endorse antiviral activity[5]. Cellular immune response
shows antiviral immunity by means of virus specific
CTLs and CD4 T helper cells, which play key effector
and regulatory roles respectively. These T cells take part
in viral clearing and pathogenesis of HCV by direct killing of infected cells or producing soluble factors that are
able to clear the virus in a non-cytolytic manner, it also
can lead to HCV pathogenic events, favoring direct liver
damage and attracting non-specific inflammatory cells to
perpetuate the liver inflammation[5].

GENERAL FEATURES OF ADAPTIVE
IMMUNE RESPONSE

Humoral immune response
nAbs generally play a critical role for controlling initial viremia and protecting from re-infection in viral infections.
However, the role of the humoral immune response in
the clearance of HCV infection is a controversial issue
and there are still gaps in the knowledge of the interplay
between HCV and nAbs. Antibodies generated during
acute infection may be targeted against epitopes within
structural and non-structural viral proteins; however,
the majority of nAb have been mapped to the envelope
glycoproteins E1 and E2[6].
HCV can be controlled in patients with hypogammaglobulinemia[7], suggesting this fact as a minor role for
nAb in HCV control. In this situation, HCV-specific T
cells may compensate for lack of neutralizing antibodies to obtain HCV clearance. Few studies supports the
idea that HCV clearance occurs mostly in the absence
of nAbs and these Abs alone are inadequate to eradicate
HCV[8-12]. therefore, these data also confer a minor role
to nAb in HCV control, although other studies propose,
at least in some cases, a more important role for nAb in
HCV clearing. In fact, there are also proofs supporting
a maior role of nAb to neutralize virus infectivity during acute infection. The earliest studies in chimpanzees
showed that hyperimmune serum agaist hypervariable
region-1 induced protection against homologous HCV
infection[13]. Evidence that nAb could protect from natural infection in humans arose form a cohort of women
accidentally exposed to the same HCV-strain. In this
cohort rapid induction of nAb during the early phase of
infection contributed to HCV control[14]. Therefore, rapid

Non-cytopathic viruses have developed evolutionary
mechanisms to remain hidden to the immune system,
which is an advantage for their persistence. They are
usually not highly infectious but produce long-lasting diseases that allow them to spread the infection over time.
The host/non-cytopathic-virus relationship is a dynamic
process in which the virus tries to decrease its visibility,
whereas the host attempts to prevent and eradicate infection with minimal collateral damage to itself[1].
To control non-cytopathic viral infections, the activation of the adaptive immune system, especially the
cellular immune response, is necessary (Figure 1). Naïve
specific CD4+ and CD8+ T cells are primed by dendritic
cells in the lymph nodes. Once these cells become activated, they change their phenotype into effector cells and
migrate to the infected tissue attracted by the chemokines
produced by the parenchymal cells. Primed specific CD4+
cells are essential to allow the adequate activation of
specific cytotoxic T cells by secretion of T helper (Th)-1
cytokines[2]. Subsequently, these specific cytotoxic T lymphocytes (CTL) play a major role in resolution of spontaneous infection because they are able to recognize the
infected cells and destroy them by cytolytic mechanisms.
On the other hand, they also produce type-1 cytokines
that eliminate the virus without tissue damage. Both
CD4+ and CD8+ cell activation depends on the engagement between T cell receptor and the Major Histocompatibility Complex (MHC)/epitope complex as well as
the interaction between co-stimulatory molecules with
their ligands and the adequate cytokine milieu[3]. When
these cells have finished their effector task, they express
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Figure 1 Hepatitis C virus-specific immune
response activation. Graph showing the priming
of naïve T cells by professional antigen-presenting cells in the lymph nodes after antigen up-take
in the liver. After specific-T cell activation, these
cells become effector T helper (Th) and cytotoxic
T cells (CTL) and they migrate into the liver. Th2
response regulates B cells while Th1 response
controls CTLs effector function. Specifc-CTLs are
able to destroy hepatitis C virus (HCV) by cytolytic and non-cytolytic mechanisms.
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Adaptive cellular response during acute HCV infection: Vigorous CD4+ and CD8+ T cell responses
targeting multiple HCV regions with intrahepatic production of interferon (IFN)-γ emerge in acute hepatitis C
infection[10,24-26]. The appearance of HCV-specific T cells
can be detectable in the peripheral blood or in the liver
compartment several weeks after infection in humans or
in experimental chimpanzee models[8,27], in association to
primary peak of transaminases. Moreover, HCV titer is
reduced when these cells start producing IFN-γ and correlates with transaminases level decrease[27] (Figure 2).
The protective function of CD4+ T cells appears to
be due to the production of antiviral cytokines, but also
due to their helping nature to antiviral B and CD8+ T
cells. The HCV clearance has been observed and correlated with vigorous proliferation of specific CD4+ T
cells[28,29] with concurrent interleukin (IL)-2 and IFN-γ
production[30,31]. The early, sustained development of
CD4+ T cell response needs to be successful for viral
clearance[31], whereas HCV-specific CD4+ T cell responses are not observed in chronic HCV infection. Moreover, the recurrent viremia has been correlated with loss
of previous strong CD4+ T cell responses after several
months of viral clearance[32,33]. CD4 help during acute
HCV infection is essential to develop a spontaneous recovery[34], since CTL priming in presence of CD4 help is
a critical factor in developing a protective response[31].
On the other hand, the magnitude of CD8+ T cells
response in acute HCV infection does not correlate with
the clinical or viral outcome[31,35,36]. Expression of a dysfunctional phenotype with weak proliferation, IFN-γ production, cytotoxicity and increased levels of well known
exhausted phenotype- programmed death-1 receptor
(PD-1) are found in HCV infection, irrespective of infection progression[37-41]. Antigen-dependent reactivity
of HCV-specific CD8+ T cells has been proved during
the early phase of acute infection associated with sub-

induction of nAb early during infection is associated with
spontaneous recovery and these antibodies appear to be
more cross-neutralizing[15]. Nevertheless, these nAb are
not detected in most of acute infections, while delayed
appearance of high titer cross reactive nAbs in chronically infected patients suggests that selective mechanisms
may operate to prevent the appearance of these Abs
during acute infection[11]. Perhaps, the long-term persistence of these nAbs in chronically infected patients may
regulate viral replication. In any case, delayed and inefficient neutralizing antibody response during chronic infection induces HCV escape mutations at Abs recognition
sites[16], causing the selection of viral mutants.
Moreover, it has been proposed that HCV stimulates
B cells in a B cell receptor-independent manner during
chronic infection[17] and may favor the development of
lymphoproliferative and autoimmune diseases[5]. Immune
complexes induced during HCV infection are believed
to play a pathogenetic role in the development of manifestations such as cryoglobulinemia, glomerulonephritis,
porphyria cutanea tarda, and necrotizing cutaneous vasculitis[18-20].
Cellular immune response
A strong, multispecific and long-lasting T-cell immune response plays an important role for control of viral infection[8,21]. This efficient response has been observed both
in patients as well as experimental models controlling
HCV infection[10,12]. Efficiency of antiviral CTL response
depends on where these cells are primed. Efficient antiviral CTL response is observed when it is primed in lymphoid organs, whereas within the liver, priming tends to
induce T cell inactivation, tolerance or apoptosis[5]. Effector T cells fail to control persistant HCV due to multiple
causes, such as: HCV escape mutation at T cell receptor
recognition site, immunosuppressive effects exertion,
Tregs induction, or T effector exhaustion or deletion[22-24].
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Figure 2 Cytolytic and non-cytolytic mechanisms
to eliminate hepatitis C virus by specific cytotoxic T cells. Scheme showing the hepatitis C virus
(HCV) viral load and alanine-amminotransferase
(ALT) dynamics after acute HCV infection in relation
to appearance of HCV-specific cytotoxic T cells and
gamma-interferon secretion. Once HCV-specific cytotoxic T cells are detectable an ALT peak is observed,
while when gamma interferon is secreted HCV titers
decreased and ALT value becomes normal. CTL: Cytotoxic T lymphocyte.
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Figure 3 Scheme showing the hepatitis C virus strategies to escape from hepatitis C virus-specific cytotoxic T cells control. Hepatitis C virus (HCV) modulates the balance between positive and negative co-stimulatory molecules, between pro- and anti-apoptotic molecules, and between Th and Treg cells and develops
escape mutations at TCR recognition site. PD-1: Programmed cell death protein 1; CTLA-4: Cytotoxic T-lymphocyte antigen 4; BTLA: B- and T-lymphocyte attenuator;
Tim-3: T-cell immunoglobulin domain and mucin domain 3; ICOS: Inducible T-cell Costimulator; GITR: Glucocorticoid induced tumor necrosis factor receptor family
related gene; Bim: Bcl-2-interacting mediator; Mcl-1: Myeloid leukemia cell differentiation protein; (-) inhibition; (+) induction.

sequent rapid decay of CD8+ T cell responses in treatment responders, when these patients were submitted to
antiviral therapy[42]. However, the development of selfsustaining memory T cells (CD127+ HCV-specific CD8+
T and CD4+ T cells) are associated with HCV infection
control[10,24,31]. In fact, years following sustained virologic
response after anti-HCV treatment; it is possible to find
HCV traces in association with HCV-specific T cell reactivity. These data suggest that HCV-specific memory T
cells are essential to control HCV reservoirs completely
in treated patients after the initial treatment induced viral
control[43].

persistence are the appearance of rapid HCV escape mutations[45,46], T cell exhaustion[47], and deletion[48], immune
regulatory cytokines secretion[49] and immune modulatory
T reg cell induction[50] (Figures 3 and 4).
HCV polymerase has high replication rate and lack of
proof-reading capacity, which permits a rapid viral escape
from emerging humoral and cellular immune responses,
leading to persistent infection[45,51]. Mutation development
in MHC class I restricted epitopes targeted by CD8+ T
cells are associated with persistence[52,53], which proved indirectly that MHC-restricted CD8+ T cells exert selection
pressure. Selection of viral escape mutations could occur
early in acute infection and remained fixed thereafter,
indicating that viral escape may indeed be a premature
causative mechanism of CD8+ T cell failure and viral
persistence[54,55]. Furthermore, the MHC alleles can influence infection outcome; protective T cell responses target
epitopes that can not allow escape mutations due to high

Adaptive cellular response during chronic HCV
infection: Patients controlling HCV infection exhibit
broader CTL responses with higher functional avidity
and wider cross-recognition ability than patients with
persistent HCV infection[44]. The main reasons for HCV
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costs for viral replicative fitness[56-59]. In fact, there is an
association between expression of some MHC classⅠ molecules, such as HLA-B27, and protection following
HCV infection. This is explained because mutations in
immunodominant epitopes recognized by these MHC
class-Ⅰ molecules lead to substantial viral loss of fitness
or because a cluster of mutations is needed to impair T
cell recognition.
The secretion of certain immune-regulatory cytokines
is also related with HCV persistence. IL-10 cytokine is
found to increase in chronic HCV infection[60]. In chronic
HCV patients, the suppression of IFN-γ production and
proliferation of virus-specific CD4+ and CD8+ T cells
have been observed in livers with IL-10-producing HCVspecific CD8+ T cells[61]. IL-10 produced by monocytes
or natural killer (NK) cells also downregulates effector T
cell responses. For instance, monocytes secrete IL-10 in
response to HCV core-mediated Toll like receptor (TLR)
2 stimulation, in vitro[62]. IL-10 producing HCV-specific
CD8+ T cells inhibit IFN-α production[63], but also promote apoptosis of plasmocytoid dendritic cells[62]. In addition, intrahepatic HCV-specific IL-10 producing CD8+
T cells prevent liver damage during chronic infection[64].
Moreover, tumor growth factor (TGF)-β is also involved
in antiviral immune suppression and chronic HCV infection evolution[49]. Finally, HCV infection can also shift the
ratio between T cell-sustaing cytokines such as IL-2[65]. To
sum up these data, regulatory cytokines such as IL-10 or
TGF-β develop a dual task. First of all, they impair T cell
responses to allow viral persistence but also decrease liver
damage to extend host survival.
Regulatory T cells (Tregs) are important to control
the balance between host damage and viral control produced by specific immune response. In cases of excessive
immune response that could be harmful for the host,
these cells can induce immune-tolerance to the viral
epitopes. The T cell subset with suppressive function,
CD4+ CD25+ FoxP3+ regulatory T (Treg) cells, engages
in the control of auto-immunity and immune responses
through various mechanisms including the inhibition of
antigen presenting cell maturation and T-cell activation[66].
HCV infection increases the frequency of Treg cells and
the extent of suppression irrespective of the outcome
of the infection[67]. However, higher Tregs frequency has
been observed in chronic HCV infected patients than in
resolved cases[50,68-70]. Interestingly, depletion of CD25+
cells enhance in vitro responsiveness of the remaining
HCV-specific effector cells[50,68,69], which suggests a fundamental role of Tregs in the establishment of chronic
HCV infection. Moreover, Treg cells are induced and
proliferated in chronic HCV infection and appeared
to alter liver inflammation[70]. Conversely, Programmed
Death Ligand-1 mediated inhibition limits the expansion of Tregs by controlling STAT-5 phosphorylation
(pSTAT-5)[71], which can diminish suppressive function
of Tregs, leading to viral load control and ultimately ensuring long-lasting host survival.
On the other hand, HCV is able to induce the upregulation of different negative co-stimulatory molecules
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in order to provoke an anergic status on HCV-specific T
cells. These effector cells are featured by their inability
to kill infected hepatocytes, and by the impairment of
proliferation and production of type-1 cytokines after antigen recognition. These features are more intense in the
intrahepatic comparment due to the higher antigenemia
and the tolerogenic hepatic enviorment[72]. Overall, T cell
exhaustion follows a predictable pattern. T cells that undergo exhaustion first lose their capacity to produce IL-2,
a cytokine that supports proliferation. IL-2 is predominantly produced by CD4+ T cells, whereas CD8+ T cells
produce little IL-2 themselves and depend on CD4+ T
cell help. This is followed by sequential loss of cytotoxicity and TNF-α and IFN-γ production[73].
PD-1 is one of that molecules involved in the generation of a state of exhaustion on HCV-specific CD8+ T
cells during chronic HCV infection[74]. Importance of
PD-1 expression on HCV-specific T cell effector dysfunction has been described[75-77]. In addition, blocking
of PD-1 signaling results in the functional restoration
of blood-derived HCV-specific CD8+ T cell responses in
chronic infection[47,77]. However, to restore function of
more exhausted HCV-specific T cells isolated from liver
biopsies of infected patients, there is need of Cytotoxic
T-Lymphocyte Antigen 4 (CTLA4) blockade in addition
to PD-1 blockade[78]. On top of this, the co-expression
of other inhibitory receptors, besides PD-1 and CTLA-4,
such as 2B4, CD160, KLRG1[79] and, T cell immunoglobulin and mucin domain containing molecule 3 (Tim-3)[80]
occurred in about half of HCV-specific CD8+ T cell
responses and correlate with low or intermediate level
of CD127 expression, impaired proliferative capacity, an
intermediate T cell differentiation stage[81] (Figures 3 and
4). These data indicate that HCV infection modulates
different negative co-stimulatory molecules to favor the
development of HCV-specific CD8+ T cell exhaustion.
On the other hand, HCV infection is also able to regulate
pro-apoptotic pathways to induce HCV-specific T cell
deletion, in order to escape from immune response[82]
(Figures 3 and 4). HCV-specific CTLs from chronic patients targeting the virus express an exhausted phenotype
associated to the up-regulation of the pro-apoptotic
molecule Bcl-2-interacting mediator (Bim) and downregulation of induced myeloid leukemia cell differentiation protein (Mcl-1). Bim activity is blocked by the antiapoptotic molecule Mcl-1. The reactivity of these cells is
impaired due to the imbalance between Mcl-1 and Bim
during chronic infection but can be restored by blocking
apoptosis[48,75] (Figures 3 and 4). In Table 1 the phenotype
and reactivity of peripheral HCV-specific CTLs according to viral control after modulating apoptosis and different co-stimulatory molecules is summarized.
Persistent HCV infection also affects CD4+ T cell
responses but can be only partially restored by PD-1/
PD-L1 blockade or by antigen removal[83,84]. In chronic
HCV infection, NK cells develop a regulatory function
against CD4+ T cells that may be involved in the antigenspecific defective T helper immunity[85,86].
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Table 1 Summary of the phenotypic and functional features of hepatitis C virus-specific CD8 cells according to hepatitis C virus
control directly ex vivo and after different in vitro treatments
PD-1

ex vivo
Persistent infection
PBMC
(+)
IHMC
(++)
Resolved infection
PBMC
(-)

CD127

Mcl-1

1

Expansion

Expansion
2
(αPD-L1)

Expansion
(zVAD3
fmk)

Expansion
(αPD-L1 and
4
αCTLA-4)

Expansion
(αPD-L1 and
5
α41BB)

Low/high

Impaired
Impaired

Restored

Restored

Restored
Restored

Restored
Impaired

Low/low

Positive

Positive

Positive

Bim

ex vivo

ex vivo /after TCR

ex vivo /after TCR

(-)
(-)

Low/low

(++)

High/low

triggering

triggering

(-) Low expression; (+) Intermediate expression; (++) High expression. Expansion: proliferation after specific in vitro challenge 1without any other treatment;
2
in presence of anti-PD-L1 mAb; 3blocking apoptosis after treatment with z-VAD-fmk, in presence of anti-PD-L1 mAb and anti-CTLA4 mAb4 and adding
anti-PD-L1 mAb plus stimulating anti-41BB mAb5. PBMC: Peripheral blood mononuclear cells; IHMC: Intrahepatic mononuclear cells[47,48,75,76,78,105]. Bim: Bcl2-interacting mediator; CTLA4: Cytotoxic T-Lymphocyte Antigen 4.

hepatitis, an intrahepatic enrichment of CCR5 and CXCR3
expressing T cells, located in hepatic lobule and portal
tracts has been shown, while these populations are very
infrequent in uninfected subjects[95] (Figure 5).
Persistent HCV infection is characterized by a nonspecific inflammatory infiltrate in the liver, mainly of
CD8+ cells[96], responsible for liver damage. These cells
are attracted by the interaction between the intrahepatic
secreted chemokines and the chemokine receptors expressed on T cells. Actually, previous reports have shown
a correlation between liver inflammation and liver infiltrating CXCR3/CCR5 expressing T cells. The frequency
of these cells was positively correlated with portal and
lobular inflammation. These data suggest that CCR5 and
CXCR3 could play an important role in chronic liver
damage by means of inflammatory T cells recruitment
into the liver. Obviously, several previous studies have
also shown a correlation between liver inflammation and
chemokine levels. Intrahepatic CXCL10 mRNA levels
are associated with intralobular inflammation[97] and also
CXCL9 and CXCL11 correlate with the grade of liver
inflammation[98]. Furthermore, CC chemokines are also
correlated with the intrahepatic inflammatory activity[99].
Clearly, intrahepatic CCL5 level correlates with the inflammatory activity but not with liver fibrosis. Bearing in
mind all the previous data, it is possible to speculate that
chemokines are secreted in the infected liver to attract an
adaptive immune response able to clear the virus. Unfortunately, when the specific response fails, these chemokines also attract non-specific inflammatory cells, which
are not able to remove the virus but produce by-standard
liver inflammation. Therefore, as chemokines are nonspecific chemoattractants, intrahepatic inflammatory infiltrate during chronic infection is mainly non-virus-specific
and consequently unable to eliminate the infection, but
able to produce cytokines capable of initiating and perpetuating hepatic damage and fibrogenesis[95, 100, 101] (Figure 6).

ACCEPTED MODEL OF HCV
PATHOGENESIS
As previously commented, specific CTLs play a central
role in HCV immunopathogenesis. These cells are not
only able to kill some infected hepatocytes inducing a
minor liver damage, but also they secrete type-I cytokines
responsible for non-cytopathic virus clearing. To attract
these cells into the liver, the infected hepatocytes secrete
different chemokines. The migration of lymphocytes to
the liver is a complex process including adhesion, rolling,
and transendothelial migration. Chemokines and their receptors play an essential role in this multistep pathway[87].
During primo infection, when the adaptive immune
system is not able to control infection, the infected hepatocytes continue secreting chemokines to try to attract
more defensive cells. In viral chronic hepatitis, the expression of different chemokines in the liver has been described. CXCL-10 is increased in the liver and peripheral
blood during chronic viral hepatitis[88,89]. This molecule is
produced by hepatocytes and sinusoidal endothelial cells.
Moreover, CXCL9 and CXCL11 are also increased in
serum and liver of subjects with chronic viral hepatitis[90].
CXCL9 is detected primarily on sinusoidal endothelial
cells, while CXCL-11 is produced mainly by hepatocytes[91]. CCL5 intrahepatic expression is also elevated in
viral chronic hepatitis and is produced by hepatocytes,
sinusoidal endothelial cells and biliary epithelium. Finally,
several studies have reported an increased level of CCL3
and CCL4 either in the liver or in serum. These molecules
are detected on endothelial cells, on some hepatocytes
and biliary epithelial cells[92]. The expression of all these
chemokines in the liver can be induced directly by viral
proteins. Previous reports have shown a high hepatocyte
synthesis of CXCL10, CXCL9 and CCL5, induced by
some HCV proteins such as NS5A and core[93], although a
recent in vitro study suggests that HCV proteins could also
decrease CCL5 and CXCL10 genes expression[94]. All these
chemokines recruit T cells with a Th1/Tc1 phenotype, expressing specific chemokine receptors such as CCR5 and
CXCR3. The non-ELR-CXC chemokine attracts CXCR3
expressing T cells while CC chemokine attract CCR5 expressing T cells to the liver. Consequently, in viral chronic
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STRATEGIES TO RESTORE ADAPTIVE
IMMUNE RESPONSE IN HCV INFECTION
Taking into account that specific T cell responses are essential to control HCV during natural immune response,
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Figure 5 Chemokine receptor expression of liver infiltrating CD8 T cells according to liver damage. Immunohistochemical CD8 staining of liver samples from
patients with different degree of liver inflammation. CCR5 and CXCR3 expression on CD8 T cells from those samples was studied by FACS® analysis after staining
with the appropriate mAbs. A positive correlation between CCR5 and CXCR3 expression on intrahepatic total CD8+ T cells and liver inflammation was observed. LA:
Lobular activity; PPA: Peri-portal activity according to Metavir Index.
Efficient specific immune response

Inefficient specific immune response

Viral persistence

Viral control

Memory T cells patrolling the liver

Viral control without liver damage

Massive infiltration by non-specific mononuclear
cells recruited by intrahepatic chemokines

Viral persistence and liver damage

Specific CTL

Non specific CTL

HCV

Figure 6 Scheme showing the role of T cell intrahepatic recruitment according to the degree of liver damage and viral control. In resolved hepatitis C virus
(HCV) infection an adequate effector T cell response is attracted to the liver to clear the virus. After that, a memory T cell population is continuously patrolling the liver
to keep under control viral traces. Nevertheless, in persistent infection, after HCV-specific T cell failure to control infection, a non-specific inflammatory infiltrate is sequestered into the liver, responsible of the persistent liver damage. CTL: Cytotoxic T lymphocytes.
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several studies have been performed to analyze the role
of different therapeutic approaches on T cell response
to know whether it is possible to reverse dysfunction of
these cells. One possible mechanism to restore T cell
function could be to decrease exhaustion by viral load
reduction. During HCV infection, a clear HCV-specific
cytotoxic T cell response restoration during anti-HCV
therapy has not been shown, as could be expected after
treatment induced HCV load decrease[102,103], although
specific T helper response restoration in sustained viral
responders has been described[104]. Nevertheless, patients
presenting a better HCV-specific CD8 cell proliferative
potential at baseline, are more likely to present a rapid
and sustained viral response. Therefore, currently there
are contradictory data about the effect of HCV titter reduction on specific T cell response during chronic hepatitis treatment.
In any case, several pre-clinical studies using different
strategies have been performed to try to restore HCVspecific responses in vitro. Modulation of co-stimulatory
molecules (Table 1), in addition to blocking immunosuppressive cytokines could be promising strategies to restore
an effective T cell response. The blockade of negative
co-stimulatory molecules, such as PD-1, CTLA-4, Tim-3,
has shown in vitro to increase specific-T cell reactivity.
This strategy can be combined with the stimulation of
positive co-stimulatory molecules such as 4-1BB[105]. Finally, after restoring a T cell response could be necessary
to boost that response using a therapeutic vaccine[106].
Moreover, redirecting CD8+ T cells to recognize HCVepitopes by HCV-specific Vβ and Vα T cell receptor
gene transduction has been demonstrated in vitro and it
could be a future strategy to induce a new HCV-specific
T cell population in chronic patients with deletion of
these responses[107]. Although all these results seem to be
quite promising, the blockade of negative co-stimulatory
pathways, stimulation of positive ones and generation
of new specific T cells could lead to the development of
autoimmune or lymphoproliferative diseases, which could
prevent the use of this strategy as a therapeutic tool in
humans in the near future. Therefore, more research is
necessary in this field before these strategies are suitable
for the treatment of chronic viral infections[75,78,106].

inflammatory infiltrate is attracted to the liver which is
responsible for the persistent low-grade liver damage,
allowing the generation of liver fibrosis and disease progression.
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Tools for the diagnosis of hepatitis C virus infection and
hepatic fibrosis staging
Verónica Saludes, Victoria González, Ramon Planas, Lurdes Matas, Vicente Ausina, Elisa Martró
therapy, but many infected individuals are unaware of
their status. Effective HCV screening, fast diagnosis and
characterization, and hepatic fibrosis staging are highly
relevant for controlling transmission, treating infected
patients and, consequently, avoiding end-stage liver
disease. Exposure to HCV can be determined with high
sensitivity and specificity with currently available third
generation serology assays. Additionally, the use of
point-of-care tests can increase HCV screening opportunities. However, active HCV infection must be confirmed
by direct diagnosis methods. Additionally, HCV genotyping is required prior to starting any treatment. Increasingly, high-volume clinical laboratories use different
types of automated platforms, which have simplified
sample processing, reduced hands-on-time, minimized
contamination risks and human error and ensured full
traceability of results. Significant advances have also
been made in the field of fibrosis stage assessment
with the development of non-invasive methods, such
as imaging techniques and serum-based tests. However, no single test is currently available that is able
to completely replace liver biopsy. This review focuses
on approved commercial tools used to diagnose HCV
infection and the recommended hepatic fibrosis staging
tests.
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Core tip: About 150 million people are chronically infected with hepatitis C virus (HCV) worldwide, making
them at risk for cirrhosis, hepatocellular carcinoma and
end-stage liver disease. Recent advances in hepatitis C
therapy may bring the opportunity of eradicating this
infection. However, ongoing HCV transmission, under-

Abstract
Hepatitis C virus (HCV) infection represents a major public health issue. Hepatitis C can be cured by
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patients have higher response rates to antiviral treatment
than those with an established chronic infection. Thus,
effective screening and fast diagnosis of HCV are highly
relevant steps in preventing disease progression and virus
spread, since they allow infected persons to be identified
and treated. We discuss the assays approved for in vitro
diagnostics in the following sections.

diagnosis of HCV-infected persons, and difficulties in accessing treatment remain great challenges that require
public health responses. In this review, we focus on diagnostic methods used to control HCV infection, including laboratory and point-of-care tests. We also discuss
available non-invasive methods to assess liver fibrosis,
as the severity of liver disease has important implications in the prognosis and treatment of hepatitis C.

TOOLS FOR THE DIAGNOSIS AND
MANAGEMENT OF HCV INFECTION

Saludes V, González V, Planas R, Matas L, Ausina V, Martró E.
Tools for the diagnosis of hepatitis C virus infection and hepatic
fibrosis staging. World J Gastroenterol 2014; 20(13): 3431-3442
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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Two major types of assays have been developed to diagnose and manage HCV infection: those that detect HCVspecific antibodies that are used to indirectly diagnose
infection, and those that detect viral components (e.g., the
core antigen or the viral genome) that are used to directly
diagnose hepatitis C and manage HCV infected patients.

INTRODUCTION

Indirect diagnosis
Serologic assays detect HCV-specific total antibodies
(IgM and IgG) and are used to screen and diagnose HCV
exposure. However, these assays do not discriminate between active and resolved infections.

HCV is an enveloped, single-strand RNA virus that belongs to the Flaviviridae family. Its genome of approximately 9.6 kb contains a single open reading frame that
encodes for three structural (core, E1 and E2) and seven
non-structural proteins (p7, NS2, NS3, NS4A, NS4B,
NS5A and NS5B) and is flanked by untranslated regions
(UTR)[1]. The HCV genome exhibits significant genetic
variability, which has lead to its classification into seven
genotypes and multiple subtypes within each genotype[2,3].
While genotypes 1, 2 and 3 are distributed worldwide, the
prevalence of HCV genotypes and subtypes varies geographically according to transmission route and ethnicity[4].
Hepatitis C virus (HCV) has a seroprevalence of 2.8%
(over 185 million people) worldwide, making it the major
causative agent of chronic liver disease, cirrhosis and
hepatocellular carcinoma[5,6]. Although acute HCV infection can be spontaneously cleared, it leads to a chronic
infection in the majority of persons. Given the asymptomatic nature of a high proportion of acute and chronic
HCV infections, unrecognized infection is a global public
health problem that should be promptly addressed using
appropriate screening strategies and diagnostic assays.
Serological and molecular markers of HCV infection are
key to correctly diagnose past exposure versus active infection, and acute versus chronic infection, as well as to
assess treatment indication.
Pegylated-interferon alpha (PegIFN-α) and ribavirin
(RBV) combination therapy is the current standard of
care for treating chronic hepatitis C by non-1 genotypes.
A triple therapy that also contains an HCV-specific protease inhibitor has recently been approved to treat chronic
infection by HCV genotype 1 in many countries around
the world[7]. Over the past decade, HCV genotyping assays have been improved and ultrasensitive quantitative
molecular assays have been developed. These technical
improvements are mainly due to changes in the treatment
algorithms and the use of response-guided therapy, which
is based on how rapidly HCV responds to treatment
(“on-treatment virologic response”). Acutely infected
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Screening assays: Since 1989, when HCV was discovered and its immunodominant epitopes were identified,
HCV infection has been mainly diagnosed by detecting HCV antibodies from serum samples using enzyme
immunoassays (EIA). Over time, serologic assays have
evolved, and current third-generation assays now include
multiple recombinant HCV antigens from the core, NS3,
NS4 and NS5 regions. This has resulted in the reduction
of the window period and in an overall improved detection of patients exposed to HCV (with excellent sensitivity
and specificity)[8].
Currently, immunoassays can be fully automated using high-throughput, random access instruments that are
widely used in clinical laboratories. Characteristics of the
most commonly used assays are summarized in Table 1.
Most of these are chemiluminescence immunoassays,
which have improved the specificity and positive predictive value (PPV) of conventional EIAs[9]. Briefly, HCV
antigens are immobilized on different types of solid
phases (microwell, magnetic and paramagnetic particles).
The presence of HCV-specific antibodies in the clinical specimen is then detected with a conjugate antibody
(anti-human IgG labeled with acridinium or horseradish
peroxidase) that catalyzes the oxidation of a luminol, producing light. The light signal is measured by the system
and then normalized relative to the cut-off value [signal/
cut-off (S/CO)] or as relative lights units[9,10].
Anti-HCV assays have several disadvantages, including: (1) the prolonged duration of the window period
between the time of infection and the detection of HCV
antibodies (approximately 45-68 d)[11]; (2) the low PPV
in low-risk populations (as false-positive results may
result from the presence of multiple circulating immunoglobulins that can interact non-specifically with HCV
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Table 1 Main commercial immunoassays to detect anti-hepatitis C virus antibodies approved for in vitro diagnostics
Analyzer and manufacturer

Assay
principle

Architect i2000SR, Abbott
Laboratories
AxSYM, Abbott Laboratories

CMIA

LiaisonXL, DiaSorin

CLIA

VITROS ECi, VITROS 3600,
Ortho-Clinical Diagnostics
Elecsys, Roche Diagnostics

CLIA

ADVIA Centaur, Siemens

MEIA

ECLIA
CLIA

Solid phase

HCV antigens

Paramagnetic HCr43 (Core and NS3), c100-3
particles
(NS4A)
Paramagnetic
HCr43 (Core), c200 (NS3),
particles
c100-3 (NS4A)
Paramagnetic
Core, NS3, NS4
particles
Microwell
c22-3 (Core), c200 (NS3 and
NS4), NS5
Paramagnetic
Core, NS3, NS4
particles
Magnetic
c22-3 (Core), NS3, c200, NS5
particles

Reaction sample
volume (μL)

Time of
reaction (min)

IVD
registration

20

20

FDA, CE

33

30

FDA, CE

25

46

CE

20

55

FDA, CE

40

18

FDA, CE

10

58

FDA, CE

IVD: Certified as in vitro diagnostic test or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States
of America); ECLIA: Electrochemiluminescence immunoassay; CMIA: Chemiluminescent microparticle immunoassay; CLIA: Chemiluminescence
immunoassay; HCV: Hepatitis C viru; MEIA: Microparticle capture enzyme immunoassay.

antigens); and (3) the possibility of false-negative results
in immune-compromised persons or in those who are
undergoing haemodialysis due to an inadequate antibody
response. Furthermore, all available assays have a gray
zone from which results are not interpretable. In cases
with uninterpretable results, the sample should be centrifuged to completely remove all cells, cellular debris and
fibrin, and the assay should be repeated in duplicate to
verify its status. If the results of the duplicated repetition are below the assay cut-off for both replicates, the
sample should be considered negative. If either duplicate
retest result is above or equal to the cut-off, the sample
should be tested by supplementary assays to confirm the
result.

and molecular assays to detect HCV infection have to be
carried out in a laboratory, which forces patients to return
for their results. Improving this by obtaining the results
during the patient’s visit has lead to the development of
simple, rapid and non-instrumented point-of-care tests
(POCTs). POCTs also make it possible to test for HCV
outside of clinical settings in hard-to-reach, high-risk
populations, such as injecting drug users (IDU), which
are unlikely to be screened following conventional testing[12]. POCT technologies have been successfully used to
detect human immunodeficiency virus (HIV) infections[13]
and may be useful in addressing the problem of underdiagnosis of HCV infection.
Several POCTs have been developed to detect HCVspecific antibodies with a relatively high sensitivity and
specificity[14]. However, results from such tests should
be interpreted with caution, as population-selection biases and the use of different reference standards used to
ascertain true disease status could influence test performances. The only test currently approved by the FDA
is the OraQuick HCV Rapid assay (OraSure). This test
detects HCV antibodies in fingerstick and venipuncture
whole blood, serum, plasma, or oral fluid specimens by
an indirect lateral flow immunoassay. Core, NS3 and NS4
antigens are immobilized on a nitrocellulose membrane,
and the results are directly visualized using colloidal gold
labeled with protein A, which generates a reddish-purple
line within 20 min in the presence of HCV-specific antibodies. This test showed a sensitivity of 97.8%-99.3%,
and a specificity of 99.5%-99.6%, in serum specimens
from a population of IDU, depending on the reference
standard used[15]. A sensitivity of 83.3% was observed
from oral fluids[16]. In another study, the sensitivity varied
between 98.1% (oral fluid) and 99.9% (plasma or serum),
with a specificity between 99.6% (oral fluid) and 99.9%
(blood, plasma or serum), in a population of individuals
who were symptomatic for hepatitis or asymptomatic for
hepatitis but with risk factors for HCV infection (mostly
IDU and their sex partners, incarcerated individuals and

Confirmatory assays: Recombinant immunoblot assays
(RIBA) can be used to confirm the presence of HCVspecific antibodies for individuals who have tested positive by EIA, especially when screening populations with
a low prevalence of HCV infection. This assay is highly
specific, as the presence of antibodies against each of
several HCV proteins is assessed as individual bands on a
membrane strip.
The CHIRON® RIBA® HCV 3.0 SIA assay, which
was previously cleared by the United States Food and
Drug Administration (FDA), has been recently discontinued. The INNO-LIA™ HCV Score (Fujirebio) assay
is CE-marked and can be automated on the Auto-LIA 48
instrument. This assay includes recombinant proteins and
synthetic peptides from the E2 hypervariable region, the
helicase (NS3), and the NS4A, NS4B and NS5A regions.
However, a main problem of RIBA is the occurrence
of indeterminate results, especially in those specimens
with grey-zone results in the screening assays. Currently,
this assay has been substituted as a confirmatory test by
widely-used molecular techniques, which can additionally
distinguish between active and resolved infections.
Rapid, point-of-care screening tests: Both serologic
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Table 2 Hepatitis C virus-RNA qualitative assays approved for in vitro diagnostics
Assay and manufacturer

Method

Reaction sample
Lower limit of
volume (μL)
detection (IU/mL)

Instrumentation for automated processing

IVD
registration
CE, FDA,
Japan,
Canada
CE, FDA,
Canada

COBAS® AMPLICOR HCV Test RT-PCR
v2.0, Roche Molecular Systems

500

50 (plasma)
60 (serum)

COBAS® AMPLICOR® Analyzer (amplification and
detection)

COBAS® AmpliPrep/COBAS®
AMPLICOR HCV Test v2.0,
Roche Molecular Systems
COBAS® AmpliPrep/COBAS®
TaqMan® HCV Qualitative
Test v2.0, Roche Molecular
Systems
APTIMA HCV RNA
Qualitative Assay1,
Hologic - Gen-Probe
VERSANT® HCV RNA
Qualitative Assay, Siemens

RT-PCR

250

50 (plasma)
60 (serum)

COBAS® AmpliPrep (extraction), COBAS® AMPLICOR®
Analyzer (amplification and detection)

Real-time
RT-PCR

650

15

CE, FDA

TMA

500

5.3

Fully automated: cobas p 630 Instrument (primary tube
handling), COBAS® AmpliPrep (extraction and MM
setup), COBAS® TaqMan® Analyzer or the COBAS®
TaqMan® 48 Analyzer (amplification and detection)
Not automated. PANTHER System’s functionality
currently in development

TMA

50

5.3

TMA modules (TCS, luminometer HC+, etc.)

CE, FDA

FDA

1

The performance of this assay has not been demonstrated for monitoring hepatitis C virus (HCV) infected patients. IVD: Certified as in vitro diagnostic test
or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States of America); RT-PCR: Reverse transcriptionpolymerase chain reaction; MM: Master mix.

antibody window period[24]; and (3) to identify HCV infection in seronegative individuals at high risk for HCV
infection, such as in hemodialysis patients[25]. Several
studies have suggested that quantification of the Core
antigen could be used to monitor the response to IFN-α
plus RBV therapy in chronically infected patients[26-28].
Currently, Core antigen detection can be fully automated
in the Architect HCV Core antigen test (Abbott Laboratories)[22]. Although this assay is not sensitive enough
to replace HCR-RNA testing for treatment monitoring
according to the current clinical practice guidelines, it
could be used as a supplemental test in resource-constrained settings[28].
Several combination assays that detect both HCV
antibodies and Core antigen have been developed. Currently, the MONOLISA™ HCV Ag-Ab ULTRA (BioRad) is a CE-marked microtiter-based assay that, despite
not being as sensitive as the HCV antigen-specific assays,
improves the detection of HCV infection within the window period of antibody assays[29].

individuals with other sexually-transmitted diseases, including HIV)[17]. Additional studies would be required to
assess: (1) the performance of this test in populations
with a lower HCV prevalence; (2) the effect of the HCV
genotype on the test results; and (3) the influence of HIV
coinfection on the test accuracy. Further studies are also
required to determine the cost-effectiveness of POCT
testing in resource-limited countries with high HCV
prevalence.
Recently, the Home Access® Hepatitis C test system
(Home Access Health Corporation) has been cleared by
the FDA. The kit can be purchased online, by fax, or by
mail and is based on collecting a blood sample on a blood
specimen card using a fingerstick at home, shipping the
sample anonymously to an accredited laboratory and calling back for test results. Pre- and post-test counseling and
referrals are also provided.
The use of POCTs may lead to low proportions of
false-negative results (i.e., in immunosuppressed individuals) and false-positive results that may require additional
confirmatory tests. Even so, by reaching more at-risk
populations, POCTs could allow more cases to be identified and treated than laboratory-based tests[18].

Molecular HCV assays: Molecular assays to detect the
HCV genome are used for several purposes in the clinical setting. First, the presence of circulating HCV-RNA
reflects viral replication, such that sensitive molecular
assays (with a lower limit of detection < 50 IU/mL) are
used to diagnose active HCV infection in patients with
a positive antibody test. Second, molecular testing is required for an early diagnosis of acute HCV infection, as
the HCV-RNA can be detected before specific antibodies
become detectable (within 1-3 wk after exposure). Finally,
the diagnosis of a chronic HCV infection is confirmed
by the presence of both HCV antibodies (with the exception of severely immunosuppressed patients) and HCVRNA over 6 mo[7,30-32].
Commercially available assays that have been approved for in vitro diagnostics are listed in Tables 2 and 3.

Direct diagnosis
The detection of viral components is needed to diagnose
an active HCV infection.
HCV Core antigen detection and quantification:
The HCV Core antigen can be detected in the serum of
HCV-infected patients, and its levels are significantly related to those of HCV-RNA[19-21]. HCV Core assays cost
less than molecular assays and can be easily performed
in an immunoassay format. Therefore, they could be
used as an alternative to HCV-RNA assays for three different situations: (1) to distinguish active from resolved
HCV infections[22,23]; (2) to identify HCV infection in the
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Table 3 Hepatitis C virus-RNA quantitative assays approved for in vitro diagnostics
Assay and manufacturer

Method Reaction sample
Lower limit of
Linear range of
volume (μL) detection (IU/mL) quantification (IU/mL)

Abbott RealTime HCV,
Abbott Molecular
artus HCV RG RT-PCR
Kit, Qiagen

Real-time
RT-PCR
Real-time
RT-PCR

500

12

500

34

artus HCV QS-RGQ Kit,
Qiagen

Real-time
RT-PCR

1000

21

COBAS® AmpliPrep/
Real-time
COBAS® TaqMan® HCV
RT-PCR
Test, Roche Molecular
Systems
COBAS® AmpliPrep/
Real-time
COBAS® TaqMan® HCV
RT-PCR
Quantitative Test v2.0,
Roche Molecular Systems

850

15

650

15

COBAS® TaqMan® HCV
Test v2.0 for use with the
High Pure System, Roche
Molecular Systems
VERSANT® HCV RNA 1.0
Assay (kPCR), Siemens

Real-time
RT-PCR

500

10

Real-time
RT-PCR

500

15

VERSANT® HCV RNA 3.0
Assay, Siemens

bDNA

50

6151

Instrumentation for automated
processing

IVD
registration

12 - (1 × 108)

m2000sp (extraction and assay setup),
CE, FDA
m2000rt (amplification and detection)
65 - (1 × 106)
Manual extraction (QIAamp DSP Virus
CE
Kit) and assay setup, Rotor-Gene Q
(amplification and detection)
35 - (1.77 × 107)
QIAsymphony RGQ: QIAsymphony SP
CE
(extraction), QIAsymphony AS (assay
setup), Rotor-Gene Q (amplification and
detection)
43 - (6.9 × 107)
COBAS® AmpliPrep (extraction),
CE, FDA,
COBAS® TaqMan® Analyzer or COBAS® Canada,
TaqMan® 48 Analyzer (amplification and
Japan
detection)
15 - (1 × 108)
Fully automated: cobas p 630 (primary
CE, FDA
tube handling), COBAS® AmpliPrep
(extraction), COBAS® TaqMan® Analyzer
or COBAS® TaqMan® 48 Analyzer
(amplification and detection)
25 - (3.9 × 108) (CE)
Manual extraction (High Pure System
CE, FDA
25 - (3.0 × 108) (FDA)
Viral Nucleic Acid Kit), COBAS®
TaqMan® Analyzer (amplification and
detection)
15 - (1.0 × 108)
VERSANT® kPCR Molecular System
CE
Sample
Preparation (SP) Module and
Amplification/Detection (AD) Module
615 - (7.7 × 106)
No nucleic acid extraction needed.
CE, FDA
System 340 bDNA Analyzer (S340) (US)
or VERSANT™ 440 Molecular System
(CE)

1

The intended use of this assay is limited to the measurement of hepatitis C virus (HCV) viral loads at baseline and after 12 wk of therapy. IVD: Certified as
in vitro diagnostic test or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States of America); kPCR:
Real-time kinetic polymerase chain reaction; bDNA: Branched DNA; RT-PCR: Reverse transcription-polymerase chain reaction.

The highly conserved HCV 5’UTR region is the target of
choice for HCV genome detection across different genotypes. For this, several laboratory processes are necessary,
including nucleic acid extraction from clinical specimens
(serum or plasma), nucleic acid or signal amplification,
and detection. These steps may be fully or partly automated with commercial platforms. However, these assays
are time-consuming and require sophisticated technical
equipment, trained personnel, dedicated laboratory areas
and expensive reagents. Historically, qualitative assays
were more sensitive than quantitative tests. Nowadays,
most quantitative assays are highly sensitive and could
replace qualitative tests.
Real-time reverse-transcription PCR (RT-PCR) is
the method of reference for the quantification of HCVRNA levels in clinical practice according to European
and American guidelines[7,30], given its high sensitivity
and wide dynamic range of quantification. Reverse transcription of the HCV-RNA as well as PCR amplification
and real-time detection is performed in a closed system,
thus avoiding carryover contamination with amplified
products. The COBAS TaqMan assays (Roche Molecular
Systems) are the most widely used worldwide. Although
the first version of the assay performed worse with HCV

WJG|www.wjgnet.com

genotype 4 than with the other genotypes, this has been
improved in version 2.0[33,34]. Abbott Molecular[35], Siemens and Qiagen[36,37] also offer real-time RT-PCR assays.
Alternatively, Siemens offers an assay based on the
branched-DNA (bDNA) signal-amplification technology[38,39]. No nucleic acid extraction is needed, and the
process can be fully automated in the VERSANT™ 440
Molecular System. Although both the 5’UTR and core
regions are targeted, the lower limit of detection of this
assay limits its applicability.
Quantitative tests are also used to monitor antiviral
therapy. In order to minimize side-effects, emergence
of resistance and costs, HCV-RNA must be periodically
quantified to strictly follow treatment stopping rules.
With the advent of new treatment regimens that include
a protease inhibitor and the response-guided treatment
algorithms, only assays with a lower limit of quantification of ≤ 25 IU/mL and a lower limit of detection of
approximately 10-15 IU/mL, should be used[31]. Additionally, the presence of detectable but not quantifiable
HCV-RNA below those levels is clinically relevant, as it
reflects true viremia[40,41].
HCV genotyping assays: Since the HCV genotype is
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Table 4 Hepatitis C virus genotyping assays approved for in vitro diagnostics
Assay and manufacturer
Abbott HCV Genotype Ⅱ,
Abbott Molecular
LINEAR ARRAY Hepatitis
C Virus Genotyping Test,
Roche Molecular Systems
VERSANT HCV Genotype
2.0 Assay Line Probe Assay
(LiPA), Siemens

Method

Reaction sample
Lower limit of
volume (μL)
detection (IU/mL)

Real-time RTPCR
RT-PCR and
hybridization

500

500

200

500

RT-PCR and
hybridization

500–1000

2000

Target

Instrumentation

IVD
registration

5'UTR
NS5B
5'UTR

m2000sp (extraction and assay setup), m2000rt
(amplification and detection)
AMPLICOR® and COBAS® AMPLICOR HCV
Test v2.0 (amplification and detection). Manual
hybridization.
Conventional PCR instrument, Auto-LiPA
48 or AutoBlot 3000H automated Systems
(hybridization), LiPA Scan Software CD
(reading)

CE, FDA

5'UTR
core

CE

CE

IVD: Certified as in vitro diagnostic test or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States of
America); RT-PCR: Reverse transcription-polymerase chain reaction.

predictive of the response to IFN-α-based therapy, genotyping is mandatory to tailor dose and duration of treatment[42]. Furthermore, it is necessary for deciding on triple
therapy eligibility with currently approved protease inhibitors, which are effective against HCV genotype 1[7,43,44].
The reference method for HCV genotyping is genome sequencing of the core/E1 or the NS5B regions
and subsequent phylogenetic analysis[45]. However, this
in-house method is restricted to reference centers. Similar
to diagnostic assays, the target of choice for commercially available genotyping assays has classically been the
highly conserved 5’UTR. However, discrimination among
subtypes and the genotypes 1 and 6 is not always reliable
using this region[2]. HCV subtyping is important for epidemiological studies, especially in the case of outbreaks.
While subtyping is not considered to be clinically relevant
for PegIFN-α and RBV treatment regimens, it may be
clinically relevant in the era of directly acting antivirals.
For instance, subtypes 1a and 1b have been described to
have subtype-specific resistance profiles to linear protease
inhibitors[46,47], and subtype 1g has been reported to naturally harbor the resistance mutation T54S[48].
Commercialized HCV genotyping assays approved
for in vitro diagnostic use are summarized in Table 4. Assays targeting other regions in addition to the 5′UTR have
been recently developed to better discriminate between
subtypes 1a and 1b within HCV genotype 1. The Versant
HCV genotype 2.0 assay (Siemens) targets the 5’UTR
and core regions[49,50]. This colorimetric assay is based
on conventional PCR amplification followed by reverse
hybridization onto membrane strips containing specific
probes. The obtained band pattern can be either visually
interpreted or read by a scanner. On the other hand, the
Abbott RealTime HCV Genotype Ⅱ (Abbott Molecular)
targets the 5’UTR and NS5B regions[51-53]. This assay is
based on a single-step real-time RT-PCR with labeled
genotype-/subtype-specific probes that minimizes contamination with amplified products. Finally, the Linear
Array Hepatitis C Virus Genotyping Test (Roche Molecular Systems) is also based on reverse hybridization but
targets the 5’UTR only[54]. Unlike direct sequencing, these
three assays facilitate the detection of mixed genotype
infections, which can be found especially in IDUs. Ad-
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ditionally, assays targeting two different genomic regions
could help to detect recombinant variants; the frequency
of recombinants may have been underestimated by the
wide use of assays targeting only the 5’UTR in the clinical practice before assays were developed that additionally
target the core or NS5B regions.
Commercialized genotyping assays may result in <
5% of indeterminate results[42,55,56] due to the high genetic
variability of HCV. Clinicians are forced to treat patients
with an indeterminate result as if they were infected with
genotypes 1 or 4 (resulting in longer treatment duration
and higher RBV doses than for genotypes 2 and 3) and
cannot decide on triple therapy eligibility. Therefore, patients with an indeterminate genotype result should be
retested either using an alternative commercial assay or
the reference method.

TOOLS FOR HEPATIC FIBROSIS STAGING
Chronic hepatitis C is characterized by a continuous
process of liver inflammation that progresses to liver
fibrosis. Liver fibrosis leads to cirrhosis over the decades
in 10%-40% of the cases. The most important end stages
of liver cirrhosis are esophageal varices, ascites, hepatic
encephalopathy, hepatocellular carcinoma and, finally,
liver failure. Importantly, cirrhosis can progress to hepatocellular carcinoma with an incidence of 1%-5% per
year, and death associated to complications of cirrhosis
has an incidence of 4% per year[30,57].
Liver fibrosis results from the accumulation of an
extracellular matrix mainly composed of collagens, proteoglycans, fibronectin and hyaluronic acid (HA). Hepatic
stellate cells are the main producers of this matrix after
its transdifferentiation from a quiescent to a myofibroblast phenotype in the setting of chronic liver injury.
Unfortunately, a specific therapy against liver fibrogenesis
does not currently exist because, among other reasons,
the exact mechanisms involved in this process are not
completely understood yet[58-60]. This is especially problematic for patients who do not respond to current antiviral therapies.
The management of chronic hepatitis C strongly depends on hepatic fibrosis staging, since this is important
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for treatment decision making and disease prognosis. The
presence of an advanced (METAVIR score F3-F4) or
moderate (METAVIR score F2) stage of liver fibrosis is
an indication for antiviral therapy[30,61], as these patients
are at high risk for disease progression. Additionally, liver
fibrosis progression is mostly reverted in successfullytreated patients[62,63]. Thus, fibrosis staging methods ideally should be able to differentiate between non-significant
(METAVIR scores F0-F1) and significant (score ≥ F2)
fibrosis. Furthermore, hepatic fibrosis staging helps in
the early detection of cirrhosis, which allows clinicians
to monitor the appearance of related decompensation
events and hepatocellular carcinoma.

situation takes place in about 16% of all cases, mainly due
to factors such as obesity and inadequate operator experience[72]. More recently, the introduction of the XL probe
has increased the reliability of liver stiffness results as
compared to the M probe when used in obese patients[73].
Several meta-analyses have evaluated the diagnostic accuracy of transient elastography in the staging of liver
fibrosis. Those meta-analyses that evaluated accuracy by
means of the AUROC concluded that FibroScan® is able
to diagnose the presence of cirrhosis with excellent accuracy (AUROC ≥ 0.90) and the presence of significant
fibrosis with moderate accuracy (AUROC from 0.80 to <
0.90)[74,75]. Similar conclusions were obtained from metaanalyses that evaluated FibroScan® accuracy by calculating
sensitivity and specificity values: sensitivity and specificity
were 70%-72% and 82%-84%, respectively, for the diagnosis of significant fibrosis, and 83%-87% and 89%-95%
for cirrhosis[76-78]. Thus, transient elastography is now
recommended in the clinical practice for assessing liver
fibrosis in patients with chronic hepatitis C, and especially
for detecting cirrhosis when other clinical manifestations
are not present[30,66]. However, different stiffness cut-off
values have been proposed to discriminate among stages
of liver fibrosis, and a general consensus is still needed.
In Spain, the use of FibroScan® instead of liver biopsy is
accepted in patients with chronic hepatitis C in order to
identify significant fibrosis (cut-off ≥ 7.6 kPa) and cirrhosis (cut-off ≥ 14.6 kPa)[79,80].

Liver biopsy
Liver biopsy remains the best accepted standard method
for fibrosis staging[30]. Typically, liver fibrosis is classified
semi-quantitatively in several stages by different scoring
methods[64]. METAVIR is the best evaluated system in
patients with chronic hepatitis C; fibrosis is scored as F0
(no fibrosis), F1 (portal fibrosis without septa), F2 (portal
fibrosis with few septa), F3 (numerous septa without cirrhosis) or F4 (cirrhosis)[65]. However, liver biopsy presents
several limitations: this procedure is expensive, time consuming and invasive with possible complications, and its
interpretation is associated with sampling error and intraand inter-observer variability. As a result, liver biopsy often does not accurately assess the fibrosis stage and is not
useful for monitoring the disease progression[64].
Due to the limitations of liver biopsy, an extensive
number of alternative non-invasive tests have been developed, including both imaging and serum-based tests.
However, only some of these have been validated and
accepted for chronic hepatitis C management[30,66], as reviewed below. These alternative tests are useful for establishing the two ends of the fibrosis spectrum (of minimal
fibrosis and cirrhosis) but are less helpful in assessing the
mid-ranges of fibrosis.

Serum-based tests and scores
Certain cytokines involved in fibrosis and factors associated with extracellular matrix deposition or degradation
may be used as individual biomarkers of liver fibrosis.
Additionally, numerous serum-based tests combining
direct and/or indirect markers of fibrosis have been proposed as alternatives to liver biopsy. Direct biomarkers
reflect the deposition of extracellular matrix in the liver
by fibrogenesis/fibrolysis and include HA, pro-collagen
Ⅲ amino-terminal peptide, tissue inhibitor of matrix
metalloproteinase-1, alpha 2-macroglobulin, haptoglobin and matrix metalloproteinase-1. Indirect biomarkers
include routine laboratory data on the levels of alanine
aminotransferase, aspartate aminotransferase, gammaglutamyltransferase, apolipoprotein A1, cholesterol,
bilirubin and urea as well as the platelet count and the
prothrombin index. Nonetheless, only some serum-based
tests have been widely validated in chronic hepatitis C
and are recommended in the clinical practice for detecting significant fibrosis[30,66] (Table 5). However, these tests
are not helpful for tracking fibrosis progression. ELF™,
Fibrospect Ⅱ™, Hepascore™, Fibrometer™ and FibroTest™ are patented and commercially available tests.
Although abundant studies have been performed
to assess the different tests, we have only included contrasted results of meta-analysis studies in this review.
Meta-analyses aimed to assess the diagnostic accuracy of
serum-based tests to identify significant fibrosis/cirrhosis in comparison with liver biopsy have shown moderate

Transient elastography
Transient elastography (FibroScan®, Echosens) is so far
the most common, accurate and validated alternative
method[67]. It is an ultrasound-based imaging technology
that measures liver stiffness, which directly correlates
with the degree of fibrosis[68]. FibroScan® is painless,
fast (5-10 min) and easy to analyze and has low intraand inter-observer variability[69]. Consequently, it can be
performed periodically, allowing monitoring of either
fibrosis progression during its natural course[70] or regression while on treatment[63]. In addition, it predicts 5-year
clinical outcomes in chronic hepatitis C[71]. FibroScan®
reports the liver stiffness measurements (LSM) as the median expressed in kilopascals (kPa), the interquartile range
(IQR) and the percentage of valid measurements. According to the manufacturer’s instructions, results are not
reliable when the number of valid measurements is < 10,
the IQR of the median LSM value is ≥ 30% and/or the
percentage of successful measurements is ≤ 60%. This
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markers have a similar moderate accuracy for diagnosing
significant fibrosis. Nevertheless, transient elastography
is the most accurate non-invasive method for cirrhosis
diagnosis.
To increase the accuracy of diagnosing significant
fibrosis and to decrease the number of liver biopsies
needed, several algorithms based on a combination of
serum-based tests or a combination of transient elastography and a serum-based test have been recommended
for use in clinical practice[30]. The sequential algorithm for
fibrosis evaluation (SAFE) first uses the APRI index and
then the FibroTest™. When a final diagnosis cannot be
reached, liver biopsy is needed[85]. The Castéra algorithm
uses transient elastography and FibroTest™ and relies on
liver biopsy to resolve discrepancies[86]. Both SAFE and
Castéra algorithms have shown an excellent accuracy in
diagnosing significant fibrosis, but a higher number of
liver biopsies could be avoided using the second algorithm (of 72% with Castéra vs 48% with SAFE).

Table 5 Serum-based tests recommended in the clinical
practice for the detection of significant fibrosis
Serum-based tests

Parameters considered

Ref.

Tests combining direct markers of liver fibrosis
Enhanced liver
HA, PⅢNP, TIMP-1, age
[88]
Fibrosis test (ELF™)
MP3™
MMP-1, PⅢNP
[89]
Fibrospect Ⅱ™
HA, TIMP-1, alpha-2-macroglobulin
[90]
Tests including indirect markers of liver fibrosis
AST to platelet ratio
AST, platelet count
[91]
index (APRI)
AST/ALT ratio
AST, ALT
[92]
Forns index
GGT, platelet count, cholesterol, age
[93]
Tests including combinations of direct and indirect markers of fibrosis
Hepascore™
Bilirubin, GGT, HA, alpha-2-macroglob- [94]
ulin, gender, age
Fibrometer™
HA, AST, platelet count, prothrombin [95]
index, alpha-2-macroglobulin, urea, age
FibroTest™
alpha-2-macroglobulin, haptoglobin,
[96]
apolipoprotein A1, GGT, total bilirubin
HA: Hyaluronic acid; PⅢNP: Pro-collagen Ⅲ amino-terminal peptide;
TIMP-1: Tissue inhibitor of matrix metalloproteinase-1; MMP-1: Matrix
metalloproteinase-1; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.

CONCLUSION
Despite great advances in HCV treatment, the lack of
recognition of infection will hamper the control of
hepatitis C. The World Health Organization announced
in 2012 a framework for global action to prevent and
control viral hepatitis infections[87]. Early diagnosis provides the best opportunity for effective medical support
and prevention of further spread of the infection. Expanded HCV testing is required, and diagnostic tests with
high sensitivity and specificity are available. Additionally,
POCT tests could improve the number of diagnosed individuals and their access to care.
Despite significant advances in the field of fibrosis
stage assessment, a single non-invasive method that is
able to completely replace the liver biopsy does not exist
at the current time. Liver biopsy should be performed
when non-invasive methods or algorithms cannot be
used or when inconclusive results are obtained, but it is
not needed when clinical manifestations of cirrhosis are
present.

accuracies in patients with chronic hepatitis C. The most
widely validated tests are APRI and FibroTest™. A comprehensive meta-analysis on the APRI index performed
by Lin et al[81] revealed an AUROC of 0.77 for the diagnosis of significant fibrosis and of 0.83 for cirrhosis.
The authors concluded that the APRI index is a good
alternative for its use in clinical practice for confirming
the presence of severe fibrosis/cirrhosis when other tests
or symptoms are non-conclusive. The main strengths
of the APRI index are its low cost and wide availability,
which make this simple test an excellent first-line screening in developing countries. Poynard et al[82] analyzed
the diagnostic accuracy of FibroTest™ for significant
fibrosis and showed a mean standardized AUROC of
0.85 in patients with chronic hepatitis C. However, the
disadvantage of FibroTest™, similar to the other patented
tests, is that it is relatively expensive and is not readily
available in all centers. In addition, co-morbidities such as
hemolysis, inflammation or Gilbert’s syndrome can lead to
potential mistakes by changing the levels of some of the
serum markers included in the test. In a later meta-analysis
performed by Leroy et al[83], Fibrometer™ had a higher
AUROC (0.84) than FibroTest™ (0.80), APRI (0.79) or
Hepascore™ (0.78) for significant fibrosis. In a recent
meta-analysis assessing tests that combine direct and/or
indirect markers, a moderate accuracy for the identification of significant fibrosis was described for ELF™
(median AUROC, 0.81), Fibrometer™ (0.82) and FibrospectII™ (0.86), and for the identification of cirrhosis in the case of APRI (0.84), Fibrotest™ (0.86), Forns
Index (0.87), ELF™ (0.88) and Hepascore™ (0.89).
Fibrometer™ showed an excellent accuracy for diagnosing cirrhosis (0.91)[84]. Thus, in patients with chronic
hepatitis C, both transient elastography and serum-based
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numerous pathologies including hypercholesterolemia which is one of the eight most important risk
factors for mortality in Mexico. This may be related
to the course of HCV infection in this population.
Here, we focus on the urgent need to study the progression of HCV infection in relation to ethnic characteristics. Discoveries are discussed that hold promise
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in identifying immune, metabolic and genetic factors
that, in conjunction, could be therapeutic targets or
predictors of the progression of HCV infection.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Immunologic, metabolic and genetic factors
are involved in the progression of hepatitis C virus (HCV)
infection and the response to treatment. The significant increase in obesity worldwide, including in Mexico,
imposes a new metabolic stress factor in patients with
HCV infection. Given that the lipid components associated with HCV infection are finely modulated, it is
possible that the progression of HCV infection may be
regulated by the characteristics of the population’s lipid
composition.

Abstract
The mechanisms that regulate disease progression during hepatitis C virus (HCV) infection and the response
to treatment are not clearly identified. Numerous studies have demonstrated that a strong host immune response against HCV favors HCV clearance. In addition,
genetic factors and metabolic machinery, particularly
cholesterol modulation, are involved in HCV infection. It
is likely that the interplay between all of these factors
contributes to the outcome of HCV infection. In recent
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years, the world has experienced its largest epidemic of obesity. Mexico and the United States are
the leading sufferers from this epidemic at the global
level. Obesity is associated with the development of
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INTRODUCTION
Hepatitis C infection is caused by the hepatitis C virus
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(HCV), a positive-stranded ribonucleic acid (RNA) virus
of the Flaviviridae family with a hepatotropic lifecycle.
HCV infection is an important cause of chronic liver
disease and the third-leading cause of all death from cirrhosis and hepatocellular carcinoma (HCC) worldwide.
Approximately 3% of the world’s population (160 million
people) are currently infected with HCV, which in most
cases establishes a lifelong chronic infection[1]. However,
25%-30% of infected individuals spontaneously clear
the virus during acute infection. Because HCV is a noncytopathic virus, it is accepted that the interplay between
the virus and the host immune response may influence
the outcome of infection[2]. In addition, host genetic factors, such as polymorphisms in cytokine and chemokine
receptor genes promoters[3,4], are thought to be important
contributors to the modulation of HCV outcome.
A key role for the low-density lipoprotein receptor
(LDL-R) has been demonstrated during the first steps
of HCV attachment to the cell surface[5]. LDL is responsible for transporting most of the cholesterol in plasma[6]
and cholesterol levels are tightly modulated during HCV
infection. Virus entry into the cell is also mediated by other
lipoprotein receptors including scavenger receptor class B
type Ⅰ (SRB-Ⅰ). In addition to providing a docking site
for HCV particles, SRB-Ⅰ facilitates entry of the virus
into the hepatocyte[6,7]. The E2 envelope protein determines viral attachment to SRB-Ⅰ.
Currently, Latinos represent the fastest growing ethnic
group in the United States and are the most overweight.
Mexico and the United States are experiencing the largest obesity epidemic in the world. In conjunction, genetic
and cultural components, lifestyle and environmental factors are all associated with the development of obesity.
In addition to representing a public health problem by
itself, obesity is also associated with the development of
numerous pathologies, including hypercholesterolemia. A
recent analysis of the burden of disease revealed that hypercholesterolemia was among the eight most important
risk factors for mortality in Mexico[8]. Thus, the specific
characteristics of the lipid components already described
suggest a unique mechanism of regulation of metabolic
machinery among the Mexican people that could impact
the progression of HCV infection.
Crosstalk between metabolic and immune components in conjunction with viral and genetic host factors
may occur and predict HCV disease outcome. To date,
the exact mechanisms responsible for HCV clearance
and recovery are unknown. An understanding of these
mechanisms will contribute to the development of novel,
individualized, preventive strategies and an urgently
needed vaccine. This review summarizes recent advances
in understanding the crosstalk between the immune response, metabolism and genetics in HCV viral clearance
and emphasizes characteristics of the Mexican population and their association with this process.
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IMMUNE RESPONSE TO HCV INFECTION
Innate and adaptive immune response to HCV
A robust innate immune response is activated when HCV
infects the liver. This response includes the induction
of several interferon-stimulated genes (ISGs)[9,10] and is
mediated by the specific production of inflammatory and
antiviral cytokines by macrophages, natural killer (NK)
cells and neutrophils, which release perforin, granzyme
B, interferon-gamma (IFN-γ) and tumor necrosis factorbeta. Immune cells also express Fas ligand which cause
cell death in infected hepatocytes[11].
Animal models have enabled the precise description
of the kinetics of viremia throughout infection. In particular, chimpanzee models have revealed that HCV RNA
levels increase rapidly upon initial infection[12]. Thereafter,
a slow decrease in viremia is observed. It is accepted that
the innate immune response in hepatocytes contributes
to the second phase of slowed viral replication[13]. This
response includes type Ⅰ interferon responses and the
antiviral activity of plasmacytoid dendritic cells and NK
cells. Thus, an ineffective innate immune response can
result in disease progression.
The adaptive immune response to HCV is mediated by
the humoral and cellular immune systems. HCV-specific T
lymphocytes are detectable five to nine weeks after infection[14,15], which coincides with the onset of hepatitis. Both
CD4+ and CD8+ T cells have been shown to play major
roles in the outcome of HCV infection. CD8+ T cells inhibit HCV replication by cytolytic and non-cytolytic effector mechanisms[16] that are highly dependent on CD4+ T
cell activation. CD4+ T cells are critical for the elimination
of viruses through tightly regulated mechanisms. CD4+
T-helper cells are divided into four subsets (Th1, Th2,
T regulatory, Th17) based on their expression profile of
transcription factors and secreted cytokines. An effective
Th1 cellular function is crucial for an adequate immune
response against HCV, given the specific production of
IFN-γ by this cellular subtype. Unbalanced Th1/Th2
T-cell responses in the liver are a characteristic of hepatic
inflammation and subsequent liver fibrosis as a result of
HCV infection[17]. Clinical data reveals increased interleukin-17 levels in HCV-infected patients who had increased
alanine transaminase (ALT) values, suggesting that Th17
cells in chronic hepatitis C infection might be associated
with control of liver injury. However, these observations
are preliminary and not fully conclusive[18,19]. Indeed, vigorous peripheral and intrahepatic virus-specific T cell responses that target multiple epitopes have been described
in patients who recover from HCV infection[13], while a
weak and functionally impaired T cell response has been
reported in patients who fail to clear the virus. Consistent
with these findings, the role of T regulatory cells in HCV
seems to range from suppressing T-cell responses directed
against HCV to down-regulating the immune responses
causing liver damage[20]. In addition, animal models have

3444

April 7, 2014|Volume 20|Issue 13|

Fierro NA et al . Immunity, metabolism, genetics and HCV

Liver

A: Innate immunity

B: Adaptive immunity

IFNg/TNFa

FasL
MHC Ⅰ
NK

+

CD8 T

DC

IL-12

TCR

Clearance of virus

NK

Activated
HCV-infected

DC

IFNa/b

DC

MHC Ⅱ

+

CD4 T

IFNg/TNFa

TCR

DC

LSEC
Cell-mediated immune
response
MHC Ⅱ CD40
Hepatocytes

CD80

IL-12
Fas

HCV-infected

Perforin/granzyme B

IL-2
IFNg
TNFa

+

CD4 T

DC

Th1

IFNa/b

Humoral immune response

IFNg/TNFa
NK
Clearance of virus

Interfering
HCV-induced
Abs

FasL

nAbs

Figure 1 Mechanisms of Immune response to hepatitis C virus. Multiple innate (A) and adaptive immune (B) components are involved in hepatitis C virus (HCV)
infection (see text), dendritic cells (DC), natural killer (NK) cells, CD4+, CD8+ T cells and B-cell mediated humoral immune response are crucial for disease outcome.
IFN-γ: interferon-gamma; TNF-α: tumor necrosis factor-α; IL: Interleukin; nAbs: Neutralizing anti-HCV antibodies.

indicated that early expression of memory precursor
markers on HCV-specific T cells or the expression of ligands for these memory markers in the liver predicts the
outcome of acute infection[17] (Figure 1).

of transplant recipients in which the incidence of HCV
viremia was lower in patients receiving immunotherapy
(anti-HBV immunoglobulins contaminated with antiHCV immunoglobulins) compared to patients whose
therapy did not include anti-HCV antibodies[22], indicating the potential contribution of neutralizing antibodies
to viral control. Functional analysis and neutralization experiments using sera from chronically HCV-infected patients have demonstrated that host neutralizing responses
target viral entry at a step after initial HCV binding. Initial HCV attachment to the cell surface is likely facilitated
by interactions with attachment factors that include the

Neutralizing antibodies
The generation of neutralizing antibodies represents a
protective strategy in host immunity. Neutralizing antiHCV antibodies (nAbs) were originally described in
chimpanzees. These antibodies target epitopes within the
hypervariable region 1 (HVR1) of envelope glycoprotein
E2[21]. In humans, nAbs were identified in a cohort study
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LDL receptor[5]. Upon initial attachment, at least six host
entry factors including scavenger SRB-Ⅰ, CD81, the
tight junction proteins claudin 1 and occludin[23], receptor
tyrosine kinases[24] and the Niemann-Pick C1-like 1 cholesterol absorption receptor[25] are important for particle
internalization. Indeed, several E2 domains have been
shown to play pivotal roles in viral entry and neutralization. Two regions in the E2 viral envelope glycoprotein
have increased genetic variability within quasispecies and
among genotypes and have been identified as hypervariable regions. Antibodies that demonstrate broadly neutralizing activity tend to be directed against conserved
and conformational epitopes within E2, which inhibit the
interaction between CD81 and E2[26-30].

tributed in high-density fractions[43]. In addition, HCV is
able to infect B-lymphocytes and induce hypermutations
in the heavy chains of immunoglobulins. These hypermutations may decrease the affinity and specificity of antiHCV antibodies and may allow the virus to escape from
the immune system[44]. HCV dissemination by cell-tocell transmission may also contribute to viral persistence
by avoiding surveillance of nAbs present in the serum[45]
(Figure 1).

HCV VIRUS AND LIPID METABOLISM
HCV entry
After its discovery, HCV was found to be associated
with lipoproteins. Thomssen et al[46] demonstrated the
existence of distinct HCV particles categorized as high
and low density particles. These particles, also recognized as lipo viro particles (LVP), are rich in triglycerides
(TG) and can be almost completely precipitated by antiApo lipoprotein B and E. LVPs contain HCV RNA and
structural viral proteins, mainly E1 and E2 that attach
the virus to the hepatocyte surface through specific receptors[6,47].
Attachment and internalization of HCV into the cell
represent the first steps in the viral replication cycle. The
LDL receptor is likely the mediator of viral entry through
Apolipoprotein E (ApoE), the major structural agent
of infectious LVP and the natural ligand of LDL-R[48].
ApoE exists in three common isoforms (E2, E3 and
E4) that affect LDL receptor binding[49]. Allele 4 is associated with clearance of HCV and protection against
severe liver damage[50]. Allele 2 is associated with clearance and binds poorly to LDL-R; it is plausible that this
defective binding could result in poor uptake of HCV
LVP into hepatocytes, thus altering the balance between
virus replication and the immune response by decreasing
viral replication and favoring clearance. In contrast, allele
3 is associated with persistence[51]. Recently, an association between levels of ApoE and interferon sensitivity
was found, and ApoE was shown to induce a higher
LDL concentration, potentially inhibiting the binding
of HCV to LDL-R. The association between ApoE and
the peg-interferon treatment response suggests that lipid
modulation is a potential target for modifying interferon
sensitivity, favoring the clearance of HCV and avoiding
progression to chronic infection[52] (Figure 2).

Mechanisms of immune evasion by HCV
The strategies of HCV persistence and evasion of the
immune response involve multiple mechanisms. The
high genetic variability of HCV is a major contributor to
the development of chronic HCV infection. It has been
shown that HCV constantly circulates in the patient and
rapidly evolves into genetically distinct but closely related
variants within quasispecies. The simultaneous presence
of different variants has been postulated to allow for
the rapid selection of mutants that are best adapted to
changes in the host environment. Genetic analysis reveals
a positive correlation between distinct HCV quasispecies,
viral clearance and a slowly adapting viral population,
whereas distinct patterns of progression to chronicity are
related to selective pressure on the HVR1 region of HCV
E2. Moreover, chronic progression is associated with the
rapid evolution of quasispecies[31], and single point mutations that result in glycosylation site modifications during
viral genetic and conformational changes have been suggested to be responsible for masking the envelope glycoprotein binding sites[32-36]. The result is viral persistence in
the body despite the presence of an immune response.
During the innate immune response, HCV interferes
with innate signaling pathways using its structural and
non-structural proteins to interact with factors that regulate ISGs, thus attenuating innate responses[37-39]. In addition, patients who fail to clear the virus show a weak and
functionally impaired T cell response. This result strongly
suggests that HCV also employs strategies to escape host
adaptive immunity.
The action of nAbs may be blocked by the presence
of interfering HCV-induced Abs[32,40,41]. There are two
proposed mechanisms through which lipoproteins may
provide HCV with protection from nAbs: masking viral
epitopes by associating with LDL and very-low density
lipoprotein (VLDL) or accelerating viral entry by interactions with high-density lipoprotein (HDL). In both cases,
HCV lipoprotein-dependent protection results in limiting the exposure of viral epitopes to nAbs[42]. Recently, it
has been suggested that in HCV genotype 2a, the viruses
that combine with LDL and VLDL and are consequently
distributed in low-density fractions are more capable of
escaping neutralizing antibodies compared to viruses dis-
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HCV replication, virion assembly and secretion: Role of
apolipoprotein B and microsomal triglyceride transfer
protein
HCV RNA replication is strongly influenced by the intracellular levels and composition of fatty acids, including
cholesterol. Recent studies have demonstrated that the
expression of genes involved in biosynthesis, degradation
and intracellular transport of lipids is altered during HCV
infection[53,54]. The positive RNA strand of HCV induces
remodeling of the intracellular membranes to generate compartments where RNA replication takes place.
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alterations in the de novo biosynthesis of phospholipids,
such as phosphatidylethanolamine and phosphatidylcholine. Increased VLDL-TG concentration is a central
feature of diabetic dyslipidemia and is largely caused by
increased VLDL-TG secretion[59]. According to clinical
data and experimental models, the HCV core protein has
been shown to inhibit the MTP protein[60]. This enzyme
plays a rate-limiting role in VLDL assembly and ApoB
secretion[61].
Inhibition of VLDL assembly and secretion also affects virion morphogenesis and secretion, leading to the
notion that HCV may hijack the VLDL secretion pathway for virion maturation and secretion. The reliance of
HCV on host lipid metabolic pathways for its replication,
morphogenesis and release requires the modulation of
host lipid pathways by HCV to create a lipid-rich intracellular environment favorable for replication. HCV assembly and maturation in hepatocytes depend on MTP
and ApoB in a manner that parallels the formation of
VLDL[56,62]. Inhibitors of MTP and reduction of the expression of ApoB lowers virion production[56,63].

The NS5B viral protein is responsible for generating the
membranous web required for RNA replication through
diverse mechanisms[55]. Transcription of genes related
to lipid metabolism is augmented during HCV infection. Sterol regulatory element-binding protein (SREBP)
expression, which controls the transcription of specific
genes required for cholesterol biosynthesis, is increased
by the NS2 and NS4B HCV proteins. However, the exact
mechanism responsible for disruption of host lipid metabolism by HCV infection is not yet clear. Understanding the components involved in this process will allow
the possible design of specific therapeutic targets.
Some authors have reported that 30% of the total protein in complexes associated with HCV RNA is
functionally involved in lipid metabolism[56]. Many lipids
are crucial for the viral lifecycle, and inhibitors of cholesterol/fatty acid biosynthetic pathways inhibit viral
replication, maturation and secretion[57]. In humans, apolipoprotein B (ApoB)-100 and ApoB-48 are obligatory
proteins for the assembly of hepatic VLDL and intestinal
chylomicron, respectively. VLDL assembly occurs via a
two-step mechanism involving the formation of ApoBcontaining VLDL precursor particles in the lumen of the
endoplasmic reticulum, a step that requires microsomal
triglyceride transfer protein (MTP)[58]. Hepatic VLDL assembly and secretion are also profoundly influenced by
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Mechanism of HCV-associated steatosis
Steatosis, or the accumulation of hepatocellular lipid
droplets, and altered serum lipid profiles are common
consequences of HCV infection. The presence of ste-
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Figure 3 Hepatitis C virus effect in lipid metabolism and development of steatosis. Hepatitis C virus (HCV) alters intracellular
lipid metabolism to create an environment rich in lipids to facilitate
its replication. This allows the accumulation of lipids, decrement in
exportation of very low density lipoprotein (VLDL) and development
of steatosis, a pathological phenotype associated with HCV chronic
infection. Reactive oxygen species (ROS) generated during infection cause lipid peroxidation triggering inflammation. MTP: Microsomal triacylglycerol transfer protein; RXRα: Retinoid X receptoralpha; PPARα: Peroxisome proliferators-activated receptor alpha;
SREB1c: cholesterol regulatory element binding protein-1c; FAS:
Fatty acid synthase.
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atosis in infected patients with HCV varies from 30% to
70% depending on ethnic and other factors, such as alcohol consumption, being overweight, obesity and factors
that are also risk factors for non-alcoholic steatohepatitis[64]. In patients with chronic HCV, serum cholesterol
is significantly reduced when compared to appropriately
matched controls. This has been specifically analyzed in
HCV genotype 3 infections in specific populations[65],
and this metabolic effect can be reversed after successful
HCV eradication. However, large-scale studies including
samples from distinct populations and different genotypes are necessary to determine the roles of viral genotypes and host genetic factors in this process.
HCV modulates lipid metabolism to create an environment rich in lipids favorable for viral replication. Consistent with this lipid modification, each step of the viral
replication cycle appears related to lipid metabolism[66].
The interaction of HCV proteins with hepatic cellular
components contributes to the interference with lipid and
carbohydrate metabolism, resulting in the release of cytokines, insulin resistance, inflammation, oxidative stress
and steatosis[67,68]. The mechanism of triglyceride accumulation induced by HCV infection is multifactorial. de
Gottardi et al[69] reported that host lipid metabolism may
be modulated by HCV at three levels: impaired lipoprotein secretion, enhanced lipogenesis, and impaired fatty
acid degradation. These detrimental alterations incurred
during HCV infection then manifest as the pathological
basis for some HCV-associated diseases, most notably
steatosis and metabolic syndromes such as insulin resistance, obesity, and HCC[70-72]. MicroRNAs (miRNAs)
exert regulatory control through modulation of many
targets. In the liver, miRNA-122 is important for regulating lipid metabolism[73,74] and aberrant expression of miRNAs is linked to HCV infection[75]. It has recently been
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reported that HCV replication induces the expression of
miR-27 in vitro and in vivo. This results in larger and more
abundant lipid droplets and coincides with the repression
of regulators of triglyceride homeostasis including peroxisome proliferator-activated receptor alpha (PPARα),
identifying HCV’s up-regulation of miR-27 as a novel
mechanism that may contribute to the development of
steatosis[76].
In conjunction, the main lipid alterations in HCV are
enhanced lipogenesis, reduced secretion and β-oxidation
of lipids regulated by transcription factors, hormones and
key enzymes that are briefly described below (Figure 3).
PPARs: PPARs are ligand-dependent transcription
factors. The three subtypes of PPARs (PPARalpha,
PPARdelta, and PPARgamma) are differentially expressed
in tissues, and play pivotal roles in lipid, lipoprotein and
glucose homeostasis [77]. PPARalpha, PPARdelta, and
PPARgamma are differentially involved in HCV infection. A clear effect of PPARα in HCV RNA replication
has been described and a recent report has shown that
PPARα-selective antagonists inhibit HCV replication,
while PPARα is not involved in this process[78]. PPARα
is a transcription factor in the nuclear hormone receptor superfamily; it is involved in the differentiation of
normal adipocytes, and its major function is to control
fatty acid oxidation and activation. PPARα participates
in enhancing the expression of adiponectin messenger
RNA (mRNA) and serum adiponectin levels. PPARα deficiency causes defective hepatic fatty acid oxidation[79,80],
while persistent activation of PPARα is essential for the
pathogenesis of hepatic steatosis and HCC induced by
HCV infection[81]. Dharancy et al[82] reported that PPARα
mRNA expression was significantly reduced in the liver
of chronic HCV patients infected with HCV genotype
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3 when compared with HCV genotype 1 infections. A
better understanding of the role of PPARα and its interaction with HCV proteins may help in developing novel
therapies against HCV-induced steatosis and HCC.

of AMPK at threonine 172 causes dramatically reduced
AMPK activity in cells infected with HCV or harboring an HCV subgenomic replicon. Thus, inhibition of
AMPK is required for HCV replication and restoration
of AMPK activity may represent a target for anti-HCV
therapies[95,96]. The anti-HCV activity of 2-octynoic acid
(2-OA), a compound used in perfumes, lipstick, and
many food flavorings, has recently been revealed in vitro.
This activity seems to be associated with the activation of
AMPK by 2-OA, which regulates ISGs and suppresses
miRNA-122 expression, inhibiting HCV infection. This
represents a novel mechanism to explain inhibition of
infection by AMPK[97].

Adiponectin and leptin: Adiponectin is an insulinsensitizing protein that is abundantly expressed in white
adipose tissue[83] and is a member of the adipocytokine
family. Adiponectin improves hepatic insulin sensitivity,
decreases lipid accumulation in macrophages and has anti-inflammatory properties[84-86]. Serum adiponectin levels
in humans depend upon metabolic activity; it is present
as a low molecular weight trimer and a high molecular
weight (HMW) hexamer. HMW adiponectin is the biologically active form[87]. Adiponectin exerts its effect via two
receptors, the adiponectin receptor 1 (AdipoR1) and adiponectin receptor 2 (AdipoR2). AdipoR1 is expressed in
skeletal muscles, and AdipoR2 is expressed in the liver[88].
AdipoR1 is associated with AMP-activated protein kinase
(AMPK) activation, while AdipoR2 is associated with
PPARα activity. Some insights regarding the pathways of
steatohepatitis have been identified by impaired lipid accumulation due to hepatic loss of adiponectin receptors,
which play an important role in fatty acid accumulation
by up-regulating the expression of enzymes during HCV
infection, including AMPK, fatty acid synthase (FAS),
acetyl-CoA carboxylase, liver gluconeogenic enzyme and
phosphoenolpyruvate-carboxykinase[79,80]. Adiponectin is
assumed to protect hepatocytes from triglyceride accumulation by increasing the β-oxidation of free fatty acids
or decreasing de novo production of free fatty acid in hepatocytes[89]. In contrast to the anti-inflammatory role of
adiponectin, leptin is a pro-inflammatory adipocytokine
identified as one of the best markers of total body fat; its
elevated expression can result in stimulation of cellular
lipolysis and fatty oxidation, promoting a negative energy
balance. Both adiponectin and leptin are crucial for hepatic steatosis[90]. However, data concerning the roles of
adiponectin and leptin on HCV-related steatosis remain
divergent. This is mainly due to the multiple functions involving adipocytokines. By using a HCV core-transgenic
mouse model, a recent report reveals that HCV coreinduced, non-obese hepatic steatosis is associated with
down regulation of the leptin gene in visceral fat and
hypoadiponectinemia[91]. A better understanding of this
process may be valuable in the design of new therapeutic
interventions, particularly in the cases of non-obese hepatic steatosis involving HCV infection.

SREBP: SREBP plays an important role in the regulation of lipid synthesis and cholesterol metabolism.
The SREBP gene encodes three isoforms (SREBP-1a,
SREBP-1c and SREBP-2[98] that regulate genes involved
in cholesterol synthesis. SERBP-1a is an activator of cholesterol and fatty acid synthesis, while SERBP-1c regulates genes involved in lipid synthesis[99-102]. SREBP-1c
activates the lipogenesis pathway in response to insulin.
HCV infection and the HCV core protein up-regulate the
expression of SREBP-1c and cause the development of
fatty liver[103]. In non-alcoholic fatty liver disease, SERBP1c is expressed at a level up to five-fold higher than observed in controls[104].
It has been demonstrated that HCV infection enhances the proteolytic cleavage of SREBP precursors in
hepatic cells. The HCV NS2 and NS4B proteins can upregulate SERBP-1c and consequently promote enhanced
transcriptional activity of fatty acid synthase[105,106].
Animal models have been used to investigate the effect of the HCV core and NS proteins on SREBP gene
regulation, and these models have indicated that HCV
proteins that interfere with SREBP lead to steatosis[105,106].
The host subtilisin/kexin/isozyme/1 (SKI-1) or site 1
(S1P) plays a crucial role in the proteolytic activation
of SREBP. The use of a SKI-1/S1P-specific proteinbased inhibitor recently demonstrated that SKI-1/S1P
inhibition blocks HCV infection in hepatoma cells by a
mechanism that is associated with dramatic reduction in
the number of lipid droplets and adipose differentiationrelated protein/perilipin 2. The inhibition of virus assembly from infected cells identifies SKI-1/S1P as both
a regulator of the HCV lifecycle and a potential hostdirected therapeutic target against HCV infection[107].
Retinoid X receptor alpha: The retinoid X receptor
(RXR) family is a family of nuclear receptors that target
and regulate multiple signaling pathways. RXRs control
gene expression by binding cooperatively as a dimer to
hormone responsive elements[108,109]. RXRs form homodimers and are involved in 9-cis retinoic acid-mediated gene
activation. RXRs exist as three isoforms, namely RXRα,
RXRβ and RXRγ; the RXRα isoform is abundantly expressed in the liver and regulates cell proliferation and
differentiation.

AMPK: AMPK is a heterotrimeric protein with serine/
threonine protein kinase activity that works as a sensor
of cellular energy status and enables metabolic adaptation to the environment, such as in nutritional stress[92-94].
AMPK plays a key role in the regulation of both lipid
and glucose metabolism. Activated AMPK inhibits energy-consuming biosynthetic pathways such as lipogenesis
and activates ATP-producing catabolic pathways such as
β-oxidation. A study demonstrated that phosphorylation
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lipid synthesis and plays a central role in triglyceride accumulation in the liver. FAS catalyzes the conversion of acetyl CoA and malonyl CoA to saturated fatty acids, which
are then converted to TG after etherification[106,113]. Yang
et al[114] have demonstrated that HCV infection directly
induces FAS expression, while Jackel-Cram et al[115] have
reported that HCV-3a is a stronger teratogenic factor than
HCV-1b. These authors reported that a single amino acid
substitution at position 164 (phenylalanine) of the HCV3a core protein can up-regulate FAS activity. Therefore, the
short sequence YATG in HCV-1b and FATG in HCV-3a
is responsible for FAS up-regulation at the transcriptional
level[114]. However, further studies are required to understand the molecular mechanism of FAS activation.

Table 1 Genes and hepatitis C infection
Lipid metabolism genes altered by HCV
Gene
Protein
Effect
SREBP
Sterol regulatory
Core protein increases the gene
element-binding
expression[110]
protein
PPARα
Peroxisome
HCV infection led to reduction in
proliferatorsgene expression[126]
activated receptor
alpha
MTP
Microsomal
Core protein led to reduction
triacylglycerol
in MTP activity and lower gene
transfer protein
expression[127,128]
PEPCK Phosphoenolpyruvate NS5A increases gene expression
carboxykinase
and development of steatosis[129]
FAS
Fatty acid synthase
Core protein induces FAS
promoter activity and severity of
steatosis[115]
RXRα
Retinoid X receptorCore protein enhances the
alpha
transcriptional activity and
contributes to the pathogenesis of
infection[112]
APOE
Apolipoprotein E
HCV forms lipoviroparticles
and hijacks ApoE for entry into
hepatocyte[48]
Genes associated with spontaneous clearance of HCV
Gene
Protein
Allele
IL28B
Interleukin 28B
rs12979860 CC[130]
IL28B
Interleukin 28B
rs8099917 TT[131]
IL28B
Interleukin 28B
ss469415590DG[132]
KIR
Natural killer cell
KIR3DS1[133]
immunoglobulin-like
receptor
TNFα
Tumor necrosis
-863CC[134]
factor-α
APOB
Apolipoprotein B
rs934197 TT[135]

GENETICS AND HCV INFECTION
Recent progress in the field of molecular genetics has
revealed that the clinical outcome and response to treatment for HCV may be predetermined by genetic polymorphisms. Genes related to lipids, metabolism and the
immune response have been studied (Table 1). Largescale genetic epidemiological studies are required to attain
adequate statistical power. Identifying the relationship
between specific genes and the progression of HCV infection is a crucial step toward understanding the pathogenesis of infection.

DYSLIPIDEMIAS AND HCV INFECTION
The lipid profile in chronic HCV-infected patients presents low levels of total cholesterol, HDL and LDL regarding non-infected individuals. In addition, these levels
are significantly lower in patients who present with fatty
liver. HCV-genotype 3-infected patients show a higher
incidence of fatty liver development. The relationship of
these lipid alterations with HCV infection is important
for the lifecycle of the virus, and it is positively correlated
with the response to antiviral treatment, especially in the
setting of genotype 3 infections[57].
Studies have demonstrated the presence of hypobetalipoproteinemia in patients infected with HCV[116].
The pathogenesis of hypobetalipoproteinemia in HCV
patients is unclear. Recently, hepatic steatosis has been
correlated with this type of dyslipidemia. However, the
influence of viral infection on these parameters has not
been thoroughly investigated. It has been demonstrated
that hepatic fibrosis is increased as serum levels of ApoB
decrease. Thus, there is a strong negative correlation between fibrosis and ApoB levels[117].
Studies report that serum triglyceride levels are decreased in patients with HCV; however, in these studies, more than 50% of patients had liver cirrhosis and
HCC[118]. Thus, the decrease in TG cannot be attributed to
the presence of virus alone. In more recent studies, where
HCV patients without cirrhosis or HCC were analyzed,
the prevalence of TG was similar to control patients without HCV. However, TGs in the fasting state, transported

MTP: Microsomal triacylglycerol transfer protein; FAS: Fatty acid synthase; HCV: Hepatitis C virus; SREBP: Sterol regulatory element-binding
protein; PPARα: Peroxisome proliferator-activated receptor alpha; RXRα:
Retinoid X receptor alpha.

Some reports have suggested an interaction between
HCV core proteins with RXR α and shown that the
HCV core protein binds to the DNA-binding domain
of RXRα, leading to an increase in binding of RXRα to
its DNA response element[110,111]. In addition, RXRα is
activated in cells expressing the HCV core protein and
in the livers of HCV core-transgenic mice that develop
hepatic steatosis and HCC. The HCV core protein may
compete with p50- and p65-nuclear factor kappa-lightchain-enhancer of activated B cells (NF-κB) subunits
for direct interaction with RXRα. This competition may
influence signaling via NF-κB, a regulator of many cellular functions and lipid synthesis, and up-regulate the
enzymes acyl CoA oxidase and retinol binding protein Ⅱ,
exacerbating steatosis by increasing oxidative stress and
decreasing β-oxidation[111,112]. These reports indicate that
modulation of RXRα controls gene expression by interacting with the core protein and contributes to pathogenesis of HCV infection[112].
FAS: FAS is a protein that is directly linked to intracellular
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high TGs or any combination of these conditions[121].
Currently, even children have been detected with high
blood levels of cholesterol and triglycerides, most likely
due to the marketing of processed foods with high sugar
or fat content, changes in dietary patterns and the abuse
of food rich in animal fat. It has been described that 100
mg of dietary cholesterol for each 1000 kcal results in 12
mg/dL increase in the concentration of blood cholesterol, and that children and adolescents with high levels of
cholesterol are more likely to continue having high levels
into adult stage[122].
Mexico has been reported to be a low endemic area
for HCV[123,124]. Moreover, a low association between
HCV infection and HCC has been reported in the country[125]. Given that lipid components associated with HCV
infection are finely modulated in the Mexican population, it is plausible to hypothesize that the progression of
infection may be regulated by the characteristics of this
population’s lipid composition.

only by VLDL, are found at significantly lower levels in
HCV-infected patients compared to individuals without
HCV infection. The levels of TGs in different stages of
fibrosis in patients with HCV have been compared and
no differences were found. Differences were only found
in patients with cirrhosis. In contrast, the levels of TGs
transported by VLDL declined with progression of liver
damage until cirrhosis was reached. These data indicate
that hypertriglyceridemia in HCV patients is not of viral
origin. In contrast, the decreased serum levels of TG can
be explained by the interference in maturation and excretion of VLDL caused by the viral lifecycle[119].
Dyslipidemias in Mexico
Chronic diseases associated with diet and lifestyles, including obesity and dyslipidemias, have genetic components.
Currently, Mexico and the United States are experiencing
the largest obesity epidemic in the world. The significant
increase in prevalence of these diseases in recent years
strongly suggests the influence of environmental factors in their development. High levels of cholesterol and
lipid disorders are important risk factors for developing
diseases including hepatic and cardiovascular diseases.
Pathologies associated with high levels of cholesterol represent one of the eight main risk factors for mortality in
Mexico[8,120]. Hypercholesterolemia has been described as
a public health problem in Mexico since 1988 when the
Secretariat of Health conducted the first national survey
related to serum cholesterol levels among the Mexican
population. In 1993, a new study was performed (National
Survey of Chronic Diseases) revealing that the prevalence of hypercholesterolemia had risen to 35.5%, a 10%
increase compared to the previous study. This trend continued during the coming years, resulting in an increase
in prevalence of hypercholesterolemia from 35.3% to
42.6%[121]. Additionally, serum TGs are higher and HDL
is lower among Mexicans when compared to other populations worldwide. In 2000, data from the Secretariat of
Health revealed that fasting serum samples from 2351
adults had a mean total cholesterol of 197.5 mg/dL, HDL
cholesterol of 38.4 mg/dL and TGs of 181.7 mg/dL.
Only 6.1% of the study population was diagnosed with
dyslipidemia and 85.88% did not know that they were
ill[121]. Detailed analysis of the data revealed that the most
frequent dyslipidemia was hypobetalipoproteinemia (low
HDL), followed by hypertriglyceridemia and hypercholesterolemia. The most common combinations were high
levels of TGs and low HDL cholesterol, and high levels
of TGs with high total cholesterol (mixed dyslipidemia).
It is currently accepted that there is an important association between being overweight, obesity and various
types of dyslipidemia[121]. As in the United States, the
obesity epidemic in Mexico has dramatically increased
in children and adults. In 2000, the Secretariat of Health
in Mexico revealed an association between obesity and
hypertriglyceridemia. Obese adults compared with individuals of normal weight were four times more at risk
for a diagnosis of high cholesterol, low cholesterol HDL,
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FINAL REMARKS
Ineffective viral escape from the immune response and
effective T cell activity, together with the absence of interfering HCV-induced Abs, are factors that may contribute
in combination to the spontaneous clearance of HCV. In
contrast, exhausted T cell responses resulting in impaired
T cell activity and viral adaptation to the host immune
response may result in chronicity. In addition to the recognized role of lipoproteins during the initial steps of
HCV infection, lipoproteins can also provide HCV with
protection from nAbs, either by masking viral epitopes by
associating with LDL and VLDL or by accelerating viral
entry via HDL and thus limiting the exposure of viral epitopes to nAbs. ApoE alleles 2 and 4 are associated with
HCV clearance and protection against severe liver damage. Furthermore, association between ApoE levels and
IFN sensitivity suggest that lipid modulation is a potential
target for preventing HCV disease progression.
When comparing serum lipid concentrations with
those of other populations of the world, it is notable
that Mexicans have higher concentrations of TGs and
lower HDL cholesterol. Hypercholesterolemia is among
the eight most important risk factors for mortality in the
country. Moreover, in Mexico, as in the United States and
other developed countries, obesity has significantly increased in recent years. Analysis of the 2000 Mexican National Health Survey significantly associated obesity with
hypertriglyceridemia, followed by hypercholesterolemia.
This reveals a unique lipid profile in the Mexican population that, in conjunction with genetics and lifestyle, might
be responsible for the immune response during chronic
diseases, including HCV infection.

CONCLUSION
Advances in understanding HCV disease outcome suggest that individualized therapies that account for fac-
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tors, such as lipid modulation, lifestyle and genetics, in
conjunction with immune-based therapies are required to
establish better strategies for controlling infection with
HCV.
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Abstract
Hepatitis C virus (HCV) infection is a global health problem, with an estimated 170 million people being chronically infected. HCV cell entry is a complex multi-step
process, involving several cellular factors that trigger
virus uptake into the hepatocytes. The high- density
lipoprotein receptor scavenger receptor class B type I,
tetraspanin CD81, tight junction protein claudin-1, and
occludin are the main receptors that mediate the initial
step of HCV infection. In addition, the virus uses cell
receptor tyrosine kinases as entry regulators, such as
epidermal growth factor receptor and ephrin receptor
A2. This review summarizes the current understanding about how cell surface molecules are involved in
HCV attachment, internalization, and membrane fusion,
and how host cell kinases regulate virus entry. The advances of the potential antiviral agents targeting this
process are introduced.

INTRODUCTION
Hepatitis C virus (HCV) infection is a global health problem. About 130-170 million people are chronically infected and at risk of developing liver cirrhosis and/or liver
cancer[1]. More than 350000 people die from hepatitis-Crelated liver diseases every year. Current antiviral treatment of chronic HCV infection is based on pegylated
interferon (PEG-IFN) and ribavirin, which is limited by
side effects and suboptimal response rates[2]. Since 2011,
standard of care (SOC) treatment of HCV includes the
addition of direct-acting antivirals with a protease inhibitor to the PEG-IFN and ribavirin[3,4]. However, resistance
and severe side effects are still issues[5]. There is currently
no vaccine for hepatitis C. Thus, novel preventive and
therapeutic strategies are urgently needed.
Cell entry is the first step in viral infection and replica-

© 2014 Baishideng Publishing Group Co., Limited. All rights
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tion, which offers an important target for antiviral therapy. The establishment of infectious HCV pseudoparticles
(HCVpps)[6,7], cell-culture-derived HCV (HCVcc)[8-10], and
progress in small animal models of HCV infection[11-14]
have allowed us to identify host factors contributing to
HCV entry and to develop antiviral compounds.
HCV entry into hepatocytes is thought to be a highly
coordinated process that involves several cell surface
molecules in sequential steps[15]. More than two decades
of intense research has provided a detailed understanding of these entry factors, and considerable progress has
been made to decipher how they trigger and facilitate
HCV cell entry. Recent data also demonstrate the important role of host cell tyrosine protein kinases in regulating
HCV entry[16]. In this review, we summarize the current
knowledge about how HCV uses these host factors to invade hepatocytes, and how host cell kinases regulate virus
entry, and the recent progress of antiviral therapy targeting this process.

low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL) in the blood, or interact with lipoprotein
components during virus assembly and are secreted together with VLDL[33]. Highly infectious HCV particles are
associated with VLDL, termed lipoviral particles (LVPs).
LVPs are lipoprotein-like structures composed of triglyceride-rich lipoproteins containing apolipoprotein (Apo)B,
ApoE and ApoC1, viral nucleocapsids, and envelope
glycoproteins E1 and E2[34-38]. Several functional roles for
the formation of HCV-lipoprotein complexes have been
proposed, including interacting with lipoprotein receptors
for attachment and entry, concealing epitopes to facilitate immune escape, and hijacking host factors for HCV
maturation and secretion[39].

PARTICIPANTS AND THE CELL-ENTRY
PATHWAY
The HCV entry process into human hepatocytes requires
numerous host proteins, including two binding factors
glycosaminoglycans (GAGs)[40,41] and the LDL receptor
(LDLR)[42-45], four receptors scavenger receptor class B
type Ⅰ (SR-BI)[46], tetraspanin CD81[47], tight junction proteins, claudin-1 (CLDN1)[48] and occludin (OCLN)[49], and
several entry factors including epidermal growth factor
receptor (EGFR), ephrin receptor A2 (EphA2)[50], transferrin receptor 1 (TfR1)[51], and cholesterol transporter
Niemann-Pick C1-like 1 (NPC1L1)[52] (Table 1). The entry pathway consists of three steps: (1) viral attachment
to the hepatocyte; (2) receptor-mediated endocytosis of
the viral particle; and (3) endosomal fusion (Figure 1).

HCV PARTICLES
HCV is an enveloped, positive-stranded RNA virus belonging to the Hepacivirus in the Flaviviridae family. The
HCV virion is comprised of a nucleocapsid surrounded
by a host-derived membrane containing the E1 and E2
HCV glycoproteins[17]. Functional virion-associated E1
and E2 are thought to form a non-covalent heterodimer
stabilized by disulfide bridges[18,19], which mediate the
majority of cell-entry processes of the virion, including
interaction with host receptors and fusion in the low pH
environment of early endosomes[20-23]. The first 27 amino
acids residues of the N terminus of E2, called hypervariable region 1 (HVR1), are the most divergent among
HCV isolates. Recent data show that HVR1 contains
three different functional microdomains that cooperate
to confer HCV cell entry and immune evasion[24]. Based
on similarities with envelope proteins of the Flaviviridae
family, E2 was previously proposed to be the fusion protein[25-27]. However, recent data on pestiviruses and HCV
are no longer in favor of E2 being a fusion protein. The
structure of E2 protein from the pestivirus bovine viral
diarrhea virus does not show any evidence of a fusion
peptide in this protein[28,29]. More recently, the crystal
structure of the E2 core bound to broadly neutralizing
antibody AR3C was resolved and revealed a compact architecture composed of a central immunoglobulin-fold β
sandwich flanked by two additional protein layers, which
differs markedly from predictions of an extended, threedomain, class Ⅱ fusion protein fold[25]. E1 was recently
demonstrated to be a modulator of HCV binding to
receptors and membrane fusion[30]. The characterization
of HCV particles circulating in patient sera is the heterogeneity of size and density, due to the association of
virions with different serum components, such as immunoglobulins[31] and different classes of lipoproteins[32].The
nature of the association between HCV and lipoproteins
remains unclear. Circulating virions might directly bind to
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ATTACHMENT OF HCV PARTICLES TO
THE CELL SURFACE
In vivo, circulating HCV enters the liver through the sinusoidal blood. The liver sinusoidal endothelial cells (LSECs)
and Kupffer cells express liver/lymph-node-specific
intercellular adhesion molecule 3-grabbing integrin (LSIGN) and dendritic-cell-specific intercellular adhesion
molecule-3-grabbing non-integrin (DC-SIGN), respectively. Both L-SIGN and DC-SIGN bind HCV E2 with
high affinity, suggesting they may capture particles from
blood and transmit virus to hepatocytes[53,54].
Successful traverse from the endothelium allows the
virus to contact hepatocytes at the basal surface. GAGs
and LDLR are proposed to contribute to concentrate
HCV particles on target cell surface[41,44]. On hepatocytes,
highly sulfated GAGs (HS GAGs) serve as the first attachment sites[55]. While direct E2 binding to HS GAGs is
observed[55], E1 and ApoE are also suggested to attach to
GAGs[56].
As a result of the association between HCV and
lipoproteins, the LDLR has been proposed as another
potential attachment factor for HCV[43]. Although HCV
particles bind to the LDLR, it seems that this interaction
does not lead to a productive entry process[57].
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CD81 interaction induces a conformational rearrangement
of the E1 and E2 glycoproteins that facilitates pH-dependent fusion and endocytosis of the virus[67]. Upon CD81
engagement, HCV activates signals allowing the lateral
movement of the virus particle/CD81 complex and its delivery to areas of cell-cell contact[68]. Tetraspanins associate
with each other to carry out many biological functions, and
several CD81 partners and CD81-associated tetraspanins
are proposed to play a role in HCV entry[69-71].
CLDN1 is a member of the claudin family of tight
junction proteins, consisting of a large and small extracellular loop (EL1 and EL2, respectively), and four transmembrane domains. The highly conserved EL1 is critical for HCV entry[48]. CLDN6 and CLDN9 can replace
CLDN1 for HCV entry, but they are expressed only at
low levels in the liver[72].
CD81 and CLDN1 act at closely related time-points
during HCV entry[73], and direct CD81-CLDN1 interaction is observed[74], strongly suggesting they form a
complex to facilitate virus entry. The HCV envelope
glycoproteins do not directly interact with CLDN1, but
CLDN1 interacts with CD81 and thereby plays an important role during post-binding steps of the HCV entry
process[48,73,74]. CLDN1 is expressed both at the basolateral and apical membranes[75]. Interestingly, CLDN1CD81 complexes are absent from apically located tight
junctions, suggesting that virus engagement of basolateral pools of CD81 and CLDN1 may initiate the particle
internalization process[75].
EGFR is a receptor tyrosine kinase (RTK) that regulates several key processes, including cell proliferation,
survival, and differentiation during development, tissue homeostasis and tumorigenesis[76]. EphA2 mediates cell positioning, cell morphology, polarity and motility[77]. EGFR
and EphA2 were recently identified to be required for
HCV entry[50] and modulate interactions between CD81
and CLDN1 by EGFR-dependent signaling pathways[78].
OCLN, also belongs to the tight junction protein
family, and has been identified as another co-receptor
required for a late post-binding event[49]. OCLN is composed of four transmembrane regions, two extracellular
loops and N- and C-terminal cytoplasmic regions[79]. The
determinants on OCLN of HCV infectivity and species
specificity are mapped to the second extracellular loop[80].
Although OCLN has been reported to interact with the
HCV E2 glycoproteins[81], whether the interaction is mediated via a direct E2-OCLN binding or by indirect interactions with CD81/CLDN1 complexes is unclear.
Internalization of HCV particles is dependent on
clathrin-mediated endocytosis[22]. HCV promotes CD81
endocytosis via a clathrin- and dynamin-dependent process in association with CLDN1[82].
Recently, TfR1 was identified as a HCV entry factor[51]. TfR1 is ubiquitously expressed in all tissues and
is the main receptor for cellular iron uptake into cells via
clathrin-mediated endocytosis. TfR1 plays a role in HCV
infection at the level of glycoprotein-mediated entry, acts
after CD81, and possibly is involved in HCV particle internalization[51].

Table 1 Characterization and the main function of cell
surface molecules required for hepatitis C virus entry
Characterization

Main function in HCV entry

GAGs
LDL-R
SR-BI

Binding factor
Binding factor
Receptor

CD81

Receptor

Attachment to HCV E1 and ApoE
Binding to virion-associated lipoprotein
Binding to virion-associated lipoprotein;
lipid transfer; binding to E2 HVR1
Interaction with E2; signaling pathway
activation which promotes actin
remodeling
Interaction with HCV-CD81 complex
Function at the late stage of HCV entry
Signaling pathways activation which
lead to the formation of CD81-CLDN1
complexes
Possibly involved in virus internalization
Possibly involved in endosomal fusion

CLDN1
OCLN
EGFR and
EphA2

Receptor
Receptor
Entry factor

TfR1
NPC1L1

Entry factor
Entry factor

HCV: Hepatitis C virus; GAGs: Glycosaminoglycans; LDL: Low-density
lipoprotein; CLDN1: Claudin-1; OCLN: Occludin; EGFR: Epidermal
growth factor receptor; EphA2: Ephrin receptor A2; TfR1: Transferrin
receptor 1; NPC1L1: Niemann-Pick C1-like 1.

ENDOCYTOSIS MEDIATED BY
CO-RECEPTORS AND SPECIFIC ENTRY
FACTORS
After initial attachment to the host cell surface, the virus interacts with co-receptors and other specific entry
factors, which leads to molecular rearrangements at the
plasma membrane and subsequently results in viral internalization.
SR-BI is highly expressed in the liver and steroidogenic tissues[58], can bind a variety of lipoproteins including high-density lipoprotein (HDL), LDL, and oxidized
LDL[59], and plays a key role in mediating selective cholesterol uptake from HDL into hepatocytes to maintain
lipid homeostasis[60]. SR-BI is a glycoprotein with two Nand C-terminal cytoplasmic domains separated by a large
extracellular domain that is involved in lipid metabolism.
The large extracellular loop of SR-BI was initially identified to bind directly to the HVR1 of HCV E2[61], and
then interact with virus-associated lipoproteins[62]. Recent
data show that HCV particles utilize SR-BI in a manifold
manner[63]. First, the initial attachment of HCV particles
to SR-BI is independent of E2 but, rather, is mediated by
lipoprotein components, such as ApoE[63,64]. Second, the
lipid transfer function of SR-BI may facilitate the viral
particles access to the next entry step, which would allow
exposure of CD81 binding sites on HCV E2 and transfer
the virus particle to CD81[63]. Finally, direct interactions
between E2 HVR1 and SR-BI enhance infectivity of the
particle at post-attachment levels[65].
CD81 is a member of the tetraspanin superfamily defined by four transmembrane domains, a conserved CCG
motif, and four cysteine residues that form critical disulfide
bonds in the large extracellular loop (LEL). CD81 interacts
with HCV E2 glycoprotein via a series of discontinuous
amino acid residues in the LEL[66]. Several studies suggest
that CD81 acts as a post-binding entry molecule. HCV-
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Figure 1 Hepatitis C virus entry into hepatocytes. ① Hepatitis C virus (HCV) LVP binds to glycosaminoglycans (GAGs) and low-density lipoprotein receptor (LDLR),
which have high affinity with ApoE. SRBI plays an important role in both binding and post-binding steps through interaction with virion-associated lipoprotein or HCV E2.
② Binding of SRBI to HCV particles allows exposure of CD81 binding sites on HCV E2 and transfer of the virus particles to CD81. Upon interaction with HCV E2, CD81
activates Rho GTPase family members that promote actin remodeling, thus allowing the delivery of the E2-CD81 complex to come into contact with claudin-1 (CLDN1).
Two RTKs, epidermal growth factor receptor (EGFR) and EphA2 facilitate the formation of the CD81-CLDN1 complex by the EGFR-activated EGFR/Shc1/Grb2/HRas signaling pathway. The CD81-CLDN1 association is also regulated by PKA in a cAMP-dependent manner to retain CLDN1 on the plasma membrane. MKNK1 was recently
identified as a host factor in HCV entry, which possibly acts to facilitate the downstream of EGFR. ③ The virion is primed by the low-pH fusion activity of CD81 and CLDN1
and translocates to the tight junctions in order to be endocytosed. Viral internalization is dependent on clathrin-mediated endocytosis. Junction protein occludin (OCLN)
may contribute to this process. TfR1 plays a role in HCV infection at the level of glycoprotein-mediated entry, acts after CD81, and possibly is involved in HCV particle internalization. PI3K-AKT and PI4K pathways are engaged in the late step of HCV entry. However the mechanisms are yet to investigated. ④ Following internalization, HCV
fusion occurs in the early endosomes. Low pH environment and virion-associated cholesterol are required for the fusion process. NPC1L1 may play a role in the process
by cholesterol transport. After fusion between the viral envelope and an endosomal membrane, the viral genome is released into the cytosol and replication take place.

pore to release the nucleocapsid into the cytosol[87,88].
Besides the acidic endosomal pH environment, the
cholesterol of the target membranes is also found to
have a strong promoting effect on the membrane fusion
capacity of flaviviruses[89-91]. The NPC1L1 cholesterol
uptake receptor has been identified recently to be one of
key entry factors for HCV[52]. It has been revealed that it
might promote HCV entry by modulating cholesterol homeostasis or influencing cholesterol level of LVPs, thus
affecting membrane composition required for membrane
fusion[92].

ENDOSOMAL FUSION
The fusion within the endosomal cell compartment between viral and host membranes is the final step of HCV
entry to release the viral RNA for the following HCV
life cycle. It is believed that this process is triggered in a
receptor-independent but pH-dependent manner, and is
closely linked with lipid composition[83]. The virus-receptor interactions and low pH might cause glycoprotein rearrangements to trigger fusion-related protein transition
from a pre-fusion state to a post-fusion structure[84].
Of the two envelope protein, E1 acts as a protein
chaperone. It has been shown that specific residues of
fusion-peptide-like domain on E1 are required for mediating cell fusion and entry of HCV[27,85,86]. Still, the role
of this domain in HCV entry needs further investigation.
However, the role of E2 in viral fusion is controversial.
Previous studies have suggested that a specific region of
E2 is a key fusion determinant of HCV[26,27], while Law’s
team has found no presence of a fusion peptide in HCV
E2 by crystal structure analysis[25]. The conformational
changes of the envelope proteins finally lead to a fusion
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REGULATION OF HCV ENTRY BY HOST
KINASES
It has been recently demonstrated that HCV uses host kinases during the entry process to facilitate virus-receptor
interaction, and appropriate membrane traffic.
There is strong evidence that CD81 and CLDN-1
work together to facilitate HCV entry. The association
of CD81 and CLDN-1 appears to be regulated by mul-
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CLDN1[68].
If the localization of either co-receptor is disrupted,
the association of CD81 with CLDN1 will be perturbed[95]. By screening a series of kinase inhibitors for
their effects on HCV infection, protein kinase A (PKA)
was identified as having an important role in HCV entry[96]. Initiation of HCV infection activates PKA in a
cAMP-dependent manner to retain CLDN1 on the plasma membrane, which then promotes the entry of HCV[96].
The class Ⅰ phosphatidylinositol 3-kinase (PI3K) is
activated by G-protein-coupled receptors and tyrosine
kinase receptors. Upon its activation, it converts phosphatidylinositol 4,5-biphosphate to phosphatidylinositol
3,4,5-triphosphate, which binds to and recruits AKT to
the membrane for its phosphorylation. Many flaviviruses
regulate the PI3K-AKT pathway for their entry [97,98].
HCV rapidly and transiently activates the PI3K-AKT
pathway in the early stage of infection to enhance its
entry, and the activation is mediated by the interaction between HCV E2 and its co-receptors, CD81 and
CLDN1[99]. However, the exact step of the entry process
that the AKT pathway regulates remains elusive.
In addition, phosphatidylinositol 4-kinases type Ⅲ
α (PI4KⅢα) and β (PI4KⅢβ) have been suggested to
play a role in membrane remodeling and trafficking during HCV entry[100,101]. However, the underlying molecular
mechanism is unclear.

Table 2 Antiviral agents targeting viral entry
Stages of HCV
entry process

Target

HCV particle/
attachment

HCV E1 and E2

Receptormediated
endocytosis

Virion-associated
lipoprotein
SRBI
CD81
CLDN1
EGFR
NPC1L1
TfR1
Internalization

Endosomal
fusion

Fusion

Regulation

Ras
PKA
MKNK1
PI3K

Antiviral agents

Ref.

Neutralizing antibodies [102,103]
Heparin
[41,55]
Lectins
[106,107]
EGCG
[109,110]
Oleanane-type
[111]
triterpenes
Anti-apoE mAb
[108]
Anti-SR-BI mAb
ITX 5061
Anti-CD81 mAb
Anti-CLDN1mAb
CLDN1-derived peptide
Erlotinib
Ezetimibe
Anti-TfR1 mAb
Amphipathic DNA
polymers
Arbidol
Tamoxifen
E2-derived peptide
CD81-derived peptide
Curcumin
Phenothiazines
Ferroquine
aUY11
HCV Ⅱ-1/GS-563253
Tipifarnib
H89
RO4475417
Wortmanin

[113]
[117]
[114]
[115]
[116]
[50]
[52]
[51]
[118]
[122]
[123]
[121]
[124]
[125]
[126]
[127]
[128]
[129]
[78]
[96]
[93]
[99]

HCV ENTRY AS AN ANTIVIRAL TARGET
HCV entry has been revealed as a highly complex process requiring the involvement of viral envelope proteins
and multiple host proteins, which offer a large number
of promising therapeutic targets (Table 2). Each stage of
HCV entry can be designed as an antiviral target, including virus particles, virus attachment, receptor-mediated
endocytosis, endosomal fusion, and the regulatory pathways.
HCV entry can be inhibited with monoclonal or
polyclonal neutralizing antibodies[102-104]. However, crossreactive neutralizing antibodies seem to appear later during HCV infection, and several mechanisms contribute to
reduce their accessibility to their cognate epitopes. These
include the masking of major conserved neutralizing epitopes by HVR1, specific N-linked glycans, and the lipid
moiety of the viral particle. Other potential mechanisms
of evasion from the neutralizing antibody response include a modulation by HDLs and interfering antibodies,
as well as the capacity of the virus to be transferred by
cell-to-cell contact[105].
Several non-HCV specific molecules interfering with
HCV envelope glycoproteins and abrogating viral attachment have been described. Heparin, a structural
analog of GAGs, has been demonstrated to inhibit HCV
entry[41,55]. Lectins, such as cyanovirin-N and griffithsin,
bind to the high-mannose glycans present on the HCV
particles and thereby inhibit HCV entry[106,107]. ApoE antibodies and peptides are able to inhibit HCV entry by

Targets within the different stages of Hepatitis C virus (HCV) entry process
are depicted, followed by examples of compounds targeting the respective
entry step. Stages of development and references are indicated. GAGs:
Glycosaminoglycans; CLDN1: Claudin-1; OCLN: Occludin; LDLR: Lowdensity lipoprotein receptor; EGFR: Epidermal growth factor receptor.

tiple signaling pathways. Using a functional RNAi kinase
screen, two RTKs, EGFR and EphA2, are identified
as host cofactors for HCV entry by prompting CD81CLDN1 complex formation[50]. EGFR regulates CD81CLDN1 co-receptor association by the activation of the
EGFR/Shc1/Grb2/HRas signaling pathway[78]. Proteomic
analysis has revealed that HRas associates with CD81 and
CLDN1, suggesting HRas acts as a molecular switch promoting RTK-mediated HCV entry[78]. Following EGFR
stimulation, the Ras/MEK/ERK pathway is activated,
which could lead to the activation of MAPK interacting
serine/threonine kinase 1 (MKNK1)[93]. MKNK1 was recently identified as a host factor in HCV entry, which possibly acts to facilitate the downstream effect of EGFR[93].
For a multi-receptor virus, successful entry is based
on the lateral movement of the virus on the plasma
membrane and interaction with sufficient receptors to
initiate internalization[94]. In the case of HCV, after the
interaction with HCV E2, CD81 activates Rho GTPase
family members Rac, Rho and cell division cycle 42 that
promote actin remodeling, thus allowing the delivery
of the E2-CD81 complex to come into contact with
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blocking its binding to target cells[108]. Some natural products have been shown to prevent virus binding, such as
the green tea polyphenol epigallocatechin-3-gallate[109,110]
and oleanane-type trierpene[111].
To overcome the high variability of the viral envelope
proteins, small-molecule host-targeting agents (HTAs)
are also being investigated[112]. Antibodies or peptides
targeting CD81, SR-B1 and CLDN1 have been shown to
be an efficacious way to prevent HCV infection both in
vitro and in vivo in a genotype-independent manner[113-116].
ITX 5061, one of the most promising HTAs, which promotes HDL levels in animals and patients by targeting
SRB1[117], is currently in phase 2 clinical trials. Clathrindependent endocytosis[118-120] and endosomal fusion[121]
are also potential targets for the development of antiHCV compounds. Arbidol suppresses clathrin-mediated
endocytosis by hindering HCV endosomal trafficking
and impairing dynamin-2-induced membrane scission[122].
Tamoxifen is a selective estrogen receptor modulator, and
affects both viral binding and post-binding events including endocytosis[123]. The stapled peptides are designed according to the linear peptide sequence of the large extracellular loop of CD81, which has been reported to play
an important role in HCV E2 binding interaction, and
has an inhibitory effect on HCV membrane fusion[124].
Curcumin affects membrane fluidity, therefore impeding
viral binding and fusion[125]. Phenothiazines inhibit HCV
infection at an early stage of the viral cycle by interfering
with virion-cell fusion[126]. They insert into cholesterolrich domains of target membranes and perturb cholesterol distribution in lipid membranes, creating a barrier to
virion-cell fusion. Ferroquine, an anolog of chloroquine,
suppresses HCV infection at a late post-binding step
by impairing the fusion process[127]. An arabino-based
rigid amphipathic fusion inhibitor, aUY11, inhibits HCV
infection at the early fusion process by interacting with
envelope lipids[128]. HCV-II/GS-563253 suppresses HCV
endosomal fusion by locking the viral envelope prefusion state or formation of an incapable envelope conformation for viral fusion[129].
Given the relevance of host cell kinases for HCV entry and the number of kinase inhibitors being developed
to treat a wide variety of human diseases, kinase inhibitors have been suggested as a novel class of antivirals for
the prevention and treatment of HCV infection[78,93,96,99].
Erlotinib, a clinically approved inhibitor of EGFR, and
the NPC1L1 inhibitor ezetimibe have been shown to impair HCV infection in vivo[50,52].

OCLN in defining HCV entry. EGFR, NPC1L1 and
TfR1 are important cofactors for HCV entry. HCV entry
has been revealed as a highly complex process requiring
orchestration of several cell surface molecules and regulation of multiple host kinases, which offer a multitude
of promising targets for antivirals.
The ideal therapeutic regimen is thought to be an alloral, IFN-free combination cocktail with pan-genotype
coverage, minimal side effects and high virological cure
rates in all patient groups[1]. Given the chronic nature
and genetic diversity of HCV, targeting host entry factors with antibodies or small-molecule inhibitors could
block the spread of DAA-resistant variants and disturb
infection dynamics necessary to maintain chronic liver
infection. The most advanced inhibitor of HCV entry is
ITX 5061, a small molecule compound that was initially
identified to promote HDL levels in animals and patients
by targeting SRBI.
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Core tip: Advances into the understanding of the
pathogenesis of inflammatory bowel diseases (IBD)
have highlighted the importance of a dysbiosis in the
intestinal microbiome. A perturbed microbiota with loss
of colonization resistance is a main driver of Clostridium
difficile infection and exciting new data exists that microbial restoration through the use of fecal microbiota
transplantation (FMT) is highly successful. Therefore,
it is logical to conclude that FMT will have therapeutic
efficacy in IBD. Preliminary studies that have evaluated
FMT for IBD are reviewed with an emphasis on subpopulations that may benefit the most. The limitations and
unknowns for this novel therapy are also discussed.

Abstract
Fecal microbiota transplantation (FMT) is considered to
be a highly successful therapy for recurrent and refractory Clostridium difficile infection (CDI) based on recent
clinical trials. The pathogenesis of inflammatory bowel
diseases (IBD) is thought to be due in part to perturbations in the gut microflora that disrupt homeostasis.
FMT restores essential components of the microflora
which could reverse the inflammatory processes observed in IBD. Case reports and series for the treatment of IBD by FMT have shown promise with regards
to treatment success and safety despite the limitations
of the reporting. Future studies will determine the optimal delivery and preparation of stool as well as the
conditions under which the recipient will derive maximal benefit. The long term consequences of FMT with
regards to infection, cancer, auto-immune, and metabolic diseases are not known and will require continued
regulation and study. Despite these limitations, FMT
may be beneficial for the treatment of ulcerative colitis
and Crohn’s disease, particularly those with concurrent
CDI or with pouchitis.

Allegretti JR, Hamilton MJ. Restoring the gut microbiome for the
treatment of inflammatory bowel diseases. World J Gastroenterol
2014; 20(13): 3468-3474 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i13/3468.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3468

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease, the two main
classifications of inflammatory bowel diseases (IBD) are
characterized by chronic intestinal inflammation resulting
in recurrent episodes of disease exacerbations with associated abdominal pain, diarrhea, weight loss and rectal
bleeding. IBD remains poorly understood and medical
therapies continue to be inadequate. The current mainstays of conventional therapy for these diseases include
5-aminosalicylates (5-ASAs), corticosteroids, thiopurines,
and anti-tumour necrosis factor agents. However, despite
continued advances in therapy, a significant number of

© 2014 Baishideng Publishing Group Co., Limited. All rights
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to standard medical treatment with antibiotics[11-22]. In this
review, we will discuss the literature on the use of FMT
for the treatment of IBD with a focus on special populations of patients with IBD who are predicted to respond
to this treatment. We also discuss the limitations of FMT
and remaining questions for this exciting novel therapy.

patients remain refractory to standard therapies. Overall,
20%-30% of patients with UC will require a colectomy.
At least 50% of patients with Crohn’s disease will require surgical treatment in the first 10 years of disease
and 70%-80% will require surgery within their lifetime[1].
The etiology of IBD is complex and several factors are believed to play a role in its development and
progression. The host genotype is important and twin
studies have shown concordance rates of 16% for UC and
35% for Crohn’s disease[2]. However, these numbers also
indicate that non-genetic factors play a substantial role in
the development of IBD[3]. The most important of these
is likely the intestinal microbiota (reviewed extensively in
this issue of WJG). Humans have evolved with the microbes in the intestine which are known to provide critical
functions to the host such as metabolism, digestion, development and maintenance of the immune system, and mucosal barrier function. The microbes exist in the various
niches to carry out their function and are relatively stable
over time[4]. In disease states such as IBD, the microbial
balance that favored homeostasis is perturbed and studies that have analyzed the composition of the gut microbiome in IBD have found a loss in the richness and
diversity of the bacterial components including under
representation of the anti-inflammatory phyla Bacteroides
and Firmicutes and a relative plume of pro-inflammatory
Proteobacteria[5-7]. This shift in the composition of the
microbiota (“dysbiosis”) may favor the appearance of
distinct pathogens that perpetuate the inflammatory response. In this regard, several studies have revealed an
increase in adherent/invasive E. coli in the terminal ileum
of patients with Crohn’s disease and Mycobacterium avium
paratuberculosis has been casually linked to Crohn’s pathogenesis although a direct link has not been proven[8]. Opportunistic microbes such as C. difficile may also be able
to establish pathogenicity in niches that may be present
in the colons of IBD patients. Whether the dysbiosis
directly leads to inflammation or is a consequence of
an inflammatory environment is yet to be determined.
Nonetheless, antibiotics and fecal diversion have been
successful in treating various forms of IBD[9], and it is
possible that restoring a healthy microbiota through Fecal microbiota transplantation (FMT) may prove to be
more effective[2].
FMT has been suggested as a therapy for IBD, given
the observed intestinal dysbiosis[10]. FMT has also been
termed “fecal bacteriotherapy”, “human probiotic infusion”, “stool transplant,” “intestinal microbiome restoration” and “fecal transfer” in the literature. FMT involves
collecting stool from a healthy pre-screened donor and
delivering a prepared slurry into the gastrointestinal tract
of the individual with disease via nasogastric tube, EGD,
colonoscopy, or enema[10]. Multiple studies have investigated the role of FMT for the treatment of colitis and diarrhea caused by the opportunistic pathogen C. difficile. The
accumulated data suggests that FMT is a safe and highly
effective therapy for C. difficile infections (CDIs) refractory
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PUBLISHED EXPERIENCE WITH FMT AS
A THERAPY FOR IBD
There are currently no published clinical trials on FMTs
in either UC or Crohn’s disease. The literature consists
of various case reports and case series, mainly in UC.
The first report of FMT for UC was presented by Bennet and Brinkman in 1989[23]. Bennet, who had UC, self
treated with fecal retention enemas. Six months after his
experimentation, he remained symptom-free and off of
medications. This report was followed by a case series,
by Borody and colleagues in the same year, of 55 patients
with a mixture of gastrointestinal disorders including UC,
Crohn’s disease (only one patient), and irritable bowel
syndrome who were treated with FMT by retention enemas[24]. They reported that 20 of the 55 patients were
“cured” after one FMT and 9 had significant symptom
reduction. This study was very limited and did not provide
details as to how clinical outcomes were measured and
which patient groups may have derived the greatest treatment benefit. Furthermore, details were not provided as
to the frequency and duration of treatment or the length
of follow up. The one patient with Crohn’s disease was
reportedly symptom free after four months after suffering
from steroid refractory disease[24]. In a later review, Borody
reported that this Crohn’s patient had relapsed at 18 mo[25].
Borody followed up this report up with another case series
highlighting 6 patients with UC[26]. Each of the 6 had at
least five years of disease and had either failed what was
described as maximal medical therapy (steroids, 5-ASAs
and mercaptopurine) or quickly relapsed upon withdrawal
of medications. Each patient was confirmed to have active
inflammation on colonoscopy and was negative for CDI.
Prior to the treatment, each patient received antibiotics for
7-10 d in order to suppress the Clostridia (vancomycin 500
milligrams (mg) twice daily, metronidazole 400 mg twice
daily, and rifampicin 150 mg twice daily). Each patient also
underwent a one time 3 L lavage with an oral polyethylene
glycol solution. These patients provided their own donors
and received daily fecal retention enemas for five days.
They were encouraged to retain the enemas for as long as
possible (6-8 h). Each of these patients was in complete
remission four months after treatment and remained off
of IBD medications. In several of the patients, follow up
colonoscopy revealed no active inflammation. The follow up time was variable but remission was reportedly
sustained over many years (1-13)[26]. A recent systematic
review on the topic found nine articles and 26 patients
(18 UC, 6 CD, 2 indeterminate) who had received FMT
for management of IBD, several of which are included
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in the series described above[27]. Of these 26 patients,
results were reported in 17. After FMT, 13/17 patients
were able to cease all IBD medications within 6 wk and all
had symptom reduction or resolution at 4 mo[28]. It is important to note that these cases varied significantly in the
route of administration, preparation of stool, and screening protocols.
Angelberger et al[29] characterized the bacteria communities present both pre and post FMT in 5 patients
with moderate or severe UC. They found that none
of the 5 patients achieved remission by week 12 and
response was only noted in one patient. In two of the
patients, further deterioration of their UC was noted at
4 wk post FMT. Upon analysis of the microbial compositions, they found that the UC patients pre FMT
displayed a low phylotype richness and an overrepresentation of Enterococcaceae and Enterobacteriaceae and an underrepresentation of Lachnospiraceae, Ruminococcaceae and
Bacteroidaceae when compared to healthy donors[29]. They
found that post FMT the microbiota of the patients became similar to that of the donor, however the duration
of that change was patient dependent. The one patient
with a clinical response maintained a similar microflora
to the donor extending to 12 wk post FMT. However,
the 2 patients who experienced disease deterioration
showed increased microbiota dissimilarity by 4 wk post
FMT. This small study raises several important questions such as what IBD phenotypes may respond best to
FMT and how many infusions are necessary to establish
a healthy microbiota and a sustained clinical response.
Future studies for the treatment of IBD should carefully
consider whether disease severity at the time of FMT
affects treatment outcome, and at what point in the IBD
disease process FMT may be optimal.

rent or refractory CDI, however outcomes were only
reported in 12 of these patients[27]. All patients had resolution of C. difficile as measured by stool specific testing.
Several patients were noted to have fever and abdominal pain post FMT in this cohort but no major adverse
events were reported. We will await the results of future
trials to verify that FMT is a safe and effective therapy
for IBD patients with C. difficile.

UC PATIENTS WITH ILEAL POUCHES
Up to 20% of people with UC undergo an ileal pouch
anal anastomosis (IPAA)[34]. Over 60% of individuals
undergoing an IPAA for UC have at least one episode
of pouchitis[35]. This complication is uncommon in those
undergoing IPAA for non-UC related reasons, such as
familial adenomatous polyposis suggesting that genetic
and environmental factors such as the composition of
microbiota play a role in the pathogenesis of pouchitis[36].
Its development in relationship to microbiota likely has
two sides: a dysbiosis which reflects changes in bacterial
composition possibly at the core of the pathogenesis of
UC as well as the emergence of pathogenic bacteria such
as C. difficile[37]. Pouchitis often responds to a course of
antibiotics but may recur and require multiple courses of
the same antibiotic or a switch to a different antibiotic[34].
Various types of probiotic preparations have been demonstrated to maintain remission in pouchitis when used
daily[38,39]. Unfortunately, pouchitis becomes a chronic,
refractory condition in 5%-30% of patients undergoing
IPAA for UC[40] and more effective therapy is needed.
Because dysbiosis likely propagates pouchitis in IBD
and bacterial manipulation with antibiotics and probiotics has proven to be successful, it stands to reason that
FMT will prove to be a successful treatment for many
pouchitis patients. There is currently no published literature or ongoing trials exploring this possibility.

FMT FOR CDI IN PATIENTS WITH IBD
The incidence of CDI continues to rise[30]. First line
treatment for CDI consists of antibiotic therapy, however recurrence rates have been reported between
15%-35%[30]. FMTs are best studied in CDI infections
refractory to standard treatment. Current literature consists of multiple case series, systematic reviews and a
recent randomized controlled trial[31]. Impressively, cure
rates have been reported between 81% and 100%[30].
CDI infections are more common in patients with IBD,
with a higher prevalence among patients with UC (3.7%)
and Crohn’s disease (1.1%) compared with the background general population (0.45%)[32]. While IBD itself
is thought to be an independent risk factor for CDI,
the increased prevalence has also been linked to immunosuppressive medications, increased antibiotic use
and multiple surgeries and hospitalizations[33]. CDI may
have adverse effects on the underlying IBD and so effective therapy to eradicate the organism is necessary to
promote disease remission[33]. A recent systematic review
identified eight articles that reported on 15 patients (9
UC, 6 Crohn’s disease) who underwent FMT for recur-
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LIMITATIONS AND UNANSWERED
QUESTIONS FOR FMT
Screening
The process of screening the donor stool and what tests
should be ordered prior to FMT continues to evolve.
Ideally, experts from gastroenterology and infectious
disease can form a consensus regarding the appropriate screening of donor stool. In our practice, we ask the
donor initially about high risk sexual behaviors, whether
they have been diagnosed with any gastrointestinal
diseases such as IBD, colon polyps, or irritable bowel
syndrome, and whether or not they have taken antibiotics within the previous 3 mo. We then screen both the
donor and recipient’s blood for Hepatitis A (IgG and
IgM), Hepatitis B (HBsAg/Ab and HBc), Hepatitis C
(Ab), HIV-1/2 (Ab and viral load), and Syphilis (TPIgG). The donor’s stool is screened for C. difficile (by
culture), routine stool bacterial culture, Giardia antigen,
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Cryptosporidium antigen, and test for ova and parasites.
More extensive screening protocols have been used in
other studies that include additionally screening the donor for strongyloides, CMV, HTLV 1 and 2, EBV and
Entamoeba histolytica[31]. Given regional and geographic
differences, we recommend consulting with an infectious
disease specialist and infection control in order to determine the appropriate screening tests for an individual
practice setting.
Whether or not the efficacy of FMT is improved
with a related donor vs unrelated donor is not clear at
this time. One recent systematic review suggested that
stool from a related donor resulted in a higher resolution
rate (90.5%) for CDI than an unrelated donor (84%)[30].
However, other studies where universal donor pools
were used have yielded similar overall results[30]. Identification of individual bacterial components within the donor microbiota which could potentially influence efficacy
are being investigated[41].

should be considered in patients with moderate or severe
inflammation or stricturing disease. Lastly, it is possible
that FMT delivered by retention enema is effective in a
subset of IBD patients and would obviate the need for
an endoscopic procedure and hospital visit.
Processing and storage
Another unanswered question is whether donor stool
may be frozen and then thawed prior to FMT. This has
obvious practical implications but whether or not the key
components of the stool will be adequately preserved
is not known. The University of Minnesota reported
similar C. difficile cure rates among patients who received
fresh vs frozen (minus 80 degrees Celsius from 1-8 wk)
specimens (n = 33)[42]. In this series, 10 patients had
underlying IBD. Interestingly, only 4 patients required
a second FMT for recurrent symptoms and 3 of them
had underlying IBD[42]. Stool frozen at -80  ℃ therefore
may be equally effective for FMT as fresh stool, however
the viability of organisms after exposure to atmospheric
oxygen may be an important consideration. Facultative
anaerobes in stool may be inactivated by oxygen and
thus transplants under anaerobic conditions may be
more efficacious[4].
It is conceivable that oral preparations that mimic
human stool may be manufactured in the near future.
Although probiotics have yielded modest treatment effects in certain populations of IBD[43-46], it is likely that
the various probiotics lacked critical organisms and possibly other factors that help successfully restore the gut
microbiota back to health.

Patient preparation
Most published reviews have recommended largevolume bowel lavage before the procedure, regardless
of upper or lower tract administration in order to mechanically reduce Clostridial organisms that are still present[30]. This concept has never been tested formally. For
recurrent C. difficile, reports generally have recommended
discontinuing antibiotics 1-3 d prior to the FMT[13,30],
however this has also not been compared to continuing antibiotics up until the day of the procedure. At our
Institution, we have patients discontinue antibiotics the
night before the FMT.

Long term complications
Whether or not FMT may exacerbate underlying bowel
disease in some patients may be an important question.
A case of a UC flare after FMT for CDI was recently
reported[47]. The patient had quiescent disease for twenty
years and was not on immunosuppressive medications.
He developed symptoms nine days after the FMT. C. difficile testing was negative and sigmoidoscopy revealed the
appearance of inflammation and ulceration that was not
present on the FMT colonoscopy.
There is a theoretical concern for the transmission
of infections that may have escaped the screening process[48]. A recent case series reports two patients who
experienced gastroenteritis only 2 d and 2 wk after FMT
respectively. Both patients were found to be C. difficile
negative by PCR but norovirus positive. The donor stool
however was negative for norovirus and the authors
concluded that there was not direct transmission from
donor to patient.
Whether or not FMT may influence non-gastrointestinal diseases in the long term such as metabolic disease,
obesity, and cardiovascular disease is not known at this
time[49-53]. This may be the reason why several regulatory agencies such as the United States Food and Drug
Administration have asked for more research on FMT

Stool delivery
Another issue that will need clarification through future
study is the mode by which the stool is delivered to the
bowel. Although the efficacy of FMT has been shown
to be similar when delivered by endoscopy, nasogastric tube, enema or colonoscopy, it is possible that one
method may be superior to another in IBD. The type
and location of IBD may drive this decision. Upper gastrointestinal delivery of stool may be more efficacious
for patients with small bowel Crohn’s disease vs delivery
by colonoscopy for patients with colonic disease. Lastly,
tolerability and relative safety of each procedure will
have to be considered when deciding between upper
gastrointestinal delivery vs lower. In this regard, belching,
nausea and abdominal cramps have been reported with
upper gastrointestinal administration on the day of the
procedure in 8/16 patients, however these symptoms
resolved upon follow up[31]. Although no major adverse
events have been reported with any intestinal administration of stool, the safety of the proposed procedure
should be considered at the time of treatment. Although
colonoscopy is generally considered to be a safe treatment in the setting of active IBD, the perforation rate
may be increased and other modes of stool delivery
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before this can be recommended as a first line treatment.

5

Regulation
While initial reports of FMTs for IBD are promising,
several unresolved issues remain. Treatment of IBD
with FMTs may be considered investigational and so
many health care providers may not cover the cost of
the procedure (colonoscopy and stool preparation).
This is the case in the United States where the Food and
Drug Administration has required that providers who
would like to perform FMT must file an “Investigational
New Drug” application. Many patients may end up having to pay the hospital charge for this treatment out of
their own funds. This burden may be greater when it
is possible that patients with IBD may require several
treatments. Nonetheless, it is conceivable that long term
costs may be reduced if FMT leads to treatment success
and the patient is able to avoid expensive medical therapies, hospitalizations, or surgeries.

6

7

8

9
10

CONCLUSION
FMT is now considered to be a highly successful therapy
for recurrent and refractory CDI based on recent clinical
trials. The pathogenesis of IBD is thought to be due in
part to perturbations in the gut microflora that disrupt
homeostasis. Therefore, it is logical to extend the successes of FMT in CDI to the treatment of IBD. Case reports and series for the treatment of IBD by FMT have
shown promise with regards to treatment success and
safety despite the limitations of the reporting. While several questions remain unanswered such as the long term
consequences of FMT on the recipient, this therapy
may be beneficial for the treatment of UC and Crohn’s
disease, particularly those with concurrent CDI or with
pouchitis. The study of the gut microbiome has opened
an exciting new world in medicine raising as many questions as it seems to answer. It is nonetheless here to stay
with additional data from randomized controlled trials
much needed. Synthetic and multi-microbial stool substitutes are an inevitable advance that we are likely to see in
the near future.
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The role of routine measurement of metabolite/drug
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Core tip: The use of thiopurine analogs and anti-tumor
necrosis factor (TNF) agents in patients with inflammatory bowel diseases (IBD) has improved outcomes. The
pharmacokinetics of thiopurines is variable among patients, and some do not benefit from these drugs. The
manipulation and monitoring of thiopurines can potentially increase response to treatment and/or reduce
the development of toxicity. The efficacy of anti-TNF
drugs is also variable and several factors can modify
drug clearance, including the concomitant use of immunomodulators, systemic inflammation, the presence
of anti-drug antibodies, and body mass. The treatment
of IBD has advanced with the understanding of the
pharmacologic profiles of immunomodulating and TNFinhibiting medications.

Abstract
Thiopurine analogs and anti-tumor necrosis factor (TNF)
agents have dramatically changed the therapeutics of
inflammatory bowel diseases (IBD), improving short
and long-term outcomes. Unfortunately some patients
do not respond to therapy and others lose response
over time. The pharmacokinetic properties of these
drugs are complex, with high inter-patient variability.
Thiopurine analogs are metabolized through a series of
pathways, which vary according to the patients’ pharmacogenetic profile. This profile largely determines the
ratios of metabolites, which are in turn associated with
likelihoods of clinical efficacy and/or toxicity. Understanding these mechanisms allows for manipulation of
drug dose, aiming to reduce the development of toxicity
while improving the efficacy of treatment. The efficacy
of anti-TNF drugs is influenced by many pharmacodynamic variables. Several factors may alter drug clearance, including the concomitant use of immunomodulators (thiopurine analogs and methotrexate), systemic
inflammation, the presence of anti-drug antibodies,
and body mass. The treatment of IBD has evolved with
the understanding of the pharmacologic profiles of immunomodulating and TNF-inhibiting medications, with
good evidence for improvement in patient outcomes
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INTRODUCTION
Inﬂammatory bowel diseases (IBD) are chronic disor-
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in the intestinal lamina propria in patients with IBD[3].

ders of the intestinal tract characterized by relapsing and
remitting intestinal inﬂammation; Crohn’s disease (CD)
and ulcerative colitis (UC) are the best-recognized of
these entities. The etiology of IBD is not clear, but it
is thought to occur when the intestinal flora induces an
exaggerated immune response in the context of genetic
predisposition. Most therapeutic regimens focus on immunosupression as the hallmark of treatment with medications including corticosteroids, purine anti-metabolites,
and newer biologic agents that target specific molecules
of the inflammatory cascade like tumor necrosis factor
(TNF). Dramatic advances in the treatment of IBD have
been seen with the availability of new drugs and our
ability to tailor the treatment strategy for each patient.
Drug monitoring is relevant not only when trying to
achieve treatment efficacy, but also when trying to mitigate toxic side effects and optimize costs. In medicine,
we usually measure levels in drugs with a narrow therapeutic range and that pose significant deleterious side
effects with overdosing (e.g., theophylline, cyclosporine,
and lithium). With some antibiotics (e.g., vancomycin),
we measure levels in order to assure the patient receives
the required dose to induce a therapeutic effect. Accordingly, the treatment of IBD has evolved with advances in
laboratory medicine. We will review the latest evidence
concerning measurement of genomic risk for metabolic
side effects and levels of metabolites, drugs and antibodies used in the treatment of IBD, including thiopurines
(purine anti-metabolites) and anti tumor necrosis factor
(anti-TNF) agents.

Drug metabolism
The metabolism of AZA is quite complex, and involves
many enzymatic pathways producing active, inactive, and
potentially toxic metabolites (Figure 1). After getting
absorbed from the gastrointestinal tract, 88% of AZA
is converted to MP and methyl-nitro-thioimidazole in
red blood cells (RBC)[4]. MP can then be metabolized
through three of the following competing pathways:
conversion to 6-thiouric acid by xanthine oxidase (XO),
methylation by thiopurine methyltransferase (TPMT) into
6-methyl mercaptopurine (6-MMP) (which is associated
with potential hepatotoxicity), or conversion to thioinosine monophosphate (TIMP) by hypoxanthine phosphoribosyltransferase (HGPRT)[5]. TIMP is subsequently
converted into 6-TGN, which are thought to be desirable
therapeutic metabolites of AZA/MP[4,6]. Though 6-TGN
is a favorable metabolite, high levels of this agent can result in life-threatening myelosuppression.
Measuring the thiopurine methyltransferase phenotype/
genotype
Thiopurine drugs have a complex metabolism, and some
metabolites may cause life-threatening toxicity, including
myelosuppression and hepatotoxicity. TPMT catalyzes
one of the rate-limiting pathways in AZA/MP metabolism. Because TPMT has variable activity among patients,
checking TPMT activity prior to initiation of thiopurine
therapy is routinely used in clinical practice and is recommended. TPMT induces the metabolism of MP to
6-MMP, “competing” with the HGPRT and XO enzymatic pathways (Figure 1). TPMT also metabolizes TIMP
to 6-methyl-thioinosine monophosphate (6-MeTIMP);
thus, low TPMT activity results in greater conversion of
MP to 6-TGN, as less TIMP is converted to 6-MeTIMP.
Measuring TPMT before prescribing AZA/MP can help
predict those patients who will accumulate high levels
of 6-TGN relative to 6-MMP, a profile which increases
the risk of leukopenia early in the treatment course. The
TPMT status of a patient may be identified by requesting
the genotype or the phenotype from a commercial laboratory, with the phenotype testing being in general more
clinically useful.

THIOPURINE ANALOGS
In IBD patients, thiopurines have been successfully employed for decades. The thiopurine analogs with activity
against IBD include mercaptopurine (MP) and its prodrug azathioprine (AZA). The general consensus is that
the thiopurine medications are effective at preventing
relapse of quiescent disease, but not at inducing remission[1]. They also exert a beneficial effect when combined
with biologic drugs such as infliximab (an anti-TNF
agent), improving rates of clinical remission and mucosal healing[2].
These medications antagonize endogenous purines,
interfering with the synthesis of DNA. They were first
developed to treat leukemia in pediatric patients, but because of their observed anti-proliferative effect on T-cells,
they have been successfully used to treat autoimmune
disease and to prevent graft rejection after solid organ
transplantation. While the exact molecular mechanism by
which thiopurines exert their immunosuppressive effect
is not well-comprehended, several theories have been
proposed. One hypothesis suggests that 6-thioguanine
(6-TGN), a metabolite of AZA, accumulates in lymphocytes and blocks the expression of inflammatory-related
cytokines, including TNF-related apoptosis-inducing ligand, TNF receptor S7, and alpha-4-integrins, ultimately
inhibiting the inflammatory response induced by T-cells
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TPMT genotype: Studies in different racial and ethnic
backgrounds have shown that most of the population
(89%) are homozygous for the wild type (WT) TPMT
gene (high TPMT metabolism), 10% are heterozygous
for the WT and a low metabolic polymorphism (intermediate TPMT metabolism), and 1 in 300 are homozygous
for low TPMT metabolic polymorphism (low TPMT
metabolism)[7]. While higher 6-TGN levels are associated
with a better clinical response, they also increase risk of
myelotoxicity with AZA/MP; therefore, determining
TPMT phenotype/genotype is currently used to predict
early leukopenia[6]. Further research in this area has resulted in the identification of fourteen single nucleotide
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Figure 1 Metabolic pathway of azathioprine/mercaptopurine metabolism. AZA: Azathioprine; MP: Mercaptopurine; TPMT: Thiopurine methyltransferase; XO:
Xanthine oxidase; IMPDH: Inosine-5-monophosphate dehydrogenase; GMPS: Guanidine- 5-monophosphate synthetase; 6-TA: 6-Thiouric acid; 6-MMP: 6-Methylmercaptopurine; 6-TIMP, 6-Thioinosine monophosphate; 6-MeTIMP: 6-Methylthioinosine monophosphate; 6-MeTITP: 6-Methyl thioinosine triphosphate pyrophosphate; 6-TITP: 6-Thioinosine triphos- phate pyrophosphate; TXMP: Thioxanthosine monophosphate; 6-TGN: 6-Thioguanine nucleotides; 6-TGMP: 6-Thioguanine
monophosphate; 6-TGDP: 6-Thioguanine diphosphate; 6-TGTP: 6-Thioguanine triphosphate.

polymorphisms for the TPMT gene that cause a diminished or absent enzymatic activity.

are 6-TGN and 6-MMP.
6-TGN has been the metabolite most associated with
treatment efficacy; as such, its measurement has been
proposed as a strategy to optimize treatment in patients
with IBD receiving AZA/MP. 6-TGN is a metabolite
of TIMP, which goes through a series of phosphorylation events resulting in 6-thioguanine diphosphate. A
6-TGN level > 230 pmol/8 × 108 RBC has been correlated with clinical remission in both adults and children
with IBD[6,13]. Another study using a different assay that
included only adult patients failed to show a relation between 6-TGN levels and clinical activity[14].
The need to follow 6-TGN levels during treatment
has not been well-established. In a prospective cohort
study, Wright et al[15] found that patients on a stable dose
of azathioprine present with variable levels of 6-TGN
over time, bringing into question the value of interpreting any single 6-TGN level. The difference in outcomes
among studies is unclear, but could be related to the
heterogeneity in the instrument used to determine IBD
activity and the use of different assays to measure the
6-TGN levels. Another added potential use for metabolite measurement is to assess adherence to medical
therapy. If both 6-TGN and 6-MMP are low, it is likely
the patient is not ingesting or absorbing the medication.
Randomized controlled trials looking at the role of serial
measurements of thiopurine metabolites and the effect
of subsequent dose adjustment on outcomes are needed.
AZA metabolite measurement can also be used to
help prevent drug-related toxicity. 6-MMP is a metabolite
produced from MP by TPMT. Higher 6-MMP levels have
been found to correlate with a higher risk of hepatotox-

TPMT phenotype: As with genotype, enzyme activity
(or phenotype) may also be measured and sub-divided
into three major groups (high, intermediate, and low
TPMT metabolizers). The correlation between TPMT
genotype and phenotype varies between 65 and 89%[8,9].
The cause of this variance is unclear, but measuring phenotype has a better predictive value for myelosuppression
when compared to genotype[8].
Select situations exist where the genotype can theoretically be more reliable than the phenotype. Because
TPMT is measured in erythrocytes and uremia may affect
the assay, measuring TPMT genotype and not phenotype may be reasonable when a patient has had a recent
transfusion of red blood cells or has a high blood urea
nitrogen, (usually in patients requiring dialysis)[10]. Also,
some medications including azathioprine itself and some
diuretics may increase TPMT activity, but the clinical
significance of this effect is not clear[11]. Conversely, mesalamines and sulfasalazine inhibit TPMT, theoretically
increasing the risk of leukopenia, though this claim is
unproven[12].
Monitoring thiopurine metabolites
Once the decision has been made to treat patients and at
a particular dose, monitoring thiopurine metabolite levels
is a clinical option. Measuring metabolites has two important applications, increasing the likelihood of treatment
efficacy and reducing the risk of treatment-related toxicities. The two metabolites that are commercially available
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icity. Even though patients with 6-MMP levels > 5700
pmol/8 × 108 RBC have a three-fold increased risk of
hepatotoxicity, not all patients with a high 6-MMP level
will develop elevated liver enzymes, and having a low
6-MMP level does not preclude the development of hepatotoxicity[6,16]. As with 6-MMP, some patients with very
high 6-TGN levels do not develop myelotoxicity while
some with low 6-TGN levels may still develop this abnormality. Thus, measuring 6-TGN and 6-MMP levels do
not replace monitoring liver enzymes and blood counts.
6-TGN level measurements can also be useful to identify
those patients who will not experience clinical benefit
despite an optimal AZA/MP dose. Patients with normal
TPMT activity and 6-TGN levels > 400 pmol/8 × 108
RBC who do not achieve clinical remission will likely
remain refractory to treatment even if the treatment is
continued for 6 more months or the dose is increased[17].

subsequent study by the same group looking at clinical
response in AZA/MP non-responders when starting allopurinol found that the allopurinol-immunomodulator
regimen also improved disease activity[20]. This beneficial
effect was not only observed for disease activity, but
also reversed hepatotoxicity, presumably by reducing the
6-MMP levels.
However, there are several issues that must be addressed when starting patients on a combination of a
thiopurine and allopurinol. First, we recommend serial
blood counts, checking a complete blood count (CBC)
with differential weekly for the first month and monthly
thereafter. Thiopurine metabolites may be checked one
month after initiating therapy in order to ensure the goal
of increased 6-TGN and decreased 6-MMP is achieved.
If leukopenia develops, the dose of AZA/MP can be
reduced.
Another proposed strategy to overcome the shunting
of MP towards 6-MMP is splitting the thiopurine into
twice daily dosing. A retrospective study in patients with
preferential 6-MMP metabolism showed that dividing the
daily dose of the thiopurine (MP or AZA) modifies how
the drug is metabolized, resulting in a significant reduction in 6-MMP levels and decreasing toxicity without having an adverse impact on clinical disease activity or 6-TGN
levels[21]. The exact mechanism explaining the beneficial
outcomes seen when implementing this strategy is unknown, and further studies are needed to confirm the
results.
In summary, measuring TPMT activity prior to thiopurine initiation has improved the clinical care for IBD
patients, both by improving treatment efficacy and by
ameliorating iatrogenic toxicities. Many clinicians, including our group, also follow thiopurine metabolite levels
with the intent of positively impacting patient care. The
enclosed algorithm represents a logical approach to the
care of IBD patients on thiopurine therapy (Figure 2).

Patients resistant to AZA/MP therapy and the use of
allopurinol
Patients who fail therapy with AZA/MP may not always
benefit from dose escalation. The metabolic pathways in
some patients favor an increased conversion of medication into 6-MMP rather than 6-TGN. Metabolite levels
confirm this phenomenon when increasing thiopurine
dose in patients who are clinically not responding[18]. This
finding supports the metabolic heterogeneity that exists
among the IBD population and how some patients preferentially favor particular AZA/MP metabolic pathways.
The identification of these patients represents another
potential use for metabolite measurement. Up to 24% of
patients preferentially produce 6-MMP while maintaining
low levels of 6-TGN despite increasing the dose[18]; these
patients usually have high TPMT activity, which is genetically determined and are usually labeled as “thiopurine
resistant”.
In this setting, one option is to switch to another
therapeutic class (methotrexate or anti-TNFs), but manipulation of the known pathways provides an alternative
option to optimize therapy in these so-called “shunters”.
Inhibition of TPMT could reduce the production of
6-MMP, but drugs with this effect (e.g., mesalamines/sulfasalazine) have failed to reliably optimize the metabolic
profile, likely due to their weak inhibitory effect on the
enzyme. Another potential target is XO. This enzyme
converts MP into 6-thiouric acid, which has no known
biologic effect. When this enzyme is inhibited, much of
the MP is shunted down the 6-TGN pathway. Allopurinol, a XO-inhibitor used in the treatment of gout, has
been successfully used to shunt metabolism of AZA/MP
down this more favorable 6-TGN pathway. The mechanism by which this occurs is not completely understood,
as the sole inhibition of XO would not explain the rise in
6-TGN. Sparrow et al[19] selected a group of patients who
had a preferable metabolism towards 6-MMP and initiated therapy with 100 mg of allopurinol while reducing
the AZA/MP dose by 25%-50%. After 2-4 wk on this
regimen, they found that the level of 6-TGN had significantly increased while the 6-MMP level had decreased. A

WJG|www.wjgnet.com

ANTI-TUMOR NECROSIS FACTOR
Anti-TNF agents have dramatically changed the management of CD and UC. Though four anti-TNF agents are
currently approved to treat IBD, we will focus on infliximab (IFX) and adalimumab (ADA), as these are the
two anti-TNF drugs with commercially available assays
to measure drug levels and anti-drug antibodies. IFX is
a chimeric IgG1 (human-constant and murine-variable
regions) monoclonal antibody consisting of human constant and murine variable regions; it is indicated for induction and maintenance of clinical remission in patients
with moderate-to-severely active CD and UC[22,23]. ADA
is a recombinant fully human IgG1 monoclonal antibody,
also approved for the induction and maintenance of remission in patients with CD and UC[24-26].
These biologic therapies are of proven benefit, reducing rates of hospitalization and surgery rates while
improving quality of life[27,28]. Unfortunately, up to 50%
of patients lose response to treatment (secondary nonresponders) and up to 30% do not respond at all (primary
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Figure 2 Algorithm with recommendation
on how to manage patients that fail therapy with Azathioprine/Mercaptopurine. AZA:
Azathioprine; MP: Mercaptopurine; 6-TGN:
6-Thioguanine nucleotides; 6-MMP: 6-Methylmercaptopurine.
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non-responders)[29]. The rationale for lack or loss of response is multi-factorial, but is likely related to the molecular structures and complex pharmacokinetics (PK) and
pharmacodynamics of the medications, including the development of anti-drug antibodies. One of the proposed
strategies when patients lose response to an anti-TNF is
switching to another drug in the same or different class.
Another strategy is to empirically increase the dose, hoping to overcome increased drug clearance. Unfortunately,
this can lead to significant adverse events including hypersensitivity reactions. A third potential tactic is to measure drug levels and antibodies, trying to identify those
patients who will benefit from dose escalation and those
who will be best served by switching to an alternate drug
class. This latter strategy has been proven to be more cost
effective when compared to the former and highlights the
importance and usefulness of measuring levels in these
patients[30]. Most of our collective experience has been
measuring IFX levels and antibodies to IFX (ATI), but
the measurement of ADA and antibodies to ADA (ATA)
has recently become available commercially.

the primary mechanisms by which anti-TNFs are cleared
involves the reticuloendothelial system (RES). The main
component of IgG metabolism is the Brambell receptor
(FcRn), which is responsible for internalizing an antibody
intra-cellularly, degrading the antigen, and then “recycling”
it by releasing it back into the circulation for excretion[31].
High circulating IgG levels may saturate the FcRn, translating into an inverse association between IgG levels and
anti-TNF clearance.
Many of the mechanisms underlying variation in drug
levels and clearance of TNF-inhibitors are summarized
in Figure 3.
Anti-drug antibodies
The human immune system recognizes these biologic
drugs as foreign antigens, creating specific antibodies
that neutralize their effect. This phenomenon, known as
immunogenicity, increases drug clearance and ultimately
may contribute to treatment failure. Immunogenicity was
first described with IFX, a chimeric antibody. Originally,
it was believed that ADA would demonstrate less immunogenicity as it is a fully human antibody, but this theory
was not substantiated by clinical practice findings[33,34].
In patients with IBD, the negative effect that antibodies to IFX (ATI) and antibodies to ADA (ATA) have on
clinical outcomes has been well established[32,35-38]. ATI
and ATA bind to the medication, forming an immune
complex that induces drug clearance via the RES. The
ability to routinely measure drug levels and anti-drug antibodies has led to an understanding of why some patients
lose response to therapy.
Currently, there are several methods to measure IFX
and ADA. Most studies have been performed using a solid-phase, double-antigen, enzyme-linked immunosorbent
assay (ELISA). Unfortunately, this assay cannot measure

PHARMACOKINETICS OF ANTI-TNF
Within an individual patient, a linear relationship exists
between anti-TNF dose and serum medication levels[31].
However, inter-patient PK variability complicates the reliable prediction of medication levels among patients[32,33].
Some have theorized that this inconsistency occurs as a
result of differences in body mass, but variable levels are
observed with drugs with weight-based dosing like IFX.
The clearance of TNF-inhibitors likely also plays a role.
Anti-TNFs are monoclonal antibodies with a high
molecular weight, and as is the case with other with IgGs,
they are metabolized through many pathways. One of
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that IFX have in CD) as well as ACT 1 and 2 (effect on
induction and maintenance of remission that IFX have
in UC). In contrast to the previously mentioned studies,
they found that IFX levels were similar when comparing
patients who did and did not receive immunomodulators, even though those patients that received immunomodulators had a higher incidence of ATI antibodies to
infliximab[41]. Of note, this report was based on a posthoc analysis and the results should be interpreted in that
context.

Anti-drug
antibodies
Inflammatory
cytokines

Body mass
Anti-TNF
levels

Use of
immunomodulators

Serum albumin

Disease activity and systemic inflammation
Patients with severe disease have been found to have
lower levels of anti-TNF. The exact mechanisms by
which disease activity and systemic inflammation affect
drug clearance are not completely understood. Systemic
inflammation induces the RES to increase its catabolic
activity, reducing levels of IgG and albumin. Direct and
indirect markers of inflammation have been used to
predict IFX efficacy. For example, higher levels of CRP
correlate with poor response to IFX and may predict loss
of response[32,42,43]. Also, low albumin levels are associated
with lower IFX levels, which suggests that increased catabolic activity in systemic inflammation induces the Brambell receptor[44]. As with IFX, preliminary studies looking
at ADA levels showed that higher CRP levels are associated with lower ADA levels[33,34]. In one study, a minimum
ADA cut-point of 5 μg/mL best predicted elevation of
CRP levels[33].
These studies cannot prove causation but do show an
association between low drug levels, high CRP, and low
albumin. Severe inflammation of the mucosa also induces
a protein-losing enteropathy, with a loss of drug through
the intestinal lumen. A recent study that included patients
going through IFX induction therapy found that even
though all patients had detectable IFX in the stool, those
who did not respond to treatment had a significantly
higher level of fecal IFX[45].

Figure 3 Variables associated with Anti-tumor necrosis factor levels. TNF:
Tumor necrosis factor.

the presence of antibodies when there are detectable
levels of anti-TNF. Another method is a fluid-phase radioimmunoassay, which can report antibodies irrespective
of the presence of drug. A recently developed assay is a
homogeneous mobility shift assay using size-exclusion
high-performance liquid chromatography, which has a
high sensitivity and specificity and can potentially detect
all isotypes of immunoglobulin[39]. This modality permits
the measurement of antibodies to anti-TNF medications,
even in the presence of detectable drug. However, most
clinical studies have used the ELISA assay, which could
have implications in how we interpret the available data.
Role of immunomodulators with biologic therapy
Observations from randomized controlled trials have
shown that the concomitant use of immunomodulators
(AZA, MP or methotrexate) and biologic medications increases anti-TNF levels[36]. It is generally believed that this
occurs by diminishing immunogenicity (decreasing the
formation of anti-TNF antibodies) while simultaneously
reducing the amount of systemic inflammation which, as
we describe below, will negatively affect IgG levels.
The presence of ATI has consistently been associated
with lower IFX levels[36]. In an exploratory analysis of a
randomized controlled trial looking at efficacy of IFX
monotherapy, AZA monotherapy, and the two biologic
drugs combined with immunomodulators, the authors
found that at week 30 the IFX levels were 1.6 μg per
milliliter for patients in the IFX group and 3.5 μg per
milliliter for those in the combination therapy group (P
< 0.001)[40]. They also found that only 1 of 116 patients
(0.9%) receiving combination therapy (compared to 15
of 103 patients (14.6%) receiving IFX monotherapy) had
ATI[40]. Studies looking at the effect of ATA on ADA
levels have yielded similar results[33,37].
Even though most studies have shown a clear association between the presence of anti-TNF antibodies
and drug levels, some data have failed to support this observation. Lichtenstein et al looked at the influence that
concomitant immunomodulators and IFX therapy had
on drug levels[41]. They reviewed the ACCENT Ⅰ and Ⅱ
trials (effect on induction and maintenance of remission
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Body mass and composition may influence anti-TNF
drug levels
Many other variables have been proposed to affect the
levels of anti-TNF. One study found that body mass and
gender influence the central volume of distribution of
IFX (increasing with weight and male gender)[46]. While
one might suspect these results were due to the collinearity of gender and mass (as men weigh more than women),
the authors tested each variable individually and concluded that each had independent influence on the central
volume of distribution; this finding was attributed to the
fact plasma volume is lower in women than in men. The
influence of body mass on ADA levels in patients with
IBD is unknown, but might play a key role as ADA does
not have weight-based dosing; this also applies to other
anti-TNFs approved for IBD (certolizumab pegol and
golimumab).
An important distinction must be made between total
body mass and body composition. For example, Bultman et al[47]
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Drug
escalation

Switch anti-TNF
or drug class
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Figure 4 Approaches to patients on infliximab in the setting of lose of response. ATI: Anti-infliximab antibody; IFX: Infliximab; TNF: Tumor necrosis factor.

found that patients on ADA who required dose escalation had a higher body mass index (BMI) despite equivalent dosing of ADA given per kg of body weight. The
component responsible for the increased BMI is unclear,
but it may be related to mesenteric fat, an important contributor to the inflammatory response in CD[48].

ADA serum trough levels were associated with drug discontinuation and the presence of ATA was associated
with lower ADA levels. Recent studies have found that
detectable ATA and ADA levels < 5 μg/mL are associated with higher CRP serum levels, increased endoscopic
inflammatory activity, and use of steroids[33,34]. Another
recent study measuring ADA trough levels by ELISA assay showed similar results; an ADA trough of 4.85-4.90
μg/mL was the optimal cut-off value for predicting clinical remission and mucosal healing[51].

CLINICAL IMPLICATIONS OF MEASURING
ANTI-TNF LEVELS AND ANTIBODIES
Many studies have shown that higher IFX levels are associated with better outcomes in patients with IBD. A
detectable IFX trough level is associated with a higher
rate of clinical remission, lower serum CRP levels, and an
improvement in endoscopic disease activity[32,49].
The presence of ATI has been associated with treatment failure and lower IFX levels[36]. In a landmark study,
Baert et al[35] studied the immunogenicity of a group of
patients with CD. They found that 61% had detectable
ATI after the 5th infusion, which did not increase after
subsequent infusions. This high prevalence of ATI can
be explained by the fact those patients received episodic
dosing (when they relapsed) and not scheduled (every
8 wk) infusions. They found that those patients with
ATI >8.0 μg/mL before an IFX infusion had a shorter
duration of response and a higher risk of infusion reactions[35]. Afif et al[50] looked at the clinical utility of
measuring IFX levels and ATI in patients with loss of
response or an incomplete response to IFX. They found
that most patients with ATI did not respond to IFX dose
escalation, but those with no ATIs and sub-therapeutic
concentrations did benefit from a higher dose[50].
With ADA, the experience is more limited. In an
observational study, Karmiris et al[37] found that lower
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ROLE OF ANTI-TNF DRUG MONITORING
IN CLINICAL PRACTICE
Commercial assays to measure anti-TNF drug and antibody levels have been available for a relatively short time;
direct cost implications for patients and/or insurers have
limited their widespread clinical use despite documented
efficacy in directing patient management. Knowledge of
drug levels and measurements of anti-drug antibodies
can help identify those patients who will benefit from
dose escalation versus those who are unlikely to respond
to this strategy (high titers of anti-drug antibodies or
those with high drug levels but persistent intestinal inflammation). A recent study modeled both strategies
and found that testing for drug levels and antibodies in
patients with secondary loss of response is more costeffective when compared to empiric drug escalation[52].
The titer of ATI may also predict response to dose
escalation, as demonstrated by a cohort of 90 patients
undergoing serial IFX and ATI levels with at least one
ATI positive measurement throughout the follow-up
period. In 15 of those patients (28%), ATI disappeared
overtime[53]. Only 2 of those 15 patients (13%) required
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discontinuation of therapy, which is quite significant as
ATI may be transient and do not necessarily lead to treatment failure. However, they also found that ATI > 7.95
U/mL was associated with IFX discontinuation, which
may suggest that patients with high ATI titers would not
benefit from dose adjustment[53]. Most of the available
evidence includes patients on IFX, so further studies are
needed with the other medications. A proposed algorithm to guide therapy in patients receiving IFX who lose
response to treatment is shown in Figure 4.
An unanswered question is the potential benefit of
measuring drug levels in all patients and adjusting the
dose accordingly to maintain adequate levels, thereby
avoiding immunogenicity. Considering low trough IFX
levels are associated with immunogenicity and the fact
that the dose of IFX and serum levels are not always
linear, measuring drug levels even in patients with clinical
response could improve outcomes. The study cited above
also showed that an IFX trough level at week 14 of < 2.2
[53]
μg/mL correlated with IFX discontinuation . These results are based on a retrospective analysis and future prospective controlled studies are needed, especially considering anti-TNF levels are influenced by several variables
that can fluctuate over time and among individuals.
The repeated demonstration of clinical utility and
evidence for cost-effective patient care have made routine measurement of anti-TNF drug and antibody levels
a regular part of our group’s clinical practice. For UC,
when patients tend to have a lower starting albumin level
and a markedly elevated CRP, our practice has been to give
IFX at a higher dose (10 mg/kg) and then check levels
after induction. While this practice has yet to be validated,
we have had anecdotal success in achieving remission in
patients who we feel clinically merit higher induction doses.
Monitoring trough drug levels after induction allows for a
tapered return to lower doses and a sustained remission.
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CONCLUSION
The pharmacokinetic and pharmacodynamic properties
of anti-TNFs and thiopurines are complex. Considerable
inter-individual variability exists due not only to differences in pharmacogenetic factors but also disease phenotype and concomitant drug therapy. Measuring drug
levels, metabolites, and anti-drug antibodies may help
overcome treatment failures while mitigating toxic side
effects, but further randomized studies to confirm these
findings are needed. The treatment of IBD has evolved
with the understanding of the pharmacologic profiles
of immunomodulating and TNF-inhibiting medications,
with good evidence for improvement in patient outcomes
observed when measuring metabolic pathway indices.
The role of routine measurement of metabolite/drug
levels and antibodies warrants further prospective studies
as we enter the era of personalized IBD care.
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Advanced therapeutic endoscopist and inflammatory bowel
disease: Dawn of a new role
Kunjam Modha, Udayakumar Navaneethan
sia by employing advanced imaging techniques. In fact
the paradigm for neoplasia surveillance in IBD is rapidly
evolving with advancements in endoscopic imaging
technology with pancolonic chromoendoscopy becoming the main imaging modality for neoplasia surveillance in IBD patients in most institutions. Advanced
endoscopists are also called upon to diagnose primary
sclerosing cholangitis (PSC) and also offer options for
endoscopic management of strictures through endoscopic retrograde cholangiopancreatography (ERCP).
In addition, PSC patients are at increased risk of
developing cholangiocarcinoma with a 20% lifetime
risk. Brush cytology obtained during ERCP and use of
fluorescence in situ hybridization which assesses the
presence of chromosomal aneuploidy (abnormality in
chromosome number) are established initial diagnostic
techniques in the investigation of patients with biliary
strictures. Thus advanced endoscopists play an integral part in the management of IBD patients and our
article aims to summarize the current evidence which
supports this role and calls for developing and training
a new breed of interventionalists who specialize in the
management of IBD patients and complications specific to those patients.
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Abstract
Endoscopy plays a key role in the diagnosis and treatment of patients with inflammatory bowel disease (IBD).
Colonoscopy has been traditionally used in the diagnosis
of IBD and helps in determination of an important end
point in patient management, “mucosal healing”. However, the involvement of an advanced endoscopist has
expanded with innovations in therapeutic and newer
imaging techniques. Endoscopists are increasingly being
involved in the management of anastomotic and small
bowel strictures in these patients. The advent of balloon
enteroscopy has helped us access areas not deemed
possible in the past for dilations. An advanced endoscopist also plays an integral part in managing ileal pouchanal anastomosis complications including management
of pouch strictures and sinuses. The use of rectal endoscopic ultrasound has been expanded for imaging of
perianal fistulae in patients with Crohn’s disease and
appears much more sensitive than magnetic resonance
imaging and exam under anesthesia. Advanced endoscopists also play an integral part in detection of dyspla-
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Core tip: Endoscopy plays a key role in the diagnosis
and treatment of patients with inflammatory bowel disease. The involvement of an advanced endoscopist has
expanded with innovations in designs of endoscopes
and newer imaging techniques. Our article aims to
summarize the current evidence which supports the
role of an advanced endoscopist in the management
of colonic and ileal pouch strictures, biliary strictures in
patients with primary sclerosing cholangitis, endoscopic
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diagnosis of colonic fistulae and surveillance of colon
neoplasia and cholangiocarcinoma.

Figure 1 illustrates the various roles of an advanced endoscopist in managing inflammatory bowel disease patient.
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Inflammatory bowel strictures
The Vienna Classification describes three distinct groups
of CD: inflammatory, stricturing and penetrating. It also
demonstrated an association between location and disease behavior. Stricturing disease is predominant in the
terminal ileum and ileocolonic locations[10]. Subsequent
studies using this classification have confirmed that most
patients over the course of time will develop a penetrating or stricturing complication with stricture formation
being the second most common and that this change
is governed by location of disease[11,12]. Data from the
TREAT (the Crohn’s therapy, resource, evaluation, and
assessment tool) registry suggested factors associated
with stricture formation. These were CD severity at the
time of event onset (HR = 2.35, 95%CI: 1.35-4.09); CD
duration (HR = 1.02, 95%CI: 1.00-1.04); ileal disease (HR
= 1.56, 95%CI: 1.04-2.36); and new corticosteroid use
(HR = 2.85, 95%CI: 1.23-6.57)[13].
Strictures in CD can occur de novo, at sites of bowel
anastomosis or in the ileal pouch. Strictures are believed
to be either inflammatory or fibrotic[13]. Inflammatory
strictures have the option of being treated by medical
therapy. Even then, when these patients are followed,
64% of these patients require surgery. CD patients with
ileocolonic disease do worse with medical therapy (P =
0.026) and may require surgery sooner than patients with
ileal disease (P = 0.023)[14]. The fibrotic strictures are
largely treated surgically with either intestinal resection or
strictureplasty[15]. Although the latter has the advantage of
preserving bowel length, it has still been associated with a
significant operative recurrence rate of 34% during a median follow up period of 7.5 years[16]. These results seem
comparable to those from other review studies[17,18], one
of them a meta-analysis[17], in which surgical recurrence
rates have been cited as 24% (median surgical rate at 46
mo) and 23%. Younger patients tend to run an aggressive
course with a shorter duration to reoperation[16]. Moreover, an 82% rate of second operation has been reported
with upto 33% patients requiring more than 2 surgeries
leading to risk of developing short bowel syndrome[19].
This means that avoidance of repeated surgeries is an
important factor in considering alternative therapies. Endoscopic balloon dilation has been one such treatment
alternative. Additionally, endoscopic balloon dilatation
could be considered an adjunct to surgery given that it
has been shown to add at least 50% efficacy to the initial
surgery by prolonging the surgery free period. This was
deduced after comparing interval of 6 years from surgery
to first endoscopic dilation with the post dilatation surgery free period of 3 years[20]. It also has the advantages
of reduced invasiveness and bowel preservation.

INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) are a
group of inflammatory bowel diseases (IBD) that have
environmental, immunological and bacterial etiologies.
The role of an endoscopist has been well defined in the
initial diagnosis of these disorders, assessment of disease severity and differentiation between the two disease
processes. Previous studies have reported that in 80% of
CD patients, at last one surgical resection will be required
within 10 years of CD diagnosis[1,2]. Although surgical
treatment is effective for CD strictures, there is invariably a high risk of recurrence of CD which may result
in repeat surgery in up to 34% of patients[1,3]. Repeated
surgery can result in complications related to short bowel
syndrome, requirement for total parenteral nutrition and
its attendant complications. The advent of endoscopy
in the management of complicated CD strictures has
changed the approach to the management of anastomotic and small bowel strictures in these patients. The advent
of balloon enteroscopy has helped us access areas not
deemed possible in the past for dilations. An advanced
endoscopist also plays an integral part in managing ileal
pouch-anal anastomosis (IPAA) complications including
management of pouch strictures and sinuses. Colorectal
cancer (CRC) is a serious potential complication of IBD.
Advanced endoscopists play an important role in detection of dysplasia by employing advanced imaging techniques to identify early and subtle neoplastic lesions[4].
In addition, primary sclerosing cholangitis (PSC) a
chronic, cholestatic disorder is seen in 2.4%-7.5% of patients with UC[5] and about 3.4% of patients with CD[6].
Advanced endoscopists are called upon to diagnose PSC
and also offer options for endoscopic management of
strictures through endoscopic retrograde cholangiopancreatography (ERCP). In addition, PSC patients are at
increased risk of developing cholangiocarcinoma (CCA)
with a 20% lifetime risk[7,8]. Brush cytology obtained during ERCP and use of fluorescence in situ hybridization
(FISH) which assesses the presence of abnormality in
chromosome number are established initial diagnostic
techniques in the investigation of patients with biliary
strictures[9]. The aim of our review is to highlight the current evidence which supports the role of an advanced endoscopist in the management of IBD and complications
specific to them.
For the purpose of this article, we will discuss the
role of an advanced endoscopist under various sections.
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Endoscopic balloon dilation
There have been several studies aimed at reporting the
clinical efficacy, technical feasibility and short and long
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Figure 1 Figure illustrates the various roles of an advanced endoscopist in managing inflammatory bowel disease patient. IBD: Inflammatory bowel disease;
IPAA: Ileo-pouch anal anastomosis; PSC: Primary sclerosing cholangitis; ERCP: Endoscopic retrograde cholangiopancreaticography; FISH: Fluorescence in situ hydribidization; pCLE: Probe based confocal laser endomicroscopy; NBI: Narrowband imaging.

term results of endoscopic balloon dilatation. Almost all
studies have used resolution of symptoms and/or surgery
free period as outcomes. A systemic review summarized
the results of important studies[20]. Most studies included
had less than 60 patients. Most of them included postsurgical strictures. The meta-analysis clearly highlighted
the drawbacks with making clear conclusions from the
literature because of varying caliber of endoscopic balloons used for dilation from 18 to 25 mm, different approaches that were used, number of dilatations in the
same endoscopic sessions and heterogeneity concerning
the duration of each single dilatation[20]. Overall, technical
success was achieved in 86% patients. The complication
rates were < 5% in all studies barring two which reported
a higher complication rate[21,22]. The reasons for this have
been unclear, aggressive dilatation in one of them[21] may
have been a contributing factor. The only factor that significantly affected dilatation efficacy and surgery-free follow up was length of stricture. Naïve vs postsurgical, steroid injection, active vs inactive CD were all deemed to be
non significant[20]. Importantly, endoscopic dilatation was
successful in avoiding surgery at the end of the follow-up
in 112 of the total 347 (67%) patients that were included
in this review[20]. If the patients who had failed for technical reasons were excluded, the success rate measured by
avoidance of surgery was up to 78%[20].
Subsequent to the meta-analysis, more studies have
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been published on the efficacy of endoscopic dilation
and have shown similar short (51%-89%) and long
(52%-89%) term success[23-28]. Most strictures included
in these studies have been anastomotic with the exception of the Mueller et al[26] study, in which 69% had de novo
strictures. The study by Gustavsson et al[27] is the largest
study to date, including a total of 178 patients, and the
one with the longest follow-up period (median 12 years).
Most patients had either ileal or ileocolonic disease, and
approximately 40% had stricturing disease at presentation. Most of the patients (80%) had anastomotic strictures. There was no difference in efficacy based on the
etiology of their strictures whether anastomotic or de
novo. Bowel perforation occurred in 1.4% of patients and
use of 25 mm balloon was associated with a 9.3% complication rate, as compared to 3.5% for the other sizes (P
< 0.01).
Another prospective single center study from Germany of 55 patients, with 74 symptomatic strictures reported their efficacy[26]. Majority of patients in this study (69%)
had de novo strictures. There was a 95% initial success rate,
and 76% patients never required repeat treatment over
the period of follow-up. 24% patients did eventually receive surgery over the follow-up period. Stricture length
was the main factor that predicted the need for surgery.
Interestingly, stricture location at ileocecal valve and stricture associated with fistula were significant predictors of
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a negative outcome[28]. Smoking has been reported to be a
significant patient variable that negatively affects surgery
free period[29,30] and doubles the risk of recurrent stricture
formation requiring a new dilatation after the first one (P
= 0.022)[31].
Given the high rate of stricture recurrence after dilation, intralesional injection of medications after dilation
has been studied. A pilot study comparing intralesional
steroid injection after balloon dilatation vs placebo did
not find a reduction in time to redilatation[32]. This is in
contrast to a pediatric study of 29 patients that reported
a significant trend of patients who did not receive intralesional steroids towards redilation and surgery[33]. Effect
of intralesional injection of infliximab has been studied
in small number of patients but consensus is lacking.
Thienpont et al[34] reported no significant effect of active disease at the time of dilatation or systemic medical
therapy afterwards on redilatation or surgery. Thus, there
is no clear evidence at this time to support the role of
intralesional injection of medications following dilation.
We routinely perform endoscopic dilation with a
16-, 17-, and 18-mm through the scope (TTS) balloon
(Boston Scientific, Inc, Boston, MA) or a 18-, 19-, and
20-mm TTS balloon with guidewire assistance. If possible, retrograde dilation with passage of the endoscope
beyond the stricture and introduction of the balloon and
pulling the endoscope backward and dilating the stricture is preferred.

ported a similar incidence (11.2%) of stricture formation
but a much higher (12%) rate of surgery to salvage pouch
function. Dilatation of non fibrotic strictures was more
successful than fibrotic strictures (P = 0.0001)[41]. A more
recent study in which a cumulative of 646 strictures were
dilated reported that 87.3% patients over a median follow up of 9.6 years were able to retain their pouches. It
concurred that endoscopic dilatation of pouch strictures
is efficacious and safe with a low rate of complications
when attempted by an experienced endoscopist[42].
Pouch sinus is typically a late presentation of an initial
anastomotic leak. The most common location of a pouch
sinus is the pouch-anal anastomotic site at the presacral
space. Presenting symptoms include perianal pain, pelvic
pressure/discomfort and/or evidence of pelvic sepsis or
pouchitis, CD of the pouch, or refractory cuffitis; others
may be asymptomatic. Sinus opening and sinus tract can
be detected by a combined application of pouchoscopy,
contrast pouchogram, examination under anesthesia and
pelvic magnetic resonance imaging (MRI). Treatment
usually includes incision and drainage of the chronically
infected superficial sinuses[43]. Fibrin glue injection of the
sinus may be attempted[44]. Patients with a long sinus track
who fail to heal are suitable for redo pouch.
An alternative strategy that has only recently been
introduced and studied at our institution is endoscopic
needle knife therapy for pouch sinuses. A total of 65 patients with pouch sinuses were treated with needle-knife
therapy of which 84.6% achieved a complete or partial
response. Duration from colectomy to needle knife treatment and complex nature of sinuses were inversely proportional to healing of sinuses[45].

Endoscopic balloon dilation with stenting
Metal stents have been reported as an effective alternative
to surgery for the palliation of patients with colorectal
neoplastic obstruction. Data regarding their use in treating benign naïve or postsurgical strictures in CD is limited and controversial. Recent studies that have used self
expanding metallic[35,36] and biodegradable[37-39] stents have
reported a high incidence of migration[37,39]. On the other
hand clinical success has ranged from 45% to 80%. The
majority of stents in these studies were placed in postsurgical strictures.
Overall, efficacy of endoscopic dilatation in the
treatment of small and large bowel strictures is promising with an acceptable rate of complications. Length of
stricture and location of stricture are important considerations. We have not employed stenting in the management of IBD related strictures. We prefer the use of
needle-knife for strictures which are refractory to balloon
dilation for management.

Endoscopic ultrasonography in the evaluation of CD
fistulae
Approximately, 25% of all patients with CD develop a
perianal fistula, with fistulae more frequent in patients
with involvement of the rectum[46,47]. Identification of
fistulae is difficult with digital rectal examination alone or
even with exam under anesthesia (EUA) because perianal
disease is associated with induration and scarring. Endoscopic ultrasonography (EUS) has been used in this setting to help in the evaluation of CD fistulae.
Rectal EUS is performed by introducing a radial
probe into the distal rectum and anal canal while the patient is in the left lateral position[48]. On EUS, the fistulae
in the setting of CD appear as hypoechoic structures, but
the presence of air or gas in the fistula tract may make
the tract internally hyperechoic[48]. An abscess in the setting of CD fistulae can also be visualized as an anechoic
or hypoechoic mass in the perianal region[48]. Some investigators have used hydrogen peroxide injection into the
cutaneous fistula site to enhance visualization as it creates
bubbles that appear hyperechoic and thus make the fistula easier to identify.
The accuracy of rectal EUS in the evaluation of
perianal disease has been demonstrated in 3 prospective,
blinded studies[49-51]. One of these studies compared EUS
to computerized tomography (CT) in 25 patients with

Strictures in IPAA
The role of an advanced endoscopist in managing IPAA
complications mainly caters to strictures and sinuses.
IPAA strictures can occur at the pouch inlet, outlet, afferent limb or pouch body. An 11-year-experience with
1005 patients after restorative proctocolectomy and IPAA
reported stricture formation in 14% of patients of which
the majority (97.9%) were successfully treated with digital
or bougie dilatation and only 2.1% required surgery[40].
Another large retrospective study with 1884 patient re-
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suspected perianal CD[49]. Confirmation of fistulae was
done at the time of surgery. EUS was found to be more
accurate than CT in the evaluation of perianal fistulae
(82% vs 24%)[49]. In another study, rectal EUS was compared with pelvic MRI and EUA in 22 patients with CD
and perianal fistulae. Rectal EUS was found to be the
most sensitive modality for imaging (82%) when compared with pelvic MRI (50%)[50]. Rectal EUS in this study
was performed with only a 7-MHz linear scanning probe.
Another study comparing EUS to MRI found both to be
equally accurate in the assessment of CD perianal fistulae
(91% vs 87%)[51].
Studies have also used EUS to monitor fistula healing
and/or guide treatment. A small, randomized, prospective
study showed a benefit to the use of EUS monitoring for
fistula healing[52]. Thus, it seems that a team of colorectal
surgeons and advanced endoscopists seem to be the future in the evaluation and management of perianal CD.

dilatation and stenting has not been performed. However, a retrospective study that compared at endoscopic
dilatation with dilatation + stenting reported an increased
number of complications and incidence of cholangitis
in the group that received both without significant difference in improvement of cholestasis[59]. It has been
suggested that the group that received both interventions may have been sicker as stenting was done only
when dilatation alone did not improve biliary drainage[60].
Moreover, half of the stents were placed percutaneously
and the authors reported a significantly higher rate of
complications with percutaneous placement of stents as
compared to the endoscopic approach. One study aimed
at assessing a survival benefit of endoscopic treatment of
strictures reported a 5 years survival that was significantly
(P = 0.027) higher over that predicted by the Mayo risk
score[61]. Indirect evidence from other studies has supported this finding[62,63].
Overall, endoscopic therapy of strictures has been has
been proven to be a safe and efficacious mode of treating
primary sclerosing cholangitis associated strictures that
helps in amelioration of symptoms and cholestasis with a
low rate of complications. If stenting is considered, short
term therapy is deemed best.

IBD with concomitant primary sclerosing cholangitis
PSC is a chronic, cholestatic liver disease characterized by
inflammation and fibrosis of both intrahepatic and extrahepatic bile duct leading to the formation of bile duct
strictures. An advanced endoscopist is integral in diagnosing PSC. Although magnetic resonance cholangiopancreatography (MRCP) is the initial preferred non-invasive
technique to diagnose PSC, often ERCP is required to
confirm diagnosis and rule out a dominant stricture. An
advanced endoscopist is often called upon to manage
patients with IBD and PSC who have concomitant dominant biliary stricture in the setting of PSC.
A “dominant stricture” has been defined as a stenosis
with a diameter of 1.5 mm in the common bile duct or
of 1 mm in the hepatic duct[53,54]. It is a frequent finding
and occurs in 36%-57% of patients during follow up[55].
It should always raise the suspicion of the presence of
a CCA. The stricturing process may cause extrahepatic
biliary obstruction leading to development of symptoms.
Patient with jaundice, pruritis, right upper quadrant pain
and abnormal biochemical studies have been deemed appropriate candidates for therapy. The goal of therapy is
to relieve biliary obstruction.
The optimal non surgical management of these dominant strictures is still debatable. Endoscopic balloon dilatation both with and without stenting has been studied.
Long term stent therapy (3 mo) has been shown to have a
high rate (close to 50%) of complications of cholangitis/
jaundice attributed to stent occlusion[56]. However, short
term stenting (11 d) was associated with a lower rate (7%)
of these complications, at the same time producing significant effects in symptom reduction and biochemical
resolution of cholestasis. Additionally, 81% remained asymptomatic over a 19 mo follow up period and none of
the patients had recurrence of clinical/biochemical cholestasis[57]. Another study reported similar positive results
after short term stent therapy with significant effects on
resolution of symptoms and biochemical cholestasis with
80% of patients remaining re-intervention free at the
end of 1 year[58]. A randomized trial comparing balloon
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Surveillance for cholangiocarcinoma
Patients with PSC are at risk of developing CCA. The
risk after 10 years and 20 years is 9% and 19% respectively[64]. Patients with deterioration in functional status,
worsening liver functions and/or weight loss should be
evaluated for CCA. The distinction between a benign
dominant stricture and CCA, however, has remained a
challenge.
A cut off value of CA19-9 (cancer antigen 19-9) of >
130 U/mL in symptomatic patients has a sensitivity and
specificity of 79% and 98% respectively[65]. Its value as
a screening tool in asymptomatic patients remains to be
defined. CCA often presents in its advanced stage when
identification of a mass lesion makes a diagnosis of CCA
very likely. In early stages, however, diagnosis is difficult.
A study that followed 230 patients over 6 years reported
sensitivity of ultrasound, CT, MRI as 57%, 75% and 63%
respectively when imaging alone was considered. The
positive predictive value of ERCP, MRCP and MRCP +
MRI was 23%, 21% and 23 % respectively[66].
Bile duct brushings are the most commonly used
method for tissue sampling during ERCP are now routinely obtained at the time of ERCP[7-9]. The vast majority of extrahepatic CCA are periductal, cancers, and do
not demonstrate mass lesions on imaging studies. Brush
cytology obtained during ERCP is the usual diagnostic
technique in the investigation of patients with biliary
strictures. However the sensitivity of brushings is low
for distinguishing benign strictures and CCA with a 43%
sensitivity and a diagnostic accuracy of 50%-60%[7-9].
At the time of ERCP brushings of stricture for cytology, another set of brushings for FISH are obtained in
our institution. FISH probes are used to target the centromeric regions of chromosomes 3, 7 and 17 and the
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9p21 band (p16). Some studies have considered positive
FISH based on polysomy only, while some have considered trisomy or tetrasomy as positive too. In a recent
meta-analysis from our group, we pooled all the available
evidence in order to better define the utility of FISH for
detection of CCA. Our unpublished observations show
that any FISH positivity has a pooled sensitivity and
specificity of 68% (95%CI: 61%-74%) and 70% (95%CI:
66%-73%) respectively. Thus both brushings for cytology and FISH obtained at the time of ERCP contribute
significantly in diagnosing CCA in PSC patients[9].
Recent studies have demonstrated promising results
of cholangioscopy in the diagnosis of CCA. Tischendorf et al[67] prospectively studied 53 patients out of
which 12 patients were found to have CCA based on
tissue sampling. Patients underwent cholangioscopy in
addition to ERCP, cholangioscopy was found to have
higher sensitivity and significantly higher specificity, positive predictive value and negative predictive value than
endoscopic retrograde cholangiography. A single center
prospective study involving 36 patients and using peroral
cholangioscopy and biopsy reported an overall accuracy of
89% in differentiating benign from malignant stenoses[68].
ERCP with probe-based confocal laser endomicroscopy is an emerging technology that enables high resolution assessment of gastrointestinal mucosal histology
thereby allowing examination of “optical biopsies” and
exponentially expanding the scope of imaging capabilities. The examination is done in vivo and images are displayed in real time. A single center small case series of 15
patients and 21 dominant stenoses reported 100% sensitivity and 100% negative predictive value in excluding
neoplasia[69]. It concluded that if verified in large prospective studies, this technology could be used to risk stratify
strictures in patients with PSC. Also, chromoendoscopy
using methylene blue was studied for the first time in
staining tissue of the bile duct[70]. It helped indentify normal, dysplastic and inflamed mucosa of the biliary tract
as was subsequently proven by follow up or histology.
A homogenous staining was suggestive normal tissue,
absence of it on circumscribed lesions or diffuse staining
predicted neoplastic or inflamed tissue[70].
We routinely send 2 sets of brushes with PSC-related
dominant strictures; one for routine cytology and the
other for FISH analysis. Thus an advanced endoscopist
forms an integral part of the team managing IBD patients with associated PSC and its related complications
and surveillance of these patients for CCA.

with PSC are also more predisposed to developing CRC.
Earlier studies on the risk of CRC with CD have been
inconclusive. It is now believed that risk of developing
CRC in UC and CD is nearly identical[72].
There have not been randomized controlled trials
proving the effectiveness of surveillance colonoscopy.
There have been three case series that have studied
this[73-75]. A Cochrane analysis of these studies concluded
that there was no clear evidence that surveillance improves survival. There is evidence that cancer tends to
be detected earlier in patients who undergo surveillance
and they are likely to have a better prognosis although
lead time bias may affect this apparent benefit. It stated
that there may be indirect evidence that surveillance is effective at reducing death associated with IBD and that it
may be acceptably cost-effective[76].
Interval colonoscopies with random biopsies of abnormally appearing mucosa and targeted biopsies of suspicious lesions have been recommended. Newer methods
aimed at detecting abnormal/dysplastic mucosa have
been studied to help make this more effective. An advanced endoscopist with experience in complex mucosal
imaging would play an important role in the surveillance
of IBD patients for CRC. Newer endoscopic imaging
modalities including high-definition endoscopy, chromoendoscopy, virtual chromoendoscopy and confocal
laser endomicroscopy have the potential to significantly
improve the detection and characterization of flat and
subtle dysplasia, thereby setting the stage for a system of
targeted neoplasia detection without random biopsies in
IBD patients.
Chromoendoscopy is a dye-spraying technique that
highlights the borders and surface architecture of neoplastic lesions, thereby unmasking and delineating subtle
lesions and aiding in the differentiation of neoplastic and
non-neoplastic tissue[76]. Chromoendoscopy has been
compared to standard-definition endoscopy for detection of neoplasia in both IBD and non-IBD patients and
shown to be superior[77]. However, careful cleansing and
inspection of the entire colonic mucosal surface needs
to be done to detect neoplasia[76]. Importantly, the use of
chromoendoscopy does not increase the mean procedure
time and has been shown to be no better than whitelight endoscopy with random and targeted biopsies[78,79].
Chromoendoscopy described above using methylene
blue has been studied in UC patients. The study included
102 patients, each of who had biopsies by different 3
techniques: standard colonoscopy with random biopsies,
targeted biopsies and dye targeted biopsies in which
methylene blue was segmentally applied throughout colon and abnormal mucosa that was made visible by dye
spray was then biopsied. It concluded that dye targeted
biopsies detected more dysplasia than random biopsies (P
= 0.001) and more than targeted non dye biopsies. (P =
0.057)[78]. The disadvantages of this technique include the
cost, time consuming nature and the fact the dye does
not always coat the mucosa evenly and does not allow for
a detailed analysis of the subepithelial network.
Virtual chromoendoscopy technologies have also

IBD and colorectal neoplasia surveillance
Patients with IBD are at increased risk of CRC. Incidence
of cancer has been more extensively studied in relation
to UC than Crohn’s. The risk in UC is increased with the
duration and extent of disease. A meta-analysis reported
the risk is 2% at 10 years, 8% at 20 years, and 18% at 30
years of disease[71]. Patients with extensive colitis are at
increased risk as compared to those with left sided colitis.
Compared to age-matched controls, the risk begins to increase about 8-10 years after onset of symptoms. Patients
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been employed including narrowband imaging (NBI;
Olympus, Tokyo, Japan), i-scan (Pentax, Tokyo, Japan),
Fuji Intelligent Chromo Endoscopy (FICE; Fujinon,
Tokyo, Japan) with use of selective light filters or postimage processing techniques to improve visualization of
vascular structures[80]. A recent randomized parallel group
study with 112 patients randomized to get colonoscopy
using either NBI or white lights reported no significant
difference in detection of dysplasia[81]. Another study
involving 60 patients concluded that NBI was a less time
consuming and equally efficacious method compared to
chromoendoscopy to detect intraepithelial neoplasia in
long standing IBD patients but had a high lesion and patient miss rate and cannot be recommended as a standard
technique[82].
Confocal laser endomicroscopy is another advanced
imaging technique that permits direct histologic assessment of mucosa at the cellular and subcellular levels in
vivo[83]. The potential application of technology in IBD
patients would be in combination with white-light endoscopy and chromoendoscopy to more accurately predict
lesion histology and thus aid in decision making regarding lesion resectability in the setting of chronic colitis[84].
Endoscopic mucosal resection (EMR) is being used
for management of specific raised lesions in chronic UC
patients getting surveillance colonoscopy for dysplasia.
In a study, EMR was used to remove 79 flat Paris 0-Ⅱ
lesions with a recurrence rate of 2.4% at 3 mo with no
additional lesions detected in a 4-year follow-up period[85].
Thus management of dysplasia is emerging as a new intervention to develop in the area of IBD.
Even though considerable research has been done in
the area of interventional IBD, future research is needed
for better imaging techniques in the diagnosis of CCA
and role of cholangioscopy in the management of PSC
strictures. In addition, randomized controlled trials aimed
at studying endoscopic balloon dilations and stenting in
treating bowel strictures in the setting of IBD and comparing its efficacy with surgery are required.
The above review underlines the fundamental role
of an advanced endoscopist in a team of IBD specialists, colorectal surgeons and hepatologists that manages
patients with IBD. Further research and studies will better define the scope of the advanced endoscopist in the
coming years.
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Core tip: Inflammatory bowel disease affects people
during their reproductive years. Many patients and
physicians have concerns about pregnancy in inflammatory bowel disease (IBD), and are unsure about
management of IBD during pregnancy. Women with
IBD have similar fertility as the general population,
with the exception of certain prior surgeries, and actives disease. This review highlights the relative safety
of medications used to treat IBD during pregnancy and
breastfeeding, and summarizes the updated literature
for immunosuppressants and biologics. Good control of
disease and clinical remission at the time of conception
increases the likelihood of having successful pregnancy
outcomes, and quiescent disease during pregnancy.
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Abstract
Inflammatory bowel disease (IBD) typically affects patients during their adolescent and young adult years.
As these are the reproductive years, patients and
physicians often have concerns regarding the interaction between IBD, medications and surgery used to
treat IBD, and reproduction, pregnancy outcomes,
and neonatal outcomes. Studies have shown a lack of
knowledge among both patients and physicians regarding reproductive issues in IBD. As the literature is constantly expanding regarding these very issues, with this
review, we provide a comprehensive, updated overview
of the literature on the management of the IBD patient
from conception to delivery, and provide action tips to
help guide the clinician in the management of the IBD
patient during pregnancy.

INTRODUCTION
Inflammatory bowel disease (IBD) is a group of chronic
bowel diseases, including Crohn’s disease and ulcerative
colitis, which can affect all aspects of a patient’s life. The
majority of patients with IBD are diagnosed in their adolescent to young adult years. The diagnosis of IBD and
the medications and surgeries used to treat IBD come
with many questions and concerns about how they can
affect future education and work plans, and relationship and family plans. These questions and concerns not
only affect the patient, but also the health care providers
who are managing the patient. In particular, the complex
interaction between IBD and pregnancy is important, es-

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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pecially because any decisions regarding the management
of the patient will not only affect her, but also her fetus.
In addition, they will not only affect them currently, but
may have long lasting effects.
The concerns regarding IBD and reproduction certainly play a central role in any decisions made by the
patient and the physician caring for her. Many women
with IBD choose not to become pregnant and to remain
childless. This concept of “voluntary childlessness” has
been documented in early studies that showed up to 30%
of women with IBD (compared to 7% of the general
population) had voluntary infertility[1]. More recent studies confirm this “voluntary childlessness” continues to
be an issue, with up to 18% of childless IBD patients
indicating that the decision was influenced by IBD related factors[2-4]. The five major concerns of women with
IBD that have been reported by previous studies include:
fertility/conception, genetics, IBD-related congenital
abnormalities, medication effects on pregnant and fetus,
and effect of pregnancy on IBD[3-5]. Inadequate physician knowledge regarding reproduction in inflammatory
bowel disease, and lack of comfort managing pregnant
IBD patients may be contributing to the medical advice
component of “voluntary childlessness” seen in IBD
patients. In this review, we aim to address each of these
major topics of concern, in the hopes that practitioners
will be better equipped with up-to-date information to
use in counseling their patients.

Women with Crohn’s disease may have decreased fertility
rates when their disease is active, or if have had prior surgeries. Women with ulcerative colitis who have had pelvic
surgery have decreased fertility rates.
Genetics: what are the chances of offspring developing
IBD?
Earlier studies supported strong genetic risks of IBD
in offspring of patients with IBD up to 13 times the
general population[21,22]. When early twin studies were
combined, results showed concordance ranging between
15.4% monozygote twin concordance for ulcerative colitis to 30.3% concordance for Crohn’s disease[23]. Monozygote twins are born from the same zygote, so this low
concordance rate suggests there are other non-genetic
influences, such as environmental factors. A recent study
re-ran the Swedish twin registry, which is one of the major data sources for twin studies, and found that previous twin studies overestimated the influence of genetics
in Crohn’s disease[24]. Although genetics does play an important role in the risk of developing IBD, they are not
the only determinants.
Action point: Genetics play an important role in the risk
of developing IBD, but women should be counseled that
there are other factors involved. Their offspring will not
necessarily develop IBD.

PREGNANCY

CONCEPTION

Conception and beyond: what is the effect of IBD
activity on the pregnancy?
Some studies indicate that IBD, especially Crohn’s disease, can be associated with an increase in adverse pregnancy outcomes, such as prematurity[2,10,14,25-33], low birth
weight[14,25,26,28,31-32], small for gestational age[25,28,30,33,34],
congenital abnormalities[28,31,35], miscarriages or spontaneous abortions[11,30]. Other studies report no significant
association between IBD and adverse pregnancy outcomes[9,29,36-38]. However, the effect of IBD on pregnancy
outcomes may be partially attributable to disease activity,
and medications, rather than IBD alone. In addition, other demographic variables such as maternal age and smoking have been shown to be risk factors for congenital
abnormalities and pregnancy outcomes such as preterm
delivery, among women with IBD[38].
A few studies concluded that disease activity did not
predict adverse pregnancy outcomes in women with
IBD[1,30,32], but other studies found that active disease at
the time of conception, and during pregnancy, increases
the risk of adverse pregnancy outcomes, such as spontaneous abortion[1,6,7] and preterm delivery[37,39].

Fertility: what are the chances of becoming pregnant?
Women with IBD have been shown to have similar
fertility as the general population[1,2,6-9]. However, some
studies report that Crohn’s disease (CD) patients may
have slightly decreased fertility[10,11], especially when their
disease is active[9] or if they have adhesions from prior
surgeries[10,12]. Ulcerative colitis (UC) patients can have
normal fertility, however once UC patients have had a
surgery, such as restorative proctocolectomy and ileal
pouch anal anastomosis, they have an increased risk
of infertility up to 3-4 fold[13-16]. It is hypothesized this
increased infertility is due to tubal infertility from the
adhesions and scarring[15,16], since UC patients who have
had laparoscopic IPAA have been shown to have less adhesions[17], and lower infertility rates[18,19]. Although there
have been variable reports on the infertility rates among
women with Crohn’s disease and ulcerative colitis, some
of these differences may be attributed to voluntary
childlessness. In a recent meta-analysis of eleven studies,
the authors found that in women with CD, fertility was
reduced 17%-44% compared to controls, but further
analysis revealed this to be linked to voluntary childlessness; they did not find any reduction in fertility in women with UC[20].

Action point: Women with IBD should be in remission
before attempting to become pregnant.
Conception and beyond: what is the effect of pregnancy
on IBD course?
Women with active disease at the time of conception, or

Action point: In general, women with IBD have similar
fertility rates as the general population. Previously reported infertility may be attributed to voluntary childlessness.
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within 3 mo of conception, are more likely to have active disease during pregnancy than if their disease was
in remission[40,41]. For both ulcerative colitis and Crohn’s
disease, the relative risk of a women having active disease
during pregnancy if she had active disease at the beginning of pregnancy is about two-fold[41]. Conversely, women with disease in remission at the time of conception are
more likely to have quiescent disease during pregnancy[6].
Pregnancy was reported to decrease activity of Crohn’s
disease in a study of 61 women[42], but a larger study including 92 women with Crohn’s disease found no statistical significant difference in disease course during or after
pregnancy[43]. Longer disease duration in Crohn’s disease
patients may increase the risk of relapse during pregnancy[43]. In ulcerative colitis patients, there was a higher
risk of relapse during pregnancy and in the post partum
period[43]. A large study on 543 women over 10 years
reported that pregnancy was associated with a reduced
number of flares in the years following pregnancy[44].

mans. In addition, DBP can be found in many commonly
used medications and dietary supplements[53].
Sulfasalazine inhibits folate synthesis, so women on
sulfasalazine should be supplemented with folic acid (5
mg/d) to prevent neural tube defects[54,55]. Sulfasalazine
can also displace bilirubin from albumin, which theoretically could lead to kernicterus in the newborn child, but
no cases have been reported[55].
Action point: Amniosalicylates and sulfasalazine can be
used during pregnancy, and are not significantly associated with adverse neonatal outcomes. Women on sulfasalazine should receive folic acid supplementation (5 mg/d).
Azathioprine and 6-mercaptopurine/Purinethol
(FDA Class D): Although thiopurines are classified as
FDA Class D drugs, because of teratogenicities in animal
studies, the use of azathioprine/6-MP during pregnancy
in IBD is not associated with increased risk of preterm
birth, low birth weight, neonatal adverse outcomes, or
congenital abnormalities[33,49,56-60]. Disease activity rather
than medication use can lead to neonatal adverse outcomes[57]. One study reported that thiopurines increased
the risk for congenital malformations when compared to
healthy women, but not when compared with IBD controls[61]. A large ongoing prospective registry of pregnancy
outcomes in women with IBD exposed to immunomodulators and biologic therapy (PIANO study) has found no
association with the use of immunosuppressants with
congenital anomalies, abnormal newborn growth and
development, or other complications[62]. In addition, a
recent review found that thiopurine use during pregnancy
was not associated with low birth weight or congenital
abnormalities, but was associated with pre-term birth[63].
Infants may be exposed to a metabolite of Azathioprine,
6-TGN[64,65], and a recent study has found that up to 60%
of infants exposed to thiopurines in utero are born with
anemia[65]. In long-term (average 4 years) follow-up studies
of babies exposed to azathioprine in utero, there was no
increased risk of infection[66] or development and immune
function[67]. Expert opinion is to continue thiopurine use
during pregnancy to maintain remission of disease[54,68].

Action point: The disease activity at time of conception
tends to predict disease course during pregnancy. Ideally,
women should be in remission at the time of conception.
Flares and remissions during pregnancy: which
medications can be used during pregnancy?
Women who require medications to achieve and maintain
remission of their IBD, should continue these medications during pregnancy. With the exception of methotrexate, which should be stopped when attempting to
conceive, and withheld during pregnancy, other medications used to manage IBD have not been associated with
significant adverse fetal outcomes.
Aminosalicylates [Food and Drug Administration
(FDA) Class B, Asacol FDA Class C] and sulfasalazine (FDA Class B): Aminosalicylates and sulfasalazine
are commonly used drugs for mild to moderate ulcerative
colitis. A cohort study from Denmark found an increased
risk of stillbirth and preterm birth in women prescribed
5-ASA drugs during pregnancy, but was unable to distinguish between effects of disease activity and 5-ASA[36].
Other studies found no significant association between
5-ASA drugs and poor pregnancy outcomes[45-51]. A recent meta- analysis reported slight but non-significant increases in congenital malformation (OR = 1.16), stillbirth
(OR = 2.38), spontaneous abortion (OR = 1.14), and
preterm delivery (OR = 1.35) and low birth weight (OR
= 0.93) with 5-ASA medications[51]. However, again, the
results were pooled, and they were unable to differentiate
which 5-ASA drug, type of disease, or disease activity. Recently there has been concern about the dibutyl phthalate
(DBP) coating on certain mesalamines, as animal studies
found adverse effects on development and reproductive
organs[52]. A recent study reported high mean urinary
concentrations of the main DBP metabolite in a woman
who used Asacol[52]. However, there have been no reports
of adverse developmental or reproductive effects on hu-
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Action point: Thiopurines can be used during pregnancy,
and are not significantly associated with adverse neonatal
outcomes.
Methotrexate (FDA Class X): Methotrexate is a teratogen and an abortifacient, and is therefore contraindicated during conception and pregnancy period. Methotrexate exposure during organogenesis (6-8 wk) may lead
to congenital abnormalities, while exposure in the second and third trimesters can lead to fetal loss[55,69]. Since
Methotrexate remains in the tissue for a period of time,
patients should discontinue at least 3-6 mo prior to attempting to conceive[54,69]. Women who become pregnant
while on methotrexate should seek medical attention
immediately, for assessment of the fetus, and counseling
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regarding options[54,55].

cion should be avoided during pregnancy due to risk of
arthropathy. Amoxicilin is safe to use during pregnancy.

Action point: Methotrexate should be discontinued at
least 3 to 6 mo before conception.

Biologics: Anti-tumour necrosis factor inhibitors (FDA
Class B) such as Infliximab, Adalimumab, and Certolizumab, are commonly used to treat moderate to severe
IBD, and fistulizing Crohn’s disease. TNF-α is a proinflammatory cytokine that stimulates the production of
prostaglandins, and increased levels are associated with
preterm labor[75]. TNF levels increase during pregnancy,
as it is mainly produced by the placenta[76]. TNF-α is important for the initial stages of pregnancy, and also for
the development of the fetal immune system, and TNF
deficient animals have been shown to have increased risk
of immune developmental abnormalities[77]. However,
increased levels of TNF-α have been associated with
preeclampsia, gestational diabetes, obesity[76].
Initially Infliximab and Adalimumab were reported in
a few cases of pregnant women with IBD[78-84] which did
not show any adverse effects. Larger observational studies, registry studies, and systematic reviews have shown
its safety for use during pregnancy[85-88]. The PIANO
study has not found any increase in congenital anomalies,
abnormal newborn growth and development, or other
complications, among women receiving biologics[62].
Infliximab and Adalimumab are IgG1 monoclonal antibodies, and are actively transported across the placenta,
while Certolizumab is a Fab fragment of IgG1, and has
not been shown to have placental transportation[89]. This
active transport of IgG1 antibodies occurs mainly in the
third trimester[81,90]. Thus it has been recommended to
stop Infliximab and Adalimumab at the onset of the third
trimester[91,92]. However, in a recent study, in women with
quiescent IBD, who discontinued anti-TNF therapy by
week 30, Infliximab and Adalimumab were still detected
in cord blood[93]. The exact time to hold anti-TNF is now
debatable, especially with Adalimumab which is given
weekly or biweekly, but in high risk patients, or patients
with active disease, these biologics should be continued
throughout the pregnancy[94]. Levels of Infliximab and
Adalimumab have been detected in infants for as long
as 6 mo[95]. At least for the short term, children exposed
to intra-uterine Infliximab develop normally, without
increased infections, allergic reactions, or decreased response to vaccinations[91]. However, infants exposed to
combination of immunomodulators and biologics have
been noted to have increase in infections from 9 to 12
mo of age[62]. Thus, it is still recommended that infants
exposed to intra-uterine anti-TNF therapy delay live vaccinations for at least the first 6 mo.

Corticosteroids (FDA Class C): Glucocorticoids cross
the placenta and can reach the fetus, but the placental
enzymes convert corticosteroids to less active metabolites[54,55]. Prednisone, prednisolone, and methylprednisolone are the preferred agents during pregnancy, as they
are more efficiently metabolized by the placenta than
dexamethasone or betamethasone[54]. Most studies on glucocorticoid use during pregnancy have been in patients
with various diseases, such as asthma. There has been a
reported association of increased oral cleft in neonates
exposed to glucocorticoids in utero in the first trimester,
and this risk should be discussed with the patient[54,55,69].
Overall there is no increased risk of congenital abnormalities[50]. Budesonide has only been reported in one small
study in Crohn’s disease patients, and was not associated
with adverse neonatal outcomes[70].
Action point: Corticosteroids may be used to treat flares
of IBD during pregnancy. There is a small risk of oral
cleft in neonates exposed to corticosteroids in the first
trimester.
Antibiotics: Metronidazole (FDA Class B) and Ciprofloxacin (FDA Class C) are commonly used to treat
abscesses and fistulae in IBD. Animal studies showed
carcinogenic effects from Metronidazole, and early studies suggested a risk of cleft lip[55], but this has not been
reported in humans[71]. It was not associated with preterm
birth (OR = 1.02, 95%CI: 0.80-1.32), low birth weight
(OR = 1.05, 95%CI: 0.77-1.43), OR = congenital anomalies (OR = 0.86, 95%CI: 0.30-2.45) in a large study of
2829 singleton/mother pairs[72]. In a small study (27 of
113 patients on Metronidazole) in female IBD patients,
metronidazole was found to be safe in all trimesters of
pregnancy[49]. Previously, there was concern that quinolones increase the risk of arthropathies in the offspring,
Studies have reported no significant increase in major
congenital anomalies, including musculoskeletal problems
from the use of ciprofloxacin[73]. A meta-analysis of pregnancy outcomes after exposure to quinolones in the first
trimester reported no increased risk of major malformations, stillbirths, preterm births, or low birth weight[74].
However, because of the known possible effect of ciprofloxacin on bone and cartilage, it has been recommended
to avoid this medication during pregnancy[55].
Penicillins have not been shown to cause fetal malformations or adverse pregnancy outcomes, and are considered the first line therapy in pregnancy[71]. Amoxicillin
(FDA Class B) can be used to treat abscesses and complications of IBD during pregnancy.

Action point: Anti-TNF therapies are safe to use during
pregnancy. Infliximab and Adalimumab should be held
after week 30, if not earlier, to decrease placental transport to the fetus. Neonates exposed to biologics during
pregnancy should not have live vaccines during the first 6
mo post delivery.

Action point: Metronidazole can be used during pregnancy, preferably avoid use in first trimester. Ciprofloxa-
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Cyclosporine (FDA Class C): Cyclosporine crosses the
placenta, and has not been found to be teratogenic in
animal models[96]. The majority of studies on cyclosporine in pregnancy involve post-transplant patients, which
suggests an association with premature delivery and low
birth weight infants[97]. In severe ulcerative colitis flares
during pregnancy, cyclosporine has been used with successful control of the disease, avoidance of colectomy
during pregnancy, and no significant adverse pregnancy
outcome[98-104]. The most common side effect reported
was hypertrichosis in the mother, however, in one case
report, the patient developed severe hypertension and
seizures 48 h post infusion[99]. Other adverse effects of
cyclosporine include nephrotoxicity and hepatotoxicity[97].
Fulminant ulcerative colitis leading to colectomy has
been associated with adverse pregnancy outcomes, with
up to 49% fetal mortality and 22% maternal mortality
rates in the literature[105]. Thus, in cases of severe fulminant ulcerative colitis, in order to avoid urgent colectomy,
cyclosporine may be considered.

risk of progression of perianal disease in Crohn’s disease
with vaginal delivery[108]. Thus, the decision for caesarean
section should not be made purely on the IBD diagnosis,
but also obstetrical reasons.
Action point: In women with Crohn’s disease with active
perianal disease, caesarean section should be considered
on an individual basis.

POST PARTUM
What is the risk of IBD flaring after delivery?
Some women may flare after delivery, while others fare
well. A retrospective cohort study of 114 Crohn’s disease
patients reported more frequent disease progression after
childbirth in patients who had active luminal disease prior
to pregnancy[108]. A large multi-country prospective study
found higher risk of relapse in the postpartum period in
women with ulcerative colitis[43].
Action point: Ulcerative colitis patients have an increased
risk of relapse after delivery. Crohn’s disease patients with
active luminal disease before pregnancy have a higher risk
of relapse after delivery.

Action point: Cyclosporine may be considered in cases
of severe fulminant ulcerative colitis in pregnancy, in
order to avoid colectomy during pregnancy. However, as
biologics are FDA Class B, and there are more studies on
Infliximab use during pregnancy, Infliximab may be the
preferred first line option.

BREASTFEEDING
Breastfeeding physiologically may be associated with increased inflammation, as prolactin is associated with upregulation of TNF production[110] and increased levels
are found in other autoimmune diseases such as lupus,
rheumatoid arthritis[111]. Many women with IBD choose
not to breastfeed their children[2,112]. This may be due to
fears of medication effects, physician recommendation
or personal choice[112]. The effect of breastfeeding on
the development of IBD is thought to be related to the
hygiene hypothesis, in which breastfeeding is thought
to help the neonate develop tolerance to microflora and
food antigens, thus preventing immune over activation to
delayed antigen exposures[113-115].

Managing relapses during pregnancy: can we use
induction medications?
As already mentioned, active disease during pregnancy is
associated with poor pregnancy outcomes. Since medications commonly used to treat IBD are not associated
with significant adverse pregnancy outcomes, treating
the mother to induce and maintain remission during the
remainder of the pregnancy will lead to more beneficial
outcomes. If hospitalization is required to manage an
acute IBD flare, IV hydrocortisone[103] and IV infliximab[78,82,91,92,106] may be used for rescue therapy, as thus
far, they have not been associated with significant adverse
effects. One study has shown that IV cyclosporine can be
used safely[103].

Does breastfeeding affect IBD?
Studies investigating the effect of breastfeeding on developing IBD vary in methodology and conclusions.
In one study, women who breastfeed were found to be
more likely to have a postpartum flare of their disease,
but this increased risk was non significant once adjusted
for discontinuation of IBD medications during pregnancy[112]. A more recent population-based study found
no increased rate of disease flare in the post partum year
between those who breastfed (26%) vs those who did not
(29.4%)[116].

Action point: Active IBD is associated with adverse
pregnancy outcomes. Management of flares of IBD during pregnancy may involve the use of steroids, biologics,
and possibly cyclosporine.

DELIVERY
Women with IBD were initially reported to be more
likely to have a caesarean section[2,14,25,33,34,107]. This has
mainly been attributed to Crohn’s disease patients, especially those with perianal disease[14,107,108]; it has also
been shown that vaginal delivery with episiotomy may
be associated with subsequent perianal involvement[109].
Larger population studies found no significant difference
in caesarean section rates among IBD patients[38], and no
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Can breastfeeding affect the risk of IBD in the offspring?
Some studies find no association between breast feeding and diagnosis of IBD[117]. However, some report that
a lack of breastfeeding in infancy is associated with an
increased risk of UC (OR = 1.5, 95%CI: 1.1-2.1) and
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CD (OR = 1.9, 95%CI: 1.1-3.3)[118]. More recent studies
reported a protective effect of breastfeeding to decrease
the odds of developing IBD[119,120]. Two systematic reviews investigating the role of breastfeeding and the development of IBD found that breastfeeding is associated
with lower risks of developing early-onset IBD[121,122].

h after medication consumption to minimize transfer of
the drug to the neonate.
Action point: Corticosteroids can be continued during
breastfeeding if required to treat maternal IBD.
Antibiotics: Metronidazole is transferred into the breast
milk[139], but in minimal levels[140] and levels decline after
12-24 h after maternal dose intake[141]. If metronidazole
is required for the treatment of active IBD, it is recommended to wait 12-24 h after metronidazole intake before
breastfeeding[55], and long term use should be avoided[69].
Ciprofloxacin is also detectable in the breast milk in small
amounts[142,143], but short term treatment can be used if
indicated[55].

Which medications can be used during breastfeeding?
Aminosalicylates (FDA Class B, Asacol FDA Class
C) and sulfasalazine (FDA Class B): Earlier studies
have reported the rare occasion of infants exposed to
5-aminosalicylates via breast-milk developing watery diarrhea[123], however very small amounts of drug are excreted into breast milk, making risk of toxicity and reaction
very unlikely[124-126]. Sulphasalazine has also been reported
to cause bloody diarrhea in the infant exposed via breastmilk[127], however, it has not been reported other than
case reports. Sulfasalazine can have a bilirubin displacing
effect leading to jaundice in the neonate, however the
amount of drug transferred to the child via breast-milk is
negligible to cause jaundice[128,129].

Action point: Metronidazole and ciprofloxacin can be
continued for short term during breastfeeding if required
to treat maternal IBD.
Biologics: As mentioned, the biologic therapies can
be continued during pregnancy, and held in the third
trimester. Studies have shown nil to minimal levels of
infliximab and adalimumab in the breast milk and no
significant adverse events have been reported in the infant[81,143-148]. It is thought that any detectable levels in the
neonate after delivery may be due to placental transfer
during pregnancy[147]. Thus, although anti-TNF therapies
are can be continued during breastfeeding, further studies are required to determine the effect of infant exposure to these biological therapies on the development
of their gastrointestinal immunity and systemic immune
system[89,146,148]. The preliminary results of the PIANO
study have not found any association between breastfeeding and infection risk in the neonate exposed to biologic
therapy[62].

ACTION POINT: 5-aminosalicylates and sulphasalazine can be continued during breastfeeding.
Azathioprine and 6-mercaptopurine/Purinethol
(FDA Class D): Azathioprine and 6-MP can be continued during pregnancy, as described above, but there
are concerns about the potential for tumorigenicity, and
increased susceptibility to infections in neonates exposed
during breastfeeding[66]. Recent studies show that only
very small amounts of AZA/6-MP are measured in
breast milk, and neglible amounts detected in the neonate[130-134]. In addition, the highest concentration of AZA
measured in the breast milk appears during the first 4 h
after consumption[130], thus it has been recommended to
“pump and dump” the first 4 h of breastmilk. Thus far,
there has not been reported increase risk of infections
among babies breastfed with exposure to azathioprine[66],
and it is considered safe to continue these medications
during breastfeeding[54,66,130-134].

Action point: Infliximab and adalimumab may be continued during breastfeeding.
Cyclosporine (FDA Class C): Cyclosporine does cross
into the breast milk, but if required for fulminant colitis,
it can be used. Case reports and series of neonates exposed to cyclosporine during pregnancy and breastfeeding are mainly from the renal transplant literature, and
have reported varying levels of cyclosporine in the breast
milk, and relatively good outcomes in the mother and
neonate[149-153]. One case report of cyclosporine use in
the management of severe ulcerative colitis while breastfeeding also reported short term good outcomes in the
mother and neonate[154]. More studies are required to
determine the long term effects of neonatal exposure to
cyclosporine in the breast milk.

Action point: Azathioprine and 6-MP are can be continued during breastfeeding; the first 4 h of breastmilk after
consumption may be discarded to minimize the amount
of drug transferred to the neonate.
Methotrexate (FDA Class X): Methotrexate crosses
into the breast milk[135] and because of its teratogenicity, it
is contraindicated during breastfeeding[136,137].
Action point: Methotrexate is contraindicated during
breastfeeding.
Corticosteroids (FDA Class C): Corticosteroids do
transfer to the breast milk, but in very low levels[138,139]
and because the highest levels appear in the first 4 h[139],
it is recommended to “pump and dump”[55,139] the first 4
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Action point: Cyclosporine has been used to manage fulminant colitis during breastfeeding, however, infliximab
is preferred due to the lack of studies for cyclosporine.
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CONCLUSION
10

IBD affects people during an important time of their
lives when they are considering family planning or are
already pregnant. With the exception of Methotrexate,
commonly used medications for the treatment of IBD
are not associated with significant adverse pregnancy
outcomes, and can be used throughout pregnancy. Good
control of disease and clinical remission at the time of
conception increases the likelihood of having successful pregnancy outcomes, and quiescent disease during
pregnancy. There is no need to adjust medications during
pregnancy, with the exception of biologics such as Infliximab and Adalimumab, which should be held during the
third trimester in women who are in clinical remission.
However, biologics may be continued throughout pregnancy if necessary to control disease. Induction of remission of IBD flares during pregnancy should be treated
with appropriate medications, such as steroids, infliximab,
and for severe fulminant colitis, cyclosporine, as active
disease and fulminant colitis requiring surgery has increased risk of adverse fetal outcomes. The management
of IBD in women during their reproductive years should
include consideration of their family planning decisions,
and education counseling regarding the overall safety of
medications and the importance of medication adherence should occur prior to conception.
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with complications in diabetic patients. Epidemiologic
and genetic evidences about diabetes co-morbidity in
ulcerative colitis patients and shared complications and
treatment of patients with these diseases have been
discussed in the present review.
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Core tip: The relationship between ulcerative colitis
and diabetes mellitus is intriguing, full of practical and
speculative information, useful for clinical practice and
basic research. Diabetes mellitus is one of the most
frequent co-morbidities of ulcerative colitis and their
epidemiological association suggests genetic sharing
and stimulates studies for gene identification. Diabetes
also shares specific complications with ulcerative colitis
and represents a challenging condition in ulcerative
colitis patients for the treatment of the disease, due
to difficult control of glucose levels and for high risk of
postoperative complications and pouch failure. All these
issues have been discussed in the present review.

Abstract
Diabetes mellitus is one of the most frequent co-morbidities of ulcerative colitis patients. The epidemiological association of these diseases suggested a genetic
sharing and has challenged gene identification. Diabetes co-morbidity in ulcerative colitis has also relevant
clinical and therapeutic implications, with potential clinical impact on the follow up and outcome of patients.
These diseases share specific complications, such as
neuropathy, hepatic steatosis, osteoporosis and venous
thrombosis. It is still unknown whether the coexistence
of these diseases may increase their occurrence. Diabetes and hyperglycaemia represent relevant risk factors for postoperative complications and pouch failure
in ulcerative colitis. Medical treatment of ulcerative
colitis in patients with diabetes mellitus may be particularly challenging. Corticosteroids are the treatment
of choice of active ulcerative colitis. Their use may be
associated with the onset of glucose intolerance and
diabetes, with difficult control of glucose levels and
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INTRODUCTION
Ulcerative colitis (UC) is a chronic disease characterised
by mucosal inflammation, limited to the colon. Its inci-
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dence and prevalence are increasing with time in different regions around the world, with the highest annual incidence of 24.3 per 100000 persons-year, and prevalence
of 505 per 100000 persons in Europe[1].
The disease is associated with high costs, diseasespecific morbidity and decreased quality of life, mostly
related to complications, surgery and co-morbid diseases.
Co-morbid diseases in UC include several immune
mediated diseases, such as rheumatoid arthritis, multiple
sclerosis, lupus, psoriasis, hypothyroidism and diabetes
mellitus[2-7].
Among these diseases, diabetes mellitus is the most
frequent condition and its association with UC has epidemiological, pathogenetic, clinical and therapeutic implications.
All these points represent the objects of the present
review.
An electronic literature search was conducted using
PubMed and Medline as primary sources. No time limits
were specified up to the date of the search (September
2013). A comprehensive search was performed using the
following search terms: “ulcerative colitis” or “inflammatory bowel diseases” and “diabetes mellitus” or “glucose intolerance”. The search was restricted to articles
involving humans and those in the English language (or
with an English abstract) and following identification of
relevant titles, the abstracts of these articles were read to
decide if the study was eligible.
The full text article was retrieved when the title and/
or abstract seemed to meet the pre-defined eligibility criteria. A manual cross-reference search of bibliographies
was carried out to identify articles missed in the computerised search.

has assessed the prevalence of type 2 diabetes mellitus in
IBD, so far.
Interestingly, patients with both psoriasis and IBD
showed significantly higher rates of diabetes (26.7% vs
11.0%) and autoimmune thyroiditis (2.1% vs 6.8%) and
hepatitis (0.7% vs 6.2%) compared to individuals with
psoriasis only[8].
On the other hand, a large study made possible by the
availability of the Multigeneration Register in Sweden,
estimated the associations between type 1 diabetes mellitus and 33 autoimmune and related diseases in parents,
offspring, siblings and twins. This study showed that type
1 diabetes in offspring was associated with 13 diseases in
parents, including UC (standardised incidence ratio 1.23)
and few other gastrointestinal diseases such as primary
biliary cirrhosis (3.63) and celiac disease (2.73)[9].
All these epidemiological findings suggest potential
shared aetiological mechanisms for UC and type 1 diabetes mellitus. Although the aetiology for both diseases
remains unclear, a large body of evidence supports the
hypothesis that in genetically predisposed individuals,
both host factors and environmental factors contribute
to an uncontrolled immune function.
Co-morbidity among these autoimmune disorders
and familial associations with several autoimmune and
related diseases suggest genetic sharing and represent a
challenge for gene identification.
On this regard, a recent genome-wide association
study examined known susceptibility loci for IBD and
type-1 diabetes mellitus in a cohort of 1689 Crohn’s disease patients, 777 UC patients, 989 type-1 diabetes patients and 6197 control subjects, and identified multiple
shared loci with opposite effects. In particular the study
identified 1 diabetes mellitus locus (TNFAIP3) that confers UC risk and 2 UC loci (HERC2 and IL26) that confer type-1 diabetes mellitus risk[10].
The genetic association between UC and type-1 diabetes mellitus has been also suggested by the description of
a monogenic form of diabetes with the typical features
of type 1 diabetes (autoantibodies to β cells, lean and
young at onset of hyperglycemia, rapid disappearance of
C-peptide production and insulin dependence) together
with insulin resistance, which appears as a consequence
of an autosomal-dominant mutation in the SIRT1 gene.
A recent case-report describes a family carrying a mutation in the SIRT1 gene, in which all five affected members developed an autoimmune disorder: four members
developed type 1 diabetes and one developed UC[11]. It
is particularly interesting to know that SIRT1 suppresses
TNFα expression[12]. Importantly, both type-1 diabetes
and UC are strongly associated with this cytokine, and
TNF antagonism improves both conditions[13].

DIABETES CO-MORBIDITY IN UC
Diabetes mellitus, like other autoimmune disorders, is
significantly associated with UC, both in children and in
adult patients. A recent large case-control study, which
included more than 1200 children with inflammatory
bowel disease (IBD), 488 of whom with UC, showed
that UC is associated with a higher prevalence of diabetes than in controls (OR = 2.7, 95%CI: 1.1-6.6) with an
overall prevalence of 2049 cases per 100000 children.
Noteworthy, this association was confirmed excluding
patient on treatment with anti-TNF alpha, and was the
strongest among the other autoimmune conditions. It
was also specific for UC, the association with Crohn’s
disease not being significant (OR = 1.4, 95%CI: 0.5-4)[7].
Regarding the association between UC and diabetes, the
estimates in this paediatric study were only slightly higher than those in adult studies. Indeed, few other studies
examined the concomitance of autoimmune diseases
among adult IBD patients without showing a significant
increased risk for type 1 diabetes mellitus[3,4] although
this endocrine disorder represented the third most common co-morbid disease in UC patients (0.8%) after psoriasis (1.8%) and rheumatoid arthritis (1.1%). No study
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Diabetes mellitus and UC share a number of complications, namely neurological, hepatobiliary, osteoarticular,
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(NAFLD) is characterized by insulin resistance and it is
often associated with type 2 diabetes mellitus[20,21]. Up
to 50% of these patients may have nonalcoholic steatohepatitis[22]. NAFLD is also frequently reported in UC
patients, apart from classical risk factors such as obesity
or insulin resistance[23].

Table 1 Common shared complications in diabetes mellitus
and ulcerative colitis
Neurological
Distal symmetric polyneuropathy (50% in DM and 0%-39% in UC)
Hepatobiliary
Cholelithiasis (20%-30% in DM, only after colectomy in UC)
Hepatic steatosis
Non alcoholic fatty liver disease
Osteo-articular complications
Osteoporosis
Vascular complications
Venous thrombosis (with ketoacidosis in DM, with active disease or
surgery in UC)
Post-operative complications
Anastomotic dehiscence
Infections
Non-infectious complications

Osteo-articular complications
Diabetes mellitus-induced osteoporosis is often present
in diabetic patients, probably due to changes in osteoblast fuction and bone formation, sustained by hyperglycemia[24].
A high prevalence of reduced bone density is also
frequently reported in UC patients due to increased
bone reasorption, not balanced by an appropriate bone
formation. Long duration of disease, low body mass
index, colectomy and in particular high doses and prolonged treatment with corticosteroids (cumulative use
of steroids) have been recognised as risk factors for this
complication and fractures[25-27].

DM: Diabetes mellitus; UC: Ulcerative colitis.

vascular and post-operative. It is unknown whether concomitance of both diseases for a long time increases the
risk of such complications.
Although diabetic patients with mild or quiescent
UC are likely to have a favourable outcome, UC patients
with recurrent or steroid-refractory active disease, with
consequent long term steroid treatment, could present
hyperglycaemia and hyperinsulinemia and an increased
risk of complications. Unfortunately, the outcome of
UC in diabetic patients has not been investigated so far
and no data are reported in the large therapeutic trials.
Examples of the more frequently shared complications of diabetes mellitus and UC are presented hereafter (Table 1).

Vascular complications
Diabetes mellitus and UC share vascular complications,
such as venous thrombosis. UC is characterised by a
potential hypercoagulable state and an incidence of systemic thromboembolic events higher than in the general
population, usually correlated with active disease and
surgery[28-30]. Diabetes, although most commonly complicated by arterial thrombosis, may also be complicated
by venous thromboembolism, in presence of ketoacidosis[31-33].
Post-operative complications
Diabetes mellitus is a well known risk factor of poor
outcome in colorectal surgery, mainly due to the occurrence of anastomotic dehiscence[34], infectious and noninfectious complications.
Recently, it has been found that perioperative hyperglycemia, in diabetic patients and even in patients
without a preoperative diagnosis of diabetes undergoing
colorectal surgery, is associated with a high rate of infectious and noninfectious complications, reintervention
and mortality[34].
Adverse outcomes may be associated with a single
postoperative elevated glucose value and the risk of
morbidity and mortality is related to the degree of hyperglycaemia[35,36].
Therefore, it is not surprising that the post surgical
period is one of the most important time frames for
morbidity and mortality in UC patients with co-morbid
diabetes mellitus.
Surgical-site infections is a major source of morbidity
after colectomy for fulminant UC. A retrospective study
including 59 patients operated for fulminant UC, showed
that diabetes is one of the most frequent independent
risk factors for surgical-site infections, along with white
blood cell count, intraoperative blood loss and blood
transfusion [37]. The poor outcome of the postopera-

Neurological complications
Neuropathy is a well known complication of diabetes
mellitus. In particular, distal symmetric polyneuropathy
is the most frequent form of neurological involvement,
occurring in up to 50% of diabetic patients[14]. Peripheral neuropathy is also a neurological complication of
inflammatory bowel diseases[15,16] with an incidence ranging from 0% to 39%, depending on the features of the
study populations and on the criteria adopted to define
the neuropathy. A population-based study showed that
incident at peripheral neuropathy in IBD patients occurs
late in the course of the disease[17] and is likely due to
nutritional (e.g., B12 deficiency), iatrogenic (e.g., metronidazole neurotoxicity) and immune-mediated causes.
Hepatobiliary complications
Cholelithiasis, a well known complication of 20%-30%
of patients with diabetes mellitus probably due to impaired gallbladder contraction, obesity and hyperlipidemia[18], is also reported as a complication in UC patients,
but only after colectomy, likely due to changes in bile
composition and increase in cholesterol concentration in
bile[19].
Hepatic steatosis is a frequent feature of both diabetes mellitus and UC. Nonalcoholic fatty liver disease
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logues at a dose of 30 mg a day or more) confer a RR =
10 of hyperglycemia, compared to non treated patients[42].
A retrospective study, including 25 patients affected
by neuropathy (median age: 50 years) showed that treatment with prednisolone at a dose of 30-60 mg a day for
at least 2 wk may result in a postprandial hyperglycemia,
compatible with diabetes mellitus in 13 of 25 patients
and demonstrated that advanced age is a risk factor for
this complication[43].
The importance of age in the onset of corticosteroid-induced diabetes is confirmed also by a cohort
study conducted on a large geriatric population (median
age: 75 years) that shows an increased risk of diabetes
induced by oral corticosteroids (RR = 2.31; 95%CI:
2.11-2.54), compared to treatment with proton-pumps
inhibitors (PPIs)[44].
Finally, a recent literature review has confirmed that
corticosteroid-induced hyperglycemia is common both
in patients with and without diabetes and it has estimated an OR = 1.5-2.5 for the onset of diabetes mellitus in
treated patients[45].
Overall, the available studies, mostly conducted on
patients not affected by IBD, confirm that the total dose
of corticosteroids and the long duration therapy are
important predictive risk factors for the development
of diabetes mellitus. In addition, these studies underline
that other factors, such as advanced age, high BMI, family history of diabetes or previous gestational diabetes
should be considered and recommend monitoring the
blood glucose level during steroid therapy (Table 2).
The possible underestimation of this condition in the
handling of patient with IBD in clinical practice could
be attributed to the short duration of steroids treatment
and to the importance given to the fasting blood glucose
only. High blood glucose levels in the short-term and in
the postprandial period, should be considered for their
prognostic value.
Concerning the role of the corticosteroids dose on
the onset of diabetes, high doses of steroids are associated with high values of blood glucose levels and can
induce diabetic ketoacidosis in patients with type 1 diabetes mellitus or hyperosmolar hyperglycemic state[46,47].
The risk of these complications is particularly significant in diabetic patients with UC, in whom the first-line
treatment is represented by corticosteroids.

Table 2 Predictive risk factors for the development of diabetes mellitus and hyperglycemia in ulcerative colitis patients
treated with corticosteroids
High dose of corticosteroids
Long duration of corticosteroids therapy
Advanced age
High body mass index
Family history of diabetes
Previous gestational diabetes

tive course in diabetic patients with UC has been also
found in another large retrospective study that included
3754 patients undergoing ileoanal pouch, which showed
that diabetes mellitus was an indipendent factor associated with the risk of pouch failure (HR = 2.31; 95%CI:
1.25-4.24)[38].

CORTICOSTEROID-INDUCED DIABETES
IN UC
IBD are immune-mediated disorders which appear in
genetically predisposed subjects.
Corticosteroids are the main therapeutic agents in
UC, because of multiple effects on the cellular and humoral immune system, including an inhibitory action on
several pro-inflammatory cytokines and metabolites of
arachidonic acid.
For more than 50 years corticosteroids, such as prednisone and methyl-prednisolone, have been used to
treat IBD during the acute phase. However, more than
50% of patients do not respond to the therapy (steroidresistance) or have a relapse after treatment discontinuation (steroid-dependence) and about half of them show
side effects of variable severity[39,40]. In most cases, the
appearance and the seriousness of side effects (except
from osteonecrosis and idiosyncratic reactions) are related to duration and dose of therapy.
Hyperglycemia and corticosteroid-induced diabetes
are the most common systemic manifestations in IBD
under steroid treatment and represent a real problem in
the handling of UC patients with diabetes mellitus when
relapses of the intestinal disease occur.
To date, there are few data on the incidence of corticosteroid-induced hyperglycemia or diabetes in IBD
and also about the onset of acute diabetic complications,
such as ketoacidosis and hyperosmolar hyperglycemic
state, in diabetic patient affected by IBD, under steroid
treatment. Most of our knowledge is derived from nongastroenterological studies.
A case-control study, conducted on 55 elderly patients with active Crohn’s disease compared to 66 control
subjects not treated with steroids, showed that treatment
with high doses of corticosteroids may increase the risk
of hyperglycemia, even if the difference was not statistically significant (RR = 1.53; 95%CI: 0.54 - 4.32)[41].
However, another case-control study that included a
large number of patients (11855 cases and 11855 controls) showed that corticosteroids (prednisone or ana-
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TREATMENT OF UC IN DIABETIC PATIENTS
Treatment of patient with UC depends mainly on the
activity and location of disease[48,49].
Severe UC
Severe UC is characterized by bloody diarrhoea > 6 bowel
movements/d and many signs of systemic toxicity (tachycardia > 90 bpm, fever > 37.8 ℃, Hb < 10.5 G/dL or
ESR > 30 mm/h)[50].
Patients with severe UC should be admitted to hospi-
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(in diabetic ketoacidosis), in close collaboration with
endocrinologist. Hypokalemia and hypomagnesemia are
important risk factors for toxic megacolon[53], require a
prompt correction and suggest careful radiographic and
biochemical monitoring, particularly when a septic condition coexists (Table 3).
Therefore, in diabetic patients with acute severe UC,
close monitoring of the patient’s clinical and biochemical condition is essential, in order to timely identify the
opportunity of a second line medical treatment or the
possible need for surgical treatment (Table 3). However,
the outcome of severe UC in diabetics is still unknown.
In diabetic patients with unstable blood glucose control, steroid treatment can be replaced by intravenous cyclosporine (4 mg/d), infliximab (5 mg/kg or 10 mg/kg at
0, 2, 6 wk and then every two months) or adalimumab 160
mg/80 mg/40 mg eow[49]. Efficacy and safety of cyclosporine and infliximab are comparable and, in clinical practive,
the treatment choice should be guided by physician and
centre experience[54]. A study by Moskovitz et al[55] showed
that cyclosporine is less effective in patients treated with
azathioprine and should be avoided in patients with low
cholesterol or magnesium in view of the increased incidence of neurological side effects in this patient group.
Furthermore, there is no scientific evidence on the effectiveness of cyclosporine in preventing colectomy[56],
while other studies have shown that Infliximab can reduce the rate of colectomy compared with placebo[57]. So
the choice should be placed on individual circumstances
and the availability of drugs.
The use of tacrolimus, as an alternative to steroid
therapy in diabetic patients, is generally not recommended. The tacrolimus, infact, besides being unable to induce
significant mucosal healing compared with placebo[58], can
induce long-term hyperglycemia or even diabetes, as well
as hypomagnesemia and it may promote the onset of opportunistic infections[49].
In contrast, leucocytapheresis, whose principle is based
on the extracorporeal removal of leukocytes through an
adsorptive system of cellulose acetate beads (Adacolumn,
Otsuka Pharmaceuticals) or a polyester fibre filter (Cellsorba, Asahi Medical Company) represents a potential
therapeutic remedy with a good safety profile, serious
side effects being very rare. Leucocytapheresis can be
associated with any medical treatment, but the real effectiveness of this device in acute severe UC remains to be
determined[59].
Leucocytapheresis has a wide-spread acceptance in
Japan, but its cost may limit its use and its future role
in Europe will depend on the outcome of controlled
trials[49]. On this regard, clinical efficacy outcomes are
variable, being encouraging in some studies and disappointing in others, and the answer might ultimately lie in
the patients’ disease status at entry. Patients with the first
UC episode and short duration of disease or a fair level
of intact mucosal tissue, seem to respond and can be
spared from multiple drug therapy. Patients with extensive loss of mucosal tissue and those with a long history
of exposure to multiple drugs, like corticosteroids, are

Table 3 Management of active severe ulcerative colitis in diabetic patients treated with corticosteroids
Disease monitoring
Regular monitoring of blood
glucose level
Regular monitoring of disease
activity (e.g., Disease Activity
Index)
Plain abdominal X-ray
Dosage of:
C-reactive protein
Blood cell count
Electrolytes
Anion gap
Osmolality
Serum creatinine levels
Ketones
Urinalysis
Blood gas analysis

Disease treatment
Rehydration with saline solution
Correction of blood glucose levels
Treatment of hypokaliemia
Treatment of hypomagnesaemia

Consider alternative treatments
Iv cyclosporine A (4 mg/d)
Infliximab (5 mg/kg or 10 mg/kg)
Adalimumab (160 mg/80 mg/40 mg
eow)
Tacrolimus
Leucocytapheresis
Other therapies (vedolizumab,
visilizumab, abatacept, tofacitinib)

tal for intensive treatment[49].
Corticosteroids, administered parenterally (e.g., Methylprednisolone 60 mg daily or hydrocortisone 100 mg
four times daily), represent the first-line treatment of severe UC. Higher doses are not more effective, but lower
doses are less effective[51]. Duration of treatment is 7-10 d,
since further extension of therapy carries no additional
benefit. Response to therapy reaches 67% and nonresponders UC patients require a second-line treatment,
represented by cyclosporine, tacrolimus, infliximab or
colectomy[52].
Steroid treatment of severe acute UC, in particular
in diabetic patients, requires particular attention to hyperglycemia induced by therapy. The combination of
dehydration, electrolyte imbalance (hypokalemia and
hypomagnesemia), the possible presence of a septic
condition and the need of total parenteral nutrition are
important risk factors for hyperosmolar hyperglycemic
state and diabetic ketoacidosis, the major complications
of diabetes mellitus. Both these conditions are particularly dangerous and burdened by significant mortality,
particularly in patient in which the state of diabetes was
previously unknown.
For this reason, in patients with diabetes mellitus
with severe UC, in addition to a close monitoring of
bowel disease which requires clinical evaluation, dosage of C-reactive protein, blood counts and abdominal
X-ray studies, a careful evaluation of the diabetes is
also required, through the regular monitoring of blood
sugar and various blood parameters (electrolytes with
evaluation of the anion gap and osmolality, phosphorus,
magnesium, creatinine, urinalysis to evaluate ketones,
blood-gas analysis to evaluate arterial or venous pH), in
particular in patients with basal glycaemia exceeding 180
mg/dL (Table 3).
Therapy of this condition is essentially based on
rehydration with saline solution, correction of blood
glucose by administering intravenous or subcutaneous
insulin and treatment of hypokalemia by re-integration
of potassium, bicarbonates, magnesium and phosphate
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unlikely to respond[60].
Other therapies such as vedolizumab, visilizumab,
abatacept, tofacitinib, which are characterised by different mechanisms of action are currently under investigation and have no role in clinical practice to date[61].

jects and elderly diabetic patients under dietary control,
treatment with topical inhaled beclomethasone in high
doses for 2 wk, did not produce significant changes in
blood glucose and lipid metabolism[66].
In addition, in both adults and pediatric patients, for
whom steroid treatment of UC is the remedy of choice,
the oral administration of beclomethasone dipropionate
is well tolerated and induces a rapid clinical and endoscopic remission in mild to moderate UC, comparable to
mesalazine[67-69].
Budesonide MMX, 9 mg daily, is effective for the induction of remission of mild-moderate active UC. It is
a novel oral formulation of budesonide that uses MMX
technology to extend release to the colon, without notable increases in glucocorticosteroid-related side effects,
probably due to low bioavailability and to targeted delivery of drug[70].
In patients with UC fluticasone has negative results,
but prednisolone metasulphobenzoate, by oral or topical
administration, appears to be effective in active distal UC
and in mild-to-moderate UC with a lower incidence of
systemic adverse effects in comparison with other glucocorticosteroids[71].
If systemic steroid treatment is necessary, the occurrence of hyperglycemia (particularly in patients with
known diabetes) can be corrected or controlled by rapidacting insulin, usually administered in the preprandial
period (generally at a dose of 0.1 U/kg) or by using biguanides, such as metformin, or thiazolidinediones (also
known as glitazones), drugs just approved for the treatment of diabetes mellitus type 2.
Metformin, and in particular the increase in dosage
of this drug, is often burdened with gastrointestinal side
effects such as nausea, vomiting, anorexia, diarrhea, abdominal pain. These symptoms are usually dose-related
and occur especially at the beginning of therapy. In
3%-5% of cases, diarrhea may be persistent and cause
discontinuation of the drug.
In contrast, the thiazolidinediones are oral antidiabetics with anti-inflammatory properties, potentially useful
in patient suffering from UC. In particular, these drugs
work by binding to the gamma sub-unit of PPAR (peroxisome receptors that trigger proliferation), receptors
located inside the cell nucleus, abundantly expressed in
adipose tissue and in the colonic epithelium. Experimental evidence has shown that these molecules have
anti-inflammatory activity, in particular in colon and
that treatment with these drugs is able to attenuate the
production of inflammatory cytokines and to reduce
inflammation in animal models of colitis. One uncontrolled study showed that rosiglitazone (a drug used in
the United States for treatment of diabetes mellitus type
2) is able to improve moderately active colitis, refractory
to treatment with mesalazine. The same group later confirmed the efficacy of the drug, compared to placebo,
in a double-blind controlled study[72,73]. Unfortunately,
rosiglitazone was recently withdrawn from the market
in some countries for the high risk of ischemic heart

Mild-moderate UC
Treatment of mild-moderate UC depends on the site of
disease.
The first line therapy of mild-moderate distal colitis
is topical mesalazine and/or oral mesalazine, in once daily administration, which is as effective as divided doses.
Combining topical mesalazine and topical steroids, such
as beclomethasone diproprionate, also helps. Patients
who fail oral/topical mesalazine and topical steroids
should be treated with the addition of oral prednisolone.
In proctitis, it has been shown that topical mesalamine has a higher efficacy on symptoms and endoscopic
resolution of the damage compared to topical steroids,
generally using suppositories that are more appropriate
than enemas. However, topical steroids may be used in
substitution of mesalazine, if it is poorly tolerated, or in
association with the latter. Indeed, the combination of
beclomethasone dipropionate (3 mg) and mesalazine (2
mg) is able to induce an improvement in clinical, endoscopic and histologic proctitis, significantly superior to
treatment with mesalazine alone[62].
In diabetic patients with mild-moderate distal UC,
systemic steroid therapy should be avoided by resorting
to rectal or oral administration of mesalazine and/or beclomethasone dipropionate or to new therapies such as
budesonide Multi-Matrix System (MMX), fluticasone or
prednisolone metasulphobenzoate.
In treatment of extensive or distal colitis it is generally recommended, as first choice, a combination of
oral and topical mesalazine[49,63,64]. In fact, the use of
mesalazine alone, although at high doses or in controlled
release formulation (MMX), gives a percentage of remission of at least 41% and a partial response, not exceeding 72%. Furthermore, in many patients the occurrence
of relapse of intestinal disease is not uncommon, even
during an appropriate maintenance therapy with mesalazine. In these circumstances the use of systemic steroid
therapy is generally recommended, even in non severe
forms of colitis. In the diabetic patient, this treatment
requires the same level of attention already mentioned
for patients with severe colitis.
Controlled colonic release formulations of steroids
and steroids equipped with low bioavailability, such as
beclomethasone dipropionate, budesonide MMX, fluticasone or prednisolone metasulphobenzoate represent a
potential therapeutic resource with the advantage of the
absence or the minimisation of the side effects of other
steroids, with respect to the suppression of the hypothalamic-pituitary-adrenal axis[65].
Although there are no specific studies on the undesirable effects of this kind of steroids in diabetic patients
with UC, it should be noted that, in both normal sub-
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disease and myocardial infarction, but other thiazolidinediones are on the market (such as pioglitazone) or
should soon enter in the pharmaceutical reference book
and could be used in diabetic patients with UC, if their
efficacy in UC will be confirmed.

5
6

CONCLUSION
Diabetes mellitus is a common disorder, significantly
associated with UC. Co-morbidity among these autoimmune disorders and familial associations with several autoimmune and related diseases, suggest a genetic sharing
but, although some shared loci at risk have been identified, the clinical implications of this findings are still
unclear.
Likewise, diabetes mellitus and UC share neurological,
hepatobiliary, osteoarticular, vascular and post-operative
complications. Their onset may be increased by the longstanding concomitance of both diseases. Although specific studies on this aspect have not yet been carried out,
this deserves attention in clinical practice. In particular,
the role of hyperglycaemia and the poor control of blood
glucose level in diabetics deserve particular attention for
the risk of morbidity of patients undergoing ileoanal
pouch after proctocolectomy.
One of the most common and challenging problems
in diabetic patients with UC is the medical treatment.
Corticosteroids, the treatment of choice of active UC,
may be associated with the onset of glucose intolerance
and diabetes, and with the difficult control of blood
glucose levels and complications in diabetic patients.
Advanced age, high body mass index, family history of
diabetes or previous gestational diabetes should always
suggest the need of monitoring blood glucose level during steroid therapy. Likewise, rehydration, correction of
blood glucose and hypokalemia in close collaboration
with endocrinologists, as well as the close monitoring of
the patient’s clinical and biochemical conditions are essential in diabetic patients with acute UC. Moreover, the
potential negative effects of metformin and the beneficial effects of thiazolidinediones on symptoms of UC in
remission, should be considered.
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clinical settings. The published studies are mostly
retrospective and are based on very heterogeneous
populations, using different therapeutic and prophylactic regimens and obtaining conflicting results. Thus,
it seems clear that it is desirable to concentrate our
efforts on prospective studies, not conducting further
reviews of the literature in the continued absence of
new evidence.
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Core tip: Our review focused on the redundancy of
papers on hepatitis B virus and hepatitis C virus reactivation in patients undergoing immunosuppressive
therapy. However, we emphasize that, to date, very
few clinical studies have been published, and most of
them were retrospective with conflicting results. Thus,
it is essential to conduct prospective studies before performing additional reviews of the literature.

Abstract
In recent years, a number of case reports and clinical studies have highlighted the risk of hepatitis B
and C virus reactivation in patients with inflammatory
bowel disease who are treated with immunosuppressive drugs. The cases of viral hepatitis reactivation that
have been reported are characterized by a wide range
of clinical manifestations, from viremia without clinically relevant manifestations to fulminant life-threatening
hepatitis. The development and dissemination of biological immunosuppressive drugs have led to a significant increase in the number of reports of interest to
physicians in a variety of clinical settings. On this topic,
there have been a number of published guidelines and
reviews that have collected the available evidence,
providing recommendations on prophylactic and therapeutic strategies and methods for monitoring patients
at risk. However, it should be noted that, to date, very
few clinical studies have been published, and most of
the recommendations have been borrowed from other
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INTRODUCTION
In recent years, a significant number of warnings have
been given about the risk of hepatitis B and C reactiva-
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tion in patients receiving immunosuppressive therapy in
different clinical settings (oncology, hematology, solid
organ transplant, rheumatology, gastroenterology, and
dermatology).
In particular, a number of case reports and clinical
studies have highlighted the risk of hepatitis virus B and
C reactivation in patients with inflammatory bowel disease (IBD) treated with immunosuppressive drugs[1-7].
The cases of viral hepatitis reactivation that have
been reported are characterized by a wide range of clinical manifestations, from viremia without clinical relevant
manifestations to fulminant life threatening hepatitis.
The risk and severity of clinical reactivation seems to
be related to the type of immunosuppressive drug administered (steroids, traditional immunosuppressants, or
biologics). The various reports and clinical studies on this
topic describe and analyze patient populations subjected
to different treatment regimens that are not comparable.
Moreover, these studies have heterogeneous results and
conclusions[8-13].
The magnitude of the “reactivation “ problem seems
much more relevant to the hepatitis B virus (HBV) than
to the hepatitis C virus (HCV). To date, many reviews
comparing few clinical trials have been published on
this issue. Among the clinical trials, there was only one
prospective study. All of the studies were conducted in
different populations with different methods and drawing varying conclusions. Furthermore, the definitions
of HBV and HCV reactivations used vary significantly
among these studies. Some studies have considered only
the increase of viral load, while others have considered
the increased viral load in association with elevated levels
of aminotransferases.
While some recommendations may appear “evidencebased”, such as prophylaxis for hepatitis B surface antigen positive (HBsAg+) patients receiving immunosuppressive therapy, there are large gray areas, indicating
the risk of reactivation in patients with hepatitis B core
antibody (HBcAb) isolated or and HCV positivity.
As mentioned above, there is currently not enough
strong evidence regarding the prevalence and clinical
impact of hepatitis B and C virus reactivation in patients with IBD who are receiving immunosuppressive
therapy. This finding calls for the development of prospective clinical trials that can respond to the growing
demand of evidence on this issue[14,15].

by the use of azathioprine and 6-mercaptopurine, even
if this regimen produces a low percentage of clinical
remission (50%) in the treated population[18,19]. Other potentially effective immune-suppressors are methotrexate,
cyclosporine and tacrolimus. These drugs are rarely used
in this setting due to the lack of significant evidence on
their efficacy and are used in clinical practice for steroidrefractory ulcerative colitis (UC), as well as anti-tumor
necrosis factor alpha (anti-TNFα) agents[20-30].
IBD patients who are refractory or intolerant to
azathioprine are the main candidates for biological antiTNFα drugs (i.e., adalimumab and infliximab).
Infliximab has proven to be an effective drug in inducing and maintaining clinical remission in refractory
luminal and fistulizing CD, with a remission rate of approximately 50%[29,31-36]. The efficacy of infliximab in
treating UC is less impressive than in CD. However, the
ACT-1 study[37] reported an efficacy of 39% and 20% for
infliximab in inducing the remission of steroid-dependent UC at weeks 8 and 54, respectively. Furthermore,
this drug can avoid the 3-mo need for colectomy in approximately 65% of patients who experience a severe attack of UC[38,39].
At present, adalimumab, a fully human recombinant
anti-TNFα antibody, is approved for the treatment of
CD and UC. This drug, administered by subcutaneous
injection, has been efficient in inducing and maintaining remission in CD, with a 40% remission rate at week
56[40,41]. Therefore, similar to infliximab, adalimumab has
proven to be valuable in reducing the need for steroids
and surgery[42].
In view of their high efficacy, it has also been suggested that biologics could be used in the early phases
of IBD in accordance with a top-down therapeutic strategy[43], particularly for patients with a poor prognosis and
factors implicating a potentially aggressive disease (i.e.,
young age, smoking, perianal/rectal disease in CD, extensive small bowel involvement, extra-intestinal manifestations, and steroid use at diagnosis)[42,44-47].

PREVALENCE OF HBV AND HCV
INFECTION IN PATIENTS WITH IBD
The prevalence of HBV infection varies greatly throughout the world, from the low rate of < 1% to the moderate rate of 1%-2% in Western countries, towards a much
higher rate of > 8% in Asia and in most parts of Africa.
The dramatic progress in controlling the spread of HBV
in Western countries is prevalently due to the implementation of the vaccination and the adoption of satisfactory
measures in preventing HBV transmission[48-53].
Patients with IBD are considered at risk of HBV and
HCV infection because of the frequent need for surgical, endoscopic and transfusion procedures, suggesting
the existence of nosocomial transmission. On the other
hand, the magnitude of this risk is unknown because
there are conflicting reviews and little information on this
topic.

IMMUNOSUPPRESSIVE THERAPY IN IBD
The ideal therapeutic approach to IBD should be aimed
at inducing and maintaining long-term clinical remission
with the minimal use of steroids and surgical interventions; this end-point is particularly important for patients
affected by Crohn’s disease (CD).
However, about half of IBD cases show a steroid-dependent or steroid-refractory clinical course[16,17]. Currently, a traditional immunosuppressive therapeutic regimen
is indicated for these patients and is mainly represented
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Five studies from Italy[8,54], France[49], Spain[55] and
China[51] have evaluated the prevalence of HBV and HCV
infections in consecutive series of patients with IBD. Between 1997 and 1999, 332 patients affected by CD were
enrolled in an Italian case-control study published in early
2000. The prevalence of HBsAg, HBcAb and HCV in
this cohort was 2.1%, 10.9% and 7.4%, respectively. Ten
years later, the prevalence of HBsAg and HCV was approximately 1% (Table 1) in 315, 2076 and 301 consecutive subjects in three series of French, Spanish and Italian
IBD patients. HBcAb positivity was present in 8/315
(2.54%) of patients in the French study (3 HBsAg+ and
HBcAb+; 2 isolated HBcAb+; and 3 HBcAb+ and antiHBs+); in 154/2056 (7.49%) of patients in the Spanish
study; and in 22/301 (7.31%) of patients in the Italian
study.
Therefore, the prevalence of HBV and HCV infection in IBD patients seems to be lower than expected,
similar to the general population. These results indicate
that IBD patients in Western European countries should
no longer be considered as a risk group for HBV or
HCV infection.
However, a recent study conducted in China on 714
IBD patients showed that the prevalence of HBV infection in IBD patients was higher than reported in the control group. Indeed, the cumulative prevalence of HBsAg
and HBcAb was 40.62% vs 27.58% in non-IBD patients.
The prevalence of HCV infection was similar to that
found in non-IBD patients (0.42% vs 0.36%).

According to this pathogenic model, the risk of HBV
reactivation is closely related to the level of immunosuppression achieved, which changes significantly based on
the immunomodulatory agents used during the therapy.
Stronger immunosuppression may lead to increased viral
replication; consequently, a more severe clinical reactivation may occur when immunosuppressive therapy is discontinued[56].
Immunosuppressive therapy and risk of reactivation in
HBsAg positive patients
The reactivation of HBV is an important concern for patients taking immunosuppressants because of the many
ways it can affect the body, from a subtle shift in serum
aminotransferase levels to fulminant hepatic failure and/
or death.
The reactivation of HBV infection (with liver
dysfunction, including fulminant hepatitis) is a welldescribed complication of immunosuppression in the
setting of organ transplantation or cancer chemotherapy,
occurring in approximately 50% of patients for whom
concomitant anti-viral therapy is not used. Mortality
from fulminant liver failure after the reactivation of
HBV in patients receiving chemotherapy is reported in
4%-60% of cases. The traditional immunosuppressive
drugs used in the management of IBD patients include
the following: corticosteroids; thiopurines: azathioprine
and 6-mercaptopurine; calcineurin inhibitors; cyclosporin and tacrolimus; and methotrexate. Moreover, in the
past decade, these biological agents, especially TNFα
inhibitors, have been used worldwide and are particularly
beneficial in the management of complex and fistulizing
diseases[19-23,31-36].
From a pathogenic perspective, the risk of HBV reactivation is closely related to the levels of immunosuppression. The use of conventional immunosuppressive
drugs determines low levels of immunosuppression and
does not seem to be associated with the risk of HBV
reactivation; this claim is supported by the results of
only one study[9]. In a series of 332 CD patients, only 4
HBsAg positive patients were treated with conventional
immunosuppressive drugs (2 with azathioprine and 2
with corticosteroids) and followed-up for at least 1 year.
No influence on the clinical course of HBV infection
and no episodes of viral or biochemical reactivation were
observed in this series of patients over the follow-up of
12 mo.
Notably, only a few cases (4 cases) of HBV reactivation during conventional immunosuppressive therapy
(prednisone and azathioprine) resulting in fulminant hepatic failure has been reported in the literature[11,60].
In recent years, a growing number of cases of HBV
reactivation among patients with IBD treated with TNFα-inhibitors have been described. The available data are
limited to a small number of single case reports and a
very small series of consecutive patients[10,12-13,60-65].
Eight case reports describe the use of anti-TNFα
drugs in patients with IBD infected with HBV (HBsAg+

HBV INFECTION
Mechanism of reactivation
From an immunological point of view, a hepatitis flare
rarely starts during the phase of maximal immunosuppression. The majority of reported HBV reactivations
matured at the time of the withdrawing or tapering of
immunosuppressive therapy, when the immune system
has been able to react to the viral replication and to destroy infected hepatocytes[56].
In this perspective, any deficiency of the immune response to infections caused by immunosuppressive/chemotherapeutic drugs would play a crucial role in disease
progression.
In addition, several in vitro and in vivo animal studies
have demonstrated that TNF-α plays a key role in clearing HBV from infected hepatocytes. Hepatitis B viral
HBx proteins sensitize the cells to apoptotic killing by
TNF, which is secreted by cytotoxic T lymphocytes, together with Interferon-γ (IFN-γ). Both TNF and IFN-γ
clear HBV replicative intermediates from the cytoplasm
and covalently close circular DNA from the nuclei of infected hepatocytes[57,58].
Based on these results, it is possible that the use of
anti-TNFα drugs in patients with chronic HBV infections could cause an increase in viral replication, leading
to liver immune-mediated damage when the inhibitory
effect of therapy disappears[59].
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Table 1 Virologic and clinical outcomes of hepatitis B virus infection in patients with inflammatory bowel disease undergoing
immunosuppressive therapy
Ref.

Disease

Age/
sex

HBsAg
status

HBV-DNA before
therapy

AntiTNFα

Contemporary
drugs

LAM
prophylaxis

HBV-DNA
reactivation

Biochemical
reactivation

CD

34 M

+ IC

NA

IFX

AZT

No

CD

38 M

+ IC

NA

IFX

AZT

No

del Valle et al[61]

CD
CD

26 M
40 M

+ CH
+ CH

IFX
IFX

AZT
AZT

Yes
No

ALT 2089
AST 1561
ALT 2225
AST 2146
No
No

Ueno et al[64]

CD

28 F

+ IC

Positive
Positive
3.9 × 105 copies/mm3
NA

Yes
10.400 pg/mL
Yes
9000 pg/mL
No
No worsening

IFX

AZT

No

Millonig et al[12]

CD

50 M

+ IC

IFX

AZT

No

Colbert et al[10]

CD

54 M

+ IC

Positive
20 IU/mL
NA

IFX

AZT

No

Madonia et al[13]

CD

41 F

- OC

NA

IFX

Steroids

No

Yes
4.5 LEG/mL
Yes
38000000 UI/mL
Yes
1.604 pg/mL
Yes

Ojiro et al[63]

CD

43 F

+ IC

NA

IFX

AZT

No

Zeitz et al[11]

UC

43 M

NA

NA

Steroids + AZT

No

ALT 43
AST 64
ALT 983/50
AST 413/50
ALT 124
AST 143
ALT × 10 UNL
AST × 6 UNL
ALT 239
AST 145
ALT 3396
AST 2193

Esteve et al[66]

Yes
5.4 LGE/mL
Yes
110000000 UI/mL

CD: Crohn’s disease; UC: Ulcerative Colitis; IC: Inactive carrier; OC: Occult carrier; NA: Not available; CH: Chronic hepatitis; IFX: Infliximab; AZT:
Azathioprine; LGE: Logarithm genome equivalent; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus; TNFα: Tumor necrosis factor alpha; LAM: Lipoarabinomannan.

Immunosuppressive therapy and risk of reactivation in
HBsAg negative/HBcAb positive carriers
HBsAg negative and HBcAb positive IBD patients seem
to have a low risk of HBsAg seroreversion and hepatitis
flares. Indeed, in opposition to the results found in other
clinical settings, only one case of HBV reactivation has
been described in an IBD patient[13]. A female CD patient
was treated with 25 mg/d of prednisone and infliximab
for the relapse of disease after an unsatisfactory remission with conventional therapy (steroids, ciprofloxacin,
metronidazole, and methotrexate). After a month of
treatment with infliximab and steroids, the patient’s aminotransferases increased (10 times over the upper normal
limit), together with the emergence of HBsAg, hepatitis
Be antibody, HBcAb, IgM HBcAb, and HBV-DNA positivity in the serum.

inactive carriers). All were affected by CD, and 7 out of
8 did not receive immunoprophylaxis. Only one patient
received lamivudine as a prophylactic treatment. Six out
of 7 showed HBV reactivation with a wide range of
outcomes, ranging from a modest increase in the viral
load and ALT levels to fatal hepatitis. Interestingly, the
only patient who received prophylactic treatment did not
experience viral, biochemical or clinical reactivation during the 6 mo follow-up[66]. The duration of anti-TNFα
therapy before HBV relapse varied from a single infusion
to many months of treatment, and all of the episodes
of reactivation were observed in patients receiving infliximab and other immunosuppressive drugs at the same
time (Table 1). No reports are available in patients using
adalimumab.
Recently, Loras et al[55] recorded all clinical information from IBD patients with HBV and HCV infections in
19 Spanish hospitals. HBV reactivation was observed in 9
out of 25 (36%) HBsAg+ patients. All but two cases were
treated with simultaneous immunosuppressors [steroid
+ azathioprine (4 cases) and infliximab + azathioprine
(3 cases)]. In contrast, the patients without reactivation
were only treated with one immunosuppressant and/or
received prophylactic antiviral treatment. In 6 out of the
9 cases (66%), HBV reactivation caused severe hepatic
failure.
On the contrary, Morisco et al[65] conducted a retrospective multicenter study, including 5096 patients with
IBD. HBV reactivation was observed in only 1 out of 6
(16%) HBsAg+ patients undergoing immunosuppressive therapy. A combined immunosuppressive therapy
had been administered in all cases of HBV reactivation
(Table 2).
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HCV
Immunosuppressive therapy and risk of reactivation
To date, there is no conclusive information on the safety
of immunosuppressive or immunomodulator drugs in
HCV among IBD patients. These patients appear to be at
low risk, although long-term safety studies are needed.
There are several interesting concerns regarding immunosuppressive treatment for IBD in patients with
HCV infection. For example, prednisone, which is frequently used to treat acute exacerbations of intestinal diseases, may negatively affect HCV infection by increasing
the viral load[67-69].
On the other hand, anti-TNFα drugs seem to reduce
inflammation through TNFα inhibition, playing a role in
the pathogenesis of HCV[70].
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seems to be appropriate. An administration of the vaccine in negative subjects (HBsAg, HBcAb and HBsAb
negative) as soon as possible should progressively reduce
the number of cases with problematic management. Improved adherence to the program of universal vaccination will reduce the need for screening in the future.

Table 2 Reactivation in patients with inflammatory bowel
disease undergoing immunosuppressive therapy
Ref.
Loras et al[60]
Morisco et al[65]
Papa et al[54]

HBsAg+

HBcAb+

HCV+

9/25
1/6
0/1

0/65
1/4
0/22

8/51
1/10
0/4

HCV
No recommendations have been proposed for HCV
screening prior to starting immunomodulators by the
ECCO guidelines[72]. However, we do believe that HCV
screening (including HCV antibodies and HCV-RNA if
anti-HCV+) should be routinely performed upon the
completion of liver function tests before starting immunosuppressive therapy. If positive, these tests should
be performed again every 3 mo to carefully monitor the
patient’s status during immunosuppressive treatment.
With regard to the use of anti-TNFα agents, it is important to emphasize that their use should be evaluated
on the basis of the clinical underlying condition of the
patient. In particular, while the use of anti-TNFα in noncirrhotic patients appears safe, it is contraindicated in patients with decompensated cirrhosis and should be used
with caution in patients with compensated cirrhosis on a
case-by-case basis, according to the benefit/risk ratio.

HBsAg: Hepatitis B surface antigen; HBcAb: Hepatitis B core antibody;
HCV: Hepatitis C virus.

Few studies have been performed to evaluate the
safety of TNFα antagonist medications in IBD patients
with HCV, and most of these are case reports or small
case series[54,55,65].
The larger series available on this topic show a low
risk of hepatitis flares in these patients with a mildmoderate clinical course[54,60,65]. Indeed, HCV reactivation
was observed in 8/51 (15.7%) and in 1/10 (10%) HCVRNA positive patients, respectively, by Loras et al[60] and
Morisco et al[65]. All cases of reactivation had a very mild
course, except for one patient, who died.
The deceased patient described by Loras et al[60] and
experienced severe liver failure. He died while receiving
steroids. Importantly, he also had an occult HBV infection and was human immunodeficiency virus-positive.

PROPHYLAXIS AND THERAPY

SCREENING AND VACCINATION

Several studies have reported a preventive effect of antiviral agents on hepatitis B reactivation during immunosuppression therapy, and specific recommendations were
elaborated by American Association for the Study of Liver Diseases, European Association for the Study of the
Liver and Association for the Study of the Liver[59,73,74].
Nonetheless, significant questions regarding the optimal
antiviral prophylaxis strategy have yet to be addressed.
The effect of prophylactic antiviral therapy on the
course of HBV infection in IBD patients undergoing immunosuppressive therapy has not been studied prospectively, and, until now, only a few studies have reported a
good efficacy in a short period of follow-up[65,66]. As a result, the management strategy for these patients remains
uncertain.
Lamivudine prophylaxis was suggested on the basis
of its well demonstrated efficacy; however, other nucleotides/nucleosides should be preferred, especially if immunosuppressive therapy is scheduled for more than 12
mo, due to their lower propensity to provoke drug resistance. Conversely, HBsAg- HBcAb+ patients (with or
without HBsAb+), given their low risk for reactivation,
do not require routine antiviral prophylaxis, but only periodic monitoring (about every 3 mo) for the elevation of
aspartate aminotransferase/alanine aminotransferase and
HBsAg, to prove the re-emergence of HBV-DNA[72].
Prophylactic therapy seems to be appropriate when
biological therapy is scheduled, especially when combined
with other immunosuppressive drugs. The role of antiviral drugs other than lamivudine, including entecavir, ad-

Screening measures must be instituted in IBD patients.
Recommendations are based on the potentially fatal consequences of HBV and HCV reactivation and the availability of safe and effective drugs to prevent these situations[11].
HBV
The most recent guidelines of the European Crohn’s and
Colitis Organization (ECCO) on the management of opportunistic infections in IBD[17] recommend that all IBD
patients be tested for HBsAg, HBcAb and HBsAb to
assess their infection or vaccination status; vaccination is
recommended in all seronegative patients.
At present, only four studies have evaluated the HBV
vaccination status of patients with IBD. Evidence of effective vaccination (positive anti-HBs and negative HBcAb) was only detected in 12%, 48.9%, 24% and 21.7%
of the four cohorts of patients enrolled in Spain, France,
Italy and China, respectively[49,51,54,55]. No information
about the adherence to HBV vaccination is available in
the literature for other series of European patients with
IBD.
HBV vaccination coverage significantly differs among
European countries because the vaccination programs
were started in different years and have been proposed
for different target populations (newborns, adolescent
and pre-adolescent subjects, only for high-risk groups,
etc.)[71].
As consequence, the determination of the infectious
or vaccination status at the time of a diagnosis of IBD
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efovir and tenofovir, is still unknown, and further studies
are needed[75].
To date, there is no prophylaxis available for HCV
reactivation. Interferon, which is currently the milestone
of antiviral therapy for HCV, is contraindicated in IBD
forms that require immunosuppressive therapy. The
availability of interferon-free regimens could dramatically
change this scenario.

pact of viral reactivation in patients with IBD receiving
immunosuppressive therapy.
Today, there are still some gaps in the knowledge
regarding this clinical area. Current evidence supports
the assumption that the HBsAg+ patients should receive
prophylactic antiviral therapy prior to initiating immunosuppressive therapy. Nevertheless, the best strategy to
adopt in HCV+ or in isolated HBcAb+ patients remains
unclear. In these cases, the risk of viral reactivation seems
to be low, compared to the former scenario.
Thus, the current evidence suggest that it is essential
to place an increased emphasis on the completion of
prospective studies and to discourage further reviews of
the literature until new evidence is available.

CONCLUSION
The issue in question has increasingly gained interest over
the past few years, with the emergence of a number of
reports (case reports or case series) on the risk of reactivation of hepatitis in immunosuppressed patients with
IBD.
The first cases reported in literature date back to the
1990s and studied onco-hematological patients who demonstrated a fulminant HBV reactivation during or after
chemotherapy treatments.
In subsequent years, the development and dissemination of biological immunosuppressive drugs led to a
significant increase in the number of reports aimed at
reaching other clinical settings (dermatology, rheumatology, gastroenterology, etc.).
In particular, the use of anti-TNFα is more frequent
in the treatment of steroid-dependent and steroid-refractory UC and CD, as well as in the treatment of perianal
fistulizing CD or extraintestinal manifestations associated
with IBD (ankylosing spondylitis, pyoderma gangrenosum and uveitis).
There have been a number of published guidelines
and reviews on this topic that have collected the available
evidence and provided recommendations on prophylactic
and therapeutic strategies and methods for monitoring
patients at risk.
However, it should be noted that, to date, very few
clinical studies have been published, and most of their
recommendations have been borrowed from other clinical settings. The published studies are mostly retrospective and based on heterogeneous populations, using different therapeutic and prophylactic regimens to obtain
conflicting results.
In particular, the two studies with larger series are
those of Loras et al[60] and Morisco et al[65]. The first group
analyzed a population of 25 HBsAg+ and 51 HCVRNA+ patients. Among HBsAg+ patients, 36% experienced a reactivation of the HBV, and 6 of them developed acute liver failure; however, no reactivation was
observed in patients with HBsAg-HBcAb positivity. On
the other hand, Morisco et al showed a different result in
their study. Only 1/6 HBsAg+ (16%) and 1/4 HBcAb+
isolated (25%) had viral reactivations with mild clinical
courses.
The two groups of authors agreed on the low risk of
HCV reactivation. The study of Morisco et al[65] on the
screening procedures for HBV and HCV in patients with
IBD resized the frequency and severity of the clinical im-
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Clinical management of inflammatory bowel disease in the
organ recipient
Amedeo Indriolo, Paolo Ravelli
annual program of endoscopic surveillance with serial
biopsies for CRC is recommended. A prophylactic colectomy in selected IBD/PSC patients with CRC risk factors could be a good management strategy in the CRC
prevention, but it is used infrequently in the majority of
LT centers. About 30% of patients develop multiple IBD
recurrence and 20% of patients require a colectomy
after renal transplantation. Like in the liver transplantation, anti-TNFα therapy could be an effective treatment
in IBD patients with conventional refractory therapy
after renal or heart transplantation. A large number
of patients are needed to confirm the preliminary observations. Regarding the higher clinical complexity of
this subgroup of IBD patients, a close multidisciplinary
approach between an IBD dedicated gastroenterologist
and surgeon and an organ transplantation specialist is
necessary in order to have the best clinical management of IBD after transplantation.
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Abstract
There was estimated a higher incidence of de novo
inflammatory bowel disease (IBD) after solid organ
transplantation than in the general population. The
onset of IBD in the organ transplant recipient population is an important clinical situation which is associated to higher morbidity and difficulty in the medical
therapeutic management because of possible interaction between anti-reject therapy and IBD therapy. IBD
course after liver transplantation (LT) is variable, but
about one third of patients may worsen, needing an increase in medical therapy or a colectomy. Active IBD at
the time of LT, discontinuation of 5-aminosalicylic acid
or azathioprine at the time of LT and use of tacrolimusbased immunosuppression may be associated with an
unfavorable outcome of IBD after LT. Anti-tumor necrosis factor alpha (TNFα) therapy for refractory IBD may
be an effective and safe therapeutic option after LT.
The little experience of the use of biological therapy in
transplanted patients, with concomitant anti-rejection
therapy, suggests there be a higher more careful surveillance regarding the risk of infectious diseases, autoimmune diseases, and neoplasms. An increased risk of
colorectal cancer (CRC) is present also after LT in IBD
patients with primary sclerosing cholangitis (PSC). An
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Core tip: Inflammatory bowel disease (IBD) in the
organ transplant recipient population is an important
clinical situation which is associated to higher morbidity
and difficulty in the medical therapeutic management
because of possible interaction between anti-reject
therapy and IBD therapy. IBD course after liver transplantation is variable, but about one third of patients
may worsen, needing an increase in medical therapy or
a colectomy. About 30% of patients develop multiple
IBD recurrence and 20% of patients require colectomy
after renal transplantation. Like in the liver transplantation, anti-tumor necrosis factor alpha therapy could be
an effective treatment in IBD patients with conventional
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need of colectomy for acute IBD refractory to medical
therapy is nearly 9% (range, 0%-21%)[2-6]. Dvorchik et al[7]
observed a significant 3.1-fold increased risk of colectomy due to severe IBD flare up or medically refractory
disease after LT compared to IBD patients who did not
require LT.

refractory therapy after renal or heart transplantation.
Indriolo A, Ravelli P. Clinical management of inflammatory
bowel disease in the organ recipient. World J Gastroenterol 2014;
20(13): 3525-3533 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i13/3525.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3525

De novo IBD
Wörns et al[8] evaluated 44 patients with IBD after solid
organ transplant (SOT) and reported the de novo disease:
38 of 44 (86%) cases occurred following LT (23) or
combined liver/kidney transplantation (15), 4 (9%) after
heart transplantation, and 2 (5%) after kidney transplantation. Riley et al[9] identified 14 patients who developed
de novo IBD in 6800 cases after liver and kidney transplantation. Twelve (86%) of the patients developed IBD post
liver transplant and two (14%) were detected post kidney
transplant. The authors estimated a higher incidence of de
novo IBD after SOT than in the general population (206 vs
20 cases per 100000 persons-year. The higher prevalence
of IBD post LT in the SOT patients can be related to the
strong association between PSC and UC. In these patients,
the 10-year risk of de novo IBD after LT is estimated to be
14%-30%, with median time to development of approximately 4 years (range, 1.1-7.1 years)[2-4]. After a median follow-up of 4 years 18/86 (21%) patients who underwent LT
for PSC developed IBD. Verdonk et al[3] observed that the
de novo IBD patients tended to develop disease later in posttransplant period than the patients with pre-existing IBD.
Moreover, the patients with de novo IBD after LT respond
better to medical therapy and none required colectomy.

INTRODUCTION
Inflammatory bowel disease (IBD) is a complex chronic
inflammatory intestinal disease with a prevalence steadily
increasing during the recent years. The management of
IBD is leaning towards more complex clinical situations,
with possible interactions between the intestinal disease
and others organ diseases. The organ recipient population is constantly increasing in the medical specialized
centers in the world and it can happen that a patient with
a solid organ transplantation has a recurrence of IBD.
This is particularly important in the liver transplantation
(LT) because there is a close pathophysiological correlation between primary sclerosing cholangitis (PSC) and
ulcerative colitis (UC) before the transplant. De novo IBD
has been reported after solid organ transplantation, with
an incidence estimated ten times higher with respect to
the expected incidence of IBD in the general population.
Therefore, the organ recipient patient may be a new clinical “scenario” for IBD management.
The first objective of this review was to examine
the studies present in the English literature (PubMed)
about the natural history in organ recipient patients.In
particular, we have evaluated: (1) risk of recurrent IBD;
(2) risk of de novo IBD; (3) need for colectomy; (4) risk of
pouchitis; and (5) risk of colorectal cancer. The second
objective was to examine the medical therapy for active
IBD after organ transplantation.
We have more knowledge of IBD clinical management after LT, but in this review we have evaluated the
IBD studies after heart, renal, lung, and intestinal transplantation.

RISK FACTORS FOR IBD AFTER LIVER
TRANSPLANTATION
Clinical activity of IBD
The clinical activity of IBD at the time of LT may be a
risk factor for worsening the intestinal disease after LT.
In fact, a three-fold higher risk of IBD flare up after LT
in patients with active IBD at the time of LT it was observed[3].
Smoking
Joshi et al[4] evaluated 110 patients underwent LT for PSC.
In the multivariate analysis, active smoking at the time of
transplant was the only significant risk factor for flare up
of IBD post-transplantation (HR = 17; 95%CI: 2-180).

EPIDEMIOLOGY AND CLINICAL FEATURE
OF IBD AFTER LIVER TRANSPLANTATION
Recurrent IBD
Singh et al[1] has recently examined the studies on the
natural history of IBD after LT for PSC, reporting 609
patients in 14 studies, followed approximately 4.8 years
after LT (range, 1.8-7.2 years), about 31% of patients
have improvement of IBD activity, 39% of patients do
not have a significant change in IBD activity, and 30% of
patients develop worsening IBD, requiring intensification
of medical therapy and/or surgery. The estimated risk
of severe IBD flare up at 5 and 10 years after LT ranged
from 39% to 63% and 39% to 98%, with a median time
of a flare up around 1 year (range, 0.3-8.6 years)[2-4]. The
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Cytomegalovirus
Cytomegalovirus (CMV) mismatch (seropositive donor,
seronegative recipient and CMV infection) have not been
associated with the recurrence of IBD after LT[4,10,11].
CMV mismatch was associated with a 4.5-fold higher risk
of de novo IBD after LT, but CMV infection is not related
to de novo IBD post LT[11].
Therapy of IBD after LT
The therapy with proven efficacy for active IBD may re-
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safety of anti-TNFα therapy in patients with refractory
IBD following LT, but larger studies are needed to evaluate the safety profile of biological therapy combined with
anti rejection treatment.

Table 1 Interaction between inflammatory bowel disease
therapy and anti-reject therapy in inflammatory bowel disease
patients after liver transplantation
Drug

Efficacy
IBD therapy

Ref.

Anti-reject therapy

5-ASA

+

Prednisone

+

+

Azathioprine
Anti-TNFα

+
+

+

Tacrolimus

-

+

Cyclosporine
Mycophenolate
Mofetil

+
-

+
+

Anti-reject therapy
Tracrolimus is the principal immunosuppresive agent in
SOT, but it has been observed, in retrospective studies,
that it may be associated with a four-fold higher risk of
post-LT IBD relapse[2,3]. In patients with tacrolimus for
transplant-related immunosuppression, Dvorchik et al[7]
found that the risk of relapse of IBD at 1- and 5-year
was 13% and 64%, respectively; while, in patients with
tacrolimus-free regimens, the risk of IBD was 4% and
10%, respectively. The cause of a possible relationship
between tacrolimus and IBD flare up after transplant is
not known. IBD results from inappropriate and ongoing
activation of the mucosal immune system in the presence
of normal luminal flora. Immunosuppression agents
may promote infections which may lead to the change
bacterial gut flora and decrease the intestinal barrier
function[19]. Moreover, tacrolimus is a strong inhibitor of
interleukin-2 production. Deficiency of interleukin-2 can
result in T-cell dysregulation, leading to the development
of intestinal chronic inflammation[2,4].
Cyclosporine, like anti-TNFα, is the chosen drug
in severe steroid refractory UC. Cyclosporine does not
seem to worsen the course of IBD after transplant[3,10].
In contrast with tacrolimus, the frequency of interleukin2-expressing T cells was significantly higher with cyclosporine in renal transplant patients[20]. This may explain
in part the different effect of ciclosporine and tacrolimus
on IBD course after transplant.
Corticosteroids are effective in acute and chronic
prevention of SOT rejection as well as in inducing clinical
remission in IBD. Moncrief et al[21] and Navaneethan et al[12]
observed that prednisone therapy may favorably modify
the course of IBD after LT, but this therapeutic regime is
associated to important side effects.
Mycophenolate mofetil (MMF) has proven efficacy in
SOT, but its role in IBD is not clear[22,23]. Moreover, MMF
is associated with enterocolitis, which can mimic a IBD
flare up.

[3]
[12]
[12]
[21]
[2]
[15]
[16]
[13]
[14]
[18]
[2]
[3]
[3]
[22]
[23]

TNFα: Tumor necrosis factor alpha; IBD: Inflammatory bowel disease;
5-ASA: 5-aminosalicylates.

duce the risk of disease exacerbation post-LT (Table 1).
5-aminosalicylates (5-ASA) therapy after LT appears
to be protective against the worsening disease activity of
IBD, decreasing the flare up and/or colectomy risk about
80%[3,12].
Azathioprine may reduce the risk of active IBD after
transplant. In the study’s Haagsma et al[2], a comparison
between 55 patients who received azathioprine with the
23 patients did not receive azathioprine, was performed
and this showed a significantly higher IBD-free survival
for azathioprine group. In particular, at 1, 3 and 5 years
after LT, the IBD-free survival rates in patients receiving
azathioprine were 96%, 96% and 88%, respectively; while
in patients not receiving azathioprine, these value were
87%, 63% and 54%, respectively.
We have little knowledge about the use of anti-tumor
necrosis factor alpha (TNF α) therapy for refractory
IBD after transplant. To date, there have been only 22
patients treated with anti-TNF for relapsing IBD following LT; this number includes patients with UC, Crohn’s
disease, indeterminate colitis and pouchitis, treated with
infliximab or adalimumab (Table 2)[13-18]. In our study, we
evaluated the efficacy and safety of infliximabtherapy in a
homogeneous series of four patients with refractory UC
following LT, followed for a median time of 18 mo. At
week 54, three patients (75%) experienced sustained improvement of IBD. Complete mucosal healing (defined as
absence of lesions) was observed in one of three patients
(33%). Steroid treatment was successfully withdrawn
during infliximab therapy in all patients. Adverse events
included only one infection by Molluscum contagiosum,
which resolved without sequelae. No malignancies were
observed in any patient following infliximab therapy. No
cases of hepatic rejection were documented. Our results
are in line with others studies about the efficacy and
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COLECTOMY POST-LIVER
TRANSPLANTATION
Ho et al[24] observed a prevalence of colectomy after LT
about 35%. In this Scottish study 7 of 20 patients underwent colectomy with a median time of 3.4 years (range
1.5-6.3 years) following LT[24]. The indication for colectomy was chronically active severe UC in three patients
(43%), colonic dysplasia or colorectal cancer in three patients (43%) and benign stricture of colon in one patient
(14%).The study in Cleveland compared 86 patients with
UC and LT for PSC with 81 patients with UC and PSC
who did not require LT[25]. The necessity of colectomy
was significantly more frequently in the non-LT group
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Table 2 Anti-tumor necrosis factor alpha therapy for management of refractory inflammatory bowel disease after liver transplantation
Number LT patients

Clinical outcome

Endoscopic outcome

Adverse events

Sandhu et al[13]

Author

6

Response: 67%

-

Mohabbat et al[14]

8

Response: 87.5%

Mucosal healing: 42.9%

Lal et al[15]
El-Nachef et al[16]
Indriolo et al[18]

1
2
4

Response: 100%
Response: 100%
Response: 75%

Improvement: 100%
Mucosal healing: 33%

Systemic lupus erythematosus
Colorectal cancer
Oral candidiasis
Clostridium difficile colitis
Bacterial pmeumonia
Cryptosporidiosis
Post-tansplant lympho-proliferative disorder
No
No
Molluscum contagiosum

than the LT group (76.5% vs 34.9%). The percentage of
patients which underwent colectomy for steroid dependent/refractory disease was lower in the LT group than
patients in the non-LT group (39.9% vs 48.4%). Regarding the possible difficulties to surgically pack the J pouch
in patients who underwent LT and Roux-en-Y biliaryjejunal reconstruction, Mathis et al[26] did not encounter
any problems in the 13 patients operated on.

fore, the combination of IBD and PSC after LT leads the
patient to a higher risk in developing CRC.
Moreover, the CRC risk is increased in patients with
long-standing IBD, long-standing LT and extensive colonic involvement[32,35,45]. In fact, it was observed at 1-, 5- and
10-year, a cumulative incidence of CRC of 3.3%, 6.7%,
and 11.8%, respectively, after LT. Regarding the colorectal
cancer location, similarly to IBD/PSC patients before LT,
the right-side colon is more frequently affected[39]. There
is no clear evidence if the age of the patients at the time
of LT is associated with CRC risk[7,33,35,45]. No significant
association between clinical severity IBD and CRC risk
after LT was observed[39,45]. Regarding the use of 5-ASA
or ursodeoxycholic acid in the chemoprevention of CRC,
it seems that they don’t change the cancer risk[33,39].

POUCHITIS POST-LIVER
TRANSPLANTATION
The risk of acute pouchitis after LT for PSC ranged from
14% to 66%[26-28]. The risk of chronic pouchitis ranged
from 9.1% to 73.7%[26-30]. Freeman et al[29] observed that
the risk of chronic refractory pouchitis was comparable
in patients who underwent LT and those who did not.
Therefore, it seems that LT does not increase the risk of
pouchitis. With regard to the therapy of pouchitis after
LT, Mathis et al[26] evaluated 32 patients who underwent
ileal pouch-anal anastomosis (IPAA) for UC and LT for
PSC (in 13 patients IPAA followed by OLT). Two-thirds
of the patients had pouchitis during follow-up, about
half developed a chronic pouchitis that required daily antibiotic therapy. Only one patient needed a defunctioning
ileostomy. Anti-TNFα therapy was used in only four IBD
patients in three studies for refractory pouchitis after LT
for PSC[13,14,18]. Even though a clinical improvement was
observed, the little data available does not allow us to
extrapolate any conclusions about the efficacy and safety
of biological therapy in patients with chronic refractory
pouchitis after LT.

Risk factors
The risk of CRC may increase after LT because of errors
in mucosa sampling during colonoscopy or perhaps due
to the immunosuppression treatment of anti-reject therapy. Loftus et al[42] observed that the CRC rate was 4.4-fold
higher after LT, as compared to a historical cohort patient
with PSC/IBD who did not undergo LT. However, the
role of LT in the risk of CRC in IBD/PSC patients still
isn’t clear. In fact, while Dvorchik found that LT did not
significantly influence the risk of CRC, it was observed
that LT may be an independent risk factor for CRC in
other studies[7,35,42,45].
Surveillance
A program of endoscopic surveillance with serial biopsies for CRC is recommended by the European Association for the Study of Liver[49]. A colonoscopy is suggested
every year in IBD/PSC patients after LT. If dysplasia
colonic mucosa is found, a colectomy is advised. It has
been shown to be a relatively safe procedure in specialized surgical centers[45,46].

COLORECTAL CANCER POST-LIVER
TRANSPLANT
Epidemiology
A large range with rates of risk of colorectal cancer after
LT for PSC, from 0 to 31.5 per 1000 person/year, is present in literature in recent years[4,7,21,25,31-48]. Watt et al[31], reported a cumulative incidence of colorectal cancer (CRC)
at 10-years post LT for PSC of 8.2% as compared to 2.6%
after LT for non-PSC patients. The CRC risk in PSC
patients without IBD after LT is 2.8% at 10-years. There-
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Management
Adjuvant pharmacotherapy with drugs like oxaliplatin
has also been shown to be well tolerated in patients postLT and hepatic graft dysfunction was not documented[50].
Prophylactic colectomy in selected IBD/PSC patients
with CRC risk factors could be a good management strategy in the CRC prevention, but it is used infrequently in

3528

April 7, 2014|Volume 20|Issue 13|

Indriolo A et al . Clinical management of IBD

IBD/PSC

Before LT

At the time of LT

After LT

1 Adequate treatment of IBD in active flare up and in remission
period.
2 Annual colonoscopic surveillance program with serial biopsies for
dysplasia/CRC screening. Colectomy is indicated in patients with
dysplasia/CRC.
3 Evaluate indication for colectomy in selected patients with
medically refractory IBD or frequent relapse before the PSC patient
develops cirrhosis and liver disfunction.

1 Clinical remission of IBD patient is necessary at the time of LT.
2 Don't interrupt the 5-ASA and/or azathioprin therapy.
3 Don’t smoke at the time of transplant because it may be a risk
factor for flare up of IBD post-transplantation.

1 Evaluate the possibility of substituting tacrolimus with other
drugs, like ciclosporine for anti-reject immunosuppressive therapy.
2 Avoid mycophenolate mofetil in the anti-reject immunosuppressive
therapy for its possible side effects (enterocolitis).
3 Exclude opportunistic intestinal infections (like CMV and clostridium
difficile ) or consider the possibility that diarrhea is induced by the
drugs.
4 Add azathioprine to therapy if the patient presents an IBD
recurrence.
5 Anti-TNFα therapy seems effective and safe in refractory to
conventional therapy IBD patients. The combination of biological
therapy with anti-reject therapy needs a careful monitoring
program for infections, autoimmune diseases and neoplasms.
6 An annual colonoscopic surveillance program with serial biopsies
for dysplasia/CRC screening is necessary. Colectomy is indicated
in patients with dysplasia/CRC or refractory medical therapy of
recurrence/de novo IBD.
7 Adjuvant pharmacotherapy seems to be well tolerated in CRC
patients.
8 Chronic refractory pouchitis is treated according to guidelines.

Figure 1 Clinical management of inflammatory bowel disease/primary sclerosing cholangitis patients before and after liver transplantation. TNFα: Tumor
necrosis factor alpha; IBD: Inflammatory bowel disease; LT: Liver transplantation; PSC: Primary sclerosing cholangitis; CRC: Colorectal cancer; CMV: Cytomegalovirus; 5-ASA: 5-aminosalicylates.

tridium difficile), or consider the possibility that diarrhea may
be caused by the drugs (Figure 1). If the symptoms of active IBD are confirmed from a colonoscopy and a histological exam, the patient starts the IBD therapy. The plan
of IBD therapy in the patient who underwent transplant,
is similar to the therapy plan before the transplant. 5-ASA
at a dose of 2.4 g per day is indicated in induction and in
maintenance in the mild-to-moderate UC patients. Topical

the majority of LT centers[45,51].

CLINICAL MANAGEMENT OF ACTIVE IBD
AFTER LT
Patients who underwent LT can develop diarrhea and it is
very important exclude an intestinal infection (CMV, Clos-
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11 studies were reported[9,16,54-63]. One patient presented
erythema nodosum associated to IBD[60], one patient developed colonic cancer with liver metastasis 2 years later
and died[60], thirteen (50%) patients were treated with
conventional medical IBD therapy (mesalazine, corticosteroids, and azathioprine), achieving a clinical remission.
Significant clinical improvement of IBD was observed
with anti-TNFα therapy in three (11.5%) patients. No
severe infections or graft reject were documented after
biological therapy[22,61]. Five (19.2%) patients with Crohn’
s disease continued to have flare up despite treatment[9].
Five (19.2%) UC patients were refractory to therapy and
required a colectomy[9,55,56,62].

therapy with 5-ASA and/or beclomethasone dipropionate
can be useful in distal UC. Budesonide or systemic steroids are indicated in patients with mild Crohn’s disease.
In moderate-to-severe IBD patients the use of oral or iv
corticosteroids are necessary. Prednisone at a dose of 50
mg per day or prednisolone at a dose of 40-60 mg per day
based on the patient’s body weight (60-80 kg) may be used
in clinical practice. A gradual tapering of corticosteroids
is recommended, for example 5 mg every week in prednisone therapy. Maintenance immunosuppression therapy
with azathioprine at a dose of 2.0-2.5 mg/kg body weight
per day is effective after the corticosteroid therapy. AntiTNFα treatment could be effective and safe in refractory
to conventional therapy IBD[13,14,18]. The little experience
of the use of biological therapy in transplanted patients,
with concomitant anti-rejection therapy, suggests there
be a higher and more careful surveillance regarding the
risk of infectious diseases, autoimmune diseases, and neoplasms.
It is very important to consider the possibility of
surgical treatment in patients with moderate-to-severe
IBD after LT for PSC and even more so, because of the
higher colorectal cancer risk. Proctocolectomy with IPAA
is feasible and safe in dedicated surgical centers[26,27].

IBD AFTER LUNG AND INTESTINAL
TRANSPLANTATION
The number of patients who underwent lung or intestinal transplantation is significantly lower than the patients
who underwent liver, heart, and renal transplantation.
This could probably be explained because no IBD cases
were reported after lung and intestinal transplantation.

CLINICAL MANAGEMENT OF IBD
PATIENTS AFTER HEART AND RENAL
TRANSPLANTATION

IBD AFTER HEART TRANSPLANTATION
Three cases of de novo IBD after heart transplantation
have been reported in 3 studies: two cases of Crohn’s
disease and one case of UC[52-54]. The onset of IBD has
been observed in pediatric age in two of three patients.
Rakhit et al[52] reported one case of Crohn’s disease in 104
post-orthotopic heart transplant children. The patient
developed diarrhea and rectal bleeding immediately after
the transplant and IBD was diagnosed after one year.
The patient continued to have flares despite immunosuppressive therapy. Harms et al[53] reported a 15-year-old
girl developed IBD 10 years after cardiac transplantation
and presented a severe growth failure and delayed onset
of puberty. The patient was found to have pan-enteric
Crohn’s disease and has done remarkably well following a
nutritional therapy. Jüngling et al[54] reported a 53-year-old
patient who developed distal UC 2 years after heart transplantation. In spite of high-dose treatment with prednisolone the patient’s clinical situation worsened with a progression of inflammation in the entire colon. Colectomy
with ileostomy was necessary to obtain a good state of
health. Three IBD cases have been observed after heart
transplantation in spite of immunosuppresive therapy.
Two of them have been treated with conventional medical therapy with success, whereas one IBD case required
surgery with colectomy and ileostomy. No IBD patient
was treated with anti-TNFα therapy.

The concomitant anti-reject immunosuppressive therapy
can increase the risk of infectious diseases in transplanted
patients. Therefore, in patients who develop diarrhea, it
is very important to exclude an intestinal infection (CMV,
Clostridium difficile). It is also necessary to exclude that diarrhea may be induced by the drugs. The onset of IBD
after heart or renal transplantation could lead to a severe
clinical situation for the transplanted patient. In fact, in
about half of the patients, conventional IBD therapy
combined with anti-reject therapy, can be non-effective.
Nineteen percent of patients developed multiple recurrence on IBD in the renal transplantation group. Eleven
percent of patients required anti-TNFα therapy in order
to have clinical remission and in about 20% of patients
required a colectomy. The LT model suggests that antiTNFα therapy combined with anti-reject therapy could
be useful in selected IBD patients with refractory to
conventional therapy after heart or renal transplantation.
Like in the LT, it is very important that there be a higher
more careful surveillance regarding the risk of infectious
diseases, autoimmune diseases, and neoplasms after biological therapy in heart and renal transplanted patients.
The surgical option remains an essential treatment in
complicated IBD cases which are refractory to the intensive medical therapy.

IBD AFTER RENAL TRANSPLANTATION

CONCLUSION

A total of about of twenty-seven de novo IBD patients (15
UC and 11 Crohn’s disease) after renal transplantation in

There is estimated a higher incidence of de novo IBD after
solid organ transplantation than in the general popula-
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tion. The onset of IBD in the organ transplant recipient population is an important clinical situation which
is associated with higher morbidity and difficulty in the
medical therapeutic management because of the possible
interaction between anti-reject therapy and IBD therapy.
IBD course after LT is variable, but about one third of
patients may worsen, needing increased medical therapy
or a colectomy. Active IBD at the time of LT, discontinuation of 5-ASA or azathioprine at the time of LT and
use of tacrolimus-based immunosuppression may be associated with an unfavorable outcome of IBD after LT.
Anti-TNF therapy for refractory IBD may be an effective
and safe therapeutic option after LT. The little experience
of the use of biological therapy in transplanted patients,
with concomitant anti-rejection therapy, suggests there be
a higher more careful surveillance regarding the risk of
infectious diseases, autoimmune diseases, and neoplasms.
Therefore, it is very important to consider the possibility of a surgical treatment in refractory severe IBD after
LT. An increased risk of colorectal cancer is also present
after LT in IBD/PSC patient. An annual program of
endoscopic surveillance with serial biopsies for CRC is
recommended. If dysplasia colonic mucosa is found, a
colectomy with IPAA is advised. It has been shown to be
a relatively safe procedure in the specialized surgical centers. Adjuvant pharmacotherapy has been shown to be
well tolerated in patients post-LT. Hepatic graft dysfunction has not been documented after adjuvant pharmacotherapy. A prophylactic colectomy in selected IBD/PSC
patients with CRC risk factors could be a good management strategy in the CRC prevention, but it is used
infrequently in the majority of LT centers. About 30%
of patients developed multiple recurrences of IBD and
20% of patients required a colectomy after renal transplantation. Like in the LT, anti-TNFα therapy could be
an effective treatment in IBD patients with conventional
refractory therapy after renal or heart transplantation. A
large number of patients are needed to confirm the preliminary observations.
Regarding the higher clinical complexity of this subgroup of IBD patients, a close multidisciplinary approach
between an IBD dedicated gastroenterologist and surgeon and an organ transplantation specialist is necessary
in order to have the best clinical management of IBD
after transplantation.

4

5

6

7

8

9

10

11

12

13

14

REFERENCES
1

2

3

Singh S, Loftus EV, Talwalkar JA. Inflammatory bowel
disease after liver transplantation for primary sclerosing
cholangitis. Am J Gastroenterol 2013; 108: 1417-1425 [PMID:
23896954 DOI: 10.1038/ajg.2013.163]
Haagsma EB, Van Den Berg AP, Kleibeuker JH, Slooff MJ,
Dijkstra G. Inflammatory bowel disease after liver transplantation: the effect of different immunosuppressive regimens.
Aliment Pharmacol Ther 2003; 18: 33-44 [PMID: 12848624 DOI:
10.1046/j.1365-2036.2003.01613.x]
Verdonk RC, Dijkstra G, Haagsma EB, Shostrom VK, Van
den Berg AP, Kleibeuker JH, Langnas AN, Sudan DL. Inflammatory bowel disease after liver transplantation: risk
factors for recurrence and de novo disease. Am J Trans-

WJG|www.wjgnet.com

15
16

17

3531

plant 2006; 6: 1422-1429 [PMID: 16686766 DOI: 10.1111/
j.1600-6143.2006.01333.x]
Joshi D, Bjarnason I, Belgaumkar A, O’Grady J, Suddle
A, Heneghan MA, Aluvihare V, Rela M, Heaton N, Agarwal K. The impact of inflammatory bowel disease postliver transplantation for primary sclerosing cholangitis.
Liver Int 2013; 33: 53-61 [PMID: 22103794 DOI: 10.1111/
j.1478-3231.2011.02677.x]
Befeler AS, Lissoos TW, Schiano TD, Conjeevaram H, Dasgupta KA, Millis JM, Newell KA, Thistlethwaite JR, Baker
AL. Clinical course and management of inflammatory bowel
disease after liver transplantation. Transplantation 1998; 65:
393-396 [PMID: 9484758]
MacLean AR, Lilly L, Cohen Z, O’Connor B, McLeod RS.
Outcome of patients undergoing liver transplantation for
primary sclerosing cholangitis. Dis Colon Rectum 2003; 46:
1124-1128 [PMID: 12907911]
Dvorchik I, Subotin M, Demetris AJ, Fung JJ, Starzl TE,
Wieand S, Abu-Elmagd KM. Effect of liver transplantation
on inflammatory bowel disease in patients with primary
sclerosing cholangitis. Hepatology 2002; 35: 380-384 [PMID:
11826412 DOI: 10.1053/jhep.2002.30695]
Wörns MA, Lohse AW, Neurath MF, Croxford A, Otto G,
Kreft A, Galle PR, Kanzler S. Five cases of de novo inflammatory bowel disease after orthotopic liver transplantation.
Am J Gastroenterol 2006; 101: 1931-1937 [PMID: 16790037
DOI: 10.1111/j.1572-0241.2006.00624.x]
Riley TR, Schoen RE, Lee RG, Rakela J. A case series of
transplant recipients who despite immunosuppression
developed inflammatory bowel disease. Am J Gastroenterol
1997; 92: 279-282 [PMID: 9040206]
Cholongitas E, Papatheodoridis GV, Zappoli P, Giannakopoulos A, Patch D, Marelli L, Shusang V, Kalambokis G,
Shirling G, Rolando N, Burroughs AK. Combined HLA-DR
and -DQ disparity is associated with a stable course of ulcerative colitis after liver transplantation for primary sclerosing
cholangitis. Liver Transpl 2007; 13: 552-557 [PMID: 17394153
DOI: 10.1002/lt.21077]
Verdonk RC, Haagsma EB, Van Den Berg AP, Karrenbeld
A, Slooff MJ, Kleibeuker JH, Dijkstra G. Inflammatory bowel
disease after liver transplantation: a role for cytomegalovirus infection. Scand J Gastroenterol 2006; 41: 205-211 [PMID:
16484126 DOI: 10.1080/00365520500206293]
Navaneethan U, Choudhary M, Venkatesh PG, Lashner
BA, Remzi FH, Shen B, Kiran RP. The effects of liver transplantation on the clinical course of colitis in ulcerative colitis
patients with primary sclerosing cholangitis. Aliment Pharmacol Ther 2012; Epub ahead of print [PMID: 22428731 DOI:
10.1111/j.1365-2036.2012.05067.x]
Sandhu A, Alameel T, Dale CH, Levstik M, Chande N.
The safety and efficacy of antitumour necrosis factoralpha therapy for inflammatory bowel disease in patients
post liver transplantation: a case series. Aliment Pharmacol
Ther 2012; 36: 159-165 [PMID: 22616981 DOI: 10.1111/
j.1365-2036.2012.05141.x]
Mohabbat AB, Sandborn WJ, Loftus EV, Wiesner RH, Bruining DH. Anti-tumour necrosis factor treatment of inflammatory bowel disease in liver transplant recipients. Aliment
Pharmacol Ther 2012; 36: 569-574 [PMID: 22779779 DOI:
10.1111/j.1365-2036.2012.05217.x]
Lal S, Steinhart AH. Infliximab for ulcerative colitis following liver transplantation. Eur J Gastroenterol Hepatol 2007; 19:
277-280 [PMID: 17301656]
El-Nachef N, Terdiman J, Mahadevan U. Anti-tumor necrosis factor therapy for inflammatory bowel disease in the
setting of immunosuppression for solid organ transplantation. Am J Gastroenterol 2010; 105: 1210-1211 [PMID: 20445523
DOI: 10.1038/ajg]
Indriolo A, Fagiuoli S, Pasulo L. Infliximab in patients with
ulcerative colitis and primary sclerosing cholangitis before

April 7, 2014|Volume 20|Issue 13|

Indriolo A et al . Clinical management of IBD

18

19

20

21

22

23

24

25

26

27

28

29

30

and after liver transplantation. J Crohns Colitis 2012; 6 Suppl 1:
S117
Indriolo A, Fagiuoli S, Pasulo L, Fiorino G, Danese S, Ravelli
P. Letter: infliximab therapy in inflammatory bowel disease
patients after liver transplantation. Aliment Pharmacol Ther
2013; 37: 840-842 [PMID: 23496317 DOI: 10.1111/apt.12256]
Gabe SM, Bjarnason I, Tolou-Ghamari Z, Tredger JM,
Johnson PG, Barclay GR, Williams R, Silk DB. The effect of
tacrolimus (FK506) on intestinal barrier function and cellular
energy production in humans. Gastroenterology 1998; 115:
67-74 [PMID: 9649460]
Rostaing L, Puyoo O, Tkaczuk J, Peres C, Rouzaud A, Cisterne JM, de Preval C, Ohayon E, Durand D, Abbal M. Differences in Type 1 and Type 2 intracytoplasmic cytokines,
detected by flow cytometry, according to immunosuppression (cyclosporine A vs. tacrolimus) in stable renal allograft
recipients. Clin Transplant 1999; 13: 400-409 [PMID: 10515221
DOI: 10.1034/j.1399-0012.1999.130506.x]
Moncrief KJ, Savu A, Ma MM, Bain VG, Wong WW, Tandon
P. The natural history of inflammatory bowel disease and
primary sclerosing cholangitis after liver transplantation--a
single-centre experience. Can J Gastroenterol 2010; 24: 40-46
[PMID: 20186355]
Neurath MF, Wanitschke R, Peters M, Krummenauer F, Meyer
zum Büschenfelde KH, Schlaak JF. Randomised trial of mycophenolate mofetil versus azathioprine for treatment of chronic
active Crohn’s disease. Gut 1999; 44: 625-628 [PMID: 10205197]
Fellermann K, Steffen M, Stein J, Raedler A, Hämling J, Ludwig D, Loeschke K, Stange EF. Mycophenolate mofetil: lack
of efficacy in chronic active inflammatory bowel disease. Aliment Pharmacol Ther 2000; 14: 171-176 [PMID: 10651657 DOI:
10.1046/j.1365-2036.2000.00695.x]
Ho GT, Seddon AJ, Therapondos G, Satsangi J, Hayes PC.
The clinical course of ulcerative colitis after orthotopic liver
transplantation for primary sclerosing cholangitis: further
appraisal of immunosuppression post transplantation. Eur J
Gastroenterol Hepatol 2005; 17: 1379-1385 [PMID: 16292093]
Navaneethan U, Venkatesh PG, Mukewar S, Lashner BA,
Remzi FH, McCullough AJ, Kiran RP, Shen B, Fung JJ.
Progressive primary sclerosing cholangitis requiring liver
transplantation is associated with reduced need for colectomy in patients with ulcerative colitis. Clin Gastroenterol
Hepatol 2012; 10: 540-546 [PMID: 22245961 DOI: 10.1016/
j.cgh.2012.01.006]
Mathis KL, Dozois EJ, Larson DW, Cima RR, Sarmiento JM,
Wolff BG, Heimbach JK, Pemberton JH. Ileal pouch-anal
anastomosis and liver transplantation for ulcerative colitis
complicated by primary sclerosing cholangitis. Br J Surg
2008; 95: 882-886 [PMID: 18496886 DOI: 10.1002/bjs.6210]
Cho CS, Dayton MT, Thompson JS, Koltun WA, Heise CP,
Harms BA. Proctocolectomy-ileal pouch-anal anastomosis
for ulcerative colitis after liver transplantation for primary
sclerosing cholangitis: a multi-institutional analysis. J Gastrointest Surg 2008; 12: 1221-1226 [PMID: 18449613 DOI:
10.1007/s11605-008-0528-5]
Zins BJ, Sandborn WJ, Penna CR, Landers CJ, Targan SR,
Tremaine WJ, Wiesner RH, Dozois RR. Pouchitis disease
course after orthotopic liver transplantation in patients
with primary sclerosing cholangitis and an ileal pouch-anal
anastomosis. Am J Gastroenterol 1995; 90: 2177-2181 [PMID:
8540511]
Freeman K, Shao Z, Remzi FH, Lopez R, Fazio VW, Shen B.
Impact of orthotopic liver transplant for primary sclerosing
cholangitis on chronic antibiotic refractory pouchitis. Clin
Gastroenterol Hepatol 2008; 6: 62-68 [PMID: 18065274 DOI:
10.1016/j.cgh.2007.09.018]
Rowley S, Candinas D, Mayer AD, Buckels JA, McMaster P,
Keighley MR. Restorative proctocolectomy and pouch anal
anastomosis for ulcerative colitis following orthotopic liver
transplantation. Gut 1995; 37: 845-847 [PMID: 8537060 DOI:

WJG|www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

42

43
44

45

3532

10.1136/gut.37.6.845]
Watt KD, Pedersen RA, Kremers WK, Heimbach JK, Sanchez
W, Gores GJ. Long-term probability of and mortality from
de novo malignancy after liver transplantation. Gastroenterology 2009; 137: 2010-2017 [PMID: 19766646 DOI: 10.1053/
j.gastro.2009.08.070]
Fabia R, Levy MF, Testa G, Obiekwe S, Goldstein RM, Husberg BS, Gonwa TA, Klintmalm GB. Colon carcinoma in patients undergoing liver transplantation. Am J Surg 1998; 176:
265-269 [PMID: 9776156]
Hanouneh IA, Macaron C, Lopez R, Zein NN, Lashner
BA. Risk of colonic neoplasia after liver transplantation for
primary sclerosing cholangitis. Inflamm Bowel Dis 2012; 18:
269-274 [PMID: 21425212]
Albright JB, Bonatti H, Stauffer J, Dickson RC, Nguyen
J, Harnois D, Jeanpierre C, Hinder R, Steers J, Chua H,
Aranda-Michel J. Colorectal and anal neoplasms following
liver transplantation. Colorectal Dis 2010; 12: 657-666 [PMID:
19508543 DOI: 10.1111/j.1463-1318.2009.01840.x]
Bleday R, Lee E, Jessurun J, Heine J, Wong WD. Increased
risk of early colorectal neoplasms after hepatic transplant in
patients with inflammatory bowel disease. Dis Colon Rectum
1993; 36: 908-912 [PMID: 8404380]
Higashi H, Yanaga K, Marsh JW, Tzakis A, Kakizoe S, Starzl
TE. Development of colon cancer after liver transplantation
for primary sclerosing cholangitis associated with ulcerative
colitis. Hepatology 1990; 11: 477-480 [PMID: 2312061]
Jonas S, Rayes N, Neumann U, Neuhaus R, Bechstein WO,
Guckelberger O, Tullius SG, Serke S, Neuhaus P. De novo
malignancies after liver transplantation using tacrolimusbased protocols or cyclosporine-based quadruple immunosuppression with an interleukin-2 receptor antibody or
antithymocyte globulin. Cancer 1997; 80: 1141-1150 [PMID:
9305716]
Johnson EE, Leverson GE, Pirsch JD, Heise CP. A 30-year
analysis of colorectal adenocarcinoma in transplant recipients and proposal for altered screening. J Gastrointest Surg
2007; 11: 272-279 [PMID: 17458597]
Jørgensen KK, Lindström L, Cvancarova M, Castedal M, Friman S, Schrumpf E, Foss A, Isoniemi H, Nordin A, Holte K,
Rasmussen A, Bergquist A, Vatn MH, Boberg KM. Colorectal
neoplasia in patients with primary sclerosing cholangitis undergoing liver transplantation: a Nordic multicenter study.
Scand J Gastroenterol 2012; 47: 1021-1029 [PMID: 22577871
DOI: 10.3109/00365521.2012.685754]
Kelly DM, Emre S, Guy SR, Miller CM, Schwartz ME, Sheiner PA. Liver transplant recipients are not at increased risk for
nonlymphoid solid organ tumors. Cancer 1998; 83: 1237-1243
[PMID: 9740091]
Knechtle SJ, D’Alessandro AM, Harms BA, Pirsch JD, Belzer
FO, Kalayoglu M. Relationships between sclerosing cholangitis, inflammatory bowel disease, and cancer in patients
undergoing liver transplantation. Surgery 1995; 118: 615-619;
discussion 619-620 [PMID: 7570313]
Loftus EV, Aguilar HI, Sandborn WJ, Tremaine WJ, Krom
RA, Zinsmeister AR, Graziadei IW, Wiesner RH. Risk of
colorectal neoplasia in patients with primary sclerosing cholangitis and ulcerative colitis following orthotopic liver transplantation. Hepatology 1998; 27: 685-690 [PMID: 9500695]
Narumi S, Roberts JP, Emond JC, Lake J, Ascher NL. Liver
transplantation for sclerosing cholangitis. Hepatology 1995;
22: 451-457 [PMID: 7635412]
Sint Nicolaas J, Tjon AS, Metselaar HJ, Kuipers EJ, de Man
RA, van Leerdam ME. Colorectal cancer in post-liver transplant recipients. Dis Colon Rectum 2010; 53: 817-821 [PMID:
20389217 DOI: 10.1007/DCR.0b013e3181cc90c7]
Vera A, Gunson BK, Ussatoff V, Nightingale P, Candinas D,
Radley S, Mayer A, Buckels JA, McMaster P, Neuberger J,
Mirza DF. Colorectal cancer in patients with inflammatory
bowel disease after liver transplantation for primary scleros-

April 7, 2014|Volume 20|Issue 13|

Indriolo A et al . Clinical management of IBD

46

47

48

49

50

51
52

53

54

ing cholangitis. Transplantation 2003; 75: 1983-1988 [PMID:
12829898]
Goss JA, Shackleton CR, Farmer DG, Arnaout WS, Seu P,
Markowitz JS, Martin P, Stribling RJ, Goldstein LI, Busuttil
RW. Orthotopic liver transplantation for primary sclerosing
cholangitis. A 12-year single center experience. Ann Surg
1997; 225: 472-481; discussion 481-483 [PMID: 9193175]
Jain AB, Yee LD, Nalesnik MA, Youk A, Marsh G, Reyes J,
Zak M, Rakela J, Irish W, Fung JJ. Comparative incidence of
de novo nonlymphoid malignancies after liver transplantation under tacrolimus using surveillance epidemiologic
end result data. Transplantation 1998; 66: 1193-1200 [PMID:
9825817]
Koornstra JJ, Wesseling J, de Jong AE, Vasen HF, Kleibeuker
JH, Haagsma EB. Increased risk of colorectal neoplasia in asymptomatic liver-transplant recipients. Gut 2007; 56: 892-893
[PMID: 17519499 DOI: 10.1136/gut.2007.120121]
European Association For The Study Of The Liver. EASL
Clinical Practice Guidelines: management of cholestatic liver
diseases. J Hepatol 2009; 51: 237-267 [PMID: 19501929 DOI:
10.1016/j.jhep.2009.04.009]
Doroshow JH, Synold TW, Gandara D, Mani S, Remick SC,
Mulkerin D, Hamilton A, Sharma S, Ramanathan RK, Lenz
HJ, Graham M, Longmate J, Takimoto CH, Ivy P. Pharmacology of oxaliplatin in solid tumor patients with hepatic
dysfunction: a preliminary report of the National Cancer
Institute Organ Dysfunction Working Group. Semin Oncol
2003; 30: 14-19 [PMID: 14523790]
Levin B. Risk of cancer in ulcerative colitis. Gastrointest Endosc 1999; 49: S60-S62 [PMID: 10049450]
Rakhit A, Nurko S, Gauvreau K, Mayer JE, Blume ED.
Gastrointestinal complications after pediatric cardiac transplantation. J Heart Lung Transplant 2002; 21: 751-759 [PMID:
12100901]
Harms B, Bremner AR, Mulligan J, Fairhurst J, Griffiths DM,
Salmon T, Beattie RM. Crohn’s disease post-cardiac transplantation presenting with severe growth failure and delayed
onset of puberty. Pediatr Allergy Immunol 2004; 15: 186-189
[PMID: 15059198 DOI: 10.1046/j.1399-3038.2003.00130.x]
Jüngling B, Kindermann I, Moser C, Püschel W, Ecker KW,
Schäfers HJ, Böhm M, Zeuzem S, Giese T, Stallmach A. Development of ulcerative colitis after heart transplantation
during immunosuppressive therapy. Z Gastroenterol 2005; 43:
195-199 [PMID: 15700214 DOI: 10.1055/s-2004-813743]

55

56

57

58
59

60

61

62

63

Hibbs AM, Bznik-Cizman B, Guttenberg M, Goldberg B,
Meyers K. Ulcerative colitis in a renal transplant patient
with previous Goodpasture disease. Pediatr Nephrol 2001; 16:
543-546 [PMID: 11465800]
Nagai H, Matsumaru K, Shiozawa K, Momiyama K, Wakui
N, Shinohara M, Watanabe M, Ishii K, Nonaka H, Hasegawa
A, Teramoto T, Yamamuro W, Sumino Y, Miki K. Disappearance of HCV after cessation of immunosuppression in
a patient with ulcerative colitis and renal transplantation. J
Gastroenterol 2005; 40: 848-853 [PMID: 16143892]
Halim MA, Said T, Nair P, Schmidt I, Hassan A, Johny KV,
Al-Muzairai I, Samhan M, Nampoory MR, Al-Mousawi
M. De novo Crohn’s disease in a renal transplant recipient.
Transplant Proc 2007; 39: 1278-1279 [PMID: 17524953 DOI:
10.1016/j.transproceed.2007.03.045]
Stewart IJ, Gallagher JP, Dahms WJ. A case of new onset
Crohn’s disease after renal transplantation. Gastroenterol
Hepatol (N Y) 2008; 4: 877-878 [PMID: 21904480]
Kourda N, Bettaïeb I, Blel A, Zoghlami A, Bedoui R, Najah N,
Ben Jilani SB, Zermani R. An aggressive course of de novo
ulcerative colitis after renal transplantation: colonic adenocarcinoma with choriocarcinomatous differentiation. Tunis
Med 2009; 87: 359-361 [PMID: 19927772]
Gheith O, Al-Otaibi T, Tawab KA, Said T, Balaha MA,
Halim MA, Nair MP, Nampoory MR. Erythema nodosum in
renal transplant recipients: multiple cases and review of literature. Transpl Infect Dis 2010; 12: 164-168 [PMID: 20002354
DOI: 10.1111/j.1399-3062.2009.00474.x]
Temme J, Koziolek M, Bramlage C, Schaefer IM, Füzesi
L, Ramadori G, Müller GA, Schwörer H. Infliximab as
therapeutic option in steroid-refractory ulcerative colitis after kidney transplantation: case report. Transplant
Proc 2010; 42: 3880-3882 [PMID: 21094876 DOI: 10.1016/
j.transproceed.2010]
Parameswaran S, Singh K, Nada R, Rathi M, Kohli H, Jha V,
Gupta K, Sakhuja V. Ulcerative colitis after renal transplantation: A case report and review of literature. Indian J Nephrol
2011; 21: 120-122 [DOI: 10.4103/0971-4065.78063]
Azevedo P, Freitas C, Aguiar P, Silva H, Santos T, Farrajota P,
Almeida M, Pedroso S, Martins LS, Dias L, Vizcaíno R, Henriques AC, Cabrita A. A case series of de novo inflammatory
bowel disease after kidney transplantation. Transplant Proc
2013; 45: 1084-1087 [PMID: 23622632 DOI: 10.1016/j.transproceed.2013.03.008]
P- Reviewers: Bonaz BL, Liu ZJ S- Editor: Gou SX
L- Editor: A E- Editor: Wu HL

WJG|www.wjgnet.com

3533

April 7, 2014|Volume 20|Issue 13|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i13.3534

World J Gastroenterol 2014 April 7; 20(13): 3534-3541
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

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

Pharmacogenetics of azathioprine in inflammatory bowel
disease: A role for glutathione-S-transferase?
Gabriele Stocco, Marco Pelin, Raffaella Franca, Sara De Iudicibus, Eva Cuzzoni, Diego Favretto,
Stefano Martelossi, Alessandro Ventura, Giuliana Decorti
Gabriele Stocco, Marco Pelin, Giuliana Decorti, Department
of Life Sciences, University of Trieste, I-34127 Trieste, Italy
Raffaella Franca, Sara De Iudicibus, Diego Favretto, Stefano Martelossi, Alessandro Ventura, Institute for Maternal and
Child Health IRCCS Burlo Garofolo, I-34137 Trieste, Italy
Eva Cuzzoni, Alessandro Ventura, Department of Medical,
Surgical and Health Sciences, University of Trieste, I-34127 Trieste, Italy
Author contributions: All authors participated in the preparation, writing and discussion of the manuscript.
Correspondence to: Gabriele Stocco, PhD, Department of
Life Sciences, University of Trieste, via A. Fleming 22, I-34127
Trieste, Italy. stoccog@units.it
Telephone: +39-40-5588634 Fax: +39-40-5588634
Received: October 31, 2013 Revised: December 30, 2013
Accepted: January 19, 2014
Published online: April 7, 2014

reserved.

Key words: Inflammatory bowel disease; Azathioprine;
Pharmacogenetics; Glutathione-S-transferase; Pediatric
patients
Core tip: Polymorphisms of glutathione-S-transferase-M1 may influence azathioprine effects in young
patients with inflammatory bowel disease by increasing
the drug activation and by modulating oxidative stress
and apoptosis.
Stocco G, Pelin M, Franca R, De Iudicibus S, Cuzzoni E, Favretto
D, Martelossi S, Ventura A, Decorti G. Pharmacogenetics of azathioprine in inflammatory bowel disease: A role for glutathioneS-transferase? World J Gastroenterol 2014; 20(13): 3534-3541
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i13/3534.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i13.3534

Abstract
Azathioprine is a purine antimetabolite drug commonly
used to treat inflammatory bowel disease (IBD). In vivo
it is active after reaction with reduced glutathione (GSH)
and conversion to mercaptopurine. Although this reaction may occur spontaneously, the presence of isoforms
M and A of the enzyme glutathione-S-transferase (GST)
may increase its speed. Indeed, in pediatric patients
with IBD, deletion of GST-M1, which determines reduced
enzymatic activity, was recently associated with reduced
sensitivity to azathioprine and reduced production of
azathioprine active metabolites. In addition to increase
the activation of azathioprine to mercaptopurine, GSTs
may contribute to azathioprine effects even by modulating GSH consumption, oxidative stress and apoptosis.
Therefore, genetic polymorphisms in genes for GSTs
may be useful to predict response to azathioprine even if
more in vitro and clinical validation studies are needed.

INTRODUCTION
Azathioprine, the 1-methyl-4-nitroimidazol-5-yl derivative
of mercaptopurine, is a purine antimetabolite drug commonly used to treat inflammatory bowel disease (IBD).
Despite the introduction of effective biological treatments, such as antibodies against tumor necrosis factor-α
(TNF-α), azathioprine is still a mainstay for maintenance
therapy of severe IBD. Azathioprine is a prodrug and
requires complex conversion to active metabolites (Figure 1). The first step in this conversion is the reaction of
azathioprine with reduced glutathione (GSH), to yield
the prodrug mercaptopurine and a nitroimidazole derivative/conjugate of GSH. Even though this reaction
can occur spontaneously[1] the presence of the enzyme
glutathione-S-transferase (GST) may increase its speed,

© 2014 Baishideng Publishing Group Co., Limited. All rights
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Figure 1 Metabolism of azathioprine and mercaptopurine. 6-Me-TIMP: 6-methyl-thioinosine-monophosphate; 6-Me-TITP: 6-methyl-thioinosine-triphosphate;
6-MMP: 6-methyl-mercaptopurine; 6-MP: Mercaptopurine; 6-TGDP: 6-thioguanine-diphosphate; 6-TGMP: 6-thioguanine-monophopsphate; 6-TGN: 6-thioguanine
nucleotide; 6-TGTP: 6-thioguanine-triphopshate; 6-TIMP: 6-thioinosine-monophosphate; 6-TITP: 6-thioinosine-triphosphate; 6-TU: 6-thiouric; 6-TXMP: 6-thioxanthosine-monophosphate; AZA: Azathioprine; GMPS: Guanosine-monophosphate-synthase; GST: glutathione-S-transferase; HPRT: Hypoxanthinephosphate-rybosiltransferase; IMPDH: Inosine-monophosphate-dehydrogenase; k: Kinase; TPMT: Thiopurine-S-methyl-transferase; XO: Xanthine-oxidase.

as discussed later. Even mercaptopurine needs metabolic
conversion to thioguanine nucleotides (TGNs), catalyzed
by the enzymes of the purine salvage pathway. Moreover, mercaptopurine is inactivated in the liver mainly by
xanthine oxidase (XO), while in the extra hepatic tissues
mercaptopurine catabolism involves predominantly genes
that display genetically determined polymorphic activity,
such as thiopurine-S-methyltransferase (TPMT) and inosine triphosphate pyrophosphatase (ITPA). After oral administration, intact azathioprine is undetectable in blood
because of extensive first pass metabolism[2].
Mercaptopurine’s cytotoxic effects are mainly related
to incorporation of the active TGNs in the nucleic acids
and to the consequent interference with the function of
DNA processing enzymes and, to some extent, to inhibition of de novo purine synthesis, mainly operated by methylated precursors of TGNs.
While mercaptopurine pharmacokinetics and pharmacodynamics have been characterized extensively, the
mechanism of conversion of azathioprine to mercaptopurine and its clinical implications for therapy personalization have not been completely elucidated.

cific GST isoforms, due to genetic polymorphisms, may
present decreased sensitivity to azathioprine because of
a reduced enzymatic conversion of azathioprine to mercaptopurine, was tested recently by our team in young
patients with IBD. The deletion of GST-M1, GST-T1
and the coding non synonymous single nucleotide polymorphism rs1695 in GST-P1 were tested. An initial study
considered a cohort of 70 young patients (median age
16.2 years, 36 females) with IBD (41 Crohn’s disease, 29
ulcerative colitis). Among these, 15 patients developed adverse events during treatment with azathioprine: in particular, there were three cases of bone marrow suppression,
three cases of liver toxicity, seven cases of pancreatic
toxicity, one case of neuropathy and one case of arthralgia; all these side effects resolved completely after the
reduction or interruption of azathioprine administration:
azathioprine was therefore considered the main determinant of the adverse effects. Interestingly, the candidate
genetic association analysis in these patients revealed that
frequency of GST-M1 deletion was significantly lower in
patients that developed an adverse event in comparison
to patients that tolerated azathioprine treatment with no
adverse event (frequency of deletion respectively 26.7%
vs 67.3%, P = 0.0072). Moreover, the incidence of mild
lymphopenia (lymphocytes count under 1000/mm3), that
was considered a marker of efficacy during azathioprine
treatment, resulted associated with GST-M1 genotype:
indeed, among patients tolerating azathioprine treatment

EFFECTS OF GST POLYMORPHISMS
ON AZATHIOPRINE EFFICACY AND
METABOLISM IN PATIENTS WITH IBD
The hypothesis that patients with reduced levels of spe-
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and with lymphopenia, frequency of the deletion was
28.6% in comparison to 72.9% among patients tolerant
to azathioprine but that did not present this drug effect (P
= 0.032)[3]. Taken together, these results are in agreement
with a model in which patients with GST-M1 deletion
are less sensitive to the effects of azathioprine, putatively
because of the contribution of this enzyme on the conversion of azathioprine to mercaptopurine. In a recent
study, we evaluated the effects of GST polymorphisms
on azathioprine metabolism in a cohort of 75 young patients (median age 15.2 years, 36 females) with IBD (46
Crohn’s disease, 29 ulcerative colitis) tolerant to azathioprine therapy (taking azathioprine for more than 3 mo).
Azathioprine metabolites were measured on samples collected from these patients using an high performance liquid chromatography assay (HPLC)[4]: 150 measurements
of azathioprine metabolites were collected. Patients with
the deletion of GST-M1 tolerated a dose of azathioprine
significantly higher in comparison to patients with normal
GST-M1 (mean dose of azathioprine 2.1 mg/kg per day
vs 1.8 mg/kg per day, P = 0.022). Moreover, the amount
of active TGNs generated in patients with the deletion
of GST-M1 was significantly decreased in comparison to
patients with a normal genotype (mean amount of TGNs
metabolites concentration for mg/kg of azathioprine:
252 pmol/8 × 108 erythrocytes vs 164 pmol/8 × 108
erythrocytes, P = 0.0030). Multivariate analysis confirmed
that this effect was independent from that of other genes
with a significant effect, such as TPMT, the main gene
known to influence mercaptopurine metabolism[5]. This
study therefore supports a role of GST-M1 on azathioprine efficacy, mediated by an increased conversion of
azathioprine to mercaptopurine. The reaction catalyzed
by GST-M1 likely occurs after oral administration mainly
in the intestine and the liver, modulating the amount of
mercaptopurine and TGNs that are released in the main
circulation.
These studies considered even the effect of GST-P1
and GST-T1 polymorphisms on azathioprine effects and
metabolism but did not detect any significant association.
The lack of association may be due to the tissue distribution of GST-P1 and GST-T1, which are not highly expressed in the liver, but even to the lack of specific activity of these enzymes toward the catalysis of the reaction
of azathioprine with glutathione[6]. Another study considered GST-M1 genetic polymorphisms as a candidate
involved in azathioprine activation[7]: this report considered 51 Asian patients with systemic lupus erythematosus
(SLE) and the effect of polymorphisms in the ITPA,
TPMT, GST-M1 and GST-T1 genes on the response to a
low dose of azathioprine (0.97 mg/kg per day). Response
to therapy, evaluated as a change in disease activity index,
was associated with ITPA genetic polymorphism but not
with the other ones. A clear interpretation of this paper
results may be difficult because of the lack of data on
azathioprine metabolites concentrations. However, the
lack of an effect of GST-M1 on azathioprine efficacy in
this study may be due to the very low dose of drug used.
This study indicated that in Asian patients with SLE

WJG|www.wjgnet.com

the effect of ITPA might be predominant on those of
TPMT and GST-M1 when azathioprine is used at very
low doses; indeed, in this study even TPMT genetic polymorphism was not associated with azathioprine efficacy.
It is known that in patients with Asian ancestry the frequency of variant TPMT is very low, while that of variant
ITPA is increased in comparison to Caucasians[8,9].

INVOLVEMENT OF GST IN
AZATHIOPRINE MOLECULAR AND
CELLULAR EFFECTS
GSTs are enzymes responsible for the inactivation of
electrophilic substances, both endogenous and exogenous, by catalyzing their reaction with GSH. Human
cytosolic GSTs are encoded by 17 genes and the proteins
derived can be classified into 7 distinct classes based on
their amino acid sequences. The most abundant GSTs in
human cells are those of class P, M and A. GST-P1 is the
principal isoform in most tissues, such as the small intestine and erythrocytes, but is not detectable in normal liver
cells; on the other hand, GSTs M1, A1 and A2 are highly
expressed in hepatocytes, while they are not expressed in
erythrocytes. GST-T1 is expressed in the liver, intestine
and erythrocytes even if its level of expression is lower
compared to GSTs of the other classes[6].
All the genes for these GST classes display common
genetic polymorphisms that influence the activity of the
enzyme in some individuals. For GST-M1 and T1, a common deletion is present in humans, so that about 50%
and 20% of caucasians lack activity of these enzymes because of this genetic variant. In patients of African and
Asian ancestry, frequency of GST-T1 deletion is higher
than Caucasian, reaching around 50%, while frequency
of GST-M1 deletion is similar[10]. GST-P1 displays a common coding non-synonymous variant, an A-G transition
at base 1578, resulting in the amino acid change I105V in
the substrate binding site of the enzyme: the frequency
of the variant genotype for this polymorphism in Caucasian and African is similar (13%-15%), while in Asian the
percentage is lower (1%-2%)[11,12].
Even expression of GST-A is modulated by genetic
polymorphism: GST-A1 -69 C > T results in a reduced
GST-A1 expression and related enzyme activity[13,14].
The GST-A1 polymorphism shows different frequencies for the mutated genotype between Caucasian and
African (respectively 17% and 11%) and Asian (1%). For
GST-A2, a C-T transition at base 328, resulting in the
amino acid change P110S in the electrophilic substrate
binding site, occurs only in heterozygosis, at a frequency
of 11% in Caucasian and 23% in Asian population[15,16].
In the African population, the variant allele to date has
not been found (Table 1). Genetic polymorphisms in
GSTs, determining the interindividual variability in the
activity of these important metabolic enzymes, have been
related to the incidence of several pathologies, in particular oncological, and to altered sensitivity to medications,
including azathioprine[17-20].

3536

April 7, 2014|Volume 20|Issue 13|

Stocco G et al . Effects of glutathione-S-transferase on azathioprine activation

the conversion of azathioprine to mercaptopurine. The
authors suggest that individuals with high levels of GST
could be particularly sensitive to azathioprine and potentially more prone to adverse effects during treatment with
azathioprine, because of both increased concentrations
of free mercaptopurine and of a more pronounced GSH
depletion.

Table 1 Glutathione-S-transferase polymorphisms and
frequencies in different ethnic groups
Gene
GST-M1
GST-T1
GST-P1
GST-A1
GST-A2

Polymorphisms

Caucasian

Deletion
Deletion
rs1695 (A > G)
rs3957357 (C > T)
rs2234951 (C > T)

50%
20%
13% (GG)
17% (TT)
11% (CT)

African

Asian

50%
50%
50%
50%
15% (GG) 1%-2% (GG)
11% (TT)
1% (TT)
0% (CT)
23% (CT)

Oxidative damage
Considering the intracellular enzymes involved in thiopurines’ metabolism, it is reasonable to suggest that these
agents are able to induce oxidative stress. Indeed, it has
been demonstrated that thiopurines can generate directly
reactive oxygen species (ROS) in cells exposed to ultra
violet light[25,26]. Moreover, regarding azathioprine, some
evidence suggest an indirect ability to induce oxidative
stress, mediated primarily by GSH consumption during
the metabolic conversion of azathioprine to mercaptopurine[27,28]. GSTs, influencing the reaction of azathioprine with GSH, may influence therefore the cellular
effects of azathioprine mediated by oxidative damage.
Moreover, even metabolism of thiopurines by XO may
generate ROS, as assessed on primary cultures of rat
hepatocytes[28]. XO, which metabolizes mercaptopurine,
converting it to thiouric acid, is a well know producer
of ROS, such as superoxide anion[29], whose accumulation could worsen the oxidative stress induced by GSH
depletion. Allopurinol, a XO inhibitor, has been shown
to restore response to thiopurines in patients with IBD
unresponsive to thiopurines and with unfavorable metabolic ratio, increasing the concentration of active TGNs
and decreasing those of the methylated nucleotides, likely
because of inhibition of TPMT[30]. Cellular redox balance is largely determined by GSH. Depletion of such
cellular antioxidant defenses allows the accumulation of
significant amounts of ROS, as demonstrated in several
systems[31,32], which, in turn, have been suggested to act
as a signal for apoptosis induction[33]. Regarding azathioprine, exposure to this medication in vitro induces a rapid
depletion of GSH in hepatocytes before any loss of viability. Addition of exogenous GSH or N-acetylcysteine
protected against cell death. Lee et al[27] suggested that oxidative stress induced by GSH depletion is able to induce
mitochondrial damage, opening of mitochondrial permeability transition pore (MPTP) and rapid consumption of
adenosine triphosphate. Ultrastructural analysis showed
occurrence of necrosis after azathioprine exposure. The
fact that, under the same experimental conditions, mercaptopurine was not able to reduce hepatocyte viability,
allows suggesting that the activating steps triggered by
GST and the associated GSH depletion could be a crucial
step in azathioprine cytotoxicity in vitro.
Among the many secondary effects attributed to
them, a role for ROS in mediating an anti-proliferative
effect has been demonstrated. Indeed, the cellular redox
balance fluctuates during cell cycle, so that the redox state
modulates cell cycle progression from one phase to the
next[34]. In this scenario, significantly higher GSH content

GST: Glutathione-S-transferase.

Enzymatic conversion
Azathioprine conversion to mercaptopurine can occur
spontaneously[1], even if in the presence of specific GST
classes and at physiological pH values the reaction catalyzed by the enzyme may be prevalent.
Kaplowitz described an initial report on the enzymatic contribution on the conversion of azathioprine
to mercaptopurine in rat liver homogenates. While at
relatively high pH levels (i.e., 8.0) the non-enzymatic reaction and the enzymatic one occur in similar proportions;
at lower pH levels (i.e., 6.5-7.4), closer to physiological
values, the enzymatic reaction prevails[21]. The same reaction has been demonstrated in homogenates of human
livers: in these samples, mainly from kidney transplant
donors, conversion of azathioprine to mercaptopurine
was inhibited by treatment with furosemide, a GST inhibitor[22]. Additional evidence obtained in animal models
supports a significant contribution of the enzymatic conversion of azathioprine to mercaptopurine in vivo. Indeed,
pretreatment of rats with probenecid, a GST inhibitor,
determines a greater proportion of unmetabolized azathioprine in the liver and less hepatic GSH depletion.
Bilirubin is also a GST inhibitor and, in a model of hyperbilirubinemic rat (Gunn rat), less hepatic GSH depletion was found during exposure to azathioprine[23]. These
observations indicate that the conversion of azathioprine
to mercaptopurine in vivo is mediated enzymatically by
the GSTs. After oral administration of azathioprine this
reaction likely occurs mostly in the liver: indeed after
oral administration azathioprine is undetectable in blood,
while mercaptopurine appears after either oral or iv azathioprine administration[2]. In addition it has been shown
that after ip injection of azathioprine in rats, GSH was
depleted rapidly in hepatocytes but not in other tissues
(i.e., erythrocytes, kidneys and intestine) indicating that after administration of azathioprine, the hepatic contribution to total GSH consumption may be predominant[24].
Eklund et al[6] have shown that among 14 GSTs tested,
GST-A1, GST-A2 and GST-M1 displayed the highest
activity on the catalysis of azathioprine to mercaptopurine; these enzymes are all highly expressed in human
hepatocytes and therefore in these cells the uncatalyzed
reaction of azathioprine with GSH was estimated to be
less than 1% of the GST-catalyzed biotransformation.
Interestingly, GST-M1 and GST-A display genetically determined variable expression levels. These differences in
GST activity may result in interindividual differences in
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in the G2 and M phases compared with G1 were found[35].
Hence, it is reasonable to hypothesize a role for ROS
in affecting the anti-proliferative effect of thiopurines,
which are cell cycle phase specific agents and especially
azathioprine, which consumes GSH during its conversion
to mercaptopurine.
Azathioprine half-life is very short and its therapeutic
effects on lymphocytes are likely due to the metabolites
produced after first pass metabolism in the intestinal
and liver cells. However, azathioprine cytotoxic effects
due to GSH consumption are likely to play an important
role on the development of cytotoxicity in intestinal and
liver cells, supporting a role in the induction of adverse
events in these organ systems. However, the fact that on
hepatocytes azathioprine is able to modulate a necrotic
cell death through a cyclosporine-A sensitive MPTP
opening, rise some doubts on the actual role of oxidative
stress[27]. Studies are still required to demonstrate if ROS
could represent an alternative mechanism of cytotoxicity
induced by azathioprine and its clinical relevance.

achieved independently from the well-known conjugating
activity and occurs through a physical protein-protein interaction with c-Jun N-terminal Kinase (JNK), a member
of the mitogen-activated protein kinases (MAPK), with
the consequent inhibition of the downstream JNK-induced apoptotic pathway. GST-M1 plays a similar role of
negative regulator by physically sequestering the apoptosis-signaling regulating kinase 1 (ASK-1), a MAPK kinase
kinase that activates both JNK and stress responsive p-38
kinase (another MAPK)[37]. Stress triggers, such as heat
shock or the pro-inflammatory cytokines TNF-α and
interleukin 1-β, promotes the dissociation of GST-M1
from ASK1, resulting in the activation of ASK-1 and
the phosphorylation-dependent activation of p38[38]. The
final cell fate (proliferation or apoptosis) depends on the
strength and duration of the cellular stress.
GST-A1 has been found to suppress activation of
JNK signaling by a pro-inflammatory cytokine and oxidative stress in Caco-2 cells, suggesting also a protective
role for GST-A1 in JNK-associated apoptosis[39].
The expression of GSTs of the M and A classes has
been reported to drop under apoptotic conditions and
their overexpression was able to block apoptosis in rat
hepatocytes[40]. GST-M1 has been reported to bind to
ASK1 and inhibit apoptosis[37].
Matsumaru et al[41] reported that depletion of cytosolic GSH could sensitize murine hepatocytes to apoptosis induced by TNF-α[41,42]; clinical studies have shown
that TNF-α protein and mRNA levels are elevated in
serum, intestinal tissue and stools of active IBD, in correlation with disease activity[43]. Therefore, even depletion
of GSH catalyzed by GST could make cells of patients
with IBD particularly sensitive to the cytotoxic effects of
thiopurines, potentially leading to an increased incidence

Modulation of apoptosis
Azathioprine and mercaptopurine induce apoptosis in activated lymphocytes and these effects should be crucial in
determining the efficacy of these medications as immunomodulators in young patients with IBD[36]. GSTs have
been shown to modulate apoptosis and the incidence
of lymphopenia during treatment of IBD patients and
therefore modulation of apoptosis by GSTs may be of
significant relevance as a mechanism for the role of these
proteins on azathioprine effects.
GST-P1 was the first isoenzyme found to play a role
in signaling pathways that control cell survival, and so
far is the most important one. This regulation role is
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of adverse events.
3

CONCLUSION
It would be important that other studies validate the observation of the increased conversion of azathioprine to
mercaptopurine in patients with normal GST-M1, resulting in increased sensitivity to the medication in patients
with IBD, both clinically and using in vitro experiments.
Moreover, since GSTs of the A class are highly expressed
in the liver, have catalytic activity on the conversion of
azathioprine to mercaptopurine and display genetically
determined polymorphic activity, it would be important
to evaluate the role even of variation in genes for the A
class of GST on azathioprine pharmacokinetics and efficacy.
Further insights on the role of genetic polymorphisms of GST and other enzymes on azathioprine
pharmacogenetics could come from the use of innovative and more sensitive methods for the measurement of
azathioprine metabolites. Indeed, most of the research
published so far, including the papers mentioned in this
report, have characterized thiopurine metabolites in
erythrocytes from patients with IBD, using HPLC methods that group all thionucleosides as TGNs or methylated nucleotides[4,44], without distinguishing the degree of
phosphorylation, which may be of relevance for thiopurines’ cellular effects[45]. Given the complexity of thiopurines’ metabolism, methods with increased sensitivity,
allowing to assess the nucleotides degree of phosphorylation and potentially the identification of additional relevant species, such as those based on mass spectrometry
are of great interest[46]. Moreover, these methods with
increased sensitivity allow the use of very small volumes
of patients’ samples and this is particularly relevant for
pediatric patients[47,48].
The increasing complexity[49] of thiopurines’ pharmacogenetics has been consolidating: while TPMT is the
strongest determinant of variability in the pharmacokinetics of these medications[50], currently used in several
clinical protocols to adjust treatment with thiopurines,
even other genes, such as ITPA, have been shown to be
of relevance[51]. Based on the clinical and in vitro evidence
highlighted in this paper (Figure 2), it seems that for
azathioprine even GST-M1 genetic polymorphism could
enter in a useful multi-locus genotype to predict patients’
response to this medication. However, the association of
GST-M1 with azathioprine efficacy in patients with IBD
still needs to be supported mechanistically by in vitro studies and validated by adequately sized prospective clinical
trials.
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iron compounds in treating iron deficiency in IBD. In
special situations, erythropoietin supplementation and
biological therapies should be considered. In conclusion, the management of anemia is a complex aspect
of treating IBD patients, one that significantly influences the prognosis of the disease. As a consequence,
its correction should be considered a specific, first-line
therapeutic goal in the management of these patients.

Abstract

Core tip: Anemia represents one of the major causes
of both decreased quality of life and increased hospital admissions among inflammatory bowel disease
(IBD) patients. This paper analyses the complex etiological and pathophysiological mechanisms underlying anemia in IBD, including iron and micronutrients
deficiency, effects of proinflammatory mediators and
bone marrow insufficiency secondary to the disease
by itself and IBD therapy. By a comprehensive review
of the current diagnostic and therapeutic evidences
on anemia in IBD, an state-of-the-art approach will be
provided to effectively manage this challenging and
common condition.

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

Key words: Anemia; Inflammatory bowel disease; Iron
deficiency; Anemia of chronic disease; Erythropoietin

Anemia, a common complication associated with inflammatory bowel disease (IBD), is frequently overlooked in the management of IBD patients. Unfortunately, it represents one of the major causes of both
decreased quality of life and increased hospital admissions among this population. Anemia in IBD is pathogenically complex, with several factors contributing
to its development. While iron deficiency is the most
common cause, vitamin B12 and folic acid deficiencies,
along with the effects of pro-inflammatory cytokines,
hemolysis, drug therapies, and myelosuppression,
have also been identified as the underlying etiology
in a number of patients. Each of these etiological factors thus needs to be identified and corrected in order
to effectively manage anemia in IBD. Because the diagnosis of anemia in IBD often presents a challenge,
combinations of several hematimetric and biochemical
parameters should be used. Recent studies underscore
the importance of determining the ferritin index and
hepcidin levels in order to distinguish between iron
deficiency anemia, anemia due to chronic disease, or
mixed anemia in IBD patients. With regard to treatment, the newly introduced intravenous iron formulations have several advantages over orally-administered
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INTRODUCTION
Anemia, a frequent systemic complication in patients
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Hemolytic anemia
Vitamin B12 and
folic acid deficiency

PREVALENCE OF ANEMIA IN
INFLAMMATORY BOWEL DISEASE

Myelosuppression

The prevalence of anemia in IBD is markedly variable,
ranging from 6% to 74% in two systematic reviews[10,11].
The more recent review calculated a mean prevalence
of 17% (16% in outpatients and 68% in hospitalized
patients), with anemia occurring more frequently in
patients with Crohn’s disease (CD) than in those with
ulcerative colitis (UC)[3,12]. This variability in the prevalence of anemia depends on different factors. First, the
definition of anemia is not homogenous in the various
studies reviewed. In fact, because the widely accepted
World Health Organization criterion for the diagnosis of
anemia [hemoglobin (Hb) below 13 g/dL in men or 12
g/dL in non-pregnant women][13] has been questioned
due to racial differences, environmental conditions, and
eating habits[14,15], its use cannot completely reflect the
real prevalence of anemia in different IBD populations.
Furthermore, estimations of the prevalence of anemia
often depend on the specific groups of patients studied
(for example, hospitalized patients vs outpatients). In this
sense, a study from a Swedish cohort showed that the
prevalence of anemia in hospitalized UC and CD patients was higher than among outpatient populations (5%
vs 35% and 9% vs 50%, respectively)[16]. Furthermore, it
is important to note that anemia has been poorly studied
in pediatric IBD patients. One recent epidemiological
study showed that while the prevalence of anemia was
72% at the time of diagnosis, the proportion of severely
anemic pediatric patients decreased from 34% to 9%
while the number of patients with mild anemia doubled
after 1 year of follow-up[17]. Finally, because Hb levels
form part of a widely used disease activity index, the
presence of anemia correlates directly with disease activity, which means that the prevalence of anemia may
change throughout the natural history of the disease.
In fact, the prevalence of mild and moderate anemia in
IBD has decreased over time, reflecting improved treatment and management of the disease. However, the
prevalence of severe anemia in IBD patients over the
last 10 years has not decreased in the same manner[18].

Anemia

Iron deficiency

Absolute deficiency

Inflammation
(TNF-α, IL-1, IL-6)

Iron homeostasis

Functional deficiency

Figure 1 Pathogenesis of multifactorial anemia associated to inflammatory bowel disease. TNF-α: Tumour necrosis factor-α; IL: interleukin.

with inflammatory bowel disease (IBD), has a complex
and multifactorial pathogenesis (Figure 1). It is considered a prototype of a combination of iron deficiency
(IDA) and anemia of chronic disease (ACD), which is
caused by the negative effects of an activated immune
system at different levels of erythropoiesis[1,2]. Besides
IDA and ACD, metabolic disturbances, vitamin deficiencies, and various drug therapies commonly used in IBD
can aggravate anemia in IBD patients[3]. The study of
anemia in these patients thus requires a specific diagnostic and therapeutic approach.
It is important to highlight that anemia has a significant impact on the disease and is one of the most
frequent comorbid conditions associated with mortality
in IBD patients[4]. In addition, it also has a relevant effect on health related quality of life (QoL) and ability
to work[5,6]. The fact that it is also a common cause of
hospitalization and delay of discharge[7] only serves to
underscore the need for prompt diagnosis and management of this condition.
Although the correction of anemia in IBD patients
can improve the QoL and the quality of patient management, the specific diagnosis and treatment of anemia
is often a low priority for gastroenterologists and has
thus received little attention. A recent study showed that
further diagnostic tests were undertaken in only onethird of patients with proven anemia and that 54.3%
of patients diagnosed with IDA receive no iron supplements[8,9].
This article reviews current data on the diagnosis and
treatment of anemia in IBD patients. A search was conducted in the PubMed, Cochrane, MEDLINE, and Scopus libraries with the following individual and combined
key words: Crohn’s disease, ulcerative colitis, anemia,
iron deficiency anemia, anemia of chronic disease, vitamin B12 deficiency, folic acid deficiency, myelodysplastic
syndrome, refractory anemia, iron supplementation, intravenous iron therapy, erythropoietin, and inflammatory
bowel disease. References cited in the articles retrieved
were also searched in order to identify other potential
sources of information. The results were limited to human studies available in English.
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Pathogenesis of anemia in
inflammatory bowel disease
Iron deficiency anemia
Iron deficiency is the most common cause of anemia
in IBD patients, with a reported prevalence of up to
90%[11]. Iron deficiency may be related to “absolute iron
deficiency” due to low dietary intake and blood loss
from ulcerated intestinal mucosa (especially in UC patients) along with reduced iron absorption (especially in
CD localized in the upper GI tract), or it may be related
to “functional iron deficiency.”
Iron is an essential mineral for the function of all
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CD patients and in 5% of UC patients[31] while folic acid
deficiency has been noted in 67% of CD patients and in
30%-40% of UC patients[31-33]. These types of deficiencies depend on low dietary intake as well as increased
turnover of epithelial cells due to chronic inflammation
in the intestinal mucosa and a reduced absorption in the
intestinal tract[34-36]. In CD, several factors influence these
deficiencies, including the inflammatory involvement of
ileal mucosa, the presence of fistulas, secondary bacterial
overgrowth with direct consumption of vitamin B12, and
extensive surgical resections in small bowel segments
with impaired absorption [37]. Deficiencies in patients
with UC derive from proctocolectomy and ileo-pouch
anastomosis, with the prevalence of vitamin B12 deficiency being affected more by surgical changes leading
to impaired function of ileal receptors, reduced intestinal
transit time, and secondary bacterial overgrowth than on
the length of the ileal segment resected[38].
Autoimmune hemolytic anemia (AIHA) is a rare
type of anemia observed in UC patients. It can be due
either to the development of antibodies with crossreactivity with erythrocytes[39] or to the hemolytic effect
of sulfasalazine in patients with glucose-6-phosphate
dehydrogenase deficiency[40]. This association was first
described in 1955 by Lorber et al[41] with the most recent
studies calculating that the prevalence of AIHA in UC
patients is between 0.2%-1.7%, as indicated by a positive
Coombs test result in 1.8% of patients studied[40]. AIHA
can occur before, after, or at the moment of diagnosing UC. Even when the potential relationship between
disease activity and the occurrence of AIHA is not clear,
a correlation with the extension of the disease has been
demonstrated in several reports, which show a prevalence of AIHA of up to 28% in patients with extensive
colitis[40].
Anemia can also represent a late manifestation of
myelosuppression in IBD patients due to several factors.
Firstly, myelosuppression can be associated with myelodysplastic syndrome (MDS), with ineffective erythropoiesis and a risk of progression to acute myeloid leukemia.
Some studies have shown a frequent predominance of
MDS in CD with colorectal involvement; however, it
should be noted that the prognosis of IBD with concomitant MSD is determined by the MSD itself[42]. The
prevalence of MDS in IBD patients has been estimated
to be 0.17%, with a higher incidence in IBD patients
than in the general population (170/100000 IBD patients/year vs 20-30/100000 of the general population
over the age of 70/year)[43]. This is probably due to a
undetermined common pathogenetic mechanism, the
long-term use of immunosuppressive drugs, or chromosomal abnormalities in bone marrow cells that have
been observed in 67% of patients with concomitant
IBD and MSD[44,45]. These can induce the development
of colitogenic monocytes, producing a large number of
pro-inflammatory cytokines resistant to apoptosis upon
stimulation with microbial antigens. Indeed, one of the
first hypotheses about this association regarded IBD to
be an extra-hematologic manifestation of MSD with a

body cells and is absorbed at the apical surface of enterocytes to be transported by ferroportin across the basolateral surface of the enterocyte into the circulation[19].
In the maintenance of iron homeostasis, the peptide
hormone hepcidin is a master regulator that is produced
in response to iron overload or upon induction by proinflammatory stimuli such as lipopolysaccharide or
interleukin (IL)-6. In fact, inflammatory conditions can
interfere with iron absorption by causing an increase in
hepcidin that inhibits ferroportin activity[20], leading to
its internalization and degradation[21]. The inhibition of
ferroportin activity blocks the transfer of absorbed iron
from the enterocyte into the circulation and causes iron
retention in the macrophages and monocyte cells[22]. In
addition, during inflammation other events contribute
to the retention of iron in these cells, including the inhibition of ferroportin transcription by pro and antiinflammatory cytokine action and a reduction in the
half-life of erythrocytes due to oxidative stress and lipidperoxidation, with iron recycling through erythrophagocytosis[23]. These mechanisms all lead to “functional iron
deficiency,” which means that despite an abundance of
iron in the body, it is not available for erythropoiesis.
Anemia of chronic disease
The exact prevalence of ACD in IBD patients is unknown [24], with its etiology being ascribed to altered
erythropoiesis at different levels [25]. Firstly, chronic
inflammation can decrease erythropoiesis by direct action of interferon (IFN)- γ , IFN- α , tumor necrosis
factor (TNF)-α, and IL-1 in the bone marrow to exert
pro-apoptotic effects on erythroid burst-forming units
(BFU-E) and colony-forming units (CFU-E)[26]. Moreover, IL-1, IL-6, TNF-α, and hepcidin may decrease
erythropoietin (EPO) synthesis and impair its biological activity[1,27]. In fact, EPO levels in ACD have been
found to be inadequate in some chronic disease and IBD
patients[11,28,29]. Low EPO production is due to direct
inhibition of the activity of the promoter of the EPO
gene by IL-1 and TNF-α, which in turn inhibits the synthesis of EPO in the kidney and acts indirectly on EPOproducer cells through cytokine-induced toxic radicals[30].
Impairment of the biological activity of EPO means
that much higher amounts of EPO are needed to restore
the formation of CFU-E in the bone marrow. Cytokines
can also interfere with the signaling process mediated by
the interaction of EPO and its receptor and can downregulate EPO receptors on erythroid progenitor cells[26],
thus producing cell resistance to EPO activity. Finally,
the limited availability of iron for heme biosynthesis induced by “functional” or “absolute’’ iron deficiency and
the inhibition of iron uptake into erythroid progenitors
due to the blocking of the transferrin receptor by alfa1antitrypsin (an acute phase protein) negatively affect the
biological functions of EPO along with cell growth and
differentiation[1].
Other types of anemia
Vitamin B12 deficiency has been observed in 48% of
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ACD[51]. However, many of the laboratory measures of
iron status may be unreliable in IBD patients because
the inflammation influences all parameters of iron metabolism to produce “functional iron deficiency[52,53]”.
For this reason, in some cases it is essential to use other,
more specific biomarkers of iron status to allow for the
differentiation between predominantly IDA, predominantly ACD, and ACD combined with iron deficiency in
order to provide appropriate, more effective treatment[54]
(Table 1). Further testing for causes of anemia in IBD
may include tests for vitamin B12, folic acid (especially
erythrocyte levels, which, when available, represent the
best stable marker of folic acid deficiency), haptoglobin,
lactate dehydrogenase, indirect bilirubin (with Coombs
test if hemolytic anemia is confirmed), and serum creatinine in order to rule out potential hemolysis or renal failure, which in itself can cause macrocytic or normocytic
anemia[51]. It should be noted that if the origin of anemia
is not obvious, IBD patients should be tested for MDS,
especially if normocytic and hypo-regenerative anemia
are both present, carrying out a bone marrow study in
selected patients.
Once a diagnosis of IBD has been established, patients in clinical remission should be screened for anemia
at least every 6 to 12 mo, whereas patients with active
disease should be tested every 3 mo or at even shorter
intervals, depending upon their iron status[55].

Table 1 Laboratory findings in anemia of inflammatory bowel
disease patients
Biomarkers

IDA

ACD

Mixed anemia

MCV (fL)
< 80
Normal or reduced Normal or reduced
MCH (pg)
< 27
Normal
Normal
CHr (pg)
< 28
Normal
Normal
C-RP (mg/dL)
Vormal
>5
>5
ferritin (ng/mL)
< 30
> 100
30-100
TfS (%)
< 20
< 20
< 20
Ferritin index
> 3.2
< 11
>2
sTfR
Increased
Normal
Normal or increased
Hepcidin (nmol/L) Reduced
Increased (> 4)
Increased (> 4)
MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin;
CHr: Reticulocyte hemoglobin content; C-RP: C-reactive protein; TfS:
Transferrin saturation; sTfR: Soluble transferrin receptor; IDA: Iron deficiency anemia; ACD: Anemia of chronic disease.

vasculitic process at the level of the mesenteric arteries[46]. Alternatively, myelosuppression may represent a
complication of severe UC with the development of a
systemic inflammatory response syndrome, or even been
a side effect of immunosuppressive drugs. There is an
increasing concern about therapy-induced leukemias
and myelodysplastic syndromes in patients treated with
thiopurines, which are extensively used as immunosuppresants in IBD, particularly for maintenance therapy[47].
Data from a large French cohort of patients (19486)
with inflammatory bowel disease identified a relative risk
of developing lymphoproliferative disorders as 5.2 for
patients who were treated with thiopurines compared to
those who were not[48].
Finally, additional gastrointestinal diseases that do not
usually cause bleeding should be also considered in case
of iron deficiency anemia in those IBD patients who
maintain disease into remission, including colon or gastric cancer o polyps, peptic ulcer, hiatal hernia with linear
erosions, atrophic or Helicobacter pylori-associated gastritis,
and celiac disease[49,50].

Iron deficiency anemia
Patients are considered to suffer from IDA when they
present with low Hb (men < 13 g/dL, non-pregnant
women < 12 g/dL), TfS < 20%, and ferritin concentrations < 30 ng/mL without any biochemical or clinical
signs of inflammation. A low MCH (< 27 pg) or even
better a low CHr (< 28 pg) rather than MCV (< 80 fL)
have became the most important red cell markers for detecting iron deficiency in circulating red blood cells. Although MCV is a reliable and widely available measurement, it tends to be a relatively late indicator in patients
who are not actively bleeding[56]. A normal Hb level does
not rule out iron deficiency and with an MCH in the
lower limit of normal (normal range: 28-35 pg) or an increased red cell distribution width (RDW, normal range:
11-15), one can suspect the presence of mild iron deficiency without anemia[57]. Although the main laboratory
marker for iron deficiency with or without anemia is a
low ferritin level (< 30 ng/mL) in the absence of inflammation, in the presence of inflammation a normal ferritin level (as an acute phase reactant) does not rule out
iron deficiency; therefore, TfS should also be measured.
“Functional iron deficiency” in inflammatory conditions
should be defined by low TfS (< 20%) and normal ferritin concentration (> 100 ng/mL), whereas low TfS (<
20%) and intermediate ferritin values (30-100 ng/mL)
suggest “absolute iron deficiency[57]”. Some authors suggest a cut-off value of TfS < 16% combined with low
iron value for the diagnosis of iron deficiency[51]. Iron
deficiency can also be defined by a ferritin index > 3.2 (>
2 if CRP > 5 mg/L). The ferritin index, which reflects

DIAGNOSIS OF ANEMIA IN
INFLAMMATORY BOWEL DISEASE
Basic laboratory screening for anemia in IBD should
consist of hemoglobin and full blood counts (including reticulocytes to differentiate between regenerative
or hypo-regenerative anemia), with a determination of
erythrocyte mean corpuscular volume (MCV) to distinguish between microcytic, normocytic, and macrocytic
anemia as well as a determination of mean corpuscular
Hb (MCH) and reticulocyte Hb content (CHr), if available. Moreover, assessments of both the level of inflammation by means of C-reactive protein (CRP) and of
iron status are required. There is no single biomarker to
diagnose iron deficiency in IBD; a combination of different biomarkers is needed. In most cases, total store of
body iron with serum-ferritin (or ferritin) and the iron
available in the bone marrow with transferrin saturation (TfS) is sufficient to differentiate between IDA and
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the iron supply for erythropoiesis, is calculated as the
ratio between the soluble transferrin receptor (sTfR) and
the log of ferritin[58]. The sTfR is a truncated fragment
of the membrane receptor and its levels increase when
the availability of iron for erythropoiesis is low, as occurs
in IDA. CHr, which measures the Hb content of reticulocytes, reflects the direct measurement of available iron
for erythropoiesis and is useful for differentiating IDA
from ACD. In particular, CHr has a high sensitivity and
specificity for diagnosing iron deficiency and is less affected by inflammation than TfS and ferritin, but no data
are available for its use in IBD[58].

sulphate, and ferrous gluconate containing 33%, 20%,
and 12% of elemental iron, respectively. A single tablet
of most of these ferrous salt preparations provides a
sufficient dose for the treatment of iron deficiency[65,66].
In fact, there is no evidence to support the administration of high doses of iron in comparative trials[65-67]; on
the contrary, excessive doses may actually decrease tolerance and compliance while increasing gastrointestinal
side effects, with a discontinuation of iron treatment in
20% of patients with or without IBD[68]. Nevertheless,
there are several drawbacks associated with oral iron
therapy that must be taken into account. In addition to
the generally low bioavailability of oral iron, intestinal
absorption is further compromised in IBD patients due
to an inflammation-driven blockade caused by increased
hepcidin levels. For this reason, in patients with active
inflammation and combined ACD/iron deficiency, intravenous administration of iron may be preferable to oral
iron therapy. Moreover, when achieved, the therapeutic
effect of oral iron supplementation is slow, requiring
two to three weeks to obtain increased Hb concentrations and up to two months to achieve normal values.
At least six months are needed to replenish iron stores
completely[69]. Moreover, non-absorbed iron salts can
be toxic to the intestinal mucosa and oral iron has been
shown to increase intestinal inflammation and possibly
colon carcinogenesis in animal models through the production of reactive oxygen species that mediate intestinal damage and the alteration of the intestinal bacterial
milieu in rodents[70-75].
Intravenous iron therapy is more effective, has a higher
response rate, and is better tolerated by patients, with
a lower discontinuation rate due to adverse events
than oral iron supplementations in IBD patients, as
demonstrated in a recent systematic review with metaanalysis[76]. However, it is important to highlight that
of 757 articles identified, only three industry-funded
articles met the inclusion criteria for this systematic
review[69,77-83]. Nevertheless, intravenous iron therapy
should be considered in patients with severe anemia (<
10 g/dL), with intolerance or inadequate response to
oral iron, or with concomitant erythropoietin treatment
and/or presence of active IBD. It should be noted that
the new intravenous iron formulations (iron carboxymaltose, iron ferumoxytol, and iron isomaltoside) reduce
both the risk of free iron reactions as well as that of immunogenicity without the need for administering a test
dose before starting treatment. Treatment duration is
also reduced because the new formulations are safer at
higher doses than traditional intravenous iron formulations (iron sucrose, ferric gluconate, and low molecular
weight iron dextran). Iron carboxymaltose is the only
new intravenous iron formulation approved for use in
Europe that has been studied in IBD patients. Its superiority at higher standardized doses over individually
calculated doses of iron sucrose has been demonstrated
along with its efficacy in reducing anemia recurrence as
compared to a placebo[84-86]. After 12 wk of follow-up,

Anemia of chronic disease
Patients are considered to suffer predominantly from
ACD when they present evidence of inflammation (with
increased levels of serum CRP and clinical signs), an Hb
concentration < 13 g/dL for men and < 12 g/dL for
non-pregnant women, and a low TfS < 20%, but normal
or increased ferritin concentrations > 100 ng/mL. In the
presence of intermediate ferritin concentrations (30-100
ng/mL), a diagnosis of ACD combined with “absolute
iron deficiency” is confirmed if the ferritin index has a
value < 2 with normal CHr[54,58-60]. Still, some cases may
require supplementary testing for the differential diagnosis between IDA and ACD. It has recently been shown
that hepcidin levels may replace the ferritin index for the
confirmation of combined IDA and ACD if the hepcidin levels are > 4 nmol/L with a CHr < 28 pg[61]. In fact,
hepcidin levels have been found to be significantly higher in IBD patients compared with healthy controls, with
a significant correlation with ferritin levels, CRP, and
disease activity, whereas those of prohepcidin were observed to be significantly lower[62]. In addition, although
other hematological indices may help in the diagnosis of
iron deficiency in ACD, many of them are only available
in specific hematology analyzers and their precise clinical
usefulness has yet to be determined. In a recent study
carried out with a Beckman-Coulter LH 780, high values
of RDW and low values of blood cell Size Factor were
the best markers for the diagnosis of IDA, whereas both
Reticulocyte Distribution Width-Coefficient of Variation (RDWR-CV) and Reticulocyte Distribution WidthStandard Deviation (RDWR-SD) were significantly correlated to disease activity and CRP levels[63].

TREATMENT OF ANEMIA IN
INFLAMMATORY BOWEL DISEASE
Iron supplementation
Iron supplementation should be considered in every patient presenting iron deficiency with or without anemia.
In patients with mild to moderate anemia (Hb ≥ 10 g/
dL), the administration of oral iron at optimal low doses
of 60-120 mg/d is the conventional approach recommended by the Centers for Disease Control and Prevention[9,64]. Oral iron compounds are mostly available as
inorganic ferrous salts, such as ferrous fumarate, ferrous
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iron deficiency” typical in IBD patients[99].

ferric carboxymaltose led to higher response rates (66.1%
vs 54.1%), a higher proportion of non-anemic patients
(72.8% vs 61.8%), and better treatment adherence
(92.5% vs 79.1%) than iron sucrose, with no difference in
treatment-related adverse events (13.9% vs 11.3%). With
regard to side effects, in the ferric carboxymaltose group
there were more skin and subcutaneous tissue disorders
(rash, dermatitis, pruritus) and more cases of hypophosphatemia, but fewer infusion site reactions than in the
iron sucrose group. The superiority of high-dose intravenous iron supplementation in IBD probably depends
on the iron overload produced in the macrophages of
the reticulo-endothelial system. This induces an overexpression of ferroportin, which may, in turn, by-pass
the hepcidin block in ACD[57]. Recently, an alternative
dosage scheme to the traditional Ganzoni formula has
been presented for ferric carboxymaltose treatment. In
the new protocol, for a baseline Hb > 10 g/dL, the dose
is 1.0 g for patients with a body weight < 70 kg and 1.5
g for patients > 70 kg; the corresponding total doses
for serum Hb ≤ 10 g/dL are 1.5 g and 2.0 g[84]. Phase 3
clinical trials are currently underway to evaluate the use
of ferumoxytol in patients with iron deficiency anemia,
including a subgroup with IBD (ClinicalTrial.org identifier: NCT01114139, NCT01114217 and NCT01114204).
However, ferumoxytol may be problematic in IBD patients because it can interfere with MRI signals due to
the paramagnetic nature of its iron core[19]. In addition, a
Phase 3 clinical trial of iron isomaltoside (NCT01017614)
and a Phase 4 study of iron sucrose (NCT01067547) are
currently being carried out on IBD patients with IDA.
All treatments being tested strive to achieve ferritin concentrations > 100 μg/L, measured as early as 8 wk after
intravenous iron treatment to obtain a reliable result[55].
Considering that the recurrence of iron deficiency with
or without anemia is frequent in IBD patients[87], regular
controls at 12 wk intervals are advisable so that treatment can be restarted promptly if needed.

Other treatments
Intramuscular vitamin B12 continues to be the gold standard therapy for vitamin B 12 deficiency, especially in
symptomatic patients[100]. A dose of 1000 μg/wk for 8
wk, then 1000 μg once monthly for maintenance lifelong
is recommended[101]. No therapeutic advantages have
been demonstrated for either cyanocobalamine or hydroxycobalamine in terms or serum levels during maintenance therapy[102]. Effectiveness data for sublingual[103,104]
and intranasal[105] routes for vitamin B12 administration
have revealed as promising non-invasive alternatives.
Specific treatment of IBD has been shown to gradually increase Hb levels over time, which indicates that the
presence of anemia is positively associated with disease
activity and disease-associated gut lesions. Some data
suggest that anti-TNF-α treatment improves the anemia
in a sub-group of patients with CD. In fact, patients who
responded to treatment showed improvements in their
anemia within 2 wk of the first infusion of Infliximab,
with a parallel improvement in their CD activity index
and an increase in endogenous EPO levels over time[12].
Infliximab seems to neutralize the inhibitory effects of
TNF-α on EPO production, increasing the availability
of iron for erythropoiesis and reducing anemia[30]. The
drug produces these effects through various mechanisms, including reduced cytokine-induced formation
of ferritin and hepcidin, with improvement of intestinal
iron absorption and iron release from macrophages via
ferroportin-mediated iron export[21,106,107]. Moreover, Infliximab improved the proliferation of cultured BFU-E,
blocking the inhibitory effects of cytokines on erythroid
progenitor cells[26]. Finally, it induced mucosal healing,
thereby reducing the production of pro-inflammatory
cytokines and the amount of blood loss through mucosal ulcers. Other therapies with potential for treating
IBD associated with anemia include treatment with antiIL-6, which is the major inflammation-driven inducer
of hepcidin, and other new therapies that neutralize
hepcidin, modify EPO and/or erythropoietin receptor
sensitivity, or affect cytokines to effectively stimulate
erythropoiesis.
The multi-factorial origin of anemia in IBD implies
that several leading mechanisms can be simultaneously
identified in a single patient, including chronic intestinal blood loss, decreased absorption capabilities of the
small bowel secondary to inflammation or resection,
bacterial overgrowth, and an inability of many IBD patients to tolerate the side effects of oral ferrous sulfate,
among others[108]. Each of these causative factors usually
requires a specific therapeutic approach. Disease inflammatory activity and iron deficiency should be the first aspects to be restored in every patient[109] since they are the
main causes of anemia and easily identified. Although
more uncommon, vitamin B12 or folate deficiency, hemolytic and drug-induced anemia should also be born
in mind. Effective treatment is only possible if the con-

Erythropoietin supplementation
Several studies have shown that recombinant human
erythropoietin may be effective for treating ACD in
IBD patients[88-95]. In the anemia treatment algorithm,
intravenous iron therapy should be considered as a firstline therapy in patients with severe anemia whereas
erythropoietin treatment should be considered only in
patients unresponsive to intravenous treatment, with
low EPO levels, or who are unresponsive to aggressive
management of IBD[29,53,96] since EPO can be used as
an adjunct therapy to control the inflammation[97]. Recently, a prospective study on CD patients showed that
EPO combined with enteral nutrition can improve the
Hb levels in CD patients with a treatment success rate
of 63.16% in the EPO group compared to none of the
patients in the non-EPO group[98]. When a decision has
been made to administer EPO therapy, it should always
be combined with intravenous iron supplementation to
meet the increased demand caused by the “functional
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tributing factors in a particular patient are clearly defined
and corrected[110].

14

CONCLUSION
Anemia is a common multifactorial complication in IBD
that increases disease morbidity. Awareness on the part
of gastroenterologists needs to be increased to improve
the specific diagnosis and management of anemia in
these patients. New generation Ⅳ iron compounds are
currently available to treat iron deficiency effectively in
IBD patients. Further studies are needed to establish
standardized treatments to reduce the development and
recurrence of anemia as well as to improve the clinical
course of IBD.
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Psychiatric comorbidity in the treatment of patients with
inflammatory bowel disease
Branislav R Filipovic, Branka F Filipovic
both approaches must be applied with awareness of the
possibility of side effects. We suggest that psychiatrists
and gastroenterologists work together to reach a consensus on IBD therapy to ensure success and to reduce side
effects and relapse to the lowest possible rates.
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Core tip: The involvement of a dysfunction of brain-gut
interactions in the pathogenesis of inflammatory bowel
disease (IBD) is represented by a dysfunction of the
autonomic nervous system, an abnormal hypothalamicpituitary-adrenal axis and cholinergic anti-inflammatory
pathway, a deleterious effect of stress and depression,
an abnormal coupling of the prefrontal cortex-amygdaloid complex, and an abnormal relation between the
microbiota and the brain as pro-inflammatory factors.
New investigations have provided a critical link between
forebrain changes and abdominal pain independent of
active disease and drug treatment, providing a potential
basis for an explanation of the psychological symptoms
and brain influence in the pathogenesis of IBD.

Abstract
Ulcerative colitis and Crohn’s disease, commonly known
as inflammatory bowel disease (IBD), draw attention from
specialists of various disorders, including gastroenterology,
psychiatry, and radiology. The involvement of a cortical
influence in the brain-gut axis as well as the interaction
of the hypothalamic-pituitary-adrenal axis and the peripheral nervous system provide an initial explanation of the
psychological symptoms associated with IBD. The involvement of structures the limbic system, such as the anterior
cingulate cortex, the prefrontal cortex, and the amygdala, paves the way for the discovery of the mechanisms
underlying depression depression, anxiety, alexithymia,
personality traits, and other psychological impairments
following the onset of IBD. Psychiatric therapy in IBD
patients is almost as important as the gastroenterological
approach and consists of pharmacological treatment and
psychotherapy. Neither of the available psychiatric treatment methods is considered the golden standard because
both methods have side effects, and psychotropic medication can provoke the worsening of IBD symptoms. Thus,
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ANATOMICAL BASIS FOR THE
PSYCHIATRIC CHANGES IN PATIENTS
WITH INFLAMMATORY BOWEL DISEASE
Inflammatory bowel disease (IBD) results from an inap3552
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propriate inflammatory response to intestinal microbes
in a genetically susceptible host. In recent reports, authors[1,2] have discussed the involvement of a dysfunction of brain-gut interactions in the pathogenesis of
IBD as represented by a dysfunction of the autonomic
nervous system, an abnormal hypothalamic - pituitary adrenal axis and cholinergic anti-inflammatory pathway,
a deleterious effect of stress and depression as well as an
abnormal coupling of the prefrontal cortex-amygdaloid
complex and an abnormal relation between the microbiota and the brain as pro-inflammatory factors. The New
investigations have provided a critical link between forebrain changes and abdominal pain independent of active
disease and drug treatment because all patients examined
in the morphometric evaluation were in remission and
suffered from ongoing abdominal pain. Investigators observed decreased gray matter volumes in the dorsolateral
prefrontal cortex and the anterior midcingulate cortex
(aMCC), and the disease duration was negatively correlated with volumes in the subgenual anterior cingulate
(sACC), the posterior MCC (pMCC), the ventral posterior
cingulate (vPCC), and the parahippocampal cortices. The
aMCC has a role in feedback-mediated decision making,
and specific cognitive tasks that differentiate the aMCC
and pMCC can be used to evaluate defects in Crohn’s disease (CD). The sACC is an important area because it has
impaired functions in major depression. Because depressive symptoms are a feature in a subset of patients with
active inflammatory diseases, including IBD, treatment
targeting this subregion should prove efficacious. Finally,
the vPCC has a role in ongoing self-monitoring of the
personal relevance of sensory stimuli, including visceral
signals via the sACC. This pathway may be interrupted by
vPCC atrophy in CD. Cingulate atrophy in CD requires
the targeting of chronic pain and psychiatric symptom
therapies via neuronal circles involved in the cingulum.
These therapies include psychotherapy, guided imagery
and relaxation training, analgesic dosages of morphine
or antidepressants, and hypnosis. Thus, a new generation
of novel treatments may emerge from drug and nontraditional therapies for CD in this formative area of research[3,4]. Nevertheless, a certain level of caution should
remain: the same areas have been found to be susceptible
to changes in temporal epilepsy[5], and it remains unclear
whether the volume alterations in these areas are specific
to IBD or if they overlap with other diseases.
The white matter is not spared from damage in IBD
patients. The number of such lesions is significantly higher in IBD patients compared to controls (12.75 ± 19.78 vs
3.20 ± 2.90, P < 0.05). However, there are no significant
differences between UC and Crohn’s disease patients with
regard to magnetic resonance imaging (MRI) findings. In
addition, the incidence of white matter lesions and other
brain parenchymal lesions, sinusitis, and otitis-mastoiditis
does not differ significantly with disease activity (P > 0.05
for all)[6].
Scheid et al[7] (2007) proposed the following three
possible mechanisms for peripheral and central nervous
system involvement in ulcerative colitis (UC): cerebrovas-
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cular conditions due to thromboembolic events, systemic
and cerebral vasculitis, and neuropathy and cerebral demyelination due to immune-related mechanisms. In contrast, white matter lesion is a frequent finding in patients
with IBD on MRI, and the development of these lesions
has been attributed to ischemic mechanisms (atherosclerotic or vasculitic) or demyelination[8-10]. Thus, early identification of these lesions may be clinically helpful as an
early indication of neurological involvement because they
may represent another extra intestinal manifestation of
the disease[10].
Studies performed by functional magnetic resonance
imaging for both, patients and control subjects suffering
from irritable bowel syndrome, which is also a psychosomatic disease, and control subjects, rectal distention
stimulation increased the activity of the anterior cingulate
cortex (number of positive answers to the stimulation/total number of patients: 35/37), the insular cortex (37/37),
the prefrontal cortex (37/37), and the thalamus (35/37) in
most cases. In patients with inflammatory bowel sydrome
(IBS), the average percentage area of regions of interest
increased in parallel with rectal distention volumes in the
insular cortex, the prefrontal cortex, and the thalamic region. However, only the prefrontal cortex was statistically
significant (P < 0.05). In controls, this tendency to increase
only occurred in the anterior cingulate cortex. At 120 mL
rectal distention, the average percentage area of regions of
interest (ROI) and the average percentage change in MR
signal intensity of ROIs in the insular cortex, the prefrontal
cortex, and the thalamic region were significantly greater in
patients with IBS than in control subjects[11,12].

PSYCHOLOGICAL SYMPTOMS IN IBD
There is consistent evidence that psychological factors
play a role in the pathophysiology and the course of IBD
and in how patients cope with IBD[12]. One prospective study in a population-based cohort of individuals
with IBD (n = 552) evaluated whether the presence of
a stressful event and the perception of stress as well as
other factors (i.e., nonsteroidal anti-inflammatory drugs,
antibiotics, or infections) believed to contribute to triggering flares of IBD were, in fact, associated with symptomatic flares[13]. Subjects completed surveys on health
issues every 3 mo for 1 year. In any 3-mo period, approximately 50% of subjects experienced some type of
stress, and the majority of subjects reported the stresses
were everyday life stresses. Family stress was the most
commonly reported stress, followed by work or school
and financial stress. Subjects were grouped by disease
activity over time. Significantly more individuals in the
persistently inactive disease group indicated they experienced no stressful events compared with individuals
in the persistently active disease group. In terms of the
association between variables experienced in one 3-mo
period and a symptomatic flare in the next 3-mo period,
only psychological factors, including the occurrence of a
major life event, high perceived stress, and high negative
mood during a previous 3-mo period, were significantly
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associated with the subsequent occurrence of a flare.
This study complements the growing evidence from experimental as well as clinical studies that stress exposure,
including stressful events and perceived stress (the individual’s view of his or her own level of demand relative
to resources), may contribute to relapse risk in IBD[14-18].
In fact, using multivariate logistic regression analyses of
these variables, only high perceived stress (adjusted OR =
2.40; 95%CI: 1.35-4.26) was associated with an increased
risk of flare. This finding speaks to the bidirectional relationship between stress and symptomatic disease. Being
symptomatic may exacerbate or even incite stress, whereas being stressed may trigger symptomatic disease. Recent reports have shown that brain derived neurotrophic
factor (BDNF) levels are highly dynamic in response
to stress. BDNF levels not only vary across brain regions but also fluctuate rapidly, both immediately after a
stressor and over the course of a chronic stress paradigm.
However, BDNF alone is not sufficient to effect many
of the changes observed after stress. Glucocorticoids and
other molecules have been shown to act in conjunction
with BDNF to facilitate both the morphological and molecular changes that occur, particularly changes in spine
density and gene expression[19].
Although discrete personality traits have been studied
in IBD patients, no specific personality type matches this
disease. It is recommended that future research consider
the discrete personality traits observed in these patients
and integrate them in such a way that the traits will be addressed to include new personality types, such as types C
and D[20,21], which are well matched with the unregulated
immune and hormonal systems that are characteristics
of IBD. Type C individuals are introverted, perfectionistic, sensitive, and thoughtful. Individuals with a type D
personality have the tendency to experience increased
negative emotions across time and situations and tend to
not share these emotions with others because of a fear
of rejection or disapproval. It is believed that depression
and anxiety are dominant in patients with IBD[22]. These
patients also have a higher prevalence of anxiety and
depressive disorders than the general population but a
lower prevalence of these disorders than patients with a
functional bowel disorder. The prevalence (21%-35%) is
similar to that found in other patients with chronic physical illness. Depressive disorder appears to be more common in older patients and individuals with a previous history of a psychiatric disorder[23,24]. Patients suffering from
IBD take more medications than the healthy population:
the use of antidepressants (OR = 1.44, 95%CI: 1.28-1.61),
anxiolytics (OR = 1.52, 95%CI: 1.31-1.78), oral bisphosphonates (OR = 6.08, 95%CI: 4.56-8.11), cardiovascular
medications (OR = 1.38, 95%CI: 1.24-1.54), antibiotics
(OR = 4.01, 95%CI: 3.57-4.51), proton pump inhibitors
(OR = 3.90, 95%CI: 3.48-4.36), and nonsteroidal antiinflammatory analgesics (OR = 1.17, 95%CI: 1.07-1.28)
is significantly more common in IBD patients than in
controls. Individuals who use antidepressants, anxiolytics, or analgesics have significantly impaired health-rated
quality of life (HRQOL) (P < 0.001)[25].
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Both depression and anxiety precede ulcerative colitis
significantly more often than would be predicted from
the control population’s experience[24]. The association
is strongest when the two psychiatric disorders and ulcerative colitis are diagnosed in the same year, although
the association between depression and ulcerative colitis
is also significant when depression precedes ulcerative
colitis by five or more years. Neither depression nor anxiety precedes Crohn’s disease more often than expected
by chance, although the study involved fewer cases with
Crohn’s disease than ulcerative colitis. Two prospective
clinical studies of patients with IBD appear to produce
conflicting results. During a 6-mo follow-up period, one
study found a strong association between the change in
disease activity and anxiety level and a weaker association
with depressive symptoms. Changes in disease activity
seemed to lead to changes in anxiety and depression.
Beck Depression Inventory scores at baseline predicted
the number and timing of relapses during an 18-mo
follow-up period[26,27].
Nevertheless, the origin of depression and anxiety
in patients with IBD remains at least insufficiently explained. In a review of psychotherapeutic approaches to
IBD, Prasko et al[28] (2010) emphasized that higher scores
of neuroticism, depression, inhibition, and emotional
instability are typical for many patients with chronic
diseases and nonspecific for chronic gastroenterological disorders. More directly, anxiety and depression are
consequences of IBD symptoms, such as frequent stools
with evidence of blood, pain in the abdominal region,
and bloating.
Because anxiety and mood disorders are the most
common mental health concerns in the community, these
disorders are usually the focus of screening efforts. The
typical symptoms of anxiety disorders include high levels of physiological arousal, excessive worries about the
future, avoidance of feared situations (including, in some
cases, medical appointments and procedures)[29,30], and
difficulty coping with unfamiliar situations. Depression
typically presents with a constellation of affective, cognitive, and somatic symptoms, including a sad or depressed
mood; a loss of interest in normal activities; feelings of
guilt, worthlessness, or hopelessness; difficulties with
concentration; reduced energy; changes in appetite and
sleep; and withdrawal from usual activities. When these
clusters of symptoms persist beyond a few weeks and
begin to significantly interfere with daily functioning, they
are typically considered to reach a clinical threshold[31].
The incidence of IBD in adolescents has been reported
to be an increasing trend, especially in the Northern parts
of Europe (Finland, Schotland)[32-34]. According to parent reports, adolescents with IBD have more emotional,
social, and thought problems and lower competence than
their healthy peers[35]. The disease disturbs adolescents’
quality of life[25,36,37], may have negative consequences
for education and school functioning[38,39], and may be a
cause of difficulties in employment, such as finding or
maintaining a desired job[40-42]. Furthermore, adolescents
with severe IBD have disturbed sleep and are overtired
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more often than their healthy peers[43].
Some studies have shown alexithymia to be another
common personality characteristic in IBD patients. Patients with alexithymia have difficulties in recognizing and
verbalizing emotions, and their ability to regulate emotions and express them to others is usually reduced[44,45].
Numerous studies[46-50] have shown that IBD patients
have higher scores for alexithymia than controls. In a
study conducted by Jones et al[46] (2006), the scores of 74
IBS patients, 55 healthy control subjects, and 48 IBD patients were compared on the Toronto Alexithymia Scale.
The results showed that IBS and IBD patients had higher
scores on measures of alexithymia than the controls, but
they did not differ from one another. In an epidemiological study, Porcelli et al[50] (1999) compared 121 functional
gastrointestinal disorder patients, 116 IBD patients,
and a group of 112 healthy subjects using the Toronto
Alexithymia Scale. Their results showed that the FGID
group was significantly more alexithymic than the IBD
group, and the scores of the two gastrointestinal groups
were higher than the normal healthy group. Even after
controlling for the influence of education, gender, anxiety,
depression, and gastrointestinal symptoms, these differences remained significant. Moreno-Jiménez et al[47] (2007)
did not use a control group. In their sample comprising
60 UC and 60 CD patients, they attempted to address
the question of which personality factors may predict
HRQOL in IBD patients. They showed that difficulty in
describing one’s feelings was significant for predicting two
dimensions of HRQOL, systemic symptoms and social
functioning. Difficulty in describing one’s feelings negatively predicted systemic symptoms and social functioning. Patients experiencing more difficulty in describing
their feelings reported lower HRQOL. Although alexithymia may not be specific to IBD, it may lead patients
to communicate their psychological distress through somatic and behavioral symptoms rather than verbal communication. This may occur particularly when patients
have limited perceived social support or personality traits
such as introversion. Regardless of whether alexithymia
is specific to IBD, it has been reported that affected patients have greater difficulty in describing their feelings
to others, poorer disease outcome, lower psychological
functioning, and worse HRQOL[12,47,51].
Adolescents with IBD have mild cognitive problems
compared to the same population with juvenile idiopathic
arthritis, particularly in the acute phase. Adolescent patients with IBD produced more perseverative errors than
patients with non-acute juvenile idiopathic arthritis. Perseveration in the California Verbal Learning Test may be
related to a momentary loss of alertness in the tiresome
and long verbal memory test. However, no other differences in cognitive functioning between the study groups
were detected. These findings indicate that adolescents
with active IBD may have some mild problems in verbal
memory but no major cognitive deficits. Prior studies
in adults with IBD found deficits, particularly in verbal
functioning, suggesting that in the clinical evaluation of
young patients with IBD, it may be relevant to pay atten-

WJG|www.wjgnet.com

tion to even minor cognitive problems that may be aggravated during the growth process[43,52,53].

PSYCHIATRIC THERAPY IN IBD
Psychiatric treatment of patients with IBD involves two
types of approaches: (1) psychotropic medication; (2)
psychotherapy; and (3) psychotropic medication.
Anxiety and depression, the most common psychiatric symptoms in IBD patients, are highly treatable conditions. The interventions that are the most widely used
and have been evaluated the most extensively for anxiety
and depressive disorders are specific pharmacological
agents [particularly selective serotonin reuptake inhibitors
(SSRIs), such as citalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline, and the serotonin norepinephrine
reuptake inhibitor (SNRI) venlafaxine] and specific psychological treatments (particularly cognitive behavioral
therapies). The SSRI and SNRI medications are secondgeneration antidepressants that have been well established
in the literature as being similarly effective for anxiety and
depression[54].
In humans, it has been observed that although antidepressants improve both the mental and somatic status
of IBD patients, the low quality of available research
provides significant barriers to making a definitive statement on their efficacy or lack thereof[55]. Animal models,
however, have found a positive impact of desipramine
and fluoxetine on inflammation in models of IBD. When
doctors’ perspectives on antidepressants in IBD were
examined, it was reported that gastroenterologists commonly treat IBD patients with antidepressants for pain,
anxiety and/or depression, and insomnia. Gastroenterologists reported that antidepressants were successful in
reducing pain, gut irritability, and urgency of defecation.
In the most recent retrospective case-note audit of 287
patients, 83 (28.9%) patients had used an antidepressant
at some time in their life[56-59]. Nonetheless, the design
of the study does not allow a firm statement to be made
about whether antidepressants improved the course of
IBD. The recent study in this area conducted by Goodhand et al[60] (2012), which examined the disease course
one year before and one year after the commencement
of antidepressants, showed that patients reported fewer
relapses and steroid treatment in the year after starting
an antidepressant than in the year before. This effect was
not observed in the control group. Although this report
of decreased symptoms may simply reflect the report of
fewer functional gastrointestinal symptoms when patients
are in better psychological health[61,62], it may also indicate
an inflammation-specific benefit from antidepressants.
Thus, it is clear that randomized controlled trials are justified and needed to provide a definitive answer regarding
the efficacy of antidepressants in IBD.
Amitriptyline is an antidepressant drug that is widely
used for the treatment of IBD and gastrointestinal disorders[55,63]. It is effective for treating psychological and
somatic symptoms in patients suffering from IBD[55].
Other studies have shown the anti-inflammatory effects
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of antidepressants by different mechanisms[64,65]. Amitriptyline also acts on α1-adrenoceptors to produce anti-inflammatory effects[64]. Due to its effects on the inhibitory
cytokine interleukin-10, amitriptyline has been reported
to suppress neuroinflammation[66]. Furthermore, antidepressants have anti-inflammatory effects by considerably
decreasing the production of nitric oxide (NO) and umor
necrosis factor-alpha (TNFα) in microglia and astrocyte
cultures at mRNA levels[65]. They can inhibit the degradation of IκB, the nuclear translocation of the p65 subunit
of NF-κB. Therefore, NF-κB cannot transmigrate into
the nucleus to bind with DNA to promote the expression of gene regions[66]. Antidepressants can also inhibit
the phosphorylation of p38 mitogen-activated protein
kinase in lipopolysaccharide-stimulated microglia cells[65].
This phosphorylation can induce the associated inflammatory gene expression to produce the proinflammatory
cytokines and NO, which may be attenuated or inhibited
by antidepressants[66]. NO can also induce ROS; therefore, it can increase intestinal damage and, with cytokine
production, prolong the development of IBD. Based on
these studies, the NF-κB pathway has been considered
to play an important role in the inflammatory process.
Therefore, investigators have hypothesized that the
antidepressant-like effects of amitriptyline, via the modulation of this pathway, may be more effective for treating
and suppressing the development of IBD through its
anti-inflammatory actions[67].
Some authors have argued that antidepressants may,
in fact, cause tolerance and present problems when tapering off medications[68,69]. Significant numbers of patients
no longer need an antidepressant for their mental health
problems, yet they suffer unbearable withdrawal effects
when discontinuing the medication and thus remain
on the treatment[58]. Patients participating in a study by
Mikocka-Walus et al[58] (2012) reported antidepressants
to be a medication worth recommending to fellow IBD
sufferers as long as the decision for their use was taken
into consideration. Although studies exploring attitudes
toward antidepressant use in larger samples or in samples
recruited in primary care (and thus with possibly bettercontrolled IBD) are not available, studies conducted in
the general population in primary care have shown a less
receptive attitude toward antidepressants. For example, a
survey of 1054 primary care users showed that over 20%
of individuals did not disclose depressive symptoms to
their doctors due to fear that antidepressants would be
prescribed[70]. Other studies have reported non-adherence
to treatment with antidepressants due to patient beliefs
or misconceptions about this type of medication[71,72]. In
light of these findings, the positive attitudes toward antidepressants identified in previous studies should be interpreted with caution and confirmed by larger quantitative
studies with more representative IBD samples.
A systematic review of SSRIs indicated that although
the medications were similar in efficacy, there were meaningful differences in their side effect profiles. These differences may guide decisions concerning the best choice
for a particular patient[73]. Nevertheless, studies report
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serious adverse effects of selective serotonin reuptake
drugs. Gastrointestinal side effects can be of particular
concern to the IBD patient and have been reported for
many antidepressant medications. These side effects are
generally dose related and tend to decrease over the first
weeks of treatment[74]. Nausea and vomiting are more
frequent with the one SNRI evaluated (venlafaxine) compared to the SSRIs as a group (fluoxetine, fluvoxamine,
sertraline, paroxetine, citalopram; 34% vs 22%). Diarrhea
is reported more often with sertraline than with the other
SSRIs. Other side effects that have been cited as problematic when patients decide to discontinue antidepressant medication early in the course of treatment include
drowsiness/fatigue (10%), anxiety (6%), headache (6%),
insomnia (2.7%), and dizziness (2.7%)[75]. Weight gain has
been found to be a more significant problem with paroxetine and mirtazapine[74], but it remains a concern with all
SSRI medications[76]. In some cases, there may be weight
loss early in treatment and weight gain later[74]. Decreased
sexual functioning is a relatively common dose-related
side effect of antidepressant medications and may be a
concern for IBD patients, given the disease-related difficulties with intimacy and sexual functioning[77]. It has
been found that 60% to 70% of patients report reduced
sexual functioning on SSRIs or SNRIs that does not improve with longer periods on the medication. Buproprion
has the lowest rates of sexual dysfunction relative to
other antidepressants[76], and it is usually recommended as
a substitute for SSRIs in case of side effects. Kast et al[78]
(2001) reported two patients who achieved long-lasting
remission of Crohn’s disease while using bupropion.
These investigators hypothesized that this outcome may
have resulted from decreased TNFα, which is known
to play a vital role in Crohn’s disease. Phenelzine and
bupropion increase intracellular cyclic adenosine mono
phosphate[79], which, in turn, decreases TNFα. Because
phenelzine may cause a hypertensive crisis, bupropion
is suggested to be a safer therapeutic option than phenelzine. Interestingly, phenelzine and other monoamine
oxidase inhibitors have been noted to induce remission
of rheumatoid arthritis, a disease in which, as in Crohn’
s disease, TNFα has a central role[80]. Kast[81] (2003) compared the use of bupropion and mirtazapine in patients
with Crohn’s disease. He speculated that both of these
antidepressants have the potential to affect inflammatory
responses: bupropion by lowering TNFα and mirtazapine by increasing its level. Therefore, according to the
hypothesis of Kast[81] (2003), there are theoretical reasons
for recommending bupropion and cautioning against
mirtazapine when treating depression in patients with
Crohn’s disease. Although Kast’s explanations appear
logical and are supported by other investigators[82], their
practical effectiveness needs to be experimentally confirmed in appropriate clinical studies[55].
With regard to the risk of severe side effects, recent
reports have raised the possibility of a greater risk of upper gastrointestinal (GI) bleeds with the use of certain antidepressants[83-85]. Large-scale studies have found a moderately increased risk of GI bleeds with SSRIs as well as with
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the SNRI venlafaxine[86-88]. The use of acid-suppressing
agents mitigated the higher risk, whereas the use of nonsteroidal anti-inflammatory drugs (NSAIDs) increased the
risk[86]. The absolute risk of taking SSRIs was low, however;
2000 patients per year would need to be treated with SSRIs
for one case of upper GI tract bleeding to be attributed to
such drugs. The risk is higher when SSRIs and NSAIDs are
taken together, with one patient in 250 experiencing a GI
bleed that could be attributed to that combination[86].

mental group and the waiting list control group[101]. Of
all psychotherapeutic interventions, cognitive behavioral
therapy appears to be the most effective[102]. This therapy
posits that an individual’s biased information processing
leads to restrictive thoughts, feelings, and behaviors that
can culminate in anxiety and depressive symptoms and,
eventually, in psychiatric disorders. Cognitive behavioral
therapy offers a well-developed intervention protocol
that has been found to enhance quality of life and to decrease psychological distress. Its positive effect has been
emphasized in individuals with other chronic somatic
illnesses, such as chronic obstructive pulmonary disease,
diabetes, and cancer[103,104].
Cognitive behavior therapy was evaluated in an open
trial of adolescents with major depression[105,106] and a
randomized controlled trial (RCT) of adolescents with
subsyndromal depression[107]. In all studies, treatment significantly reduced depression and improved global functioning. For individuals with a comorbid anxiety disorder,
there was also a significant reduction in anxiety. The open
trial did not find any change in illness severity posttreatment. The RCT reported a decrease in the number of
individuals with moderate to severe disease posttreatment
(29% pre-treatment vs 15% post-treatment), but the decrease was not significant. In an RCT of adults with IBD,
a Spanish group reported clinically significant reductions
in anxiety and depression following a structured cognitive-behavior therapy program that included components
such as relaxation training, distraction, and cognitive restructuring[108].
Reviews considering the overall effectiveness of
psychological therapies for IBD patients not selected
for anxiety or depressive disorders have reached a more
modest conclusion: there may be some clinical benefit
related to psychological functioning, with little support
at this point for a significant direct impact on disease
parameters[109-111]. These studies incorporated a broad
range of treatments (e.g., psychodynamic therapy, supportive therapy, and cognitive behavioral therapies), some
of which are not as well supported empirically. Further,
the studies often involved unselected IBD patients or
patients in remission with little elevated distress[112,113],
resulting in the potential for floor effects. Thus, unsurprisingly, psychological treatment is not indicated for
all patients with IBD[114]. The results of well-conducted
studies imply that validated treatments should be targeted
to high-risk subgroups, such as individuals with comorbid
psychiatric conditions or elevated stress[110,111]. Certainly,
IBD patients may be quite susceptible to psychological
treatment. Among individuals reporting high distress,
there is a strong level of interest in receiving support
for these concerns[115]. A structured measure of desire
for psychological care comparing patients with IBD and
rheumatoid arthritis found that 2 to 3 times the number
of IBD patients (31%) expressed an interest in receiving
assistance compared to individuals with rheumatoid arthritis (13%)[116]. Other indicators of receptivity included
positive evaluations of treatment[113] and low dropout
rates despite the expectation of active participation[104,106].

PSYCHOTHERAPEUTIC APPROACH
The first study regarding the effectiveness of psychotherapy for ulcerative colitis was conducted half a century ago[89], but it was methodologically problematic. The
effect of psychodynamic psychotherapy on patients with
Crohn’s disease was investigated in a randomized, multicenter study[90]. The psychotherapeutic intervention consisted of psychodynamic psychotherapy (26 sessions) and
autogenic training (17 sessions). After 2 years, relapse was
not experienced by 23% of the control group and 30%
of the therapy group. Twenty-nine percent of the control
group and 17% of the therapy group had to undergo
surgery. The therapy group had better somatic data than
the control group, but this was not significant. Nevertheless, a meta-analysis was necessary for this review article
given that the authors analyzed a respectable number of
investigations addressing the subject of interest, such as
the use of psychotherapy in IBD patients[91,92]. Twentyone studies were included in the analysis. Four studies
did not report results in detail and could not be included
in any of the pooled analyses. These 4 studies included a
controlled trial on hypnosis in ulcerative colitis[93], a trial
on the effects of a multicomponent behavioral therapy
package in 22 patients with IBD[94], and a trial examining
the effects of support meetings[95].
Given its chronic nature and frequently reported
poor quality of life for many patients, IBD is often associated with anxiety and depression. In addition to medical treatment, psychological intervention may be a crucial
component of the treatment of IBD patients[96,97]. Prior
research has found that the disease course is gender dependent and that females may have a higher risk of disease activity relapse than males[22,98]. Therefore, females
may have more psychological symptoms. Furthermore,
females more frequently become ill from Crohn’s disease. Second, patients are stratified by treatment center.
A distinction must be made between an academic setting and a peripheral setting. We expect that an academic
hospital would treat more severe cases of IBD than a
peripheral setting. Finally, the disease type is also used as
a stratification factor. Previous research has found that
CD patients undergo more surgical interventions and experience more disease exacerbations than ulcerative colitis patients[99]. This finding indicates that CD is a more
complex disorder than UC. In addition, CD patients
report poorer quality of life and more anxiety symptoms
than UC patients[99,100]. Therefore, it is important that
UC and CD patients are distributed evenly in the experi-
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The appropriate choice of medication depends on
many factors that are best tailored to the individual patient. Different galenic preparations are released at different sites and may have local activity [such as mesalazine
(5-ASA) preparations, budesonide, or types of enemas].
The choice is influenced by the balance between drug
potency and side effects, previous response to treatment
(especially when considering treatment for a relapse or
treatment for corticosteroid-dependent or corticosteroidrefractory disease), and the presence of extraintestinal
manifestations (indicating the need for systemic therapy)
or complications. Despite general agreement that treatment decisions for active Crohn’s disease should be based
on the site as well as the activity and behavior of the
disease, the sample size is too small for statistically valid
conclusions to be drawn from therapeutic trials when patients are stratified according to the site of disease[117].
For mildly active IBD, budesonide 9 mg/d is favored because it is superior to both placebo (OR =
2.85, 95%CI: 1.67-4.87)[118,119] and 5-ASA 4 g/d (OR
= 2.8, 95%CI: 1.50-5.20) [120], and it achieves remission in 51%-60% of individuals over 8-10 wk[119,121-123].
Budesonide is preferred to prednisolone for mildly
active CD because it is associated with fewer side effects, although a Cochrane systematic review has shown
budesonide to be somewhat less effective than prednisolone (pooled OR for the five trials 0.69, 95%CI:
0.51-0.95)[119]. For corticosteroid-related adverse effects,
budesonide showed no difference from the placebo (OR
= 0.98, 95%CI: 0.58-1.67) [118,119] but had fewer side effects
than prednisone (pooled OR = 0.38, 95%CI: 0.28-0.53).
When IBD is estimated as moderately active,
budesonide or prednisolone are appropriate. Prednisolone
is associated with a good clinical response (92% remission
within seven weeks at a high dose of 1 mg/kg), but it commonly causes more side effects than budesonide[117,124,125].
The dose of prednisolone is adjusted to the therapeutic
response over a period of weeks. More rapid reduction
is associated with early relapse. The consensus does not
favor sole nutritional therapy, antibiotics (unless septic
complications are suspected), infliximab (IFX) (until
more data are available), or surgery for moderately active
ileal CD as the first line therapy[122].
Prednisolone or intravenous hydrocortisone is appropriate for the initial treatment of severe ileal CD.
Azathioprine (AZA) (or mercaptopurine) should be
added for individuals who have relapsed because it has
a corticosteroid-sparing effect (NNT 3) and is effective
at maintaining remission[126,127]. Methotrexate should be
considered an appropriate alternative if thiopurines cannot be tolerated, but it has specific contraindications,
such as pregnancy. IFX is best reserved for patients who
do not respond to initial therapy and for whom surgery
is considered inappropriate. This does not mean that
surgery takes precedence over IFX. IFX has emerged as
a conservative option for cases with severe inflammatory
activity, and it is in these cases that primary surgery will
often be inappropriate. Surgical options should, however,
be considered and discussed with the patient as part of
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an overall management strategy. The stage at which IFX
is introduced may change if it can be established whether
early therapy changes the pattern of disease. The threshold for surgery for localized ileocecal disease is lower than
for disease elsewhere, and some experts advocate surgery
over IFX for disease in this location. Other experts advocate resection if medical therapy is not effective within
two to six weeks. It may sometimes be difficult to distinguish between active disease and a septic complication,
but antibiotics should be reserved for patients with a fever or focal tenderness or in whom imaging has indicated
an abscess. Adding ciprofloxacin and metronidazole to
budesonide has been shown to have no advantage over
budesonide alone in active CD[127,128].

BIOLOGICAL THERAPY
Regular infusions of IFX 5 or 10 mg/kg every eight
weeks are effective at maintaining an IFX-induced
response in nonfistulating CD (EL1b). Patients in a
scheduled treatment strategy with regular infusions of
IFX seem to fare better in many (but not all) clinical end
points compared with patients in an episodic (on-demand)
strategy[129,130].

CONCLUSION
The psychopathological impact in IBD patients is evident, and the most common symptoms of depression
and anxiety may affect the success of the desired gastroenterological therapy. Personality traits, cognitive impairment, and sleep deprivation are the tip of the iceberg of
psychological problems in patients with IBD. The worsening of psychological problems is often followed with
the same trend in GI symptoms of IBD and vice versa;
that is, relapse of IBD symptomatology, such as blood in
the stool, bloating, and pain, may increase psychological
problems. This “vicious cycle” could be broken by involving a trained psychiatrist in the IBD treatment team.
Nevertheless, some measures of precaution should be
taken, such as avoiding bias in the group selection for
both psychotropic medication and psychotherapy and an
awareness of the possible side effects of antidepressant
therapy, especially SSRIs, such as more frequent liquid
stools, addiction, or sexual dysfunction problems. Finally,
we suggest that psychiatrists and gastroenterologists work
together to determine the final consensus of the IBD
therapy to ensure success and to reduce side effects and
relapse to the lowest possible rates.
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Core tip: Anti-inflammatory activity of antitubercular
drug 4-aminosalicylic acid (ASA) was first described by
Lover in 1984. Since then, numerous clinical trials were
carried out to establish its efficacy in left-sided and active/quiescent ulcerative colitis. It is 50% more potent
than 5-ASA against inflammation and does not produce
5-ASA-induced immunoallergic acute pancreatitis. 4-ASA
is a stable and inexpensive alternative to 5-ASA in patients with acute pancreatitis. Despite all these positive
findings, an extensive literature review surprisingly revealed few colon-targeting delivery systems for 4-ASA.
The present review presents a complete profile of 4-ASA
and its colon-specific prodrugs for inflammatory bowel
disease.

Abstract
Despite the advent of biological products, such as antitumor necrosis factor-α monoclonal antibodies (infliximab and adalimumab), for treatment of moderate
to severe cases of inflammatory bowel disease (IBD),
most patients depend upon aminosalicylates as the
conventional treatment option. In recent years, the increased knowledge of complex pathophysiological processes underlying IBD has resulted in development of
a number of newer pharmaceutical agents like low-molecular-weight heparin, omega-3 fatty acids, probiotics
and innovative formulations such as high-dose, oncedaily multi-matrix mesalamine, which are designed to
minimize the inflammatory process through inhibition
of different targets. Optimization of delivery of existing drugs to the colon using the prodrug approach is
another attractive alternative that has been utilized and
commercialized for 5-aminosalicylic acid (ASA) in the
form of sulfasalazine, balsalazide, olsalazine and ipsalazine, but rarely for its positional isomer 4-ASA - a wellestablished antitubercular drug that is twice as potent
as 5-ASA against IBD, and more specifically, ulcerative
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INTRODUCTION
Anti-inflammatory activity of antitubercular drug 4-ami-
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nosalicylic acid (ASA) was first described by Lover in
1984. Since then, numerous clinical trials were carried out
to establish its efficacy in left-sided and active/quiescent
ulcerative colitis. It is 50% more potent than 5-aminosalicylic acid (5-ASA) against inflammation and does not
produce 5-ASA-induced immunoallergic acute pancreatitis. 4-ASA is a stable and inexpensive alternative to 5-ASA
in patients with acute pancreatitis. Despite all these positive findings, an extensive literature review surprisingly
revealed few colon-targeting delivery systems for 4-ASA.
The present review presents a complete profile of 4-ASA
and its colon-specific prodrugs for inflammatory bowel
disease (IBD).

mucosa, decreased oxidation of short chain fatty acids,
increased intestinal permeability, increased sulfide production, and decreased methylation. Although no single
factor has been identified as the initial trigger for IBD,
the etiological factors have been elucidated[7]. However,
no guaranteed curative therapeutic regimen has been developed so far.

IBD THERAPY
Therapy for IBD has not seen major changes or breakthroughs during the past 4-5 decades and still revolves
around the single nonsteroidal anti-inflammatory drug
5-ASA (Figure 1A) and its colon-targeting prodrug sulfasalazine (Figure 1B), followed by second-line treatment
with steroids and immunomodulators, because reducing
the extent and severity of colonic inflammation remains
the primary focus of treatment. Antibiotics, probiotics, and nutritional supplements are used as supportive
therapy. The use of anti-tumor necrosis factor monoclonal antibody (infliximab), recombinant anti-inflammatory
cytokines, and related gene therapy are recent advances in
the field[8,9].
High and repeated doses of 5-ASA are necessary for
maintenance and preventive therapy of IBD relapse. The
majority of orally administered 5-ASA is readily and extensively absorbed from the stomach and small intestine,
leaving a small amount that is transported to the colon.
5-ASA is absorbed from the upper GIT, causes many
systemic side effects, and at the same time, results in poor
bioavailability at the site of action, namely, the colon.
Bypassing absorption in the upper GIT and targeting
the delivery of 5-ASA to the colon by designing colonspecific prodrugs is the rational approach to improve the
bioavailability at the site of action. The earliest reported
colon-specific prodrug of 5-ASA is sulfasalazine, which
is extensively prescribed for the treatment of UC. It is an
azo conjugate of 5-ASA with sulfapyridine. However, its
sulfapyridine part is used as a carrier and is completely
absorbed through the colon and produces adverse effects
such as hypersensitivity, impotency, blood dyscrasia, hepatitis, abnormal liver function tests and hepatic failure,
agranulocytosis, leukopenia, thrombocytopenia, hemolytic anemia, and cyanosis[10-12]. Although 5-ASA derivatives
have an excellent safety profile, some undesirable effects
may occur; the most prominent being immunoallergic
acute pancreatitis[13,14]. These side effects contraindicate
the further use of all 5-ASA-containing drugs and pose a
problem, because they limit treatment of acute phases of
the disease to corticosteroids and relapse to immunosuppressants. 4-ASA has also been shown to be effective in
IBD; in enemas or in oral formulations[15-18].

IBD
Ulcerative colitis (UC) and Crohn’s disease (CD) are two
distinct idiopathic, chronic and relapsing inflammatory
disorders of the gastrointestinal tract (GIT) that are
grouped under the term IBD. Dysregulation of immune
responses and upregulation of proinflammatory mediators are the two hallmarks of IBD that make it recurrent
and nearly incurable[1]. UC is characterized by distinct
episodes of active and inactive disease in 80%-90% of
patients. Repetitive cycles of active and quiescent disease
with varying clinical patterns are also observed in CD[2].
UC is one of the most common chronic inflammatory forms of IBD and is characterized by diffused mucosal inflammation, mainly limited to the large intestine
and rectum. UC is characterized by diarrhea, rectal bleeding and abdominal pain. Inflammation of the rectum is
common and generally extends proximally in a continuous fashion[3]. CD is a patchy transmural granulomatous
inflammation that affects any part of the GIT and has a
predilection for the terminal ileum and colon[4].
Despite the differences between UC and CD, both
forms of IBD cause similar symptoms. UC is characterized by mild symptoms like progressive loosening of the
stools, abdominal cramping, and diarrhea. In the severe
form of the disease, patients may also experience weight
loss, fatigue, and loss of appetite that may result in nutrient deficiencies, mucus in the stools, severe rectal bleeding, fever, and anemia. In CD, abdominal pain, diarrhea
and weight loss are often the earliest signs; constitutional
symptoms include malaise, lethargy, anorexia, nausea,
vomiting and low-grade fever. CD can be complicated by
the development of intestinal obstruction, fistulae and
perianal disease. Fistulae develop in about one-third of
patients. Perianal disease is a frequent complication of
colonic and ileocolonic disease and is characterized by
fissures, fistulae and abscesses[5,6].
The pathogenesis of IBD is obscure and is considered to involve multifactorial interactions amongst genetic, immunological and environmental triggers. The key
factor differentiating individuals with IBD from normal
ones is their inability to downregulate the uncontrolled
and chronic inflammatory state. The pathological findings
associated with IBD are: an increase in certain inflammatory mediators, signs of oxidative stress, a deranged colonic milieu, abnormal glycosaminoglycan content of the
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4-ASA
4-ASA (p-aminosalicylic acid, 4-amino-2-hydroxybenzoic
acid) (Figure 1C), is a comparatively safe antitubercular
agent that has been used for many years in resorbable
high oral doses (ranging from 8 to 12 g/d) in multidrugresistant tuberculosis. It has a bacteriostatic effect on
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Figure 1 Chemical structures of aminosalicylates and their colon-targeting prodrugs. A: 5-ASA; B: Sulfasalazine; colon-targeting prodrug of 5-ASA with sulfapyridine; C: 4-ASA; D: Amide prodrug of 4-ASA with glycine; E: L-arginine salts of 4-ASA and 5-ASA; F: H2S-releasing prodrugs of 5-ASA and 4-ASA; G: Prodrugs of
4-ASA with salicylic acid, hydroxybenzene and N-salicyloyl glycine; H: Prodrugs of 4-ASA with substituted phenols; I: amide conjugate of 4-ASA with D-phenylalanine;
J: Amide conjugate of 4-ASA with L-tryptophan; K: Amide prodrug of 4-ASA with D-glucosamine; L: Polymeric prodrug of 4-ASA; M: Prodrug of 4-ASA with 4-ASA (4A4AAz).

Mycobacterium tuberculosis and inhibits resistance against
streptomycin and isoniazid. Chemically, it is distinguished
from its position isomer 5-ASA by the position of the
NH2 group, although they share the salicylic acid backbone. Therefore, their method of synthesis is also different. 4-ASA is prepared by heating 3-aminophenol with
potassium bicarbonate or ammonium carbonate under
pressure, while 5-ASA is prepared by zinc/hydrochloric
acid-assisted reduction of m-nitrosalicylic acid[19]. 5-ASA
is unstable and is degraded rapidly into a dark purple
quinone containing tar but does not decarboxylate in the
presence of moisture. However, 4-ASA is readily decarboxylated in the presence of moisture, but unlike 5-ASA,
is slowly degraded into brown to purple material[20,21]. In
view of the well-recognized chemical distinction between
4-ASA and 5-ASA, it is surprising to discover that not
only does 4-ASA have anti-inflammatory activity, but it is
also about 50% more potent than 5-ASA.
Lover reported in animal models that 4-ASA may
have anti-inflammatory properties comparable with those
of 5-ASA[22]. Numerous clinical studies have shown that
4-ASA is highly effective in the topical treatment of active ulcerative proctitis or active left-sided UC[23]. Moreover, slow release tablets of 4-ASA are effective in active
UC[17]. 4-ASA has been suggested as an effective treatment for both active and quiescent UC. 5-ASA is well
established for maintenance treatment of inactive UC.
Moreover, recent studies suggest that 5-ASA may also be
effective in maintaining remission in Crohn’s colitis. The
efficacy of 1 year maintenance treatment with oral 4-ASA
(1.5 g/d, slow release tablets, n = 19) and oral 5-ASA
(1.5 g/d, slow release tablets, n = 21) was compared in a
randomized double-blind trial in patients with quiescent
Crohn’s ileocolitis. That study concluded that 4-ASA
may be as effective as 5-ASA for maintenance treatment
of quiescent CD and there were no differences in the
severity of relapse between both treatment groups[18]. In
contrast to 5-ASA, no nephrotoxicity related to 4-ASA
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has been reported. The only other study that compared
these two compounds examined the response to topical
treatment in left-sided colitis and showed that 4-ASA and
5-ASA were equally effective[24].
Mechanism of action of 4-ASA
The anti-inflammatory mechanism by which the aminosalicylates exert their therapeutic action is not well established but several hypotheses have been documented.
5-ASA is a potent inhibitor of arachidonic acid metabolism, decreasing the synthesis of both leukotrienes and
prostaglandins. Moreover, 5-ASA is a potent scavenger
of free radicals[25-27].
In contrast, 4-ASA does not seem to have an inhibitory effect on the lipoxygenation of arachidonic acid and
is ineffective as a radical scavenger, but it is thought to act
via nuclear factor (NF)-κB inhibition[28]. Both drugs, however, inhibit in vitro activation of T and B lymphocytes
by pokeweed mitogen in a dose-dependent manner[29,30].
These findings suggest that the use of either drug in IBD
may decrease the heightened state of lamina propria lymphocyte activation as a part of their therapeutic action[31].
Moreover, mechanisms not affecting arachidonic acid
metabolism and superoxide release may contribute to the
therapeutic potential of both drugs in IBD[32].
The most common side effects of 4-ASA include
nausea, vomiting, and epigastric pain. Less frequent side
effects are fever, joint pains, skin eruptions, and hepatitis; all of which may be attributed to hypersensitivity reactions[33]. More serious side effects are seen only rarely,
such as leukopenia, thrombocytopenia, and agranulocytosis[33]. Because of the lower incidence of serious side
effects, it was thought that delayed release formulation
of 4-ASA at higher doses could be used in IBD with
higher therapeutic efficacy than seen in previous studies.
Schreiber et al[18] concluded that oral 4-ASA may be as
effective as 5-ASA for maintenance treatment of remission in CD. Several other studies have suggested that
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4-ASA is effective in the treatment of active CD or UC;
both as a topical formulation (enema) or as an oral slowrelease tablet[18].
The risk of cross intolerance reaction between 5-ASA
and 4-ASA was evaluated by Gisbert et al[34]. They reported three cases of 5-ASA-induced pancreatitis, with no
recurrence of pancreatitis during subsequent treatment
with 4-ASA enemas. They concluded that 4-ASA enemas
are a safe and well-tolerated therapeutic alternative whenever 5-ASA-induced pancreatitis occurs. 4-ASA has been
used in the treatment of mild to moderate UC in patients
intolerant of sulfasalazine, and in the treatment of CD[35].
It has been designated an orphan drug by the United
States FDA for use in these conditions[36].

py, and diphenhydramine impairs its absorption.
Pregnancy
4-ASA is a FDA pregnancy category C drug.
Adverse effects of 4-ASA
The most frequent adverse effect of 4-ASA is GI disturbance including nausea, vomiting, abdominal pain and diarrhea. The acidic carboxylic group of 4-ASA is responsible for the gastrointestinal (GI) irritation. Occurrence of
peptic ulcers and gastric hemorrhage is rare. Adverse GI
effect can be minimized in patients by administration of the
drug with food or discontinuation of the drug when symptoms are severe. Malabsorption of vitamin B12, folic acid,
iron and lipids is also observed. Reported hypersensitive
reactions include fever, skin eruptions of various types, pruritis, vasculitis, exfoliative dermatitis, joint pain, eosinophilia,
leucopenia, agranulocytosis and thrombocytopenia[39,40].

Pharmacokinetics of 4-ASA
4-ASA is readily absorbed from the GIT. It is distributed
into various tissues and fluids including peritoneal fluid,
pleural fluid and synovial fluid in concentrations approximately equal to plasma concentrations of the drug. Cerebrospinal fluid concentrations of 4-ASA are reported
to be 10%-50% of concurrent plasma concentrations of
the drug in patients with inflamed meninges. 4-ASA is
50%-73% bound to plasma proteins. The plasma halflife of 4-ASA is about 1 h. Plasma concentrations of the
drug are not substantially affected by renal or hepatic insufficiency; however, the half-lives of the inactive metabolites may be prolonged in patients with impaired renal
function. 4-ASA is inactivated in the intestinal mucosa
and liver primarily by acetylation. The major metabolites
are N-acetyl-p-aminosalicylic acid and p-aminosalicyluric
acid. 4-ASA and its metabolites are excreted in urine by
glomerular filtration and tubular secretion. After 2 h in
simulated gastric acid, 10% of the dose of unprotected
(nonenteric coated) aminosalicylic acid is decarboxylated
to form m-aminophenol, a known hepatotoxin[37].

COLON-SPECIFIC PRODRUGS OF 4-ASA
Extensive clinical studies have shown the effectiveness
and safety of 4-ASA for the topical treatment of active
ulcerative proctitis or left-sided UC[23]. It presents many
advantages over 5-ASA, such as: more stability, more
potency, and absence of incidences of pancreatitis, but
shares the same drawback of fast and extensive absorption in the upper GIT, before it reaches the colon. This is
due to its weakly acidic nature (pKa 3-4), which results in
its ready absorption in the upper GIT[16]. Studies by Selby
suggest that 4-ASA is a stable, inexpensive alternative to
5-ASA for the topical treatment of UC or for linking to
carrier molecules for release in the colon[24].
Many colon-specific prodrugs of 5-ASA have been
cited in the literature, while the prodrug approach has
been only sporadically applied for colonic delivery of
4-ASA, for reasons that are not known. The possible reason could be the steric problem of 4-ASA, due to which
it cannot be linked with same polymers (e.g., dextran,
chitin, hydroxymethyl cellulose or synthetic polymers) as
5-ASA or to other polymers (e.g., cyclodextrins) using the
same methods that have been used for 5-ASA[20].
Zhao et al[41] were the first to design a colon-targeting
amide prodrug of 4-ASA (Figure 1D) with the nonessential amino acid glycine for the treatment of IBD. The
amide prodrug was synthesized by reacting amino and
hydroxyl protected 4-ASA acyl chloride with glycine, followed by deprotection. In vivo experiments on rats suggested that 4-aminosalicylglycine showed more curative
effect than 4-ASA.
Wallace et al[42] have patented L-arginine salts of 4-ASA
and 5-ASA (Figure 1E) for inflammatory conditions of
the GIT, and for irritable bowel syndrome (IBS). They
claim that the salt is more effective in reducing the inflammation in the colon compared to individual drugs or
L-arginine, as demonstrated from overall greater reduction in the colitis-associated edema, granulocyte infiltration, and body weight loss with enhanced free-radical
scavenging and more potent antioxidant activity, thus

Dose of 4-ASA
4-ASA is about 50% more potent than 5-ASA, therefore,
its therapeutic dose is about 60% of the effective dose
of sulfasalazine or 5-ASA on a molar basis. The recommended daily dosage of sulfasalazine is 3-4 g (6-8 tablets)
for adults and 40-60 mg/kg/d (divided into 3-4 doses)
for children (aged > 6 years). On this basis, a dosage regimen of 0.5-0.75 g of 4-ASA divided into two or three
doses can be used[38].
Contraindications of 4-ASA
4-ASA is contraindicated in patients who are hypersensitive to ASA or who have severe renal diseases, hepatic
disease or gastric ulcers[39].
Interactions of 4-ASA
4-ASA impairs GI absorption of rifampin, reduces rate
of acetylation of isoniazid, decreases the GI absorption
of digoxin, and enhances the hypoprothrombinemic
effect of oral anticoagulants. Concomitant probenecid
increases the serum concentration of 4-ASA, ammonium
chloride increases probability of crystalluria during thera-
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providing a synergistic effect. They ascribe the synergistic
effect to the ability of arginine to act as a source of nitrogen for NO, which is a potent vasodilator that attenuates
intestinal tissue damage[43,44].
A US Patent describes 5-ASA and 4-ASA prodrugs
as having an H2S-releasing moiety linked via an azo, ester, anhydride, thioester or amide linkage (Figure 1F) for
the treatment of IBD and IBS and chemoprevention of
colon cancer[45]. The basis for using H2S-releasing carriers
in this design is their encouraging and beneficial pharmacological profile. There is documented evidence for antinociceptive effect of H2S in the GIT by activating KATP
channels and smooth muscle relaxant activity in intestinal
tissue[46].
Based on the design of sulfasalazine and using azo
bond chemistry, Zhao et al[47] have reported the synthesis
of prodrugs of 4-ASA with salicylic acid, hydroxybenzene and N-salicyloyl glycine (Figure 1G), aiming to
target 4-ASA to the colon for management of IBD with
enhanced efficacy and fewer side effects. However, we
could not find any reports of activity of these prodrugs
in any of the experimental models of IBD.
Oxidative stress is one of the key players in the pathogenesis of IBD causing cellular injury and colonic inflammation[48]. Keeping this in mind, Sheng et al[49] designed
azo-linked colon-specific prodrugs of 4-ASA (Figure 1H)
with several substituted phenols such as m-nitrophenol,
salicylamide, o-chlorophenol, m-methylphenol, o-methylphenol, o-nitrophenol and o-dihydroxybenzene, possessing antioxidant properties. Their main aim was to achieve
co-antioxidant effects of 4-ASA and substituted phenol
that would result in higher reducibility and synergistic
free-radical scavenging. These phenols were chosen on
the basis of their reducibility, electronic and steric factors.
4-(3’,4’-dihydroxyphenyl) azobenzene-2-acetylsalicylic
acid, 4-(2’-methyl-4’-hydroxyphenyl) azobenzene salicylic
acid and 4-(3’-methyl-4’-hydroxyphenyl) azobenzene salicylic acid were reported to be the compounds with maximum anti-inflammatory and antioxidant activities.
Dhaneshwar et al [12] have explored mutual amide
prodrug strategy for 5-ASA with several amino acids.
Applying the same concept further to 4-ASA, they have
reported its amide conjugates with D-phenylalanine (Figure 1I) and L-tryptophan (Figure 1G). The proposed
mechanism of activation was enzymatic by the action of
N-acyl amidases secreted by colonic bacteria. The amino
acids used in the design were nontoxic carriers like
D-phenylalanine and L-tryptophan, possessing wound
healing and anti-inflammatory activities. The prodrugs
furnished 86%-91% release of 4-ASA in rat fecal matter in 20 h. Their curative effect was investigated in a
2,4,6-trinitrobenzene-sulfonic-acid-induced experimental
colitis model in rats. Pancreas, liver and stomach of rats
were studied by histopathology for the assessment of
any adverse reactions. The prodrugs were found to possess significantly superior safety profile than sulfasalazine, oral 4-ASA and 5-ASA, with comparable efficacy to
sulfasalazine.
In an innovative attempt, colon-specific 4-ASA-D-
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glucosamine amide prodrug (Figure 1K) was developed
by Dhaneshwar et al[50] out of the urgent need to search
for such alternate options that would not produce 5-ASAinduced pancreatitis and sulfapyridine-induced hepatitis.
The hypothesis was to offer supplementation of D-glucosamine that would suppress activation of intestinal epithelial cells, thus helping to maintain the integrity of the
colonic architecture. The protective effect of this prodrug
was compared with 5-ASA-D-glucosamine conjugate as
well as standard drugs like sulfasalazine, 4-ASA and 5-ASA
on the course of 2,4,6-trinitrobenzene sulphonic acid
(TNBS)-induced colitis. The mitigating effect of 5-ASA
prodrug was comparable to that of sulfasalazine, while
that for 4-ASA prodrug was moderate. However, hepatitis
or pancreatitis was not seen with 4-ASA prodrug[50].
A polymeric prodrug of 4-ASA (Figure 1L) with an
acrylic polymeric system and degradable ester bonds, such
as hydroxy propyl methacrylate, was synthesized and evaluated for colon-targeted drug delivery by Yadav et al[51]. In
the first 2 h, 40.01% release was observed in rat fecal matter at pH 7.4, which was followed by sustained release of
93% over a period of 12 h. The authors propose that the
developed delivery system could be useful for controlled
release, prolonged transit time, and colon-targeted delivery of 4-ASA.
A macromolecular colon-targeting ester prodrug
of 4-ASA with β-cyclodextrin as a promoiety was reported very recently by Vadnerkar et al[52]. Interestingly,
20%-23% release of 4-ASA was observed in the stomach
and small intestinal homogenates, while the prodrug was
found to be resistant to pH-dependent hydrolysis at pH
= 1.2 and 7.4. Almost 68% and 92% release was obtained
in rat cecal and fecal matter, respectively. The prodrug
demonstrated a moderate ameliorating effect on TNBSinduced colitis as compared to sulfasalazine or 4/5-ASA
administered rectally, but it was similar to that with orally
administered aminosalicylates. Partial activation of the
prodrug in the upper GIT homogenates causing incomplete transport of 4-ASA to the site of action could be
responsible for its moderate effect. However, the prodrug
was reported to be safe, producing no harmful effects on
the stomach, liver or pancreas of rats[52].
In another innovation, Suneela et al[53] designed four
azo prodrugs of 4- and 5-ASA using the same aminosalicylates as carriers. As known already, olsalazine is a
dimer of 5-ASA, which is synthesized by coupling diazo
salt of 5-ASA with salicylic acid, which upon reduction by
azo reductase, generates two molecules of 5-ASA. However, the azo prodrugs reported by Suneela et al[53] are different in the sense that they are prepared by coupling diazo salt of either 4-ASA or 5-ASA with 4-ASA or 5-ASA
as carriers in all possible permutations and combinations.
This results in prodrugs that, upon activation by azo reductase reduction, generate only one molecule of either
4-ASA or 5-ASA, while the other molecule released is a
diaminosalicylic acid and not another molecule of aminosalicylate. These prodrugs were designed to target the colon affected with IBD. Due to their improved hydrophilic
nature, the prodrugs had minimum absorption in the
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upper GIT. The prodrugs were considerably stable when
incubated in the upper GIT. Approximately 68%-91%
release was obtained on incubation with rat cecal matter. Amongst the series of four prodrugs, the prodrug
of 4-ASA with 4-ASA (4A-4AAz) (Figure 1M) at a dose
of 53 mg/kg was found to alleviate all the quantifying
markers of TNBS-induced experimental colitis in Wistar
rats. Due to absence of adverse effects in the stomach,
liver and pancreas, it could be a promising alternative for
IBD patients intolerant to 5-ASA-induced pancreatitis
and sulfapyridine-induced adverse effects observed with
sulfasalazine[53].
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CONCLUSION

15

Despite possessing more stability and potency than 5-ASA
in treating UC, without the evident risk of 5-ASA-induced
pancreatitis, 4-ASA or its colon-targeted prodrugs remain
unexplored and neglected when it comes to the management of IBD patients intolerant to 5-ASA. There is a
need to investigate this promising compound, explore
its untapped potential, and develop safe but effective
systems for its targeted delivery to the colon, for better
management of IBD as well as other local diseases of
colon like IBS and colorectal cancer.
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Core tip: Ischemia-reperfusioin injury, which commonly
occurs during transplant procedures, is associated with
inflammatory cytokine release, endothelial dysfunction
and oxidative stress. Remote ischemic-preconditioning
is a procedure that can attenuate all of these alterations. The pathophysiology of many non-ischemic gastrointestinal disorders, such as radiation-induced enteritis and inflammatory bowel disease, among others,
involves many of these same mechanisms. Future research should address the question of whether remote
ischemic-preconditioning could also favorably alter the
course of these diseases.

Abstract
Common gastrointestinal diseases such as radiation
enteritis (RE), acute pancreatitis, inflammatory bowel
diseases (IBD) and drug-induced hepatotoxicity share
pathophysiological mechanisms at the molecular level,
mostly involving the activation of many pathways of
the immune response, ultimately leading to tissue injury. Increased oxidative stress, inflammatory cytokine
release, inflammatory cell infiltration and activation and
the up-regulation of inflammatory transcription factors
participate in the pathophysiology of these complex
entities. Treatment varies in each specific disease, but
at least in the cases of RE and IBD immunosuppressors
are effective. However, full therapeutic responses are
not always achieved. The pathophysiology of ischemiareperfusion (IR) injury shares many of these mechanisms. Brief and repetitive periods of ischemia in an
organ or limb have been shown to protect against subsequent major IR injury in distant organs, a phenomenon called remote ischemic preconditioning (RIP). This
procedure has been shown to protect the gut, pancreas
and liver by modulating many of the same inflammatory mechanisms. Since RIP is safe and tolerable, and
has shown to be effective in some recent clinical trials,
I suggest that RIP could be used as a physiologically
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INTRODUCTION
Ischemia-reperfusion (IR) injury occurs when blood
flow to an organ is interrupted, such as in arterial embolism or thrombosis, during transplant procedures or
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shock, followed by restoration of blood flow[1,2]. The
initial injury (ischemia) causes depletion of tissue energy
resources, activation of proteases and increased calcium
influx into ischemic cells, and reperfusion exacerbates the
extent of injury through the stimulation of an intense
systemic inflammatory response. This leads to tissue
microcirculatory failure, necrosis and apoptosis. Marked
pro-inflammatory cytokine release, inflammatory cell infiltration, production of reactive oxygen species (ROS),
increased expression of nitric oxide (NO), Toll-like receptor (TLR)-4 signaling and activation of inflammatory
transcription factors, among other complex pathways,
are centrally involved in the events leading to IR-injury
in various organs[2-4]. The gut and the liver are among the
most ischemia-sensitive tissues.
Treatments aimed at attenuating IR-injury often involve the inhibition of one or many of these inflammatory pathways. Experimental success has been achieved
with single cytokine blockers as well as with pleiotropic
compounds with various immunomodulatory effects in
both intestinal and liver IR-injury[5,6]. Recently, another
strategy has proven useful in reducing IR-injury, ischemic
preconditioning (IP). IP consists of a brief episode of
ischemia that precedes the major ischemic event, and
leads to the modulation of the innate organ defenses
and inflammatory response, leading to decreased resulting injury[7]. The molecular mechanisms of IP are complex, and involve various pathways. IP leads to increased
natural antioxidants such as glutathione, superoxide dismutase, heme-oxygenase-1 (HO-1), and reduced levels of
lipid peroxidation[8]. Nuclear transcription factors such as
nuclear factor-kappaB (NF-KappaB) are also regulated
by IP, leading to reduced pro-inflammatory cytokines
production and release[7]. Additionally, NO production is
modulated by IP, leading to preserved sinusoidal blood
flow, oxygenation and mitochondrial function[8]. These
events prepare tissues to withstand IR injury, with impressive efficacy.
Remote ischemic-preconditioning (RIP) has emerged
as an interesting alternative to direct IP. RIP involves the
induction of protection against IR injury in an organ by
brief episodes of ischemia and reperfusion in an entirely
different organ or limb[9]. These protective effects begin
few hours after preconditioning and may persist for up
to 72 h. Circulating mediators and/or signals are hypothesized to mediate this effect, and some mechanisms
involved so far are similar to those that applied in direct
IP, including modulation of inflammatory cells, cytokines
and oxidative stress[9,10].
Specific mechanisms involved in RIP-induced protection are also being uncovered. The induction of intestinal
or hepatic RIP was shown to protect against subsequent
renal IR by the attenuation of oxidative stress, lipid peroxidation, cytokine release, NO production and the upregulation of endogenous antioxidant mechanisms[11,12],
and further studies have established that NO is an important mediator of RIP as well[13,14]. RIP normalizes
NO production in mitochondria, and attenuates oxida-
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tive stress-mediated mitochondrial injury (24). HO-1,
heat shock proteins (hsp), antioxidant and cytoprotective
defense systems, are also upregulated by RIP and also attenuate tissue injury[9,10,15].
RIP also leads to reduced levels of tumor necrosis
factor alpha (TNF-α ) and inhibits crosstalk between
TNF-α receptors and the induction of NF-KappaB[9,10,16].
RIP leads to reduced production and release of other
proinflammatory cytokines and suppression of NFKappaB-induced inflammation, and RIP has been shown
to reduce long term transforming growth factor-beta
(TGF-β) expression and fibrosis in kidneys damaged by
IR injury[17,18]. Signal transduction and activator of transcription (STAT) pathways have also been involved in the
pathophysiology of IR injury, and RIP is known to modulate STAT activity, leading to regulation of inflammation
and cell survival[19,20]. Rats that are deficient in TLR-4 do
not show RIP liver protection, suggesting a role for TLRs
in the induction of preconditioning-associated ischemic
tolerance[21,22].
In experimental studies, both IP and RIP have been
shown to be beneficial in IR-injury of the gut, liver and
pancreas[23-25]. The traditional view is that both IP and
RIP protect tissues from a subsequent episode of full
blown IR-injury. However, the variety of the inflammatory pathways regulated by these interventions suggests
that they have wide-ranging immunomodulatory properties (Figure 1). Experimental studies have shown that IP
and RIP are able to attenuate the inflammatory response
and the severity of injury in various animal models of
non-ischemic insults such as lipopolysaccharide-induced
sepsis[26], traumatic brain injury[27] and cerulein-induced
pancreatitis [28]. An interesting question that arises is
whether these properties could be beneficial in non-ischemic but inflammatory conditions of the gastrointestinal
system.
In this review, I propose that given the similarity in
the physiopathology of IR-injury, RIP-induced protection and some gastrointestinal inflammatory conditions,
RIP could show beneficial effects in their clinical course.
That is, the idea of RIP as a general “immunomodulatory” strategy, outside of its application solely to limit
IR-injury. I focus on drug-induced hepatotoxicity, inflammatory bowel diseases (IBD), radiation enteritis (RE) and
acute pancreatitis (AP). Although it is outside the scope
of this paper to review in detail the pathophysiology of
these diseases, in the following sections I discuss relevant
evidence in support for the current proposal.

HUMAN STUDIES OF REMOTE ISCHEMIC
PRECONDITIONING
RIP is less invasive than IP and has led to great clinical
interest for its application[10]. RIP is safe, tolerable, with
no clear side effects, and has been used effectively in
several clinical trials[29]. The induction of forearm or leg
IR by the inflation of a blood-pressure cuff for brief
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Ischemia-reperfusion
ATP depletion
Protease activation
Increased Ca++ influx

Target organ and
systemic inflammation

(1) Activated lymphocyte,
myeloid cell
and neutrophil infiltration
STAT
NF-KappaB

(2) Mediator release
Cytokines
Chemokines
Others

(3) Oxidative stress
Nitric oxide
ROS
Depletion of EA

(4) HO-1
TLRs
hsp
Impaired mitochondrial function

(5) Tissue injury
Microcirculatory failure
Necrosis
Apoptosis

Figure 1 Pathophysiology of ischemia-reperfusioin injury and mechanisms modulated by remote ischemic preconditioning. There are multiple pathways
involved in the pathophysiology of ischemia-reperfusion (IR) injury. This leads to end organ damage as discussed in the text. Inflammatory cell infiltration and activation during IR is driven by multiple signaling pathways and lead to tissue inflammation. (1) Remote ischemic preconditioning (RIP) can modulate inflammatory cell
infiltration and activity. Inflammatory cells and resident cells produce inflammatory cytokines and chemokines, partly in response to signal transducers and activators
of transcription factor (STAT) and nuclear factor kappa B (NF-Kappa B) signaling; (2) RIP can reduce cytokine and chemokine production and modulate STAT activity. Local and infiltrating inflammatory cells produce reactive oxygen species (ROS) that deplete endogenous antioxidants (EA), resulting in tissue distruction; (3) RIP
reduces production of ROS and increases levels of EA. During IR, heme-oxygenase-1 (HO-1) and heat shock proteins (hsp) are upregulated, Toll-like receptors (TLRs)
are activated and mitochondrial function is disrupted; (4) RIP modulates TLR signaling, protects mitochondria and regulates HO-1 production. All of these events lead
to microcirculatory failure and finally cellular apoptosis; and (5) RIP preserves microcirculation and reduces pro-apoptotic signals. ATP: Adenosine triphosphate.

episodes (5 min) is the preferred method in human trials,
that has shown promising results in the setting of myocardial ischemia[10]. The possibility of using it on multiple occasions or intermittently remains open. A recent
meta-analysis of 23 clinical trials including 1878 patients
undergoing RIP, mostly for cardiac surgery, was recently
published[30]. Although it found no mortality benefit, it
did find reduced levels of myocardial infarction and confirmed the procedure’s safety. RIP has no known interaction with drug treatment, so it could be safely used as an
adjunct to standard therapy. A recent small randomized
controlled trial showed that arm RIP provided protection
against contrast-medium induced nephrotoxicity[31]. This
is the first clinical example of a study that used RIP with
the aim of providing protection against a non-ischemic
insult (contrast nephropathy).
RIP is associated with few side effects apart from
slight discomfort, and published protocols can be easily
replicated. One of the most common protocols involves
performing 4 cycles of alternating 5-min inflation and
5-min deflation of a standard upper-arm blood pressure
cuff to the individual’s systolic blood pressure plus 50
mmHg to induce transient and repetitive arm ischemia
and reperfusion[31]. Number of cycles, ischemia time, and
selected limb (arm or leg) can vary.
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DRUG-INDUCED HEPATOTOXICITY
Drug induced acute liver failure (ALF) is one of the most
severe and feared adverse reactions associated with drugs.
Drug induced hepatotoxicity in general population has
been estimated to be around 14/100000 inhabitants in
Western countries, and contributes to 10%-50% of all
causes of ALF[32]. Acetaminophen (ACP) intoxication,
either accidental or intentional, is by far the most common, due to the universal access to this analgesic, and has
a mortality rate of 32%-50%[32]. The specific treatment
consist of n-acetylcysteine administration, an antioxidant
that also affects ACP metabolism[33]. However, it requires
complex dosing regimens, and the search for alternative
therapeutic strategies is an active field of research.
The pathophysiology of ACP induced hepatotoxicity
is well understood. ACP is metabolized by cytochrome
P450 into N-acetyl-p-benzoquinone imine (NAPQI), a
toxic metabolite, which is then conjugated to glutathione and detoxified under physiologic circumstances to
mercapturic acid[34]. With ACP overdose, glutathione is
depleted and excess NAPQI binds to intracellular proteins causing mitochondrial dysfunction and permeability,
leading to increased oxidative stress and the induction of
a sterile inflammatory response[35]. Hepatocytes, Kupffer
cells, and other circulating non parenchymal cells resi-
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INFLAMMATORY BOWEL DISEASE

Table 1 Pathways participating in the physiopathology of
some gastrointestinal diseases and effects of remote ischemic
preconditioning
Some mechanisms of ACP-induced
hepatotoxicity, RE, IBD and AP

Effects of RIP

Inflammatory cytokine production
Increased oxidative stress
Depletion of glutathione
NO expression and release
iNOS expression
HO-1 and hsp70 production
TLR signaling
Th1 and Th2 cytokine imbalance
STAT and NF-kappaB signaling
TGF-β production

Reduced inflammatory cytokines
Inhibits oxidative stress
Increased glutathione synthesis
Modulation of NO function
Modulation of iNOS
Promotes HO-1 and hsp70 production
Modulates TLR signaling
Reduced inflammatory cytokines
Modulation of STAT and NF-KappaB
Regulation of TGF-β production

IBD encompass a wide variety of conditions, of which
ulcerative colitis and Crohn’s disease are the best understood. Their combined incidence and prevalence is approximately 5 cases per 100000 and 100 cases per 100000
population, respectively [43]. They constitute chronic
inflammatory disorders of the gastrointestinal tract that
share clinical and pathophysiological similarities, and can
present with diarrhea, bloody stools, abdominal pain,
weight loss and systemic signs of inflammation (depending on specific disease type). Alterations in innate immunity and in resident and infiltrating inflammatory cells
such as neutrophils, CD4 lymphocytes, macrophages
and mast cells lead to increased production of inflammatory cytokines of both the Th1 and Th2 response are
the main effectors in these diseases[44]. Although initiator
cytokines such as interleukin (IL)-17 and IL-13 dominate
the initial response, the downstream mediators IL-1, IL-6
and TNF-α are the central regulators of tissue damage in
IBD[45]. Besides immunosuppressive therapy, TNF-α antagonist therapy has shown tremendous effectiveness in
the management of IBD. However, definitive treatment
only exists in the form of surgery (in some cases), and
disease can progress even under optimal pharmacologic
therapy.
It is known that RIP is effective in reducing intestinal
IR injury[23], and I have previously reviewed evidence that
suggests RIP can modulate inflammatory cytokine production, including robust effects over TNF-α. Intestinal
IP in particular has been shown to reduce the mRNA
levels of many pro-inflammatory cytokines, including
TNF-α and IL-1[46].
STAT proteins participate in cytokine-induced T-cell
activation in IBD, and activation of STAT-4 and STAT-3
in T cells is an essential step in the physiopathology of
Crohn’s disease[47]. The transcription factor NF-kappaB actively participates in the excessive inflammatory response
observed in IBD, using TLR pathways, both in intestinal
mucosal and inflammatory cells[48]. As I discussed, RIP is
also able to modulate both of these transcription factors.
Additionally, during IBD, endothelial cells are modified
by intestinal inflammation, leading to altered responses
to leukocyte-cell interactions and inflammatory cytokines,
contributing to the initiation and propagation of IBDrelated pathology[49]. RIP is known to protect endothelial
cells from various insults. Intestinal IP can directly reduce
NF-KappaB activation after IR-injury[46], and can also
modulate leukocyte-endothelial interactions[50].
Recent evidence has shown that in response to inflammatory cytokine production, ROS are produced
during disease activity in IBD, and that oxidative stress
could be a triggering factor, rather than a concomitant
occurrence during the pathogenesis of these diseases[51].
Not only are oxidants overproduced but antioxidants also
are overexpressed as a natural defense mechanism against
oxidative injury during IBD activity[52]. HO-1 is also a
main endogenous defense mechanism against intestinal

Note: Adapted from text. ACP: Acetaminophen; RE: Radiation-induced
enteritis; IBD: Inflammatory bowel disease; AP: Acute pancreatitis; RIP:
Remote ischemic preconditioning; HO-1: Heme oxygenase-1; hsp70:
Heat shock protein-70; TLR: Toll-like receptor; NO: Nitric oxide; iNOS:
Inducible nitric oxide synthase; STAT: Signal transduction and activator
of transcription; NF-kappaB: Nuclear factor-kappaB; TGF-β: Transforming
growth factor-beta.

dent synthesized other pro-inflammatory and injurious
substances in response to these events. Among these,
NO has been shown to play a major role in controlling
lipid peroxidation and oxidative stress[36,37]. Induction of
proteins that act as natural antioxidant defenses, such as
HO-1 and heat shock protein 70 (hsp70), are increased
by ACP in hepatocytes[38,39] in an attempt to reduce oxidative stress injury. Pro-inflammatory cytokines such as
TNF-α are produced and other mediators such as TLR-4
are activated by ACP intoxication and are responsible for
further damage and the perpetuation of the inflammatory response[40,41].
All of these pathways have been shown to be modulated by RIP in the liver. In a rodent model of hindlimb
RIP, RIP led to the suppression of pro-inflammatory
genes and the expression of antioxidant genes, leading
to increased levels of glutathione, HO-1 and reduced
TNF-α release in hepatocytes[22,24]. NO induced in the
liver by RIP leads to preservation of the sinusoidal structure and maintenance of blood flow through the hepatic
microcirculation, as well as improved mitochondrial oxygenation and reduced acidosis[4,42]. Finally, TLR-4 knockout mice have failed to induce hepatoprotection in RIP,
suggesting a role for TLR-4 as well[22].
The overlap between the mechanisms responsible for
ACP hepatotoxicity and those of RIP is striking (Table 1).
Hypothetically, upon receiving a patient with suspected
ACP intoxication, besides conventional treatment, forearm RIP could be initiated, which would hypothetically
lead to reduced pro-inflammatory mediators production
and increased antioxidant defense in the liver. This could
partially mitigate the hepatotoxic effects of ACP, a common entity with high morbidity and mortality. Thus RIP
could function as a physiologically reasonable adjunct
treatment for ACP intoxication.
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ecules participate in the recruitment of leukocytes into
inflamed tissue in the setting of RE[65]. RE also induces
the expression of adhesion molecules and other inflammatory mediators, such as cytokines and chemokines,
both locally and systemically[66]. There are many lines of
evidence that implicate cytokine imbalances directly in
the pathogenesis of RE. In a rodent model of RE, the
ileal expression of IL-1, IL-6, TNF-α, TGF-β was markedly increased, while the levels of the anti-inflammatory
cytokine IL-10 were found to be diminished, all in association with activation of NF-KappaB[67]. NF-KappaB
inhibition, in turn, was able to diminish the severity of
RE, as well as the associated inflammatory response[68].
The shift towards a Th-2 like response, with release of
inflammatory cytokines IL-1 and TNF-α, was shown to
persist for up to 6 mo after RE, suggesting a role for this
mechanisms in the chronic phase as well[64]. This same
study also showed the induction of the IL-10/STAT
3 pathway by RE. At least one study has confirmed elevated levels of inflammatory cytokines in the mucosa of
patients with radiation-induced proctitis[69].
The chronic phase of RE, characterized by fibrosis,
is also associated to an inflammatory response. In rodent models, TGF-β immunoreactivity was found to be
increased in the intestines after RE and to correlate well
with both acute and chronic histopathologic lesions[70].
TGF-β and its pathways are central mediators of fibrogenesis and currently constitute an important therapeutic
target for RE[71]. In experimental studies, IP could reduce
the chronic elevations of TGF-β after renal IR-injury[17],
but these results have not been replicated in models of
liver IR[72].
RE constitutes another pathology that shares many
pathophysiological mechanisms with IR-injury (Table 1).
It is therefore unsurprising that many of these mechanism are affected by RIP as well, including regulation of
cytokine balance, attenuation of oxidative stress and the
modulation of transcription factors such as NF-KappaB.
There is another important aspect to RE which makes it
ideal for intervention with RIP: the fact that it is an expected complication, a side effect. This allows for the use
of RIP as pre-treatment, or as a preventive measure. It is
in this setting that RIP has shown greater clinical benefit
in human trials.

inflammation that has been hypothesized to participate
in the pathophysiology of IBD[53]. Experimental studies
have also established a protective role for Hsp70 against
colitis trough suppression of inflammatory cytokines and
apoptosis[54]. Constitutive and inducible NO synthetase
(iNOs) participates in the initiation and regulation of
inflammation during IBD[55], and has complex immunemodulating effects in normal intestinal homeostasis. Of
course, RIP is associated with antioxidant effects, HO-1
and Hsp70 expression and modulation of NO responses.
In rat models of intestinal IR, both IP and RIP were able
to increase serum levels of HO-1 conferring cytoprotection[23,50], and RIP has been shown to modulate NO production and decrease lipid peroxidation in the colon[56].
Intestinal inflammatory diseases such as IBD also
share many pathophysiological mechanisms with IR injury (Table 1), and there is direct experimental evidence
suggesting that the mediators discussed above are capable
of being regulated by RIP in intestinal tissues, making
IBD another important candidate for RIP therapy. Of
course, the ideal phase of intervention would be an acute
flare of IBD, since these conditions have clear chronic
courses. Some form of “pulse” therapy or periprocedural
(in endoscopic procedures) use of RIP could also be
promising.

RADIATION-INDUCED ENTERITIS
Radiotherapy for pelvic and abdominal tumors causes
severe gastrointestinal complications. The intestines are
very sensitive to radiation injury and they constitute a
dose-limiting organ. As many as 16% of patients receiving abdominal or pelvic radiotherapy will develop chronic
RE, and even more will suffer from the acute phase of
this entity[57]. Acute symptoms include diarrhea, nausea
and vomiting, and chronic manifestations include stricture formation, obstruction, inflammation, bleeding and
fibrosis. Both phases of RE are thought to occur due to
an imbalance of inflammatory and anti-inflammatory
mediators. There is scarce evidence favoring an effective
therapeutic regimen for RE, and the search for novel
treatment or preventive strategies is ongoing[58]
Experimental evidence points towards an important
role for oxidative stress in the physiopathology of RE.
After radiation exposure, there is an important imbalance in the oxidative status of the intestine[59]. Increased
myeloperoxidase, malonaldehide and decreased levels
of glutathione have been associated with the acute
inflammatory phase of RE[60]. RE also induces HO-1
expression, and the over-expression of HO-1 leads to
tissue protection in acute RE[61]. The administration of
antioxidants, like vitamin-E, diminish experimental RE
by decreasing lipid peroxidation and increasing glutathione levels in the gut[62,63]. Increased induction of iNOS
has also been observed in the colon after acute RE, and
iNOS inhibitors diminish some of the alterations associated to RE[64,57].
The coordinated activity of several adhesion mol-
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ACUTE PANCREATITIS
AP is one of the most common emergency department
admission gastrointestinal diagnoses in the world, with
increasing incidences of up to 30 cases per 100000 population, with an overall mortality of around 2%[73]. Many
etiologies account for AP, but gallstones and alcohol
constitute for nearly 70% of cases. Irrespective of cause,
a common pathogenesis seems to involve pancreatic
hyperstimulation, enzyme (including trypsin) activity upregulation in acinar cells and enzyme reflux, leading to
auto-digestion of the gland and local inflammation[74,75].
Although the full details of these pathogenic processes
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but these findings could not be replicated by renal RIP[93].
Considering that a systemic inflammatory response is
the hallmark of severe acute pancreatitis and its associated systemic complications, RIP again emerges as an intriguing therapeutic possibility (Table 1). Its wide-ranging
immunomodulatory effects, including those that target
essential pathways known to participate in the physiopathology of AP, could turn out to be beneficial. Prevention of systemic complications and subsequent repair
could also be achieved by RIP. RIP could also be specially
effective in post-endoscopic retrograde cholangiopancreatography pancreatitis, as a periprocedural preventive
measure.

remain unknown, an intense local and systemic inflammatory response is characteristic of AP and accounts for
most aspects of disease severity, systemic complications
and clinical outcomes. Treatment is mostly supportive,
and no specific pharmacologic treatment is currently
available.
Unsurprisingly, many of the inflammatory mechanisms I have discussed in previous sections again turn out
to play essential roles in the pathophysiology of AP. NFKappaB is upregulated in AP, leading to the activation
of many inflammatory genes and the upregulation of
various pro-inflammatory mediators[76]. Monocytes form
patients with AP show impaired NF-KappaB and STAT3
regulation[77]. The STAT signal transducers also promote
the expression of TNF-α, IL-1 and IL-6 in acute pancreatitis[78]. Human and experimental studies have confirmed
the central role of these pro-inflammatory cytokines in
the regulation and perpetuation of a systemic inflammatory response in AP[79]. Experimental inhibition of these
molecules leads to attenuation of the severity AP, and
their serum levels have even been useful as predictors of
severity in the clinical setting.
Interactions between pro-inflammatory cytokines
and oxidative stress occurs in the development of the
inflammatory response in AP, activating common signal
transduction pathways that lead to amplification of the
inflammatory cascade such as NF-KappaB[80]. Increased
oxidative stress, lipid peroxidation and production of free
radicals are important steps in the development of pancreatic tissue injury during AP[80,81]. HO-1 is upregulated
in pancreatic tissue after experimental AP, contributing to
intercellular defenses against increased oxidative stress[82],
and neutrophils and monocytes derived from patients
with AP have shown to be primed for HO-1 production, suggesting that HO-1 upregulation could be a viable
therapeutic target[83]. Hsp’s and TLRs also participate
in an interplay between pancreas tissues and etiological
agents, modulating the local and systemic inflammatory
cascade[84,85]. Although the role of NO in the pathophysiology of AP remains controversial, it can regulate many
molecular targets and crucial steps of the inflammatory
response[86].
Despite advances in the understanding of these processes, there is no evidence of a clinical benefit of antioxidant or anti-cytokine therapies in AP. We have already
seen that both IP and RIP modulate all of these mechanisms in general, but particular evidence concerning the
pancreas is available. Pancreatic IP is effective in reducing
the severity of IR-induced pancreatitis, partly through
the modulation of IL-1 signaling[87-89]. IP also reduces the
severity of caerulein-induced pancreatitis and can also accelerate pancreatic repair, also partly through a reduction
of the inflammatory process and induction of hsp70[28,90].
IP can also preserve microcirculation, reduce neutrophil
infiltration and necrosis after IR-induced pancreatitis[91].
Some of these findings have been extended to RIP. RIP
via hepatic IP also reduced the severity of IR-induced
pancreatitis, in part through reduced IL-1 production[92],
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CONCLUSION
The clinical application of RIP is an active field of research. It is a safe, tolerable and simple procedure, with
wide-ranging immunomodulatory effects. Most clinical studies concern the utility of RIP in preventing IRinjury in the setting of vascular surgery or myocardial
infarction, but at least one study has found a beneficial
effect of RIP in reducing a non-ischemic injury, that of
contrast nephropathy[31]. Recent developments also suggest that gastrointestinal protection via RIP might be
clinically effective. Serum from human subjects subjected to RIP was able to protect human cultured intestinal
cells from hypoxia-induced damage[94]. And in a recent
randomized control trial, RIP was shown to protect the
intestine against IR-injury associated to open abdominal
aneurism repair, as evidenced by decreased levels of intestinal injury markers such as serum intestinal fatty acidbinding protein, endotoxin levels and diamine oxidase
activity[95].
Considering that the protective effects of RIP are
thought to depend on its modulation of the inflammatory response and oxidative status, its therapeutic potential
could be expanded to other non-ischemic inflammatory
conditions. I have shown that inflammatory gastrointestinal conditions such as IBD, RE, AP and drug-induced
hepatotoxicity could be ideal candidates for RIP treatment, considering that their pathophysiological processes mirror to an extent those of IR-injury, and have
themselves been shown to be modulated by RIP. RIP is
most often thought of as a preventive strategy, since it
is usually applied before the development of injury or
disease. This makes RE and post-endoscopic retrograde
colangiopancreatography pancreatitis the most logical
candidates. However, the immunomodulatory effects of
ischemic conditioning are known to persist even after
an initial ischemic injury is established, a phenomenon
known as ischemic post-conditioning[96]. Of course, clinical applicability would have to be determined following
extensive pre-clinical experimentation and appropriate
clinical trials. Precise timing, preconditioning technique
and route would have to be determined as well. However,
the current evidence suggests RIP has a great potential in
treating these and other pathologic conditions.
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INTRODUCTION
Chronic hepatitis B is defined as the presence of HBsAg
and elevated serum alanine aminotransferase (ALT) levels
for more than 6 mo, along with distinctive necroinflammation in the liver[1].
More than 240 million people have chronic hepatitis
B in the world, with the highest incidence in sub-Saharan
African and East Asian regions[2]. In China, approximately 120 million people are hepatitis B virus (HBV) carriers[3]. Most people in HBV prevalent countries become
infected with HBV during childhood, which becomes a
financial burden of governments, especially in East Asia.
The universal vaccination program has reduced the
prevalence rate of hepatitis B, especially in children. The
seroprevalence of HBsAg in Korean children decreased
to 0.2% of preschool children and 0.44% of early teenage
students in 2007 owing to the universal vaccination and
hepatitis B perinatal transmission prevention program[1].
In Taiwanese children (< 15 years of age), the rate of HBsAg positivity dropped to 0.6% after the successful implementation of universal vaccination for 20 years, compared
to 10% in the pre-vaccination era[4].
However, treatment is not always easy because of
inattention to the natural course of chronic hepatitis B
in children and emerging antiviral drug resistance. It is
essential to minimize the severity of active hepatitis and

Abstract
Understanding the natural course of chronic hepatitis B
virus (HBV) infection is very important for the management and treatment of chronic hepatitis B in children.
Based on treatment guidelines, the management of
HBV carriers and treatment of active hepatitis have
been advancing and resulted in increased survival, as
well as decreased risks of complications such as liver
cirrhosis and hepatocellular carcinoma. Development
of a continuing medical education (CME) program for
primary physicians becomes an important responsibility
of pediatric hepatologists. CME could prevent misdiagnosis and unnecessary treatment that could lead to
liver complications or antiviral resistance. In addition,
education of patients and their parents is necessary to
achieve better therapeutic outcomes.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Hepatitis B virus; Natural course; Diagnosis;
Treatment; Lamivudine; Resistance
Core tip: Chronic hepatitis B virus infection is very impor-
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reduce the length of the immune clearance phase, and
avoid inappropriate treatment or negligence. Spontaneous HBeAg seroconversion does not indicate histologic
remission of chronic hepatitis. Currently, medications for
the treatment of chronic hepatitis B infections are conventional interferon (IFN), lamivudine and adefovir in
children. Global studies on potent antiviral agents such as
entecavir and tenofovir in children are ongoing; however,
these drugs need approved as the primary treatment option in children.
In the meanwhile, there are still a lot of misconception about the natural course, diagnosis and treatment of
chronic hepatitis B, especially in children. “Children are
not little adults” is a true sentence for chronic hepatitis B.
In the East where vertical infection is a major transmission mode, it is difficult to determine the facts on the basis of western journal articles. The authors have reviewed
published articles comparing Asian children to adults as
well as to western children, especially in the management
and treatment of chronic hepatitis B in children.

rier state, serum aminotransferase normalizes and serum
HBV DNA also declines to the level of less than 2000
IU/mL (104 copies/mL). Whilst 2/3 of untreated inactive carriers stay in the non (low) replicative phase for
a prolonged period, this is important to note since approximately 20% of untreated inactive carriers may go
through the reactivation phase, some through repetitive
hepatitis flares, and 4% may revert to HBeAg positive
chronic hepatitis B[12,13]. However, these kinds of acute
exacerbation are unusual in children after HBeAg seroconversion[14].

SPONTANEOUS HBEAG/ANTI-HBE
SEROCONVERSION
It is rare for HBeAg to spontaneously seroconvert during
the immune tolerance phase. Spontaneous HBeAg seroconversion occurs during the immune clearance phase.
It takes place at different periods of life from childhood
to the 5th decade, but most commonly between the ages
of 15 and 30 years. Ages ranging from thirties to forties
are the most common in Asian countries where vertical
transmission is the major route, due to the slower development of the immune clearance phase[12].
The rate of spontaneous seroconversion is lower in
children than in adults. Spontaneous HBeAg seroconversion has been shown to be less than 2% annually in children
aged < 3 years, which increases to 4%-5% over the age of 3,
and 10%-14% for the 10-14 year age group in Taiwan[15]. In
South Korea, HBeAg clearance occurs in around one third
of HBV infected children by 19 years of age[16].
In Asia, the major mode of HBV infection is usually via vertical transmission which leads to a prolonged
immune-tolerant phase. That may explain why the spontaneous seroconversion rate is low in Asia compared to
western countries. Higher HBeAg seroconversion rates
have been reported in children infected horizontally than
in those infected perinatally[17,18].
Although HBeAg seroconversion during treatment
is the primary therapeutic target, spontaneous HBeAg
seroconversion occurs through the immune clearance
phase, after necroinflammation of the liver and subsequent removal of infected hepatocytes. It is during this
phase that the plausibility of liver complications may
increase, according to the severity and duration of active
hepatitis. Even normalization of ALT and disappearance
of HBeAg would not guarantee the prevention of liver
cirrhosis or hepatocellular carcinoma, had it been untreated or neglected after a series of inappropriate herbal
remedies which may have deteriorated the disease for a
prolonged period (Figure 1A). In general, spontaneous
HBeAg seroconversion usually leads to good prognosis
in adults; however, one third of active hepatitis (HBeAg
positive or negative) may recur and some of these patients may even develop liver cirrhosis or hepatocellular
carcinoma[12]. A study of European children with horizontally transmitted chronic hepatitis B, with an average
of 5.2 ± 4.0 years of follow up, showed that most of

NATURAL COURSE OF CHRONIC
HEPATITIS B
After acute HBV exposure, 90% of infants of HBeAg
seropositive mothers become chronic HBV carriers,
whereas 25%-70% of children aged < 3-5 years and 5%
of adults become chronic carriers[5-7]. The immature immune system in young children may be accountable for
this.
Chronic hepatitis B in children with HbsAg positivity for at least six months is transmitted predominantly
through vertical infection[7]. In this case, the initial phase
is the immune tolerance phase, in which HBeAg is positive and the serum HBV DNA level is over 105 copies/mL (over 107-1010 copies/mL in practice) due to a
high level of HBV replication; however HBV carriers are
generally asymptomatic with normal aspartate aminotransferase (AST)/ALT values. Liver damage is minimal
regardless of the active HBV replication rate during this
phase, for HBV is a virus that does not attack hepatocytes directly[8].
As the stage progresses onto the immune clearance
phase (immune active phase), accompanied by necrosis
of liver tissues, ALT rises due to the transaminase that
comes from the damaged hepatocytes. This results in
chronic active hepatitis with HBeAg positivity and fluctuation of serum HBV DNA level, complicated by necrosis
and fibrosis of liver tissues. The majority of patients who
have been vertically transmitted progress into chronic active hepatitis before the age of 35. Though liver damage
is usually mild in children, liver cirrhosis or hepatocellular
carcinoma may even develop as complications 2-7 years
after vertical infection[9,10].
At the end of the immune clearance phase and transition to the non/low replicative phase, removal of infected hepatocytes results in low HBV DNA and HBeAg
seroconversion[11]. Also known as the inactive HBV car-
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Inactive carrier Age
HBeAg (-)
Low HBV DNA

Carrier

Active hepatitis
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HBeAg (-)
Low HBV DNA

Figure 1 Altered course of chronic hepatitis B according to timing of starting treatment (Tx). A: Delayed or no treatment results in higher incidence of liver cirrhosis (LC) or hepatocellular carcinoma (HCC); B: Treatment in early immune-clearance phase results in lower incidence of LC or HCC. ALT should be higher than 2
times of upper limit of normal values (> 2 × ULN); HBV: Hepatitis B virus.

them lost HBeAg and had a good prognosis, but some
made the transition to HBeAg negative chronic hepatitis
or progressed into hepatocellular carcinoma[19].
It is extremely rare for HBsAg to spontaneously disappear in South Korea unlike western countries where
the major route of infection is through horizontal
transmission. In Taiwan, a country where the majority
of hepatitis B is transmitted vertically as in Korea, the
spontaneous HBsAg loss rate is also very low, 0.56%,
compared to western countries[20,21]. Korean reports also
show that HBsAg spontaneously disappears only in 1.5%
of patients under the age of nineteen[16].

estimated rate of entry to the immune clearance phase
was 4.6% for those under the age of 6, 7.1% for those
between 6 and 12 years, and 28.0% for patients between
12 and 18 years, which was significantly higher than that
observed for children under the age of 12[22].
If left untreated or treated inappropriately during the
immune clearance phase, liver damage is unavoidable as it
has already occurred and progressed, even though spontaneous HBeAg seroconversion has occurred, because
the rate of HBeAg seroconversion is not significantly
increased by long-term follow-up, treated or not[23]. The
risk is known to increase proportionally with time until
the point of HBeAg seroconversion[24-27].

MANAGEMENT OF CHILDHOOD
CHRONIC HEPATITIS B CARRIERS

DIAGNOSIS OF CHRONIC HEPATITIS B
Laboratory interpretation
Positive HBeAg does not mean active hepatitis in children. HBeAg is positive in both the immune tolerance
phase and the immune clearance phase. Serum HBV
DNA, ALT, and HBeAg titer are the parameters for
distinguishing the two phases. Active hepatitis is defined
when serum transaminase AST/ALT is persistently increased and serum HBV DNA level is over 107-1010 copies/mL, regardless of HBeAg status.
If the HBV DNA level is high despite negative
HBeAg, it may indicate the possibility of HBeAg negative chronic hepatitis B by a precore mutant virus or core
promoter mutation[28]. These types of hepatitis are also
classified as active hepatitis B if they accompany high
levels of serum ALT and serum HBV DNA over 104-108
copies/mL, and also need active treatment[29]. It is not
prevalent but not negligible during childhood years and
needs special attention during treatment and monitoring[28]. Quantitative serum HBV DNA tests are especially
important so as to analyze viral response (VR), for it
is impossible to assay the level of viral replication with
HBeAg alone in HBeAg negative chronic hepatitis patients.

Most chronic hepatitis B patients are asymptomatic.
Childhood chronic hepatitis B generally goes through the
immune tolerance phase where ALT is normal and there
is little or no inflammation in the liver tissue. This period
persists for about 10-30 years but may also progress into
the immune clearance phase in children[8]. In two follow
up studies in Korea and Taiwan, spontaneous HBeAg
seroconversion occurred in 11% and 24% of children
under the age of 10, respectively[16,20]. In addition, these
studies showed that 32% of those under the age of 19
turned HBeAg negative in South Korea[16].
Since spontaneous HbeAg seroconversion occurs at
the end of the immune clearance phase, the long-lasting
immune clearance phase could lead to the development
of liver cirrhosis or even hepatocellular carcinoma.
Therefore, early management to shorten the duration of
active hepatitis (immune clearance phase) is important
(Figure 1B). Monitoring ALT levels at intervals of at least
six months is necessary to avoid patients going through
unrecognized active hepatitis in their childhood, as well as
to detect the earliest transition time to the immune clearance phase for patients in the immune tolerant phase. In
a Korean study of children with chronic hepatitis B, the
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Liver biopsy
Liver biopsy is imperative for assessing the necroinflammatory grade and fibrosis stage of liver damage, and
helps as a guide for making treatment decisions[30]. However, histological assessment is not essential for the initiation of treatment, especially in children[31].
Biopsy results are usually near normal in HBV carrier children; however, that does not mean that they are
always normal. Most liver biopsy samples from children
with chronic hepatitis B show minor inflammation and
fibrosis; nevertheless, cases exist with severity up to liver
cirrhosis or hepatocellular carcinoma[32]. An HBV carrier whose ALT level has been normal since they were
young would be in the immune tolerance phase and the
liver tissue would be favorable without significant necroinflammation or fibrosis[33]. However, prognosis and liver
status would be different from those of HBeAg negative carriers in the low or nonreplicative phase who have
gone through active hepatitis. Histology of the liver in
the nonreplicative phase may vary from minimal necroinflammation and fibrosis to liver cirrhosis depending
on the period and severity of liver damage during the
immune clearance phase. The fact that even HBeAg positive healthy carriers show signs of chronic hepatitis in
40% of cases indicates that the majority of Korean adult
carriers go through chronic active hepatitis B without realizing it[34]. These findings are similar to those studied in
western countries, where extended fibrosis and even liver
cirrhosis have been found in more than half of liver biopsy samples of children (ages 1-19, mean age 9.8 years)
with HBeAg positivity and increased ALT[35].
As a non-invasive alternative test to liver biopsy, liver
stiffness measurement (Fibroscan®) is frequently used
for the evaluation of liver fibrosis, which is valuable in
fibrosis staging in Asian patients with chronic hepatitis
B[36].

does not ameliorate near-normal liver tissues nor does
it bring elimination of HBeAg. On the other hand, such
unnecessary treatment would bring tolerance to the
medication and may lead to treatment failure in the future when active hepatitis may flare. Treatment is therefore not given to HBV carriers with normal AST/ALT
values in children[8].
Consider treatment
Treatment should be considered, but not initiated immediately when HBeAg is positive and HBV DNA
and ALT begin to increase. Treatment is considered in
patients who have had serological evidence of HBV infection for at least 6 mo: that is, when HBsAg, HBeAg,
HBV DNA are positive and ALT is consistently elevated; this would be regarded as the immune clearance
phase of chronic hepatitis B which is appropriate for the
initiation of treatment.
Special caution is needed before starting treatment immediately for HBV carriers with elevated liver enzymes.
ALT elevation may not be due to chronic hepatitis B, but
rather due to other systematic infections such as respiratory tract infection and urinary tract infection in infants
and toddlers[8]. Moreover, as obesity is becoming a social
problem nowadays, there is an increasing number of
obese children and adolescents who may also have nonalcoholic fatty liver disease (NAFLD). Weight monitoring
should be the priority in this case, and if ALT does not
normalize after weight reduction, liver biopsy should be
done to determine whether the severity of liver damage
is associated with hepatitis B or NAFLD. HBV carriers
with concomitant Wilson’s disease or muscular dystrophy
are some of the other plausible reasons that may account
for high levels of ALT, and need to be included in the
differential diagnosis in children.
Even with the apparent increase in ALT, starting
treatment at less than twice the level of the upper limit
of ALT may lead to a higher chance of drug resistance,
which could result in higher treatment failure[37].

OPTIMAL TIMING OF STARTING
TREATMENT OF CHRONIC HEPATITIS B

Good predictor of treatment
Therapeutic response is better when serum ALT is high
and HBV DNA low; that does not mean initiation of
treatment should be left until this stage. Optimal treatment time should not be delayed until the end of the immune clearance phase when serum ALT is high and HBV
DNA low, overlapping the period of HBeAg seroconversion. If left untreated until this period, the HBeAg seroconversion rate may increase by initiation of treatment at
this moment because of the additional effect of spontaneous HBeAg seroconversion; however, it would bring
the consequence of neglecting the chance to treat at the
optimal time during the early immune clearance phase.
Our ultimate goal does not lie in HBeAg seroconversion
only. It lies in halting the replication of HBV, normalizing
ALT and stopping the progression to liver cirrhosis or
hepatocellular carcinoma so as to reduce complications
and mortality before the liver damage becomes irrevers-

While most children with chronic hepatitis B remain asymptomatic, it may progress into liver cirrhosis or hepatocellular carcinoma if left untreated during the immune
clearance phase. A keen attention should be paid to the
fact that a predominant portion of patients with chronic
hepatitis B that progress into liver cirrhosis or hepatocellular carcinoma get infected during the childhood period.
Therefore, persistent follow up should be mandatory in
order not to miss the appropriate period for treatment.
Active treatment should be considered with the onset of
the immune clearance phase.
Wait and see
Treatment is not needed for children with normal ALT
for it is not active hepatitis, although there are very high
serum HBV levels along with positive HBeAg. HBeAg
positivity does not indicate active hepatitis during the
immune tolerance phase. Treatment during this period
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ible[38]. The immune clearance phase is when liver tissue
necrosis results in fibrosis by active inflammation, the
severity and prolonged length relates to higher rates of
complications such as liver cirrhosis (Figure 1). Children
and adolescents are of no exception.

was predominant[45].
Antiviral resistance
Drug resistance increases with the prolonged use of
the nucleos(t)ide analogues. The resistance rate seen in
children after two years is 23%[45]. Liver function may
deteriorate after antiviral resistance to medication due
to the YMDD mutation and may require substitution
of the drug. A successful therapeutic response could be
achieved when HBeAg seroconversion occurs before the
advent of drug tolerance.
At present, entecavir and tenofovir are registered for
use in children over 16 years and 12 years, respectively,
though they are the first-line anti-viral agents according
to most HBV treatment guidelines. In children, more effective virologic responses have been demonstrated with
the use of either add-on adefovir or switching to entecavir monotherapy compared with those with lamivudineresistant chronic hepatitis B who switched to adefovir
monotherapy[46]. However, resistance to lamivudine is a
risk factor for entecavir resistance and adefovir is no longer the first line option.

Delayed treatment and liver complication
Complications of chronic hepatitis B (liver cirrhosis,
hepatocellular carcinoma) can develop even in teenage
carriers. It is known that the longer the immune clearance
phase and the more frequently the ALT flare-up occurs,
the more likely liver cirrhosis or hepatocellular carcinoma
is to occur. If active hepatitis is left untreated during the
immune clearance phase, there is no guarantee that it will
not progress into liver cirrhosis or hepatocellular carcinoma even if spontaneous seroconversion of HBeAg or
HBsAg occurs[18,19].
Progression rate into liver cirrhosis in HBeAg positive
patients is known to be related to the length of HBeAg
positive period and the reactivation rate of hepatitis[27]. If
the serum HBV DNA level is persistently over 104 copies/mL, it then becomes a risk factor for hepatocellular
carcinoma[39]. Therefore, the longer the immune tolerance
phase and the immune clearance, the more likely complications may occur from chronic hepatitis; and of the two,
the immune clearance phase plays a key role. In the natural course of chronic hepatitis B, it may seem as if the
severity of liver complications increases from the point
where HBeAg is lost. However, when HBeAg is lost
during the initial phase of the immune clearance phase,
it leads to a decrease of the HBeAg positive period and
high HBV load period, meaning a reduction in liver complications as well. Meanwhile, it is necessary at all costs
to check serum HBV DNA after the loss of HBeAg to
confirm whether or not it is HBeAg negative chronic
hepatitis.

How long to use
The nucleos(t)ide analogue is not a drug that should be
stopped after a certain period of time, but rather a medication to be continued until HBeAg seroconversion occurs. If stopped prior to seroconversion, hepatitis is most
likely to reactivate. The therapeutic goals for antiviral
treatment in HBeAg positive patients are as follows: undetected HBV DNA in PCR (< 103 copies/mL), normalized serum ALT, at least one year of undetected HBeAg
before discontinuing the medication, and persistence of
anti-HBe[47,48]. HBV DNA suppression has a close correlation with recovery of liver tissues and HBeAg seroconversion[49].
It is true that up to 10% of infected hepatocytes
may survive after one year of treatment with lamivudine
since lamivudine does not affect the covalently closed
circular DNA (cccDNA) of HBV inside the nucleus of
hepatocytes[50]. HBV DNA will decrease, however, to the
level where it would be impossible for HBV DNA to
be resistant to antiviral agents, if treated and suppressed
for a sufficient period. Complete viral eradication means
removal of remaining cccDNA from the hepatocyte, and
this is made possible by the normal turnover of hepatocytes and reactivation of the host immune response[28].
This supports the 2011 KASL and 2012 EASL guidelines
for continuing the nucleos(t)ide analogue for one year or
more after disappearance of HBeAg[48,51].
Special caution is needed in HBeAg negative chronic
hepatitis patients when using the nucleos(t)ide analogue
so that the medication is not halted shortly after HBV
DNA clearance. HBeAg/anti-HBe seroconversion cannot be effectively measured in HbeAg negative patients
for anti-HBe positivity from the initial time point. In my
opinion, at least two or three additional years of antiviral
treatment is required for such children after the occur-

TREATING CHRONIC HEPATITIS B WITH
NUCLEOS(T)IDE ANALOGUE
The therapeutic efficacy of IFN-alpha in a multinational
randomized controlled study was 33% at 48 wk after
the initiation of 24 wk of treatment for children[40]. IFN
therapy may have more chance of cure in the aspect
of HBsAg clearance, especially in younger children < 5
years of age[41]. Currently, clinical trials are undergoing in
children using pegylated interferon-α alone or combined
with nucleos(t)ide analogue which may have promising
results, especially in Western countries.
The predominant genotypes of HBV are B and C in
China and South East Asian countries[23]. In adult studies,
the therapeutic response to IFN was better for genotype
B than C[42]. However, IFN is not very effective in genotype C predominant regions, where most children are
vertically infected[43,44]. Children treated with lamivudine
showed a significantly higher HBeAg and HBsAg seroconversion rate compared to IFN-treated children in a
long-term follow-up study in Korea, where genotype C
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rence of HBV DNA clearance[52].

required to continue good compliance leading to ideal
therapeutic outcome, based on trust between doctors and
patients. In addition, the optimal dosage according to
body weight should be adjusted by the clinicians as children grow rapidly.

HBsAg clearance
In adults, treatment of hepatitis rarely results in a loss of
HBsAg, which is the ultimate goal of treating chronic hepatitis B. However, in a study conducted by Choe et al[45], loss
of HBsAg occurred in 42% in patients of preschool age
after two years of lamivudine treatment. HBsAg disappeared in 13 of the 49 (26.5%) patients who experienced
lamivudine-induced HBeAg seroconversion[53]. However,
HBsAg loss in school children rarely occurred, similar to
those in adults.

On treatment monitoring and keep up-to-date by the
most current guidelines
Treatment response at 24 wk is important to take which
treatment strategy to use. Patients with a complete virologic response generally have a very low possibility of
antiviral resistance[61].
Proper monitoring for virologic breakthrough is
needed, because early detection is critical to decide the
most ideal intervention. If the nucleos(t)ide analogue is
stopped before or immediately after HBeAg seroconversion, the likelihood of recurrence increases. Therefore,
the 2011 KASL (Korean Association for Study of Liver)
guidelines and 2012 EASL guidelines advise continuing
the nucleos(t)ide analogue for one year or more after the
disappearance of HBeAg to sustain a serological and/or
virological response[48,51].

PREVENTION OF NUCLEOS(T)IDE
ANALOGUE RESISTANCE
Pretreatment baseline ALT > 2 × ULN
The resistance rates to lamivudine were reported in children (pretreatment baseline ALT > 2 × ULN) to be 10%
at 1 year of treatment and 23%-26% at 2 years after the
initiation of treatment[37,45]. Breakthrough was only seen
in 5.9% of the 2-year treatment group in preschool children with higher pretreatment baseline ALT[37]. Similar
results have been shown by other studies in Korean children[54,55]. The results in children are lower than those in
adult studies[56,57].
On the other hand, in a western multicenter study,
antiviral resistance analysis showed that the YMDD mutation rate was as high as 49% in 2-year treatment and
64% in 3-year treatment, in that order[58]. These outcomes
were even worse than those of adults.
That study included an inappropriate portion of
patients with active hepatitis. Only 51% and 11% of children with pretreatment ALT > 2 × ULN were enrolled
for the 2 and 3-year treatment groups, respectively.
Enrolling significant numbers of patients with a pretreatment ALT level < 2 × ULN explains such a high
resistance rate in western children. Therefore, an elevated
pretreatment ALT level (> 2 × ULN) is key to decreasing
antiviral resistance.

CONCLUSION
In most children with chronic hepatitis B, treatment indications should be very carefully evaluated. Treatment
should concentrate on suppressing viral replication in
the early period of immune active hepatitis. High potent
nucleos(t)ide analogues such as tenofovir and entecavir
are anticipated to be available for use in younger children,
which also have a high genetic barrier.
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Abstract

Kim TK, Jang HJ. Contrast-enhanced ultrasound in the diagnosis of nodules in liver cirrhosis. World J Gastroenterol 2014;
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Core tip: Contrast-enhanced ultrasound is a relatively
new imaging technique that can be effectively used in
the diagnostic algorithms for liver nodules detected in
hepatocellular carcinoma surveillance. There are several unique advantages of this technique that make this
imaging technique very useful.

Contrast-enhanced ultrasound (CEUS) using microbubble contrast agents are useful for the diagnosis of
the nodules in liver cirrhosis. CEUS can be used as a
problem-solving method for indeterminate nodules on
computed tomography (CT) or magnetic resonance
imaging (MRI) or as an initial diagnostic test for small
newly detected liver nodules. CEUS has unique advantages over CT and MRI including no renal excretion
of contrast, real-time imaging capability, and purely
intravascular contrast. Hepatocellular carcinoma (HCC)
is characterized by arterial-phase hypervascularity and
later washout (negative enhancement). Benign nodules
such as regenerative nodules or dysplastic nodules are
usually isoechoic or slightly hypoechoic in the arterial
phase and isoechoic in the late phase. However, there
are occasional HCC lesions with atypical enhancement
including hypovascular HCC and hypervascular HCC
without washout. Cholangiocarcinomas are infrequently
detected during HCC surveillance and mostly show rimlike or diffuse hypervascularity followed by rapid washout. Hemangiomas are often found at HCC surveillance
and are easily diagnosed by CEUS. CEUS can be effectively used in the diagnostic work-up of small nodules
detected at HCC surveillance. CEUS is also useful to differentiate malignant and benign venous thrombosis and
to guide and monitor the local ablation therapy for HCC.

WJG|www.wjgnet.com

INTRODUCTION
Ultrasound (US) is most commonly used for imaging surveillance for hepatocellular carcinoma (HCC) in high-risk
patients[1]. Once a focal hepatic nodule is detected during
HCC surveillance, a diagnostic imaging test is performed.
The assessment of tumor vascularity is most important
in the differential diagnosis of the nodules. Doppler US
techniques have been used to detect vascularity in liver tumors; however, these techniques lack sensitivity to detect
tumor vascularity. Contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) is most
commonly used to characterize liver masses. Contrastenhanced ultrasound (CEUS) using a microbubble contrast agent is a relatively new imaging technique and has
been proved to be useful for characterizing liver tumors.
CEUS enables a real-time demonstration of continuous
hemodynamic changes of liver tumors after injection of
the contrast material.
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Figure 1 A 61-year-old man with hepatocellular carcinoma and renal failure. A: Gray-scale ultrasound shows a hypoechoic mass (arrow) within the cirrhotic liver.
There is a large amount of ascites surrounding the liver. Contrast-enhanced computed tomography or magnetic resonance scan could not be performed because of
renal failure; B: Contrast-enhanced ultrasound (CEUS) image in the arterial phase shows hypervascularity of the mass (arrow) relative to the liver; C: The mass (arrow)
shows washout in the portal venous phase. The diagnosis of hepatocellular carcinoma was made based on imaging findings of CEUS without biopsy.

Recent practice guidelines for HCC provided recommendations for the diagnostic algorithm for newly detected nodules at HCC surveillance[1-3]. The application
of the imaging test varies depending on the size of the
nodules. For very small lesions (< 1 cm in size), followup with US scan is usually recommended in 3 mo as further imaging tests may not be reliable for the diagnosis.
For lesions same or larger than 1 cm, the performance
of multiphasic contrast-enhanced CT, MRI or CEUS is
a reasonable next step. There has been a controversy on
the use of CEUS because intrahepatic cholangiocarcinoma can be misdiagnosed as HCC and CEUS has been
subsequently excluded from the diagnostic tests for HCC
in updated AASLD practice guidelines[1]. However, it
has been argued that intrahepatic cholangiocarcinoma
is relatively rare in liver cirrhosis and CEUS can depict
suggestive findings of cholangiocarcinoma[4]. As the imaging diagnosis of small nodules with 1-2 cm in size can
be particularly challenging, a multi-modality approach is
often needed. Biopsy is performed only when imaging
findings are inconclusive.
In this article, we explain the technical aspects of
CEUS and its differences from CT and MRI. Then
CEUS imaging findings of HCC and other cirrhosisrelated nodules and the role of CEUS in diagnosing
tumor thrombosis and monitoring local ablation therapy
for HCC are reviewed.

the blood over about 5 min. Therefore, the contrast agent
can be repeatedly injected with about 5-min intervals as
needed. Sonazoid (Daiichi), which is most actively used in
Japan, shows similar vascular enhancement and is taken
up by Kupffer cells in the late phase.
CEUS requires a contrast specific imaging technique
that is now widely available in most commercially available ultrasound systems. Low mechanical index (MI) contrast-specific mode is used to visualize the microbubbles
continuously while suppressing signals from tissue. A
dual-imaging mode, which enables simultaneous real-time
display of gray-scale and contrast-specific mode, is essential for scanning small liver lesions. High MI frames can
be used to disrupt microbubbles and the enhancement
pattern of refilling the scanning plane can be evaluated.
This is called disruption-replenishment technique and is
useful to visualize vascular morphology within the tumor
of enhancement pattern of rapidly-enhancing lesions,
especially when it is used with maximum-intensity projection method[6].

WHY DO WE NEED CEUS?
CEUS has several advantages over CT or MRI. Firstly,
microbubbles can be safely injected in patients with renal
failure as there is no renal excretion of the contrast[5].
CEUS is therefore a useful problem-solving method for
characterizing liver masses when CT or MRI is contraindicated due to renal failure (Figure 1). There is no need
of blood test for renal function before contrast injection.
Secondly, CEUS allows real-time assessment of arterialphase enhancement, eliminating the issue of appropriate
arterial-phase timing. CEUS often detects arterial-phase
hypervascularity when CT or MRI fails to show it because
of incorrect arterial-phase timing (Figure 2)[7]. Real-time
evaluation also enables a detailed assessment of arterialphase filling pattern and vascular morphology within the
liver lesion which are often critical for differential diagnosis of rapidly enhancing hypervascular liver lesions[8].
Thirdly, washout phenomenon (negative enhancement of
liver lesion relative to the liver in the late phase) in ma-

WHAT IS CEUS?
CEUS uses intravenous microbubble contrast agents that
are small (3-5 μm) enough to pass through the pulmonary
circulation. Microbubble contrast agents are approved for
radiologic use in more than 50 countries and have excellent safety record with lower rate severe adverse reactions
than CT contrast[5]. There are a few different types of
microbubble contrast agents that are commercially available. Presently Definity (Lantheus Medical Imaging) and
SonuVue (Bracco) are most widely used. These are purely
intravascular contrast agents that show strong vascular
enhancement after bolus injection and slowly diffuse into

WJG|www.wjgnet.com

3591

April 7, 2014|Volume 20|Issue 13|

Kim TK et al . CEUS in diagnosis of nodules

A

B

C

D

Figure 2 A 63-year-old man with moderately-differentiated
hepatocellular carcinoma. A: Computed tomography scan
in the arterial phase shows a small exophytic nodule (arrow)
which shows similar attenuation to the liver; B: The nodule
(arrow) is slightly hypoattenuating to the liver in the delayed
phase; C: Contrast-enhanced ultrasound (CEUS) in the arterial phase clearly demonstrates hypervascularity of the nodule
(arrow); D: CEUS in the portal venous phase shows washout
of the nodule (arrow).

lignant liver lesions is more consistently seen on CEUS
than CT/MRI. This is due to the different properties of
the contrast material. Microbubbles in CEUS are purely
intravascular and show washout in malignant tumors
in the late phase; however, CT or MRI may not show
washout in malignant tumors with high vascular permeability and large extracellular interstitial space because the
contrast agent can leak into the interstitium[7,9]. Fourth,
CEUS is relatively inexpensive and very well tolerated by
the patients who are claustrophobic. CEUS can be easily
repeated in short intervals if needed without the risk of
ionizing radiation. Lastly, CEUS can be performed immediately when a new liver nodule is identified, allowing an
immediate characterization of benign liver nodules such
as hemangiomas and avoiding additional imaging tests[10].
On the other hand, CEUS is operator-dependent and
requires extensive hands-on experience. There are sonographically difficult regions in the liver such as high right
subphrenic area. CEUS is not an appropriate staging modality for HCC as it only images some part of the liver with
each contrast injection. CT or MRI is always needed for
proper tumor staging once HCC diagnosis is made. However, CEUS can be effectively used as a useful problemsolving method utilizing its unique advantages when CT or
MRI is indeterminate or contraindicated (Figures 1 and 2)[10].

is commonly seen in metastasis or intrahepatic cholangiocarcinoma[11]. Large HCCs often show non-enhancing
areas due to necrosis or internal hemorrhage. Maximum
intensity projection images can visualize vascular morphology in HCC which is typically very irregular and dysmorphic[6]. Washout in HCC tends to be late and often
begins later than 90 s after injection whereas metastases
or intrahepatic cholangiocarcinomas consistently show
rapid washout (< 60 s)[9]. Most of small cholangiocarcinomas that are infrequently detected during HCC surveillance can be characterized by CEUS by demonstrating
rim-like arterial phase enhancement and rapid washout in
our experience (Figure 3). Biopsy should be performed
when these unusual enhancement patterns for HCC are
observed on CEUS.
Washout may not be seen in occasional cases of welldifferentiated HCC. Washout timing is related to the
pathologic differentiation of HCC: well-differentiated
HCC tends to show later washout or no washout whereas
poorly-differentiated HCC tends to show rapid washout[12]. It is important to understand that most new hypervascular nodules on CEUS detected during HCC surveillance are HCC regardless of washout if the nodules
do not show the appearance of hemangioma[13]. However, a biopsy is needed to confirm HCC for hypervascular nodules without washout. CEUS is superior to CT or
MRI for detecting hypervascularity of HCC because of
real-time evaluation of arterial-phase enhancement[14-16].
Therefore, CEUS can be effectively used for characterizing non-hypervascular, indeterminate lesions on CT and
MRI (Figure 2). There is a small subset of hypovascular
HCC which is mostly of well-differentiated pathology.
These lesions usually show a transient hypovascularity

WHEN DO WE USE CEUS?
Image findings of liver nodules
HCC is characterized by arterial-phase hypervascularity
and later washout on CEUS (Figures 1 and 2). The arterial-phase enhancement is often diffuse or heterogeneous.
Peripheral rim-like enhancement is unusual in HCC and
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Figure 3 A 70-year-old man with intrahepatic cholangiocarcinoma detected during surveillance for hepatocellular
carcinoma. A: Gray-scale ultrasound shows a hypoechoic
mass in the liver; B: Contrast-enhanced ultrasound (CEUS) in
the arterial phase obtained 14 s after contrast injection shows
mild hypervascularity in the periphery of the mass (arrows); C:
CEUS obtained at 19 s after contrast injection shows diffuse
hypervascularity of the mass (arrows); D: The mass (arrows)
shows rapid washout at 28 s after contrast injection. Biopsy
revealed cholangiocarcinoma.

C

Figure 4 A 69-year-old man with well-differentiated hypovascular hepatocellular carcinoma. A: Gray-scale ultrasound shows an exophytic hypoechoic mass in
the liver; B: The mass (arrows) is hypoechoic relative to the adjacent liver in the arterial phase of contrast-enhanced ultrasound; C: The mass (arrows) is isoechoic to
the liver in the portal venous phase. Biopsy revealed well-differentiated hepatocellular carcinoma.

due to histological heterogeneity within the nodules. In
the setting of a competing potentially fatal disease (i.e.,
cirrhosis), the intensive identification, biopsy, and treatment of early HCCs has yet to be justified. Khalili et al[19],
in their study of 93 indeterminate 1-2-cm nodules on
dynamic CT, MRI, and CEUS, suggested a strategy of
close imaging follow-up for most indeterminate 1-2-cm
nodules, with selective application of biopsy for nodules
with arterial hyperenhancement or in the presence of a
synchronous typical HCC.
Hemangiomas are frequently detected during HCC
surveillance. Gray-scale ultrasound findings, such as diffuse hyperechogenicity or hyperechoic peripheral rim, can
help suggest the diagnosis of hemangioma. In fatty liver,
hemangiomas are often hypoechoic relative to the echogenic liver parenchyma. In our recent study[20], 43/184

followed by gradual enhancement and the lesions become
isoechoic relative to the normal in the portal venous
phase and late phase (Figure 4).
Regenerative nodules or dysplastic nodules (DNs)
are usually non-hypervascular. CEUS may show a transient hypoenhancement relative to the liver in the arterial
phase, reflecting the step-wise changes of nodule perfusion during the hepatocarcinogenesis (Figure 5). Therefore, there is an overlap of imaging findings on CEUS
between DNs and well-differentiated HCCs[17]. The differentiation is difficult not only on imaging but also on
histological examination. Recent practice guidelines recommend a biopsy for all new liver nodules ≥ 1 cm that
are indeterminate on imaging[18]; however, many of these
nodules are borderline lesions, in which the differential
diagnosis in small needle biopsy specimens is challenging
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Figure 5 A 69-year-old man with dysplastic nodule. A: Gray-scale ultrasound shows a small hypoechoic nodule (arrows) in the subcapsular portion of the liver; B:
The nodule (arrows) is hypoechoic to the liver in the arterial phase of contrast-enhanced ultrasound; C: The nodule is isoechoic to the liver in the portal venous phase.
Biopsy revealed low-grade dysplastic nodule.
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Figure 6 A 53-year-old woman with hemangioma. A: Grayscale ultrasound shows a hypoechoic nodule (arrow) in the
subcapsular portion of the liver; B: There is a peripheral strong
hyperenhancement (arrows) in the arterial phase of contrastenhanced ultrasound; C: The nodule (arrow) is homogeneously hyperechoic to the liver in the portal venous phase;
D: The nodule (arrow) is homogeneously hyperintense to the
liver without the appearance of peripheral enhancement in
the arterial phase of contrast-enhanced T1-weighed magnetic
resonance image.

(23%) of newly detected nodules at HCC surveillance
were hemangiomas. Immediate performance of CEUS
can achieve a confident diagnosis by demonstrating the
characteristic enhancement pattern that includes peripheral nodular enhancement, gradual central fill-in, and sustained enhancement and avoid further imaging tests such
as CT or MRI. CEUS is also useful to demonstrate the
characteristic enhancement pattern in fast filling hemangioma which often shows homogeneous enhancement in
the arterial phase of CT or MRI (Figure 6)[21].
Nontumorous arterioportal shunting is a common
mimicker of malignancy in cirrhotic liver. It is typically
wedge-shaped, peripherally located, and homogeneous
hypervascular in the arterial phase. The lesion becomes
isointense to the liver in the venous phase and never
shows washout (Figure 7). Focal fat deposits or focal fat
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sparing areas with nodular appearance can mimic the appearance of focal liver masses. There lesions are mostly
isoechoic to the liver in the arterial and late phases on
CEUS. The presence of normal portal veins within the
lesion can confirm the benign lesion[21].
CEUS as guidance or post-radiofrequency ablation
monitoring for HCC
US is most commonly used for imaging guidance for radiofrequency ablation (RFA) of HCC because of its realtime imaging capability and no ionizing radiation. It is
occasionally difficult to visualize the HCC lesion on US
when the lesion is isoechoic to the liver or the underlying
liver is severely cirrhotic with markedly heterogeneous
echotexture. CEUS can help localize the lesion before
RFA procedure by demonstrating a focal hypervascular
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Figure 7 A 65-year-old man with nontumorous arterioportal shunt. A: Contrast-enhanced ultrasound in the arterial
phase shows a wedge-shaped hypervascular lesion (arrows)
in the subcapsular portion of the liver; B: The lesion is not
visualized in the portal venous phase due to isoechogenicity to
the liver.

Figure 8 A 70-year-old man with recurrent hepatocellular
carcinoma after radiofrequency ablation. A: There is a focal
nodular hypervascular lesion (arrows) adjacent to an ablation
zone (*) in the arterial phase of contrast-enhanced ultrasound;
B: The lesion (arrows) shows washout in the portal venous
phase.
*
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B

C

Figure 9 A 73-year-old man with malignant portal vein thrombosis associated with hepatocellular carcinoma. A: Gray-scale ultrasound shows a hypoechoic
thrombus (arrow) within the anterior segmental branch of the right portal vein; B: The thrombus (arrows) is heterogeneously enhancing in the arterial phase of contrast-enhanced ultrasound; C: The thrombus (arrows) is hypoechoic relative to the liver in the portal venous phase.

lesion. Marginal recurrence adjacent to the ablation zone
may not be easily located on gray-scale US because of
the pre-existing abnormality. CEUS can easily identify the
exact location of the recurrent HCC that can provide excellent guidance for RFA needle positioning (Figure 8)[22].
For post-RFA monitoring for HCC, CT or MRI is primarily used in our institution. CEUS is often performed
when there is an indeterminate lesion on CT or MRI and
often clarifies the abnormality with high confidence.

fluences treatment strategy. CEUS is highly accurate to
differentiate malignant and benign venous thrombosis.
CEUS demonstrates enhancement within the malignant
thrombosis in the arterial phase and subsequent washout
similar to the parenchyma HCC masses (Figure 9)[23].
The presence of formed vessels within the thrombus is
another useful feature to diagnose malignant thrombosis.
However, care should be taken in assessing formed vessels within the thrombus on CEUS as recanalized portion
within chronic benign thrombosis may mimic the appearance of formed vessels in malignant thrombus. Occlusive
thrombosis and expansion of the venous lumen are more
frequently seen in malignant than benign thrombosis, but
these are not specific features of malignancy.

CEUS for determining malignant or benign venous
thrombosis
Malignant thrombosis in the portal veins or hepatic veins
is a critical determinant of HCC staging as it directly in-
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CONCLUSION
CEUS is an excellent imaging technique with several
unique advantages over CT or MRI, including safe usage
in renal failure patients, better detection of arterial-phase
hypervascularity due to real-time imaging capability, consistent demonstration of washout in malignant lesions,
and excellent patient’s compliance. Therefore CEUS can
be effectively used in the diagnostic algorithms of new
liver nodules detected during HCC surveillance and preor post-RFA evaluation for HCC.

12

13

14

REFERENCES
1
2

3

4

5
6

7

8

9

10

Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology 2011; 53: 1020-1022 [PMID:
21374666 DOI: 10.1002/hep.24199]
Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng
AL, Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla
YK, Budihusodo U, Gani RA, Lesmana CR, Putranto TA,
Liaw YF, Sarin SK. Asian Pacific Association for the Study
of the Liver consensus recommendations on hepatocellular
carcinoma. Hepatol Int 2010; 4: 439-474 [PMID: 20827404 DOI:
10.1007/s12072-010-9165-7]
European Association For The Study Of The Liver1; European Organisation For Research And Treatment Of Cancer.
EASL-EORTC clinical practice guidelines: management of
hepatocellular carcinoma. J Hepatol 2012; 56: 908-943 [PMID:
22424438]
Barreiros AP, Piscaglia F, Dietrich CF. Contrast enhanced
ultrasound for the diagnosis of hepatocellular carcinoma
(HCC): comments on AASLD guidelines. J Hepatol 2012; 57:
930-932 [PMID: 22739095 DOI: 10.1016/j.jhep.2012.04.018]
Wilson SR, Burns PN. Microbubble-enhanced US in body
imaging: what role? Radiology 2010; 257: 24-39 [PMID:
20851938 DOI: 10.1148/radiol.10091210]
Wilson SR, Jang HJ, Kim TK, Iijima H, Kamiyama N, Burns
PN. Real-time temporal maximum-intensity-projection imaging of hepatic lesions with contrast-enhanced sonography.
AJR Am J Roentgenol 2008; 190: 691-695 [PMID: 18287440
DOI: 10.2214/AJR.07.3116]
Wilson SR, Kim TK, Jang HJ, Burns PN. Enhancement patterns of focal liver masses: discordance between contrastenhanced sonography and contrast-enhanced CT and MRI.
AJR Am J Roentgenol 2007; 189: W7-W12 [PMID: 17579140
DOI: 10.2214/AJR.06.1060]
Kim TK, Jang HJ, Burns PN, Murphy-Lavallee J, Wilson SR.
Focal nodular hyperplasia and hepatic adenoma: differentiation with low-mechanical-index contrast-enhanced sonography. AJR Am J Roentgenol 2008; 190: 58-66 [PMID: 18094294
DOI: 10.2214/AJR.07.2493]
Bhayana D, Kim TK, Jang HJ, Burns PN, Wilson SR. Hypervascular liver masses on contrast-enhanced ultrasound:
the importance of washout. AJR Am J Roentgenol 2010; 194:
977-983 [PMID: 20308500 DOI: 10.2214/AJR.09.3375]
Lanka B, Jang HJ, Kim TK, Burns PN, Wilson SR. Impact
of contrast-enhanced ultrasonography in a tertiary clinical practice. J Ultrasound Med 2007; 26: 1703-1714 [PMID:
18029922]

15

16

17

18

19

20

21
22

23

Jang HJ, Kim TK, Wilson SR. Imaging of malignant liver
masses: characterization and detection. Ultrasound Q 2006;
22: 19-29 [PMID: 16641790]
Jang HJ, Kim TK, Burns PN, Wilson SR. Enhancement patterns of hepatocellular carcinoma at contrast-enhanced
US: comparison with histologic differentiation. Radiology
2007; 244: 898-906 [PMID: 17709836 DOI: 10.1148/radiol.2443061520]
Jang HJ, Kim TK, Wilson SR. Small nodules (1-2 cm) in liver
cirrhosis: characterization with contrast-enhanced ultrasound. Eur J Radiol 2009; 72: 418-424 [PMID: 18834687 DOI:
10.1016/j.ejrad.2008.08.011]
Takahashi M, Maruyama H, Shimada T, Kamezaki H,
Sekimoto T, Kanai F, Yokosuka O. Characterization of hepatic lesions (≤ 30 mm) with liver-specific contrast agents:
a comparison between ultrasound and magnetic resonance
imaging. Eur J Radiol 2013; 82: 75-84 [PMID: 23116806 DOI:
10.1016/j.ejrad.2012.05.035]
Maruyama H, Takahashi M, Ishibashi H, Yoshikawa M,
Yokosuka O. Contrast-enhanced ultrasound for characterisation of hepatic lesions appearing non-hypervascular on CT
in chronic liver diseases. Br J Radiol 2012; 85: 351-357 [PMID:
21224305 DOI: 10.1259/bjr/20440141]
Sugimoto K, Moriyasu F, Shiraishi J, Saito K, Taira J, Saguchi T, Imai Y. Assessment of arterial hypervascularity of
hepatocellular carcinoma: comparison of contrast-enhanced
US and gadoxetate disodium-enhanced MR imaging. Eur
Radiol 2012; 22: 1205-1213 [PMID: 22270142 DOI: 10.1007/
s00330-011-2372-3]
Kim TK, Lee KH, Khalili K, Jang HJ. Hepatocellular nodules in liver cirrhosis: contrast-enhanced ultrasound. Abdom
Imaging 2011; 36: 244-263 [PMID: 21253723 DOI: 10.1007/
s00261-011-9686-0]
Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni
R, Burroughs AK, Christensen E, Pagliaro L, Colombo
M, Rodés J. Clinical management of hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL conference. European Association for the Study of the Liver. J
Hepatol 2001; 35: 421-430 [PMID: 11592607 DOI: 10.1016/
S0168-8278(01)00130-1]
Khalili K, Kim TK, Jang HJ, Yazdi LK, Guindi M, Sherman
M. Indeterminate 1-2-cm nodules found on hepatocellular
carcinoma surveillance: biopsy for all, some, or none? Hepatology 2011; 54: 2048-2054 [PMID: 22057624 DOI: 10.1002/
hep.24638]
Kim TK, Lee KH, Jang HJ, Haider MA, Jacks LM, Menezes RJ, Park SH, Yazdi L, Sherman M, Khalili K. Analysis
of gadobenate dimeglumine-enhanced MR findings for
characterizing small (1-2-cm) hepatic nodules in patients at
high risk for hepatocellular carcinoma. Radiology 2011; 259:
730-738 [PMID: 21364083 DOI: 10.1148/radiol.11101549]
Kim TK, Jang HJ, Wilson SR. Benign liver masses: imaging
with microbubble contrast agents. Ultrasound Q 2006; 22:
31-39 [PMID: 16641791]
Kim YJ, Lee MW, Park HS. Small hepatocellular carcinomas:
ultrasonography guided percutaneous radiofrequency ablation. Abdom Imaging 2013; 38: 98-111 [PMID: 22467060 DOI:
10.1007/s00261-012-9883-5]
Raza SA, Jang HJ, Kim TK. Differentiating malignant from
benign thrombosis in hepatocellular carcinoma: contrast-enhanced ultrasound. Abdom Imaging 2014; 39: 153-161 [PMID:
24002440 DOI: 10.1007/s00261-013-0034-4]
P- Reviewers: Chan KM, Lin ZY, Wang K
S- Editor: Wen LL L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

3596

April 7, 2014|Volume 20|Issue 13|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i13.3597

World J Gastroenterol 2014 April 7; 20(13): 3597-3608
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

ORIGINAL
BRIEF ARTICLE

Clinicopathological study of primary biliary cirrhosis with
interface hepatitis compared to autoimmune hepatitis
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0 (none or minimal activity) to 4 (severe), and the degree of hepatitic rosette formation and emperipolesis
was semiquantatively scored 0-3. The infiltration of
mononuclear cells positive for CD20, CD38, CD3, CD4,
and CD8 and positive for immunoglobulins (IgG, IgM,
and IgA) at the periportal areas (interface hepatitis)
and in the hepatic lobules (lobular hepatitis) were semiquantitatively scored in immunostained liver sections
(score 0-6). Serum aspartate aminotransferase (AST),
immunoglobulins, and autoantibodies at the time of
liver biopsy were correlated with the histological and
immunohistochemical scores of individual lesions.
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RESULTS: Lobular hepatitis, hepatitic rosette formation, and emperipolesis were more extensive and frequent in AIH than in PBC. CD3+, CD4+, and CD8+ cell
infiltration scores were higher in the hepatic lobules
and at the interface in AIH but were also found in PBC.
The degree of mononuclear cell infiltration correlated
well with the degree of interface and lobular hepatitis
in PBC, but to a lesser degree in AIH. CD20+ cells were
mainly found in the portal tracts and, occasionally, at
the interface in both diseases. Elevated AST correlated
well with the hepatocyte necroinflammation and mononuclear cell infiltration, specifically CD38+ cells in PBC.
No correlation existed between autoantibodies and
inflammatory cell infiltration in PBC or AIH. While most
AIH cases were IgG-predominant at the interface, PBC
cases were divided into IgM-predominant, IgM/IgGequal, and IgG-predominant types, with the latter sharing several features with AIH.

Abstract

CONCLUSION: These results suggest that the hepatocellular injuries associated with interface and lobular
hepatitis in AIH and PBC with interface hepatitis may
not be identical.

AIM: To investigate histological and immunohistochemical differences in hepatitis between autoimmune
hepatitis (AIH) and primary biliary cirrhosis (PBC) with
AIH features.

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

METHODS: Liver needle biopsies of 41 PBC with AIH
features and 43 AIH patients were examined. The activity of periportal and lobular inflammation was scored
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those of AIH. Plasma cells are relatively prominent at
the interface of PBC with interface hepatitis, similar
to AIH[3,11]. However, several histopathological studies have distinguished PBC from AIH. Several reports
have shown that the density and proportion of IgM+
and IgG+ plasma cells in portal tracts can be used to
differentiate AIH from PBC by liver biopsies[9,10,23,24]. In
addition, Graham et al[25] reported that CD1a infiltration
favors a diagnosis of PBC. However, differences and
similarities in the hepatitic lesions at the interface and in
the hepatic lobules between these two groups have not
been studied in detail. Whether the hepatitic features in
PBC reflect the overlap of AIH in PBC or an inherent
feature of PBC is yet to be determined[3,11,12,14,26].
In this study, we examined similarities and differences
in interface hepatitis and the lobular changes in AIH
and PBC with interface hepatitis by needle liver biopsies
and immunohistochemistry. The subtypes of infiltrating
mononuclear cells in interface and lobular hepatitis were
also compared. The histological and immunohistochemical features of hepatic necroinflammation were then
correlated with the clinical and laboratory features of the
two groups.

titis; Interface hepatitis; Lobular hepatitis; Plasma cell
subclass
Core tip: Primary biliary cirrhosis (PBC) can sometimes
present with features of autoimmune hepatitis (AIH).
Therefore, the clinicopathological features and immunophenotypes of infiltrated mononuclear cells of AIH and
PBC with AIH features were examined. Lobular hepatitis, hepatitic rosette formation, and emperipolesis were
more frequent in AIH than PBC. The degree of mononuclear cell infiltration correlated well with hepatitis.
Furthermore, elevation of aspartate aminotransferase
levels correlated well with necroinflammation and infiltration of mononuclear cells in PBC, which tended to be
IgM-predominant. These results suggest that hepatocellular injuries in AIH and PBC may not be identical.
Kobayashi M, Kakuda Y, Harada K, Sato Y, Sasaki M, Ikeda H,
Terada M, Mukai M, Kaneko S, Nakanuma Y. Clinicopathological study of primary biliary cirrhosis with interface hepatitis
compared to autoimmune hepatitis. World J Gastroenterol 2014;
20(13): 3597-3608 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i13/3597.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3597

MATERIALS AND METHODS
Selection of patients with PBC and AIH and tissue
preparation
In this study, we tried to compare PBC with interface
hepatitis with AIH, and we selected PBC patients with
interface hepatitis by adopting Batts and Ludwig’s scoring
system[27]. In this system, the activity of periportal (interface) and lobular inflammation was scored semiquantitatively in routinely processed sections: portal/periportal
activity score 0 (none or minimal activity), 1 (portal inflammation only), 2 (mild interface hepatitis), 3 (moderate
interface hepatitis), and 4 (severe interface hepatitis); and
lobular activity score 0 (none), 1 (inflammatory cells, but
no hepatocellular death), 2 (focal cell death), 3 (severe focal cell death, confluent necrosis without bridging), and 4
(damage including bridging necrosis). We collected liver
specimens of PBC with portal/periportal activity scores
≥ 2 (Figure 1A and B).

INTRODUCTION
Primary biliary cirrhosis (PBC) is characterized by the
progressive destruction of interlobular bile ducts (chronic
nonsuppurative destructive cholangitis) and frequent antimitochondrial antibodies (AMAs) in the serum[1-8]. While
some PBC patients may remain in the initial stage with
chronic cholangitis, a considerable number exhibit histological progression suggested by interface changes, such
as chronic cholestatic changes (biliary piecemeal necrosis)
and hepatitic features (lymphocytic piecemeal necrosis or interface hepatitis)[9-11]. Rarely, PBC patients with
considerable interface hepatitis will also have circulating
antinuclear antibodies (ANAs), a characteristic feature of
autoimmune hepatitis (AIH). These cases are referred to
as PBC with AIH features or PBC-AIH overlapping syndrome[12-17]. These patients may have a more severe disease course with the earlier development of liver fibrosis
and liver failure, though steroid or immunosuppressive
therapies may be effective[1,3,11,12,15-18].
Histologically, AIH exhibits the features of chronic
hepatitis with interface hepatitis and plasma cells are reportedly predominant in the portal tract and at the interface[19-21]. Entrapment of hepatocytes in the enlarged portal tract, called “hepatitic rosette formation”, is relatively
frequent and lobular hepatitis is often severe in AIH.
Furthermore, engulfment of lymphocytes by hepatocytes, termed emperipolesis, is often found and has been
adopted as a useful histological feature for the diagnosis
of AIH[19,22]. The combination of these lesions has been
regarded as a typical feature of AIH[22].
Histologically, the hepatitic features of PBC resemble
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Patient collection: A total of 84 liver needle biopsies
were used in this study. They consisted of specimens
from 41 patients with PBC with more than a 2+ portal/periportal activity score (above-mentioned) and 43
patients with AIH, obtained at Kanazawa University hospital and affiliated hospitals (1998-2012). All AIH cases
were associated with a portal/periportal activity score
of ≥ 2. All of these patients were negative for hepatitis
B and hepatitis C viral screening and had no history of
alcohol abuse. All PBC and AIH cases fulfilled the clinical and pathological diagnostic features of PBC[1] and
AIH type Ⅰ[10,12], respectively. Regarding a diagnosis of
PBC, when histological changes compatible with PBC
such as chronic cholangitis and/or bile duct loss were
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Figure 1 Histological features of primary biliary cirrhosis with interface hepatitis and autoimmune hepatitis. A: Moderate interface hepatitis (score 3) in autoimmune hepatitis (AIH); B: Moderate interface hepatitis (score 3) in primary biliary cirrhosis (PBC); C: Rosette formation; regenerative hepatocytes arranged around
a bile canaliculus (arrow), found in AIH; D: Emperipolesis, the engulfment of lymphocytes within hepatocytes (arrowheads), was found in areas of interface hepatitis.
Hematoxylin and eosin stain, original magnifications × 200 ( A, B); × 600 (C, D).

acid (PBC) or steroid or immunosuppressive drugs (AIH)
at the time of liver biopsy. The main clinicopathological
and laboratory findings of these cases are shown in Table
1. As for AMA positivity, AMA and/or M2 were evaluated in a combination in individual cases.

Table 1 Main clinicopathological features of primary biliary
cirrhosis with interface hepatitis and autoimmune hepatitis
1

Gender (male:female)
Age (yr, mean ± SD)
Laboratory data
Ratio of AMA(+) or M2(+) and
titer of AMA
Ratio of ANA(+) and titer2
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
IgG (mg/dL)
IgM (mg/dL)
IgA (mg/dL)

PBC (n = 41)

AIH (n = 43)

5:36
59.0 ± 13.3

4:39
61.7 ± 10.8

75% and
141.2 ± 211.4
72% and
724.3 ± 1262.4
51.6 ± 29.7
54.0 ± 40.5
615.5 ± 572.8
1832.9 ± 607.2
300.9 ± 220.6
307.9 ± 122.4

7% and
0±0
91% and
411.1 ± 550.8
219.5 ± 180.5
261.8 ± 253.4
449.9 ± 251.8
2246.2 ± 673.0
193.7 ± 120.0
387.2 ± 183.1

Tissue preparation: All liver specimens were fixed in
10% formalin and embedded in paraffin. Routinely processed hematoxylin and eosin staining was available in
one PBC and 19 AIH cases. Routine histological stains
and immunohistochemistry for the remaining cases were
perfumed on 4 μm-thick serial sections.
Histological features
The activity of periportal (interface) and lobular inflammation was scored semiquantitatively in routinely processed sections by Batts and Ludwig’s scoring system
as described above[27]. Hepatitic rosette formation was
defined as the entrapment of several hepatocytes with
dilated canaliculi and clear cytoplasm in the enlarged
portal tract (Figure 1C), and emperipolesis was defined as
engulfed lymphocyte(s) in the cytoplasm of hepatocytes
in the periportal regions (Figure 1D). The lesions were
surveyed and scored as follows: 0 (no lesion), 1 (one to
several lesions), 2 (intermediate), and 3 (many lesions).

Laboratory data is shown as the mean ± SD; anti-mitochondrial antibodies
(AMA)(+) ≥ 40; M2(+) ≥ 5; antinuclear antibodies (ANA)(+) ≥ 40. 1With
interface hepatitis; 2The average titer of ANA was higher in primary
biliary cirrhosis (PBC) than in autoimmune hepatitis (AIH) because
two PBC cases had a titer of 5120, which influenced the average. AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase.

found in the patients with elevation of biliary enzymes
and serological data compatible with PBC, such cases
were diagnosed as PBC and included in this study. Other
hepatobiliary diseases were excluded in these cases. No
patient had a history of treatment with ursodeoxycholic
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Immunohistochemistry
The antibodies used in this study and their sources are
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Table 2 Primary antibodies used in this study
Primary antibody
CD3
CD4
CD8
CD20
CD38
CD138
IgG
IgM
IgA

Source

Clone

Animal

Type

Pretreatment

Nichirei
Nichirei
Dako
Dako
Epitomics
Dako
Dako
Nichirei
Novocastra

PS1
4B12
C8/144B
L26
EPR4106
ML15
A57H
R1/69
N1CLA

Mouse
Mouse
Mouse
Mouse
Rabbit
Mouse
Mouse
Mouse
Mouse

Mono
Mono
Mono
Mono
Mono
Mono
Mono
Mono
Mono

MW3
MW3
MW1
AC2
MW3
MW3
PK

Dilution
1:1
1:1
1:20
1:400
1:800
1:100
1:200
1:1
1:300

Citrate, pH = 6.0; 2Ethylenediaminetetraacetic acid (EDTA) buffer, pH8.0; 3 Tris EDTA buffer, pH = 9.0. MW: Microwave; AC: Autoclave; PK: Proteinase K,
pH = 7.5 (Dako).
1

CD38 in mature plasma cells and also in other T or cell
series, CD3 in T cells, CD4 in helper T cells, and CD8 in
cytotoxic T cells[28,29]. IgG, IgM, and IgA are expressed in
mature plasma cells. CD138 is more specifically expressed
in plasma cells[28], while it is also expressed variably in
bile ductules and bile ducts as well as in the hepatocyte
membranes in our preliminary study. The expressions of
CD38 and CD138, shown by double immunostaining,
were similar in the infiltrating mononuclear cells (data not
shown). There were no double positive cells when double
immunostaining was performed for CD38 and CD3 in
AIH and PBC (data not shown); therefore, T cells were
not included in the pool of CD38+ cells in the liver tissue specimens in this study. Thus, CD38 was used to survey mature plasma cells.

shown in Table 2. Deparaffinized sections were pretreated by methods suitable for each antibody, if necessary,
followed by pretreatment with 1% H2O2 in methanol for
20 min to block endogenous peroxidase activity, and then
with normal goat serum for 20 min to block nonspecific
reactions. The sections were then incubated overnight at
4 ℃ with each primary antibody at optimal dilutions and
then at room temperature for 1 h with anti-mouse (except
for CD38) or anti-rabbit (for CD38) immunoglobulins
conjugated to a peroxidase-labeled dextran polymer
(Simple Staining Kit; Nichirei). The reaction products
were developed by immersing the sections in a solution
of 3,3’-diaminobenzidine tetrahydrochloride solution
containing 0.03% hydrogen peroxide. Nuclei were lightly
counterstained with hematoxylin.

Comparison of histopathological and
immunohistochemical data with laboratory data
Serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), IgG, IgM, IgA, AMAs, and ANAs at
the time of liver biopsy were correlated with the scores
of individual lesions (degree of interface hepatitis, lobular hepatitis, emperipolesis, and hepatitic rosette formation) and scores of infiltrating mononuclear cells positive
for individual phenotypes (CD20, CD38, CD3, CD4,
CD8, IgG, IgM, and IgA).

Double immunofluorescence staining
Double-color immunostaining of CD38 and CD138, IgG,
or IgM was performed as follows: deparaffinized sections
were pretreated and incubated overnight at 4 ℃ with a
mixture of primary antibodies for CD38 and CD138,
CD38 and IgG, or CD38 and IgM (Table 2). The sections
were firstly incubated with the Alexa Fluor® 488 (Invitrogen, Carlsbad, CA) secondary antibody against rabbit
IgG for the detection of CD38 and with Alexa Fluor®
594 (Invitrogen) secondary antibody against mouse IgG
for the detection of CD138 and IgM or the secondary
antibody against mouse IgM for the detection of IgG.

Statistical analysis
All statistical analyses were performed using JMP software (version 8.0, SAS Institute Japan, Tokyo, Japan).
Values were expressed graphically as the mean ± SD
and median. Statistical differences between groups were
determined using a two tailed Mann-Whitney unpaired
test and Fisher’s exact probability test with 95%CI. The
correlation coefficient of 2 factors was evaluated using
Spearman’s rank correlation test. P values of < 0.05 were
considered significant.

Semiquantitative immunohistochemical evaluation of
inflammatory cells
The infiltration of mononuclear cells positive for CD20,
CD38, CD3, CD4, and CD8 and for immunoglobulin
classes (IgG, IgM, and IgA) at the periportal areas (interface hepatitis) and in the hepatic lobules (lobular hepatitis) were semiquantitatively scored twice in immunostained liver sections (0, no positive cells; 1, minimal, a few
positive cells in several regions; 2, moderate, considerable
amount of positive cells in about half of the regions; and
3, many positive cells in almost all regions). The sum of
the two evaluations was used as the individual score of
individual cases (score 0-6).
CD20 is known to be expressed in immature B cells,
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RESULTS
Histopathologies of the interfaces and hepatic lobules
of PBC and AIH
Interface hepatitis and lobular hepatitis were more or less
diffuse in the needle liver biopsies in AIH than in PBC.
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Figure 2 Comparison of necroinflammation in autoimmune hepatitis and primary biliary cirrhosis with interface hepatitis. A: The scores of interface hepatitis
(IFH) were not significantly different between primary biliary cirrhosis (PBC) (2.49 ± 0.64) and AIH (2.74 ± 0.66) (P = 0.0599) because PBC cases with IFH were chosen
for this comparative study with autoimmune hepatitis (AIH); B: The scores of lobular hepatitis (LH) were higher in AIH (2.58 ± 0.70) than in PBC (2.22 ± 0.61) (P = 0.0003);
C: The scores of hepatitic rosette formation were higher in AIH (0.55 ± 0.83) than in PBC (0.17 ± 0.44) (P = 0.0134); D: The scores of emperipolesis were higher in AIH (1.00
± 0.96) than in PBC (0.32 ± 0.52) (P = 0.0003). Horizontal bars of the graph show the median scores; aP < 0.05 vs control, bP < 0.01 vs control in the Mann-Whitney test.

Lobular hepatitis was more or less irregularly distributed
in the liver specimens of PBC. There was no significant
difference in the scores of interface hepatitis between
AIH and PBC (Figure 2A), which was expected because
PBC cases with interface hepatitis were selected in this
study. The scores of lobular hepatitis were significantly
higher in AIH than in PBC (Figure 2B), and the former
frequently showed zonal or even bridging necrosis in
addition to focal hepatocellular necrosis. The scores of
hepatitic rosette formation (Figure 1C) and emperipolesis
(Figure 1D) were significantly higher in AIH than in PBC
(Figure 2C and D).

Table 3 Degree of mononuclear cell infiltration with respect
to immunological phenotypes at the interface and in the
hepatic lobules
PBC

1

AIH

P value

At the interface; scores of infiltrating mononuclear cells positive for
CD3
2.8 ± 1.2 (3)2
4.1 ± 1.1 (4)
0.0002
CD4
1.5 ± 1.0 (1)
2.0 ± 1.2 (2)
0.0387
CD8
1.5 ± 0.9 (1)
2.7 ± 1.7 (3)
0.0048
CD20
0.7 ± 0.6 (1)
1.0 ± 1.0 (1)
0.0046
CD38
2.7 ± 1.5 (3)
3.7 ± 1.3 (4)
0.0046
IgG
1.3 ± 1.0 (1)
1.8 ± 1.3 (2)
0.0301
IgM
1.0 ± 0.8 (1)
0.6 ± 0.8 (0.5)
0.0249
IgA
0.5 ± 0.6 (0)
0.6 ± 0.7 (1)
0.4486
In the hepatic lobules; scores of infiltrating mononuclear cells positive
for
CD3
2.2 ± 0.9 (2)
3.3 ± 1.3 (3)
0.0016
CD4
0.8 ± 0.9 (0.5)
1.8 ± 1.1 (2)
0.0002
CD8
0.8 ± 0.8 (1)
2.5 ± 1.5 (2)
< 0.0001
CD20
0.3 ± 0.6 (0)
0.7 ± 0.8 (0.5)
0.0147
CD38
1.1 ± 1.0 (1)
2.0 ± 1.2 (2)
0.0025
IgG
0.6 ± 0.8 (0)
1.4 ± 1.3 (1)
0.0007
IgM
0.4 ± 0.5 (0)
0.6 ± 0.7 (0.5)
0.166
IgA
0.3 ± 0.7 (0)
0.6 ± 0.7 (0.5)
0.0239

Immunophenotypes of infiltrating inflammatory cells at
the interfaces and in the hepatic lobules
The degree of infiltration (scores) of mononuclear cells
with individual immunophenotypes at the interfaces and
in the hepatic lobules are shown in Table 3.
CD3, CD4, and CD8: CD3+ cells were frequently observed in the portal tracts, at the interface, and also within
the hepatic lobules in both diseases (Figures 3A and 4A).
Their scores at the interface and within hepatic lobules
were higher in AIH than in PBC. The scores of CD3+

1

With interface hepatitis; 2The scores were graded from 0-6 for each case,
and are shown as the mean ± SD and (median). PBC: Primary biliary
cirrhosis; AIH: Autoimmune hepatitis.
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Figure 3 Immunohistochemical findings of primary biliary cirrhosis with interface hepatitis. Many CD3+ cells were found within the portal tract and at the interface (A), whereas CD38+ cells heavily infiltrated the interface (B), IgG+ cells were mainly found in the portal tract and also at the interface (C), and IgM+ cell infiltration
was predominant at the interface (D). Double staining for IgM (red) and CD38 (green) (E) showed that IgM-CD38 double positive cells, IgM-producing plasma cells,
were frequently seen in the periportal area (star) (original magnifications: × 200). IgM+ plasma cells were also found around the intralobular bile duct. Asterisk: Hepatic
lobule, BD: Bile duct.
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*

Figure 4 Immunohistochemical findings of autoimmune hepatitis. CD3+ cells were found within the portal tract and in the periportal area (A), whereas CD38+
cells infiltrated prominently in the periportal area (B). IgG+ cells (C) and IgM+ cells (D) were also found in the periportal area, and IgG+ cell infiltration was predominant in the majority of autoimmune hepatitis cases. The distribution of these cells was similar to primary biliary cirrhosis (Figure 3); E: Double staining for IgG (red)
and CD38 (green) showed that IgG-CD38 double positive cells, which may be IgG-producing plasma cells, were frequently seen in the periportal area (star). Original
magnifications: × 200. Asterisk: Hepatic lobule.

cell infiltration at the interface and the hepatic lobules increased with the degree of interface hepatitis and lobular
hepatitis in PBC (Figure 5A). The scores of CD3+ cell
infiltration at the interface also increased with the degree
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of interface hepatitis in AIH, but such a correlation was
not seen in lobular hepatitis (Figure 5B).
The distribution of CD4 and CD8 was similar to that
of CD3, though their number was smaller than that of
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Figure 5 Correlation between scores for necroinflammation and infiltrating mononuclear cells positive for CD3, CD4, CD8, and CD38 in primary biliary cirrhosis with interface hepatitis and autoimmune hepatitis. A: In primary biliary cirrhosis (PBC), the degree of CD3+ mononuclear cell infiltration and the scores of
interface hepatitis and lobular hepatitis showed positive correlations; B: In autoimmune hepatitis (AIH), the degree of CD3+ mononuclear cell infiltration and the scores
of interface hepatitis showed positive correlation, whereas that of CD3+ mononuclear cell infiltration and lobular hepatitis failed to correlate positively; C: In PBC, the
degree of CD4+ mononuclear cell infiltration and the scores of interface hepatitis and lobular hepatitis showed positive correlations; D: In AIH, the degree of CD4+
mononuclear cell infiltration and the scores of interface hepatitis showed a positive correlation, whereas that of CD4+ mononuclear cell infiltration and lobular hepatitis
failed to correlate positively; E: In PBC, the degree of CD8+ mononuclear cell infiltration and the scores of interface hepatitis and lobular hepatitis showed positive
correlations; F: In AIH, the degree of CD8+ mononuclear cell infiltration and the scores of interface hepatitis and lobular hepatitis showed positive correlations; G: In
PBC, the degree of CD38+ mononuclear cell infiltration and the scores of interface hepatitis and lobular hepatitis showed positive correlations; H: In AIH, the degree of
CD38+ mononuclear cell infiltration and the scores of interface hepatitis showed positive correlation, whereas that of CD38+ mononuclear cell infiltration and lobular
hepatitis failed to correlate positively. Spearman’s rank correlation test in A-H.

CD3 in both diseases. The scores of CD4+ and CD8+
T cells at the interface and in the hepatic lobules were
higher in AIH than in PBC, and their scores increased
with the degree of interface hepatitis and lobular hepatitis, respectively, in PBC (Figure 5C and E). The scores of
CD4+ and CD8+ cells in AIH increased with the degree
of interface hepatitis. CD8+ cells were associated with
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the scores of lobular hepatitis, whereas CD4+ cells were
not (Figure 5D and F).
CD20: CD20+ cells were mainly found in the portal
tracts, and occasionally at the interface in both diseases.
While the number of CD20+ cells was smaller than that
of CD3+, CD4+, and CD8+ cells, they were relatively
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Table 4 Clinicopathological features of primary biliary
cirrhosis based on the predominant immunoglobulin class of
the plasma cell

IgG < IgM
IgG = IgM
IgG > IgM

40

20

0

16
16
12
12
PBC

IgM (mg/dL)
AIH

Group B
12 (10:2)

P value

56.1 ± 14.5 (56)

66.0 ± 7.2 (66)

0.0479

50.5 ± 31.2 (43.5)
55.0 ± 28.3 (42.5)
54.2 ± 43.6 (45.5)
55.0 ± 35.4 (46.5)
681.7 ± 655.0 (446) 389.1 ± 136.3 (358.5)
1737.4 ± 510.4 (1600)
2081.3 ± 784.4
(2062.5)
340.78 ± 219.0
197.3 ± 198.7 (133.5)
(280.5)
309.2 ± 129.8 (281) 304.6 ± 107.0 (268.5)
80.10%
55.60%

IgA (mg/dL)
AMA, M2
(positive ratio)
ANA
65.40%
80.00%
(positive ratio)
Histological findings (scores)
Interface hepatitis1
2.4 ± 0.6 (2)
2.8 ± 0.6 (3)
Lobular hepatitis2
2.3 ± 0.6 (2)
2.3 ± 0.6 (2)
Infiltration of mononuclear cells positive for (scores)
CD3 at the inter2.7 ± 1.2 (2.5)
2.8 ± 1.3 (3)
face3
CD38 at the inter2.4 ± 1.5 (2)
3.3 ± 1.3 (4)
face3
CD3 in the hepatic
2.1 ± 0.8 (2)
2.4 ± 1.2 (2)
lobules3
CD38 in the he0.9 ± 0.9 (1)
1.6 ± 1.1 (2)
patic lobules3

Figure 6 Classification of primary biliary cirrhosis with interface hepatitis
and autoimmune hepatitis based on the predominance of the subclass of
plasma cells infiltrating the interface. The majority of autoimmune hepatitis
(AIH) cases (16 cases) were IgG-predominant, whereas 8 cases were IgG/IgMequal. There are no IgM-predominant AIH cases. In primary biliary cirrhosis
(PBC), 23 cases were IgG/IgM-equal, whereas 12 cases were IgG-predominant
and 5 cases were IgM-predominant.

more numerous at the interface and hepatic lobules in
AIH than in PBC.
CD38: CD38+ cells with a plump cytoplasm, corresponding to mature plasma cells, were the most predominant at the interface in both diseases (Figure 3B and
4B). The number of these cells was higher in AIH than
in PBC both at the interface and in hepatic lobules. The
scores of CD38+ cell infiltration at the interface and
within the hepatic lobules increased with the degree of
interface hepatitis and lobular hepatitis in PBC (Figure
5G). Their scores at the interface increased with the degree of interface hepatitis in AIH, but such correlations
were not seen within the hepatic lobules (Figure 5H).

0.5839
0.7238
0.4166
0.2658
0.0077
0.8184
0.1916
0.6880

0.0688
0.8577
0.7039
0.0205
0.5341
0.0497

1
The score was graded from 2 to 4 for each case; 2the score was graded
from 0 to 4 for each case; 3 The score was graded from 0 to 6 for each case.
Group A, IgM-predominant cases and IgM/IgG-equal cases; group B,
IgG-predominant cases. Age, laboratory data expect autoantibodies and
scores are shown as the mean ± SD and (median); anti-mitochondrial
antibodies (AMA)(+) ≥ 40; M2(+) ≥ 5; antinuclear antibodies (ANA)(+)
≥ 40. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
ALP: Alkaline phosphatase.

and group B (IgG-predominant type). The laboratory
data, histological features, and degree of inflammatory
cell infiltration were compared between the two groups
(Table 4). Serum IgM levels were significantly higher in
group A, and interface hepatitis activities were slightly
higher in group B. Interestingly, the degree of CD38+
cell infiltration at the interface and in the hepatic lobules
was significantly higher in group B, which suggests that
PBC in group B may share more features with AIH.
There was no correlation in the positive ratio of AMA or
M2 and that of ANA between these two groups.

Analysis of infiltrating plasma cells with respect to
immunoglobulin classes
Infiltration of IgG+, IgM+, and IgA+ plasma cells:
IgG+ plasma cells were frequently observed at the interfaces in PBC and AIH (Figures 3C and 4C), and their
scores were significantly higher in AIH (Table 3). IgM+
plasma cells were found in interface hepatitis in both
diseases (Figures 3D and 4D), and the scores were significantly higher in PBC. These cells were not prominent
in the hepatic lobules in both diseases. Double immunostaining showed that IgG+ and IgM+ cells were also
CD38+ (Figures 3E and 4E).

Laboratory data and immunophenotypic features of
interface hepatitis and lobular hepatitis
The laboratory data and immunophenotypes of infiltrating mononuclear cells are summarized in Tables 5 and 6.
As a marker of hepatocellular damage, the serum level of
AST was evaluated.

Clinicopathological features of the IgG- or IgMpredominant type in PBC: By comparing the density
of IgG+ and IgM+ plasma cells at the interface, 16 cases
of AIH were revealed to be IgG-predominant, 8 cases
to be IgM/IgG-equal, and none IgM-predominant. In
contrast, 5 cases of PBC were IgM-predominant, 23 were
IgM/IgG-equal, and 12 were IgG-predominant (Figure 6).
Then each PBC case was classified into one of 2 groups:
group A (IgM/IgG-equal and IgM-predominant types)

WJG|www.wjgnet.com

Group A
28 (25:3)

Serum level of AST and interface hepatitis, lobular
hepatitis, and mononuclear cell infiltration: The degree of scores for CD3+, CD4+, CD38+, IgG+, IgM+,
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elevations in AST seen in PBC; and (3) IgG+ plasma cells
at the interface were predominant in AIH, while IgM+
predominant and IgG+/IgM+ equal cases were common
in PBC. Thus, it seems likely that immunopathological
processes appear to be similar at the hepatitic lesions in
PBC and AIH, whereas hepatocellular injuries may not
occur by the same mechanisms.
PBC and AIH are relatively well-defined clinicopathological entities; nevertheless, the histological distinction
between PBC and AIH is sometimes challenging because
interface hepatitis, which is characteristic of AIH, may
also be encountered in PBC[9]. This study found that
lobular hepatitis was more extensive in liver biopsies in
AIH than in PBC with interface hepatitis. In the latter,
such changes were more or less irregularly distributed in
the liver specimens. Hepatitic rosette formation and emperipolesis have reportedly been significantly correlated
with autoimmune liver disease[30] and are regarded as
the typical features of AIH in the simplified AIH scoring system[22]. In this study, both of these features were
also found in PBC, though their incidence and scores
were much lower. These hepatitic features may be closely
related to the progression of these diseases and may
eventually be followed by the development of fibrosis
and cirrhosis in PBC and AIH[3,19]. However, it is unclear
whether the mechanism(s) of hepatocellular injuries are
the same in these two diseases.
CD3+, CD4+, and CD8+ T cells were found in interface and lobular hepatitis in PBC and their scores at
the interface and in the hepatic lobules increased with the
degree of necroinflammation and correlated well with
the elevation in AST. These cells have been suggested to
be involved in immune-mediated hepatocellular injuries
in PBC, and CD8+ cells particularly may be cytotoxic
against hepatocytes.
Interestingly, mononuclear cells with similar phenotypes were also found in AIH and were more prominent
in the hepatitic lesions than in PBC. While the infiltration
scores of CD3+ and CD8+ cells were also correlated
with the degree of lobular hepatitis in AIH, other correlations between the infiltration of these cells and the
degree of necroinflammation and elevations in AST
shown in PBC were not evident in AIH. Thus, it appears possible that the immunopathological features in
interface and lobular hepatitis may be similar or shared in
AIH and PBC; however, the precise hepatocellular injury
mechanisms may not be the same. More detailed phenotypic analysis of the immunopathologies including antigen recognition and immunomodulation such as Th1 and
Th2 cells, regulatory T cells, and NK cells[29] appear to be
necessary to evaluate the mechanisms of hepatocellular
injuries in PBC and AIH.
As for the B cell series, a small number of CD20+ B
cells were only occasionally seen in interface hepatitis in
PBC. In contrast, CD38+ cells, the majority being mature
plasma cells, were numerous in interface and lobular hepatitis. Their scores increased with the degree of interface
hepatitis and lobular hepatitis, suggesting that they are in-

Table 5 Correlation between the elevations in aspartate
aminotransferase and the scores of hepatitis and mononuclear
cell infiltration of primary biliary cirrhosis and autoimmune
hepatitis
Scores of inflammatory cells at the
interface vs elevation of aspartate
aminotransferase

Primary biliary
1
cirrhosis

Autoimmune
hepatitis

r

P value

r

P value

Scores of interface hepatitis
Scores of lobular hepatitis
Scores of CD3+ cells at the interface
Scores of CD3+ in the lobules
Scores of CD4+ at the interface
Scores of CD4+ in the lobules
Scores of CD8+ at the interface
Scores of CD8+ in the lobules
Scores of CD38+ at the interface
Scores of CD38+ in the lobules
Scores of IgG+ at the interface
Scores of IgM+ at the interface

0.3600
0.4056
0.4172
0.3487
0.4410
0.4478
0.3466
0.1802
0.6010
0.3821
0.3909
0.5436

0.0286
0.0128
0.0114
0.0371
0.0071
0.0062
0.0384
0.2929
0.0001
0.0215
0.0184
0.0006

0.1427
0.4444
0.1540
0.4306
-0.1122
0.3033
0.3051
0.7074
0.0969
0.1541
0.1381
-0.1372

0.3796
0.0041
0.4724
0.0357
0.6017
0.1496
0.1471
0.0001
0.6601
0.4827
0.5200
0.5225

1

With interface hepatitis.

and IgA+ cell infiltration at the interface and within the
hepatic lobules and that of CD8+ cell infiltration at the
interface correlated well with the elevation in AST (Table
5), suggesting that these mononuclear cells play a role in
immune-mediated hepatocellular injuries at the interfaces
and within the hepatic lobules. In AIH, only the degree
of lobular hepatitis, CD3+ cell and CD8+ cell infiltration
within the hepatic lobules was correlated with the elevation in AST, whereas the other correlations found in PBC
were not evident.
Correlation between AMA or M2 and ANA positivity
and the degree of interface hepatitis and infiltration of mononuclear cells positive for CD3, CD38,
IgG, and IgM: There was no difference in the degree of
interface hepatitis between AMA or M2 and ANA positive and negative groups in both AIH and PBC (Table 6).
There was also no difference in the degree of infiltrated
mononuclear cells expressing CD3, CD38, IgG, or IgM
at the interface between AMA or M2 positive and negative groups in PBC or between the ANA positive and
negative groups in AIH.

DISCUSSION
The findings obtained in this study can be summarized as
follows: (1) AIH exhibited more intense lobular hepatitis
and more frequent hepatitic rosette formation and emperipolesis than that seen in PBC with interface hepatitis;
(2) CD3+ and CD38+ cells were predominant in interface and lobular hepatitis in PBC, and increased with the
degree of interface and lobular hepatitis in PBC. CD4+
and CD8+ showed a similar distribution to CD3+ cells,
and the degree of infiltration of these cells correlated
well with the degree of necroinflammation and elevations
in AST. In AIH, the infiltration of these cells was more
intense, while the degree of mononuclear cells did not
correlate well with the degree of necroinflammation and
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Table 6 Comparison of the degree of hepatitis and mononuclear cell infiltration in autoantibody positive and negative groups in
primary biliary cirrhosis and autoimmune hepatitis
PBC

AMA(-) and M2(-)

P value

2.41 ± 0.64 (2)
2.62 ± 1.13 (2)
2.42 ± 1.39 (2.5)
1.12 ± 0.59 (1)
1.00 ± 0.63 (1)

2.33 ± 0.50 (2)
2.44 ± 1.24 (3)
2.33 ± 1.22 (2)
1.22 ± 1.64 (1)
0.89 ± 0.93 (1)

0.9120
0.7552
0.9843
0.4977
0.4196

2.42 ± 0.65 (2)
2.47 ± 1.16 (2)
2.43 ± 1.16 (2)
1.09 ± 1.08 (1)
0.83 ± 0.65 (1)

2.30 ± 0.48 (2)
2.80 ± 1.23 (2)
2.50 ± 1.18 (3)
1.30 ± 0.67 (1)
1.30 ± 0.82 (1)

0.6241
0.4548
0.8113
0.4193
0.0742

2.70 ± 0.64 (3)
4.21 ± 1.13 (4)
3.89 ± 1.18 (4)
1.95 ± 1.39 (2)
0.63 ± 0.76 (1)

2.33 ± 0.58 (2)
3.33 ± 1.53 (3)
2.33 ± 1.15 (3)
1.00 ± 1.00 (1)
0.00 ± 0.00 (0)

0.3543
0.2965
0.0692
0.2552
0.1141

AMA(+) or M2(+)

Comparison between AMA , M2 positive and negative group in PBC
Scores of interface hepatitis1
Scores of CD3+ cells at interface2
Scores of CD38+ cells at interface2
Scores of IgG+ cells at interface2
Scores of IgM+ cells at interface2
Comparison between ANA positive and negative group in PBC
Scores of interface hepatitis1
Scores of CD3+ cells at interface2
Scores of CD38+ cells at interface2
Scores of IgG+ cells at interface2
Scores of IgM+ cells at interface2
Comparison between ANA positive and negative group in AIH
Scores of interface hepatitis1
Scores of CD3+ cells at interface2
Scores of CD38+ cells at interface2
Scores of IgG+ cells at interface2
Scores of IgM+ cells at interface2
1

The scores were graded from 2 to 4 for each case, and are shown as the mean ± SD and (median); 2The scores were graded from 0 to 6 for each case, and
are shown as the mean ± SD and (median). Anti-mitochondrial antibodies (AMA)(+) ≥ 40; M2(+) ≥ 5; antinuclear antibodies (ANA)(+) ≥ 40. PBC: Primary
biliary cirrhosis; AIH: Autoimmune hepatitis.

volved in the pathogenesis of necroinflammation at these
areas in PBC. In fact, the scores of CD38+ and IgG+
cells at the interface and in the hepatic lobules and those
of IgM+ cells at the interface were correlated with the
elevations in AST in PBC. While the scores of CD38+,
IgG+, and IgM+ cells in interface hepatitis and lobular
hepatitis were higher in AIH than in PBC, no correlation
existed between these scores and the elevation in serum
AST in AIH.
The elevation in serum IgM level is typical of PBC,
and serum IgG elevations are common in AIH[23]. Some
reports have shown that IgG and IgM immunostaining
of the liver helped to differentiate AIH from PBC[9,10,23,24].
Daniels et al[23] reported that PBC showed equal or more
IgM staining than IgG staining, and that AIH always showed
more IgG staining than IgM staining. Moreira et al[10] reported that an IgM/IgG ratio of ≥ 1 accurately distinguished
PBC from AIH or PSC. However, Lee et al[9] reported that
although IgM predominance seemed specific for PBC, a
significant number of PBC cases also demonstrated IgG
predominance. This study found that the average IgG+
cell infiltration score was significantly higher in AIH,
whereas the IgM+ cell infiltration score was significantly
higher in PBC. The number of IgA+ cells was small at
the interface in both diseases. The majority of AIH cases
were IgG-predominant, whereas the majority of PBC
cases were IgM-predominant or IgM/IgG-equal and
some cases were IgG-predominant. When PBC cases
were largely divided into IgM-predominant or an equivalent group (group A) and IgG-predominant group (group
B), serum IgM levels were significantly higher in group
A. Interestingly, the severity of interface hepatitis was
slightly higher and the degree of CD38+ cell infiltration
at the interface and in the hepatic lobules was significantly higher in group B, suggesting that the PBC in group B
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may share more features with AIH.
More than 90% of PBC patients are AMA-positive,
and more than 90% of AIH patients are ANA-positive[20,31,32]. These antibodies have been considered to be
important for the diagnosis of PBC and AIH, though
their pathogenic roles in hepatocellular injuries are speculative. This study found no difference in the degree of
interface and lobular hepatitis or mononuclear cell infiltration at the interface irrespective of an AMA and ANA
positivity in PBC and AIH. Therefore, it appears likely
that ANA and AMA have no direct influence on interface
and lobular hepatitis. While ANA and AMA may play a
role in hepatocyte or cholangiocyte injury[31,33], these autoantibodies are not necessarily linked to the severity and
pathogenesis of PBC and AIH[32-37], which was supported
by the results of this study.
While PBC with interface hepatitis has been regarded
as a hepatitic form of PBC or PBC with AIH features,
some reports insist that PBC and AIH overlap in such
cases and could preferably be called PBC-AIH syndrome[1,2,13,14,26]. It remains unclear whether the hepatitic
features of these cases indicate an overlap of AIH in PBC
or an inherent feature of PBC. The present study suggests
that the immunopathogenesis of the hepatitic lesions in
AIH and in PBC with interface hepatitis appears to be
similar, whereas the precise hepatocellular injury mechanisms may not be the same in these two diseases, indicating that these hepatitic features in PBC do not reflect an
overlap of AIH in PBC. Coss Adame et al[13] reported that
so-called PBC-AIH overlapping cases showed different
HLA phenotypes from type I AIH, suggesting that the
former does not reflect an overlap of AIH in PBC, but
a different disease from AIH, which supports the abovementioned suggestion.
In conclusion, while the immunophenotypes of infil-
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trating cells at the interface and lobular hepatitis in AIH
and PBC with interface hepatitis appear to be similar, the
precise mechanisms of hepatocellular injuries may not be
identical. More studies on the mechanisms of hepatocellular injuries in PBC are necessary to distinguish PBC
with interface hepatitis from AIH.
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Background

Primary biliary cirrhosis (PBC) infrequently presents with the features of autoimmune hepatitis (AIH), such as interface hepatitis histologically, in addition to the
classical features of PBC. Such cases have been called PBC with AIH features,
and may respond well to steroid therapy.

Research frontiers

8

Previous studies have shown that the density and proportion of IgM+ and IgG+
plasma cells in portal tracts can be used to differentiate AIH from PBC by liver
biopsies: IgM+ plasma cells tended to be predominant in portal tracts of PBC.
However, the differences and similarities in the hepatitic lesions at the interface
and in the hepatic lobules between PBC with interface hepatitis and AIH have
not been studied pathologically and immunohistochemically in detail till now.

9

Innovations and breakthroughs

Immunohistochemical analysis showed that AIH exhibited more intense lobular
hepatitis and more frequent hepatitic rosette formation and emperipolesis than
that seen in PBC with interface hepatitis. In PBC, CD3+ and CD38+ cells were
predominant in interface and lobular hepatitis, and the degree of infiltration of
these cells correlated well with the degree of necroinflammation and elevations
in AST. In AIH, the infiltration of these cells was more intense than in PBC, while
the degree of mononuclear cell infiltration did not correlate well with the degree
of necroinflammation and elevations in AST seen in PBC. IgG+ plasma cells at
the interface were predominant in AIH, while IgM+ predominant and IgG+/IgM+
equal cases were common in PBC.
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Applications
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This study implicates that while the histological features of interface hepatitis in
AIH and PBC with interface hepatitis appear to be similar, the precise pathogenetic mechanisms of hepatocellular injuries may not be identical. These results
guarantee further studies on the pathogenesis of PBC with interface hepatitis in
comparison with AIH.
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Terminology

Interface hepatitis is characterized by dense lymphoplasmacytic infiltration
and destruction of hepatocytes at the limiting plates. This lesion is consistently
found in chronic progressive diseases such as AIH and chronic viral hepatitis.
Hepatitic rosette is entrapped hepatocyte clusters arranged in glandular structures in the enlarged portal tracts and reflects ongoing hepatocellular loss at the
limiting plates.
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The authors discuss clinicopathological differences between interface and
lobular hepatitis seen in PBC with interface hepatitis and AIH. They conclude
that the immunological mechanism in both disease entities is similar but that
of hepatocyte injuries may be different, suggesting that autoimmune features
observed in PBC with interface hepatitis might not be derived from the overlap of AIH. This study is an interesting one and worthy enough for possible
publication.
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levels, respectively, and the endoscopic response was
evaluated by ileocolonoscopy performed at baseline and
after 12-20 wk of therapy. The changes in endoscopic
appearance compared to baseline were classified into
four categories, and patients were classified as responders and non-responders. Genomic DNA from whole
peripheral blood was extracted and genotyping was per2
formed by allele-specific polymerase chain reactions. χ
test with Yate’s correction based on the S-Plus was used
to compare the genotype frequencies.
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RESULTS: Eighty patients (63.49%) were classified
as complete and 32 (25.39%) as partial responders to
infliximab, while 14 (11.11%) were primary non-responders. No correlation was found between response
to infliximab and patients’ characteristics such as age,
gender and disease duration. There was consistency
between Harvey-Bradshaw index scores and serum
CRP levels. The TT genotype of the rs1568885 polymorphism was significantly related to partial response
(P = 0.024) and resistance to infliximab (P = 0.007)
while the AT genotype was more frequent in partial responders (P = 0.035) and in primary non-responders (P
= 0.032). Regarding rs1813443, the CC genotype was
found to be associated with partial response (P = 0.005)
and primary resistance (P = 0.002) to infliximab while
no association was found between the rs4411591 polymorphism and the clinical response to infliximab.

Abstract
AIM: To investigate the correlation between rs1568885,
rs1813443 and rs4411591 polymorphisms and response
to infliximab in a cohort of Greek patients with Crohn’s
disease (CD).
METHODS: One hundred and twenty-six patients diagnosed with CD based on standard clinical, endoscopic,
radiological, and pathological criteria were enrolled in
nd
this study at the Gastroenterology Unit of the 2 Department of Surgery and at the Colorectal Unit of the
1st Department of Propaedeutic Surgery. Infliximab
at a dose of 5 mg/kg was administered intravenously
at weeks 0, 2, 6 and then every 8 wk. Clinical and serological responses were assessed using the HarveyBradshaw Index and serum C-reactive protein (CRP)
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CONCLUSION: Based on our results, the rs1568885
and rs1813443 polymorphisms are associated with
clinical and biochemical response to infliximab in Greek
patients with Crohn’s disease.
© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
Key words: Crohn’s disease; Treatment response; Inf-
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ever, other reports have failed to confirm the correlation
between polymorphisms in the TNF genes and clinical
response to this agent[8,12]. Moreover, according to Niess
et al[13], p.Arg702Trp, p.Gly908Arg and p.Leu1007fsX1008
polymorphisms in the NOD2/CARD15 gene are related
to poorer response to anti-TNF agents, while Weiss et
al[14] found that NOD2/CARD15 mutations did not have
any impact on the response to IFX which was consistent
with previous reports[15]. Finally, the rs1143634 C allele
was found to be correlated with higher serum IL1β concentrations and lower response to IFX treatment in CD
patients[16].
Umicevic-Mirkov et al[17], in a recent report, performed
a genome-wide association analysis in a cohort of 882
patients with rheumatoid arthritis and evaluated the association between single nucleotide polymorphisms
and response to anti-TNF therapy. Three genetic loci
(rs1568885, rs1813443 and rs4411591) with improved
P value in the overall meta-analysis showed directional
consistency over all four cohorts studied by the authors. The rs4411591 polymorphism is located in the
Loc100130480, encoding a hypothetical protein, while
the rs1813443 maps in the intronic region of contactin
5 (CNTN5) which is a member of the immunoglobulin
superfamily and contactin family and mediates cell surface interactions during nervous system development[18].
According to our knowledge, these genes have not been
yet implicated in the development and progression of
IBD. However, the correlation of these polymorphisms
with the response to anti-TNF in patients with a systemic inflammatory disease such as rheumatoid arthritis
suggests that they can be evaluated as potential biomarkers of the response of patients with CD to an anti-TNF
agent such as IFX.
The aim of this study was to determine whether these
reported loci (rs1568885, rs1813443 and rs4411591) reflect an association with response to IFX in patients with
CD.

liximab; Polymorphisms
Core tip: A common treatment for inflammatory bowel
disease is the use of tumor necrosis factor (TNF)-a inhibitors such as Infliximab (IFX). The discovery of novel
markers of response to anti-TNF agents will provide
valuable information for better stratification of these
patients which will eventually further improve their
clinical course and quality of life. Our results suggest
that the rs1568885 and rs1813443 polymorphisms are
associated with clinical and biochemical response to IFX
in patients with Crohn’s disease.
Thomas D, Gazouli M, Karantanos T, Rigoglou S, Karamanolis
G, Bramis K, Zografos G, Theodoropoulos GE. Association of
rs1568885, rs1813443 and rs4411591 polymorphisms with antiTNF medication response in Greek patients with Crohn’s disease.
World J Gastroenterol 2014; 20(13): 3609-3614 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i13/3609.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3609

INTRODUCTION
The use of anti-tumor necrosis factor (TNF) agents such
as infliximab (IFX), certolizumab and adalimumab has
impressively improved the clinical course of patients with
Crohn’s disease (CD) during the last decades[1]. Across
these agents, in the pivotal clinical trials, the initial response rate was approximately 60%, while only 30% of
these responders maintained remission for as long as one
year[2,3]. Moreover, these medications have numerous reported side effects rendering the benefit to risk ratio narrower[4]. These conclusions have led to the identification
of multiple clinical parameters such as duration of treatment[5] and disease phenotype[6], and biological factors
such as cytokines[7] and C-reactive protein (CRP) levels[8],
as predictive markers of response to anti-TNF agents.
Despite their utility and easy estimation in the clinical setting, these factors fail to fully predict the response of CD
patients to the anti-TNF agents. Therefore, the discovery
of novel markers of response to anti-TNF agents will
provide valuable information for better stratification of
these patients which will eventually further improve their
clinical course and quality of life.
Recent studies highlight the potential effect of the
individual’s genetic background on the response to
anti-TNF treatment. Taylor et al[9] demonstrated that
patients homozygous for a TNF-polymorphism (LTA
NcoI-TNFc-aa13L-aa26 1-1-1-1 haplotype) were poor
responders to IFX while Pierik et al[10] found that the biological response to IFX was lower in patients carrying the
TNFR1 36G mutation in the TNFR1 gene. Additionally,
López-Hernández et al[11] recently also maintained that
particular TNF-α genotypes may be involved in the different responses to TNF-α inhibitor treatment in Spanish
patients with inflammatory bowel diseases (IBD). How-

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients
One hundred and twenty six patients diagnosed with CD
attending the IBD Clinic at the Gastroenterology Unit of
the 2nd Department of Surgery, “Aretaieio” Hospital, and
at the Colorectal Unit of the 1st Department of Propaedeutic Surgery, “Hippokrateio” Hospital, Athens, Greece,
were enrolled in this case-control study. The diagnosis of
CD was based on standard clinical, endoscopic, radiological, and pathological criteria[19,20]. Patients with inflammatory (luminal) disease who were naïve to IFX were
eligible for the study.
IFX was administered intravenously at a dose of 5
mg/kg at week 0, 2, 6 and then every 8 wk. Clinical and
serological responses were assessed using the HarveyBradshaw Index (HBI)[21] and serum levels of CRP, respectively, at baseline (before the 1st infusion of IFX), the
day before each subsequent IFX infusion, and after 12 wk
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Table 1 Demographic, clinical and biological characteristics of the study population n (%)
Characteristics

P value

Complete responders

Partial responders

Primary non-responders

80 (63.49)
28.42 ± 12.85

32 (25.39)
26.65 ± 14.21

14 (11.11)
27.32 ± 13.88

62 (77.5)
18 (22.5)

19 (58.37)
13 (40.63)

8 (57.14)
6 (42.86)

0.082

3.47 ± 0.85
1.07 ± 0.72
75.27 ± 36.23
8 ± 6.48
5

5.62 ± 3.44
3.55 ± 1.49
81.03 ± 32.05
7.47 ± 5.11
5

4.48 ± 2.15
1.61 ± 1.4
63.91 ± 32.73
8.18 ± 4.32
5

< 0.0001
< 0.0001
0.311
0.987
1.000

26 (32.5)
50 (62.5)
4 (5)

4 (12.5)
27 (84.75)
1 (2.75)

2 (14.28)
12 (85.72)
0

0.295

34 (42.5)
14 (17.5)
32 (40)

10 (31.25)
9 (28.13)
13 (40.62)

5 (35.71)
2 (14.29)
7 (50)

0.016

Age (yr, mean ± SD)
Gender (%)
Male
Female
CRP levels (mg/dL, mean ± SD)
Pre-treatment (0 wk)
Post-treatment (12 wk)
δCRP levels (%)
Disease years
Infliximab dosing (mg/kg)
Localization (%)
Colitis
Ileocolitis
Upper gastroenteric
Behaviour (%)
Inflammatory
Stricturing
Penetrating

of treatment. Ileocolonoscopy was performed by a single
endoscopist at baseline and after 12-20 wk of therapy to
evaluate the presence of mucosal bleeding. The changes
in endoscopic appearance compared to baseline were
classified in four categories and patients were classified
based on their response to IFX therapy with standard
criteria as previously described[22-24]. The ethical committee of the participating hospitals approved the study, and
written inform consent was obtained in advance from
each patient.

RESULTS
Patients’ demographic and clinical characteristics are
presented in Table 1. Eighty patients (63.49%) were classified as complete, and 32 (25.39%) as partial responders
to IFX, while 14 (11.11%) patients were primary nonresponders in this study. There were no statistically significant differences between complete or partial responders
and primary non-responders in terms of mean age, gender, disease duration, location and behavior and smoking
habits. There was consistency between HBI scores and
serum CRP levels classifying patients as complete or partial responders and primary non-responders.
Regarding the rs1568885 polymorphism, the AT genotype was more frequent in partial responders (P = 0.035)
and in primary non-responders (P = 0.032) (Table 2). The
TT genotype was also more frequent in partial responders (P = 0.024) and primary non-responders (P = 0.007)
(Table 2). Based on these data, patients with AT genotype
have 2.71 and 4.75 times increased risk of presenting partial response and primary resistance, respectively, compared to patients with AA genotype. Finally, patients with
TT genotype have 8.14 and 21.37 times increased risk
of presenting partial response and primary resistance,
respectively, compared to patients with AA genotype.
These results suggest that the carriers of the rs1568885T
allele are more likely to fail the IFX treatment.
As far as the rs1813443 polymorphism is concerned,
partial responders (P = 0.005) and primary non-responders (P = 0.002) present higher frequency of the CC genotype (Table 2). This result can be translated to the conclusion that the presence of the CC genotype is associated
with 6.13 times increased risk of partial response and
11.5 times increased risk of primary resistance to IFX
compared to the presence of GG genotype.
Finally, the evaluation of the rs4411591 polymorphism in our cohort showed that there was no associa-

Genotyping
Genomic DNA from whole peripheral blood containing EDTA was extracted using validated techniques
(NucleoSpin Blood kit; Macherey-Nagel, Germany).
The genotyping was performed by allele-specific polymerase chain reactions (PCRs). Primer sequences for
the rs1568885 polymorphism were forward 5’-TAAAATACCAAGAAGCATGA-3’, reverse Τ 5’-CTGATCAATCCTTTTTTAA-3’, and reverse A 5’-CTGATCAATCCTTTTTTAT-3’; for the rs1813443, reverse
5’-CATTAATCTCACTGTCCTTTGC-3’, forward G
5’-TTTCTCCAGCTGTGTTTAACTG-3’and forward
C 5’-TTTCTCCAGCTGTGTTTAACTC-3’; for the
rs4411591, reverse 5’-GACTCCATCTCCCTCATCCA-3’, forward G 5’-CACTCAACTCCAGTCCACAAG-3’ and forward C 5’-CACTCAACTCCAGTCCACAAC-3’. The PCR products were then subjected to 3%
agarose-gel electrophoresis.
Statistical analysis
Genotype frequencies were compared with the χ 2 test
with Yate’s correction using S-Plus (v.6.2Insightful, Seattle, WA). Odds ratios (OR) and 95%CI were obtained
with GraphPad (v.300, GraphPad Software, San Diego,
CA). The P values are all two-sided. P values of < 0.05
were considered to be significant.
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Table 2 Distribution of genotypes in patients and controls n (%)
Genotype

Complete responders (n = 80) Partial responders (n = 32) P value; OR (95%CI) Non-responders (n = 14) P value; OR (95%CI)

rs1568885
AA
AT
TT
rs1813443
GG
GC
CC
rs4411591
GG
GA
AA

57 (71.25)
21 (26.25)
2 (2.5)

14 (43.75)
14 (43.75)
4 (12.5)

1.0 (reference)
0.035; 2.71 (1.11-6.64)
0.024; 8.14 (1.3549.05)

4 (28.57)
7 (50)
3 (21.43)

1.0 (reference)
0.032; 4.75 (1.26-17.9)
0.007; 21.37 (2.73-167.2)

46 (57.5)
28 (35)
6 (7.5)

10 (31.25)
14 (43.75)
8 (25)

1.0 (reference)
0.09; 2.3 (0.9-5.87)
0.005; 6.13 (1.74-21.63)

4 (28.57)
4 (28.57)
6 (42.86)

1.0 (reference)
0.7; 1.64 (0.38-7.1)
0.002; 11.5 (2.5-52.84)

54 (67.5)
24 (30)
2 (2.5)

17 (53.12)
12 (37.5)
3 (9.37)

1.0 (reference)
0.34; 1.58 (0.66-3.84)
0.11; 4.76 (0.73-30.94)

10 (71.43)
4 (28.57)
0

1.0 (reference)
1; 0.9 (0.26-3.16)
1; 1.04 (0.05-23.23)

tion between any of the genotypes and response to IFX
(Table 2).

IFX was evaluated using the HBI, which has shown good
correlation with the CD activity index in clinical trials[33].
Serologic evaluation of response to IFX was based on serum CRP alterations, which have been shown to be correlated with clinical course and inflammatory activity[34,35].
Finally, the patients underwent ileocolonoscopy 12-20 wk
after the initiation of therapy to obtain an objective view
of the intestinal mucosa.
According to our results, the TT and AT genotypes
of the rs1568885 polymorphism are significantly associated with partial and non-response to IFX. Interestingly,
Umiċeviċ Mirkov et al[17] showed that the presence of the
A allele is related to good response to anti-TNF agents in
patients with rheumatoid arthritis, supporting our data,
despite the absence of any known pathophysiological
mechanism connecting this genetic locus with the inflammatory pathways. This particular polymorphism has not
yet been associated with the pathogenesis and progression of CD, and further studies are needed to evaluate its
role in the development and progression of inflammatory bowel diseases.
Furthermore, only the CC genotype of the rs1813443
polymorphism was associated with partial response and
initial resistance to IFX based on the above presented clinical, serologic and endoscopic criteria. Umiċeviċ Mirkov
et al[17] found that the presence of the C allele predicts for
poor response to anti-TNF in patients with rheumatoid
arthritis, which is in agreement with our results. This polymorphism, as mentioned above, is located in the intronic
region of CNTN5 which is implicated in the development
of the nervous system[18]. Interestingly, antibodies against
the CNTN1/CASPR1 complex occur in a subset of
patients with chronic inflammatory demyelinating polyradiculoneuropathy who share common clinical features[34]
and CNTN2 is known to be targeted by T cells and autoantibodies during the development of the inflammatory
process in multiple sclerosis[35]. These results suggest that
members of the contactin superfamily have already been
implicated in T cell mediated autoimmune diseases of
the nervous system, supporting their potential role in the
development of autoimmune inflammatory processes in
other organs such as joints and intestine.
Finally, our data suggest that different genotypes of

DISCUSSION
IFX has been widely adopted for the treatment of Crohn’s
disease that is refractory to corticosteroids and immunosuppressive therapy, such as azathioprine and methotrexate.
Recently, IFX has been used in combination with immunosuppression earlier during disease progression showing
better initial control and improved long-term mucosal
healing [25]. Despite the obvious benefits in patients’
quality of life[26], the response rates differ between different studies and different populations[2,3,27]. Data from
induction trials in patients with moderate-to-severe CD
resistant to conventional therapies showed that between
21% and 44% more patients achieved remission with
IFX than with placebo. Moreover, according to two large
maintenance trials, between 14% and 24% more patients
achieved remission with IFX[28]. The variability of the
response rates between different individuals clearly decreases the efficacy of this agent in the treated patients,
suggesting that the identification of predictive biomarkers is critical to improve patient outcomes.
The widely used clinical parameters such as disease
location and biological factors such as cytokines can
only partially predict the response to IFX[29], while recent reports have evaluated the predictive value of gene
polymorphisms[26,30], fecal markers[31] and gene expression
profiles[32]. According to a recent study, genome-wide
association analysis in patients with rheumatoid arthritis
discovered that three genetic loci (rs1568885, rs1813443
and rs4411591) showed directional consistency over all
cohorts studied[17]. Rheumatoid arthritis, as a systemic
inflammatory disease with significant implication of T
cell induced immunity, shares important characteristics
with CD and it is reasonable to suggest that these polymorphisms may serve as good candidates for prediction
of response. To our knowledge, this is the first study
evaluating the predictive value of these polymorphisms
regarding the response to IFX in patients with CD.
The efficacy of IFX was assessed with clinical, serological and endoscopic parameters. Clinical response to
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the rs4411591 genetic locus do not have any impact on
the response to IFX. The marker rs4411591 maps the
Loc100130480, encoding a hypothetical protein and, according to Umiċeviċ Mirkov et al[17], the presence of the
C allele is associated with good response to anti-TNF
agents in patients with rheumatoid arthritis. The absence
of any correlation in our study may be attributed to the
relatively small population of patients, and further studies
are needed to evaluate any potential impact of this genetic
locus on the response of CD patients to IFX.
It is known that the basic mechanisms of inflammation are similar among different autoimmune diseases. The
efficacy of IFX is associated with the role of TNF in the
development and progression of inflammation within a
particular genetic background for each individual. It could
be hypothesized that genetic alterations and variations may
alter the response to an anti-TNF agent such as IFX in
various autoimmune diseases. According to our data, two
genetic loci which are known predictive biomarkers for
response to anti-TNF agents in patients with rheumatoid
arthritis do predict the response to IFX in a cohort of patients with CD. This conclusion supports the concept of
a strong genetic implication in autoimmune inflammation
which may be similar among different autoimmune diseases, especially when they share common features such as the
critical role of T cells. Finally, the predictive value of these
polymorphisms regarding the response to IFX provides us
with novel tools for patient stratification to improve the efficacy of this widely used anti-TNF agent.
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treatment, a repeat UBT was performed in each patient
to document the eradication of the infection. All data
(demographics, symptoms, and eradication rates) were
collated and analyzed with SPSS version 18.
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RESULTS: Forty-seven patients completed the study
(three were excluded from the analysis for breaching
the study protocol). The patients included 18 males
and 29 females within the age range of 13-80 years
(mean 43.7, SD 16.8). The clinical features of the study
subjects were dyspepsia, reflux symptoms and features
of gastrointestinal bleeding. The average eradication
rate was 87.2%. Eighteen subjects were enrolled in
the 7-d arm, while 29 were in the 10-d arm. There was
no statistically significant difference in the age or sex
distributions of the two arms. There was no significant
advantage of the 10-d treatment duration over the 7-d
duration (P = 0.78), and the eradication outcomes were
not influenced by the gender or age of the subjects. No
adverse effects were reported in either arm.

Abstract

CONCLUSION: The triple therapy regime, employing a
combination of amoxicillin, clarithromycin and rabeprazole, showed great efficacy and safety in the eradication of H. pylori , and this outcome was not influenced
by gender or age. No difference was observed between
the 7-d and 10-d regimens.

AIM: To investigate the efficacy of a standard triple
therapy (comprising rabeprazole, clarithromycin, and
amoxicillin) for Helicobacter pylori (H. pylori ) eradication, noting factors that influence the outcome and
documenting any adverse events.

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

METHODS: Following institutional ethical approval,
fifty consecutive and consenting symptomatic patients
with evidence of H. pylori infection by either a positive
urea breath test (UBT) and/or a campylobacter-like
organism test who presented to the Gastroenterology clinic of Lagos State University Teaching Hospital
between 2012 and 2013 were recruited into the study.
Patients were openly randomized to either a 7-d or
a 10-d regimen of amoxicillin 1 g, clarithromycin 500
mg and rabeprazole 20 mg twice daily. The extent of
symptom resolution was noted following the treatment,
and at the end of one month after the completion of
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Key words: Helicobacter pylori ; Eradication therapy;
Amoxicillin clarithromycin; Rabeprazole triple therapy
Core tip: Helicobacter pylori (H. pylori ) infection is
widespread in Nigeria, along with the associated risk
of serious gastroduodenal diseases, including gastric
cancer. The use of different eradication therapies for H.
pylori is commonplace, as no consensus exists regarding the optimal treatment regimen, despite guidelines

3615

April 7, 2014|Volume 20|Issue 13|

Onyekwere CA et al . Rabeprazole, clarithromycin and amoxicillin triple therapy

compliance, and local resistance patterns. Earlier studies
indicated a high rate of metronidazole and amoxicillin resistance in our setting[10]. The empirical use of eradication
therapy has become commonplace in our setting, following
the National Institutes of Health consensus statement[11]
on testing and treatment strategies for H. pylori. Often, no
retesting is performed to ensure that the eradication of
the infection has been accomplished following treatment.
Presently, no consensus exists on the choice of an optimal
eradication regime in Nigeria, despite the guidelines[5] and
recommendations made in view of differing antimicrobial
sensitivity patterns across and within different geographical settings. We set out to investigate the efficacy of the
standard triple therapy regimen (comprising rabeprazole,
clarithromycin and amoxicillin).

and recommendations. This lack of consensus is most
likely due to the lack of evidence-based data, and the
findings in this report may help to fill this gap.
Onyekwere CA, Odiagah JN, Igetei R, Duro Emanuel AO, Ekere
F, Smith S. Rabeprazole, clarithromycin, and amoxicillin Helicobacter pylori eradication therapy: Report of an efficacy study.
World J Gastroenterol 2014; 20(13): 3615-3619 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i13/3615.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3615

INTRODUCTION
Helicobacter pylori (H. Pylori) are gram-negative spiral bacteria
that reside within the gastric mucosa and are implicated in
the etiopathogenesis of a number of gastroduodenal diseases[1]. Although many infected persons do not experience
clinically meaningful sequelae, many others develop serious
gastrointestinal-related conditions, including gastric cancer.
There is a high prevalence of this infection in developing
countries, including Nigeria, where reports indicate a prevalence ranging from 45% to 64% among adult dyspeptics,
depending on the diagnostic criteria employed[2,3]. Several
guidelines for the eradication of this infection have been
published by different professional groups in different
geographical settings, including the European consensus
report and the World Gastroenterology Organization[4,5].
The aim of H. pylori eradication is to reduce the lifetime
risk of peptic ulcer disease and possibly of gastric cancer.
The test and treat strategy has been advocated in a setting of high H. Pylori prevalence (> 20%) and low gastric
cancer risk[6]. The urea breath test (UBT), which uses essentially (13C) urea, remains the best test to diagnose an H.
pylori infection due to its high accuracy and ease of use[7].
When endoscopy is performed, biopsy-based tests, such as
the rapid urease test, histology and culture, can be carried
out. Hitherto, the UBT as a diagnostic tool has not been
widely employed in Nigerian settings; poor accessibility,
which includes costs and availability, is partially responsible
for this scenario. The current H. Pylori treatment guidelines
suggest the use of triple therapy [usually a proton-pump
inhibitor (PPI), amoxicillin, and clarithromycin (standard
triple therapy)] as the first-line therapy for a duration ranging from 7 to 14 d[6]. Other combinations involving the
use of metronidazole may be used, depending on the local
resistance pattern. Extending the duration of treatment
from 7 to 10-14 d has been shown to increase the success
rate of eradication[8]. Other first-line therapies include the
quadruple therapy, which involves the addition of a bismuth compound; although this approach is cheaper while
having a similar efficacy, more side effects are associated
with poor compliance[5] when compared with the PPI.
These side effects were later associated with a low rate of
transient and asymptomatic serum aminotransferase elevations and represent a rare cause of clinically apparent liver
injury[9]. The choice of an eradication regimen is often
influenced by such factors as efficacy, adverse effects, cost,
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MATERIALS AND METHODS
From June 2012 to August 2013, we recruited subjects
into this randomized, controlled trial, carried out at the
Gastroenterology Unit of The Lagos State University
Teaching Hospital, Ikeja Nigeria.
Inclusion criteria were the following: (1) persons
who presented to the unit with upper gastrointestinal
(GI) symptoms, such as dyspepsia, upper GI bleeding,
or gastroesophageal reflux symptoms (heartburn); and
(2) persons with evidence of H. pylori infection. H. pylori
infection was said to be present based on either a positive
UBT or campylobacter-like organism test. The UBT test
was carried out using the Kibion heliprobe machine and
involved the ingestion of 13C labeled urea (helicap) after
six hours of fasting and the subsequent exhalation into a
breath card. The amount of exhaled 13C is measured by
the heliprobe breath analyzer. The details of measurement
are given according to the manufacturer’s protocol[12].
The exclusion criteria are stated below: (1) persons
with upper GI symptoms who were already on antisecretory drugs, including PPI or antibiotics; (2) persons with
upper GI symptoms who were acutely ill and required
hospitalization; and (3) persons who refused consent.
Using an estimated eradication rate of 85% based on
previous reports[13] of triple therapy and a degree of
accuracy of 0.1, a sample size of 49 was calculated using the formula N = Z2 pq/d2, where N = the required
sample size, Z = the standard normal deviation (usually
set at 1.96 to correspond to the 95%CI), p = the proportion in the target population estimated to have a particular characteristic, q = 1 - p, d = the degree of accuracy
desired set at 0.1. Following institutional ethical approval
and written informed consent, the study’s participants
were consecutively recruited. Alternate patients were
openly randomized to either a 7- or 10-d course of the
eradication regimen. They were instructed not to use any
antibiotic or other antisecretory drugs, including proton
pump inhibitors, during the study period and to report
any adverse reactions to the principal investigator, whose
contact information was shared with all of the participating subjects. The 10-d regimen arm involved use of
rabeprazole 20 mg, amoxicillin 1 g and Clarithromycin
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Pattern of clinical presentation of the
study subjects

79%

Table 1 Relationship between the patients’ profiles and their
outcomes from Helicobacter pylori eradication
Successful
eradication

4.30%
Dyspepsia

GI bleeding

8.50%

8.50%

GERD

Multiple symptoms

No

Total number
of subjects

Age of the patient vs eradication outcome
Age grouping
0-39 yr
19
3
22
40-59 yr
14
1
15
of patient
≥ 60 yr
8
2
10
Total
41 (mean age 6 (mean age
41 ± 17)
48 ± 16)
P value 0.611 (χ 2 = 0.986)
Gender vs outcome of eradication therapy
Gender
Male
16
2
18
Female
25
4
29
Total
41
6
47
P value 0.582 (χ 2 = 0.072)
Patients’ clinical presentation vs outcomes of eradication treatment
Clinical
Dyspepsia
34
3
37
GERD
2
2
4
presentation
GI bleeding
2
0
2
Multiple
3
1
4
presentation
Total
41
6
47
P value 0.088 9 (χ 2 = 6.531)

Figure 1 Clinical features of the study subjects. GI: Gastrointestinal; GERD:
Gastroesophageal reflux disease.

500 mg twice daily for 10 d, while the 7-d treatment arm
used the same combination of drugs and dosages but for
7 d. At the end of 1 mo following the completion of the
treatment, a repeat UBT was performed on each patient
to document the eradication of the infection.
The outcome parameters for this study are symptomatic improvement and successful eradication. Symptomatic
improvement refers to the resolution of the initial presenting symptoms. Successful eradication was said to be present if the repeat UBT at one month following the completion of treatment was negative.

GI: Gastrointestinal; GERD: Gastroesophageal reflux disease.

DISCUSSION
Infection with H. pylori continues to be a cause for concern, and the search for an optimal therapy continues
due to the changing antibiotic sensitivity patterns in
different geographic settings. Triple therapy with an
antisecretory drug and two antibiotics (amoxicillin, metronidazole or clarithromycin) has often been advocated
as the first-line therapy; the choice of the antibiotics varies, depending on local sensitivity patterns[6]. Our study
has shown an overall symptom improvement of over
95% and a H. pylori eradication rate of over 87%, which
is a little less than the 90% per protocol recommended
by World Gastroenterology Organisation guidelines[5].
This rate is also slightly lower than the rates obtained by
Sokwala et al[13] in a Kenyan population employing same
antibiotics but another PPI (Esomeprazole). However,
our rate is better than the 85% reported by Wong et al[14]
in their multi-center study of a triple therapy, employing
the same antibiotics but with omeprazole in Asians and
Africans. Still, it has been reported that, in clinical trials,
failure to eradicate H. pylori is approximately 20% after
first-line eradication therapy[15]. Antibiotic resistance patterns[10], due most likely to the abuse of drugs as antibiotics, are sold without prescriptions in our setting; this
may partly explain our lower efficacy. The current report
indicates a resistance of < 5% to tetracycline, < 30%
to amoxicillin, < 16% to clarithromycin and 100% to
metronidazole[16] in Lagos, Nigeria. This observed eradication rate, in any case, gives us some confidence that
eradication was achieved in the majority of our treated
patients through the use of this triple therapy combination. Still, in routine practice, post-treatment evaluation
is hardly ever performed, contrary to the guidelines and

Statistical analyses
This study were performed with SPP version 18. The test
statistics used included Student’s t test for the comparison
of quantitative data and the χ 2 test for the comparison
of qualitative variables. A P value of ≤ 0.05 was deemed
significant.

RESULTS
Forty-seven patients completed the study, as three of the
patients (2 from the 7-d arm and 1 from the 10-d arm)
dropped out of the study (2 for using other proton pump
inhibitors and 1 for not adhering to the study protocol).
Thus, the non-compliant patients were excluded from the
analysis. The study group was made up of 18 males and
29 females within the age range 13-80 years (mean 43.7
SD 16.8). The clinical features of the study subjects are
given in Figure 1. The average eradication rate was 87.2%.
Adverse effects. No adverse effects were reported in
either arm. Table 1 illustrates the relationship between
the outcome of the H. pylori eradication and the patients’
demographics (age and sex) and clinical presentations.
There was no significant relationship between the age,
sex or pattern of clinical presentation among those subjects with successful H. Pylori eradication.
Eighteen subjects were in the seven-day arm, while
29 were in the 10-d arm. The age and sex distributions
of the subjects in the two arms are given in Table 2.
There was no statistically significant difference in the age
and sex distribution or in the rate of successful H. Pylori
eradication between the two arms.
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as well as the support of Dr. O. Ogbera for helping to
proofread the manuscript.

Table 2 Demographics, clinical features and response patterns
of the subjects to the Helicobacter pylori eradication regimes
n (%)
Factor

Seven-day arm

Ten-day arm

Age range
13-71 (41.56 ± 16.94) 18-80 (44.93 ± 16.94)
(mean ± SD)
Sex
Male
6 (33.3)
12 (41.4)
Female
12 (66.7)
17 (58.6)
Symptomatic improvement
Yes
17 (94.4)
29 (100.0)
No
1 (5.6)
0 (0.0)
Successful eradication
Yes
16 (88.9)
25 (86.2)
No
2 (11.1)
4 (13.8)

COMMENTS
COMMENTS

P value

Background

0.504

Helicobacter pylori (H. pylori) infection is common in Sub-Saharan Africa, including Nigeria, along with its attendant consequences, including gastric cancer.
Several guidelines have been recommended regarding an eradication therapy
using a number of regimes. No consensus on such therapies exists in the face
of changing anti-microbial sensitivity patterns.

0.581

0.215

Research frontiers

Although post-treatment tests are recommended to ensure that H. pylori eradication is achieved, this is not often performed by practitioners. There is a need
for an evidence-based, safe, and effective treatment regime in a setting with the
widespread use of empirical H. pylori eradication.

0.789

Innovations and breakthroughs

This randomized trial has demonstrated the efficacy of a rabeprazole, amoxicillin and cIarithromycin triple regime in achieving a high eradication rate; additionally, a 7-d regime was shown to be just as effective as a 10-d regime. The
outcomes of the treatment were not influenced by age or gender.

recommendations[6]. The few (13%) patients who failed
to respond to this regime were treated successfully with
either a sequential therapy[17] or quadruple therapy[5].
Further, the eradication rates did not vary with the age,
despite that previous reports[18] have suggested worse
outcomes at younger ages. Equally, some reports have
indicated that the failure of eradication is more common
in the female sex[19]; however our findings did not suggest any gender predisposition. The pattern of clinical
manifestation of the subjects had no relation to their
outcome, although some reports suggested an association with the subjects’ gastric histology features[20].
We did not find any statistically significant differences in the eradication rates between those treated for
7 d (88.9%) and those treated for 10 d (86.2%), contrary
to earlier reports[7]. Similar observations were made in
two other reports involving African populations[12,14]. Although no consensus exists for the optimal duration of
triple therapy in Africa, it is noteworthy that a number of
European guidelines[4] favor 7-d therapies, as opposed to
the extended 10 to 14 d treatment in America[21].
We were, however, constrained by our modest subject
sample size due to the limited resources available to our
investigators. Additionally, we did not investigate the effects of the subjects’ habits, such as smoking or alcohol
consumption, on the eradication rate, although some
reports[13] have indicated that these habits could affect the
outcomes of the eradication treatment. The cost benefit
analysis of this triple therapy regime was also not investigated, as this was not included into the study design.
The triple therapy regime, employing a combination of amoxicillin, clarithromycin and rabeprazole, has
shown great efficacy and safety in the eradication of
H. pylori, demonstrating an average eradication rate of
87.2%. The 10-d treatment duration showed no significant advantage over the 7-d duration, and the outcome
was not influenced by the gender or age of the subjects.

Applications

The study results suggest that the triple therapy, employing rabeprazole, amoxicillin and clarithromycin for seven days, can be used to treat H. pylori infections
in Lagos, Nigeria.

Peer review

The article is aim to investigate the efficacy of a triple therapy (comprising of
Rabeprazole, Clarithromycin and Amoxicillin) and note factors influencing the
outcome as well as document any adverse event. The manuscript is very wellwritten.
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Influence of the safety and diagnostic accuracy of
preoperative endoscopic ultrasound-guided fine-needle
aspiration for resectable pancreatic cancer on clinical
performance
Taiki Kudo, Hiroshi Kawakami, Masaki Kuwatani, Kazunori Eto, Shuhei Kawahata, Yoko Abe, Manabu Onodera,
Nobuyuki Ehira, Hiroaki Yamato, Shin Haba, Kazumichi Kawakubo, Naoya Sakamoto
and 28 underwent surgery without preoperative EUSFNA (FNA- group).
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RESULTS: All 54 lesions were visible on EUS, and all
54 attempts at FNA were technically successful. The
diagnostic accuracy according to cytology and histology findings was 98.1% (53/54) and 77.8% (42/54),
respectively, and the total accuracy was 98.1% (53/54).
One patient developed mild pancreatitis after EUS-FNA
but was successfully treated by conservative therapy.
No severe complications occurred after EUS-FNA. In
the FNA+ and FNA- groups, the median relapse-free
survival (RFS) was 742 and 265 d, respectively (P =
0.0099), and the median overall survival (OS) was
1042 and 557 d, respectively (P = 0.0071). RFS and
OS were therefore not inferior in the FNA+ group.
These data indicate that the use of EUS-FNA did not
influence RFS or OS, nor did it increase the risk of peritoneal recurrence.
CONCLUSION: In patients with resectable pancreatic
cancer, preoperative EUS-FNA is a safe and accurate
diagnostic method.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To evaluate the safety and diagnostic accuracy
of endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) in a cohort of pancreatic cancer patients.

Key words: Pancreatic cancer; Diagnosis; Biopsy; Endoscopic ultrasound-guided fine-needle aspiration; Preoperative diagnosis

METHODS: Of 213 patients with pancreatic cancer
evaluated between April 2007 and August 2011, 82
were thought to have resectable pancreatic cancer on
the basis of cross-sectional imaging findings. Of these,
54 underwent EUS-FNA before surgery (FNA+ group)

Core tip: Whether preoperative endoscopic ultrasoundguided fine-needle aspiration (EUS-FNA) is safe and
effective for resectable pancreatic cancer has not yet
been established. In the present study, patients who
underwent EUS-FNA had better relapse-free survival
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phasized by cases in which benign pancreatic disease has
been misdiagnosed as cancer and resected, increasing the
associated risk of morbidity and mortality. Preoperative
EUS-FNA may also reduce the misdiagnosis of benign
pancreatic diseases[15]. The purpose of this study was to
evaluate the efficacy and safety of preoperative EUSFNA for diagnosing pancreatic cancer and the long-term
prognosis of patients after surgery.

and overall survival than did those who did not, although it should be noted that more patients in the FNA
before surgery group received adjuvant chemotherapy.
Our findings suggest that preoperative EUS-FNA does
not adversely affect surgery or prognosis in patients
with resectable pancreatic cancer. EUS-FNA can also
potentially reduce the inappropriate performance of
pancreatic surgery by facilitating an accurate diagnosis.
These findings are important because the use of preoperative EUS-FNA is becoming more widespread.

MATERIALS AND METHODS
Patients
We evaluated 213 consecutive patients with pancreatic
cancer between April 2007 and August 2011. Among
them, 91 patients were diagnosed with resectable pancreatic cancer, 9 of whom underwent neoadjuvant chemotherapy or chemoradiotherapy to treat local invasion.
After excluding these 9 cases, 82 patients were enrolled:
54 patients underwent EUS-FNA before surgery (FNA+
group) and 28 patients underwent surgery without preoperative EUS-FNA (FNA- group) (Figure 1). We performed EUS-FNA when requested by the surgeon or if
patients were hospitalized at our department. The preoperative levels of tumor markers such as carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9),
SPan-1, and DU-PAN- 2, were examined in all cases. US
or CT was performed in all cases.

Kudo T, Kawakami H, Kuwatani M, Eto K, Kawahata S, Abe
Y, Onodera M, Ehira N, Yamato H, Haba S, Kawakubo K,
Sakamoto N. Influence of the safety and diagnostic accuracy of
preoperative endoscopic ultrasound-guided fine-needle aspiration
for resectable pancreatic cancer on clinical performance. World
J Gastroenterol 2014; 20(13): 3620-3627 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i13/3620.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i13.3620

INTRODUCTION
Pancreatic cancer is the fourth and fifth leading cause
of cancer-related deaths in the United States and Japan,
respectively, with 227000 deaths per year worldwide[1,2].
Patients with unresectable pancreatic cancer have a much
worse prognosis than do those with resectable disease[2],
making a sensitive screening examination and early diagnosis essential.
Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) was first reported by Vilmann et al[3]
in 1992 and has been increasingly used worldwide to
diagnose pancreatic tumors, because it can be difficult to
distinguish between benign and malignant tumors using
conventional imaging modalities. EUS-FNA can be used
to make a pathological diagnosis of pancreatic tumors
and has several advantages over computed tomography
(CT)- or ultrasound (US)-guided biopsy with respect to
its success rate and safety[1]. However, whether the use of
preoperative EUS-FNA for diagnosing pancreatic tumors
is safe, given the risk of complications such as bleeding,
perforations, pancreatitis, and tumor seeding, is still a
matter of debate[4-13]. Previous studies have found that
EUS-FNA used for pancreatic cancer is associated with
only a very low risk of complications[13] and that there
was no significant increase in pancreatic adenocarcinoma
seeding, suggesting that the risk associated with EUSFNA is outweighed by the likely benefit of making an
accurate and early pathological diagnosis[6,8,11,12].
The utility and safety of EUS-FNA for the diagnosis
of cancer in the body and tail of the pancreas has also
been reported recently[14]. However, the safety and efficacy of preoperative EUS-FNA in diagnosing pancreatic
cancer and the long-term prognoses of patients who
have undergone preoperative EUS-FNA have not yet
been reported[4].
The need for a more accurate diagnostic test is em-
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EUS-FNA procedure
Preoperative EUS-FNA was performed by a single experienced endoscopist (H.K.) using a curvilinear echoendoscope (GF-UCT240-AL5; Olympus Medical Systems Co.,
Tokyo, Japan) and 19, 22 and 25-gauge needles (Echotip®
ultra; Cook Japan, Tokyo, Japan) under conscious sedation.
Briefly, the lesions were visualized by EUS, after which,
the needle was advanced into the lesion through the gastric or duodenal wall. The central stylet was removed, and
a syringe was attached to the needle hub to apply negative
suction pressure. The needle was then moved back and
forth within the lesion at least 10 times, it was removed
from the lesion through the scope, and the stylet was inserted back into the needle. The specimen obtained by aspiration was placed on a slide, air-dried, alcohol-fixed, and
used to prepare smears. These were then stained using the
rapid Romanowsky technique allowing them to be quickly
interpreted and assessed for sample adequacy (Diff-Quik
stain; Kokusai Shiyaku, Kobe, Japan). Diff-Quik staining
was performed on all specimens by a cytotechnologist.
Cytological and histological diagnoses were made for the
specimens obtained by EUS-FNA.
Outcome measurements
The characteristics of the patients, operative procedures,
pathological stage according to the Union Internationale
Contre le Cancer (UICC) classification, microscopic margin, the use of adjuvant chemotherapy, and the diagnostic
accuracy and complications of EUS-FNA were investigated. An EUS-FNA diagnosis was considered to be
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Table 1 Patient characteristics

Pancreatic cancer
n = 213

FNA+

No
n = 122

Resectability
Yes

n = 91
Patients with NAC
were excluded

NAC

n =9
EUS-FNA

Yes

No

n = 54

n = 28

NS1
NS2
NS2
NS1
NS1
NS1
NS1

1
Mann-Whitney U test; 2Fisher’s exact test. FNA+: The patient group who
underwent endoscopic ultrasound-guided fine-needle aspiration before
surgery; FNA-: The patient group who did not undergo endoscopic ultrasound-guided fine-needle aspiration before surgery; NS: No significant
difference; Ph: Pancreas head; Pb: Pancreas body; Pt: Pancreas tail; CEA:
Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9.

Figure 1 Study participants. This flowchart explains how the final sample
size was arrived at and which patients were included. Ninety-one patients
with pancreatic cancer underwent radical surgery. Nine patients were treated
with chemotherapy or chemoradiotherapy preoperatively and were therefore
excluded. The remaining 82 patients were divided into 2 groups. One group
consisted of patients who underwent endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA) before the operation (FNA+ group; n = 54), and the other
group included patients who did not undergo EUS-FNA before the operation
(FNA- group; n = 28). The decision to use preoperative EUS-FNA was made by
a surgeon. NAC: Neoadjuvant chemotherapy or chemoradiotherapy; EUS-FNA:
Endoscopic ultrasound-guided fine-needle aspiration.

EUS-FNA before surgery (yes vs no). CEA and CA19-9
were categorized into two groups according to the median value of the total study population. All reported P
values are the results of two-sided tests, with P < 0.05
considered statistically significant.

RESULTS

accurate if it matched the pathological diagnosis of the
corresponding resected specimens.
Diagnostic accuracy was assessed by comparing biopsy results with those of the final pathological diagnosis.
Complications arising from the use of EUS-FNA (as described by Eloubeidi et al[5]) were monitored until surgery
was performed. Pancreatitis and its severity were defined
according to the criteria proposed by Cotton et al[16]. We
referred to the Standards of Practice Committee of the
American Society for Gastrointestinal Endoscopy workshop[17] for the definition of other complications.
All the procedures were performed on an inpatient
basis. Our institute’s review board approved the study. All
patients provided written, informed consent.

Patient characteristics and the locations of the lesions
are shown in Table 1. Patient characteristics did not differ significantly between the FNA+ and FNA- groups.
The preoperative levels of tumor markers such as CEA,
CA19-9, SPan-1, and DU-PAN-2, did not differ significantly between the 2 groups (Table 1).
All lesions could be visualized using EUS, and all
54 procedures to puncture the lesions were successful.
Among them, 25 procedures were performed via the
gastric wall and 29 procedures were performed via the
duodenal wall. The mean number of needle passes was 2.6
(range, 1-5). We used a 22-gauge, 25-gauge, and 19-gauge
needle in 43, 9, and 5 procedures, respectively (in 4 cases,
we used both a 22-gauge and a 25-gauge needle). The
mean duration from EUS-FNA to surgery was 22.3 d
(range, 5-57 d).
All procedures yielded specimens for diagnosis by
cytology or histology. The accuracy of diagnoses based
on cytology and histology findings was 98.1% (53/54)
and 77.8% (42/54), respectively (Table 2), and the overall
accuracy was 98.1% (53/54). One patient developed mild
pancreatitis after EUS-FNA, but this was successfully
treated by conservative therapy. In that particular case,
a 22-mm lesion was found in the head of the pancreas.
This was assessed using EUS-FNA with a 22-gauge
needle and by making 2 punctures through the duodenal
wall.
All patients underwent curative surgical resection.
One patient in the FNA+ group was found to have

Statistical analysis
Statistical analyses were performed using JMP software
version 8 (SAS Institute, Cary, NC, United States). Patient
characteristics were compared using the Fisher’s exact
test and chi-square test. The median relapse-free survival
(RFS) and overall survival (OS) time were calculated in
October 2011 and were estimated using the Kaplan-Meier method and the log-rank test. The Cox proportional
hazard model was used to analyze the prognostic factors
for OS, including age (≥ 65 years vs < 65 years), serum
CEA and CA19-9 levels prior to surgery, tumor size (>
20 mm vs ≤ 20 mm), portal vein invasion (yes vs no),
pathological stage according to the UICC classification
(IIB-4 vs 0-IIA), microscopic margin (positive vs negative), the use of adjuvant chemotherapy (yes vs no), and
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FNA-

Number of patients
54
28
Median age (range), yr
68 (43-82)
70 (45-84)
Gender (M/F)
34/20
16/12
Location (Ph/Pb/Pt)
33/17/4
20/6/2
Median CEA (95%CI),
4.89 (3.6-5.3)
5.18 (-0.6-45.1)
ng/mL
Median CA19-9
46.1 (71.5-248.9) 96.7 (-158.9-1,661.9)
(95%CI), U/mL
Median SPan-1 (95%CI), 33.65 (40.3-191.0) 64.5 (-58.3-945.3)
U/mL
Median DU-PAN-2
129 (215-726)
303 (211-630)
(95%CI), U/mL
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1.0

Puncture position
Needle size

Stomach/duodenum
19-gauge
22-gauge
25-gauge

Puncture number, range (mean)
Mean duration from EUS-FNA to surgery (d)
Accuracy of cytology diagnosis
Accuracy of histology diagnosis

Relapse free survival

Table 2 Endoscopic ultrasound-guided fine-needle aspiration
procedure and its diagnostic accuracy
25/29
5
43
9
1-5 (2.6)
22.3
98.1% (53/54)
77.8% (42/54)

54

28

59.3 (32/54)
38.9 (21/54)
1.9 (1/54)
1.9 (1/54)

75 (21/28)
17.9 (5/28)
3.6 (1/28)
3.6 (1/28)

NS1

96.3 (52/54)
3.7 (2/54)
0 (0/54)
30.0 ± 1.9 SD

96.4 (27/28)
3.6 (1/28)
0 (0/28)
29.5 ± 2.5 SD

NS1

53
1
0

26
0
2

NS1

0 (0/54)
3.7 (2/54)
1.9 (1/54)
48.1 (26/54)
38.9 (21/54)
3.7 (2/54)
3.7 (2/54)
74.1 (40/54)

3.6 (1/28)
7.1 (2/28)
0 (0/28)
21.4 (6/28)
53.6 (15/28)
3.6 (1/28)
10.7 (3/28)
50 (14/28)

NS1

1.0

NS1

Overall survival

Number of patients
Operative method (%)
PD
DP
TP
Partial resection
Outcome (%)
R0
R1
R2
Tumor size (mm)
Histological type
Adenocarcinoma
Adenosquamous carcinoma
IPMC
UICC (%)
0
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ
Ⅳ
AC administration (%)

FNA-

1000
Time from surgery/d

FNA+
FNA-

Log-rank

P < 0.05

0.5

0.0

0

1000
Time from surgery/d

Figure 3 Kaplan-Meier curves for overall survival in pancreatic cancer
patients. Kaplan-Meier curves for overall survival in patients who underwent
resection for pancreatic cancer. The solid line indicates the Kaplan-Meyer curve
for the FNA+ group and the dotted line represents that for the FNA- group.
The median survival time of the FNA+ and FNA- groups was 1042 and 557 d,
respectively (Log-rank test; P < 0.05). FNA+: The group of patients who underwent endoscopic ultrasound-guided fine-needle aspiration before surgery;
FNA-: The group of patients who did not undergo endoscopic ultrasound-guided
fine-needle aspiration before surgery.

P < 0.051

1

Pearson’s χ 2 test. FNA+: The patient group who underwent endoscopic
ultrasound-guided fine-needle aspiration before surgery; FNA-: The
patient group who did not undergo endoscopic ultrasound-guided fineneedle aspiration before surgery; PD: Pancreatoduodenectomy; DP: Distal
pancreatectomy; TP: Total pancreatectomy; SD: Standard deviation; IPMC:
Intraductal papillary mucinous carcinoma of the pancreas; UICC: Pathological stage of the Union Internationale Contre le Cancer; AC: Adjuvant
chemotherapy.

significantly more common among patients in the FNA+
group than among those in the FNA- group (P < 0.05).
The median RFS times in the FNA+ and FNAgroups were 742 d (range, 69-1528 d) and 265 d (range,
24-1330 d), respectively (P < 0.05) (Figure 2). The median OS times in the FNA+ and FNA- groups were 1042
d (range, 114-1528 d) and 557 d (range, 119-1337 d),
respectively (P < 0.05) (Figure 3). Recurrent lesions occurred in the liver (14 in the FNA+ group and 11 in the
FNA- group), peripancreatic soft tissue (7 in the FNA+
group and 6 in the FNA- group), peritoneum (7 in the
FNA+ and 5 in the FNA- group), lymph nodes, lungs,
bone, and adrenal body. RFS and OS were also analyzed

malignant cells in a peritoneal lavage cytology sample.
However, there was no sign of peritoneal dissemination,
for example, omental inflammation or a nodule in the
peritoneum. Table 3 summarizes the operative methods,
surgical outcome, tumor size, histological type of the
resected specimen, UICC stage of resected specimens,
and the use of adjuvant chemotherapy. We pathologically
checked for lymph node metastasis, perineural and lymphovascular invasion, histological type of the lesion, and
transfusion rates. No significant differences were found
with respect to any of these factors between the 2 groups
(data not shown). However, adjuvant chemotherapy was

WJG|www.wjgnet.com

0

Figure 2 Kaplan-Meier curves for relapse-free survival in pancreatic
cancer patients. Kaplan-Meier curves for relapse-free survival in patients who
underwent resection for pancreatic cancer. The solid line indicates the KaplanMeyer curve for the FNA+ group and the dotted line represents that for the
FNA- group. The median relapse-free survival time of the FNA+ and FNAgroups was 742 and 265 d, respectively (Log-rank test; P < 0.05). FNA+: The
group of patients who underwent endoscopic ultrasound-guided fine-needle
aspiration before surgery; FNA-: The group of patients who did not undergo
endoscopic ultrasound-guided fine-needle aspiration before surgery.

Table 3 Operative method, outcome, tumor size, histological
type, pathological stage, and adjuvant chemotherapy
FNA+

Log-rank

P < 0.05

0.5

0.0

EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration.

FNA+
FNA-
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A

A

1.0

Overall survival

B

Relapse free survival

0.5

0.0

0

1.0

0

Log-rank

P < 0.05

0

1000
Time from surgery/d

B

Log-rank
P < 0.05

0.5

0.0

FNA+
FNA-

0.5

0.0

1000
Time from surgery/d

FNA+
FNA-

1.0

Log-rank
P = 0.30

Overall survival

Relapse free survival

FNA+
FNA-

1.0

Log-rank

P = 0.08

0.5

0.0

1000
Time from surgery/d

FNA+
FNA-

0

1000
Time from surgery/d

Figure 4 Kaplan-Meier curves for relapse-free survival and overall survival in patients who received adjuvant chemotherapy. A: Kaplan-Meier
curves for relapse-free survival in patients who underwent resection for pancreatic cancer and who received adjuvant chemotherapy. The solid line indicates
the Kaplan-Meyer curve for the FNA+ group and the dotted line represents
that for the FNA- group. The median relapse-free survival time of the FNA+
and FNA- groups was 596 and 332 d, respectively (Log-rank test; P = 0.30); B:
Kaplan-Meier curves for overall survival in patients who underwent resection
for pancreatic cancer and who received adjuvant chemotherapy. The solid line
indicates the Kaplan-Meyer curve for the FNA+ group and the dotted line represents that for the FNA- group. The median overall survival time of the FNA+
and FNA- groups was 1042 and 636 d, respectively (Log-rank test; P < 0.05).
FNA+: The group of patients who underwent endoscopic ultrasound-guided
fine-needle aspiration before surgery; FNA-: The group of patients who did not
undergo endoscopic ultrasound-guided fine-needle aspiration before surgery.

Figure 5 Kaplan-Meier curves for relapse-free survival and overall survival in patients who did not receive adjuvant chemotherapy. A: KaplanMeier curves for relapse-free survival in patients who underwent resection for
pancreatic cancer without adjuvant chemotherapy. The solid line indicates the
Kaplan-Meyer curve for the FNA+ group and the dotted line represents that
for the FNA- group. The median relapse-free survival time of the FNA+ and
FNA- groups was 852 and 158 d, respectively (Log-rank test; P = 0.04); B:
Kaplan-Meier curves for overall survival in patients who underwent resection for
pancreatic cancer without adjuvant chemotherapy. The solid line indicates the
Kaplan-Meyer curve for the FNA+ group and the dotted line represents that for
the FNA- group. The median overall survival time of the FNA+ and FNA- groups
was 829 and 400 d, respectively (Log-rank test; P = 0.08). FNA+: The group of
patients who underwent endoscopic ultrasound-guided fine-needle aspiration
before surgery; FNA-: The group of patients who did not undergo endoscopic
ultrasound-guided fine-needle aspiration before surgery.

according to the administration of adjuvant chemotherapy. The RFS of patients in the FNA+ (n = 40) and
FNA- (n = 14) groups who were treated with adjuvant
chemotherapy was 596 d and 332 d, respectively (P = 0.30,
log-rank test) (Figure 4A). The median OS of patients
treated with adjuvant chemotherapy in the FNA+ and
FNA- groups was 1042 d and 636 d, respectively (P <
0.05, log-rank test) (Figure 4B). For patients who did not
receive adjuvant chemotherapy the RFS of the FNA+ (n
= 14) and FNA- (n = 14) groups was 852 d and 158 d,
respectively (P = 0.04, log-rank test) (Figure 5A). However, the median OS of patients not treated with adjuvant
chemotherapy in the FNA+ and FNA- groups was 829
and 400 d, respectively (P = 0.08, log-rank test) (Figure
5B). In addition, we performed univariate and multivariate analyses for OS (Table 4) and RFS (Table 5). The
hazard ratios of EUS-FNA for OS and RFS were 0.46 (P

< 0.05) and 0.46 (P = 0.060), respectively, indicating that
EUS-FNA was not an adverse prognostic factor for pancreatic surgery. These data indicate that the use of EUSFNA did not influence RFS and OS, nor did it increase
the risk of peritoneal recurrence.
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DISCUSSION
The sensitivity and specificity of diagnostic tests for pancreatic neoplasms are gradually improving with the technological progress of imaging modalities. However, the
diagnostic accuracy of pancreatic neoplasms based on
imaging studies alone remains unsatisfactory. Approximately 10% of resected specimens that are preoperatively diagnosed as malignant pancreatic neoplasms[18] are
subsequently found to be benign lesions, including focal
autoimmune pancreatitis or chronic pancreatitis[19-21]. The
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Table 4 Univariate and multivariate analyses of factors
affecting overall survival
Univariate

Table 5 Univariate and multivariate analyses of factors
affecting relapse-free survival after surgery

Multivariate

Univariate

HR (95%CI) P value HR (95%CI) P value
Age (over 65 years old)
CEA ≥ 3.85 ng/mL
CA19-9 ≥ 56.8 U/mL
Tumor size (> 20 mm)
Portal vein invasion
UICC ≥ ⅡB
R1/R0
Adjuvant chemotherapy
EUS-FNA

0.95
(0.53-1.73)
1.72
(0.93-3.28)
2.61
(1.38-5.15)
1.46
(0.78-2.88)
1.88
(1.00-3.49)
1.57
(0.89-2.88)
2.59
(0.41-8.96)
0.68
(0.38-1.24)
0.46
(0.26-0.83)

0.8640
0.0827
0.0030
0.2420
0.0487
0.1210
0.2590
0.2040
0.0093

0.98
(0.48-2.01)
1.49
(0.74-3.07)
1.98
(0.92-4.36)
3.27
(1.13-10.1)
0.67
(0.28-1.59)
0.78
(0.37-1.62)
2.29
(0.36-9.38)
0.46
(0.23-0.93)
0.44
(0.20-0.95)

Multivariate

HR (95%CI) P value HR (95%CI) P value

0.9460

Age (over 65 years old)

0.2650

CEA ≥ 3.85 ng/mL

0.0798

CA19-9 ≥ 56.8 U/mL

0.0283

Tumor size (> 20 mm)

0.3640

Portal vein invasion

0.5030

UICC ≥ ⅡB

0.3460

R1/R0

0.0312

Adjuvant chemotherapy

0.0365

EUS-FNA

0.81
(0.47-1.43)
1.28
(0.72-2.28)
2.58
(1.43-4.82)
1.67
(0.92-2.28)
2.12
(1.18-3.78)
2.44
(1.39-4.42)
1.98
(0.32-6.54)
0.78
(0.44-1.40)
0.5
(0.29-0.87)

0.8640
0.0827
0.0030
0.2420
0.0123
0.0016
0.2590
0.2040
0.0150

0.84
(0.42-1.68)
1.12
(0.57-2.19)
2.34
(1.14-4.92)
3.31
(1.15-10.3)
0.61
(0.24-1.47)
1.97
(0.98-4.16)
1.96
(0.29-7.60)
0.43
(0.22-0.85)
0.46
(0.20-1.03)

0.6300
0.7360
0.0798
0.0254
0.2752
0.0588
0.4266
0.0168
0.0606

UICC: Pathological stage of the Union Internationale Contre le Cancer;
EUS-FNA: Endoscopic-ultrasound-guided fine-needle aspiration.

UICC: Pathological stage of the Union Internationale Contre le Cancer;
EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration.

overall mortality rate after pancreatic surgery generally
ranges from 0% to 10%[22,23]. Pancreatoduodenectomy
is associated with relatively high mortality and morbidity rates, ranging from 0% to 7.1% and 20.8% to 59%,
respectively[24], as is distal pancreatectomy, with mortality
and morbidity rates ranging from 0% to 6% and 10% to
47%, respectively[25]. Thus, surgery for patients with benign pancreatic lesions must be avoided.
EUS-FNA provides an accurate preoperative diagnosis of pancreatic solid tumors, compared to other
imaging modalities, with a diagnostic accuracy [14] of
75%-95%[26-30]. The performance of EUS-FNA depends
to a large extent on the ability of the endoscopist, and indeed, the diagnostic accuracy of EUS-FNA for adenocarcinoma of the pancreas has been shown to increase with
operator experience[31]. It is noteworthy that the reported
specificity of EUS-FNA for pancreatic solid neoplasms is
almost 100%[32] and that the associated complication rate
is < 1%[13].
Major complications of EUS-FNA are rare, but
can include pancreatitis, bleeding, and post-procedural
pain[13], although tumor seeding following EUS-FNA has
been reported in 7 cases, 4 of which involved adenocarcinoma[6-12]. Preoperative EUS-FNA is avoided by some
surgeons and physicians because of the risk of these
complications, and it remains controversial as to whether
preoperative EUS-FNA for pancreatic solid masses is always necessary[33]. Therefore, we reviewed the prognosis
of postsurgical patients with pancreatic cancer and examined whether EUS-FNA adversely affected survival after
pancreatic surgery. The results revealed no significant
differences in complications or sites of recurrent lesions
between patients who underwent FNA before surgery
and those who did not.

In our study, patients who underwent EUS-FNA had
better RFS and OS than did those who did not, although
it should be noted that more patients in the FNA+ group
underwent adjuvant chemotherapy. Multivariate analysis
revealed that tumor size and adjuvant chemotherapy were
both prognostic factors for OS and RFS in this study.
EUS-FNA, however, was not a prognostic factor for
RFS. Thus, it is possible that patients in the FNA+ group
benefited from the chemotherapy administered immediately after surgery. Furthermore, neither RFS nor OS
were significantly different between the 2 groups when
the administration of adjuvant chemotherapy was accounted for. These data indicate that preoperative EUSFNA does not adversely affect surgery or prognosis in
patients with resectable pancreatic cancer. EUS-FNA can
also potentially improve the outcomes of pancreatic surgery by providing a more accurate diagnosis. These findings are important because the use of preoperative EUSFNA is becoming more widespread.
This study had some limitations. First, it was conducted in a single center with a small sample size, and
a population bias is possible because our institute is a
pancreatobiliary cancer referral center. Second, this was a
retrospective study and some selection bias was observed
between the 2 groups as described above. A randomized
controlled trial in a multicenter setting is needed to confirm our results.
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COMMENTS
Background

Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) has been
developed as a practical method for obtaining specimens for the definitive diagnosis of pancreatic lesions, with a low risk of adverse events. However, it is
not yet fully established whether preoperative EUS-FNA is safe and effective for
resectable pancreatic cancer, and there have been very few studies to address
this.

8

Research frontiers

As it is now possible to resect some pancreatic cancers, the key research question is whether preoperative EUS-FNA is associated with an increased risk of
adverse surgical events and whether preoperative EUS-FNA affects relapsefree survival (RFS) and overall survival (OS).

9

Innovations and breakthroughs

10

The diagnostic accuracy of EUS-FNA based on cytology and histology findings
was 98.1% (53/54) and 77.8% (42/54), respectively, and the overall accuracy
was 98.1% (53/54). No severe complications occurred after EUS-FNA. In the
EUS-FNA and non-EUS-FNA groups, the median RFS was 742 and 265 d, respectively (P = 0.0099), and the median OS was 1042 and 557 d, respectively (P
= 0.0071).

11

Applications

The study results suggest that preoperative EUS-FNA does not adversely affect
surgery or prognosis in patients with resectable pancreatic lesions.

Terminology

12

Relapse-free survival: In cancer cases, the length of time after the end of primary treatment for a cancer for which the patient survives without any signs or
symptoms of that cancer. In a clinical trial, measuring relapse-free survival is
one way to determine the efficacy of a new treatment.

13

Peer review

This is a good descriptive study in which preoperative EUS-FNA is shown to be
a practical and safe technique for acquiring pancreatic specimens. These results are interesting and suggest that preoperative EUS-FNA does not adversely affect surgery or prognosis in patients with resectable pancreatic lesions.
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The mean tumor size was 8.1 cm (range, 3.2-15 cm).
Histologic examination showed 11 gastrointestinal stromal tumors (GISTs) and 2 adenocarcinomas. Five of the
GIST patients presented with potential low risk, and 6
presented with intermediate and high risk, according to
the National Institutes of Health criteria. One potentially
high-risk patient showed tumor progression at 46 mo
and died 52 mo after surgery. One patient with locally
advanced adenocarcinoma received neoadjuvant chemotherapy and adjuvant radiotherapy, but the disease
progressed, and the patient died 9 mo after surgery.
One GIST patient without progression died 16 mo after
surgery because of a postoperative intestinal obstruction. The median overall survival rate was 84.6 mo, and
the median disease-free survival rate was 94.5 mo.
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CONCLUSION: The overall survival of patients with
tumors of the angle of Treitz was encouraging even
when the tumor size was relatively large. A segmental
resection on the left side of the mesenteric vessels is
considered to be a reliable and curative option for tumors of the angle of Treitz.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Gastrointestinal stromal tumor; Adenocarcinoma; Angle of Treitz; Surgical treatment; Prognosis

AIM: To explore the feasibility and oncologic outcomes
of segmental jejunal resection on the left side of the
mesenteric vessels in patients with tumors of the angle
of Treitz using data from a single center.

Core tip: This single-center study investigated a type
of rare tumor originating from the angel of Treitz. The
symptoms, diagnosis, surgical procedure, histology, and
prognosis were evaluated. Although the tumors tended
to be large, segmental jejunal resection on the left side
of the mesenteric vessels was the treatment of choice.

METHODS: Thirteen patients with tumors of the angle
of Treitz who underwent surgery at our institution were
prospectively followed. A segmental jejunal resection on
the left side of the mesenteric vessels was performed in
all patients. Formalin-fixed and paraffin-embedded tumor samples were examined. The primary end point of
this analysis was disease-free survival.

Xie YB, Liu H, Cui L, Xing GS, Yang L, Sun YM, Bai XF,
Zhao DB, Wang CF, Tian YT. Tumors of the angle of Treitz: A single-center experience. World J Gastroenterol 2014;
20(13): 3628-3634 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i13/3628.htm DOI: http://dx.doi.

RESULTS: In this study, there were 8 males and 5
females (mean age, 50.1 years; range, 36-74 years).
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Table 1 Clinical and pathologic characteristics of patients with tumors of the angle of Treitz
Patient Age (y) Gender

Size (cm)

Presentation

Pathology Surgical procedure

Lymph node
positive/total

Adjuvant
therapy
Gleevec 3 yr

1
2
3
4
5
6
7

41
74
59
36
66
51
61

Male
Male
Male
Male
Female
Female
Male

15
4
5
5
7.5
6.7
13

Health examination
Health examination
Health examination
Health examination
Pain
Health examination
Health examination

GIST
GIST
GIST
GIST
GIST
GIST
GIST

Segmentectomy
Segmentectomy
Segmentectomy
Segmentectomy
Segmentectomy
Segmentectomy
Segmentectomy

0/0
0/0
0/11
0/0
0/0
0/0
0/0

8
9
10
11

36
58
40
60

Male
Female
Male
Male

4.5
3.2
14
8.5

GIST
GIST
GIST
GIST

Segmentectomy
Segmentectomy
Multi-visceral
Segmentectomy

0/2
0/0
0/7
0/1

12
13

62
46

Female
Female

3.3
15

Bleeding
Pain
Pain
Bleeding, pain,
anemia
Pain, vomiting
Vomiting, pain,
anemia

Cancer
Cancer

Segmentectomy
Segmentectomy

0/9
2/7

Site of
Cause of death
progression

Obstruction
Gleevec 1 yr
Liver

Liver
metastasis

Local

Tumor
progression

Gleevec 3 yr

Radiotherapy

GIST: Gastrointestinal stromal tumors.

of the maximal tumor size, histologic growth pattern,
and mitotic count in 50 high-power fields (HPFs, for
GISTs) were independently performed by two senior
pathologists. The malignant potential of the GISTs was
estimated based on tumor size, mitotic count, rupture,
and tumor location, according to the criteria published in
2008 by the National Institutes of Health (NIH)[8]. The
survival data were obtained either by reviewing the clinical records or at follow-up. In addition, preoperative and
postoperative therapies with tyrosine kinase inhibitors or
chemotherapy were assessed.

org/10.3748/wjg.v20.i13.3628

INTRODUCTION
It is known that tumors of the small intestine, which account for less than 5% of digestive tract tumors[1], rarely
occur. Tumors occurring in the angle of Treitz are even
rarer. As a result, tumors of the angle of Treitz have never been reported on a large scale. Most published studies
are case reports[2-5]. Most cases occur sporadically, but
some may occur in the context of a familial syndrome (i.e.,
Peutz-Jeghers syndrome or Crohn’s disease)[6]. These patients usually present with abdominal pain, iron-deficiency anemia, gastrointestinal bleeding, or vomiting caused
by an obstruction[7]. A tumor of the angle of Treitz may
also be an incidental finding during clinical examination.
Although segmental resection is the treatment of
choice, this is not apparent from the literature. Moreover,
data from our center suggest that most tumors of the angle of Treitz are gastrointestinal stromal tumors (GISTs),
and only a few are adenocarcinomas. In this study, we
report a series of patients with tumors of the angle of
Treitz to clarify the diagnosis and treatment method.

Surgical procedure
The surgical procedure included segmental jejunal resection and multivisceral resection. The decision regarding
which of the two procedures to use was made intraoperatively based on tumor size and site. Segmental jejunal resection was performed on the left side of the mesenteric
blood vessels (Figure 1). When the tumor infiltrated into
adjacent organs, multivisceral resection was performed.
Statistical analysis
All statistical analyses were performed with the software
program IBM SPSS Statistics 21 (IBM Corp., Armonk,
NY, United States). The disease-free survival and overall
survival were estimated using the Kaplan-Meier method.
The nonparametric log-rank test was used to compare
the groups.

MATERIALS AND METHODS
Patients and tumor specimens
This study examined 13 patients (8 men and 5 women;
mean age, 50.1 years; range, 36-74 years). All patients in
this study underwent surgical resection of tumors of the
angle of Treitz (Table 1). Formalin-fixed and paraffinembedded tumor samples were examined. The pathological categories for the 13 patients were GIST (11 cases)
and adenocarcinoma (2 cases). For the patients with
GISTs, immunohistochemical evaluations of CD117,
CD34, S-100, smooth muscle actin (SMA), desmin, and
Ki67 were performed in all cases (Table 2). Assessments

WJG|www.wjgnet.com

RESULTS
Clinicopathologic characteristics
Table 1 summarizes the clinicopathologic characteristics
of the 13 patients with tumors of the angle of Treitz.
Mean patient age was 50.1 years, and there was no significant correlation between age and tumor recurrence
(95%CI: 0.928-1.121; P = 0.686). Mean tumor size was
8.1 cm (range, 3.2-15 cm). There was no significant
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Table 2 Immunohistochemical examination and clinical data of 11 gastrointestinal stromal tumors
Patient
1
2
3
4
5
6
7
8
9
10
11

CD117

CD34

Desmin

SMA

S-100

Ki67

Mitotic count
(/50HPF)

Other malignancy

NIH risk scale

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

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

-

++
+
++
+

+
+
+
+
+
-

2%+
< 5%
2%
2%+
< 2%
< 2%
5%
< 5%
< 2%
15%
5%

3
<2
<5
1
1
3
1
1
1
> 10
2

No
No
No
No
No
No
Colon cancer
No
Gastric cancer
No
Intestinal GIST 16
years ago

High
Low
Low
Low
Medium
Medium
High
Low
Low
High
Medium

SMA: Smooth muscle actin; NIH: National Institutes of Health.

A

B

Figure 1 An intraoperative photograph of the mesenteric vessels (A), and of anastomosis on the left side of the mesenteric vessels (B).

A

B

Figure 2 A well-encapsulated gastrointestinal stromal tumor with a normal mucous membrane(A), and an ulcerative carcinoma that has infiltrated into the
adjacent tissue (B).

correlation between tumor size and tumor recurrence
(95%CI: 0.613-5.309; P = 0.284). Six patients were diagnosed without symptoms in clinical examinations. Six of
the remaining patients presented with abdominal pain: 2
presented with vomiting; 2 presented with anemia; and
2 presented with gastrointestinal bleeding. Both of the
patients with adenocarcinoma presented with vomiting,
whereas none of the GIST patients had such symptoms.
The GISTs tended to be sharply demarcated without infiltrative growth, which was in contrast to the adenocar-

WJG|www.wjgnet.com

cinomas (Figure 2). Based on tumor histology, 11 tumors
were diagnosed as GISTs with spindle-cell differentiation, and the other 2 as adenocarcinomas (Figure 3). The
immunohistochemical analysis showed that all GISTs
expressed CD117. Five tumors expressed S-100, 8 tumors expressed CD34, and 5 tumors expressed SMA. No
desmin-positive tumors were identified. The mitotic rate
per 50 HPFs ranged from 1 to more than 10 (median, 2
per 50 HPFs). The potential risk of malignancy (according to NIH criteria) was rated as low in 5 cases, medium
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A

Figure 3 Gastrointestinal stromal tumors with spindle cell
differentiation (A) (× 20), and carcinoma with moderate-topoor differentiation (B) (× 20).

B

A

B

C

D

Figure 4 Computed tomography scan. A, B: Computed tomography (CT) scan and upper gastrointestinal radiography for gastrointestinal stromal tumors of the
angle of Treitz (arrow); C, D: CT scan of adenocarcinoma of the angle of Treitz before (C) and after (D) chemotherapy (arrow).

survival and disease-free survival rates are shown in Figure 5. The median overall survival rate was 84.6 mo, and
the median disease-free survival rate was 94.5 mo.
The surgical procedures included segmental jejunal
resection in 11 patients and multivisceral resection in one
patient. The multivisceral resection comprised a segmental jejunal resection combined with segmental colon resection because of tumor infiltration into the middle colic artery. One of the patients who underwent segmental
jejunal resection was treated with secondary descending
duodenum jejunal side-to-side anastomosis 10 d after the
initial operation because of postoperative obstruction by
greater omental adhesion, which constricted the fourth
part of the duodenum. The patient died 16 mo later of
intractable intestinal obstruction.
Three of the 11 GIST patients received imatinib after surgery, including one patient with a medium risk of

in 3 cases, and high in 3 cases. All 13 patients underwent
computed tomography (CT) examination. The CT results
indicated that 5 tumors originated from the angle of
Treitz, and 8 tumors were detected in the left upper abdomen (Figure 4). Only one patient was diagnosed using
traditional endoscopy.
Follow-up
Survival data for all patients were obtained. One of the
two patients with adenocarcinoma had tumor progression and died 9 mo after surgery. The other patient with
adenocarcinoma survived and showed no recurrence at
the 18-mo follow-up. For the 11 patients with GISTs,
although only one showed tumor progression (high-risk
potential), 2 patients ultimately died: one 16 mo postoperatively from postoperative obstruction, and the other
52 mo postoperatively from tumor progression. Overall

WJG|www.wjgnet.com
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A

1.0

Delete

Disease-free survival

Overall survival

0.8

B

0.6
0.4

1.0
0.8
0.6
0.4

0.2

0.2

0.0

0.0
0.00 20.00 40.00 60.00 80.00 100.00 120.00
t /mo

Delete

0.00 20.00 40.00 60.00 80.00 100.00 120.00
t /mo

Figure 5 Kaplan-Meier analysis demonstrates the overall (A) and disease-free survival (B) rates for the 13 patients with tumors of the angle of Treitz.

approach has a diagnostic rate as low as 22%[14]. Recent
studies[15] have shown that CT enteroclysis using spiral
and multidetector-row CT with an enteral contrast agent
has become the radiographic diagnostic tool of choice
for suspected small bowel neoplasms because the sensitivity and specificity are 100% and 95%, respectively.
Regarding the resection margin and lymphadenectomy of GISTs, investigators have reached a consensus that
R0 resection is sufficient and that there is no need for
lymphadenectomy[16]. However, the surgical procedure for
adenocarcinoma of the angle of Treitz remains controversial. The particular vascularization of this area is technically challenging for surgeons. To increase the resection
margin, some investigators[17] recommend resection with
anastomosis on the right side of the mesenteric vessels
even if there is a risk of damaging the papilla. Conversely,
other investigators[5] suggest a segmental resection on the
left side of the mesenteric vessels to protect the blood
supply of the duodenal stump. These investigators identified radical resection of this disease as having a proximal
resection margin of > 2 cm instead of > 5 cm. Additionally, the extent of lymphadenectomy is also disputed. Although extended lymphadenectomy for adenocarcinoma
is recommended[18], total removal of all cancer cells for
tumors in this area makes lymphatic drainage difficult[19].
From a technical perspective, we believe that only lymph
nodes visible to the naked eye or involved in the area of
resection should be removed[20]. In this patient group, we
performed resections only on the left side of the mesenteric vessels, and all patients recovered uneventfully.
The prognoses and disease-free survival rates of
GIST patients depend on tumor biology, which is determined by tumor size, localization, rupture, and mitotic index (using the NIH scale). This finding has been affirmed
by Miettinen et al[21] for duodenal GISTs. This result was
also verified by our patient who developed liver metastasis. In our series, 10 cases (90.9%) had a mitotic count
of no more than 5 mitoses per 50 HPFs. This result is
consistent with the findings of Winfield et al[22]. The use
of adjuvant imatinib after radical resection is widely accepted and is recommended at a dose of 400 mg/d for
1 year for medium-risk patients and for 3 years for high-

progression and 2 high-risk patients. None of these patients had any evidence of relapse. The other 8 patients
did not receive adjuvant imatinib therapy. One high-risk
patient (patient 7) had a synchronous carcinoma of the
sigmoid colon (pT3N0M0), which was resected simultaneously, and received systemic chemotherapy for 6 cycles
(FOLFOX4 regimen). After 46 mo, the patient developed liver metastasis and died 6 mo later. One of the two
adenocarcinoma patients (patient 12) did not receive any
adjuvant therapy and remained alive at the 18-mo followup. Another patient (patient 13) received neoadjuvant
chemotherapy (oxaliplatin + capecitabine) for 3 cycles,
but the response was mild, and the tumor did not shrink.
After palliative surgery, the patient underwent subsequent
radiotherapy (2 Gy, 25 times, 5 wk). However, the disease
progressed, and the patient died 9 mo after resection.

DISCUSSION
Tumors of the angle of Treitz are difficult to diagnose
because of their rarity and nonspecific symptoms[9]. In
this group, 6 patients had no presentation and were diagnosed incidentally (by clinical examination); the average
tumor size was 8.1 cm. Interestingly, these patients all had
GISTs. In symptomatic patients, only those with acute
gastrointestinal bleeding or vomiting were diagnosed
within 2 weeks, whereas the diagnosis of patients with
vague abdominal pain was delayed beyond 2 mo (range, 2
mo to 5 years). Similar to our findings, the study of Cunningham et al[10] showed that the mean time from symptom onset to diagnosis was approximately 4 mo. Therefore, the treatment of these tumors often occurs late.
According to the literature[11], barium meal radiography of the digestive tract is useful for detecting endoluminal diseases. However, the optimal examination
method is capsule endoscopy or endoscopy using a tube
capable of reaching the angle of Treitz[12]. Moreover, under exophytic growth conditions, as in most GISTs, CT
may be useful for localizing and assessing resectability[13].
Before the use of capsule endoscopy and modern helical CT, an upper intestinal barium study was the most
frequently used radiographic diagnostic method. This
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Terminology

risk patients[23]. In our group, only 3 of the 6 patients
who were potentially at medium or high risk received
adjuvant therapy for economic reasons. None of these
patients developed recurrence.
Early studies showed that the 5-year survival rate
of patients with carcinomas confined to duodenal segments D3, D4, and the angle of Treitz was approximately
75%[19]. However, recent studies revealed a 5-year survival
rate of only 23%-30%[10,14], which might be attributed to
the different disease stages among the patients who underwent resection. The factors influencing long-term survival include R1 or palliative resection, a locally advanced
tumor, positive regional lymph nodes, and poor response
to adjuvant chemotherapy[18]. Consistent with the results
of previous studies[14,18], two adenocarcinoma patients in
our series had markedly different outcomes. One patient
(with a relatively early-stage tumor) who underwent radical resection survived 18 mo and showed no tumor progression. The other patient with a locally advanced tumor
underwent palliative resection but died 9 mo after surgery
despite undergoing neoadjuvant chemotherapy and adjuvant radiotherapy. Several studies have shown that adjuvant therapy has no benefit after radical resection[24].
In conclusion, the overall survival of patients with
tumors of the angle of Treitz was encouraging even
though the tumor size was often relatively large. Segmental resection on the left side of the mesenteric vessels is
considered to be a reliable and curative option for tumors
of the angle of Treitz. For GIST patients, the prognosis
depends on the risk scale. The use of adjuvant imatinib
is recommended for patients at medium or high risk.
Surgery remains the treatment of choice for adenocarcinoma patients. The role of neoadjuvant or adjuvant chemotherapy requires further investigation.

The angle of Treitz is also known as the ligament of Treitz and is the junction of
the duodenum and jejunum adjacent to the mesenteric vessels.

Peer review

In this manuscript, the authors describe clinicopathologic characteristics and
surgical outcomes of tumors of the angle of Treitz, which is a rare condition,
experienced at a single center. The results are of great value for further clinical
study.
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Seroepidemiology of Helicobacter pylori infection in elderly
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districts was higher than that in the mountainous areas (P < 0.001). Elderly subjects who had previously
performed manual labor or were in the young-old age
group (age < 75 years) had a higher seroprevalence
of H. pylori infection than those who had previously
performed mental labor or were in the oldest-old age
group (age ≥ 75 year) (P < 0.05). The type ⅠH. pylori
strain infection rate in the elderly with vegetarian diets
was higher than in those eating high-protein foods (P <
0.001). There was no significant difference in the prevalence of H. pylori strains between male and female
elderly participants (P > 0.05).
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CONCLUSION: Type Ⅰ H. pylori seroprevalence is
higher in elderly people. The distribution of strains of H.
pylori is significantly affected by age, area and dietary
habits.

Abstract

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

AIM: To investigate seroepidemiology of cagA+ and
+
vacA strains of Helicobacter pylori (H. pylori ) in an elderly population in Beijing and to determine risk factors
for seropositivity.

Key words: Elderly; Epidemiology; Helicobacter pylori ;
Virulence factors; Immunoblotting
Core tip: As society ages, a considerable proportion of
the elderly population will suffer from digestive diseases
combined with Helicobacter pylori (H. pylori ) infection.
In Beijing, there are no data regarding the pattern of H.
pylori genotypes in the elderly. Our study investigated
the seroepidemiology of the cytotoxin-associated gene
+
+
product cagA and vacuolating cytotoxin vacA strains
of H. pylori in elderly people in Beijing, and risk factors
for seropositivity. Interesting associations between H.
pylori seropositivity and subjects’ habits were found in
this population. This is the first prospective study conducted in China to investigate the genotype profiles of H.
pylori .

METHODS: A total of 2006 elderly persons (> 60
years) were selected using a random cluster sampling
method in different parts of the Beijing area (urban,
suburban and mountainous districts). Structured questionnaires were completed during home visits, including
history of H. pylori infection, history of gastrointestinal
diseases, diet types, hygiene habits, occupation and
economic status. Blood samples (2 mL) were collected
from each participant, and serum IgG antibodies to
cagA, vacA and H. pylori urease antigens were measured by immunodetection.
RESULTS: The prevalence of H. pylori infection in
elderly subjects was 83.4% and the type ⅠH. pylori
strain infection rate was 56%. The seroprevalence for
type ⅠH. pylori strain infection in urban and suburban
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vided to the residents. Contents of the survey included
history of H. pylori infection, occupation and diet types,
hygiene habits, economic status and history of gastrointestinal diseases. A blood sample (2 mL) was collected after the survey. The specimen was centrifuged to separate
the serum, which was then stored at low temperature (-20
℃) for later analysis. An immunodetection method was
used to test for H. pylori IgG antibodies (H. pylori-blot kit
1.0 reagent; Shenzhen Blot Biotech, Shenzhen, China ).

people in the Beijing region, China. World J Gastroenterol 2014;
20(13): 3635-3639 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i13/3635.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3635

INTRODUCTION
Evidence shows that Helicobacter pylori (H. pylori) infection is associated with chronic gastritis, peptic ulcers,
gastric mucosa-associated lymphoid tissue lymphoma
and gastric cancer[1-5]. It has been estimated that half
of the world’s population is infected by H. pylori[6,7], but
with different clinical outcomes. The role of H. pylori
as an obligate pathogen remains questionable. One of
the challenges of H. pylori research is to ascertain why so
many people carry it (approximately 50%), but only approximately 20% of those become sick. Recent research
has shown that H. pylori virulence factors, the cytotoxinassociated gene product A (cagA) and vacuolating cytotoxin A (vacA), in addition to host and environmental
factors, may be very important[8,9]. It is clear that there is a
paucity of well-designed studies of asymptomatic populations. With an aging society, elderly people suffering
from digestive diseases combined with H. pylori infection
account for a considerable proportion. In Beijing, there
are no data regarding the pattern of H. pylori genotypes in
elderly people; therefore, this is the first prospective study
conducted in our country to investigate the genotype
profiles (vacA and cagA) of H. pylori. Until we can obtain
a better understanding of the nature of H. pylori and its
relation to the human host in asymptomatic individuals,
indiscriminate eradication of this infection may likely do
more harm than good at the community level, and may
represent a waste of medical and economic resources.
To ascertain the prevalence of type Ⅰ H. pylori strain infection in the elderly population in the Beijing area, we
chose elderly persons in the general community in different parts of Beijing (urban, suburban and mountainous
districts), to study the seroepidemiology of the type Ⅰ H.
pylori strain and risk factors for its seropositivity.

Study protocol
An immunodetection method was used to test H. pylori
IgG antibodies as reported previously[10]. H. pylori antigen
was put into the reaction wells of a microtiter plate and
inactivated sample serum was added. H. pylori antibody
recognition of protein cagA (116 kDa), protein vacA (87
kDa) and urine enzyme subunit (66 kDa) was measured
using a plate reader (Special Assay Kit for Helicobacter
Pylori Tester, Shenzhen Blot Biotech, Shenzhen, China).
Positive, negative and blank controls were included in
each test.
Result criteria
If the samples were seropositive for cagA and/or vacA
(i.e., vacA+cagA+, vacA+cagA- or vacA-cagA+) it was considered as a type Ⅰ H. pylori strain infection. If antibodies
only positive for urease and negative for cagA and vacA
(i.e., vacA-cagA-) were present, the sample was considered as type Ⅱ H. pylori strain infection. Negativity for all
three antibodies was considered as no H. pylori infection.
Statistical analysis
The χ 2 test was used to analyze the data. P < 0.05 was
considered statistically significant. All calculations were
carried out with SPSS ver. 13.0 statistical software (SPSS,
Chicago, IL, United States).

RESULTS
Prevalence of different strains of H. pylori infection and
distribution characteristics of the H. pylori strains with
respect to sex
Of the 2006 elderly persons, 1673 (83.4%) were seropositive for H. pylori infection: 1124 (56%) were seropositive for the type Ⅰ H. pylori strain, and 549 (27.4%) were
seropositive for type Ⅱ H. pylori strain infection. Of the
1673 patients seropositive for H. pylori infection, 67%
were seropositive for the type Ⅰ H. pylori strain and 33%
were seropositive for the type Ⅱ H. pylori strain. Overall,
851 (84.7%) of male persons were seropositive and 822
(82.1%) of females were seropositive for H. pylori infection. There was no significant difference in the prevalence
of H. pylori strains between male and female participants
(Table 1).

MATERIALS AND METHODS
Research subjects
The cluster sampling was based on a random sample of
the elderly population of three Beijing districts [Xuanwu
(urban), Daxing (suburban) and Huairou (mountainous)], stratified by living conditions, education and age
in 2010. A total of 2006 elderly persons aged more than
60 years were randomly selected. Their average age was
70.9 years. Of these, 1005 (50.1%) were male and 1001
(49.9%) female, with 966 (48.2%), 522 (26.0%) and 518
(25.8%) from urban, suburban and mountainous areas,
respectively.

Characteristics and distribution of H. pylori strains in
elderly people of different ages
H. pylori infection rates were not different among differ-

Methods
The survey was comprised questionnaires that were pro-
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Table 1 Seropositivity for Helicobacter pylori strains affected
by age, sex and area n (%)
n
Sex
Male
Female
Age
< 75 yr
≥ 75 yr
Area
Mountainous
(huairou)
Suburban
(daxing)
Urban
(xuanwu)
Total

H. pylori

H. pylori strains

infection rate

Ⅰ

851 (84.7)
822 (82.1)

578 (57.5)
546 (54.5)

273 (27.2)
276 (27.6)

1368
638

1140 (83.3)
533 (83.5)

792 (57.9)
332 (52.0)a

348 (25.4)
201 (31.5)b

518

472 (91.1)

258 (49.8)

214 (41.3)

522

403 (77.2)d

303 (58)d

100 (19.2)d

966

798 (82.6)d

563 (58.3)d

235 (24.3)d

1673 (83.4)

1124 (56)

n

H. pylori

Ⅱ

1005
1001

2006

Table 3 Prevalence of Helicobacter pylori strains affected by
previous occupation n (%)

Mental work
Manual work
Total

H. pylori strains

infection rate

Ⅰ

Ⅱ

514 (79.5)
788 (84.9)b
1302 (82.7)

351 (54.3)
519 (55.9)
870 (55.2)

163 (25.2)
269 (29.0)
432 (27.4)

647
928
1575

b

P < 0.01 vs mental workers in the total Helicobacter pylori infection rate. H.
pylori: Helicobacter pylori.

Table 4 Helicobacter pylori infection rate affected by diets

n (%)

n

549 (27.4)
Vegetarian diet
High-protein diet
Total

P < 0.05, bP < 0.01 vs young-old persons. dP < 0.01 vs among urban,
suburban and mountainous areas. H. pylori: Helicobacter pylori.
a

593
1413
2006

H. pylori

infection rate
524 (88.4)
1149 (81.3)b
1673 (83.4)

H. pylori strains
Ⅰ

345 (58.2)
779 (55.1)b
1124 (56)

Ⅱ

179 (30.2)
370 (26.2)
549 (27.4)

b

P < 0.01 vs elderly persons on a vegetarian diet. H. pylori: Helicobacter
pylori.

Table 2 Seropositivity of Helicobacter pylori strains affected
by age
Age (yr)
60-64
65-69
70-74
75-79
≥ 80
Total

n

protein diet; a diet containing vegetables everyday and
meat occasionally for at least 1-5 years was considered
a vegetarian diet. The prevalence of H. pylori infection
and type Ⅰ H. pylori strain infection was higher in elderly
persons on a vegetarian diet than those on a high-protein
diet (Table 4).

H. pylori infection rate
H. pylori cases
%

395
497
476
384
254
2006

343
389
408
322
211
1673

86.8
78.3
85.7
83.9
83.1
83.4

DISCUSSION

H. pylori: Helicobacter pylori.

Studies have shown that the virulence of CagA and VacA
protein is immuno-independent, but they are strongly associated with each other in terms of pathogenicity. The
molecule size of VacA is 87 kDa[11] .VacA is the major
virulence factor of H. pylori. It is encoded by the vacA
gene, and regulates the virulence of the vacuolating cell,
inducing epithelial cell vacuolating proliferation. The
molecule size of CagA is 128 kDa, and it is encoded by
the cagA gene[12]. There are two main virulent strains of
H. pylori[13]: the type Ⅰ strain H. pylori expressing both
the CagA and VacA proteins, and the type Ⅱ strain
expressing neither of them. The type Ⅰ strain of H. pylori shows higher pathogenicity than the type Ⅱ strain,
which was closely correlated to gastric cancer and peptic
ulceration[14-16]. There have been many epidemiological
reports on H. pylori infection. Some reports indicate that
the Beijing area adult infection rate was approximately
40%-50%[17]; however, there have been fewer investigations concerning the elderly generation. As the elderly
population is increasing globally, we should pay more
attention to geriatric infection rates. Therefore, we conducted a seroepidemiological study of type Ⅰ H. pylori
strain infection in elderly persons in different parts of
the Beijing area. The results showed that 83.4% of the
elderly people were seropositive for H. pylori infection
(56% for type Ⅰ H. pylori strain and 27.4% for the type

ent ages. However, young-old persons had a significantly
higher seropositivity for the type Ⅰ H. pylori strain than
older-old persons in the selected group (Tables 1 and 2).
Distribution of H. pylori strains in different areas
The overall H. pylori infection rate was significantly higher
in the mountainous district than in the urban and suburban districts, while type Ⅰ H. pylori strain seropositivity
was the reverse (Table 1).
Prevalence of H. pylori strains in different occupations
Of the 2006 elderly persons, 1575 persons reported a
definite occupation, among whom 1302 persons were
seropositive, with a corresponding H. pylori infection rate
of 82.7%. There was a significant difference in the total
H. pylori infection rate between subjects who had been
mental and manual workers; however, no difference of
type Ⅰ H. pylori strain infection rate was found between
them (Table 3).
Prevalence of H. pylori strains affected by different diet
types
According to the structured questionnaire, a diet containing protein (e.g., chicken, duck, fish, meat, egg) more than
3 d a week for at least 1-5 years was considered a high-
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Ⅱ strain). In H. pylori seropositive persons, type Ⅰ H.

pylori infection rate was also significantly lower among
the oldest portion of the elderly population compared to
the youngest. The decline may be related to social activity, with social factors reducing the influence of H. pylori
infection.

pylori strain infection had higher prevalence (67%) than
the type Ⅱ strain. There was no significant difference in
the prevalence of H. pylori infection and no difference
in the distribution of H. pylori strains between men and
women, which was consistent with reports from other
countries[18]. The type Ⅰ H. pylori strain infection rate
was 60%-80% in Western countries[19,20], and more than
90% in Asian countries[21], indicating that the infection
rate differed between populations and areas[22]. Our study
aimed to investigate the elderly group in different parts
of the Beijing area [Xuanwu (urban), Daxing (suburban)
and Huairou (mountainous)]. The results showed that the
H. pylori infection rate of the mountainous district was
the highest (91.1%) and that the type Ⅰ H. pylori infection rate was 49.8% overall, representing 54.6% of the
infected persons. The prevalence of H. pylori infection
was relatively lower in the suburban area (77.2%) and its
type Ⅰ strain H. pylori infection rate was 58% overall, representing 75.1% among H. pylori-infected persons. These
results indicated that the type Ⅰ H. pylori strain infection
rate was significantly higher in the suburban area compared with the mountainous area. This suggested that in
different parts of a country or in different geographical
areas of one province, the H. pylori infection rate may be
different. Although the suburban population had a lower
H. pylori infection rate than the mountainous area, its major infected strain of H. pylori was type Ⅰ. Whether this
phenomenon was related to host factors, environmental
factors or others, or if this correlated with some high
occurrence of diseases, requires further epidemiological
studies. On the other hand, in the study group, persons in
the young-old group had a higher type Ⅰ H. pylori strain
infection rate. H. pylori infection also varied for different
occupations among the elderly population. Those who
performed manual or technical labor had a higher infection rate than those with other non-manual occupations;
however, there was no significant difference when comparing the sub-strains between these two groups. The
type Ⅰ H. pylori infection rate was significantly higher in
those with a mainly vegetarian diet than those whose diet
was higher in protein. Studies have shown an association
of H. pylori seropositivity with a low frequency of eating
meat[23]. Other studies have shown that food antioxidant
factors inhibit H. pylori infection[24-26]. Some scholars have
reported that eating soy foods may reduce male H. pylori
risk of infection (especially beans containing the antioxidant factors, isoflavones). This requires further study.
There have been published reports that H. pylori infection
was positively correlated with age, according to the statistics displayed in age groups. In the elderly population, the
total infection rate of H. pylori was not significantly difference in the elderly of different ages, while the H. pylori
subtype (cagA, vacA) infection rate in the younger elderly
and elderly was different. The World Health Organization
and the Chinese Committee on Aging define the younger
elderly as persons under the age of 75 years, and oldestold as persons aged 75 year and older. The type Ⅰ H.
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CONCLUSION
The prevalence of H. pylori infection was higher in the
elderly population in the Beijing area, and the type Ⅰ H.
pylori strain was the major infection sub-strain. The
type Ⅰ H. pylori strain infection rate was different by area,
age and diet. Whether we can decrease the type Ⅰ H. pylori strain infection rate by changing some of the factors
mentioned, so as to decrease the incidence of the correlated digestive diseases, still requires further research.
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Prognostic value of number of examined lymph nodes in
patients with node-negative gastric cancer
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using the Cox proportional hazards regression model.
Stratified analysis was performed to investigate the impact of eLNs on patient survival in each stage. Overall
survival was also compared among the four groups.
Finally, we explored the recurrent sites associated with
eLNs.

Xu-Guang Jiao, Jing-Yu Deng, Ru-Peng Zhang, Liang-Liang
Wu, Li Wang, Hong-Gen Liu, Xi-Shan Hao, Han Liang, Key
Laboratory of Cancer Prevention and Therapy, Department of
Gastrointestinal Oncology, Tianjin Medical University Cancer
Institute and Hospital, National Clinical Research Center for
Cancer, Tianjin 300060, China
Author contributions: Jiao XY, Deng JY, Liang H performed
the majority of the study; Jiao XG, Deng JY, Zhang RP, Wu
LL, Wang L and Liu HG designed the study and analyzed data;
Jiao XG, Deng JY wrote the manuscript; Hao XS and Liang H
revised the manuscript.
Supported by A grant from the National Basic Research Program of China (973 Program), No. 2010CB529301
Correspondence to: Han Liang, MD, Key Laboratory of Cancer Prevention and Therapy, Department of Gastrointestinal
Oncology, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research Center for Cancer, Huanhuxi
Road, Hexi District, Tianjin 300060,
China. tjlianghan022@sohu.com
Telephone: +86-22-23340123 Fax: +86-22-23340123
Received: August 7, 2013
Revised: November 9, 2013
Accepted: December 12, 2013
Published online: April 7, 2014

RESULTS: Patients with eLNs > 15 had a better survival compared with those with eLNs ≤ 15 for the
entire cohort. By the multivariate survival analysis, we
found that the depth of invasion and the number of
eLNs were the independent predictors of overall survival (OS) of patients with node-negative gastric cancer. According to the cut-point analysis, T2-T4 patients
with 11-15 eLNs had a significantly longer mean OS
than those with 4-10 eLNs or 1-3 eLNs. Patients with
≤ 15 eLNs were more likely to experience locoregional
and peritoneal recurrence than those with > 15eLNs.
CONCLUSION: Number of eLNs could predict the
prognosis of node-negative gastric cancer, and dissection of > 15 eLNs is recommended during lymphadenectomy so as to improve the long-term survival.

Abstract

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

AIM: To elucidate the potential impact of examined
lymph nodes (eLNs) on long-term survival of nodenegative gastric cancer patients after curative surgery.

Key words: Gastric carcinoma; Examined lymph nodes;
Node-negative; Prognosis

METHODS: A total of 497 node-negative gastric cancer patients who underwent curative gastrectomy between January 2000 and December 2008 in our center
were enrolled in this study. Patients were divided into
4 groups according to eLNs through cut-point analysis.
Clinicopathological features were compared between
≤ 15 eLNs group and > 15 eLNs group and potential
prognostic factors were analyzed. The Log-rank test
was used to assess statistical differences between the
groups. Independent prognostic factors were identified

Core tip: The number of metastatic lymph nodes has
been shown to be associated with prognosis in gastric
cancer patients. In this study, we found that the overall
survival of node-negative gastric cancer patients was
significantly affected by examined lymph nodes (eLNs),
and number of eLNs was an independent prognostic
factor in multivariate analysis. Dissection of > 15 eLNs
could reduce locoregional and peritoneal recurrence.
We suggest that over 15 lymph nodes should be examined to improve the long-term outcome of node-
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cardia tumor; (3) patients who had distant metastasis or
peritoneal dissemination that was confirmed during the
operation; (4) patients who received neoadjuvant chemotherapy or radiotherapy before surgery; (5) patients with
remnant gastric carcinoma; (6) patients who died during
the initial hospital stay or within 1 mo after surgery; and
(7) patients who were lost to follow-up. Based on these
inclusion and exclusion criteria, a total of 497 gastric
cancer patients were enrolled in this study.

negative gastric cancer patients following curative gastrectomy.
Jiao XG, Deng JY, Zhang RP, Wu LL, Wang L, Liu HG, Hao
XS, Liang H. Prognostic value of number of examined lymph
nodes in patients with node-negative gastric cancer. World J
Gastroenterol 2014; 20(13): 3640-3648 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i13/3640.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i13.3640

Surgical treatment and pathological examination
All patients were operated on according to the potentially curative gastrectomy and lymphadenectomy. Curative resection was defined as a complete lack of grossly
visible tumor tissue and metastatic lymph nodes remaining after resection, with pathologically negative resection
margins[12]. Primary tumors were resected en bloc with
limited or extended lymphadenectomy according to the
Japanese Gastric Cancer Association[13]. The choice of
surgical procedure of gastrectomy was made by the attending surgeon，s preference, and based mainly on the
gastric cancer treatment guidelines in Japan[14]. Lymph
nodes were meticulously dissected from the en bloc specimens by a specialist surgeon. Dissected lymph nodes
were fixed in 10% formalin, embedded in paraffin, and
stained with hematorylin-eosin. Each lymph node was
re-examined microscopically and the status was determined by experienced pathologists.

INTRODUCTION
Lymph node metastasis is one of the most important
prognostic factors for gastric cancer patients following curative resection[1,2]. It is generally accepted that
patients could benefit from a standardized approach of
lymphadenectomy in terms of a higher overall survival
(OS)[3-5]. At present, the category based on the absolute
number of metastatic lymph nodes has been adopted
by the Union for International Cancer Control (UICC)
and American Joint Commission for Cancer as the N
stage of the tumour, node, metastasis (TNM) classification since 1997 and the examination of no less than
15 regional lymph nodes was recommended for nodal
metastatic status determination according to the latest
version[6-8]. The 7th edition of the TNM classification designates node-negative (N0) disease as any gastric cancer
with all examined lymph nodes (eLNs) negative, regardless of the total number of eLNs. Several studies have
found that the prognosis of node-negative gastric cancer
patients was associated with the number of dissected
lymph nodes [9,10]. However, there is still controversy
over how many nodes should be removed and examined
when performing a radical gastrectomy for node-negative gastric cancer patients[9-11]. Therefore, the aim of
the present study was to determine the optimal number
of eLNs required for curative surgery. Furthermore, we
intend to explore an appropriate classification based on
the count of eLNs for precise prediction of the prognosis of gastric cancer patients with node-negative metastasis after curative surgery.

Adjuvant therapy
Most of the patients received the adjuvant chemotherapy based on fluorouracil and leucovorin calcium after
curative gastrectomy. Radiotherapy was not routinely
administrated.
Statistical analysis
To determine the appropriate cutoffs for the number
of examined negative lymph nodes, the cut-point survival analysis was adopted. The χ 2 or Fisher’s exact test
and t test were used to test differences in distributions
between different eLNs subgroups. OS was calculated
from the date of surgery to death from any causes.
Survival curves were estimated using the Kaplan-Meier
method and compared by the Log-rank test. Factors
deemed to be of potential importance on univariate
analyses (P < 0.05) were included in the multivariate
analyses. Multivariate analysis of OS was performed by
means of the Cox proportional hazards model, using
the forward stepwise logistic regression procedure for
variable selection. Hazard ratios and 95%CIs were generated. In all statistical analyses, significance was defined
as P < 0.05 (two-sided). All analyses were performed
using the statistical analysis program package SPSS version 17.0 (SPSS, Chicago, IL, United States).

MATERIALS AND METHODS
Patients
A total of 2824 gastric cancer patients who underwent
curative resection at the Gastric Cancer Surgery Department of Tianjin Medical University Cancer Hospital
from January 2000 through December 2008 were selected for this study. The inclusion criteria for this study
included: (1) patients with histologically proven primary
adenocarcinoma of the stomach; (2) patients who underwent a lymphadenectomy (limited or extended); and
(3) patients with all dissected lymph nodes proven to be
negative by pathological examination. The exclusion criteria were: (1) patients who underwent palliative surgery;
(2) patients with gastroesophageal junction tumor or
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After curative surgery, all patients were followed every
6 mo for 2 years, then every year or until death. The
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Figure 1 Percentage of the number of examined lymph nodes for the entire cohort.

follow-up of all patients who were included in this study
was completed in October 2012. The routine examination during follow-up included a physical examination,
blood chemistry, B-mode ultrasonography, computed
tonography scans, chest X-ray, and endoscopy.

cut-point analysis yielded the greatest survival difference
at the level of 15 in pT1-2, pT3-4, and entire cohort. Patients with ≤ 15 eLNs were divided into 3 subgroups:
1-3 eLNs, 4-10 eLNs, and 11-15 eLNs according to the
result of cut-point analysis. Comparison of clinicopathologic characteristics in patients of different eLNs groups
is shown in Table 2. There were significant differences
between the two groups of patients in the distribution
of gender, age at surgery, tumor location, type of gastrectomy, histological type, and the extent of eLNs.

RESULTS
Clinicopathological outcomes
The mean ± SD number of pathologically proved eLNs
for the entire cohort of 497 patients was 13.8 ± 10.5
(ranging from 1 to 67). The 5-year survival rate (5-YSR)
of all enrolled patients was 67.2%, and 332 patients were
alive when the follow-up was completed. The median
OS of all patients after surgery was 58.3 mo. The percentage of the number of eLNs for the entire cohort is
shown in Figure 1.

Univariate survival analysis and multivariate survival
analysis
By univariate survival analysis, we found that five clinicopathological variables were significantly associated
with the OS of node-negative gastric cancer patients
after curative resection. They are as follows: extent of
eLNs, extent of lymphadenectomy, depth of invasion,
number of eLNs, and the 7th UICC TNM classification
of gastric caner (Table 3). All of the five variables considered significant on univariate analysis were included in
the Cox proportional hazards model (forward stepwise
procedure) to calculate the independent prognostic factors. As a result, there were two independent, statistically
significant prognostic parameters: depth of invasion (P
< 0.001) and number of eLNs (P < 0.001). The hazard
ratios and their 95%CIs are listed in Table 3.

Cut-point survival analysis for detection of best cutoffs
of negative node counts
A cut-point survival analysis was performed to determine the negative lymph node counts that determine the
greatest actuarial survival difference among the resulting
subgroups. We selected the ability to detect differences
among the subgroups on the basis of the magnitude of
the log rank test χ 2 statistic. Results for all relevant cutpoints and stage subgroups are listed in Table 1. The
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Table 1 Overall survival by total examined lymph nodes and cut-point analysis in each subgroup
≤ 3 vs ≥ 4

Depth of invasion
T1 + T2
T3 + T4
Total

≤ 10 vs ≥ 11

χ2

P value

χ2

P value

χ2

P value

8.333
5.529
8.711

0.004
0.019
0.003

9.679
7.884
16.589

0.002
0.005
< 0.001

11.023
13.204
20.612

0.001
< 0.001
< 0.001

0.825
9.476
5.770

0.364
0.002
0.016

Number of examined nodes

Total
Gender
Male
Female
Age at surgery (yr)
≤ 60
> 60
Tumor size (cm)
≤4
>4
Tumor location
Lower
Middle
Upper
Diffuse
Type of gastrectomy
Subtotal
Total
Histological type
Undifferentiated
Differentiated
Extent of lymphadenectomy
Limited
Extended
Extent of examined
lymph nodes
Perigastric
Extragastric
Depth of invasion
T1
T2
T3
T4
TNM Classification 7th
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲb

≤ 25 vs ≥ 26

P value

1-3, 4-10, 11-15, and > 15 eLNs groups, and patients
with > 15 eLNs had the best OS, so were patients with
stage T3 or T4 disease (Figure 2C-E). The OS in patients
with T1 tumors showed no statistical difference (Table 5).

Table 2 Comparison of clinicopathologic characteristics between
patients with ≤ 15 and >15 examined lymph nodes n (%)
Variables

≤ 15 vs ≥ 16

χ2

≤ 15

> 15

331 (66.6)

166 (33.4)

259 (78.2)
72 (21.8)

106 (63.9)
60 (36.1)

155 (46.8)
176 (53.2)

96 (57.8)
70 (42.2)

163 (49.2)
168 (50.8)

89 (53.6)
77 (46.4)

158 (47.7)
31 (9.4)
111 (33.5)
31 (9.4)

98 (59.0)
16 (9.6)
35 (21.1)
17 (7.7)

284 (85.8)
47 (14.2)

130 (78.3)
36 (21.7)

177 (53.5)
154 (46.5)

113 (68.1)
53 (31.9)

χ2

P value

11.741

0.001

5.355

0.023

0.845

0.392

8.672

0.034

4.455

0.041

9.694

0.002

Recurrent sites of node-negative gastric cancer
Among all the 497 patients, 85 (17.1%) had tumor recurrences during follow-up. The recurrence patterns
observed in the 85 patients were locoregional recurrence
(n = 46), hematogenous spread (n = 31), and peritoneal
seeding (n = 28). A single recurrence pattern was noted
in 65 patients: 29 had locoregional recurrence, 19 had
hematogenous spread, and 17 had peritoneal seeding.
More than 1 recurrence pattern was observed in 20 patients. Table 5 shows the distribution of recurrent sites
in terms of ≤ 15 eLNs and > 15 eLNs. Patients with
≤ 15 eLNs had a high rate of total recurrence (19.6%
vs 12.0%, P = 0.043), locoregional recurrence (11.2% vs
5.4%, P = 0.048) and peritoneal seeding (7.3% vs 2.4%,
P = 0.037). There was no statistical difference in hematogenous spread rate between the two groups (7.3% vs
4.2%, P = 0.239).

111.652 < 0.001
242 (73.6)
87 (26.4)

DISCUSSION

39 (23.6)
126 (76.4)

Although several new staging methods have been proposed to evaluate the prognosis of gastric cancer, the
TNM staging system based on the count of positive
lymph nodes is still widely used, for the number of positive lymph nodes reflects well the prognosis[15-17]. It was
reported that gastric cancer patients might be staged incorrectly because of an insufficient number of eLNs[18].
Large population studies from various institutions and
countries demonstrated that there was a significant association between the number of eLNs and the OS of
patients, so the latest TNM staging system recommends
that no less than 15 lymph nodes should be examined
for the accuracy of N staging[6-8]. Meanwhile, the same
edition staging system designates node-negative disease
as any gastric cancer with all eLNs negative, regardless
of the total number of eLNs, thus the present study was
designed to determine the optimal number of lymph
nodes required for curative surgery for node-negative
gastric cancer.
Adachi et al [19] pointed out that the clinicopathologic characteristics and prognosis of node-negative
gastric cancer patients were similar to those of patients
with early gastric cancer. Several studies showed that in
patients with node-negative gastric cancer, the 5- and
10-year OS rates varied from 72% to 92% and 88% to

84.522 < 0.001
189 (57.1)
142 (42.9)

23 (13.9)
143 (86.1)

21 (6.3)
59 (17.8)
47 (14.2)
204 (61.6)

13 (7.8)
35 (21.1)
24 (14.5)
94 (56.7)

21 (6.3)
59 (17.8)
47 (14.2)
196 (59.2)
8 (2.4)

13 (7.8)
35 (21.1)
24 (14.5)
89 (53.6)
5 (3.0)

1.445

0.695

1.738

0.784

Survival analysis and subgroup analysis
As shown in Figure 2A, the 5-YSR of patients with >
15 eLNs was significantly higher than those with ≤ 15
eLNs (84.3% vs 58.6%, P < 0.001). As shown in Table
4 and Figure 2B, the 5-YSR was 43.3% for patients with
1-3 eLNs compared with 56.6%, 71.8%, and 84.3% for
those with 4-10 eLNs, 11-15 eLNs, and > 15 eLNs,
respectively. Subgroup analysis was then conducted to
evaluate the survival of the patients in different pT categories (Table 5). For patients with stage T2 disease, the
5-YSR differences were statistically significant among
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Table 3 Univariate and multivariate survival analyses of 497 node-negative gastric cancer patients
Variables

5-YSR

Univariate analysis

χ2
Gender
Male
Female
Age at surgery (yr)
≤ 60
> 60
Tumor size (cm)
≤4
>4
Tumor location
Upper
Middle
Lower
Diffuse
Type of gastrectomy
Subtotal
Total
Histological type
Undifferentiated
Differentiated
Extent of lymphadenectomy
Limited
Extended
Extent of examined lymph nodes (LNs)
Perigastric
Extragastric
Depth of invasion
T1
T2
T3
T4
Number of examined LNs
≤ 15
> 15
TNM Classification 7th
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲb

Multivariate analysis

P value

1.213

HR (95%CI)

P value

0.271

66.0
70.4
2.720

0.099

70.1
64.2
3.548

0.060

0.167

0.682

2.045

0.153

0.117

0.732

6.093

0.014

12.112

0.001

22.355

< 0.001

71.0
63.2
69.9
53.2
69.5
60.4
68.3
61.4
67.9
66.2
63
73.2
58.9
73.3
88.2
79.8
74.6
59.1
32.690

< 0.001

22.541

< 0.001

58.6
84.3

< 0.001
1
1.801 (0.613-5.293)
2.102 (0.703-6.287)
4.066 (1.502-11.007)
0.334 (0.221-0.506)
1
0.327 (0.216-0.495)

0.285
0.184
0.006
< 0.001
< 0.001

88.2
79.8
74.6
59.3
53.8

5-YSR: 5-year survival rate; TNM: Tumour, node, metastasis.

Table 4 Five-year overall survival by T stage subgroups and total number of examined lymph nodes
Number of examined nodes (n )

Variables
Depth of invasion
T1
T2
T3
T4
Total

1-3

4-10

11-15

≥ 16

60.0%
58.3%
50.0%
35.1%
43.3%

91.7%
68.2%
63.3%
48.6%
56.6%

84.0%
81.8%
62.5%
71.8%

92.3%
91.4%
91.7%
78.7%
84.3%

P value

4.598
9.668
8.738
31.487
51.837

0.204
0.022
0.033
< 0.001
< 0.001

negative lymph nodes retrieved[17]. This phenomenon
was also observed in the studies about node-negative
gastric cancer. There are several possible explanations
for this observation. First, there may have been lymph
node metastases that were missed during dissection or
pathological examination in node-negative patients who
had ≤ 15 eLNs, which may cause inappropriate understaging. More eLNs should increase the opportunity to

93%, respectively, and these patients had a significantly
better survival than the patients with node-positive
gastric cancer[20-24]. In this study, the 5-YSR was 67.2%,
which was lower than that observed in studies in Japan
and Korea due largely to the lower proportion of patients with early stage disease (6.8%) in our study. Our
previous study found that the node-positive gastric cancer patients had a better OS with an increased count of
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B
1.0

Cumulatively overall survival probability

Cumulatively overall survival probability

A
> 15 eLNs
0.8
≤ 15 eLNs

0.6

(P < 0.001)

0.4
0.2
0.0

0

20
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Figure 2 Survival curves. A: For ≤ 15 eLNs group and > 15 eLNs group in total node-negative gastric cancer patients; B: For 4 categories in total node-negative
gastric cancer patients according to the number of examined negative lymph nodes (P < 0.001); C: For 4 categories in pathological T2 patients according to the number of examined negative lymph nodes (P = 0.022); D: For 4 categories in pathological T3 patients according to the number of examined negative lymph nodes (P =
0.033); E: For 4 categories in pathological T4 patients according to the number of examined negative lymph nodes (P < 0.001). eLNs: Examined lymph nodes.

was detected by immunohistochemical and molecular examinations. Therefore, dissection of adequate
negative lymph nodes could improve the prognosis of
node-negative gastric cancer patients by reducing micrometastasis. Third, several studies have confirmed that
lymphovascular invasion is associated with poor survival
in gastric cancer patients[28,29]. More eLNs means dissection of potential lymphovascular invasion, which may

find metastatic lymph nodes, which could reduce the
influence of inappropriate understaging[25-27]. Second,
micrometastasis was considered to play an important
role in prognosis of gastric cancer patients. Patients with
micrometastasis were reported to have an especially high
risk of recurrence[10]. It was reported that 17%-32% of
node-negative gastric cancer patients were identified
by routine histologic examination, and micrometastasis
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the first LN to receive drainage by a primary tumor.
Therefore, the status of SLN could predict the overall
status of LN metastasis. As extensive lymphadenectomies are not without complications, limited gastric resections without an extended lymphadenectomy have been
applied to the selected patients with early gastric cancer
according to the status of SLN[40]. For early N0 gastric
cancer, SLN should be used in selected patients for less
invasive surgical approaches, while it is not easy to predict accurately the status of LN metastasis through SLN
because lymphatic drainage is complex for advanced N0
disease, so the extended lymphadenectomy is still essential for advanced gastric cancer. In addition to the number of eLNs, the depth of tumor invasion was identified
as one of the most important prognostic indicators of
node-negative gastric cancer in the present study, which
was similar to other studies[9,20-23,33]. The number of eLNs
was reported to be associated with depth of invasion.
Compared with the patients who had less than 6 eLNs,
patients who had 6-10 eLNs, 11-15 eLNs, and ≥ 16
eLNs had a significantly lower chance of death in T2-4
disease, while the gastric cancer specific survival among
different eLNs groups had no statistical difference in T1
stage, because patients with stage T1 disease have a small
number of cases and a higher 5-YSR[9].
Based on our results, patients with > 15 eLNs had
better prognosis than those with ≤ 15 eLNs in T2-T4
stages. Patients with ≤ 15 eLNs should be divided into 3
groups as 1-3 eLNs, 4-10 eLNs, and 11-15 eLNs for acquisition of significant statistical differences among the
subgroups of patients in T2-T4 stages. Recently, Huang
et al[22] suggested that the D2 lymphadenectomy should
involve 15 nodes for pT1-T2 disease and 20 nodes for
pT3-T4 disease. However, it is difficult to determine accurately the T stage before surgery. From our results, we
suggested that patients with node-negative gastric cancer
following curative dissection should have more than 15
eLNs. It should be considered as a necessary supplement
to the TNM staging system.

Table 5 Recurrent sites of node-negative gastric cancer in
terms of ≤ 15 and > 15 examined lymph nodes n (%)
Recurrent sites
Recurrence
Yes
No
Locoregional recurrence
Yes
No
Peritoneal seeding
Yes
No
Hematogenous spread
Yes
No

Number of examined nodes
≤ 15

> 15

65 (19.6)
266 (80.4)

20 (12.0)
146 (88.0)

37 (11.2)
294 (88.8)

9 (5.4)
157 (94.6)

24 (7.3)
307 (92.7)

4 (2.4)
162 (97.6)

24 (7.3)
307 (92.7)

7 (4.2)
159 (95.8)

χ2

P value

4.491

0.043

4.362

0.048

4.874

0.037

1.740

0.239

improve prognosis by reducing recurrence. In addition,
it is speculated that patients with more lymph nodes in
the specimen have better immune response against the
tumor, and smaller LNs were correlated with decreased
immune response in gastrointestinal cancer[32]. Strong
immune status also contributes to good prognosis.
Son et al[33] investigated 10010 patients with gastric
cancer, and the results showed that the majority of patients with ≤ 15 eLNs had T1 tumors (64.2%) or pN0
disease (81.3%). Consequently, the patients with no
more than 15 eLNs had a significantly worse prognosis
after they underwent standard curative lymphadenectomy, compared with patients with > 15 eLNs. Our data
revealed that there were significant survival differences
between the patients who had > 15 eLNs and ≤ 15
eLNs by cut-point analysis. By the multivariate analyses,
we found that the number of eLNs is an independent
prognostic factor that was associated with a worse prognosis. In this study, 66.6% of patients had ≤ 15 eLNs,
which contributed to the lower OS of the entire cohort.
The main reasons for examination of ≤ 15 eLNs after
curative gastrectomy were deemed to be the inaccurate
lymph node dissection or examination[34-36]. These inaccuracies most likely occur by inexperienced surgeons or
pathologists[37]. In addition, the inaccurate lymph node
dissection was considered to be closely related to host
clinicopathologic status and immunologic response[38,39].
Besides, patient，s comorbidities, the intrinsic number of
LNs, and lymphovascular invasion status may play a role
in inadequate LN dissection and assessment. Therefore,
it is important to evaluate the prognostic value for patients with ≤ 15 eLNs. In this study, we performed cutpoint analysis and determined 3 cut-off points to classify
all patients into 4 subgroups as 1-3, 4-10, 11-15, and ≥
16 eLNs, which can not only reflect the distribution of
eLNs, but also demonstrate the correlation between the
prognosis of patients and the number of eLNs intuitively.
Gastrectomy with lymphadenectomy remains the
standard treatment option for gastric cancer, while it
is often performed without an accurate knowledge of
nodal status. Sentinel lymph node (SLN) is defined as
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Count of metastatic lymph nodes has been shown to be associated with prognosis of gastric cancer. Several studies have found that the prognosis of nodenegative gastric cancer was associated with the number of dissected lymph
node. However, there is still controversy over how many nodes should be removed and examined when performing a radical gastrectomy for node-negative
gastric cancer patients.

Research frontiers

Radical gastrectomy with regional lymph node dissection is the only possible
curative treatment for gastric cancer. A significant portion of patients with gastric cancer have been staged incorrectly because of an insufficient number of
examined lymph nodes (eLNs). Research has demonstrated an association
between an adequate number of eLNs and improved overall survival. Lymph
node stage can be determined appropriately when the number of total eLNs is
> 15 according to the latest tumour, node, metastasis (TNM) staging system,
while it is still controversial over how many nodes should be removed and examined when performing a radical gastrectomy for node-negative gastric cancer patients. In this study, the authors demonstrated that number of eLNs was
an independent prognostic factor for node-negative gastric cancer after curative

3646

April 7, 2014|Volume 20|Issue 13|

Jiao XG et al . Lymph node count for gastric cancer prognosis
resection and more than 15 eLNs should be obtained.

Innovations and breakthroughs

This study reported that patients with node-negative gastric cancer following
curative dissection should have more than 15 examined lymph nodes in a large
sample analysis. It should be considered as a necessary supplement to the
TNM staging system. Patients with ≤ 15 examined lymph nodes should be
divided into 3 groups as 1-3 eLNs, 4-10 eLNs, and 11-15 eLNs for acquisition
of significant statistical differences among the subgroups of patients in T2-T4
stages.

11

Applications

By understanding the positive association between the number of eLNs and
prognosis of gastric cancer, this study may stimulate surgeons and pathologists
to acquire more than 15 eLNs during curative gastrectomy.
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Terminology

eLNs are the number of dissected lymph nodes during surgery, which is visually estimated by surgeons and pathologists immediately after surgery. Sentinel
lymph node is defined as the first lymph node to receive drainage by a primary
tumor.
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Peer review

The most appropriate number of eLNs required during a radical gastrectomy
for node-negative gastric cancer patients is still controversial. This study shows
that patients with node-negative gastric cancer following curative dissection
should have more than 15 examined lymph nodes in a large sample analysis.
This conclusion has some significance for guiding clinical work.
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RESEARCH REPORT

Prevalence and characteristics of dyspepsia among college
students in Zhejiang Province
Meng Li, Bin Lu, Li Chu, Hong Zhou, Ming-Yan Chen
ticipation, only 1870 (males: 967; age range: 17-32
years, mean age: 21.3 years) returned a completed
questionnaire. One hundred and eight (5.67%) of the
student participants fit the criteria for dyspepsia diagnosis. Stratification analysis of dyspepsia and non-dyspepsia cases showed no statistically significant differences in age or BMI; however, the prevalence of dyspepsia was significantly higher in women than in men
(7.53% vs 4.14%, P < 0.05). Stratification analysis of
dyspepsia by grade level showed that year 4 undergraduate students had a significantly higher prevalence
of dyspepsia (10.00% vs undergraduate year 1: 5.87%,
year 2: 3.53% and year 3: 7.24%, and graduate year 1:
3.32%). Nearly all (95.37%) students with dyspepsia
reported symptoms of postprandial distress syndrome,
but only a small portion (4.63%) reported symptoms
suggestive of abdominal pain syndrome. The students
with dyspepsia also showed significantly higher rates
of IBS (16.67% vs non-dyspepsia students: 6.30%, P
< 0.05) and GERD (11.11% vs 0.28%, P < 0.05).
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Abstract

CONCLUSION: Although the prevalence of dyspepsia
among Zhejiang college students is low, the significantly higher rates of concomitant IBS and GERD suggest common pathophysiological disturbances.

AIM: To investigate the prevalence and characteristics
of uninvestigated dyspepsia among college students in
Zhejiang Province.
METHODS: Young adult students attending undergraduate (within the 4-year program) and graduate
(only first-year students) colleges in Zhejiang Province
were recruited between November 2010 and March
2011 to participate in the self-report survey study. The
questionnaire was designed to collect data regarding
demographics (sex and age), general health [weight
and height, to calculate body mass index (BMI)], and
physical episodes related to gastrointestinal disorders.
Diagnosis of dyspepsia and irritable bowel syndrome
(IBS) was made according to the Rome Ⅲ criteria.
Gastroesophageal reflux disease (GERD) was defined
by episodes of heartburn and/or acid reflux that occurred at least once a week, according to the Montreal
definition.

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

Key words: College student; Dyspepsia; Gastroesophageal; Irritable bowel syndrome
Core tip: This college-based population survey aimed
to determine the prevalence and investigate the characteristics of uninvestigated dyspepsia (UD, according
to Rome Ⅲ criteria) in Zhejiang Province, China. The
overall prevalence of UD was relatively low (5.67% in
1870 students), but female sex and senior (year 4) undergraduate status were represented more frequently
among the UD cases. In addition, UD cases were more
likely to have concomitant irritable bowel syndrome or
gastroesophageal reflux disease, suggesting the exis-

RESULTS: Of 2520 students recruited for survey par-
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na’s population and a large portion of city dwellers (State
Statistical Bureau of the People’s Republic of China,
2009). The Zhejiang Province, located at the heart of
the Yangtze River Delta, is one of the fastest developing urban areas in China and is facing the challenge of
establishing a healthcare system adequately equipped and
staffed to address the healthcare needs of its expanding
population. Considerations for such an endeavor include
the particularly high rates of gastric diseases in China,
such as gastric cancer and H. pylori infection (although
the reported correlation with dyspepsia was relatively
weak)[5]; however, the epidemiological characteristics of
dyspepsia among urban-dwelling populations of Chinese
young adults remain largely unknown. The current study
was designed as a self-report survey of college students
in the Zhejiang Province to determine the prevalence of
UD and investigate its relation to various demographic
and physical parameters as well as other common gastrointestinal disorders.

tence of common etiologies or molecular mechanisms
among these gastrointestinal disorders.
Li M, Lu B, Chu L, Zhou H, Chen MY. Prevalence and
characteristics of dyspepsia among college students in Zhejiang
Province. World J Gastroenterol 2014; 20(13): 3649-3654
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i13/3649.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3649

INTRODUCTION
The gastroduodenal symptoms of dyspepsia are relatively
non-specific, and include general abdominal discomfort,
early satiety, and bloating. Patients often ignore the condition and not present to clinic until more severe symptoms
manifest, such as belching, heartburn, nausea, vomiting,
and pain. While untreated dyspepsia is not associated
with an increased risk of death, its pathology can put the
individual at greater risk of secondary tissue injury, such
as mucosal erosion by gastric reflux leading to a chronic
inflammation state, or may mask symptoms of other gastrointestinal diseases. Epidemiological surveys have estimated the global prevalence of uninvestigated dyspepsia
(UD) to be as low as 7% and as high as 45%[1].
Results from clinical investigations are used to classify the dyspepsia diagnosis as functional dyspepsia (FD)
or organic dyspepsia. For both dyspepsia types, some
readilymodifiable factors have been identified as potential
etiologies, including diet and gastrointestinal infection
[mainly Helicobacter pylori (H. pylori)]; in addition, clinical
management of a co-existing organic disease may help to
reduce or eliminate the dyspeptic condition[2]. The lack of
an effective targeted therapy, however, means that many
patients suffer from chronic dyspepsia and an accompanying detrimental impact on quality of life[3].
Demographic and national factors may play a role in
the development and progression of dyspepsia. Epidemiologic studies of dyspepsia in Asian countries have reported incidence rates between 8% and 30%[2], and have
suggested that variable symptom profiles of the evaluated subjects and inconsistent diagnostic criteria used by
the researchers and healthcare providers may explain this
wide range. One survey in Malaysia demonstrated that
the economic impact of dyspepsia is greater in urban
settings, compared to rural settings[4], in conjunction with
the greater disease prevalence in the former. A key differential feature of urban and rural settings is the socioeconomic status, which affects nearly every aspect of life
from living conditions and diet to working conditions
and stress levels. Within Asian urban settings, university
students represent a unique population of advanced and
productive society members, living in a high stress environment with relatively better access to and understanding of healthcare than their rural counterparts.
Adolescents and young adults, between the ages of
14 and 29 years, account for roughly one-fourth of Chi-
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MATERIALS AND METHODS
Study population
Study recruitment was conducted at two college campuses in the Zhejiang Province between November 2010
and March 2011. Matriculated students in the undergraduate (within the 4-year program) and graduate (only
first-year students) programs were included in the study.
A total of 2520 students (48% males; mean age: 22.6 ±
3.0 years) were interviewed and offered the survey questionnaire for self-completion. Unreturned or incomplete
questionnaires were excluded from the study.
Survey
The questionnaire was designed to collect data regarding demographics (sex and age), general health [weight
and height, to calculate body mass index (BMI)], and
physical episodes related to gastrointestinal disorders.
Data related to dyspepsia and irritable bowel syndrome
(IBS) were chosen according to the ROME Ⅲ criteria[9].
An individual was classified as having UD if they reported experiencing at least one of the following symptoms during the previous 3 mo, with the first instance
occurring at least 6 mo earlier: (1) bothersome postprandial fullness; (2) early satiety; (3) epigastric pain; or
(4) epigastric burning. Classification of IBS was made
according to report of abdominal pain or discomfort
persisting for at least 3 d at least once a month during
the previous 3 mo and accompanied by at least two of
the following symptoms: (1) relief of pain or discomfort attained after defecation; (2) onset of pain or discomfort associated with a change in stool frequency; or
(3) onset of pain or discomfort associated with a change
in stool appearance. Data related to gastroesophageal
reflux disease (GERD) were chosen according to the
Montreal definition for the diagnosis of GERD in
population-based studies [10]. Individuals were classified as having GERD if they reported experiencing

3650

April 7, 2014|Volume 20|Issue 13|

Li M et al . Dyspepsia among Chinese college students
Table 1 Prevalence of uninvestigated dyspepsia in relation to
student characteristics
UD

Non-UD

Total

(n = 108)

(n = 1762)

(n = 1870)

Sex
Male
40 (4.14)
Female
68 (7.53)
Age, yr
20.96 ± 2.87
BMI
22.59 ± 3.79
College program and year
Undergraduate
Year 1
16 (5.67)
Year 2
16 (3.53)
Year 3
56 (7.24)
Year 4
12 (10.00)
Graduate
Year 1
8 (3.32)

GERD
0.15%

P

0.48%

< 0.051
927
835
21.72 ± 1.97
21.97 ± 4.76

967
903
21.34 ± 2.56
22.28 ± 4.27

0.12%
0.16%

0.80%
2

< 0.05
266
437
718
108

282
453
774
120

233

241

UD

IBS

Figure 1 Overlaps in the prevalence of uninvestigated dyspepsia, irritable
bowel syndrome and gastroesophageal reflux disease among the 1870
students surveyed from the Zhejiang Province. GERD: Gastroesophageal
reflux disease; UD: Uninvestigated dyspepsia; IBS: Irritable bowel syndrome.

1

Females vs Males; 2Year 4 undergraduate students vs all other programs
and attendance year. UD: Uninvestigated dyspepsia; Non-UD: Students
without dyspepsia; BMI: Body mass index.

Among the total study population, there were 17
(0.9%) and 129 (6.9%) students who met the criteria for
GERD and IBS diagnoses, respectively. Nearly all (95.4%)
of the students in the UD group had postprandial distress syndrome. The least frequently reported dyspepsiarelated symptoms were intermittent pain or burning
localized to the epigastric area (4.6% in the UD group).
Twenty-nine of the students had GI symptom complex
overlap, with UD + IBS in 18 students (1.0%) and UD
+ GERD in 12 (0.6%) (Figure 1). The rates of both IBS
and GERD were significantly higher in the UD group
than in the non-UD group (IBS: 16.7% vs 6.3% and
GERD: 11.1% vs 0.3%, P < 0.05 for both). Conversely,
the rate of UD was significantly lower in non-IBS students (6.4% vs IBS: 14.0%, P < 0.05) and non-GERD
students (0.3% vs GERD: 70.6%, P < 0.05).

frequent (at least once weekly) episodes of heartburn
or acid regurgitation. For each of the gastrointestinal
disorders, the survey questions were translated from the
original source into Chinese language by the authors.
Any individual classified with two or more of the above
disorders was categorized as “GI symptom complex
overlap.” Individuals not meeting the criteria for any of
the above disorders were categorized as “no functional
GI disorder.” Finally, individuals were categorized as
having postprandial distress syndrome if they reported
bothersome postprandial fullness experienced after an
ordinary-sized meal and/or early satiety that prevented
from finishing the meal.
Statistical analysis
Data are expressed as frequency or mean with SD. Normally distributed data were analyzed by the t test, and
categorical data were analyzed by the χ 2 test. A P value
< 0.05 was considered to indicate statistical significance.
All statistical analyses were carried out with the Statistical Package for Social Sciences v15 (SPSS Inc., Chicago,
IL, United States).

DISCUSSION
Studies of UD prevalence in Asian populations have
yielded varied results. Using the Rome I criteria, a study
from Hong Kong found a rate of 18.4%[11], while a crosssectional community study from Singapore that defined
UD by the presence of upper abdominal pain found a
rate of 7.9%[12]; however, studies from Korea and Malaysia that both used the Rome Ⅱ criteria found similar rates
of UD (approximately 14%)[13,14]. The limited numbers of
these studies, though, precludes the ability to definitively
conclude if the true rates of UD are associated with national/ethnic differences or the different criteria used to
diagnose the condition. Nonetheless, these studies have
provided insights into possible etiologic factors of UD
in Asians, including age (predominance in older (> 40
years) subjects)[15]. In addition, several Asian studies have
evaluated the rate of UD among college students, who
represent a unique stress-heavy lifestyle model consisting
of long hours of focused physical and cognitive activity
under significant social-competitive pressure. As with the
studies conducted in the general population, the rates of

RESULTS
Of the 2520 students recruited into the study, 315 declined participation and 335 failed to return or returned
an incomplete questionnaire. Therefore, the study
population consisted of 1870 students in total; the demographic data are summarized in Table 1. The male to
female ratio was nearly 1:1. The mean age was 21.3 ±
2.6 years, and the average BMI was 22.28 ± 4.27. Only
5.67% of the total students met the criteria for UD
diagnosis. The UD group had a statistically significant
predominance of females (P < 0.05) and students in the
final year of the 4-year undergraduate program (vs undergraduate years 1, 2 and 3, and graduate year 1, P < 0.05
for all). The mean age and BMI of the UD group were
statistically similar to those of the non-UD group.

WJG|www.wjgnet.com

5.81%

4.23%

3651

April 7, 2014|Volume 20|Issue 13|

Li M et al . Dyspepsia among Chinese college students

nificantly more common in patients with IBS[30]. College
students are at a higher risk of psychological disorders,
such as anxiety[31]. However, the current study population showed a remarkably lower prevalence of GERD (<
1%) compared to the most recent worldwide estimates,
which range between 10% and 20%[10]. The lower rate
may be associated with the particularly younger age of
the current study population and/or the lower BMI[22].
The rate of dyspepsia overlapping with GERD was higher, and closer to that previously reported from a Japanese
cohort of college students[16].
Several case reports of dyspepsia, IBS and GERD overlap exist[32-34]. In the same Japanese cohort, the prevalence
of dyspepsia + IBS was significantly higher than that of
dyspepsia + GERD[16], which was similar to the findings
in the current study of Chinese college students (1.0%
and 0.6%, respectively). Collected data in the literature
suggest that GERD is a common occurrence in dyspepsia, with rates of 22% to 50% being reported[35-38]. Similarly, some studies have suggested that the occurrence
of IBS in dyspeptic patients is not uncommon; the current study population showed a rate of dyspepsia + IBS
that fell within the range of prevalence rates previously
reported for Asian populations[16,39-40]. While the precise
mechanisms underlying such overlap in gastrointestinal
disorders remain unknown, it is likely that pathophysiological factors shared between the three, such as altered
motility, visceral hypersensitivity, brain-gut dysfunction or
psychological distress, play key roles[41-44]. In addition, the
significant overlap of symptoms among dyspepsia, IBS
and GERD raises the question of whether the functional
gastrointestinal disorders actually represent multiple separate disorders or a single clinical entity.
Though dyspepsia is not fatal, it is associated with
substantial impairment of quality of life and poses a
significant burden on society, with sufferers experiencing
higher rates of work absenteeism, reduced productivity,
and higher reliance on healthcare resources than the general population[45,46]. For college students, the symptoms
associated with dyspepsia may have a marked impact on
the individual’s study habits, ability to concentrate or attend classes, and performance on tests. To the best of
our knowledge, no Chinese universities currently have
a student outreach program to enhance their students’
knowledge of digestive health; by providing campuswide health lectures, which would include symptoms and
management of common stress-related psychological
and physical disorders, the rates of gastrointestinal disorders, such as dyspepsia, may be reduced.
Although this investigation provides new insights
into the prevalence and characteristics of UD in Chinese
college students, it relied solely on data gathered from a
self-report questionnaire; thus, the physical- and diseaserelated data may have been underreported or exaggerated. In addition, the questionnaire was newly developed
according to the objectives of the current study. Since
the questionnaire has not been validated, its test-retest
reliability and validity are unknown. Moreover, the focus

UD among college students have varied widely by country and study design. A study of college students in Japan
found a UD rate of 6.7% using the Rome Ⅱ criteria[16],
while the frequency of dyspepsia found in students from
Beijing using Rome Ⅲ and Anhui using Rome Ⅱ was
1.6% and 8.3%, respectively[17,18].
The general clinical observation of gastrointestinal
symptoms increasing with age has been confirmed by
population-based studies[19,20] and associated with diminished sensory responses of the gut tissues[21]. In addition,
socioeconomic factors, such as gross domestic product
(GDP), have been shown to be inversely associated with
dyspepsia[22]. The college students assessed in the current
survey resided in an economically developed region; the
relatively younger age, higher GDP, and features of the
modern urban lifestyle (including high levels of internet
connectivity) that characterize college life in Zhejiang
Province may contribute to the relatively low rate of dyspepsia detected in our survey (5.8%). In addition, regular
smoking was identified as a risk factor of dyspepsia in
North Americans (i.e., United States and Canada)[23,24],
and regular alcohol intake as a risk factor of UD in AsiaPacific populations[15,25]. It is possible that the college
students surveyed in the current study may have a generally healthier lifestyle, with lower rates of smoking and
alcohol consumption than the general population. Another potential explanation for the lower rate detected in
the current study, compared to other studies, may be the
ROME Ⅲ diagnostic criteria applied to UD diagnosis[26].
The college students in the current study also showed
a predominance of UD in females. In general, functional
gastrointestinal disorders have a higher prevalence in
women[27], possibly because women are more likely to
present for diagnosis and undertake clinical management
of such functional disorders, as was shown by a study of
IBS and globus hystericus[28]; however, that same study
showed no difference in the prevalence of FD between
men and women [28]. Studies of individual dyspeptic
symptoms have demonstrated sex-related differences in
prevalence, as well as in gastric emptying and visceral
sensitivity[1,29]. The female-predominant prevalence of
UD observed in the current survey may be related to
sex-related symptom profiles that were not evaluated in
our study. Another key finding of the current study was
the significantly higher levels of dyspeptic symptoms in
senior level undergraduates (in year 4 of the program);
it is possible that this result was related to an increased
stressful environment, as these students are facing a rapidly approaching significant lifestyle change (from college matriculation to employment).
Dyspepsia, GERD, and IBS are common gastrointestinal conditions both in China and worldwide. The
different prevalence rates of these three disorders observed in the current population of college students may
also reflect the different strengths of associations with
stress-related factors. For example, a study of the relation between psychological disorders and IBS, FD and
non-erosive reflux disorder showed that anxiety was sig-
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of questions to determine specific symptoms of dyspepsia, GERD and IBS precludes the ability of this study to
analyze organic gastrointestinal diseases.
In conclusion, the prevalence of UD in college students from the Zhejiang Province was low (5.7%), possibly due to the young age and low BMI of this population[47]. The UD rates were highest in students who were
female and in the senior year of a 4-year undergraduate
program. Nearly all of the students who fit the criteria
for UD diagnosis also reported symptoms suggestive of
postprandial distress syndrome and there was a remarkable portion of dyspepsia cases with concomitant IBS or
GERD, suggesting the existence of common etiologies
or molecular mechanisms among these gastrointestinal
disorders.
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and -482T allele carriers and the risk of NAFLD were
1.06 (95%CI: 0.72-1.57, P > 0.05) and 1.00 (95%CI:
0.68-1.48, P > 0.05), respectively. The variant carriers did not have a significantly increased risk of NAFLD
or elevated clinical and biochemical parameters such
as APOC3 concentrations, IR (1.42 ± 0.43 vs 1.48 ±
0.52, P > 0.05), liver enzymes and TAS (13.94 ± 2.01
vs 14.38 ± 1.92, P > 0.05) compared with the controls. Moreover, the results were similar when testing
was carried out independent of the genetic variation in
PNPLA3.

Abstract

Key words: Polymorphism; Single nucleotide; Nonalcoholic fatty liver disease; Apolipoprotein C3; Insulin
resistance; Oxidative stress

CONCLUSION: The two polymorphisms of the APOC3
gene are not associated with a risk of NAFLD, or with
lipid profiles, IR and oxidative stress in the Chinese Han
population.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate the association between two polymorphisms of apolipoprotein C3 (APOC3 ) and risk of
nonalcoholic fatty liver disease (NAFLD) in a Chinese
Han population.

Core tip: In this study, we determined the relationship between two polymorphisms in apolipoprotein C3
(APOC3 ) and susceptibility to nonalcoholic fatty liver
disease (NAFLD) in a Han population in China. We also
examined the influence of APOC3 genotypes on insulin
resistance, obesity, fasting TG levels and total antioxidant status. We found that the two polymorphisms
of the APOC3 gene are not associated with a risk of
NAFLD, or with lipid profiles, IR and oxidative stress in
the Chinese Han population.

METHODS: Genotypes for rs2854116 and rs2854117
in APOC3 and the known rs738409 in patatin-like phospholipase domain-containing protein 3 (PNPLA3) in 390
patients with NAFLD and 409 control subjects were determined by sequencing and polymerase chain reaction
analysis. Serum lipid profiles were determined using
biochemical methods, and an index of insulin resistance
(IR, HOMA-IR), serum APOC3 concentrations and total
antioxidant status (TAS) were also assessed.

Niu TH, Jiang M, Xin YN, Jiang XJ, Lin ZH, Xuan SY. Lack of
association between apolipoprotein C3 gene polymorphisms and
risk of nonalcoholic fatty liver disease in a Chinese Han population. World J Gastroenterol 2014; 20(13): 3655-3662 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/

RESULTS: No significant differences in genotype and
allele frequencies of rs2854116 and rs2854117 were
found between the NAFLD population and the controls
(P > 0.05). The OR for the association between -455C
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age 47.69 ± 15.86 years). The volunteers were recruited
from the Department of Gastroenterology and the Medical Center of Qingdao Municipal Hospital. All subjects
were Northern Han Chinese in origin. The diagnosis of
NAFLD was performed under standard clinical evaluation conditions according to the AASID criteria. Other
causes of liver disease were excluded, including increased
alcohol intake (> 210/140 g/wk for males/females), as
confirmed by at least one family member or friend and
carboxydesialylated transferrin determination, viral and
autoimmune hepatitis, hereditary hemochromatosis, and
alphal-antitrypsin deficiency. We also excluded subjects
with type 1 diabetes mellitus. The controls were confirmed as healthy by medical history, general examinations and laboratory examinations at the same hospital.
We excluded subjects as previously described[19]. Basic
information (names, ages, etc.) was obtained by questionnaire. All subjects were of Chinese Han ethnicity.
Informed consent was obtained from subjects who
agreed to participate in the study, and the study protocol
was approved by the Ethical Committee of Qingdao Municipal Hospital.

i13/3655.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3655

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most
common liver disease and is now recognized as a major
public health problem worldwide[1,2]. It is estimated that
the prevalence of NAFLD ranges from 6.3% to 33%
with a median of 20% in the general population, based
on a variety of assessment methods[3]. It is not a ‘Western
disease’, it is recognized as the main cause of chronic
liver disease in the developing world, and the prevalence
of NAFLD in the Chinese population is approximately
15%[4-6]. NAFLD encompasses a wide spectrum of hepatic disorders, ranging from simple fatty liver NAFL to
nonalcoholic steatohepatitis and hepatic cirrhosis, which
may progress to hepatocellular carcinoma.
NAFLD is a multifactorial disorder arising from the
interplay between genetic and environmental influences.
Genetic association is a powerful tool for determining
the mechanism of NAFLD[7,8], in particular, patatinlike phospholipase-3 (PNPLA3) and apolipoprotein C3
(APOC3) have been suggested as potential genes related
to NAFLD susceptibility or disease progression. The association between the PNPLA3 gene I148M variant and
NAFLD has been demonstrated in a number of studies,
confirming that this gene is an important genetic determinant of disease development[9-11]. APOC3 is involved
in triacylglycerol metabolism, which inhibits lipoprotein
lipase (LPL) and mediates lipoprotein uptake by the
liver[12]. Recently, Petersen et al[13] carried out a candidate
gene study and reported that two variants (rs2854117 and
rs2854116) of the promoter region in the APOC3 gene
located in an insulin response element (IRE)[14] led to increased uptake of chylomicron remnants by the liver, and
this resulted in NAFLD and hepatic insulin resistance in
Asian-Indian men, however, subsequent studies obtained
different results in American or European subjects[15-18].
No research has been carried out on the association between the two polymorphisms of APOC3 and NAFLD
in the Chinese population.
In this study, we determined the relationship between
the two polymorphisms in APOC3 and susceptibility to
NAFLD in a Han population in China. In addition, we
examined the influence of APOC3 genotypes on insulin
resistance, obesity, fasting TG levels and total antioxidant
status.

Biochemical analyses
Blood samples for biochemical analyses were obtained
after an overnight fast. Glucose, insulin, cholesterol,
high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, and triglycerides (TG)
were measured using routine enzymatic methods. Serum
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and γ-glutamyltransferase (GGT) concentrations were measured as previously described[20]. Plasma
APOC3 concentrations were measured enzymatically
using an Assay Max human Apolipoprotein C-Ⅲ enzyme linked immunosorbent assay (ELISA) Kit (n =
180) (BlueGene, China). Insulin sensitivity was assessed
using the homeostasis model assessment of insulin resistance (HOMA-IR) and a 2-h oral glucose-tolerance
test (OGTT). The HOMA-IR was calculated as fasting insulin concentration (μU/mL) × fasting glucose
concentration (mmol/L)/22.5[21]. Ninety-eight subjects
were selected to complete a standard 75 g OGTT and
measurements of glucose and insulin were recorded at
baseline and after 30, 60, 90, and 120 min. Total antioxidant status (TAS), independent of the genetic variation
in PNPLA3 (n = 231), was measured colorimetrically using the Total Antioxidant Capacity Assay Kit (Sciencell,
United States) and the ABTS method. The color change
was measured using a spectrophotometer. The reaction
was calibrated with Trolox (a water-soluble analogue of
vitamin E).

MATERIALS AND METHODS
Subjects
We selected a total of 799 unrelated adult subjects of
both sexes, including 390 unrelated Chinese patients (175
males, 215 females, mean age 49.76 ± 16.17 years) diagnosed with NAFLD by B-type ultrasonography between
April 2012 and April 2013, and 409 healthy controls
matched for sex and age (198 males, 211 females, mean

WJG|www.wjgnet.com

Genetic analysis
Genomic DNA was extracted from peripheral blood using
the Genomic DNA Purification Kit (BioTeke, Biotechnology, Beijing, China) following the supplier’s instructions.
The success rate for DNA extraction was 100% and the
DNA samples were stored in a freezer at -20 ℃ until
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cal software, version 17.0 for Windows. Genotypes and
alleles were estimated by counting and the distributions
between NAFLD patients and controls were analyzed by
Pearson’s χ 2 test and Fisher’s exact test when appropriate. Hardy-Weinberg equilibrium between expected and
observed genotype distributions was assessed using the
2
χ test. Baseline characteristics are shown as mean ± SD.
Differences in the characteristics of the study population between different groups were examined using the
Student’s t test, paired samples t test or the χ 2 test. The
strength of the association between the polymorphisms
and NAFLD was evaluated by logistic regression analysis
adjusted for confounders [gender, age, body mass index
(BMI), weight and waistline, which were considered as
continuous variables], estimated by the OR with 95%CI.
Linear regression analysis was performed to determine
the correlation between plasma APOC3 concentrations
and serum TG levels. Linkage disequilibrium between
the rs2854116 and rs2854117 SNPs was calculated using
Haploview software and was shown as D’. The present
sample size of the study revealed 90% power to detect a
significant association (P < 0.05) with an effect size index
of 0.1. Levels of significance were defined as P < 0.05.

Table 1 Demographic and clinical features of patients with
nonalcoholic fatty liver disease and controls n (%)

BMI (kg/m2)
Waist (cm)
Hypertension
T2DM
ALT (U/L)
AST (U/L)
GGT (U/L)
FPG (mmol/L)
UA (mmol/L)
TG (mmol/L)
TC (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
FINS (μU/mL)
HOMA-IR (U)

NAFLD patients
(n = 390)

Controls
(n = 409)

P value

24.83 ± 2.82
84.18 ± 8.19
89 (22.8)
87 (22.3)
44.86 ± 40.16
33.40 ± 32.60
43.82 ± 42.17
6.03 ± 1.77
326.03 ± 105.24
2.91 ± 1.43
5.17 ± 1.00
1.71 ± 0.99
4.28 ± 3.44
6.27 ± 1.34
1.67 ± 0.62

22.18 ± 4.02
75.78 ± 9.13
42 (10.3)
36 (8.8)
34.32 ± 22.27
32.60 ± 36.42
34.00 ± 26.92
5.18 ± 0.82
332.88 ± 104.74
2.26 ± 1.55
4.77 ± 0.85
2.38 ± 2.36
3.17 ± 1.78
5.51 ± 1.01
1.27 ± 0.32

0.000a
0.000a
0.000c
0.000c
0.000a
0.762
0.000a
0.357
0.000a
0.000a
0.000a
0.000a
0.000a
0.000a
0.000a

Data are expressed as mean ± SD, aP < 0.05 vs controls, by unpaired
2
Student’s t test; cP < 0.05 vs controls, by χ test. Body mass index (BMI) was
calculated as body weight (kg)/height (m2); ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; GGT: γ-glutamyltransferase; FPG: Fasting
blood glucose; UA: uric Acid; TC: Total cholesterol; HDL: High-density
lipoprotein; LDL: Low-density lipoprotein; FINS: Fasting blood insulin;
NAFLD: Nonalcoholic fatty liver disease; TG: Triglyceride; HOMA-IR:
Homeostatic model assessment of insulin resistance.

RESULTS
Patients in the NAFLD group and control group were
matched for sex (P = 0.316) and age (P = 0.068). The
clinical characteristics of the two groups are shown in
Table 1, and patients with NAFLD had higher levels of
ALT, GGT, FPG, TG, TC and LDL than controls. As
NAFLD is a metabolic disease, it showed a strong interaction with hypertension and diabetes (Table 1).
Distributions of the genotypes of these two polymorphisms were in accordance with the Hardy-Weinberg
equilibrium in the NAFLD and control groups (PNAFLD
= 0.130, 0.054; Pcontrol = 0.350, 0.882, respectively). The
variant allele frequencies (-455C and -482T) were 0.508
and 0.500 in NAFLD patients, and 0.512 and 0.498 in
controls, respectively. To ensure genotyping accuracy, we
randomly selected 150 subjects for reverse sequencing.
The success rate of duplicated genotyping was > 100%.
There were no significant differences in the genotype
and allele distribution between the two groups (P > 0.05)
(Table 2). Presence of the -455C allele and the -482T
allele did not increase the risk of developing NAFLD
(OR = 1.00, 95%CI: 0.82-1.22, and OR = 0.99, 95%CI:
0.81-1.21, respectively). In contrast, the rs738409G allele
of PNPLA3 was associated with a significantly increased
risk of NAFLD in the study population (OR = 2.00,
95%CI: 1.80-2.23) (Table 3). There was strong linkage
disequilibrium between T-455C and C-482T with D’ =
0.943.
Compared with the noncarriers, none of the lipid
variables (total cholesterol, HDL, LDL, and circulating
TG) and indices of liver damage severity (serum ALT
and AST levels) showed statistically relevant differences
according to the variant APOC3 promoters in both the
overall series and in the subgroups (Table 4). In the same

use. The primers for rs2854116 and rs2854117 used in
the reaction were: 5’-GAAGGTGAACGAGAGAATCAGTCCTG-3’ (forward); 5’-GCCTCGGGCCCATCTCAGCCTTTCACACTG-3’ (reverse). Amplification was
performed in a total volume of 25 μL containing 12.5
μL Taq polymerase chain reaction (PCR) MasterMix, 2
μL genomic DNA, 1 μL forward primer, 1 μL reverse
primer and 8 μL purified water, on PCR amplification
equipment (Labnet, United States) as follows: initial step
of 95 ℃ for 10 min, followed by 35 cycles: denaturation
at 95 ℃ for 40 s, annealing at 56 ℃ for 40 s, and elongation at 72 ℃ for 50 s. Amplicon size was 511 bp. The
primers for rs738408 were 5’-CTGAAGTCCGAGGGTGTATG-3’ (forward); 5’-AGCTGTGGCTACTCTGTCTG-3’ (reverse). The PCR amplification profile
was as follows: initial step of 94 ℃ for 5 min, followed
by 30 cycles: denaturation at 94 ℃ for 30 s, annealing at
57.5 ℃ for 30 s, and elongation at 72 ℃ for 1 min. Amplicon size was 396 bp. All PCR products were resolved
using 2% agarose gel electrophoresis at 110 V for 30
min and stained with ethidium bromide. The genotypes
of the two genes underwent direct sequencing using the
ABI Prism Sequence Detection System ABI3730 (Genscript). The genotyping success rate was > 95%.
The two single nucleotide polymorphisms (SNPs) in
APOC3 are in strong linkage disequilibrium[13-22], thus,
we divided the study subjects into two groups for analysis: no variant allele expression (noncarriers) at both
SNPs and one or more alleles expressed (Carriers) at
either SNP.
Statistical analysis
Statistical analyses were performed using SPSS statisti-
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Table 2 Distribution of genotype and allele frequencies
of apolipoprotein C3 (-455, -482) and patatin-like
phospholipase domain-containing protein 3 (rs738409) in
nonalcoholic fatty liver disease patients and controls n (%)

-455 genotype
TT
TC
CC
Allele T
C
-482 genotype
CC
CT
TT
Allele C
T
rs738409 genotype
CC
CG
GG
Allele C
G

χ

2

Table 3 Odds ratios for nonalcoholic fatty liver disease
according to apolipoprotein C3 and patatin-like phospholipase
domain-containing protein 3 genotypes and alleles in the
study population

P value

NAFLD

Controls

102 (26.2)
180 (46.2)
108 (27.7)
384 (49.2)
396 (50.8)

104 (25.4)
195 (47.7)
110 (26.9)
403 (49.3)
415 (51.2)

107 (27.4)
176 (45.1)
107 (27.4)
390 (50.0)
390 (50.0)

104 (25.4)
203 (49.6)
102 (51.2)
411 (50.2)
407 (49.8)

1.635

0.442

0.010

0.960

48 (12.3)
153 (39.2)
189 (48.5)
249 (31.9)
531 (68.1)

183 (44.7)
176 (43.0)
50 (12.2)
542 (66.3)
276 (33.7)

160.98

0.000

188.31

0.000

Unadjusted model
OR (95%CI)

0.186

0.911

0.000

1.000

APOC3 gene
-455TT
-455TC + CC
-482CC
-482CT + TT
PNPLA3 gene
CC
CG + GG

1
5.77 (4.03-8.27)

OR (95%CI)

0.52

1
1.06 (0.72-1.57 )
1
1.00 (0.68-1.48 )

0.00

1
3.70 (2.44-5.60)

0.82

P value

0.76
1.00

0.00

-455C vs T: OR (95%CI) = 1.00 (0.82-1.22): -482C vs T: OR (95%CI) = 0.99
(0.81-1.21); PNPLA3G vs C: OR (95%CI) = 2.00 (1.80-2.23). The multiple
logistic regression model was adjusted for age, gender, body mass index,
waist, weight and presence of hypertension and T2DM.

PNPLA3 gene I148M variant plays a role in NAFLD,
which has been demonstrated in a number of studies[9-11].
Our research also demonstrated similar results.
In the Petersen’s study, APOC3 genotypes were found
to be associated with hepatic triglyceride content measured by H-MRS[13], while different results were obtained
in the Dallas Heart Study[15]. The mechanisms associated
with the accumulation of TG in the liver and subsequent
hepatocellular damage are not fully understood[23]. We
evaluated the changes in ALT and AST, which were used
as markers of liver fat accumulation[24-26] and are commonly used in clinical practice[27]. We did not observe
significant differences in plasma concentrations of these
transaminases between carriers of the variants and noncarrier subjects, even when independent of the genetic
variation in PNPLA3. Similar findings were reported in
a Caucasian population[17]. Although the pathogenesis of
NAFLD is unknown, it is conceivable that a network of
interactions between multiple factors is involved in both
the development and progression of the disease, such as
insulin resistance, obesity and oxidative stress[28].
Insulin resistance is recognized as an essential pathophysiological factor or “first hit” in the development
of NAFLD, and may play a fundamental role in the
pathogenesis of this disorder[29,30]. We are in agreement
with other researchers who have reported that NAFLD
has an important role in the etiology of hepatic insulin
resistance[31,32]. Our data were consistent with previous
findings that genetic variation in APOC3 expression has
little effect on the insulin sensitivity index (HOMA-IR)
in humans[15,16,33]. In addition, insulin sensitivity did not
change the results of oral glucose-tolerance testing in
carriers compared to non-carriers. APOC3 expression
in the liver is physiologically inhibited by insulin, and no
obvious increase in serum insulin or decrease in plasma
APOC3 concentration was observed. However, plasma
TG concentrations were significantly positively correlated
with plasma APOC3 concentrations (r = 0.706), which
was consistent with earlier observations[34,35]. APOC3
was the first lipid-associated gene to be linked to hy-

NAFLD: Nonalcoholic fatty liver disease.

study subjects, the PNPLA3 genotype was shown to
predispose to NAFLD. We next evaluated whether these
results were similar when controlling for the PNPLA3
mutation. Similar results were obtained (Table 5).
We assessed the relationship between APOC3 variants
and fasting blood insulin (FINS), HOMA-IR and plasma
TG. No differences between wild-type homozygotes and
variant allele carriers were observed (Tables 4 and 5).
APOC3 concentrations showed a consistent relationship
with plasma TG concentrations (r = 0.706, P = 0.000)
(Figure 1), as indicated by linear regression analysis.
No associations between the variants and fasting levels
of plasma glucose, insulin or HOMA-IR were found.
Glucose and insulin levels were similar in the groups
throughout the OGTT (Figure 2).
The control group had significantly higher TAS than
the NAFLD group (P = 0.000). However, mean TAS in
the noncarrier and carrier groups was similar at admission (P = 0.098) (Figure 3).

DISCUSSION
We read with great interest the article by Petersen who reported a higher prevalence of NAFLD in APOC3 variant
allele carriers compared with wild-type carriers in Indian
men[13]. In apparent disagreement with these results, recent findings in the Dallas Heart Study demonstrated different results in the three major ethnic groups included in
that study[15]. To highlight the role of APOC3 in NAFLD
progression, we enrolled a total of 799 unrelated Chinese
adults in a case-control study to investigate the relationship between two APOC3 polymorphisms (rs2854116
and rs2854117) and the risk of NAFLD. We did not find
significant associations between these polymorphisms
and the risk of NAFLD in the Chinese Han population.
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0.96 (0.70-1.32 )
1
0.90 (0.66-1.24 )

P value

Adjusted model
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Table 4 Clinical characteristics of apolipoprotein C3 wild-type homozygotes (rs2854117 C/C and rs2854116 T/T) and carriers of
one or more variant alleles (rs2854117 T and rs2854116 C) in the study population
Characteristic
n
Female/male
Age (yr)
BMI (kg/m2)
Waist (cm)
ALT (U/L)
AST (U/L)
FPG (U/L)
TG (mmol/L)
TC (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
FINS (μU/mL )
HOMA-IR (U)
APOC3 (mg/dL)

Overall series

NAFLD patients

Controls

Noncarriers

Carriers

P value

Noncarriers

Carriers

P value

Noncarriers

Carriers

P value

197
110/87
47.95 ± 16.86
23.69 ± 4.08
78.97 ± 9.56
39.47 ± 34.79
32.71 ± 36.37
5.46 ± 1.26
2.67 ± 1.68
4.97 ± 0.98
2.25 ± 2.21
3.84 ± 3.09
5.83 ± 1.20
1.42 ± 0.43
13.94 ± 2.01
(n = 34)

602
306/296
48.95 ± 15.76
23.42 ± 3.73
80.17 ± 9.66
39.46 ± 31.98
33.08 ± 37.72
5.63 ± 1.49
2.54 ± 1.47
4.96 ± 0.94
1.99 ± 1.72
3.68 ± 2.66
5.90 ± 1.24
1.48 ± 0.52
14.38 ± 1.92
(n = 146)

0.250
0.447
0.387
0.130
0.999
0.904
0.135
0.341
0.887
0.134
0.477
0.545
0.111
0.231

96
48/48
49.16 ± 17.23
25.21 ± 2.48
85.36 ± 7.11
48.60 ± 44.85
36.35 ± 42.00
5.82 ± 1.46
2.88 ± 1.29
5.18 ± 0.96
1.51 ± 0.46
4.43 ± 3.71
6.22 ± 1.24
1.62 ± 0.57
13.60 ± 1.90
(n = 19)

294
157/137
49.96 ± 15.83
24.70 ± 2.91
83.79 ± 8.49
43.64 ± 38.51
32.44 ± 37.14
6.09 ± 1.86
2.92 ± 1.48
5.17 ± 1.01
1.78 ± 1.10
4.24 ± 3.35
6.28 ± 1.36
1.69 ± 0.61
14.37 ± 1.98
(n = 80)

0.638
0.672
0.123
0.074
0.294
0.386
0.201
0.840
0.903
0.001
0.659
0.712
0.309
0.231

101
62/39
46.80 ± 16.51
22.14 ± 4.07
72.90 ± 7.40
30.79 ± 17.50
29.25 ± 29.86
5.12 ± 0.91
2.46 ± 1.97
4.77 ± 0.96
2.96 ± 2.89
3.28 ± 2.24
5.46 ± 1.03
1.25 ± 0.34
15.22 ± 1.79
(n = 15)

308
149/159
47.98 ± 15.65
22.19 ± 4.10
76.72 ± 9.45
35.48 ± 23.54
33.70 ± 38.31
5.20 ± 0.79
2.20 ± 1.39
4.76 ± 0.81
2.19 ± 2.14
3.14 ± 1.61
5.53 ± 1.00
1.28 ± 0.31
14.20 ± 1.89
(n = 66)

0.903
0.516
0.910
0.000
0.066
0.287
0.435
0.134
0.935
0.015
0.564
0.554
0.376
0.059

Data are shown as mean ± SD. Statistically significant differences were tested using the Student’s unpaired t test or by χ 2 test when appropriate. A P value <
0.05 was considered significant. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glutamyltransferase; FPG: Fasting blood glucose;
UA: uric Acid; TC: Total cholesterol; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; FINS: Fasting blood insulin; NAFLD: Nonalcoholic
fatty liver disease; TG: Triglyceride; HOMA-IR: Homeostatic model assessment of insulin resistance; BMI: Body mass index.

Table 5 Clinical characteristics of patatin-like phospholipase domain-containing protein 3 and
apolipoprotein C3 (independently of patatin-like phospholipase domain-containing protein 3
I148M) wild-type homozygotes and carriers of one or more variant alleles in the study population
Characteristic
n
Female/male
Age (yr)
BMI (kg/m2)
Waist (cm)
ALT (U/L)
AST (U/L)
FPG (U/L)
TG (mmol/L)
TC (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
FINS (μU/mL)
HOMA-IR (U)

PNPLA3
Noncarriers

Carriers

231
124/107
46.97 ± 16.42
22.61 ± 4.08
75.67 ± 9.00
36.03 ± 24.46
34.07 ± 37.80
5.30 ± 1.09
2.34 ± 1.54
4.79 ± 0.90
2.64 ± 2.54
3.28 ± 1.98
5.67 ± 1.13
1.34 ± 0.38

568
292/276
49.41 ± 15.83
23.84 ± 3.65
81.59 ± 9.37
40.86 ± 35.40
32.55 ± 37.21
5.71 ± 1.54
2.67 ± 1.51
5.03 ± 0.95
1.82 ± 1.43
3.90 ± 3.02
5.97 ± 1.26
1.52 ± 0.53

APOC3 (independently of PNPLA3 I148M)

P value

Noncarriers

Carriers

P value

0.560
0.052
0.000
0.000
0.028
0.601
0.000
0.005
0.001
0.000
0.001
0.001
0.000

82
12/70
48.89 ± 16.91
22.04 ± 4.17
72.96 ± 7.64
34.67 ± 20.30
32.55 ± 37.21
5.26 ± 0.82
2.17 ± 1.09
4.72 ± 0.76
2.88 ± 2.63
3.44 ± 1.92
5.58 ± 1.02
1.31 ± 0.33

149
109/40
45.92 ± 16.11
22.92 ± 4.00
77.16 ± 9.37
36.77 ± 26.51
34.07 ± 37.80
5.33 ± 1.21
2.43 ± 1.73
4.83 ± 0.97
2.50 ± 2.48
3.19 ± 2.01
5.72 ± 1.20
1.35 ± 0.41

0.000
0.189
0.118
0.000
0.501
0.662
0.618
0.216
0.343
0.281
0.367
0.335
0.354

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glutamyltransferase; FPG: Fasting blood
glucose; UA: uric Acid; TC: Total cholesterol; HDL: High-density lipoprotein; LDL: Low-density lipoprotein;
FINS: Fasting blood insulin; NAFLD: Nonalcoholic fatty liver disease; TG: Triglyceride; HOMA-IR: Homeostatic
model assessment of insulin resistance; PNPLA3: Patatin-like phospholipase domain-containing protein 3; APOC3:
Apolipoprotein C3.

pertriglyceridemia[36]. It was reported that the APOC3
nonsense allele (R19X) caused a 45% reduction in plasma
TG levels[37]. However, results for the polymorphic SstI
site in the 3’ untranslated region of APOC3 varied. Most
studies found a strong interaction between them[38], but
the research by Russo resulted in a different conclusion[39]. We confirmed the lack of association between
APOC3 promoter polymorphisms and plasma TG levels
in NAFLD patients, whereas Petersen et al[13] found that
fasting plasma TG levels were approximately 60% higher
in male Asian Indian carriers of the variant alleles. These
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differences may be due to linkage disequilibrium with
causal variants in different races.
Obesity is a common and well documented risk factor
for NAFLD. The prevalence of NAFLD can exceed 90%
in patients with severe obesity undergoing surgery[40]. The
classification of obesity is based on BMI, and for Chinese
subjects a BMI of 28 kg/m2 or more is an index of obesity,
whereas a BMI greater than 24 kg/m2 is an index of overweight. In this study, BMI was higher in the NAFLD group
(24.83 ± 2.82 kg/m2) than in controls (22.18 ± 4.02 kg/m2).
However, the two APOC3 polymorphisms did not influ-
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Figure 1 Relationship between serum triglycerides level and plasma
apolipoprotein C3 concentration. TG: Triglycerides. r and P values were calculated using a linear regression model (r = 0.706, P = 0.000).

Mean (glucose mg/dL)

A

160

Figure 3 Comparison of total antioxidant status in different groups. aP and
P were tested by Student’s unpaired t test, aP = 0.098 vs carriers, bP < 0.01 vs
controls, respectively. TAS: Total antioxidant status.

TAS was not reduced in the variant allele expression group.
Limitations of our study include the lack of direct
measurement of hepatic fat content by liver biopsy. Liver
biopsy or elastography (Fibroscan) is ideal for measuring hepatic fat, but is probably not achievable in a study
of this size. We diagnosed NAFLD using routine blood
testing and liver ultrasonography, which can reduce the
related cost and risk, but are not very accurate. The number of subjects in our study may have been too small to
detect a significant association. We think that ethnic origin influences the prevalence of NAFLD, and our study
was carried out on non-Asian patients. To resolve this
issue, larger studies which should include Asian Indian
populations across multiple ethnic groups are required.
We need genome-wide association studies to determine
the association between the two variant alleles of APOC3
and NAFLD, similar to the detection of PNPLA3I148M
which strongly influences NAFLD[9].
In summary, compared with PNPLA3, the two genetic
variants (T-455C at rs2854116 and C-482T at rs2854117)
in the APOC3 gene were not associated with NAFLD
risk. Even when independent of the PNPLA3 I148M
genotype, the two gene polymorphisms of APOC3 did
not contribute to the inter-individual differences in lipid
profiles, insulin resistance, obesity, oxidative stress and
susceptibility to NAFLD in the Chinese Han population.
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COMMENTS
COMMENTS
Background

Figure 2 Comparison of glucose (A) and insulin (B) levels between noncarrier and carrier groups in the oral glucose tolerance test. P values were
calculated by paired samples t test (P = 0.137, 0.537).

Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease and
is now recognized as a major public health problem worldwide. It is a multifactorial disorder arising from the interplay between genetic and environmental influences. Genetic association is a powerful tool for determining the mechanism of
NAFLD. Patatin-like phospholipase domain-containing protein 3 (PNPLA3) and
apolipoprotein C3 (APOC3) have been suggested as potential genes related to
NAFLD susceptibility or disease progression. However, since China is the most
populated country in the world, a study of the Han population is insufficient to
determine the association between these polymorphisms and NAFLD.

ence BMI (P > 0.05). The first metabolic abnormality leading to liver steatosis is a lipotoxic reaction with an oxidative
stress component[41-43]. Antioxidants in the body can interrupt oxidative stress-induced reactive oxygen species (ROS).
Therefore, plasma TAS should be ranked on the basis of
methods currently used to evaluate oxidative stress[43]. We
found that TAS was lower in NAFLD patients[41], however,
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Research frontiers

The association between the PNPLA3 gene I148M variant and NAFLD has
been demonstrated in a number of studies. A recent study suggested that pro-
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moter region polymorphisms in APOC3 (T-455C and C-482T) may contribute
to NAFLD, TG concentrations and IR in Indian subjects. However, subsequent
studies obtained different results in American or European populations. Further
studies are required to confirm the association between the two polymorphisms
of APOC3 and NAFLD in different ethnic groups.

9

Innovations and breakthroughs

This is the first study to systemically determine the relationship between the two
polymorphisms (T-455C and C-482T) in APOC3 and susceptibility to NAFLD in
the Han population in China. The findings suggested that the two genetic variants in the APOC3 gene were not associated with a risk of NAFLD, even when
independent of PNPLA3 I148M genotypes. As the pathogenesis of NAFLD is
unknown, the authors studied, for the first time, the “two-hit” theory of NAFLD to
support their results.

10

11

Applications

NAFLD is genetically influenced and the number of common genetic variants associated with this disease is expanding. This study confirmed that
PNPLA3I148M plays an important role in NAFLD and related diseases, providing new insights into the biology and genetics of NAFLD and opening up
avenues for biological, diagnostic, and therapeutic research into this condition
in humans. Although this research found that the two polymorphisms of APOC3
were not associated with NAFLD risk in Chinese patients, it provides a new
direction for further studies on the genetics of NAFLD.

12

13

Peer review

The authors collected a total of 799 unrelated Chinese adults in a case-control
study to investigate the relationship between the two APOC3 polymorphisms
and the risk of NAFLD, and demonstrated that the two polymorphisms of
APOC3 gene were not associated with risk of NAFLD, or with the lipid profiles,
insulin resistance and oxidative stress in the Han population in China. This
study is interesting and worthy to be published.
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Psychosocial issues in evidence-based guidelines on
inflammatory bowel diseases: A review
Winfried Häuser, Gabriele Moser, Petra Klose, Antonina Mikocka-Walus
prepared in Asia, eight in Europe and two in the United
States. Eleven guidelines made statements and recommendations on psychosocial issues. The guidelines
were concordant in that mental health disorders and
stress do not contribute to the aetiology of IBD, but
that they can influence its course. It was recommended
that IBD-patients should be screened for psychological
distress. If indicated, psychotherapy and/or psychopharmacological therapy should be recommended. IBDcentres should collaborate with mental health care specialists. Tobacco smoking patients with Crohn’s disease
should be advised to quit.
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CONCLUSION: Patients and mental health specialists should be able to participate in future guideline
groups to contribute to establishing recommendations
on psychosocial issues in IBD. Future guidelines should
acknowledge the presence of psychosocial problems in
IBD-patients and encourage screening for psychological
distress.
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Abstract

Core tip: A search of the literature found 13 evidencebased guidelines on the management of inflammatory
bowel diseases (IBD). Three guidelines were prepared
in Asia, eight in Europe and two in the United States.
Mental health care specialists participated in establishing six guidelines and representatives of patient
support groups participated in establishing seven
guidelines. Eleven guidelines made statements and
recommendations on psychosocial issues. The guidelines were concordant in that mental health disorders
and stress do not contribute to the aetiology of IBD,
but they can influence its course. IBD-patients should
be screened for psychological distress. If indicated,

AIM: To study statements and recommendations on
psychosocial issues as presented in international evidence-based guidelines on the management of inflammatory bowel diseases (IBD).
METHODS: MEDLINE, guidelines International Network, National Guideline Clearing House and National
Institute for Health and Care Excellence were searched
from January 2006 to June 30, 2013 for evidencebased guidelines on the management of IBD.
RESULTS: The search yielded 364 hits. Thirteen guidelines were included in the review, of which three were
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review aims to assess the role of psychosocial issues in
the course of IBD and explore the recommendations on
the diagnosis and treatment of psychosocial problems
as presented in the recent international evidence-based
guidelines on the management of IBD.

psychotherapy and/or psychopharmacological therapy
should be recommended.
Häuser W, Moser G, Klose P, Mikocka-Walus A. Psychosocial
issues in evidence-based guidelines on inflammatory bowel diseases: A review. World J Gastroenterol 2014; 20(13): 3663-3671
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i13/3663.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i13.3663

MATERIALS AND METHODS
Protocol
Methods of the analysis and the inclusion criteria for the
present study were specified in advance. The review followed the recommendations of the Cochrane Collaboration for systematic reviews of systematic reviews[13].

INTRODUCTION
Psychosocial issues are a significant dimension of inflammatory bowel diseases (IBD), chronic conditions of the gastrointestinal tract with an unknown aetiology and unpredictable course. Two main subtypes of IBD are Crohn’s disease
(CD) and ulcerative colitis (UC). A systematic review of
qualitative studies exploring the phenomenon of living
with IBD demonstrated a highly negative impact of the
disease on the overall quality of life[1]. In the European
Federation of Crohn’s and Ulcerative Colitis Associations
(EFCCA) patient survey (n = 5576 participants), 75% of
patients reported that symptoms affected their ability to
enjoy leisure activities and 69% felt that symptoms affected their ability to perform at work[2]. In a survey of
the French association of IBD patients (n = 1663), 12%
of IBD patients reported depression and 41% reported
anxiety[3]. Other studies reported that as many as 75%
of IBD patients believe that stress is a major contributor to the development of their disease and up to 90%
of patients believe that stress triggers flares of their disease[4-6]. In the recent study, 30% of patients (of n = 302)
expressed the need for psychological interventions[7] while
in another paper it was demonstrated that 60% of IBD
patients did not receive adequate help for their psychological problems[8].
The importance of psychosocial issues as perceived
by individual patients is also supported by cohort studies
with IBD populations. There is a strong evidence for the
high comorbidity of anxiety and depression with IBD,
indicating also that the symptoms of these mental health
conditions are more severe during periods of active IBD
and that the course of the disease worsens in depressed
patients[9]. Health-related quality life in IBD-patients is
not only negatively affected by disease activity but also by
depression[10] and psychological distress has been found
to be associated with non-adherence to medical treatment[11]. A recent systematic review demonstrated that 13
of 18 prospective studies reported significant relationships between stress and adverse outcomes in IBD[12].
Evidence-based guidelines gain growing recognition
in providing patients and physicians with recommendations on diagnosis and treatment of the most frequent
clinical situations based on the best available knowledge.
Given the importance of psychosocial issues in IBD for
the disease prognosis and management, this systematic
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Eligibility criteria
Types of guidelines: We selected evidence-based
guidelines on the management of IBD (UC and/or CD)
which included: (1) a systematic search and analysis of
the literature; and (2) a structured consensus (informal
and/or Delphi process and/or consensus development
conference and/or nominal group technique) to build
recommendations.
We excluded evidence-based guidelines which: (1)
focussed on single diagnostic (e.g., screening for colorectal cancer) or therapeutic procedures (e.g., biologicals) or
special situations (e.g., severe ulcerative colitis); and (2)
were only based on expert consensus and/or a narrative
search of the literature.
Types of outcome measures: We included any statements and recommendations on psychosocial issues in
IBD. The following psychosocial issues were considered
to be relevant: psychological distress (anxiety, depression),
stress (daily hassles, major life events), coping, healthrelated quality of life, psychological diagnostics, psychological therapies, psychotherapy, psychopharmacological
therapies. We assessed whether the evidence level (EL)
of statements or recommendations was reported by the
guidelines.
Data sources and searches
The electronic bibliographic databases screened included
MEDLINE, guidelines International Network, National
Guideline Clearing House and National Institute for
Health and Care Excellence (NICE) from January 2006
to June 30, 2013. We did not search for guidelines published before 2006, because evidence-based guidelines
need to be updated regularly and this review was concerned with the most up-to-date evidence. The search
strategy for MEDLINE followed the recommendation
of the Association of the Medical Scientific Societies in
Germany to identify evidence-based guidelines[14]. The
search strategy for PubMed is outlined in Table 1. The
search strategy was adapted for each database if necessary. No language restrictions were made. In addition,
reference sections of evidence-based guidelines on the
management of IBD were screened manually.
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Records identified through
database searching
(n = 364)
G-I-N: 19
NGC: 45
NICE: 40
PubMed: 260

Additional records
identified through other
sources
(n = 0)

Records screened
(n = 150)

Records excluded
(n = 137)

Eligibility

Full-text articles assessed for eligibility
(n = 13)

Full-text articles excluded, with reasons
(n = 0)

Included

Screening

Records after duplicates removed
(n = 150)

Studies included in qualitative synthesis
(n =13)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram. G-I-N: Guidelines International Network; NGC: National Guideline
Clearing House; NICE: National Institute for Health and Care Excellence.

needed, a third author reviewed the data to reach a consensus (GM).

Table 1 Search strategy used for PubMed
To locate guidelines
1 "Practice guidelines as topic"[MESH]
2 "Practice guideline"[Publication type]
3 "Consensus development conferences as topic"[MESH]
4 "Consensus development conferences, NIH as topic"[MESH]
5 "Consensus development conference, NIH "[Publication type]
6 "Consensus development conference "[Publication type]
7 or 1-6
To locate IBD
8 “Inflammatory bowel disease [MESH]”
9 “Colitis, ulcerative [MESH]”
10 “Crohn Disease [MESH]”
11 or 8-9
12, 7 and 11

RESULTS
The search of the literature yielded 364 hits. One hit
(guideline of the Finnish Society of Gastroenterology)
was not available by libraries or the website of the Finnish Society of Gastroenterology. Thirteen guidelines were
included into the review after screening of full papers
(Figure 1). Three guidelines were prepared in Asia, eight
in Europe and two in the United States. Three guidelines
were on IBD and five each on UC and CD. The composition of the guidelines groups are outlined in Table 2.
The methods used in the guideline process are outlined
in Table 3.
We present the statements and recommendations of
the guidelines in the chronological order.
NICE guidelines on UC published in 2013 gave two
recommendations on information provided to patients
which should include impact of IBD on sexual functions,
lifestyle, psychological wellbeing and sources of support
and advice to be given before and after surgery (no EL
reported). The NICE guidelines did not comment on
psychological therapies in the summary of the topics
which the guideline does not cover[15].
European Crohn’s Colitis Organization (ECCO) guidelines on UC published in 2013 included three statements
on the impact of psychosocial factors on the disease, three
recommendations on psychosocial diagnostics and two
statements on psychological treatment (Table 4)[16].

IBD: Inflammatory bowel diseases.

Guidelines selection
Two authors independently screened the titles and abstracts of potentially eligible studies identified by the
search strategy detailed above (WH, AMW). The full
text articles were then examined independently by two
authors to determine if they met the inclusion criteria
(WH, AMW). Discrepancies were rechecked and consensus achieved by discussion. If needed, a third author
reviewed the data to reach a consensus (GM).
Data collection process
Two authors independently extracted the data using
standard extraction forms (WH, AMW). Discrepancies
were rechecked and consensus achieved by discussion. If
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Table 2 Overview of the methods of guidelines on the management of inflammatory bowel diseases: composition of guideline panel
Organization

Country/continent

Year

Type of IBD

Guideline group (number of persons, specialties)

Asia

2013

IBD

United Kingdom

2013

UC

ECCO
Japanese Society of Gastroenterology
NICE

Europe
Japan
United Kingdom

2013
2013
2012

UC
CD
CD

British Society of Gastroenterology
Asia Pacific Working Group on IBD

United Kingdom
Asia and Australia

2011
2010

IBD
UC

German Society of Gastroenterology

Germany

2011

UC

Number not reported: Gastroenterologist, pathologist, colorectal
surgeon, pharmacist, nurse, patient support group representative
13: Gastroenterologist, surgeon, pharmacist, nurse, general practitioner, psychiatrist, patient support group representative
35: Gastroenterologist, surgeon, psychosomatic medicine
18: Gastroenterologist, surgeon, general internal medicine
19: Gastroenterologist, colorectal surgeon, pharmacist, nurse, dietician, health economist, patient support group representative
11: Gastroenterologist, surgeon, pediatrist
28: Gastroenterologist, colorectal surgeon, pathologist, pharmacist,
nurse practitioners, patient support group representatives
71: Gastroenterologist, colorectal surgeon, pathologist, dietician,
psychosomatic medicine, patient support group representative
Number not reported: Gastroenterologist, general practitioners,
psychologist, internist, dietician, pharmacist, occupational medicine,
surgery, gynecologist, pathologist, radiologist, nurses, patients
No detailed information
30: No detailed information
49: Gastroenterologist, colorectal surgeon, pathologist, dietician,
psychosomatic medicine, patient support group representative
25: Gastroenterologist, surgeon, psychosomatic medicine

Asia Pacific Working Group on
inflammatory bowel diseases
NICE

Dutch Society for Gastroenteroolgy

American College of Gastroenterology
American College of Gastroenterology
German Society of Gastroenterology
ECCO

2010

USA
USA
Germany

2010
2010
2011

UC
CD
CD

Europe

2007

CD

IBD: Inflammatory bowel diseases; ECCO: European Crohn’s Colitis Organization; NICE: National Institute for Health and Care Excellence; CD: Crohn’s
disease; UC: Ulcerative colitis.

The Japanese guidelines on CD published in 2013
made one statement on HRQOL and gave three recommendations on life style modification: (1) in the active
phase of the disease, patients face restrictions of social
activities, such as school or work, due to treatment or
hospitalization (no EL reported); (2) upon diagnosis, the
patient with CD should quit smoking (EL3); (3) patients
should be advised to avoid irregular lifestyle and eating
habits, and to refrain from excessive alcohol drinking (no
EL reported); and (4) patients should be advised to adopt
a lifestyle without excessive mental stress, to have as little
stress as possible (no EL reported)[17].
NICE guidelines on CD published in 2012 gave two
recommendations on treatment decisions including psychosocial issues. If appropriate, age-appropriate multidisciplinary (gastroenterologist, surgeon, IBD-nurse specialist) support to deal with any concerns about the disease
and its treatment, including concerns about body image,
living with a chronic illness, and attending school and
higher education should be offered. If appropriate, information, advice and support in line with published NICE
guidance on smoking cessation and patient experience
should be given. No levels of evidence were reported for
these recommendations. The guidelines did mention psychological therapies in the summary of the topics which
the guideline does not cover. However, mental health
specialists were not mentioned in the context of the multidisciplinary team[18].
British Society of Gastroenterology Guidelines for
the management of inflammatory bowel disease in adults
published in 2011 included two statements and three recommendations on psychosocial issues (table 5)[19].
The German Society of Gastroenterology guidelines
on UC published in 2011 included three statements on
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the impact of psychosocial factors on the disease, three
recommendations on psychosocial diagnostics and two
statements on psychological treatment (table 6)[20].
The Asia-Pacific consensus statements on UC published in 2010 did not include any statement or recommendations on psychosocial issues[21].
The American College of Gastroenterology ulcerative
colitis practice guidelines published in 2010 did not include any statements or recommendations on psychosocial issues[22].
The Dutch practice guidelines on Diagnostics and
treatment of inflammatory bowel diseases for adults
published in 2010 gave three statements on the impact of
psychosocial factors on the disease and five statements
on psychological treatment (table 7)[23].
ECCO guidelines on CD published in 2010 included
three statements on the impact of psychosocial factors
on the disease, three recommendations on psychosocial
diagnostics and two statements on psychological treatment (table 8)[24].
The American College of Gastroenterology Crohn’s
disease practice guidelines published in 2009 included
one statement on psychosocial issues: Although many
patients (and family members) are convinced that stress
is an important factor in the onset or course of illness,
it has not been possible to correlate the development of
disease with any psychological predisposition to or exacerbations of stressful life events. No levels of evidence
were reported for this statement[25].
The German Society of Gastroenterology guidelines
on CD published in 2008 included three statements on
the impact of psychosocial factors on the disease, three
recommendations on psychosocial diagnostics and three
statements on psychological treatment (table 9)[26].
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Table 3 Overview of the methods of guidelines on the management of inflammatory bowel diseases: databases, search and type of
consensus
Organization

Country/
continent

Year

Type of IBD

Databases used

Searches until

Type of consensus

Asia

2013

IBD

Not reported

Modified Delphi process
Canadian task force
Grade A-E

NICE

United Kingdom

2013

UC

English language publications
in MEDLINE, EMBASE and the
Cochrane Trials
Register in human subjects. All
national and international guidelines
on Ulcerative Colitis were solicited
MEDLINE, Embase, Cinahl and the
Cochrane Library

15th November
2012

ECCO

Europe

2013

UC

Medline, Central

December, 2010

Japan

2013

CD

Up to 2007

United Kingdom

2012

CD

MEDLINE, the Cochrane Library,
and the Japan Medical Abstracts
Society
MEDLINE, Embase, Cinahl and The
Cochrane Library

Meta-analyses, grading
the quality of evidence
Evidence tables
Formal consensus
Delphi process and
structured consensus
Delphi process and
structured consensus

British Society of
United Kingdom
Gastroenterology
German Society of
Germany
Gastroenterology
Asia Pacific Working
Asia and
Group on IBD
Australia

2011

IBD

2011

UC

2010

UC

Dutch Society for
Gastroenterology
American College of
Gastroenterology
American College of
Gastroenterology
German Society of
Gastroenterology
ECCO

2010

Asia Pacific
Working Group on
inflammatory bowel
diseases

Japanese Society of
Gastroenterology
NICE

13th March 2012

Meta-analyses, grading
the quality of evidence
Evidence tables
Formal consensus
PubMed, Medline and the Cochrane No details reported
Informal committee
database
consensus
Medline, Central, PsycInfo
Until May 2009
Structured consensus
process
English language publications
No details reported Modified Delphi process
in MEDLINE, EMBASE and
the Cochrane Trials Register in
human subjects. All national
and international guidelines on
Ulcerative Colitis were solicited
Central, Medline, PsychInfo
2007
Modified Delphi process

United States

2010

UC

Medline

No details reported

Informal consensus

United States

2010

CD

Medline

No details reported

Informal consensus

Germany

2011

CD

Medline, Central, PsycInfo

Until April 2007

Europe

2007

CD

Medline, Central

No details reported

Structured consensus
process
Delphi process and
structured consensus

IBD: Inflammatory bowel diseases; ECCO: European Crohn’s Colitis Organization; NICE: National Institute for Health and Care Excellence; CD: Crohn’s
disease; UC: Ulcerative colitis.

Table 4 European Crohn’s Colitis Organization guideline statements and recommendations on psychosocial issues in ulcerative
[15]
colitis
1 There is no conclusive evidence for anxiety, depression and psychosocial stress contributing to risk for UC onset (EL2)
2 Psychological factors may have an impact on the course of UC. Perceived psychological stress (EL2) and depression (EL2) are risk factors for relapse of
the disease. Depression is associated with low health-related quality of life (EL3). Anxiety is associated with non adherence with treatment (EL4)
3 Psychological distress and mental disorder are more common in patients with active ulcerative colitis than in population-based controls, but not in patients in remission (EL3)
4 Clinicians should particularly assess depression among their patients with active disease and those with abdominal pain in remission (EL2)
5 The psychosocial consequences and health- related quality of life of patients should be taken into account in clinical practice at regular visits (EL3). Patients' disease control can be improved by combining selfmanagement and patient-centred consultations (EL1b)
6 Physicians should screen patients for anxiety, depression and need for additional psychological care and recommend psychotherapy if indicated (EL2).
Patients should be informed of the existence of patient associations (EL 5)
7 Psychotherapeutic interventions are indicated for psychological disorders and low quality of life (EL1)
8 The choice of psychotherapeutic method depends on the psychological disturbance and should best be made by specialists (Psychotherapist, Specialist
for Psychosomatic Medicine, Psychiatrist). Psychopharmaceuticals should be prescribed for defined indications (EL5)
UC: Ulcerative colitis; EL: Evidence level.
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Table 5 British society of gastroenterology guidelines for the management of inflammatory bowel disease in adults

1 The essential supporting services to which the IBD team should have access should include a psychologist/counsellor (no EL reported)
2 Stress and adverse life events do not appear to trigger the onset of Crohn’s disease or ulcerative colitis, but most reports indicate that they may be involved in triggering relapse of IBD. Furthermore, behaviour limiting exposure to stressful situations is associated with reduced symptomatic relapse, at
least in Crohn’s disease (no EL reported)
3 Evidence indicates that psychosocial support is useful, particularly in adolescents. There is no definitive evidence that psychological interventions improve the course of IBD itself but they do usually improve patients’ quality of life and wellbeing (no EL reported)
4 Psychological support should be available to patients with IBD (no EL reported)
IBD: Inflammatory bowel diseases; EL: Evidence level.

Table 6 German guideline guideline statements and recommendations on psychosocial issues in the management of ulcerative
[20]
colitis
1 Adverse life events, psychological stress and mental health disorders are not aetiologically linked to the onset of UC (EL2)
2 Subjective stress and affective disorders may have a negative impact on the course of UC
3 High disease activity is associated with high psychological symptom burden EL2)
4 Mental health disorders have a negative impact on the course of the disease and quality of life EL2)
5 Patients with persistent abdominal pain or diarrhea which cannot be explained by disease activity or complications of the disease should be assessed
for irritable bowel syndrome (IBS) or depressive disorder. If IBS or depressive disorder is diagnosed, these disorders should be treated according to
guideline recommendations (EL2)
6 Psychosocial co-morbidities and health- related quality of life (accounting for gender differences) should be taken into account in clinical practice at
regular visits (EL2)
7 Care should involve cooperations with specialists in psychotherapy or psychosomatic medicine (EL2)
8 Physicians should inform patients about IBD self-help organisations (EL5)
9 In the case of a mental health disorder, psychotherapy is recommended (EL2)
10 Psychosocial support should be offered to children and adolescents (EL1)
UC: Ulcerative colitis; EL: Evidence level.

[23]

Table 7 Summary of the dutch national practice guidelines on the management of inflammatory bowel diseases

1 Personality traits do not contribute to the aetiology of IBD1
2 Psychosocial factors such as stress, depression/anxiety and coping have an impact on the course of IBD1
3 Health-related quality of life is influenced by disease activity but also by stress, anxiety/depression, social support and quality of treatment1
4 A positive relationship between patients and health care professionals characterized by mutual respect, communication, education and emotional
support for patients and families is recommended1
5 Psychosocial problems associated with the disease should be treated by psychological interventions, e.g., stress management training, selfempowerment, cognitive-behavioural therapy1
6 Anxiety and depression should be treated according to appropriate guidelines
7 IBD-patients who smoke should be advised to quit smoking1
1

No level of evidence reported. IBD: Inflammatory bowel diseases.

Table 8 European crohn’s colitis organization guideline statements and recommendations on psychosocial issues in Crohn’s
[24]
disease
1 Psychological disturbances seem to be a consequence of the illness rather than the cause or specific to Crohn’s disease (EL1). The degree of
psychological distress correlates with the disease severity (EL2)
2 An association between psychological factors and the aetiology of Crohn’s disease is unproven (EL3), but there is a moderate influence on the course of
the disease (EL1)
3 Depression and perceived chronic distress seem to represent further risk factors for relapse of the disease (EL1). It remains unclear whether acute life
events trigger relapses (EL1). Most patients consider stress to have an influence on their illness (EL2)
4 Physicians should assess the patient’s psychosocial status and request additional psychological care and psychotherapy if indicated. Integrated
psychosomatic care should be provided in IBD centres (EL2)
5 Patients should be informed of the existence of patient associations (EL5)
6 The psychosocial consequences and health related quality of life of patients should be taken into account in clinical practice at regular visits (EL1)
7 Psychotherapeutic interventions are indicated for psychological disorders, such as depression, anxiety, reduced quality of life with psychological
distress, as well as maladaptive coping with the illness (EL1)
8 The choice of psychotherapeutic method depends on the psychological disturbance and should best be made by specialists (psychotherapist, specialist
in psychosomatic medicine, psychiatrist). Psycho-pharmaceuticals should be prescribed for defined indications (EL5)
EL: Evidence level; IBD: Inflammatory bowel diseases.
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Table 9 German guideline statements and recommendations on psychosocial issues in the management of Crohn’s disease

1 Mental health disorders are the sequelae rather than the cause of CD. Psychological distress is correlated with disease activity and has an impact on
health-related quality of life and course of the disease (EL2)
2 Psychosocial factors (personality traits, adverse life events, daily hassles) do not contribute to the etiology of CD (EL4)
3 Depression, anxiety and perceived stress are risk factors for flares. It is not certain whether acute adverse life events trigger flares (EL3). Most patients
believe that stress has an impact on the disease (EL4)
4 The psychosocial consequences and health- related quality of life of patients (accounting for gender differences) should be taken into account in clinical
practice at regular visits (EL5)
5 Physcians should assess the psychosocial status of patients and their need for psychotherapy. If indicated, psychotherapy should be provided. IBDcenters should provide an integrated psychosomatic care EL2)
6 Patients should be informed on the existence of patient organisations and selfhelp groups (EL5)
7 Psychotherapy is indicated in the case of mental health disorders such as anxiety and depression, reduced health-related quality of life with
psychological distress and maladaptive coping (EL2)
8 The choice of a psychotherapeutic method depends on the psychological disturbance and should best be made by a psychotherapist. The choice of
psychopharmacotherapy should be at the discretion of a psychiatrist specialist in the case of comorbid mental health disorders (e.g., depression and
anxiety) (EL5)
9 The increased risk of a mental health disorder is associated with an early manifestation of the disease. If needed, psychosocial support should be
offered to the patient and their families (EL5)
10 Patients using tobacco products should be encouraged to quit smoking (EL2)
CD: Crohn’s disease; EL: Evidence level.

tors such as mental health disorders or stress may have
a negative impact on the course of IBD[15,19,20,23,24,26]; (3)
physicians should screen IBD-patients for psychological distress and the psychological care recommended
when required[15,19,24,26]; (4) if indicated, psychosocial care
(psychotherapy, psychopharmacotherapy) should be offered[15,19,20,23,24,26]; (5) IBD-centres should collaborate with
mental health specialists[15,19,20,24,26]; and (6) smoking CDpatients should be advised to quit[17,18,23,26].
The major statements and recommendations included
in the guidelines were in line with the recent systematic
reviews demonstrating that the role of psychological
distress and personality as predisposing factors for the
development of IBD remains controversial. Attempts
to investigate the role of psychological factors in IBD
exhibited rather conflicting results. Among the studies
concerning the effects of stress or depression on the
course of IBD, the majority suggest that stress worsens
IBD, the rest produce either negative or inconclusive
results[29]. Eighteen randomized controlled studies (19
papers) were included in a review on psychological therapies in IBD. Psychotherapy was found to have minimal
effect on measures of anxiety, depression, quality of life
and disease progression although showed promise in
reducing pain, fatigue, relapse rate and hospitalisation,
and improving medication adherence. It may also be cost
effective[30]. Smoking remains the most important environmental factor in IBD. Active smoking increases the
risk of developing CD. Moreover, CD patients who start
or continue smoking after disease diagnosis are at risk for
poorer outcomes such as higher therapeutic requirements
and disease-related complications, as compared to those
patients who quit smoking or who never smoked[31].
Psychosocial issues are discussed in the majority
(10/13) of recently published evidence-based guidelines,
supporting their important role in IBD management.
There is a need for interdisciplinary evidence-based
guidelines in Asia and the United States to provide spe-

DISCUSSION
There is a growing body of evidence demonstrating the
role of stress, anxiety and depression in IBD presentation
and progression[9,12,27,28]. Evidence-based guidelines are
increasingly becoming the major source of recommendations on diagnosis and treatment not only in IBD but
also in other conditions and that is why it is important
that problems of clinical significance (such as the role
of psychosocial issues in IBD management) are included
and commented on in the guidelines. This is the first
review which has summarised current guidelines on the
management of IBD with respect to psychosocial issues.
The most striking observation arising from this review was that as many as 10 out of 13 guidelines provided comments on the psychosocial issues demonstrating
the recognition of their importance in IBD management.
However, the published guidelines differed in the inclusion of psychosocial topics, particularly between Asia/
Pacific, Europe and the United States, with European
guidelines more likely to discuss the issue. In the cases
where psychosocial issues were included in the guidelines, the statements and recommendations were similar
between the countries. ECCO[16,24], Dutch[23] and German
guidelines[20,26] made the most extensive statements and
recommendations on psychosocial issues. In contrast,
three guidelines[15,21,22] did not include any statements or
recommendations on psychosocial issues. Seven guidelines included patient representatives[15,17,18,20,21,26]. However, the composition of the guidelines group (i.e., types
of professionals involved and/or inclusion of patients)
did not affect the role of psychosocial issues in the guideline. Importantly, only six guidelines included comments
regarding mental health specialists[15,16,20,23,24,26].
The major statements and recommendations on
psychosocial issues were as follows: (1) psychosocial factors such as mental disorders or stress do not play a role
in the aetiology of IBD[15,19,20,23-26]; (2) psychosocial fac-
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cific recommendations on the aetiology and management of psychosocial issues in IBD. Patients and mental
health specialists should be able to participate in guideline
groups to contribute perspectives on psychosocial issues
to the guidelines.
There is strong evidence on co-morbidity of IBD
with mental disorders which have been shown to impact
the disease course. Future guidelines should acknowledge
the presence of psychosocial problems in IBD-patients
and encourage screening for psychological distress. The
best treatment of psychosocial problems of IBD-patients
is yet to be determined.
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RETROSPECTIVE STUDY

Transcription factor ERG is a specific and sensitive
diagnostic marker for hepatic angiosarcoma
Zhan-Bo Wang, Jing Yuan, Wei Chen, Li-Xin Wei
staining. Using immunohistochemistry, the expression
and localization of ERG was examined in all HAS specimens and compared to the known endothelial markers
CD34, CD31 and FⅧRAg. The endothelial markers were
also evaluated in a panel of non-HAS tumors.
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RESULTS: This cohort of 24 HAS cases is, to the best
of our knowledge, currently the largest cohort in the
world in the publicly available literature. Hepatic angiosarcoma tissue samples were obtained from 14 males
and 10 females with a mean age of 50.6 years (range:
7-86 years). The patients presented with the following
clinical manifestations: abdominal pain (16/24), back
pain (3/24), heart palpitations (1/20), cough (1/24) or
no clinical symptoms (3/24). Tumors were predominantly localized in the right hepatic lobe (15/24) or left
hepatic lobe (6/24), or a diffuse growth on the right
and left hepatic lobes (3/24). Eleven patients underwent surgical resection (45.8%), two patients received
a liver transplant (8.3%), eight patients received interventional therapy (33.3%) and three patients received
no treatment (lesions discovered at autopsy, 12.5%).
Postoperative follow-up of patients revealed that 87.5%
(21/24) of patients had died and three cases were not
able to be tracked. In all cases, the mean survival time
was 12.1 mo. While 100% of the HAS samples were
positive for ERG expression, expression of the other
markers was more variable. CD31 was expressed in
79.2% (19/24) of samples, CD34 was expressed in
87.5% (21/24) of samples and FⅧRAg was expressed
in 41.7% (10/24) of samples.

Abstract
AIM: To investigate the expression of ERG, CD34,
CD31 (PECAM-1, platelet/endothelial cell adhesion molecule 1) and factor Ⅷ-related antigen (FⅧRAg) in the
diagnosis of hepatic angiosarcoma patients.
METHODS: Patient samples were collected from January 1986 to December 2012 from the People’s Liberation
Army General Hospital in Beijing, China. We obtained
twenty-four samples of hepatic angiosarcoma (HAS) that
were confirmed by two pathologist. The samples were
the result of three autopsy cases, eight biopsy cases
and 13 patients who underwent surgical tumor removal.
The HAS cases accounted for 2.23% (24/1075) of all
hepatic vascular tumors at the hospital during the same
time period. Patient histories including age, gender, clinical manifestations, medical treatments, laboratory tests,
radiological images, histological observations and outcomes for each case were analyzed in detail. All samples
were evaluated histologically with hematoxylin and eosin
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CONCLUSION: ERG is a more sensitive and specific
diagnostic marker for hepatic angiosarcoma in comparison to CD31, CD34 and FⅧRAg.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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and in megakaryocytes[13]. Although these markers are
touted as diagnostic for angiosarcoma, the precise role of
each of these markers in HAS remains unclear.
ERG (avian v-ets erythroblastosis virus E26 oncogene
homolog), a member of the ETS family of transcription
factors, is expressed in endothelial cells[14]. ERG plays essential roles in the regulation of angiogenesis and apoptosis of endothelial cells[15]. Chromosomal translocations
affecting ERG have been implicated in the development
of several cancers[16,17]. Recent reports have demonstrated
that ERG is a specific and sensitive biological marker in
the diagnosis of angiosarcoma[18-20]. The diagnostic value
of ERG in HAS is largely unknown and only one previous publication has documented ERG expression in a
HAS patient[18]. To this end, we assembled the largest cohort to date of HAS tissues to evaluate the role of ERG
expression in HAS. Moreover, we analyzed how ERG
expression compares to CD31, CD34 and FⅧRAg endothelial markers.

chemistry; Diagnosis
Core tip: Hepatic angiosarcoma (HAS) is a rare disease
and formal therapeutic guidelines have not been established. A method to detect HAS early using molecular
markers would improve patient survival. Here, we have
assembled the largest cohort to date of 24 HAS cases
to determine if ERG, CD31, CD34 or factor Ⅷ-related
antigen (FⅧRAg) represent a diagnostic marker for
the disease. Expression of CD31, CD34 and FⅧRAg
was variable across the 24 samples, while ERG was
consistently expressed in all HAS samples. ERG showed
increased sensitivity and specificity in comparison to
the other markers examined and represents a novel diagnostic marker for HAS.
Wang ZB, Yuan J, Chen W, Wei LX. Transcription factor ERG
is a specific and sensitive diagnostic marker for hepatic angiosarcoma. World J Gastroenterol 2014; 20(13): 3672-3679 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i13/3672.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i13.3672

MATERIALS AND METHODS
Patients
All patient specimens were collected from January 1986
to December 2012 at the Chinese People’s Liberation
Army General Hospital in Beijing, China. We confirmed
24 cases of HAS by pathology after 13 patients underwent surgical tumor removal, eight patients were biopsied
and three patients were autopsied. These cases accounted
for 2.23% (24/1075) of hepatic vascular tumors during
the same time period. Detailed clinical histories, including gender, age, clinical symptoms, tumor location, size,
imaging data, and laboratory test results were collected
from each patient’s record. Follow-up information on
each case was obtained through telephone conversations and hospital records to evaluate patient prognosis
in November 2013. As controls, we obtained other types
of liver spindle cell tumors, including hepatic epithelioid
hemangioendotheliomas (EHE; n = 3), undifferentiated
sarcomas (n = 3), leiomyosarcoma (n = 1), sarcomatoid
carcinomas (n = 3) and gastrointestinal stromal tumor
liver metastases (n = 2).

INTRODUCTION
Angiosarcoma is a malignant neoplasm that affects endothelial cells and can occur in any location throughout
the body[1,2]. The location of tumor origin often permits
metastases to distant sites. Although hepatic angiosarcoma (HAS) is a very rare disease and accounts for only
2% of primary liver malignancies[3], it is still the third
most common primary liver malignancy[4,5]. Case-control
studies have shown that approximately one-third of HAS
cases appear to be caused by environmental carcinogens
via exposure to thorium dioxide, arsenical insecticide or
polyvinyl chloride[6].
The diagnosis of HAS is difficult, especially if the patient has no history of carcinogen exposure. Long-term
survival in HAS patients is poor due to its rapid progression, high recurrence rate and resistance to traditional
chemo- and radiotherapies[7-9]. Due to a high recurrence
rate and poor surgical outcomes, liver transplantation as
a form of therapy for HAS is no longer performed[5].
No formal guidelines exist for the treatment of HAS.
Currently, the best treatment option for HAS is partial
surgical resection of the liver to remove the tumor. Thus,
a means to detect HAS early using specific molecular
markers will provide a critical time window during which
surgical resection can be performed, which will ultimately
improve patient survival.
CD31, CD34 and factor Ⅷ-related antigen (FⅧRAg)
are expressed in endothelial cells and have been hypothesized to serve as diagnostic markers of angiosarcoma[10].
CD31, a transmembrane glycoprotein adhesion molecule,
is expressed by platelets, megakaryocytes, and endothelial
cells[11]. CD34 is a cell-surface marker expressed in both
endothelial cells and hematopoietic stem cells[12]. FⅧRAg
is expressed in Weibel-Palade bodies of endothelial cells

WJG|www.wjgnet.com

Histological observations
All hematoxylin and eosin-stained slides were reviewed
for each case. Histological changes were evaluated by experienced pathologists using a light microscope.
Immunohistochemistry
Tissues were fixed in 4% formalin and embedded in paraffin for immunohistochemistry using the EnVision kit
(DAKO; Denmark). The antibodies used in this study are
listed in Table 1.
Statistical analysis
Statistical analysis was performed using the SPSS 17.0
statistical software package (SPSS Inc., Chicago, IL, United States). Cumulative survival curves were generated us-
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Survival function

Table 1 Antibodies used for expression analysis in hepatic
angiosarcoma samples

1.0

Protein name

0.8

Antibody clone

Source

V9
Jc70A
QBEnd-10
F8/86
Ep111
Polyclonal
1G12
OCH1E5
Polyclonal
D33
MIB-1

Invitrogen
Gene Tech
Dako
Dako
Epitomics
Dako
Cell marque
Zeta
Dako
Dako
Dako

Concentration Location
1:200
1:100
1:50
1:50
1:100
1:100
1:150
1:100
1:400
1:100
1:200

C
M
M
C
N
C
C;M
C
M
C
N

Cum survival

Vimentin
CD31
CD34
FVIIIRAg
ERG
CK
GPC-3
Hepatocyte
CD117
Desmin
Ki-67

1
1-censored

0.6

0.4

0.2

0.0

C: Cytoplasm; M: Membrane; N: Nucleus; FⅧRAg: Factor Ⅷ-related
antigen; CK: Pan-cytokeratin; GPC-3: Glypican-3; CD117: C-kit protooncogene.
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Figure 1 Survival curve of hepatic angiosarcoma patients. A cumulative
survival curve generated using the Kaplan-Meier method.

ing the Kaplan-Meier method. The hazard ratio and 95%
confidence interval were also calculated.

rise to the lumen-like structure (Figure 3A and B). The
tumor cells grew along the sinusoids, with the liver serving as a scaffold for tumor growth (Figure 3C). Three of
the samples had overt compartments that were filled with
red blood cells. The tumors predominantly contained
atypical spindle cells and mitotic cells were frequently
observed. Moreover, we observed significant necrosis
and calcification within the tumors. Areas of epithelial
differentiation were apparent in some tumors. In patients
with recurrent tumors following liver transplantation, the
tumors contained a large blood chamber that differed
from the morphology observed in the primary lesion.

RESULTS
Clinical data of the HAS cohort
The HAS tissues were obtained from 14 males and 10
females, with a mean age of 50.6 (range: 7-86) years (Table
2). The patients presented with the following clinical
manifestations: abdominal pain (16/24), back pain (3/24),
heart palpitations (1/20), cough (1/24) or no clinical
symptoms (3/24). Tumors were located in the right lobe
(15/24), left hepatic lobe (6/24) or as a diffuse growth on
the right and left hepatic lobes (3/24) (Table 2). Patients
underwent surgical resection (11/24), liver transplantation
(2/24), interventional therapy (8/24) or they received no
treatment (lesions discovered at autopsy; 3/24). Postoperative follow-up of each case showed that 18 patients had
died and three cases could not be accounted for. KaplanMeier survival curves demonstrated that the prognosis of
HAS cases was poor (Figure 1, Table 3). Laboratory tests
for alpha-fetoprotein, carcinoembryonic antigen, CA19-9,
CA125 and other tumor markers were normal. Two patients were positive for the hepatitis B surface antigen and
one patient had abnormal hemoglobin levels (90 g/L).
Radiological imaging, which included ultrasound,
CT and magnetic resonance imaging, showed cystic or
solid masses with varying textures and ill-defined borders
(Figure 2A). Sixteen of the 24 samples were obtained
via surgery or autopsy and of these, 10 were classified as
single huge nodules (62.5%), two with multiple nodules
(12.5%), three with single large nodules with peripheral
small nodules (18.8%) and one with diffuse micronodules
(6.3%). The mean tumor diameter was 9.58 cm (range:
3-27 cm). Tumor tissues were dark red in color and had a
honeycomb appearance (Figure 2B).

Expression of ERG, CD31, CD34 and FVIIIRAg in hepatic
angiosarcoma tumors
To evaluate ERG, CD31, CD34 and FⅧRAg as diagnostic markers of HAS, we evaluated their expression by immunohistochemistry. ERG expression was observed in all
HAS samples examined (24/24; Figure 4A). In contrast,
the other three endothelial markers examined were not
uniformly expressed across HAS samples. CD34, CD31,
and FⅧRAg were expressed in 21/24, 19/24 and 10/24
cases, respectively (Figure 4B-D). Moreover, only one
case was positive for pan-cytokeratin (CK) expression
(1/24). The cell proliferation index was assayed by Ki-67
staining. In all samples, the cell proliferation index was
greater than 10% and up to 60%. Desmin, c-kit protooncogene (CD117) and Glypican-3 (GPC-3) expression
was absent in all samples.
When control samples were evaluated for expression of the endothelial markers, all three cases of EHE
tumors were positive for ERG, CD34 and CD31 expression, while only one was positive for FⅧRAg (33.3%).
The undifferentiated sarcoma samples (n = 3) lacked
ERG, CD31 and FⅧRAg expression and only one sample (33.3%) was positive for CD34 expression. The leiomyosarcoma sample was positive for CD34 expression,
but lacked ERG, CD31 and FⅧRAg expression. Simi-

Tumor histology
When tumor histology was examined, one layer or multiple layers of tumor cells lined a vascular lumen and gave
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Table 2 Clinical and pathological features of the hepatic angiosarcoma cohort
No.

Gender

Age/yr

11

Male

42

21

Female

30

3
41
51

Male
Female
Female

60
58
52

6
7

Male
Female

8

Clinical symptoms

Tumor location

Maximum tumor
size/cm

Treatment methods

Follow-up

5×3×3

Adjuvant therapy

6×4×3

Adjuvant therapy

Spleen metastasis at treatment and
died 10 mo later
Unable to follow-up after 9 mo

16 × 15 × 13
9.5 × 9.4 × 6
13 × 8 × 6

Surgery
Adjuvant therapy
Adjuvant therapy

7
52

Abdominal discomfort Left lateral lobe of
the liver
Abdominal discomfort Left inner hepatic
lobe
Upper abdominal pain Right hepatic lobe
Liver pain
Left lobe of liver
Back pain
Left and right
hepatic lobes
Abdominal pain, fever Right hepatic lobe
Upper abdominal pain Left hepatic lobe

7×6×3
12.5 × 12 × 4

Surgery
Surgery

Female

62

Abdominal discomfort Left hepatic lobe

7.5 × 6 × 3

Surgery

91

Male

68

Upper abdominal pain Right hepatic lobe

10 × 8 × 6

Adjuvant therapy

10

Female

29

27 × 20 × 9

Liver transplant

11
12

Male
Female

49
62

Left and right
hepatic lobes
Asymptomatic
Right hepatic lobe
Upper abdominal pain Right hepatic lobe

3×3×2
3×2×2

Surgery
Liver Transplant

13
14
15

Female
Female
Male

32
51
53

Asymptomatic
Right hepatic lobe
Upper abdominal pain Right hepatic lobe
Upper abdominal pain Left hepatic lobe

6×5×3
10 × 6 × 5
27 × 17 × 6

Surgery
Surgery
Surgery

16
171

Male
Male

49
66

Upper abdominal pain Right hepatic lobe
Back pain
Right hepatic lobe

11 × 7 × 5
6×5×4

Surgery
Adjuvant therapy

18

Male

86

Upper abdominal pain

8×7×3

19

Male

86

20

Male

70

Palpitations

Right hepatic lobe

4.5 × 4 × 3

211

Female

45

Cough

Right hepatic lobe

4.5 × 4 × 4

Autopsy findings
without treatment
Autopsy findings
without treatment
Autopsy findings
without treatment
Adjuvant therapy

22
231
24

Male
Male
Male

21
21
63

16.5 × 15 × 8
3.5 × 3 × 3
3.5 × 3.5 × 3

Surgery
Adjuvant therapy
Surgery

Hypo-proteinemia

Left and right
hepatic lobes
Upper abdominal pain Right hepatic lobe

Right shoulder pain Right hepatic lobe
Upper abdominal pain Right hepatic lobe
Upper abdominal pain Right hepatic lobe

9×9×6

Died after 12 mo
Unable to follow-up after 6 mo
Thoracic metastasis at treatment and
died 8 mo later
Died 1 mo later
Post-operative thoracic and lung
metastases and died 31 mo later
Post-operative lung metastases and
died 34 mo later
Portal vein cancer thrombosis at
diagnosis and died 9 mo later
Spleen metastasis at diagnosis and
died during surgery
Bone metastases and died 43 mo later
Recurrence of tumor in the
transplanted liver and died 4 mo later
Died 3 mo later
Died 8 mo later
Recurrence after 4 mo and died 7 mo
later
Died 10 mo later
Thoracic metastasis at diagnosis and
died 5 mo later
Died due to tumor rupture
Tumor metastasis and died due to
heart failure
Tumor metastasis and died due to
heart failure
Lung metastasis at diagnosis and died
6 mo later
Tumor recurrence and died 8 mo later
Unable to follow-up after 10 mo
Tumor recurrence after 18 mo and
died 21 mo later

1

Patients who received percutaneous biopsies.

B

A

Figure 2 Magnetic resonance imaging and whole-mount images of hepatic angiosarcoma. A: Magnetic resonance imaging of a hepatic angiosarcoma (HAS)
patient showed a significantly increased volume in the left lobe of the liver and an abnormal signal shadow with heterogeneous enhancement; B: The HAS tumor
showed honeycomb morphology with an ill-defined border.

larly, only one sarcomatoid carcinoma (33.3%) showed
CD34 expression while ERG, CD31 and FⅧRAg were
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absent. Both gastrointestinal stromal tumor liver metastases were positive for CD34, but lacked ERG, CD31 and
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A

B

C

Figure 3 Analysis of hepatic angiosarcoma histology with hematoxylin and eosin staining. A: The tumor was similar in appearance to a cavernous hemangioma on the inside and was lined by endothelial cells of similar shapes (× 200); B: Endothelial cells are distended with a spindle or polygonal morphology. Frequent
mitotic events (indicated by arrow) and a pale eosinophilic cytoplasm were also observed (× 300); C: Tumor cells were observed growing around the vascular lumen
and formed a vascular lumen-like structure (× 300).

A

B

C

D

Figure 4 Expression of transcription factor ERG, CD31 (platelet/endothelial cell adhesion molecule 1), CD34 and factor Ⅷ-related antigen in hepatic angiosarcoma tissues. A: Positive expression was observed for nuclear ERG expression in hepatic angiosarcoma (HAS) (× 300); B: Membranous CD34 staining in HAS (×
300); C: Membranous CD31 staining in HAS; D: Cytoplasmic factor Ⅷ-related antigen in hepatic angiosarcoma staining in HAS (× 300).
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primarily due to early metastases and an extended time
between disease onset and correct diagnosis. Surgical
resection is currently the standard treatment for HAS.
Early diagnosis of HAS is required for surgical resection
to be beneficial to the patient. Other treatments such as
chemotherapy or radiotherapy have not shown a conclusive survival benefit in HAS patients[7-9]. Thus, the identification of specific and sensitive biomarkers to diagnose
HAS would significantly improve patient outcome. Here,
we have assembled the largest HAS cohort to date and
provide evidence that ERG is a specific diagnostic marker
for HAS.
ERG regulates angiogenesis and differentiation of
embryonic stem cells into endothelial cells. Chromosomal translocations affecting ERG expression have been
shown to play a role in the development of several cancers, including prostate cancer[16,17]. The diagnostic value
of ERG in HAS, however, has not been evaluated. Here,
we have shown that ERG expression was detected in all
HAS cases examined. While three cases of EHE, one of
our controls, also showed positive expression of ERG,
the remaining controls-undifferentiated sarcoma, sarcomatoid carcinoma and gastrointestinal stromal tumor liver metastases-were negative for ERG expression. These
results suggest that ERG expression is relatively specific
to HAS tumors. In comparison to the other endothelial
markers (i.e., CD31, CD34 and FⅧRAg) examined, ERG
was more sensitive and had increased specificity for HAS.
Thus, ERG may represent a novel diagnostic marker for
HAS. Because ERG expression shows a similar pattern
in both benign and malignant vascular populations, histological examination is required to differentiate angiosarcomas from other endothelial neoplasms[18]. Tumor cell
mitotic activities, atypical mitotic features and necrosis
have been fundamentally recognized as probable factors
determining propensity for HAS.
In conclusion, ERG is a new biomarker for the diagnosis of HAS. While CD31, CD34 and FVIIIRAg were
variably expressed across our HAS cohort, ERG was
expressed in all tumors examined. Because HAS is a relatively rare malignancy, our cohort (n = 24) is, to the best
of our knowledge, the largest in the world to date. The
data provided from this patient cohort will help to establish a standard for symptoms, diagnosis and treatment
of HAS. Moreover, our data implicate ERG as a potent
marker in the diagnosis of HAS tumors.

Table 3 Means for survival time
Factor 1

Mean
Estimate

1

Std. error

95%CI
Lower bound Upper bound

1

12.196

2.788

6.731

17.660

1

Estimation was limited to the largest survival time if it is censored.

FⅧRAg expression.

DISCUSSION
Primary sarcomas of the liver are rare. The most common hepatic sarcomas are HAS, embryonal sarcoma,
leiomyosarcoma, EHE, fibrosarcoma and malignant fibrous histiocytoma[21]. HAS is primarily observed in the
elderly and often presents with nonspecific symptoms
such discomfort or distension of the abdomen, weight
loss or fatigue, which makes the diagnosis difficult[3].
HAS is frequently caused by exposure to carcinogens
such as thorium dioxide, arsenical insecticide or polyvinyl
chloride[6,22-26]. However, in all the Chinese patients that
comprised our cohort, carcinogen exposure was not an
important factor in disease onset. Our data are consistent
with reports on HAS development from Taiwan and
South Korea[27,28]. To better address the role of carcinogens and HAS in China, an approach involving a survey
of multiple medical centers across the country would
be beneficial. Infection from hepatitis B virus (HBV)
has also been implicated as a risk factor for HAS. In our
study, the frequency of HBV infection was no different to that in the normal, healthy Chinese population,
indicating that HBV infection did not play a role in HAS
onset[29,30].
HAS often appears as a single mass when viewed histologically, however, multiple masses have also been observed and HAS may affect the whole liver. In the clinic,
four primary patterns of disease have been observed: (1)
multiple nodules; (2) a large dominant mass; (3) a dominant mass combined with multiple nodules; and (4) diffuse micronodular infiltration of the liver, although this
is observed less frequently[31]. In the HAS patient cohort,
a large dominant mass was most frequently observed
(62.5%). The remaining patients had a dominant mass
and multiple nodules (18.8%), multiple nodules (12.5%)
or diffuse micronodular infiltration of the liver (6.3%).
When HAS samples are viewed by microscopy, the tumor
cells are often mitotic, have a spindle or polygonal morphology and may be in a single layer or multi-layered surrounding a vascular source, connected with thick hepatic
cables. HAS tumor cells have the ability to form papillary
structures and may show epithelial differentiation.
HAS patient survival is currently very poor, with a
median survival of 6 mo without treatment. Even with
treatment, only 3% of patients are reported to survive
longer than 2 years[5]. Poor prognosis of HAS patients is
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Background

Hepatic angiosarcoma (HAS) is a rare disease characterized by poor prognosis
due to its rapid progression, high recurrence rate and resistance to traditional
chemo- and radiotherapies. Surgical resection, which requires a prompt diagnosis, is currently the best treatment option for HAS. Because the initial symptoms
of HAS can be nonspecific, it is difficult to diagnose. Thus, a specific molecular
marker for the early diagnosis of HAS would provide a critical time window for
surgical resection and greatly improve patient survival. ERG (V-Ets Erythroblastosis Virus E26 Oncogene Homolog) is a marker of endothelial cells that has
been implicated in other cancers, but its value as a diagnostic marker in HAS
has not yet been evaluated.
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ERG is a member of the ETS family of transcription factors and is expressed in
endothelial cells. Angiogenesis, endothelial cell differentiation and endothelial
homeostasis are regulated by ERG. Previous reports have shown that ERG is
a specific and sensitive biological marker for the diagnosis of angiosarcoma.
The diagnostic value of ERG expression in HAS has not been evaluated. In
addition, because HAS is quite rare, it has been difficult to evaluate diagnostic
criteria in a large patient cohort.

10

Innovations and breakthroughs

This study has assembled the largest HAS cohort to date (n = 24 cases) to
evaluate the role of ERG expression in liver angiosarcoma. Moreover, this study
compares ERG expression to other known endothelial markers such as CD31,
CD34 and factor Ⅷ-related antigen (FⅧRAg) as a means of HAS diagnosis.
While CD31, CD34 and FⅧRAg had variable expression across the cohort
samples, ERG expression was found in 100% of the cases examined. The data
provided from this patient cohort will help to establish a standard for symptoms,
diagnosis and treatment of HAS. This is the first study to identify ERG expression as a marker for HAS.

11
12

13

Applications

The findings in this study highlight ERG expression as a potent and novel marker for HAS tumors, which will aid in developing diagnostic tests for the disease.

14

Terminology

HAS is a rare type of cancer that affects the endothelial cells of the liver and
is difficult to diagnose until the disease has spread. ERG, CD31, CD34 and
FVIIIRAg are genes expressed in endothelial cells, the cell population affected
in HAS, and may therefore represent a way of identifying HAS tumors.

15

This is a good original research article that demonstrates that ERG is a specific and sensitive diagnostic biomarker for hepatic angiosarcoma. Moreover,
ERG is a more sensitive and specific diagnostic biomarker for hepatic angiosarcoma in comparison to CD31, CD34 and FⅧRAg. This study represents
the largest cohort of HAS cases to date and is well designed to evaluate the
value of ERG in HAS diagnosis. The results of this study have a high potential
for clinical application.
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RESULTS: Meta-analysis of trials provided evidences
in support of the laparoscopic procedures for a several
short-term outcomes including: a lower blood loss, an
earlier recovery of the bowel function, an earlier return
to the oral intake, a shorter hospital stay and a lower
morbidity rate. Opposite the operating time has been
confirmed shorter in open surgery. The same trend
has been reported investigating case-control series and
cancer by sites, even though there are some concerns
regarding the power of the studies in this latter field
due to the small number of trials and the small sample
of patients enrolled. The two approaches were comparable regarding the mean number of nodes harvested
and long-term results, even though these variables
were documented reviewing the literature but were not
computable for meta-analysis. The analysis of the costs
documented lower costs for the open surgery, however
just few studies investigated the incidence of postoperative hernias.

Abstract

CONCLUSION: Laparoscopy is superior for the majority of short-term results. Future studies should better
differentiate these approaches on the basis of tumors’
location and the post-operative hernias.

AIM: To report a meta-analysis of the studies that
compared the laparoscopic with the open approach for
colon cancer resection.
METHODS: Forty-seven manuscripts were reviewed,
33 of which employed for meta-analysis according to
the PRISMA guidelines. The results were differentiated
according to the study design (prospective randomized
trials vs case-control series) and according to the tu-
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this paper is to divulgate a comprehensible meta-analysis
of the evidences by each category of investigation and
to provide a message of clinical use for clinicians and
surgeons committed in the care of colon cancer patients.

cer; Meta-analysis; Evidence-based medicine
Core tip: This is a comprehensive meta-analysis of
studies investigating laparoscopic resection in comparison with the open surgery for colon cancer, with the
aim of evidencing short term and long term results of
the surgical approaches. Results were provided according to the study designs (randomized trials, case control series) and according to the tumor’s location.

MATERIALS AND METHODS
Data source and search strategies
This investigation has been conducted adhering at the
PRISMA Statements for review and meta-analysis (Figure
1, Table 1). We conducted a systematic review of the
literature by searching PubMed database for all the published series and trials comparing the laparoscopic and
open surgical approach for colon cancer from 1995 to
December 2012. Keywords: “laparoscopic vs open colectomy” AND “colon cancer”, languages: “English”, limit
to “human” including clinical trials and comparative
studies. We also included references from the retrieved
publications. Duplicate references were removed by
manual search.
Authors of this study were blinded to authors’ and
journals’ name while reviewing the series, and did not
have any contacts with the authors of the included papers. We did not consider any journal’s scores (e.g., journal’s Impact Factors) of the published series as exclusion
criteria for this review.

Lorenzon L, La Torre M, Ziparo V, Montebelli F, Mercantini P,
Balducci G, Ferri M. Evidence based medicine and surgical approaches for colon cancer: Evidences, benefits and limitations of
the laparoscopic vs open resection. World J Gastroenterol 2014;
20(13): 3680-3692 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i13/3680.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3680

INTRODUCTION
Colon cancer remains a major health and social issue affecting in the US more than 100000 new patients/year[1];
the surgical resection remains the standard of care for
treating and staging non-metastatic colon cancer. During
the last twenty years several progresses were made for
improving the treatments, the survivals and the quality
of life of cancer patients; the main innovation in the
surgical technique was that outbreak of the laparoscopy.
The use of laparoscopy for colon resection has been
introduced in 1991[2,3]. Initial concerns (including e.g., a
long training/learning curve, the possible development
of port-site metastasis and an inadequate oncologic
resection [4-7]) were subsequently surmounted; indeed
in recent years a number of studies recognized the adequateness of the laparoscopic approach along with a
number of short-term functional benefits and equivalent
long-term results. Nevertheless, the scientific literature
in this field is quite heterogeneous regarding the study
design adopted (randomized/non-randomized studies),
objectives and outcome measures (short-term and logterm results, costs analysis), population enrolled (colon
and/or rectal cancer patients), thus it might be difficult
for clinicians and surgeons to summarize results and
“take at home” univocal messages.
The aim of this manuscript is to review the studies
comparing the laparoscopic and the open approach for
colon cancer differentiating results by: (1) prospective
randomized trials; (2) case-control series (including prospective and retrospective studies); and (3) the comparison of these techniques according to the tumor’s location. This type of differentiation is seldom conducted
and might implement the analysis and help the readers
in understanding the results. Moreover we focused our
investigation on the costs’ analyses provided in the series
and trials that were herein reviewed. Indeed, the goal of

WJG|www.wjgnet.com

Study design and selection of papers
Each paper retrieved was assessed for inclusion or exclusion for this manuscript, by revision of the titles and the
abstracts. Published series with the aim to investigate
exclusively rectal carcinomas and/or non cancer-diseases
(i.e., laparoscopic proctocolectomies for ulcerative colitis
or diverticulitis) were excluded (Figure 1). Conversely
manuscripts including few rectal cancers (or few nonmalignant diseases) into the series, along with the other
colon cancer localizations were included into this review.
Hand-assisted and totally laparoscopy procedures
were considered altogether into the laparoscopic group,
whereas all the open procedures (midline or transverse
incisions) were considered as open resections.
All selected papers were categorized into the following sub-groups: (1) randomized studies; and (2) non-randomized studies (including prospective and retrospective
case-control series).
Furthermore we identified those researches that
investigated the comparison of these two approaches
according to the tumor’s location (i.e., right side colectomies, left side colectomies and transverse resections) and
highlighted within these groups the comparison of the
costs derived by these two approaches.
Outcome measures
Whenever possible we collected data regarding: study
design, population and power of the study, types of surgical procedure. We considered as short-term outcome
measures: operating times (measured in minutes), blood
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PubMed search
Laparoscopy vs open colectomy
and colon cancer
Limits: English; Humans; Range from 01.01.1995 to 31.12.2012
80 articles
Excluded

39 articles (see exclusion list)

41 articles
Manual search: 6 articles
47 articles
47 articles for qualitative analysis
33 articles for meta-analysis

Figure 1 Study design. Study design according to the PRISMA statement for systematic reviews and meta-analysis.

Table 1 Exclusion list of the manuscripts
No.

Author

Ref.

Cause of exclusion

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Sasaki J
Turagava J
Poulsen M
Roscio F
Wang G
Rottoli M
Campos FG
Panait L
Hendren S
Issa N
McNicol FJ
Fujii S
Akmal Y
Senthil M
Han SA
Park IJ
Heise CP
Strhölein MA
Moloo H
Zhang H
Polle SW
Hasegawa H
Del Rio P
Schlachta CM
Wong DC
Moloo H
Larson DW
Kuhry E
Adaki Y
Dunker MS
Pasupathy S
Weeks JC
Nelson H
Delgrado S
Brown SR
Marcello PW
Hewitt PM
Fukushima R
Bokey EL

J Nippon Med Sch 2012; 79:259-66
N Z Med J 2012; 125: 17-26
J Gastrointest Surg 2012; 16: 1554-1558
Int J Surg 2012; 10: 290-295
Hepatogastroenterology 2012; 59: 2158-2163
Surg Endosc 2012; 26: 1971-1976
Surg Laparosc Endosc Percutan Tech 2011; 21: 327-333
Chirurgia (Bocur) 2011; 106: 475-478
Dis Colon Rectum 2011; 54: 1362-1367
J Gastrointest Surg 2011; 15: 2011-2015
Colorect Dis 2012; 14: 458-462
Hepatogastroenterology 2011; 58: 406-410
Surg Endosc 2011; 25: 2967-2971
Arch Surg 2010; 145: 840-843
Int J Colorect Dis 2010; 25: 631-638
J Gastrointest Surg 2009; 13: 960-965
Dis Colon Rectum 2008; 51: 1790-1794
Dis Colon Rectum 2008; 51: 385-391
Dis Colon Rectum 2008; 51: 173-180
Minim Invasiv Ther allied Technol 2007; 16: 187-191
Surg Endosc 2007; 21:1301-1307
Surg Endosc 2007; 21: 920-924
Minerva Chir 2006; 61: 923-927
Surg Endosc 2007; 21: 396-369
Tech Coloproctol 2006; 10: 37-42
Dis Colon Rectum 2006; 49: 213-218
Dis Colon Rectum 2005; 48: 1845-1850
Surg Endosc 2005; 19: 687-692
Hepatogastroenterology 2003; 50: 1348-1351
Dis Colon Rectum 2003; 46: 1238-1244
Tech Coloproctol 2001; 5: 19-22
JAMA 2002; 287: 321-328
Swiss Surg 2001; 7: 248-251
Dis Colon Rectum 2001; 44: 638-646
Dis Colon Rectum 2001; 44: 397-400
Dis Colon Rectum 2000; 43: 604-608
Dis Colon Rectum 1998; 41: 901-909
Dis Colon Rectum 1996; 39 (Suppl): S29-34
Dis Colon Rectum 1996; 39 (Suppl): S29-34

Different outcome measure
Only laparoscopy group
Only laparoscopy group
Only laparoscopy group
Only laparoscopy group
Different outcome measure
Exclusively familial polyposis patients
Only laparoscopy group
Different outcome measure
Only laparoscopy group
Rectal cancers
Only laparoscopy group
Only laparoscopy group
Different outcome measure
Different outcome measure
Emergency resections
Rectal cancers
Rectal cancers
Only laparoscopy group
Rectal cancers
Rectal cancers
Rectal cancers
Only laparoscopy group
Only laparoscopy group
Rectal cancers
Only laparoscopy group
Rectal cancers
Different outcome measure
Different outcome measure
Different outcome measure
Rectal cancers
Different outcome measure
Different outcome measure
Different outcome measure
Rectal cancers
Rectal cancers
Different outcome measure
Different outcome measure
Only laparoscopy group
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loss (measured in milliliter), bowel function recovery (defined by the passage of the first flatus/stool; measured
in days), post-operative pain (defined as the usage of analgesic -measured in days- and/or the score obtained by
the visual analogue scale), return to the oral intake (usually liquid diet; measured in days), morbidity defined by
peri-operative complications and hospital stay (measured
in days).
Of note, since complications were often reported
using different modalities (e.g., major vs minor complications, rate of adverse events etc.), we extrapolated the
overall morbidity rate in each category (laparoscopic and
open surgery) reported in all the investigated series.
The oncologic adequateness was recorded whenever
considered by the authors as the mean number of lymph
nodes harvested in the surgical specimen. Mean followup (months) was recorded and long-term outcome
measures were considered as the rate of relapses, the
survivals and the incidence of incisional hernias. The
costs analysis has been conducted recording the overall
hospital costs for both procedures, providing results in
US dollars, in order to analyze a single currency.
We did not considered conversion surgery, since it
might bias the results of the open surgery procedures.
On the same extent we did not consider the hospital volume, since it is seldom reported, even though the learning curves and the volume of patients might vary shortterm results and costs.
A first analysis has been conducted reviewing papers
in each category (prospective-randomized trials; case
control series; studies investigating cancer by sites) and
highlighting in each article were the evidences stand for
(e.g., significant statistical analyses supporting laparoscopy or open surgery) for the different outcome measures (e.g., considering the operating time, blood losses
etc.). Moreover and whenever computable we provided a
meta-analysis of the results.

For meta-analysis of studies with a continuous measure (comparison of means between treated cases and
controls), the Hedges g statistic was used as a formulation for the standardized mean difference (SMD) under
the fixed effects model. Next the heterogeneity statistic
is incorporated to calculate the summary standardized
mean difference under the random effects model. If the
value 0 is not within the 95%CI, then the SMD is statistically significant at the 5% level (P < 0.05).
Statistical heterogeneity of the results of the trials was assessed on the basis of a test of heterogeneity
(standard chi-squared test on N degrees of freedom
where N equals the number of trials contributing data
minus one). Three possible causes for heterogeneity
were pre-specified: (1) differing response according
to difference in the quality of the trial; (2) differing
response according to sample size; and (3) differing response according to clinical heterogeneity. If the test of
heterogeneity is statistically significant (P < 0.05) then
more emphasis should be placed on the random effects
model.

RESULTS
Figure 1 outlines the study design. PubMed search
provided 80 results, however 39 studies were excluded
due to different outcome measures (e.g., investigations
aimed to outline the quality of life or the immunological
response), due to the evaluation of the laparoscopy procedures per se (missing the open surgery group) or evaluating rectal cancer patients (see exclusion list). All the 47
articles retrieved were included in the systematic review,
however only 33 articles provided data computable for
meta-analysis.
Randomized controlled trials
Figure 2 outlines results of this analysis. 11 studies were
included for review[8-18] from 1995 to 2012, including
overall 2992 patients in the laparoscopy group and 2717
in the open surgery group. Of note 4 studies enrolled
less than 50 patients/arm[8,10-11,13]. The systematic review
of the manuscripts documented a number of benefits
of the laparoscopic procedure for the vast majority
of the short-term outcome measures (bowel function
recovery, return to the oral intake, post-operative pain,
blood loss and hospital stay), whereas it was documented a longer operating time comparing the open
approach. Of note, all the studies - with the exclusion
of the first trial conducted by Lacy and co-authors in
1995[8] - reported a comparable morbidity rate within the
two approaches. Similarly the mean count of the nodes
harvested (LNH) in the surgical specimens were similar
in the 3 studies investigating this variable[8-9,15], and the
survivals were reported homogeneous in the vast majority of the studies[11,12,14,17,18], with the sole exception of
the trial conducted by Lacy in 2002[9]. It seems important
to highlight that only two randomized trials investigated

Statistical analysis
Continuous variables were analysed using means, medians and standard deviations, whereas categorical variables
were analysed using frequencies and percents. Statistical
analyses and Meta-analysis were performed using MedCalc for Windows, version 10.2.0.0 (MedCalc Software,
MariaKerke, Belgium). In order to provide significant results, a meta-analysis has been conducted for all variables
in different categories (prospective-randomized trials;
case control series; studies investigating cancer by sites)
whenever at least 3 studies provided data computable.
The Mantel-Haenszel method was used for calculating the weighted summary Odds ratio under the fixed
effects model. Next the heterogeneity statistic is incorporated to calculate the summary odds ratio under
the random effects model. The total odds ratio with
95%CI is given both for the Fixed effects model and the
Random effects model. If the value 1 is not within the
95%CI, then the Odds ratio is statistically significant at
the 5% level (P < 0.05).
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A

Author

Year

Lap
arm

n
[8]

Lacy et al
[9]
Lacy et al
[10]
Winslow et al
[11]
Kaiser et al
COST Trial
[13]
Kang et al
[14]
Braga et al
COLOR Trial
CLASiCC Trial
COLOR Trial
[18]
Bagshaw et al
Total

B

Variable

1995
2002
2002
2004
2004
2004
2005
2005
2005
2009
2012

OS FU
arm (mo)

n

25
26
111 108
37
46
29
20
437 435
30
30
190 201
627 621
526 268
627 621
299 302
2992 2717

OT
Lap

C

203
166
166
166
356
302/2012

OI

OS

Lap

X
X
X

X
X
X
X

X
X

X
X

43.5
30.1
35.0
52.0

OS

Lap

PP
OS

BL

HOSP

Lap OS Lap OS Lap
NS

X
X

X

X
X

X
X
X

X

X

X

X

X
NS

NS

X
NS
36.0
62.0

210
164
164
164
365
330/1755

NS

NS

NS

X

X

Total

SMD/OR

413
330
330
330
721

0.534
-1.037
-0.693
-0.649
-0.707
0.609

95%CI
0.133-0.935
-1.702-(-0.371)
-0.917-(-0.469)
-0.872-(-0.425)
-1.061-(-0.352)
0.415-0.896

OS

Morbidity
Lap
X

X
X
X
X
X

36.0

Laparoscopy Open surgery

Operative time
Bowel function
Oral intake
Blood loss
Hospital stay
Morbidity

BF

NS
NS
NS
NS
NS
NS
NS
NS

LNH

Survival/ Hernia
relapse
OS Lap OS Lap OS Lap OS
NS
NS

X
NS
NS
NS
NS

NS

NS
NS
NS

P value
0.017
0.002
0.07
0.06
0.007
0.0018

Meta-analysis

SMD

-2.0

-1.5

-1.0
-0.5
Standardized
mean difference

0.0

0.5

Figure 2 Randomized studies. A: Randomized trails comparing laparoscopy and open surgery. X in the table refers to a statistical association provided in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating blood loss. Lap arm: Laparoscopy arm; OS arm: Open surgery
arm; FU: Mean follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blood loss; HOSP: Hospital stay; LNH: Lymph node
harvest; NS: Not significant.

the incidence of post-operative hernias[10,14], reporting a
comparable rate of events (Figure 2A).
Meta-analysis conducted on 9 studies in this group[8-16]
confirmed the evidences of the short-term outcome
measures in favour of the laparoscopy (bowel function
recovery, return to the oral intake, blood loss and hospital stay), plus it documented a better morbidity rate for
the laparoscopy group (OR = 0.609; 95%CI: 0.415-0.896).
Conversely the operating time has been confirmed shortly in the open procedure group (Figure 2B and C).

comparing with the laparoscopic procedures, with the
exceptions of the studies conducted by Saba, Bilimoira
and de Campos Lobato that provided homogeneous
results[19,27,30]. All studies investigating the bowel function
recovery recognized a benefit for the laparoscopy procedure[19,21-22,24,26]; similarly the investigation of the return
to the oral intake provided homogeneous results in the 2
studies that investigated this outcome measure[19,29].
Even if Shabbir reported a similar use of analgesic in
the post-operatory recovery[22], the other studies reported significant benefits associated with the laparoscopic
procedure in this field[21,22,24]. A significant reduction in
the blood loss for the patients undergone laparoscopy
has been reported by all the authors[20,26,30,32,33], with the
sole exception of Slow[24]. The hospital stay has been
reported in favour of the laparoscopy group in all the
studies, with the exclusion of the series investigated by

Case-control studies
Figure 3 reports data from this analysis. 16 case-control
studies were included, counting overall 3819 patients
in the laparoscopy group and 6990 in the open surgery
group[19-34]. The vast majority of these studies agree in reporting shorter operating time in the open surgery group
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A

Author

Year

[19]

Saba et al
1
[20]
Franklin et al
[21]
Lezoche et al
[22]
Stocchi et al
[23]
Feliciotti et al
[24]
Sklow et al
[25]
Patankar et al
[26]
Vignali et al
[27]
Bilimoira et al
[28]
Cermak et al
[29]
Shabbir et al
de Campos[30]
Lobato et al
[31]
Gouvas et al
[32]
McKay et al
SCOAP Study
[34]
Cianchi et al
Total

B

Variable
Operative time
Hospital stay
Morbidity
LNH

C

Lap
group

OS
group

n

n

1995
1996
2000
2000
2002
2003
2003
2005
2008
2008
2009
2011

25
191
150
42
74
77
172
61
837
39
32
289

25
224
160
42
75
77
172
61
2222
120
32
289

2012
2012
2012
2012

49
434
1232
147
3819

41
742
2336
404
6990

FU
(mo)

OT

BF

OI

PP

BL

HOSP

Morbidity

Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap
NS

X

X

2

X
1
X
X
X

1

30
35.1

X
X
X

X
X

X
X

X

X

X

X

X

OS

LNH
Lap OS

Survival/
relapse
Lap

NS
1
NS

1

X

NS

NS

OS

Hernia
Lap OS

1

X

X

48.9

NS
NS

X

NS
NS
NS

55.5
X

NS

X
X

X

NS

NS

X
X

X

X
X

X
X

X
X

NS

X
NS

X

NS
NS

NS

NS
NS

NS
NS
NS

X
X
X

Laparoscopy

Open surgery

Total

SMD/OR

2683
802
389/2292
686

5480
1224
1101/4109
1027

8163
2026

1.188
-1.505
0.641
0.316

1713

95%CI
0.740-1.637
-2.661-(-0.349)
0.477-0.862
-0.418-1.050

P value
< 0.0001
< 0.0001
0.0007
< 0.0001

Meta-analysis

SMD
-6

-5

-4

-3
-2
-1
Standardized
mean difference

0

1

Figure 3 Non-randomized studies. A: Case-control studies comparing laparoscopy and open surgery. X in the table refers to a statistical association provided in the
studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating hospital stay. 1Statistic analysis not performed; 2Significant
difference of follow-up according to the stage of the disease. Lap: Laparoscopy; OS: Open surgery; FU: Mean follow-up; OT: Operative time; BF: Bowel function; OI:
Oral intake; PP: Post-operative Pain; BL: Blood loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.

Cermak et al[28] in 2008. The study of the morbidity rate
provided dis-homogeneous results: even though some
studies documented some benefits in the laparoscopy
group[20,22,27,32,33], others documented comparable results
between the 2 approaches[21,24-26,28,30]. Notably, Cianchi
in 2012 highlighted a better LNH in the laparoscopy
group[34], whereas the others reported homogeneous results.
Similarly, with the exception of Lezoche et al[21], the
authors reported comparable survival rates within these
2 approaches. Seems important to highlight that the
vast majority of the studies did not investigate the rate
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of post-operative hernias, with the sole exception of
Pantankar in 2008[25] that reported similar results in the 2
groups.
A meta-analysis has been conducted for 11 studies
in this category[20-22,24-28,30,32,33], Figure 3B. The operative
time has been reported longer in the laparoscopy group,
whereas this procedure showed a shorter hospital stay,
Figure 3C. Interestingly the meta-analysis provided also
in this category of studies some evidences regarding a
lower rate of morbidity in the post-operative period following a laparoscopy operation (OR = 0.644; 95%CI:
0.447-0.862). The analysis of the LNH variable was not
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A

Author

Year

Lap
OS Study design;
group group
FU (mo)

n
[35]

Lezoche et al
[24]
Sklow et al
[36]
Zheng et al
[37]
Lohsiriwat et al
[38]
Tong et al
[39]
Chung et al
[40]
Braga et al
[41]
Nakamura et al
[42]
Veenhof et al
[43]
Tanis et al

2002
2003
2005
2007
2007
2007
2007
2009
2010
2012

Total

B

Variable
Operative time
Bowel function
Post-operative pain
Blood loss
Hospital stay
Morbidity
LNH

C

n

55
44
40
42
30
34
13
20
77 105
41 40-M
113 113-M
100
100
25 28-T
30 22-M
23-T
427
485

Survival/ Hernia
relapse
Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS

CC; 42.2
CC
CC; 26.6
CC
CC; 21.5
R; 29.0
R; 48.0
CC; 135.5
CC; 19.0
CC

OT

BF

X
2
X
NS
X
X
X
X

OI

X
3
X
X
NS
NS
X

PP

BL

NS
NS
X
X
X

X
NS

NS
NS

X

X
X
X
X

NS
X
X

X

Laparoscopy

Open surgery

Total

SMD/OR

83
83
53
83
196
57/454
233

106
106
72
106
219
100/484
272

189
189
125
189
415

3.431
-1.689
-2.068
-0.387
-1.589
0.524
0.0567

505

X
3
X
X

3

X
X

NS

NS

95%CI
0.613-6.249
-2.953-(-0.426)
-3.828-(-0.307)
-1.116-0.342
-2.670-(-0.508)
0.365-0.754
-0.449-0.562

HOSP

X
X
X
X
X
X

Morbidity

LNH

NS

NS

NS

NS
NS
NS
NS
NS
X
NS
NS

NS
NS
NS

NS

NS
NS

NS
NS
1
NS
NS
NS

NS

P value
<
<
<
<
<

0.0001
0.0001
0.0001
0.0001
0.0001
0.37
0.0002

Meta-analysis

SMD
-2

0

2
4
Standardized
mean difference

6

8

Figure 4 Right sided colectomies. A: Studies comparing right-side laparoscopy colectomy and open surgery. X in the table refers to a statistical association provided in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating operative time. 1Statistic analysis not performed;
2
Exclusively if patients > 75 years old; 3Exclusively if patients < 75 years old. Lap: Laparoscopy; OS: Open surgery; M: Midline incision; T: transverse incision R: Randomized, CC: Case-control; FU: Mean follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blood loss; HOSP: Hospital
stay; LNH: Lymph node harvest; NS: Not significant.

of statistical value (95%CI: -0.418-1.050).

even though the vast majority of the authors reported
a shorter operation in the open group, the studies conducted by Zheng in 2005 and by Nakamura in 2009
documented comparable results[36,41]. The bowel function
recovery has been reported shorter in the laparoscopy
group in the studies conducted by Lezoche, Slow, Zeng,
Chung and Tanis [24,35,36,39,43], whereas other 2 articles
provided similar recoveries for both groups[37,38]. Three
studies reported comparable results within the 2 surgical
approaches regarding the return to the oral intake[36,37,43];
opposite Tong, Chung and Braga[38-40] reported results in
favour of the laparoscopy group. Zeng, Chung and Slow
(exclusively in patients < 75 years old)[24,36,39] reported
a lower use of analgesics in the laparoscopy group,

Right-sided colectomies
We identified 10 studies in this category[24,35-43], involving 427 laparoscopy patients and 485 open colectomy
patients, Figure 4. Overall we included 8 case-control
series[24,35-38,41-43] and 2 randomized trials[39,40]. Of note the
open surgical approach (midline vs transverse incisions)
has been categorized exclusively in 4 studies[39,40,42,43]. All
the studies analysed documented homogeneous results
regarding the hospital stay (statistically better associated
with the laparoscopy approach), LNH and survival rate
(comparable results between the 2 procedures). Discordant data were documented for the operating time:
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A

Author

Year

[35]

Lezoche et al
[24]
Sklow et al
[44]
Leung et al
[45]
Liang et al
[46]
Hinojosa et al
[47]
Cheung et al
[48]
Nakashima et al
Total

B

Variable
Hospital stay
Morbidity

C

Lap
OS
Study
OT
BF
OI
PP
BL
HOSP Morbidity LNH Survival/ Hernia
group group design;
relapse
n
n
FU (mo) Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS

2002
86
63 CC; 42.3
2003
35
27
CC
2004 203 200 R; 50.9
2007 135 134 R; 40.0
2007 1092 9511
CC
2009
24
24
R
2011
33
22
CC
1608 9981

X
X
X
X

X
1
X
X
X

1

X
X
X

X

NS

X
X

X

X

NS
X
X
X

X
1
X
X
X
X
NS
X

Laparoscopy

Open surgery

Total

SMD/OR

95%CI

P value

1262
293/1573

9672
2504/9954

10934

-2.244
0.849

-4.188-(-0.300)
0.473-1.525

1262
0.0003

X
X
X

NS

NS

NS

NS
NS

NS
NS

NS
NS

X
X

Meta-analysis

OR
0.01

0.1

1
10
Odds ratio

100

1000

Figure 5 Left sided colectomies. A: Studies comparing left-side laparoscopy colectomy and open surgery. X in the table refers to a statistical association provided
in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating morbidity rate. 1Exclusively if patients > 75 years old.
Lap: Laparoscopy; OS: Open surgery; M: Midline incision; T: transverse incision R: Randomized, CC: Case-control; FU: Mean follow-up; OT: Operative time; BF:
Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blood loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.

whereas Lohsiriwat and Tanis failed in reporting a statistical association[37,43]. Within the laparoscopy procedures,
all the authors with the exceptions of Lohsiriwat and
Tong[37,38], documented lower blood losses. Also in this
category, the investigation of the rate of post-operative
hernias has been conducted in a single study[42].
A meta-analysis has been conducted or 9 manuscripts[24,35-42] within this category, Figure 4B. Significant
evidences were highlighted for the laparoscopy procedures regarding the bowel function recovery, post-operative pain, blood losses, hospital stay and interestingly for
the morbidity rate (OR = 0.524; 95%CI: 0.365-0.754).
Also in this category the investigation of the LNH variable was not of statistical value (95%CI: -0.4149-0.562).
Conversely the operating time has been confirmed
shorter in the open surgery group, Figure 4C.

to highlight that 3 studies enrolled less than 50 patients/
arm[24,47,48]. The analyses of the bowel function recovery,
the return to the oral intake, the post-operative pain
and the survival rates provided homogeneous results
among studies (benefits for the laparoscopy patients for
the short-term outcome measures, comparable results
between the 2 approaches for long term survivals). The
operating time has been reported in favour of the open
approach in all the studies with the exception of Cheung
et al[47]. Conversely the analysis of the blood losses was
in favour of the laparoscopy procedures in all the researches, excluding the article by Leung et al[44]. A shorter
hospital stay has been reported statistically associated to
the laparoscopy procedure in all the studies with the sole
exclusion of the report by Cheung et al[47].
Interestingly the analysis of the morbidity rate provided discordant data: 3 studies reported benefits for
the laparoscopy procedure[46-48], whereas other 3 studies
reported comparable results[35,44,45]. Notably the analysis
of the LNH reported homogeneous results among different studies, with the exceptions of Cheung and Nakashima[47,48].
A meta-analysis has been provided including all the

Left-sided colon cancers
Seven studies were included in this category [24,35,44-48],
encompassing 1608 patients undergone laparoscopy
and 9981 patients undergone open surgical resections,
Figure 5. Three studies were randomized[44,45,47], the remaining were case-control studies. It seems important
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Author

Year Lap group OS group Study
n
n
design
[49]

Kim et al
[50]
Akiyoshi et al
Fernández[51]
Cebrián et al
Total

2009
2010
2012

37
53
34

50
39
52

124

141

CC
CC
CC

OT

BF

Survival/ Hernia
relapse
Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS Lap OS
NS
X
NS

X
X
X

OI

X
X
NS

PP

BL

X
X
X

HOSP

Morbidity

LNH

NS

NS
NS
NS

NS

X
NS

X
NS

Figure 6 Transverse colectomies. Studies comparing transverse laparoscopy colectomy and open surgery. X in the table refers to a statistical association provided
in the studies. Lap: Laparoscopy; OS: Open surgery; M: Midline incision; T: transverse incision; R: Randomized; CC: Case-control; OT: Operative time; BF: Bowel
function; OI: Oral intake; PP: Post-operative Pain; BL: Blood loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.

7 studies, but it was computable for only two variables
(Figure 5B) and interestingly both the hospital stay and
the morbidity rate were confirmed in favour of the laparoscopy group, Figure 5C.

expenses were ranging from $1800 to $43000. 4 studies
were meta-analysed[36,44-46]. Results of the meta-analysis
confirmed a significant reduction of the costs in the
open surgery group comparing with laparoscopy (SMD
= 4.843; 95%CI: 3.031-6.656), Figure 7B and C.

Transverse colon cancers
Three studies were included in this category of investigation[49-51], including 124 patients in the laparoscopy
group and 141 in the open surgery group, Figure 6. All
the studies were case-controls series with some concerns
regarding the power of the analyses due to the small
samples enrolled. These studies reported homogeneous
results in favour of the laparoscopy procedures for the
bowel function recovery and the intra-operative blood
loss. Notably all the studies documented similar morbidity rates for both surgical approaches. The studies
conducted by Kim et al[49] and by Fernández-Cebrián et
al[51] documented comparable operating times, whereas
Akiyoshi et al[50] reported benefits in this field in the open
surgery group. Fernández-Cebrián et al[51] documented
comparable results within the 2 procedures regarding
the return to the oral intake, whereas the others documented a statistical correlation with the laparoscopy
procedure[49,50]. The hospital stay has been reported comparable by Kim and by Fernández-Cebrián[49,51], whereas
Akiyoshi et al[50] reported a shorter hospitalization in the
laparoscopy group. The analysis of the LNH reported
similar results between the surgical procedures in the
studies conducted by Kim et al[49] and by FernándezCebrián et al[51], whereas Akiyoshi et al[50] documented a
higher mean number of nodes harvested in the open
surgery group. None of these studies investigated the
survivals or the incidence of post-operative hernias.
It was not possible to computable data for metaanalysis within this category of investigation.

DISCUSSION
The primary goal of this manuscript was to divulgate
the evidences obtained reviewing 47 manuscripts in this
field, 33 of which provided data computable for metaanalysis; the results were categorized on the basis of the
study design (randomized trials, case-control series) and
on the basis of the tumor locations. Moreover we conducted an analysis of the costs derived by the two surgical procedures. Our results are in agreement with that
of other meta-analyses in this field documenting better
short-term results in the laparoscopy groups comparing
with the open surgery procedures[55,56], even though it is
associated with a significant longer operative time.
We considered any complications provided by different studies in the “morbidity rate” outcome measure,
since it was very difficult to provide homogeneous results reviewing studies in this field; indeed authors considered different complications in the analyzed studies
(infections, bleeding etc.). The interpretation of results,
however, might be implemented if future studies could
stratify the severity of adverse events using standard
classifications (e.g., the Clavien’s classification)[57].
Nevertheless, the laparoscopy procedure for colon cancer resection has been reported oncologically
safe[58,59]. The same results were reporting analysing exclusively right-sided colectomies[60]. In the field of the
evaluation of resections by cancers’ site, we noted that
still to-date few studies compared the right-side colectomy by transverse incisions with the laparoscopy procedures; indeed as highlighted by Tanis et al[43] the shortterm results obtained by the transverse incisions are
often between laparoscopy and the midline approach. It
is our opinion that this field of studies should be implemented. Moreover in the field of left-side colectomies
the some series pool left-sided and recto-sigmoid cancers[45,46], thus it is often difficult to differentiate “pure”
colectomies from the recto-sigmoid resections. Of note
just 4 studies out of the 47 reviewed, investigated the
rate of post-operative hernias, providing homogeneous

Costs analysis
Nine studies were included in this investigation[19,29,36,44-46,52-54],
including 3 randomized trials[44,45,52], Figure 7. The overall
number of patients pooled in the laparoscopy group has
been of 102763; otherwise 72264 patients were included
in the open surgery group. Costs were expressed or
converted whenever necessary in United States dollars.
Overall laparoscopy procedures provided costs ranging from $4000 to $41000; conversely the open surgery
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A

Author

Year
[19]

Saba et al
[44]
Leung et al
[36]
Zheng et al
[45]
Liang et al
[46]
Hinojosa et al
[52]
Franks et al
[53]
Steele et al
[29]
Shabbir et al
[54]
Vaid et al
Total

B

Variable
Costs

C

Lap group

OS group

n

n

25
203
30
135
1092
452
95627
32
5147
102763

25
200
34
134
9511
230
3296
32
58802
72264

1995
2004
2005
2007
2007
2006
2008
2009
2012

Study design

P value

Cost
Laparoscopy (mean ± SD)

CC
R
CC
R
CC
R
CC
CC
CC

4338
9297 ± 2091
11498.54 ± 2618.86
6076.3 ± 82.68
13507 ± 8238
11092.21
34685
7943
41971

Laparoscopy

Open surgery

Total

SMD/OR

95%CI

P value

1460

9879

11339

4.843

3.031-6.656

< 0.0001

Open surgery (mean ± SD)
1839
7148 ± 2164
10228.34 ± 2372.57
4263.12 ± 86.0
15248 ± 17373
10661.32
34178
7253
43459

< 0.05
< 0.001
NS
<0.001

NS
NS
< 0.001

Meta-analysis

SMD
-5

0

5
10
Standardized
mean difference

15

20

25

Figure 7 Costs analysis. A: Studies comparing laparoscopy and open surgery: analysis of the costs; B: Meta-analysis; C: Forest plot graph. Lap: Laparoscopy; OS:
Open surgery; NS: Not significant; R: Randomized; CC: Case-control.

results comparing the 2 methodologies[11,14,25,42], thus also
this field of investigation should be implemented by incoming studies.

the open surgery procedures, however seems important
to highlight that just few studies investigated the incidence of post-operative hernia. The analysis of the postoperative hernia could add important information; indeed a re-intervention might substantially implement the
costs and might put into question the cost-effectiveness
of the procedure.

Take at home messages
Short term outcome measures including: a lower blood
loss, an earlier recovery of the bowel function, an earlier
return to the oral intake, a shorter hospital stay and a
lower morbidity rate were statistically associated to the
laparoscopic procedures in randomized trials. Opposite
the operating time has been confirmed shorter in the
open surgery group.
Even though the majority of the trials reported a
statistical association with less post-operative pain in
the laparoscopic group, this data was not computable
on meta-analysis, similarly the comparable results of the
LNH within the 2 procedures was documented at the
review but not computable at the meta-analysis.
This trend has been confirmed analyzing case-control
series and cancer by sites, even though there are some
concerns regarding the power of the studies in this latter field due to the small number of trials and the small
sample of patients often enrolled.
The analysis of the costs documented lower costs for
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Applications

The results are in agreement with that of other meta-analyses in this field documenting better short-term results in the laparoscopy groups comparing with the
open surgery procedures, even though it is associated with a significant longer
operative time.
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CASE REPORT

Colonic and anal metastases from pancreato-biliary
malignancies
Farshid Ejtehadi, Nikolaos A Chatzizacharias, Rebecca J Brais, Nigel R Hall, Edmund M Godfrey,
Emmanuel Huguet, Raaj K Praseedom, Asif Jah
senting complaint was obstructive jaundice due to an
ampullary tumour for which a pancreato-duodenectomy
was carried out. However, the patient re-presented 4
wk later with an atypical anal fissure which was found
to be metastatic deposit from the primary ampullary
adenocarcinoma. In the second case, the patient presented with obstructive jaundice due to a biliary stricture. Subsequent imaging revealed sigmoid thickening,
which was confirmed to be a metastatic deposit. Distal
colonic and anorectal metastases from pancreatobiliary cancers are rare and can masquerade as primary
colorectal tumours. The key to the diagnosis is the specific immunohistochemical profile of the intestinal lesion
biopsies.
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Core tip: Pancreato-biliary malignancies often present
with locally advanced or metastatic disease. Surgery is
the mainstay of treatment although less than 20% are
suitable for resection at presentation. Common sites for
metastases are liver, lungs, lymph nodes and peritoneal
cavity and carry poor prognosis, with median survival of
less than 3 mo. Distal colonic and anorectal metastases
from pancreato-biliary cancers are rare and can masquerade as primary colorectal tumours. The key to the
diagnosis is the specific immunohistochemical profile of
the intestinal lesion biopsies.

Abstract
Pancreato-biliary malignancies often present with locally advanced or metastatic disease. Surgery is the
mainstay of treatment although less than 20% of tumours are suitable for resection at presentation. Common sites for metastases are liver, lungs, lymph nodes
and peritoneal cavity. Metastatic disease carries poor
prognosis, with median survival of less than 3 mo. We
report two cases where metastases from pancreato-biliary cancers were identified in the colon and anal canal.
In both cases specific immunohistochemical staining
was utilised in the diagnosis. In the first case, the pre-

WJG|www.wjgnet.com

Ejtehadi F, Chatzizacharias NA, Brais RJ, Hall NR, Godfrey EM,
Huguet E, Praseedom RK, Jah A. Colonic and anal metastases
from pancreato-biliary malignancies. World J Gastroenterol
2014; 20(13): 3693-3697 Available from: URL: http://www.wjg-

3693

April 7, 2014|Volume 20|Issue 13|

Ejtehadi F et al . Coloanal metastases from pancreato-biliary cancers

further staging with a CT scan and laparoscopy. The
laparoscopy showed no evidence of peritoneal disease,
however the CT scan revealed thickening of the sigmoid
colon. Colonoscopic biopsies confirmed a submucosal
infiltrating moderately differentiated adenocarcinoma
with no associated mucosal dysplasia. This was not supportive of a colorectal primary and favoured an extrinsic
origin. Subsequent immunohistochemical analysis showed
strong staining for CK7, with occasional positive staining
for CK20; and negative CDX2, CK17 and Estrogen Receptor (ER) immunoreactivity. This profile, although not
specific, was consistent with metastatic deposit from a
hilar cholagiocarcinoma. She underwent palliative biliary
stenting and was referred for palliative chemotherapy.

net.com/1007-9327/full/v20/i13/3693.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3693

INTRODUCTION
Pancreato-biliary malignancies often present with locally
advanced or metastatic disease[1,2]. The commonest tumour type is adenocarcinoma followed by rarer varieties
such as neuroendocrine and adeno-squamous cell carcinomas[3-5]. Surgery is the mainstay of treatment although
less than 20% are deemed resectable at the time of presentation[1,5-8]. Metastatic disease carries a poor prognosis
with median survival of less than 3 mo[5-12].
The common sites for metastases are the liver, lungs,
lymph nodes and peritoneal cavity[2]. Unusual metastatic
sites such as kidney[13], colon[14-17] and skin[18], have also
been reported. We report two cases where metastases
from pancreato-biliary cancers were identified in the colon and anal canal.

DISCUSSION
The colon, rectum and anal canal are rare sites for metastases for any type of malignancy. However, such
cases have been reported from primary carcinomas of
breast[19-22], lung[23,24], colon[25,26] and prostate[27]. Additionally, a small number of such metastases have been reported to occur in relation to cholangiocarcinomas[14,15] and
pancreatic adenocarcinomas[13,16,17]. To the best of our
knowledge metastasis to the anal canal from pancreatobiliary malignancies has not been reported before in the
literature.
The extrinsic nature of these metastatic deposits may
not be apparent in superficial mucosal biopsies. Immunohistochemical studies may be warranted in such cases
where there is a suspicion of metastases or if there are
unusual features such as adenocarcinoma undermining
an intact, non-dysplastic mucosal surface. In the two
cases that we have presented (Table 1) the immunohistochemical profiles of the tumours were more consistent
with pancreato-bilary origin than lower gastrointestinal
tract origin although are not definitive and final diagnosis
requires correlation with the clinical and radiological parameters. Ampullary adenocarcinomas can demonstrate
either an intestinal (CK20/CDX2/MUC2 positive) or
pancreaticobilary immunophenotype (CK7/CK17/
MUC1 positive)[28-31], as in case 1. The tumours demonstrating a pancreato-bilary phenotype can also co-express
CK20, but this is usually only focal in distribution. On
the contrary, the vast majority of colorectal adenocarcinomas demonstrate a typical lower gastrointestinal immunophenotype, being CK20 and CDX2 positive (CDX2
is an intestine-specific nuclear transcription factor, which
can be used as a marker for intestinal-type differentiation
of colorectal adenocarcinomas)[29,30].
We acknowledge that we do not have direct corroborative histology of the pancreato-biliary primary in the
second case. However, unequivocal evidence of a locally
advanced malignant pancreatic mass noted on staging CT.
Pancreatic biopsy was not attempted due to poor performance status of the patient. In this case there was sufficient radiological and immunohistochemical evidence to
support the diagnosis of metastatic deposit in the large

CASE REPORT
Case 1
A 79-year-old lady presented with obstructive jaundice.
A computed tomography (CT) scan and a subsequent
endoscopic ultrasound scan identified a resectable ampullary mass. Staging CT did not reveal any evidence of metastases and the patient underwent a Whipple’s resection
following which she made an uncomplicated recovery.
The histopathology of the resected specimen confirmed
poorly differentiated ampullary adenocarcinoma. The
tumour demonstrated a pancreato-bilary immunophenotype being cytokeratin-7/cytokeratin-17/mucin-1 (CK7/
CK17/MUC1) positive and cytokeratin-20/homeobox
protein CDX2/mucin-2 (CK20/CDX2/MUC2) negative (Figure 1A). Approximately 4 wk after discharge, the
patient re-presented with perianal pain exacerbated by
defecation. Examination under anaesthesia (EUA) confirmed the presence of an atypical anal fissure, biopsies
of which revealed anal mucosa extensively infiltrated by
a poorly differentiated carcinoma, demonstrating similar
morphological appearance to the original ampullary adenocarcinoma. Subsequent, immunohistochemistry also
demonstrated an identical pancreato-biliary phenotype
as seen previously (Figure 1B), suggesting that this was a
metastatic deposit from the ampullary cancer. The patient
underwent two cycles of palliative radiotherapy to the
anal canal for control of pain and was discharged with
full palliative support. She died approximately 3 wk after
discharge.
Case 2
A 63-year-old lady presented with obstructive jaundice
due to a biliary stricture involving the hilum of the bile
ducts and extending longitudinally into the distal common bile duct. Endoscopic retrograde cholangiopancreatographic brushings were inconclusive. She underwent
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Figure 1 Immunohistochemical staining. A: Immunohistochemical staining of the surgical specimen demonstrating pancreato-biliary phenotype: cytokeratin-7/cytokeratin-17/mucin-1 (CK7/CK17/MUC1) positive and cytokeratin-20/homeobox protein CDX2/mucin-2 (CK20/CDX2/MUC2) negative; B: Immunohistochemical staining
of the anal fissure biopsy demonstrating pancreato-biliary phenotype similar to the ampullary adenocarcinoma.

intestine from the primary biliary cancer.
Although pancreato-biliary malignancies commonly
lead to metastatic deposits on the peritoneal surfaces, the
cases described here did not have any evidence of diffuse
peritoneal involvement. There was no evidence of perito-

WJG|www.wjgnet.com

neal nodules, omental infiltration or ascites on any of the
CT scans or staging laparoscopy. Therefore we believe
that these are focal metastases to the colon and anal canal
rather than a part of diffuse peritoneal involvement.
Distal colonic and anorectal metastases are rare. They

3695

April 7, 2014|Volume 20|Issue 13|

Ejtehadi F et al . Coloanal metastases from pancreato-biliary cancers
Table 1 Summarising characteristics of the 2 cases
Demographic
information

Mode of presentation Initial investigations and Site of primary
Site of
findings
lesion
metastases

79, female

Presented with
obstructive jaundice

63, female

Presented with
obstructive jaundice

EUS, CT, ERCP, tissue
Ampullary
diagnosis obtained after
Whipple's resection
Colonoscopy and
Hilum of bile
biopsy, staging CT
ducts

Anal canal

Sigmoid
colon

Histology of metastasis

Outcome

Adenocarcinoma, PB type. CK7/
Palliation
CK17/MUC1 positive, (negative for
K20/CDX2/MUC2)
Microscopy
Palliative
Immunohistochemistry
percutaneous
strong CK7 staining, with occasional biliary stenting
positive staining for CK20;
and chemotherapy
(negative CDX2, CK17 and ER
immunoreactivity)

CT: Computed tomography; EUS: Endoscopic ultrasound scan; ERCP: Endoscopic retrograde cholangiopancreatography.

Experiences and lessons

may present simultaneously with or in isolation from the
primary, with symptoms identical to a primary colo-rectal
tumour. The key to diagnosis is a high index of suspicion
if the clinical picture is atypical coupled with specific
immunohistochemical staining. Atypical immunohistochemical pattern that does not fit with a colorectal primary should raise suspicion regarding metastases from an
extrinsic source.

Symptoms from distal colonic and anorectal metastases may be identical to a
primary colorectal tumour and the key to diagnosis is a high index of suspicion
if the clinical picture is atypical coupled with specific immunohistochemical
staining.

Peer review

This is a report of two unusual metastases of pancreato-biliary malignancies to
the sigmoid colon and anal canal. The cases stress the importance of complete
physical examination, including rectodigital examination, and surveillance of
the lower gastro-intestinal tract in upper gastro-intestinal and pancreato-biliary
malignancies, even though the incidence of such metastasis is rare.
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Core tip: Ischemic colitis following colonoscopy is rare
and is predominantly involved at the sigmoid colon and
splenic flexure. However, our two cases were found
on the right side of the colon after a routine screening colonoscopy in patients without risk factors for
ischemia. We believe these cases are interesting and
instructive for gastroenterologists.
Lee SO, Kim SH, Jung SH, Park CW, Lee MJ, Lee JA, Koo HC,
Kim A, Han HY, Kang DW. Colonoscopy-induced ischemic
colitis in patients without risk factors. World J Gastroenterol
2014; 20(13): 3698-3702 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i13/3698.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i13.3698

INTRODUCTION
Ischemic colitis is the most common form of intestinal
ischemia and accounts for 1 in 1000 hospitalizations[1].
Although more frequent in the elderly, younger patients
may also be affected[2]. Clinically, ischemic colitis manifests as a spectrum of injuries from transient self-limited
ischemia involving the mucosa and submucosa, which
has a good prognosis, to acute fulminant ischemia with
transluminal infarction, which may progress to necrosis
and death. Colon ischemia was first described as being
caused by the ligation of the inferior mesenteric artery
during aortic reconstruction or colon resection[3,4], but it
is now recognized to have many potential causes. Common predisposing conditions for ischemic colitis are
major vascular occlusion, small vessel disorder, shock,
some medications, colonic obstructions and hematologic
disorders. However, very few cases have been reported
following endoscopic examinations thus far[5,6]. Here, we
present two cases of ischemic colitis following a routine
screening colonoscopy in young patients with no risk

Abstract
Ischemic colitis is the most common form of intestinal
ischemia. It is a condition that is commonly seen in
the elderly and among individuals with risk factors for
ischemia. Common predisposing conditions for ischemic
colitis are major vascular occlusion, small vessel disorder, shock, some medications, colonic obstructions and
hematologic disorders. Ischemic colitis following colonoscopy is rare. Here, we report two cases of ischemic
colitis after a routine screening colonoscopy in patients
without risk factors for ischemia.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Figure 1 Case 1 findings. A: Initial colonoscopic findings, Normal colonoscopic findings in ascending colon; B, C Follow up colonoscopic findings; B: The results
showed severe petechial hemorrhages with edematous mucosal inflammation in the ascending colon; C: The results showed longitudinal ulcers and hemorrhages in
the ascending colon; D: Microscopic findings of affected ascending colon (H and E stain, × 100). Biopsy was compatible with the findings of ischemic colitis, showing
erosions and hemorrhages; E: Abdominal computed tomography findings, the results shows diffuse wall thickening of the ascending colon and fluid collection around
the ascending colon; F: Follow up colonoscopic findings in 6 mo, the results showed totally normal colonoscopic findings in the ascending colon.

factors.

abdomen was soft to palpation, with some tenderness on
the right lower quadrant but no sign of peritonitis. The
initial laboratory data showed elevated WBC 14.0 k/μL,
but all other levels were normal, including HGB 13.2
g/dL and CRP 0.15 mg/dL. Stool cultures were negative,
as was the hypercoagulable work-up. We believed minor
bleeding had occurred at the biopsy site, but the bleeding
quickly stopped. Therefore, we closely observed her conditions and vital signs with bowel rest, intravenous fluids
and empirical antibiotics. Despite these measures, her
abdominal pain and hematochezia persisted. On the next
day, another colonoscopy showed severe submucosal
hemorrhages with mucosal edema and longitudinal ulcers
in the ascending colon (Figure 1B and C). The biopsy was
compatible with findings of ischemic colitis and showed
erosions and hemorrhages (Figure 1D). The possibility
of bleeding from the forcep biopsy site was excluded by
a complete colonoscopic examination. Abdominal com-

CASE REPORT
Case 1
A 47-year-old woman presented to the emergency room
complaining of abdominal pain with hematochezia 7
h after a routine screening colonoscopy in the primary
clinic. She had no history of coagulopathy or embolic
risk factors and a body mass index (BMI) of 22.3 kg/m2.
The screening colonoscopic findings were normal (Figure
1A) except for a single colonic polyp in the transverse
colon, which was removed by a forceps biopsy. The patient was prepared for the colonoscopy with a 4 L splitdose of polyethylene glycol, and the procedure itself had
been uneventful with insufflations of room air during 13’
36”. On admission, her initial blood pressure was 130/80
mmHg, and her heart rate was 70 beats per minute. Her
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Figure 2 Case 2 findings. A: The results showed diffuse edematous mucosal inflammations, submucosal hemorrhages, erosions, ulcers and friability; B: The results
showed longitudinal ulcers and hemorrhages; C, D: Abdominal computed tomography findings. The results shows submucosal edematous changes and decreased
enhancement of thickened colonic wall from the ascending colon to the distal transverse colon.

puted tomography (CT) scans showed diffuse wall thickening of the ascending colon and fluid collection around
the ascending colon (Figure 1E). The patient was managed supportively and resumed her diet on the 5th hospital day. She recovered uneventfully and was discharged on
the 9th hospital day without complications. We performed
a follow up colonoscopy after 6 mo and observed totally
normal colonoscopic findings (Figure 1F).

showed diffuse edematous mucosal inflammations, submucosal hemorrhages, erosions and longitudinal ulcers
with friability in the distal transverse colon and proximal
sigmoid colon (Figure 2A and B). Abdomen CT scans
showed submucosal edematous changes and decreased
enhancement of thickened colonic wall from the ascending colon to the distal transverse colon (Figure 2C and D).
The patient was also treated supportively with bowel rest,
intravenous fluids and empirical antibiotics. He recovered
without complications and was discharged on the 9th hospital day. We followed up in the outpatient department,
and he complained of no symptoms.

Case 2
A 40-year-old man presented to the emergency room
complaining of hematochezia with diffuse abdominal
pain 18 hours after a routine screening colonoscopy in
the primary clinic. He had no history of coagulopathy
or embolic risk factors and a BMI of 19.8 kg/m2. The
screening colonoscopic findings were normal. The patient was prepared for the colonoscopy with a 4 L splitdose of polyethylene glycol, and the procedure itself had
been uneventful with insufflations of room air during
15’20”. On admission, his blood pressure was 130/80
mm/Hg, and his heart rate was 75 beats per minute. His
abdomen was soft to palpation with moderate tenderness
on the whole abdomen; however, there was no sign of
peritonitis. The initial laboratory data showed an elevated
WBC 17.43 k/μL and CRP 1.61 mg/dL, but all other
data were normal, including HGB 14.8 g/dL. The stool
cultures were negative, and a hypercoagulable work-up
was not performed. We decided to perform a colonoscopy, but not above the distal transverse colon due to the
patient’s pain and very friable colonic mucosa. Therefore,
no biopsies were performed either. The colonoscopy

WJG|www.wjgnet.com

DISCUSSION
Ischemic colitis is the most common form of intestinal
ischemia. Although the incidence of ischemic colitis
is increased in the elderly and among those with many
with risk factors for vascular disease, an index lesion on
angiography is unusual[2]. When present, abnormalities
may include the narrowing of the small vessels and tortuosity of the long colic arteries[7]. Rather than a specific
vascular lesion, there appears to be an acute, self-limited
compromise in intestinal blood flow, which is inadequate
for meeting the metabolic demands of the colon[8]. The
colon is predisposed to ischemia by its relatively low
blood flow compared with the rest of the gastrointestinal tract[9,10]. Experimental distension has been found
to increase intraluminal pressure, reduce total blood and
reduce the arteriovenous oxygen gradient in the colonic
wall[11]. This most likely resembles the mechanism for the
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rare occurrence of ischemic colitis during colonoscopy
or barium enema[6,12]. There are numerous conditions that
predispose patients to ischemic colitis. The most common
mechanism is hypotension from sepsis or impaired left
ventricular function and hypovolemia from dehydration or
hemorrhage, producing a compromise in systemic perfusion and triggering a reflex mesenteric vasoconstriction[2].
Numerous medications may produce colonic ischemia by
a similar mechanism. The most common drugs are antihypertensive agents, diuretics, non-steroidal anti-inflammatory drugs, digoxin, oral contraceptives, pseudoephedrine,
cocaine and alosetron[2]. Predisposing factors for colonic
ischemia in young adults include vasculitis, abdominal
surgery, use of cocaine, oral contraceptive pills and nonsteroidal anti-inflammatory drugs, hypercoagulable states,
colonic obstruction and marathon running[13]. None of
these risk factors were present in our cases.
Most patients present with the acute onset of mild,
crampy abdominal pain and tenderness over the affected
bowel. Within 24 h, there is usually passage of bright red
or maroon blood often mixed with stool. Usually blood
loss is minimal, without hemodynamic deterioration or
the need for transfusion[2,9].
Any part of the colon may be affected, but (different pont size) the left colon is the predominant location
in approximately 75% of patients[10]. Splenic flexure may
be the most common site, as it is involved in one-quarter
of patients[10], and isolated right colon ischemia occurs in
approximately 10% of cases[13]. Because the rectosigmoid
junction and splenic flexure may be vulnerable in systemic
low-flow states due to the watershed area called Sudeck’s
point, where the sigmoidal artery meets the superior colic
artery, and Griffith’s point, where the mid-colic artery
meets the left colic artery[14]. In our two cases, right colon
ischemia developed. This incidence may be explained by
the potentially increased vulnerability of the right colon
to a systemic low-flow state, as the marginal artery of
Drummond is poorly developed at this location in 50%
of the population[15].
The diagnosis of ischemic colitis depends on characteristic findings in the appropriate clinical setting. Laboratory markers for ischemia, such as serum lactate, lactate
dehydrogenase, alkaline phosphatase and metabolic
acidosis, may be present, but they are uncommon. Plain
abdominal films are insensitive and nonspecific, but they
are important when excluding other disorders. A barium
enema may show findings suggestive of ischemic colitis,
such as thumbprinting, but this procedure is nonspecific
and is present in many other infective or inflammatory
colitis[16]. Abdominal computed tomography may show
suggestive findings of ischemic colitis in up to 89% of
patients. The most common finding is segmental circumferential wall thickening of affected colon[2].
Colonoscopy has largely supplanted the barium enema
as the diagnostic modality of choice because of its higher
sensitivity for detecting mucosal changes and its ability to
obtain biopsy specimens if necessary. However, as there
are no specific endoscopic findings for ischemic colitis, the
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clinical situations must be considered. Findings that favor
ischemic colitis rather than inflammatory bowel disease
are in segmental areas of injury, abrupt transition between
normal and affected mucosa, rectal sparing and rapid resolution of mucosal changes on serial colonoscopy[2].
Treatment varies with the severity of the ischemia. In
the absence of gangrene or perforation, supportive care
is sufficient. Patients need bowel rest, intravenous fluid
and often empirical broad-spectrum antibiotics to minimize bacterial translocation and sepsis.
Ischemic colitis following colonoscopy is comparatively rare. There have been 5 domestic cases of ischemic
colitis after colonoscopy[14]. However, relatively young
patients with no risk factors or those who prepare their
bowels with polyethylene glycol was first noticed in this
report. The causes of developing ischemic colitis following
colonoscopy are damage to microvasculatures, mechanical
compression, increased intraluminal pressure and hyperextension[17]. If the colonic intraluminal pressure rises up
to 30-40 mmHg, reversible circulatory compromises may
occur; however, if the intraluminal pressure rises above 50
mmHg, irreversible damages may occur[18]. In these cases,
approximately 15 min encompassed the whole colonoscopic procedure, and no hyperextension or hyperinflation
were performed. Ischemic colitis as a complication of
colonoscopy is rare, but the incidence can increase when a
prior history of intra-abdominal surgery, tortuous colon,
longer procedure time or other risk factors of ischemia is
present. Thus, we need to pay more attention to reducing
colonoscopic procedure time, hyperinflation and hyperextension. Further, we should check the risk factors for
ischemia and supply sufficient fluid to prevent the risk of
ischemia before bowel preparation.
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Case characteristics

A 47-year-old woman and 40-year-old man without prior medical history presented with abdominal pain with hematochezia.

Clinical diagnosis

Their abdomen were soft to palpation, with tenderness on right lower quadrant
(case 1) and whole abdomen (case 2) but no sign of peritonitis.

Differential diagnosis

Infectious colitis, Inflammatory bowel disease, Diverticulitis, Colon cancer.

Laboratory diagnosis

In the case 1, WBC 14.0 k/μL; HGB 13.2 g/dL; CRP 0.15 mg/dL and In case 2,
WBC 17.43 k/μL; HGB 14.8 g/dL ; CRP 1.61 mg/dL; stool cultures were negative.

Imaging diagnosis

Abdominal computed tomography scans showed diffuse wall thickening of ascending colon and fluid collection around ascending colon (case 1) and submucosal edematous changes and decreased enhancement of thickened colonic
wall from ascending colon to distal transverse colon (case 2).

Pathological diagnosis

Colonoscopic biopsy in case 1 was compatible with findings of ischemic colitis,
showing erosions and hemorrhages.

Treatment

The patients were treated supportively with bowel rest, intravenous fluids and
empirical antibiotics.

Related reports

It is unclear how colonoscopy induces ischemic colitis and our cases have right
sided ischemic colitis and they do not have ischemic risk factors.
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Experiences and lessons

9

It is rare that ischemic colitis following colonoscopy is occurred in patients without risk factors of ischemia.

Peer review

10

Awareness of the risk of this potential complication following colonoscopy in
patients without risk factors of ischemia may lead to prompt diagnosis and effective treatment with improved outcome.

11
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CASE REPORT

Successful treatment of liver abscess secondary to foreign
body penetration of the alimentary tract: A case report and
literature review
Lee-Won Chong, Cheuk-Kwan Sun, Chin-Chu Wu, Cheuk-Kay Sun
foreign body embedded in the posterior wall of gastric
antrum with regional phlegmon over the lesser sac and
adhesion to the pancreatic body without notable vascular injury, and a hepatic abscess seven cm in diameter
over the left liver lobe. Endoscopic removal of the foreign body was successfully performed without complication. The liver abscess was treated with parenteral
antibiotics without drainage. The patient’s recovery was
uneventful. Abdominal ultrasonography demonstrated
complete resolution of the hepatic abscess six months
after discharge. Relevant literature from the PubMed
database was reviewed and the clinical presentations,
diagnostic modalities, treatment strategies and outcomes of 88 reported cases were analyzed. The results
showed that only 6 patients received conservative
treatment with parenteral antibiotics, while the majority underwent either image-guided abscess drainage
or laparotomy. Patients receiving abscess drainage via
laparotomy had a significantly shorter length of hospitalization compared with those undergoing imageguided drainage. There was no significant difference in
age between those who survived and those who died,
however, the latter presented to hospitals in a more
critical condition than the former. The overall mortality
rate was 7.95%.

Lee-Won Chong, Cheuk-Kay Sun, Division of Hepatology and
Gastroenterology, Department of Internal Medicine, Shin Kong
Wu Ho-Su Memorial Hospital, Taipei 111, Taiwan
Lee-Won Chong, Institute of Clinical Medicine, School of Medicine, National Yang Ming University, Taipei 112, Taiwan
Cheuk-Kwan Sun, Department of Emergency Medicine, E-Da
Hospital, I-Shou University, Kaohsiung 824, Taiwan
Cheuk-Kwan Sun, School of Medicine, Chung Shan Medical
University, Taichung City 40201, Taiwan
Chin-Chu Wu, Department of Radiology, Shin Kong Wu Ho-Su
Memorial Hospital, Taipei 111, Taiwan
Cheuk-Kay Sun, School of Medicine, College of Medicine, Fu
Jen Catholic University, Taipei 242, Taiwan
Cheuk-Kay Sun, School of Medicine, College of Medicine, Taipei Medical University, Taipei 110, Taiwan
Author contributions: Chong LW and Sun CK designed the
study and wrote the manuscript; Chong LW, Wu CC, Sun CK collected and analyzed the data; all authors have read and approved
the final version to be published.
Correspondence to: Cheuk-Kay Sun, MD, Division of Hepatology and Gastroenterology, Department of Internal Medicine,
Shin Kong Wu Ho-Su Memorial Hospital, No. 95, Wen Chang
Road, Shih Lin District, Taipei 111,
Taiwan. M000651@ms.skh.org.tw
Telephone: +886-2-28332211 Fax: +886-2-28389335
Received: November 5, 2013 Revised: December 24, 2013
Accepted: January 19, 2014
Published online: April 7, 2014

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

Abstract

Key words: Hepatic abscess; Foreign body; Endoscopy;
Laparotomy; Drainage

Hepatic abscess caused by foreign body penetration of
the alimentary tract is rare. We report a case of gastric
antrum penetration due to a toothpick complicated by
liver abscess formation. A 41-year-old man was admitted to our hospital with the chief complaint of upper
abdominal pain for 2 mo. Esophagogastroduodenoscopy performed at a local clinic revealed a toothpick
penetrating the gastric antrum. Computed tomography
(CT) of the abdomen at our hospital revealed a gastric
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Core tip: Hepatic abscess caused by foreign body penetration of the alimentary tract is rare and most cases
are treated surgically. We demonstrate the successful conservative treatment of a patient by combining
endoscopic removal of the foreign body and broadspectrum antibiotic coverage. A review of the literature
highlighted the importance of ruling out the possibility

3703

April 7, 2014|Volume 20|Issue 13|

Chong LW et al . Penetrating gastrointestinal foreign body-induced hepatic abscess

ing glucose level, renal function, liver enzymes, amylase,
lipase, and alpha-fetoprotein, were all within normal limits. Blood culture yielded no bacterial growth. Chest and
abdominal radiographs were unremarkable. Computed
tomography (CT) of the abdomen revealed a hyperdense,
linear foreign body within the gastric antrum with transgastric penetration through the posterior wall of the antrum and close contact with the pancreatic body (Figure
1). Significant edematous wall thickening of the gastric
antrum and lower body with regional phlegmon over the
lesser sac extending to the porta hepatis was also found.
There was no apparent vascular injury. In addition, a 7-cm
hypodense mass was found in the left liver lobe (Figure
2). The initial diagnosis was hepatic abscess complicating foreign body penetration of the gastric antrum. The
foreign body, a 7-cm wooden toothpick, was successfully
removed endoscopically using a pair of grasping forceps
(FG-44NR-1, Olympus, Tokyo, Japan) (Figure 3) without
notable complications. His upper abdominal pain subsided dramatically after the foreign body was removed. A
parenteral proton pump inhibitor was prescribed for the
small gastric ulcer resulting from removal of the foreign
body. Percutaneous drainage of the liver abscess was not
performed due to the absence of liquefaction. Intravenous antibiotics including ceftriaxone 2 g/d and metronidazole 500 mg every eight hours were administered. The
patient was discharged after 10 d of parenteral antibiotic
treatment. He remained symptom-free and treated with
an oral antibiotic (levofloxacin 500 mg/d) for a further
two weeks during follow-up at the outpatient clinic until
C-reactive protein decreased to the normal limits. After
discharge, the patient underwent serial abdominal ultrasonographic examinations every two weeks for one month
and then monthly to confirm resolution of the liver
abscess. Complete resolution of the hepatic abscess was
noted six months after discharge.

of foreign body penetration of the alimentary tract in
patients with liver abscesses and no identifiable underlying condition, particularly those refractory to conventional treatment. Appropriate diagnostic strategies,
including imaging studies and surgical exploration, may
be indicated for early diagnosis and timely treatment of
this potentially lethal condition.
Chong LW, Sun CK, Wu CC, Sun CK. Successful treatment
of liver abscess secondary to foreign body penetration of the
alimentary tract: A case report and literature review. World J
Gastroenterol 2014; 20(13): 3703-3711 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i13/3703.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i13.3703

INTRODUCTION
Accidental ingestion of foreign bodies is not uncommon and about 80%-90% of ingested foreign bodies
pass through the gut uneventfully within 1 wk[1]. In fact,
less than 1% of patients who ingested a foreign body
developed complications such as perforation or penetration of the gastrointestinal tract[2]. The development of a
hepatic abscess secondary to a foreign body penetrating
the gastrointestinal tract is even more unusual. We report
a case of liver abscess induced by an ingested foreign
body which penetrated the gastric antrum. The abscess
was successfully treated by endoscopic retrieval of the
foreign body and broad-spectrum antibiotic coverage. We
performed a search of relevant English literature in the
PubMed database, reviewed the cases reported, and analyzed the data. Crucial information regarding this disease
entity was then collected, reviewed, and summarized in
this study.

CASE REPORT

DISCUSSION

A 41-year-old man with no previous history of medical
illness presented to our outpatient clinic with intermittent upper abdominal pain and acid regurgitation for two
months. The patient did not experience nausea, vomiting, melena, passage of bloody stool or change in bowel
habit. However, he recalled that fever occurred when the
abdominal pain first started. Although he denied foreign
body ingestion, esophagogastroduodenoscopy performed
at a local clinic revealed a toothpick penetrating the posterior wall of the gastric antrum. He was then referred
to our emergency department for further treatment. On
arrival at the emergency department, his vital signs were
stable with a body temperature of 36.9 ℃, pulse rate of
95 breaths/min, respiratory rate of 16 breaths/min, and
blood pressure of 140/71 mmHg. Physical examination
was essentially normal except for mild epigastric tenderness. Laboratory studies showed a white blood cell count
of 14600/mm3 with 66.4% neutrophils, a hemoglobin
level of 13.4 mg/dL, and a C-reactive protein concentration of 0.535 mg/dL. Serum biochemical analyses includ-
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Review of literature
We searched the PubMed database for relevant English
literature from 1955 to 2013 using the key words “liver
abscess”, “hepatic abscess”, and “foreign body”. The
clinical presentations, diagnostic modalities, treatment
strategies and outcomes of the reported cases were
reviewed and analyzed. All statistical analyses were performed using commercially available software (SPSS,
version 15.0 for Windows). Data were expressed as mean
± SD. The Student t test was used for comparison of
two different sets of continuous values. Differences were
considered statistically significant when P < 0.05.
Background review
The first case of hepatic abscess secondary to gastrointestinal tract perforation caused by a foreign body was
reported by Lambert in 1898[3]. Since then, migrated
foreign bodies, albeit uncommon, have been increasingly
recognized as a potential cause of failure in the treatment
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A

A

B
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Figure 1 Imaging studies with contrast-enhanced computed tomography
scan. A: A hyperdense linear foreign body embedded in the posterior wall of
the antrum with transgastric penetration and attachment to the upper pancreatic
border (arrow); B: Sagittal multiplanar reformation image demonstrating close
contact of the foreign body to the pancreas without evidence of vascular injury
(arrow).

Figure 3 Endoscopic retrieval of the foreign body penetrating the stomach. A: Removal of the toothpick penetrating the posterior wall of the gastric
antrum by a pair of grasping forceps; B: The foreign body removed: a 7-cm long
wooden toothpick with two sharp ends.

abdominal pain (77.3%) and fever (58%) were the most
common, followed by vomiting (19.3%) and nausea
(13.6%). The frequencies of clinical manifestations in this
study were consistent with those of a previous study[65].
However, weight loss, which was considered a feature of
the systemic response to an ongoing infection such as
abscess formation, was not apparent in the present study.
Moreover, the value of a history of foreign body ingestion as a guide for diagnosis was disappointing as only 5%
of patients reported a positive history[4]. In addition, our
patient did not recall any episode of foreign body ingestion even after the diagnosis was made.
Foreign bodies
Of the foreign bodies reported, the frequency of occurrence in decreasing order was fish bone (33%), toothpick
(27.3%), chicken bone (12.5%), and needle (9.1%), while
other objects including clothespin[75], toothbrush[38,40],
rosemary twig[36], pacemaker[34], rabbit bone[70], pen[59],
lobster shell[77], metal wire[43], and dental plate[67] have also
been sporadically documented. Similar findings were observed in a previous study[4]. The literature review in the
present study demonstrated that the size of the foreign
bodies ranged from as small as 1 cm (fish bone)[72] to over
19 cm (toothbrush)[38].

Figure 2 Liver abscess demonstrated in imaging study. Contrast-enhanced
computed tomography scan showing a 7-cm hypodense mass in the lateral
segment of the left hepatic lobe (outlined by arrows).

of hepatic abscesses[4].
Demography and clinical manifestations
In the present study, a total of 79 journal articles were
identified with 88 patients reviewed[4-82], including 64
(73%) males and 24 (27%) females. The mean age of the
patients was 50.4 ± 18.6 years (ranging from 11 mo to
86 years). Although the signs and symptoms of hepatic
abscesses resulting from gastrointestinal perforation by
foreign bodies were often subtle and non-specific[65],
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Site of perforation, location and size of liver abscess
The review of available literature showed that the stom-
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CT, on the other hand, is the preferred imaging study
for diagnosis due to its high resolution and accuracy in
the identification of foreign bodies[44]. It is also useful in
evaluating the depth and complication of the penetration.
Indeed, the literature review in the present study showed
that although there is no unanimous gold standard for
the diagnosis of small-sized foreign bodies that have penetrated the alimentary tract, CT was the most commonly
used diagnostic tool (60.2%). However, the accuracy of
CT is limited by the lack of observer awareness. A high
index of suspicion must be maintained for the correct
diagnosis. It is also noteworthy that diagnosis was established only via laparotomy in up to 14.8% of all reported
patients whose recovery was uneventful. Therefore, timely surgical exploration is recommended for patients with
diagnostic uncertainties. Endoscopy may aid in diagnosis
when it is performed at an early stage, before complete
migration of the foreign body and mucosal healing[51]. In
our patient, a toothpick penetrating the gastric antrum
was disclosed by esophagogastroduodenoscopy as his
initial presentations were upper abdominal pain and acid
regurgitation. CT later revealed a 7-cm left hepatic lobe
abscess.
Hepatic abscesses may result from hematogenous dissemination of pathogens via either the portal venous system from the gastrointestinal tract or the hepatic artery
from sepsis, ascending cholangitis, or local spread of infection. Development of the hepatic abscess in our case
was probably caused by the spread of phlegmon along
the lesser sac. The clinical manifestations of hepatic abscess secondary to foreign body perforation vary and are
usually subtle. In our case, classic symptoms of pyogenic
hepatic abscess such as high fever and severe abdominal pain were absent. Adhesions from slow progressive
inflammatory or fibrotic reactions (Figure 1) may have
prevented free intra-peritoneal spillage of gastrointestinal
contents and the resulting full-blown peritonitis which
usually presents with high fever and severe abdominal
pain. In the current study, the lack of significant differences in demographic, clinical manifestations, and pathogens between the survivors and the patients who died,
except for the correct diagnosis in the former, highlighted
the importance of timely diagnosis of this condition.

Table 1 Diagnostic tools adopted for the diagnosis of foreign
body penetration of the alimentary tract from the literature
review
Diagnostic tools
Computed tomography
Ultrasonography
Radiographs
Laparotomy
Autopsy
Esophagogastroduodenoscopy
Colonoscopy
Endoscopic ultrasonography

n (%)
53 (60.20)
21 (23.90)
14 (15.90)
13 (14.80)
7 (7.95)
4 (4.55)
3 (3.41)
1 (1.14)

ach was the most common site of perforation (40.9%),
followed by the duodenum (20.5%) and colon (11.4%).
These results are similar to those of a previous study
which reported that the stomach and duodenum were
the most common sites of foreign body-induced perforation[65]. With regard to the location of the hepatic abscess,
the left lobe was most commonly affected (65.9%), followed by the right lobe (29.5%), and bilobar involvement
(4.5%). The size of the liver abscesses ranged from 2 to
16 cm (mean, 6.82 ± 3.09 cm). In contrast to cryptogenic
hepatic abscesses which often affect the right liver lobe, a
predominance of left lobe involvement was noted in liver
abscesses induced by foreign body penetration[4]. Furthermore, liver abscess secondary to foreign body penetration
of the gastrointestinal tract should be ruled out when
encountering a lesion without an identifiable underlying
condition combined with treatment failure[4].
Establishment of diagnosis
Diagnosis was made by CT in the majority of patients
(53/88, 60.2%), followed by ultrasonography (21/88,
23.9%), radiographs (14/88, 15.9%), and laparotomy
(13/88, 14.8%). Combined diagnostic modalities were
also adopted, including the combination of ultrasonography and CT (13/88, 14.8%), radiographs and CT (3/88,
3.4%) as well as the combination of radiographs, ultrasonography and CT (6/88, 6.8%). Initial diagnosis was not
established in two patients who presented to hospitals
with persistent symptoms during their second visit when
correct diagnoses were made [49,63]. Diagnosis was not
established in seven cases until autopsy[13,20,22,26,27,71]. The
frequencies of use of different diagnostic modalities are
summarized in Table 1.
The choice of diagnostic modality depends on the
nature and size of the ingested object. For instance, although plain abdominal radiography is usually the initial
screening imaging study of choice for patients with a
complaint of abdominal pain, the ingested foreign body
is usually not identified on plain radiography unless it is
radiopaque. On the other hand, a metallic object is easily
detected by plain radiography, despite poor definition of
the exact location. In such cases, abdominal ultrasonography may be a convenient and radiation-free screening tool
for identifying the abscess and possibly the foreign body.

WJG|www.wjgnet.com

Pathogens
With regard to the identification of pathogens, a review
of the relevant literature showed a single bacterial strain
in the majority of cases (54.5%) with an incidence of
two bacterial flora and multi-flora (i.e., three or more)
being 18.2% and 12.7%, respectively. Negative culture
results were noted in 14.5% of all reported cases, whereas
bacterial culture was positive in only one of six (16.7%)
patients in the literature with undrainable abscesses. Of
all the identified pathogens, the most commonly isolated
was Streptococcus species (72.3%), followed by Escherichia coli
(17%) and Klebsiella pneumoniae (10.6%) (Table 2). One patient with identified candidal infection was found to have
received a local steroid injection for long-standing lumbar
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Table 2 Prevalence of bacterial flora identified in patients
with foreign body penetration of the alimentary tract with
liver abscess formation

Table 4 Management strategies for liver abscesses caused by
foreign body penetration of the alimentary tract in the 88
reported patients

Bacterial flora

Procedures

Streptococcus sp.
Escherichia coli
Klebsiella pneumoniae
Gram (+) cocci
Bacteroids sp.
Eikenella corrodens
Enterobacter cloacae
Mixed anaerobes
Staphylococcus aureus
Anaerobic Gram (+) cocci
Candida sp.
Enterococcus sp.
Gram (+) bacilli
Gram (-) bacilli
Proteus sp.

Prevalence

No. of patients

72.30%
17.00%
10.60%
6.38%
4.26%
4.26%
4.26%
4.26%
4.26%
2.13%
2.13%
2.13%
2.13%
2.13%
2.13%

34
8
5
3
2
2
2
2
2
1
1
1
1
1
1

Drainage via laparotomy
Image guided drainage
Hepatectomy
Laparotomy
Laparoscopy
Autopsy
Antibiotics alone
Laparoscopic drainage
Not mentioned

n (%)

Surgery
Laparotomy
Laparoscopy
Endoscopic intervention
Esophagogastroduodenoscopy
Colonoscopy
Sigmoidoscopy
Single balloon enteroscopy
Autopsy
Foreign body not removed
Spontaneous passage
Not mentioned
Percutaneous interventional radiological approach
Ultrasound guided fluoroscopy

62 (70.50)
54 (61.40)
8 (9.10)
10 (11.36)
4 (4.55)
4 (4.55)
1 (1.14)
1 (1.14)
7 (7.95)
3 (3.41)
2 (2.27)
2 (2.27)
1 (1.14)
1 (1.14)

and leg pain. An immunocompromised status due to prolonged steroid use, therefore, may have contributed to the
infection. As Streptococcus species, Escherichia coli and Klebsiella
pneumoniae were the most commonly identified pathogens,
empirical antibiotic therapy with ampicillin/sulbactam or
second-generation cephalosporins (e.g., cefoxitin) may be
included in the initial treatment regimen.
Treatment strategy and hospital course
The recommended treatment protocol for this clinical
entity comprises removal of the foreign body and drainage of the hepatic abscess. In cases of hepatic abscesses
related to foreign body migration, the overall rate of cure
without foreign body removal is low (9.5%)[4]. Therefore,
removal of the foreign body is critical for resolving the
abscess and closure of the fistulous tract. Strategies for
the removal of a foreign body penetrating the gastrointestinal tract include laparotomy as well as laparoscopic,
endoscopic, or percutaneous interventional radiological
approaches[23,31,51,62,63]. The literature review showed that
the foreign bodies were removed by surgery (laparotomy

WJG|www.wjgnet.com

43 (48.86)
18 (20.45)
8 (9.10)
6 (6.82)
2 (2.27)
7 (7.95)
6 (6.82)
5 (5.68)
1 (1.14)

or laparoscopic approach) in 62 (70.5%) patients, and
by endoscopy in 10 (11.4%) patients. Other approaches
included percutaneous radiological intervention[62] (n = 1,
1.1%) and ultrasound-guided fluoroscopy[29] (n = 1, 1.1%).
The foreign bodies were allowed to remain in place in
three (3.4%) patients[17,53,80], whereas spontaneous passage was noted in two (2.3%) cases[10,46] (Table 3). On the
other hand, liver abscesses were treated by drainage via
laparotomy in the majority of patients (n = 43, 48.9%),
followed by image-guided drainage (n = 18, 20.5%),
hepatectomy (n = 8, 9.1%), and laparoscopic drainage (n
= 5, 5.7%). Six (6.8%) patients received only antibiotic
treatment[17,34,51,53,69,81] (Table 4).
The mean length of hospitalization in the documented cases was 17.5 ± 17.3 d (ranging from 2 h to 64
d). The hospital stay was significantly shorter for patients
receiving laparotomy (13.2 ± 4.6 d), compared with those
undergoing abscess drainage under either CT- (47 ± 24 d)
or echo-guidance (29.8 ± 22.2 d) (P < 0.05). Moreover,
the hospitalization in patients receiving image-guided
drainage was longer than those receiving only antibiotic
treatment (11 ± 4.2 d), although the difference did not
reach statistical significance (P = 0.1961). One possible
explanation for this finding is that the drainage group
generally had severe disease and a more complicated
clinical course with larger abscesses and liquefaction
compared with the antibiotics-only group. No statistically
significant difference in the length of hospitalization between the open drainage and antibiotics-only groups was
observed (P = 0.5489).
Although there is no established guideline regarding the choice of treatment strategy for this rare disease
entity, the current study showed that abscess drainage
via laparotomy in suitable candidates may shorten the
length of hospital stay compared with those receiving
image-guided drainage. On the other hand, the choice of
conservative treatment with parenteral antibiotics may
be a therapeutic option for patients with liver abscesses
without evidence of liquefaction. Indeed, a liver abscess
up to 7 cm was resolved after antibiotic treatment in our
patient. Although the literature review in the present
study showed no bacterial resistance in this clinical setting, broad-spectrum antibiotics (e.g., carbapenems) may
be included in the empirical treatment regimen against
drug-resistant organisms.

Table 3 Procedures for foreign body removal in 88 reported
patients
Procedures

n (%)
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Most patients previously reported to have hepatic
foreign bodies were treated with laparotomy which is effective, but invasive[65]. On the other hand, although endoscopy can be performed via the gastrointestinal tract,
this procedure can be technically demanding[31,51]. In our
case, as most of the toothpick was within the stomach
and apparent intra-peritoneal free air or vascular injury
was absent, endoscopic removal was the preferred treatment strategy. This was performed successfully without
complication. Treatment of hepatic abscess includes
drainage and antibiotic therapy. As liquefaction of the
hepatic abscess was not evident in our case, conservative
treatment rather than drainage was chosen. Unlike other
reported cases of hepatic abscesses secondary to foreign
body penetration with delayed diagnosis and complicated
clinical courses[4,20,33], our patient recovered uneventfully
and was discharged after 10 d of antibiotic treatment.
Possible reasons for the non-complicated clinical course
may be the relatively small perforation without gross
intra-peritoneal spillage of gastrointestinal contents, effective antibiotic treatment against relatively less virulent
bacterial flora of the upper compared with those of the
lower gastrointestinal tract, and prompt removal of the
foreign body before its complete migration which may
have caused further damage to the surrounding structures
such as the pancreatic ductal system and vasculature.

surgical exploration, may be indicated for early diagnosis
and timely treatment of this potentially lethal condition.

Prognosis
All patients with a diagnosis established during hospitalization eventually recovered regardless of the treatment
strategy chosen. On the other hand, seven (four males
and three females) died due to the originally undetected
condition that was evident only after autopsy[13,20,22,26,27,71],
giving an overall mortality rate of 7.95% (7/88). The
major cause of death was septic shock. The age of the
patients who died ranged from 43 to 86 years (mean 56.1
± 15.8 years). There was no significant difference in age
between the expired patients and the survivors (mean
50.4 ± 18.5 years; range 1-80 years). The overall survival
rate of patients with timely diagnosis was 100% (81/81),
whereas the mortality rate of those without definite diagnosis until autopsy was also 100% (7/7).
In summary, we report an unusual case of hepatic abscess caused by toothpick penetration of the gastric antrum. Although most cases of foreign body penetration
of the gastrointestinal tract complicated by liver abscess
are treated surgically, we demonstrated that a conservative
management strategy combining endoscopic removal of
the foreign body and broad-spectrum antibiotic coverage
may be a feasible therapeutic option. Abscess drainage in
suitable cases and identification of causative organisms
are also necessary for successful conservative treatment.
A review of the literature highlighted the importance
of ruling out the possibility of foreign body-induced
penetration of the alimentary tract in patients with liver
abscesses and no identifiable underlying condition, particularly those refractory to conventional treatment. Appropriate diagnostic strategies, including imaging studies and
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Case characteristics

A 41-year-old man with no previous history of medical illness presented with
intermittent upper abdominal pain for 2 mo.

Clinical diagnosis

Physical examination demonstrated mild epigastric tenderness on palpation.

Differential diagnosis

The presence of pyogenic abscess may be assessed using abdominal sonography, whereas peptic ulcer disease and reflux esophagitis may be ruled out by
esophagogastroduodenoscopy.

Laboratory diagnosis

Not only did a hematological study show no remarkable anemia, leukocytosis
or left-shift (i.e., hemoglobin concentration: 13.4 mg/dL; white blood cell count:
14600/mm3; neutrophils: 66.4%), but serum biochemical analyses also demonstrated no notable findings in C-reactive protein concentration (0.535 mg/dL),
renal function, liver enzymes as well as levels of glucose, amylase, lipase, and
alpha-fetoprotein.

Imaging diagnosis

Although chest and abdominal radiographs were unremarkable, computed
tomography of the abdomen revealed a hyperdense, linear foreign body within
the gastric antrum with transgastric penetration through the posterior wall of
the antrum and close contact with the pancreatic body as well as a 7-cm hypodense mass in the left liver lobe.

Pathological diagnosis

As the patient received neither laparotomy nor drainage, no specimen was
available for pathological diagnosis.
The patient was successfully treated conservatively by a combination of endoscopic foreign body removal and parenteral/oral broad-spectrum antibiotic
coverage (i.e., intravenous ceftriaxone two g/d and metronidazole 500 mg every
eight hours for 10 d during hospitalization; oral levofloxacin 500 mg/d for two
weeks after discharge).

Related reports

A review of 79 journal articles and 88 reported cases in the present study
showed that most liver abscesses caused by foreign body penetration of the
gastrointestinal tract were treated surgically or by image-guided drainage.

Experiences and lessons

The literature review highlighted the importance of ruling out the possibility of
foreign body-induced penetration of the alimentary tract in patients with liver
abscesses and no identifiable underlying condition, particularly those refractory
to conventional treatment and abscesses in the left liver lobe.

Peer review

The strengths of the article include the comprehensiveness of review and
detailed analysis of the reported cases, including demography and clinical
manifestations, foreign bodies involved sites of perforation, location and size of
liver abscess, tools for establishment of diagnosis, most common pathogens,
treatment strategy and hospital course as well as prognosis. On the other hand,
the weakness of the current study is that literature review identified only a small
number of patients with undrainable abscesses who showed a high rate of
negative bacterial culture so that limited insight can be gained regarding the appropriate antibiotic regimen for this patient population.
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with doctors, and showed obvious arteriovenous fistula of the right liver. The hepatic artery was selected
and embolized by spring orbs. The active bleeding was
stopped after embolization of the hepatic artery.
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Abstract

INTRODUCTION

Hemobilia accounts for approximately 3% of all major
percutaneous liver biopsy complications, and rarely
results from arterioportal fistula. We report a patient
who suffered from four complications over 11 d after
ultrasound-guided percutaneous liver biopsy: hemobilia, acute pancreatitis, acute cholecystitis, and multiple
stomach ulcers. Digital subtraction angiography was
done after consultation with doctors, and showed obvious arteriovenous fistula of the right liver. The hepatic
artery was selected and embolized by spring orbs. The
active bleeding was stopped after embolization of the
hepatic artery. The patient was discharged home on
day 12 after embolization and remained well.

Percutaneous ultrasound-guided liver biopsy is a common
practice in the differential diagnosis and treatment of
chronic liver disease. The rates of major complications
and mortality are 2%-4% and 0.01%-0.33%, respectively.
Arterioportal fistula as a complication of percutaneous
liver biopsy is infrequently seen and normally asymptomatic. Hemobilia accounts for approximately 3% of overall
major percutaneous liver biopsy complications, and rarely
results from arterioportal fistula. We report a patient
who suffered from four complications over 11 d after
ultrasound-guided percutaneous liver biopsy: hemobilia,
acute pancreatitis, acute cholecystitis, and multiple stomach ulcers.

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

CASE REPORT
A 57-year-old woman underwent ultrasound-guided liver
biopsy because of abnormal liver function for 4 years.
She experienced acute epigastric pain and melena without
hematemesis 7 d after the procedure. Type-B ultrasound
showed cholecystitis, cholangitis, and siltation of biliary
mud in the gallbladder. Enhanced computed tomography showed cholangitis, cholecystolithiasis, high-density
reflection in the common bile duct, and mild cholangiec-

Key words: Hemobilia; Acute pancreatitis; Acute cholecystitis; Stomach ulcers; Ultrasound-guided liver biopsy
Core tip: We report a patient who suffered from four
complications over 11 d after ultrasound-guided percutaneous liver biopsy: hemobilia, acute pancreatitis,
acute cholecystitis, and multiple stomach ulcers. Digital
subtraction angiography was done after consultation
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A

Figure 1 Magnetic resonance cholangiopancreatography.
A: Magnetic resonance cholangiopancreatography (MRCP)
revealed pancreatitis, cholecystolithiasis, cholecystitis, and
cholangiectasis and abnormal signals that were considered to
indicate muddy stone or hematocele in the common bile duct
and hepatic duct; B: After treatment, MRCP showed there was
little exudation in the gallbladder fossa, and bile ducts in the
left liver were thickened.

B

A

B

Figure 2 Gastroscopy. A: Gastroscopy showed multiple gastric ulcers; B: After treatment, gastroscopy revealed chronic superficial gastritis, and no gastric ulcers.

tasis. After antibiotics, proton pump inhibitors and analgesics, the patient had no obvious improvement and had
severe abdominal pain, hematemesis, and bloody stools.
After fasting, gastrointestinal decompression and fluid
replacement, the patient was hospitalized. In the following days, she developed worsening right epigastric pain
and 1500 mL red bloody stools. Her hemoglobin level
decreased from 134 to 73 g/L (normal range: 113-151
g/L). Serum amylase was 614 U/L (normal range: 22-80
U/L), and total bilirubin was 65 mg/dL (normal range:
0.1-1.2 mg/dL). Ultrasound examination demonstrated
enlargement of the gallbladder and the possibility of
empyema. There was a low echo-level mass (hematocele)
in the common bile duct, and distension of the pancreatic duct. Magnetic resonance cholangiopancreatography
(MRCP) revealed pancreatitis, cholecystolithiasis, cholecystitis, cholangiectasis, and abnormal signals indicating
muddy stone or hematocele in the common bile duct and
hepatic duct (Figure 1). The gastroscope showed multiple
gastric ulcers and bleeding duodenal papilla (Figure 2).
The epigastric pain was decreased after percutaneous
ultrasound, which was guided by the tube drainage of
the tumescent gallbladder. About 100-250 mL of red bile
was drained within 1 d. Her hemoglobin level decreased
to 52 g/L after 4 d in hospital. She received 4 U packed
red blood cells. Digital subtraction angiography (DSA)
was performed, which showed obvious arteriovenous
fistula of the right liver. The hepatic artery was selected
and embolized by spring orbs. The active bleeding was
stopped after embolization of the hepatic artery. The pa-
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tient was discharged home on day 12 after embolization
and remained well. After 2 mo, her hemoglobin level increased to 140 g/L. Serum amylase was 68 U/L, and total
bilirubin was 0.75 mg/dL. MRCP showed little exudation
in the gallbladder fossa and the bile ducts in the left liver
were thickened. Gastroscopy revealed chronic superficial
gastritis (Figure 3).

DISCUSSION
Hemobilia is often considered to occur in liver injury
and after calculus removal from the bile duct. With the
application of traumatic examination of the liver and
endoscopic technology, the traumatic intrahepatic biliary bleeding that is induced by iatrogenic trauma such as
percutaneous transhepatic cholangial drainage has gradually increased[1]. Traumatic intrahepatic biliary bleeding
may not occur during the procedure, but possibly a few
days later. One needs to be extra vigilant in the clinic.
Due to the close relationship of the intrahepatic bile duct
and hepatic artery and portal vein, a puncture needle
can easily injury all of these structures to form arteriovenous fistula, arterial bile duct fistula, and venous bile
duct fistula. Venous bile duct fistula bleeding can often
stop spontaneously because of the low venous pressure.
When patients have biliary obstruction and infection, the
hepatic arterial blood flow increases, and hyperplasia and
distention of the arterial peribiliary vascular plexus and
the branch of the hepatic artery in periportal areas can
lead to bile duct fistula hemorrhage. This is the patholog-
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A

Figure 3 Digital subtraction angiography. A: Digital subtraction angiography showed obvious arteriovenous fistula of the
right liver; B: There was no obvious arteriovenous fistula of the
right liver after the hepatic artery was selected and embolized
by spring orbs.

B

ical basis of biliary bleeding. Blood clots formed in the
bile duct can cause obstructive jaundice, leading to acute
cholangitis and acute pancreatitis[2,3]. The present case
had a tumescent gallbladder because of a hematocele.
A blood clot in the biliary tract could have caused the
increased pressure. That could have provoked acute pancreatitis and increasing hemodiastase. Pancreatitis caused
by hemobilia and increased pressure can be improved by
reducing the biliary tract pressure. Patients with hemobilia
and increased pressure in the biliary tract should undergo
puncture gallbladder to reduce pressure. This could strive
the time of treatment. Reducing the biliary tract pressure
can prevent pancreatitis.
In the present case, traumatic arteriovenous fistula of
the liver was detected by DSA. Lim et al[4] have reported
that percutaneous liver biopsy can lead to liver arteriovenous fistula. Lee et al[5] reported that arteriovenous
fistula formed in 38% (8/21) of cases after liver biopsy.
Arteriovenous fistula bleeding in the liver often results
from intrahepatic hematoma and portal hypertension.
Although DSA did not directly show arteriobiliary fistula, and the contrast agent was not obviously leaking
into the bile, traumatic arteriovenous fistula guided us to
find the possible bleeding artery. In our case, selective
arterial embolization was performed and gastrointestinal
bleeding stopped. Usually, the best opportunity for DSA
is acute sustained bleeding with at a rate > 0.5 mL/min.
Tillotson et al[6] have suggested that patients with unexplained gastrointestinal bleeding should receive immediate access to DSA and interventional treatment. Interventional treatment includes arterial embolization and
drug infusion. Embolic materials often used are gelatin
sponge, autoallergy-sludged blood, spring orb and polyvinyl alcohol particles. Hypophysin is also commonly
used. Several studies have suggested that superselective
embolization is a safer and more effective treatment for
active bleeding, but it is not a substitute for emergency
surgery[7,8]. In patients with hematemesis and/or melena,
right upper quadrant pain, and iatrogenic jaundice occurring after invasive surgery of the liver, care is needed to
guard against the presence of tardive hemobilia. It is important to request the correlated case history. It is necessary to perform DSA and give interventional treatment
when the treatment of gastrointestinal tract hemorrhage
is ineffective.
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COMMENTS
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Case characteristics

The patient experienced acute epigastric pain and red bloody stools after
ultrasound-guided liver biopsy.

Clinical diagnosis

We report a rare case of a 57-year-old woman who suffered from four complications over 11 d after ultrasound-guided percutaneous liver biopsy: hemobilia,
acute pancreatitis, acute cholecystitis, and multiple stomach ulcers.

Differential diagnosis

Acute epigastric pain and red bloody stools hinted at differential diagnosis between hemobilia and bleeding peptic ulcer.

Laboratory diagnosis

Serological testing revealed anemia, hyperamylasemia and hyperbilirubinemia.

Imaging diagnosis

Magnetic resonance cholangiopancreatography (MRCP) revealed pancreatitis,
cholecystolithiasis, cholecystitis, cholangiectasis, and digital subtraction angiography (DSA) showed obvious arteriovenous fistula of the right liver.

Treatment

The hepatic artery was selected and embolized by spring orbs.

Term explanation

MRCP is an evolving technique for noninvasive imaging of diseases of the biliary tree and pancreatic duct. DSA is a widely used fluoroscopy technique for
vascular imaging, which produces a sequence of projection X-ray images of
blood vessels that is used in diagnosis and treatment.

Experiences and lessons

The author reports a rare case of a patient who suffered from four complications
over 11 d after ultrasound-guided percutaneous liver biopsy. This rare clinical
condition has seldom been reported in the literature.

Peer review

In this manuscript, the author reported an interesting case of a patient who suffered from four complications over 11 d after ultrasound-guided percutaneous
liver biopsy. This case is rare and seldom reported in the literature.

REFERENCES
1

2

3

4

3714

Oh HC, Lee SK, Lee TY, Kwon S, Lee SS, Seo DW, Kim MH.
Analysis of percutaneous transhepatic cholangioscopyrelated complications and the risk factors for those complications. Endoscopy 2007; 39: 731-736 [PMID: 17661249 DOI:
10.1055/s-2007-966577]
Edden Y, St Hilaire H, Benkov K, Harris MT. Percutaneous liver biopsy complicated by hemobilia-associated acute
cholecystitis. World J Gastroenterol 2006; 12: 4435-4436 [PMID:
16865794]
Albuquerque W, Arantes V, de Paula Farah K, Lambertucci JR. Acute pancreatitis and acute cholecystitis caused
by hemobilia after percutaneous ultrasound-guided liver
biopsy. Endoscopy 2005; 37: 1159-1160 [PMID: 16281153 DOI:
10.1055/s-2005-870407]
Lim JH, Lee SJ, Lee WJ, Lim HK, Choo SW, Choo IW. Iodized

April 7, 2014|Volume 20|Issue 13|

Zhou HB. Hemobilia by percutaneous ultrasound-guided liver biopsy

5

6

oil retention due to postbiopsy arterioportal shunt: a false
positive lesion in the investigation of hepatocellular carcinoma. Abdom Imaging 1999; 24: 165-170 [PMID: 10024404 DOI:
10.1007/s002619900468]
Lee SJ, Lim JH, Lee WJ, Lim HK, Choo SW, Choo IW. Transient subsegmental hepatic parenchymal enhancement on
dynamic CT: a sign of postbiopsy arterioportal shunt. J
Comput Assist Tomogr 1997; 21: 355-360 [PMID: 9135640 DOI:
10.1097/00004728-]
Tillotson CL, Geller SC, Kantrowitz L, Eckstein MR, Waltman AC, Athanasoulis CA. Small bowel hemorrhage: an-

7

8

giographic localization and intervention. Gastrointest Radiol
1988; 13: 207-211 [PMID: 3260203 DOI: 10.1007/BF01889061]
Burgess AN, Evans PM. Lower gastrointestinal haemorrhage and superselective angiographic embolization. ANZ
J Surg 2004; 74: 635-638 [PMID: 15315561 DOI: 10.1111/
j.1445-1433.2004.03109.x]
Horiguchi J, Naito A, Fukuda H, Nakashige A, Ito K, Kiso
T, Mori M. Morphologic and histopathologic changes in the
bowel after super-selective transcatheter embolization for focal
lower gastrointestinal hemorrhage. Acta Radiol 2003; 44: 334-339
[PMID: 12752008 DOI: 10.1034/j.1600-0455.2003.00062.x]
P- Reviewers: Casciaro S, Markic D, Streba CT
S- Editor: Gou SX L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

3715

April 7, 2014|Volume 20|Issue 13|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i13.3716

World J Gastroenterol 2014 April 7; 20(13): 3716-3718
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

CASE REPORT

Ulcerative colitis flair induced by mesalamine suppositories
hypersensitivity
Hao Ding, Xiao-Chang Liu, Qiao Mei, Jian-Ming Xu, Xiang-Yang Hu, Jing Hu
the suppositories.

Hao Ding, Xiao-Chang Liu, Qiao Mei, Jian-Ming Xu, Jing Hu,
Department of Gastroenterology, First Affiliated Hospital of Anhui Medical University, Hefei 230022, Anhui Province, China
Xiang-Yang Hu, Department of Pathology, First Affiliated Hospital of Anhui Medical University, Hefei 230022, Anhui Province,
China
Author contributions: Ding H and Liu XC contributed equally
to this work; Ding H and Liu XC drafted the paper under the
close supervision of Mei Q; Xu JM and Hu J participated in
the design and coordination of the study; Hu XY performed the
pathological examination.
Correspondence to: Qiao Mei, MD, Department of Gastroenterology, First Affiliated Hospital of Anhui Medical University,
No. 218, Jixi Road, Hefei 230022, Anhui Province,
China. meiqiao@hotmail.com
Telephone: +86-551-62922039 Fax: +86-551-62922039
Received: September 15, 2013 Revised: November 5, 2013
Accepted: December 12, 2013
Published online: April 7, 2014

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

Key words: Mesalamine suppositories; Hypersensitivity;
Ulcerative colitis; Surgery; Sulfasalazine
Core tip: Mesalamine suppository, a kind of newly designed
5-aminosalicylic acid formulations, is considered safe
and effective and is widely used in the treatment of
distal ulcerative colitis. Few cases concerning its side
effect of hypersensitivity have been reported. Herein,
we report a case of ulcerative colitis flare induced by
mesalamine suppository hypersensitivity in an attempt
to improve our understandings of the rare side effect of
mesalamine suppositories.
Ding H, Liu XC, Mei Q, Xu JM, Hu XY, Hu J. Ulcerative colitis
flair induced by mesalamine suppositories hypersensitivity. World
J Gastroenterol 2014; 20(13): 3716-3718 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i13/3716.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i13.3716

Abstract
Mesalamine suppositories have been used widely for
the treatment of distal ulcerative colitis and considered
to be safer than systemic administration for its limited
systemic absorption. However, previous studies have
shown that mesalamine suppository occasionally causes
severe hypersensitivity reactions including fever, rashes,
colitis exacerbation and acute eosinophilic pneumonia.
Here we present a 25-year-old woman with ulcerative
colitis with bloody diarrhea accompanied by abdominal
pain and fever which were aggravated after introduction of mesalamine suppositories. In light of symptom
exacerbation of ulcerative colitis, increased inflammatory injury of colon mucosa shown by colonoscopy and
elevated peripheral eosinophil count after mesalamine
suppositories administration, and the Naranjo algorithm
score of 10, the possibility of hypersensitivity reaction
to mesalamine suppositories should be considered,
warning us to be aware of this potential reaction after
administration of mesalamine formulations even if it is
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INTRODUCTION
Mesalamine suppository is a kind of newly designed
5-aminosalicylic acid formulations, it is supposed to be
safe for its limited systemic absorption and lack of sulphapyridine moiety that has been implicated in many
of the adverse reactions associated with sulfasalazine
(SASP)[1], thus is widely used in the treatment of distal
ulcerative colitis (UC). Hypersensitivity to mesalamine
suppositories is very rare, there are only 3 cases documented worldwide so far. Here, we present a first case of
symptomatic exacerbation of UC induced by mesalamine
suppositories in China.
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studies were negative for infection. A proctosigmoidoscopy revealed diffuse erythema, edema, shallow ulcers
and contact hemorrhage with purulent exudate beyond
the view of scope, mesalamine suppositories were immediately discontinued and a 5-d steroid treatment was
administered. The patient had remained symptomatic
(bloody purulent diarrhea and fever), a rescue therapy
of infliximab or cyclosporine A was proposed, but she
refused it for her poor economic condition and severe
illness at that time. She had to accept surgery eventually
which removed the whole colon and the upper part of
rectum. Postoperative pathology showed chronic inflammation cell infiltration with local ulceration and scattered
distribution of eosinophils. For her persistent rectal irritation symptoms, a mesalamine suppository was prescribed,
resulting in the recurrent bloody stool, abdominal pain
and fever which were improved as soon as mesalamine
suppository was discontinued, thus by an unintentional
repeated medication, her intolerance of mesalamine suppositories was confirmed objectively.

CASE REPORT
A 25-year-old woman experienced abdominal discomfort
and diarrhea (3-5 per day) with no blood or purulence 8
months ago. Because of continuous bloody stools (1-2 per
day) accompanied with crampy abdominal pain for 2 mo,
she presented to the local health clinic where a pancolonoscopy was obtained which revealed erythema, edema,
and shallow ulcers in rectum, she was diagnosed with
UC of proctitis and treated with SASP 0.5 g tid for 20 d
which seemed to aggravate bloody diarrhea (7-8 per day
containing purulence), abdominal pain and high fever (up
to 39 ℃) and generalized erythematous rashes. She was
immediately admitted to the gastroenterology department
of a local hospital, symptoms were improved with reduction of bloody purulent diarrhea (1-2 per day with reduced
blood) and partial regression of skin lesions by comprehensive treatment including hydrocortisone, the patient
then was referred to our hospital for further treatment.
On admission, physical examination revealed high
temperature (37.8 ℃) and erythematous rashes all over
the body with partial desquamation, a repeat pancolonoscopy confirmed previous endoscopic findings, laboratory
examinations showed abnormal liver biochemical changes
[alanine aminotransferase (ALT) 245 U/L, normal range:
5-40 U/L; aspartate aminotransferase (AST) 336 U/L,
normal range: 8-40 U/L; alkaline phosphatase (ALP)
216 U/L, normal range: 40-150 U/L; gamma glutamyl
transferase (GGT) 217 U/L, normal range: 0-50 U/L;
lactate dehydrogenase (LDH) 806 U/L, normal range:
109-245 U/L]. Hepatitis serology was negative. C-reactive
protein (CRP) (4.96 mg/L, normal range: 0-3 mg/L) and
erythrocyte sedimentation rate (ESR) (23 mmHg, normal
range: 0-20 mmHg) were slightly elevated. Peripheral
white blood cell count (14.97 × 103/μL, normal range:
3.69-9.16 × 103/μL) and neutrophil count (8.35 × 103/
3
μL, normal range: 2.0-7.5 × 10 /μL) was significantly elevated, and hemoglobin was decreased slightly (9.8 g/dL,
normal range: 11.3-15.1 g/dL). She was diagnosed with
moderately active UC based on her symptoms and endoscopic findings, for her severe systemic symptoms and
ineffectiveness of SASP treatment. Corticosteroids therapy (intravenous hydrocortisone 200 mg/d for the first 5
d and oral prednisone 40 mg/d for subsequent 3 d) was
applied, resulting in significant improvement of her fever
(36-37 ℃), skin rashes (basically subsided) and liver biochemical abnormalities (ALT 47 U/L, AST 18 U/L, ALP
111 U/L, GGT 101 U/L, LDH 347 U/L). While the obvious rectal irritation symptoms were still bothering her,
mesalamine suppositories (0.5 g QN) were prescribed.
After taking only 3 suppositories, the patient developed
a temperature of 37.6 ℃, and experienced new rash in
the face and aggravation of bloody purulent diarrhea (up
to 10 per day with evident blood and mucosal exfoliation). Blood tests showed an increase of peripheral white
blood cell count (12.31 × 103/μL) with normal neutrophil count, of particular note, the eosinophil count was
increased to 0.71 × 103/μL (normal range: 0.02-0.35 ×
103/μL). ESR and CRP were in the normal range. Stool
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DISCUSSION
SASP has been the first-line therapy to induce and
maintain remission in mild to moderately active UC[2,3].
However, up to 30% of patients cannot take it due to
intolerance or hypersensitivity reactions which are often
attributed to the sulphapyridine moiety[4]. Mesalamine
formulations, due to their less frequent causation of
sulfa-related adverse events, have replaced SASP as the
first-choice treatment of UC. Adverse events from hypersensitivity and intolerance can occur. Skin rash, fever, and
systemic reactions have been described[5]. More severe
reactions associated with use of mesalamine occur infrequently, such as pancreatic, renal, myo-pericardial and
pulmonary toxicity, as well as hematological disorders[6].
In this case report, it was surprising and skeptical
when the patient reported fever and rash after mesalamine suppository administration, for at least 80% of
patients intolerant of SASP can tolerate mesalamine
preparations[7]. However, in light of twice symptom exacerbation of UC and increased peripheral eosinophil
count after mesalamine suppository administration, and
the Naranjo algorithm score[6] of 10, the patient’s hypersensitivity to mesalamine suppositories was confirmed.
Intolerance to SASP is not rare which are often attributed to the sulphapyridine moiety. Bousseaden et al[8] reported a patient intolerant to SASP (fever and skin rash),
who developed a severe hypersensitivity reaction to oral
mesalamine characterized by abdominal pain and bloodstained diarrhea and had to receive coloproctectomy eventually. In this case, we speculated that SASP hypersensitivity was responsible for the first symptom aggravation
of UC, rashes and abnormalities of liver function. The
similar adverse event after both SASP and mesalamine
suppository administration in this patient suggests that
this pattern of SASP intolerance may in fact be caused by
the 5-aminosalicylic acid moiety of the molecule[8].
The precise mechanism of colitis exacerbation induced
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by mesalamine is not clear. Scheurlen et al[9] mentioned that
the mechanism of diarrhea caused by mesalamine was attributed to a secretory mechanism secondary to the inhibition of ileal and colonic Na+K+ATPase. Another proposed
mechanism was an alteration of arachidonic acid metabolism which was manifested mainly with secretory diarrhea
and malabsorption[10]. Both mechanisms, however, can not
explain the bloody diarrhea or the endoscopic and pathological evidence of inflammation seen in this case.
Mesalamine suppositories are considered to be safer
than systemic administration by bypassing the threat of
small bowel absorption[11]. Three cases concerning the
hypersensitivity reactions after mesalazine suppositories
administration were well documented[12-14], and it is demonstrated that small amounts of enema or suppository
can be absorbed when administered topically[15]. Therefore, in this case, we speculated that the hypersensitivity
reactions were probably due to hematogenous spread
of mesalazine absorbed by the rectal mucosa. Further
investigation with blood, luminal fluid and tissue cytokine
determination is required to elucidate the mechanism for
this sensitivity reaction. Clinicians must keep in mind the
possibility of salicylate sensitivity and colitis exacerbation,
especially in atopic individuals and in patients who failed
to respond appropriately to SASP.

suppository in ulcerative colitis. The description is clear and concise.
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high-quality papers that are included in PubMed, reflecting the
latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
important research topics, the problems that have now been resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to
write a series of articles (7-10 articles) to comment and discuss
a hot topic to help improve the diagnostic and therapeutic skills
of readers; (9) Medical Ethics: The editorial board members are
invited to write articles about medical ethics to increase readers’ knowledge of medical ethics. The topic covers international
ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel
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experts in gastroenterology and hepatology from 68 countries.
Aims and scope
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original articles, reviews, and commentaries in the fields of
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dedicated to become an influential and prestigious journal in
gastroenterology and hepatology, to promote the development
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in both electronic and online forms. All WJG articles are published in WJG website and PubMed Central. The major advantages of OA journals are faster release and delivery, no page or
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Full-text PDF articles and electronic/online versions are freely
available to global readers. After the paper is published, the
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journal cover, a list of editorial board members, table of contents, text, and back cover of the journal. BPG has a strong
professional editorial team composed of editorial board members, editors-in-chief, science editors, language editors, and electronic editors. BPG currently publishes 43 OA clinical medical
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publisher.
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on an important topic in their field in terms of its current research status and future directions to lead the development of
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted

WJG|www.wjgnet.com

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).
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Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
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Core tip: The multi-step process of colorectal hepatic
metastases includes numerous molecular pathways
and cellular interactions with potential clinical interest.
Mutations at the initial site of colorectal carcinogenesis,
such as p53 and APC , neoplastic cell interrelationship with the stromal macrophages, neoangiogenesis
through growth factors, such as the vascular endothelial growth factor and platelet-derived growth factor,
the role of hepatic sinusoidal cells, such as Kupffer
cells, the expression of adhesion molecules, including
the selectins and the integrins, are all crucial stages/
events within the metastatic process. The exploration
and analysis of recent research data may contribute to
a better understanding of their clinical significance and
may lead to new therapeutic strategies.

Abstract
Colorectal cancer hepatic metastases represent the
final stage of a multi-step biological process. This process starts with a series of mutations in colonic epithelial cells, continues with their detachment from the
large intestine, dissemination through the blood and/or
lymphatic circulation, attachment to the hepatic sinusoids and interactions with the sinusoidal cells, such as
sinusoidal endothelial cells, Kupffer cells, stellate cells
and pit cells. The metastatic sequence terminates with
colorectal cancer cell invasion, adaptation and colonisation of the hepatic parenchyma. All these events,
termed the colorectal cancer invasion-metastasis cascade, include multiple molecular pathways, intercellular
interactions and expression of a plethora of chemokines
and growth factors, and adhesion molecules, such as
the selectins, the integrins or the cadherins, as well
as enzymes including matrix metalloproteinases. This
review aims to present recent advances that provide insights into these cell-biological events and emphasizes
those that may be amenable to therapeutic targeting.
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INTRODUCTION
Carcinogenesis [carcino (καρκίνος) = cancer, and genesis
(γέννεσις) = birth] and metastasis [meta (μετά) = after,
next and stasis (στάση) = arrest] are both words of Greek
origin, expressing the onset and the advanced progression (spread to another location) of cancer, respectively.
Cancer development is a complicated biological process
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Formation of dormant micrometastases
or macrometastases

Micrometastases
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Figure 1 The invasion-metastasis cascade[1,178]. Successive interrelated stages/steps until foreign tissue colonisation and the formation of macrometastases. The
paradigm of colorectal liver metastasis, from the large intestine through the superior and inferior mesenteric veins and the portal vein to the liver. ECM: Extra cellular
matrix.

that includes numerous poorly understood aspects and
attracts the greatest interest of biomedical sciences. It is
a succession of interrelated, well-defined stages, usually
termed the invasion-metastasis cascade[1,2].
The primary stage in the natural history of carcinogenesis starts with the transformation of normal cells
into malignant derivatives at their initial site. Most interestingly, this transformation is also multistep and includes
several genetic and phenotypic cellular alterations. Thus,
there are two processes that progress in parallel, the metastatic cascade and the cancer cell transformation[3,4].
Primary mutations that signal the initiation of carcinogenesis lead to a progressive cellular proliferation and
tumour formation. Neovascularisation (neoangiogenesis)
and invasion of normal tissue follow, until several malignant cells are detached from the primary tumour (disaggregation), migrate and intravasate; this is the onset of
metastasis. The next steps may be evasion of the immune
system, cell survival in the hostile environment of the
systemic circulation, arrest of the circulating tumour cells
and adhesion to the endothelium lining the capillary bed
of the target organ, and extravasation. The final stages
of the metastatic cascade are evasion of host defences,
establishment of a new blood network to supply the development of a new secondary tumour, and colonisation
(Figure 1)[3,5,6].
All these successive stages demand multiple properties from malignant cells, and failure or inadequacy in
any of them cancels the entire metastatic cascade. These
properties are acquired through multiple mutations. It
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is uncertain whether cancer cells already possess most
of their new potential when they begin the metastatic
sequence or if this is gradually acquired. However, the
colonising ability is strongly believed to appear later in the
tumourigenicity[4,7]. Importantly, various laboratories have
confirmed different cell subpopulations in the primary
tumour site. Concurrently, the metastatic tumour created
in a distant location by cancer cells is considered a different entity from the primary one, because metastatic cells
show phenotypical and genetic differences from their
ancestors[8-10].
While micrometastases are achieved by several cancer
cells, macrometastases rarely occur. It is believed that
micrometastases are the final metastatic stage for the
vast majority of malignant cells, which never succeed in
surviving or adapting in the inhospitable environment
of the foreign tissue. In accordance with that belief, cancer patients may present myriad of micrometastases in
multiple organs and tissues, although without any clinical
evidence[11,12].
This general pattern of carcinogenesis and metastasis
applies to most cancer types with certain modifications
and adaptations according to implicated cells, tissues and
organs[1]. Colorectal hepatic metastasis attracts a particular
scientific interest due to the high frequency of colorectal
cancer (CRC) (3rd most common cancer in the developed
countries and 2nd leading cause of cancer-related mortality) and the unique properties, functions and role of the
liver in the human body[13,14]. This review will describe the
metastatic journey of CRC cells from the large intestine
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Figure 2 A sequence of mutations for colorectal epithelial cells generates the formation of polypoids, adenomas and finally carcinoma[15,16,19]. Polypoid and
carcinoma clinical photos (authors’ archives) underneath the figures.

to the liver and will investigate the normal-malignant cell
interactions, the role of the tissue microenvironment
and the genetic and molecular pathways that mediate this
carcinogenic-metastatic process.

adenomatous polyposis (FAP) syndrome who carry this
mutation develop CRC if they receive no treatment.
Another genetic pathway is the microsatellite instability
(MIN) one, also termed replication error pathway, which
is responsible for approximately 20% of carcinomas.
These neoplasms have aberrant DNA mismatch, a neardiploid karyotype, sparse p53, K-ras and SMAD4 alterations, but also frequent BAX, BRAF and TGF-BIIR mutations. Hereditary nonpolyposis colon cancer (HNPCC)
is attributed to the MIN pathway, accounts for 5%-6% of
CRC, and 80% of these patients develop cancer in their
lifetime. In HNPCC, MIN is a consequence of mutations
in DNA mismatch repair genes (hMSH2, hPMS1, hPMS2
and hMLH1). Notably, other genetic pathways also exist, such as the cytosine phosphodiester guanosine island
methylator phenotype pathway. While in the absence of
methylation genes are normally expressed, in the presence of promoter methylation, genes are transcriptionally downregulated. When tumour suppressor genes are
involved, carcinogenic mutations occur. A whole subclass
of CRC tumours include high proportions of hypermethylated genes[17-19].

INITIAL GENETIC ALTERATIONS OF
EPITHELIAL CELLS IN COLORECTAL
CARCINOGENESIS
Mutations in CRC include alterations in tumour suppressor genes such as p53 and APC, DNA repair genes
such as hMLH1 and hMSH2, and/or oncogenes such as
K-ras and c-Myc. In this way, normal colorectal epithelial
cells gain, among other abilities, the capacity of uncontrolled growth and evasion of apoptosis (programmed
cellular death). Rapid cell proliferation usually generates
the formation of a polypoid structure in the epithelium
that may evolve to adenoma, which is a precancerous
lesion. An adenoma may progress to CRC, as the mutations accumulate and CRC cells acquire all the necessary
properties; single cancer cells or small clusters of them
may finally detach from the initial intestinal tumour and
migrate (Figure 2)[15,16].
There are at least two well-described genetic pathways that may generate CRC. The most common, which
mediates up to 60% of carcinomas, is the chromosomal
instability pathway. This is the result of mutations of the
p53, APC and protooncogene K-ras, allelic loss of 18q
and aneuploidy. The role of the APC gene is crucial in
tumourigenesis, as 100% of patients with the familial
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INTERACTIONS OF NEOPLASTIC CELLS
WITH THE STROMA CELLS AND THE
EXTRACELLULAR MATRIX AT THEIR
INITIAL SITE - LARGE INTESTINE
The promotion of the initial stages of colorectal carcino-
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Figure 3 Various cellular types[22,23,112]. Various cellular types (resident: fibroblasts, endothelial cells and neurons, or recruited: macrophages, neutrophils and lymphocytes) which mediate cancer progression and growth in the colorectal microenvironment. bFGF: Basic fibroblast growth factor; CAF: Cancer associated fibroblasts;
ECM: Extracellular matrix; EGF: Epidermal growth factor; EMT: Epithelial-to-mesenchymal transition; HGF: Hepatocyte growth factor; IDO: Indoleamine 2,3-dioxygenase; IGF: Insulin growth factor; IL-10: Interleukin 10; MMP: Matrix metalloprotease; NO: Nitric oxide; OPN: Osteopontin; PDGF-β: Platelet-derived growth factorbeta; PGE2: Prostaglandin E2; SDF-1: Stromal cell-derived factor-1; TAM: Tumor-associated macrophages; TGF-β: Transforming growth factor-beta; TNF-α: Tumour
necrosis factor-alpha; VEGF: Vascular endothelial growth factor.

genesis depends on the communication and interrelationship of neoplastic cells with the stroma. The term stroma, also referred to as reactive stroma in carcinogenesis,
includes the endothelial cells, fibroblasts, immune cells
(such as macrophages, lymphocytes and neutrophils), as
well as non-cellular elements, such as the extracellular
matrix (ECM). It appears that numerous special characteristics of the reactive tumour stroma, concerning cellular, architectural or chemical elements, support a reciprocal tumourigenic communication with neoplastic cells via
the basement membrane[20]. These characteristics may be
a high number of fibroblasts, altered molecular expression on the cellular surface and the cytoplasm of endothelial cells, macrophage recruitment, increased capillary
density, ECM rich in fibrin and collagen-1. Furthermore,
the production and secretion of a plethora of chemical
compounds, including cytokines and growth factors in
the colorectal stroma, mediate the promotion of carcinogenesis (Figure 3)[21-23].

an autocrine or paracrine way, triggering CRC cell detachment from their initial site[26,27]. Moreover, a recent
study from Zhu et al[28] has demonstrated that TGF-1
may induce plasminogen activator 1 (PAI-1) transcription
in CAFs. PAI-1 mediates the fibrinolytic activity in the
vasculature, is widely expressed throughout tumours and
is associated with malignant invasion and neoangiogenesis[29,30]. Taking together these experimental data, CAFs
appear to play an important role in various aspects of
carcinogenesis and metastasis, including migration, matrix degradation, invasion and angiogenesis[26,31].
Macrophages
The development of a tumour causes an inflammatory
reaction where immune cells may be implicated. Macrophages are potentially the most important tumourassociated immune cells. They may constitute a considerable amount of the initial tumour mass and they correlate
with tumour poor prognosis. Although macrophages act
as tissue scavengers in general, eliminating any potential
harmful element (invading cells or chemicals), cancer
cells may use macrophage products in their favour, masking their surface antigens and thus avoiding the tumouricidal action of immune cells. In the invasion-metastasis
cascade, macrophages play a significant role in the promotion of inflammation, stroma and ECM remodeling,
angiogenesis, neoplastic cell invasion, intravasation and
seeding at foreign sites[32-34].
Neoangiogenesis at the initial site of CRC is crucial
for tumour development since oxygen diffusion alone
from the normal capillary network is unable to supply a

Fibroblasts
Fibroblasts within a tumour appear to harbour mutations
that transform them into myofibroblasts that are termed
cancer-associated fibroblasts (CAFs). Apart from normal
fibroblasts, CAFs may also originate from endothelial
cells, epithelial cells, preadipocytes and bone marrowderived progenitors[24,25]. Interestingly, CAF mutations
may refer to a variety of genes encoding multiple growth
factors, cytokines, enzymes and ECM-related proteins.
Various studies have shown that CAFs have the potential
to produce transforming growth factor beta (TGF-β) in
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tumour larger than 1-2 mm. Macrophages regulate the
critical process of neovascularisation through vascular
endothelial growth factor (VEGF) production[35]. VEGF
acts directly on endothelial cells promoting their proliferation, migration, invasion and high vascular permeability[36,37]. Another paradigm of the macrophage supporting
role for malignant colorectal cells is through the macrophagic removal of apoptotic CRC cells that express sulfoglycolipids SM4. While such a process initially appears
to be tumouricidal, the increased secretion of interleukins
and TGF-β1 may contribute to tumour development and
angiogenesis activation[38].

Type Ⅳ and Ⅶ collagen, laminins and heparan sulphate
proteoglycans. Type Ⅳ collagen in particular is of great
importance and provides the basic scaffold that supports
other BM components, such as laminin networks and
perlecan oligomers[52-54].
Any alteration in ECM structural profile or degradation of any of its molecules may cause cellular and tissue
dysfunction and therefore disease. CRC induces numerous ECM changes, the BM included. Type Ⅶ collagen is
altered or disappears during the development of multiple
cancers, such as melanoma, breast and prostate. Moreover, laminin-5 is usually absent from the ECM structure
in advanced CRC. Interestingly, new synthesis or accumulation of BM molecules (e.g., laminin-1 or 5) may also be
imposed by tumours, and this phenomenon suggests the
important role of BM in tumour invasion[53,54]. Similarly,
modifications in ECM adhesion molecules also occur,
while neoplastic cells express the appropriate adhesive
receptors on their cellular membrane. Integrin α6β4,
a molecule that normally supports cellular adhesion to
the BM, is such a paradigm as, following the tumourimposed ECM modifications, it changes its role and
induces actin-mediated cell motility. In this way, integrin
new distribution appears to correlate with considerable
CRC aggressiveness[55]. Most importantly, neoplastic cells
may also interfere in ECM metabolism through proteinase expression, of the matrix metalloproteinases (MMPs)
in particular. These multi-functional degrading enzymes
play a critical role in carcinogenesis but also in other
stages of the invasion-metastasis cascade. CRC cells may
induce the expression of MMP-2 and -9 by stromal cells,
either directly or via a paracrine mechanism, thus modifying ECM and promoting tumour development[56-58].

Lymphocytes
Lymphocytes constitute another immune cell category
implicated in tumourigenesis with a favourable prognosis.
In advanced CRC, the presence of T lymphocytes favours
a better clinical outcome for patients suffering from the
disease[39-41]. A recent study by de Miranda et al[42] showed
that high tumour infiltration by activated CD8+ T cells
in patients with Lynch CRC correlated with early staging
of the primary tumour and absence of lymphatic metastases. While immune cells mainly support the defending
system of normal tissue against neoplastic cells, the latter use genetic and molecular pathways that promote the
evasion of immunosurveillance. CRC cells may express
the Fas ligand on their surface and bind Fas-expressing
immune cells, thus triggering apoptotic mechanisms for
the latter[43,44]. An alternative mechanism of escaping
immunosurveillance for tumour cells is the high expression of carbohydrates on their cellular membrane. This
alters the CRC cell surface antigen profile, impeding their
recognition and destruction by immune cells[45]. Furthermore, cells of normal colorectal tissue may also support
neoplastic cells in evading immunosurveillance. Tumourassociated macrophages are able to produce arginine metabolites, which cause T-lymphocyte death. Similarly, in
the lymph nodes of advanced neoplasms, dendritic cells
play an immunosuppressive role rather than an immunoreactive one. Thus, instead of activating T-lymphocytes,
they induce tumour tolerance[46,47].

Epithelial-Mesenchymal
Transition of epithelial cells IN
the large intestine
Epithelial-mesenchymal transition (EMT) is a reversible morphogenetic biological process that involves the
transition from stationary polarized epithelial cells to
motile, multipolar or spindle-shaped mesenchymal cells.
Epithelial cells are characterised by an atypical-basal polarity, the formation of tight junctions and the expression
of intercellular adhesion molecules, such as E-cadherin.
On the other hand, mesenchymal cells appear to be unable to build mature intercellular contacts, invade through
the ECM and express molecules including fibronectin,
vimentin, N-cadherin, Twist and Snail. While EMT occurs in embryogenesis and normal early development,
accumulating evidence indicates that it also plays a crucial
role in tumour development and metastasis; neoplastic
cells usurp EMT to obtain properties that promote their
detachment from their initial site and favour their migration to distant tissues[59,60].
The process of EMT is induced, promoted and regulated by multiple effectors that also regulate EMT dur-

ECM
ECM supports the cells mechanically and assists their
physicochemical functions through the provision of
pathways for migration and the maintenance of growth
factors. Adhesion molecules play a critical role in the
ECM-cell connection, with the integrins being particularly important. The ECM consists of 5 classes of molecules (collagens, fibronectins, glycans, hyaluronans, laminins and proteoglycans). Every class includes multiple
isoforms, which are cell-dependent. ECM composition
and structure vary with developmental stage, tissue and
disease[48,49].
The basement membrane (BM) or basal lamina is a
specific ECM-type meshwork produced by epithelial and
stromal cells, and it plays a crucial role in carcinogenesis and metastasis[50,51]. BM chemical structure includes
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ing embryogenesis, including the cytokines interleukin 8
(IL-8), growth factors [epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), TGFβ] and ECM
components. Interestingly, it has been shown that CRC
cells are able to produce such molecules, including IL1α, IL-1β and tumour necrosis factor alpha (TNF-α)[60-62].
Specifically, TGFβ plays a critical role through autocrine and/or paracrine mechanisms. This growth factor may be triggered by TNF-α, which is produced by
tumour-infiltrating macrophages. The binding of TGFβ
with TGFβR1 and/or TGFβR2 receptors triggers the
phosphorylation of Smad2 and Smad3 dimers, which
dissociate from the receptors to interact with Smad4;
subsequently these dimers enter the nucleus to regulate
EMT[63]. Additionally, the TGFβ-Smad pathway induces
the high motility group A2 gene (HMGA2), which mediates EMT; HMGA2 is a nuclear factor that links TGFβ
with the EMT-inducing transcription factors Twist and
Snail1 and 2. TGFβ/Smad activities may also be associated with PDGF and PDGF receptor signalling, such
as the phosphorylation of p68 RNA helicase to trigger
nuclear translocation of β-catenin through a wingless Int
(Wnt)-independent pathway[64-66].
In CRC, tumour cell EMT predominantly concerns
cell adhesion mediated by E-cadherin. CRC cells present either mutations of the E-cadherin gene, proteolytic
degradation of E-cadherin, insulin growth factor 1-promoted internalization of E-cadherin or disarrangement
of E-cadherin and β-catenin connections[67,68]. Notably,
intact cadherin-catenin complexes support the normal
function of intercellular adhesion and guarantee stable
“adherens junctions” and an unimpaired Wnt signalling
pathway (the latter being a complex protein network
controlling signal transduction)[69]. Neoplastic cells along
with the E-cadherin deregulation present an accumulation of Src kinase and phospho-myosin associated with
EMT[70,71], as well as high expression of guanine nucleotide exchange factor Tiam 1 that promotes metastatic potential through cellular adhesion reduction and resistance
to anoikis[72]. Furthermore, CRC cells present a variable
level of Ras homolog gene family, member C (RhoC),
a protein that functions as a switch in signal transduction, promoting reorganisation of actin and regulating
cell shape. It is noteworthy that increased expression of
RhoC is associated with poor prognosis, as well as with
an aberrant localization and expression of E-cadherin.
The disruption of E-cadherin-mediated cell adhesion
contributes to CRC cell detachment and motility. Moreover, its replacement with N-cadherin, a phenomenon
named cadherin switch, further promotes cancer cell
translocation and invasion of the surrounding stroma. In
this way, EMT favours carcinogenesis and cellular transformation towards a metastatic phenotype[73].

from preexisting ones[74]. Hypoxia or low oxygen tension is the primary triggering factor for the onset of this
process. Early in carcinogenesis, tumour growth requires
angiogenesis for the provision of oxygen and nutritional
factors, while later new vessels provide CRC cells with a
way to the systemic circulation (intravasation) and metastasis to distant sites. In normal conditions, the angiogenic
process is accurately regulated by pro- and anti-angiogenic agents. In CRC, hypoxia induces the activation of hypoxia inducible factor-1 and subsequently the expression
of angiogenic factors including VEGF, basic fibroblast
growth factor and PDGF by CRC cells. Notably, prostaglandin E2 directly triggers CRC cells to express VEGF,
appearing as a promising therapeutic target[75,76].
Moreover, stromal cells, such as cancer-associated
fibroblasts (CAFs) and tumor-associated macrophages,
mast cells, neutrophils and others, also produce proangiogenic factors inducing angiogenesis. The aforementioned factors interact with their respective receptors at
the endothelial cell surface initiating signalling cascades
involving p38, eNOS, as well as PI3 and ERK MAP kinases; the latter induce vasodilation, endothelial cell proliferation/migration and vessel assembly. Concurrently,
angiogenesis suppressor proteins are downregulated, such
as thrombospondin. The resulting vascular networks of
tumours are chaotic and poorly functional due to abnormal endothelial cell structure, proliferation and apoptosis;
additionally, abnormal pericytes appear to be loosely attached and do not fully cover the vessels. Consequently,
neoplastic vasculature is leaky, haemorrhagic, with excessive branching, which results in oxygen depletion and
extracellular acidosis[77,78].
It has been demonstrated that the microvascular density has a considerable prognostic value for tumours and
may predict survival in patients with CRC[79]. To study
this, a colour Doppler vascularity index (DVI) (ratio of
coloured pixels/total pixels per tumour section) has been
introduced, in an effort to predict distant metastasis and
survival in CRC patients. It was concluded that patients
who had a DVI > 15% at the primary site had worse
overall survival compared to patients with DVI < 15%[80].
A similar parameter is the Doppler hepatic perfusion
index (DHPI) (ratio of hepatic arterial flow/total liver
flow), which appeared to be increased even in patients
with occult micrometastases and is predictive of metastatic liver tumour recurrence[81]. The association between
angiogenesis at the primary CRC site and in the hepatic
metastases is further supported by imaging techniques,
such as dynamic contrast-enhanced magnetic resonance
imaging and contrast-enhanced computed tomography[82].

Angiogenesis IN the large
intestine

The lymphatic network is a major metastatic route and
lymphatic metastases constitute an important prognostic
indicator in solid tumours and CRC[83]. Excessive lymphangiogenesis is associated with metastasis in CRC.

Lymphangiogenesis IN the large
intestine

Angiogenesis is defined as the formation of new vessels
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Lymphatic vessel density (LVD) has been introduced as
a quantitative parameter for lymphangiogenesis. In vitro
models demonstrated that VEGF-A and VEGF-C are the
major regulators of this process and their levels correlate
with LVD. In addition, PDGF-BB, FGF-2, hepatocyte
growth factor (HGF), angiopoietin by binding to its receptor Tie2 and sphingosine-1-phosphate (S1P) cause
lymphangiogenic effects. Neoplastic cells with high levels
of sphingosine kinase 1 release S1P in the ECM, which in
turn may lead to paracrine-induced angio- and lymphangiogenesis[84-86]. In vivo models suggested new pathways for
lymphangiogenesis in CRC. The high levels of VEGF-C
and VEGF-D appear to direct tumour lymphangiogenesis via the VEGF-C and -D pathway and their receptor
VEGFR-3 (present on lymphatic endothelial cells), while
VEGF-A may play a regulatory role during this process[85,87]. The activation of VEGFR-3 along with the β1
integrin subunit triggers multiple signalling pathways in
the lymphatic endothelial cells, including Pyk2, NF-κB,
ERK and JNK MAP kinases, which mediate proliferation
and survival[88]. A recent study by Du et al[89] on human
CRC samples indicated that metastasis associated protein 1 (MTA-1), which is expressed in various epithelial
cancers and plays a critical role in metastasis, correlated
with VEGF-C and mediated its expression. Hence, it was
suggested that MTA-1 promotes lymphangiogenesis and
therefore CRC metastasis.
Lymphangiogenesis may be initiated with the formation of lymphatic vessels by circulating endothelial progenitors (CEPs); the latter constitute a subpopulation of
circulating endothelial cells derived from the bone marrow. It has been shown that CEPs are increased in the
circulation in multiple pathologies, cancer included[27,90,91].
However, alternative pathways for the initiation and progress of lymphangiogenesis may also exist. The differentiation of other cells into lymphatic endothelial cells, such as
macrophages and stromal cells, may be such pathways[92,93].
Interestingly, apart from invasion to lymph nodes,
CRC LVD is also associated with liver metastasis. Although this association is rather unclear, a possible
explanation may be that CRC cells express chemokine
receptor CXCR5; its ligand BCA-1/CXCL13 is mutually
expressed on lymphatic endothelial cells and the liver[94].
CRC cells may be directed through the lymphatic network to both lymph nodes and the liver. Moreover, lymphatic metastases are traced at the liver lymphatic drainage network, including portal, mediastinal and coeliac
lymph nodes. These liver-associated lymphatic metastases
may be generated from previous CRC liver metastases.
All these findings show clearly the importance of angioand lymphangiogenesis for carcinogenesis and metastasis
and explain why they attract great research interest and
constitute promising targets for anticancer therapy[27,95].

the necessary step for their intravasation into existing or
newly formed lymphatic or blood vessels. Certain molecular changes concerning the expression of degrading
enzymes (such as the MMPs) and adhesion molecules
(such as selectins, integrins and others) appear to contribute to CRC cell intravasation. Notably, the tortuous leaky
neoplastic blood network, with its loose junctions among
endothelial cells and the defective pericyte coverage, may
substantially promote tumour cells entering into the lumina of vessels[78].
Sonoshita et al[96] studied murine and human tissue
and showed that the transcriptional modulator enhancer
of split (Aes) prevented CRC cells from intravasation
through the impairment of trans-endothelial invasion
that followed Notch-dependent mechanisms. Concurrently, urokinase plasminogen activator (uPA) expression
is increased in patients with FAP during the transformation of normal to dysplastic epithelia[97,98]. The uPA
system consists of uPA, the uPA receptor (uPAR), the
tissue-type plasminogen activator (tPA), the plasminogen
(Plg) and plasminogen activator inhibitors 1 and 2 (PAI-1
and PAI-2). This biological system is involved in multiple
molecular pathways, including adhesion, chemotaxis, cytokine release, protease expression, neutrophil proliferation and activation for oxidant production. It modulates
inflammation, growth, invasion, angiogenesis and metastasis of multiple tumour types[99,100]. When uPA connects
with uPAR, it activates Plg along with other proteases
such as MMP-2 and -9. These events promote ECM fragmentation and CRC cell detachment and intravasation.
Interestingly, when normal cells lose their contact
with the ECM and their neighbouring cells, they undergo
apoptosis that is triggered by broken integrin bonds. The
ability of CRC cells to survive in the presence of fragmented ECM constitutes a crucial property of metastatic
cells. This apoptosis resistance might be attributed to the
overexpression of focal adhesion kinase by CRC cells,
which contributes to conferring survival by activating
certain molecular pathways, including ERK and AKT.
Hence, tumour cells can by-pass integrin signalling and
survive without contact with the ECM[101,102].
Following their detachment, access to the blood and
lymphatic vessels is the next step for metastatic CRC cells.
The microvessel diameter and their leaky structure are important factors that promote passive CRC cell entry into
the circulation. Although lymphangiogenesis is less studied than angiogenesis, it appears that LECs, stimulated by
VEGF-C, secrete mitogenic and/or chemotactic factors,
which may attract tumour cells to adhere to, pass through
and intravasate into the newly-built lymph vessels[90,103].
CRC cells are transported through the hepatic-portal
circulatory system to reach the liver. The inferior and
superior mesenteric veins and the portal vein, along with
their neighbouring lymphatic vessels, constitute the dominant metastatic routes for hepatic metastases. In cancer
patients, a large number of circulating tumour cells may
be detected, although the intravasated cellular populations do not correlate with the density and the extension
of metastases. Accumulating experimental evidence has

Intravasation and circulation survival in the lymphatic and/or
the blood vessels
Malignant cell detachment from their primary tumour is
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cell attacks[111]. Furthermore, tumour cells interact with
platelets forming large emboli, a process mediated by the
expression of tissue factor and L- and P-selectins. In this
way, they shield themselves against both immune detection and shear forces[112]. Undoubtedly, immune system
and cancer cell interactions attract great research interest
and the manipulation of immunesurveillance is a major
strategy in anticancer treatment.

suggested that entrance into the systemic circulation is
lethal for the vast majority of tumour cells; only 0.01%
of metastatic cancer cells may trigger the formation of
metastasis when injected into the systemic circulation[27].
In vitro studies using videomicroscopy to monitor intravasated cancer cells have indicated that most of the cells
undergo apoptosis during their passage through the vascular wall or soon after their entrance into the circulation.
It is generally accepted that two major mechanisms contribute to tumour cell death following their intravasation:
mechanical stress and the immune system[5,104].
Haematogenous dissemination exposes tumour cells
to the strong mechanical forces generated by blood
flow. In particular, when they circulate within a narrow
capillary network or the microvasculature of contractile
organs, such as the heart and the skeletal muscles, they
are forced to transform their shape from spherical to cylindrical, which is lethal to the majority of tumour cells[5].
However, as tumour cells get progressively more invasive
and metastatic through a series of mutations, they display larger cell deformations and shape alterations. In vivo
studies have demonstrated that metastatic cells are quite
deformable and both the cell nucleus and cytoplasm
may undergo strong compression and shape deformation in small capillaries. Specifically, the length of the cell
nucleus may increase 1.6-fold and the cytoplasmic major
axis up to 3.9-fold in comparison with the same cells in
larger microvessels[105-107]. Also, tumour cells reaching
capillary bifurcation points can stretch and extend their
cytoplasms in both directions[105,106]. Mechanical forces,
such as endothelial contraction, shear or pulsatile stresses,
cause the production of oxygen radicals including NO
and ROS, which generate apoptosis of CRC cells.
Metastatic tumour cells have developed multiple
molecular pathways in order to survive the mechanical
forces in the circulation. CRC cells interact with platelets
and/or themselves to form large emboli that protect
them from shear stress[108]. Cancer cells may activate
adhesion pathways involving integrins, leading to their
attachment to endothelial cells and thus evasion of anoikis. Programmed cell death may also implicate metabolic
pathways including pentose phosphate and control of
glucose uptake[109]. Moreover, the tyrosine kinase TrkB
was demonstrated to suppress anoikis and appeared to be
crucial for metastatic progression in CRC cells[110].
The second major mechanism responsible for metastatic cell elimination in the circulation is immunosurveillance. Numerous cytokines released by cancer cells, endothelial cells or immune cells, such as IL-2, -12 and -18,
may activate various subsets of immune cells including
T-lymphocytes and natural killer (NK) cells. The latter
eliminate cancer cells through Trail and/or NKG2/perforin pathways. Similar to mechanical forces adaptations,
metastatic cells have developed mechanisms to evade
immunosurveillance. It has been shown that cancer patients present high levels of acute phase glycoproteins in
their blood, correlated with the disease. These proteins
may protect malignant cells against anoikis and immune
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Extravasation - CRC cell arrest
in the hepatic sinusoids
The sinusoids constitute the specific hepatic capillary network where four different cell populations reside within
the sinusoidal lumen or in proximity to the sinusoidal
wall: sinusoidal endothelial cells (SECs), Kupffer cells
(KCs), hepatic stellate cells (HSCs) and pit cells. Each of
these cell types plays a crucial role in hepatic homeostasis
and CRC metastasis[113].
The progression of CRC hepatic metastasis is divided
into four interrelated phases: (1) microvascular phase of
liver-infiltrating malignant cells; (2) interlobular micrometastasis phase; (3) angiogenic micrometastasis phase; and
(4) established hepatic metastasis phase. The first phase
mainly occurs within the sinusoids, whereas the following ones describe further metastatic steps that affect the
inner hepatic parenchyma. Although sinusoidal cells contribute to all four, they predominantly mediate the first
phase[114].
During the microvascular phase, resident cells generate multiple tumouricidal and tumourigenic effects, which
may either promote the invading cell elimination or
liver colonisation. A plethora of molecular pathways are
involved, including NO and reactive oxygen release by
SECs, expression of adhesion molecules, such as selectins, integrins and others by the same cells, phagocytosis,
cytokine and growth factor release by KCs and HSCs,
release of cytotoxic agents from pit cells. The aforementioned examples demonstrate the complexity and the importance of the intercellular reactions that occur within
the sinusoids in colorectal liver metastasis[114-116].
Sinusoidal endothelial cells
SECs were first described by Wisse at the beginning of
1970s. Their cytoplasm includes characteristic canals,
arranged in sieve plates named fenestrae. Fenestration
constitutes a unique marker and distinguishes SECs from
all other endothelial and liver cells (Figure 4)[117,118]. They
form a major scavenger cell system and accomplish receptor-mediated endocytosis and pinocytosis through three
major types of endocytic receptors: the liver sinusoidal
cell mannose receptor, the liver sinusoidal cell scavenger
receptor and the liver sinusoidal cell receptor IIb2, which
is an Fc-γ receptor[114]. The scavenging properties of SECs
are critical in CRC metastasis. In vivo murine experiments
indicated that autotaxin, a phosphodiesterase that promotes metastasis and angiogenesis, was rapidly removed
from the blood circulation and degraded by SECs[119].
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A

B

Figure 4 Sinusoidal endothelial cells. Fluorescence labeled (AcLDL) (A) and light microscopy (B). The cells have a cobblestone architecture on the sixth day in
culture (authors’ archive). Magnification × 200. Scale bars = 100 μm. AcLDL: Acetylated low density lipoprotein.

Kupffer cells
These constitute the biggest (more than 80%) tissue
macrophage population in the body of vertebrates and
approximately 15% of all liver cells[124,125]. KCs mainly act
as scavengers around the sinusoids, but also as antigenpresenting cells and liver regeneration mediators. When
activated, KCs produce a wide variety of molecules, such
as growth control mediators, inflammatory agents, proteolytic and hydrolytic enzymes, oxygen and nitrogen species
and lipid metabolites. All these products modulate acute
and chronic liver responses to pathogens, chemicals, drugs,
injury, as well as cancer and metastasis (Table 1)[126-128].
KCs play a crucial role in the “host tumoural surveillance system”. As they constantly reside around the sinusoids, they discriminate and remove neoplastic cells that
reach the liver. Interestingly, CRC cells become vulnerable
to macrophage tumouricidal activity during endothelial
adhesion and extravasation[129,130]. Specifically, KCs may
recruit inflammatory cells, they may arrest CRC cells and
inhibit their growth acting in a cytostatic way, and they
may bind and eliminate them in a cytotoxic way[130]; the
latter occurs by several mechanisms: phagocytic release
of TNF, secretion of proteases and production of oxygen metabolites[131-133].
Rat experiments demonstrated that in the early stages
of CRC liver metastasis, KCs exerted tumouricidal activity in conjunction with NK cells. One hour after CRC
cells had reached the liver, more than 70% were already
in contact with KCs; the KC population was considerably
increased from the first day and phagocytosed more than
90% of malignant cells. However, NK depletion left 35%
of the cancer free from KC interactions. The responsible
mechanism may be that activated NK cells secrete proinflammatory cytokines, such as granulocyte macrophage
colony stimulating factor (GM-CSF) and interferon
gamma (IFN-γ), which in turn activate KCs or sensitise
tumour cells to cytotoxic effects. Alternatively, NKs may
induce CRC cell apoptosis, causing exposure of phosphatidylserine and enhancing phagocytosis by KCs[115]. The
opposite interaction was also reported: activated KCs
may produce IL-12 and/or IL-18, which enhance IFN-γ
release by pit cells that exhibit high tumouricidal activity,

Table 1 Molecules produced by Kupffer cells that may
mediate their interactions with metastasising colorectal cancer
[126,127]
cells within the hepatic sinusoids
Group

Molecules

Cytokines and
chemokines

Tumour necrosis factor alpha
Transforming growth factor beta
Interleukins
(IL-1α, -1β, -6, -8, -10, -12 and -18)
Interferon gamma
Platelet-activating factor
Monocyte chemotactic protein-1
Macrophage inflammatory protein (MIP-1)
Hydrolytic and
Urokinase-type plasminogen activator
proteolytic enzymes
Metalloproteinases (MMP-1, -7 and -13)
Lipid metabolites
Prostaglandin E2
(prostanoids)
Thromboxane
Oxygen species (superoxide) and hydrogen peroxide
Nitrogen species (nitric oxide)

This study further supported previous data which demonstrated that hepatectomy or chemically-induced injury
resulted in an increase of serum autotoxin[120].
Although SECs appear to play a tumouricidal role, they
may also aid tumour cells to arrest and metastasise within
the liver. Under cytokine activation, SECs may express
adhesion molecules, such as E-selectin, which mediate
cancer cell attachment to the endothelium, thus facilitating
their extravasation into the hepatic parenchyma[121,122].
Experimental studies have attempted to investigate
and exploit SEC properties in anticancer therapy. Gene
therapy uses certain vectors, such as adenoviruses, to
reach target cells and is considered a new and promising
treatment of acquired diseases, including liver neoplasms
and metastases. SECs, in conjunction with KCs, may
endocytose and destroy these vectors, cancelling any
therapy. On the other hand, as hepatocytes constitute the
primary target cells for anti-cancer therapy, gene vectors
should reach the space of Disse, in order to interrelate
with hepatocytes. The space of Disse may be accessible
only through SEC fenestration, and the diameter of the
latter ranges according to species and liver condition; ageing or liver diseases substantially alter fenestrae, impairing
the vector access to the space of Disse[123].
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thus inhibiting CRC haematogenous metastasis in murine
livers[134,135]. It appears that in the metastatic process, KCs
and pit cells act in close cooperation against the invading
cancer cells. Both produce cytokines and interact stimulating one another, eliminating cancer cells directly or
mediating cancer cell death by their counterparts.
High mobility group box 1 (HMGB1) is a protein
produced by normal and cancer cells which triggers
apoptosis in macrophages and monocytes. Experimental
data from Dukes’ C and D surgical specimens showed
that HGMB1 levels in the portal blood were higher for
Dukes’ D and correlated with the levels in the primary
tumours. When HMGB1 concentration was raised, KC
numbers were substantially decreased. Moreover, in vitro
murine experiments performed in the same study showed
that the administration of the protein decreased KC populations and promoted liver metastases[136]. These findings
support the tumouricidal role of KCs in the metastatic
process.
The interaction between KCs and invading tumour
cells is not always in favour of liver homeostasis. Binding
to KCs facilitates CRC cell arrest in the liver; if the killing
process is not accomplished promptly or is partially completed, then the binding process substantially contributes
to liver colonisation. Experimental data in rats advocated
that KCs exert a limited capacity for tumour surveillance;
when malignant cells reach the liver in very high numbers
or present great antigenic diversity, KCs are eventually
saturated and metastasis progresses[130].
Additionally, KCs produce growth factors, such as
HGF, which facilitate tumour cell proliferation[137]. Furthermore, the ability of KCs to secrete MMPs, especially
MMP-9 and MMP-14, as well as their inhibitors, may
enhance angiogenesis and tumour invasion, via alterations
of the ECM[138]. Notably, MMP-9-deficient mice presented considerably fewer liver metastatic lesions when
CRC cells were injected in their spleen. MMP-9 was
primarily derived from KCs, independently of its expression by tumour cells[139]. Moreover, in vitro experiments
have indicated that highly malignant cells reduce, in their
favour, the phagocytic capacity of KCs and promote
colonisation[140]. The preceding experimental evidence
suggests that KCs prevent tumour outgrowth and liver
metastasis when the burden and the rate of invading cells
are relatively low. However, KCs may contribute to liver
colonisation if their tumouricidal ability is saturated due
to excessive numbers of invading cells or when metastases are already established.
KCs present an 80 kDa carcinoembryonic antigen
(CEA) receptor, which mediates binding and subsequent
degradation of CEA[141,142]. When CEA is complexed,
KCs are activated and secrete through β-2 adrenergic
pathways large amounts of cytokines, including TNF-α,
IL-1β, IL-6 and IL-10[141,143]. These pro- and anti-inflammatory agents generate alterations in the sinusoidal endothelium and SECs express adhesion molecules of the selectin family, which promote the arrest and extravasation
of tumour cells[144]. Murine studies indicated successful
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adhesion of CRC cells to KCs and SECs, without the immediate mediation of CEA, excluding CEA’s function as
an adhesion molecule in hepatic colonisation[145]. The last
observation was further investigated and it was revealed
that CEA supports CRC cell survival via the induction
of IL-10 and subsequent decrease of NO concentration.
IL-10 is probably released by stimulated KCs and NO
levels decrease due to inhibition of inducible nitric oxide
synthetase[146].
Accumulating data have demonstrated the important
role of immunoglobulin superfamily adhesion molecules
in colorectal liver metastases, referring to KCs. Murine
experiments demonstrated that CRC cells trigger KCs to
produce pro-inflammatory cytokines, which in turn stimulate SECs to express high levels of intercellular adhesion
molecule 1 (ICAM-1) and vascular cell adhesion molecule
1 (VCAM-1)[147] or VCAM-1 and platelet endothelial cell
adhesion molecule 1[148]. These molecules mediate cancer
cell adhesion, follow E-selectin expression and promote
subsequent extravasation. Similarly, in vitro experiments
using CEA-activated murine KCs indicated that cytokines
were released, which activated endothelial cells to express
ICAM-1 and VCAM-1[122,149].
Consequently, several lines of evidence support the
hypothesis that when CRC cells reach the hepatic sinusoids, they secrete CEA that may activate KCs to produce
cytokines; the latter stimulate SECs to express cell adhesion molecules that bind colorectal metastasising cells.
This mechanism obviously contributes to malignant cell
arrest, proliferation and invasion (Figure 5).
The cytostatic and cytotoxic actions of KCs were
taken into consideration in liver metastasis research and
adjuvant strategies were created in order to maintain
and increase their potential antitumour role. As transient
peri- and post-operative immunosuppression has been
observed in patients undergoing major surgical interventions, further enhancement of KC activities is particularly
useful during and after hepatectomy[150]. GM-CSF was
tested for this purpose and experimental data from human liver wedge biopsies showed that it could stimulate
KCs to exert increased cytotoxicity against a SW948
colon carcinoma cell line[151]. In syngenic rat models, the
administration of this factor increased KC numbers and
significantly enhanced their cytotoxicity ex vivo, cancelling the development of small metastatic foci[152]. IFN-γ
was also tested targeting KC activity; in syngenic murine
models, the preoperative administration of IFN-γ caused
high anti-metastatic function of KCs and NKs in early
liver metastasis[153]. These promising results remain to be
further analysed and repeated in bigger studies using human hepatic tissue.
Hepatic stellate cells
HSCs are located in the space of Disse, comprising about
15% of the nonparenchymal hepatic cells. They have a
unique morphology, due to long cytoplasmic processes
that form a spindle-shaped cellular body (Figure 6)[154].
KCs produce chemokines that induce mono- and poly-
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Figure 5 The role of Kupffer cells in colorectal cell adhesion-arrest within the sinusoids during haematogenous liver metastases. Kupffer cells are activated
through carcinoembryonic antigen (CEA), release multiple chemokines and stimulate sinusoidal endothelial cells to express adhesion molecules, inducing colorectal
cancer cell arrest. CEA-R: CEA receptor; ICAM-1: Intercellular adhesion molecule 1; IL: Interleukin; sLE: Sialyl Lewis antigen; TNF-α: Tumour necrosis factor alpha;
VCAM-1: Vascular cell adhesion molecule 1.

morphonuclear leukocyte infiltration, activate neutrophils
and control lymphocyte populations exerting immunoregulatory activity[155,156]. Furthermore, HSCs act as antigen-presenting cells that may activate T lymphocytes[157,158]
and release pro-inflammatory cytokines when exposed to
bacterial endotoxins through toll-like receptors[158,159].
HSCs secrete and respond to a wide variety of cytokines. They modify the activity of various growth factors, express adhesion molecules, such as ICAM-1 and
VCAM-1, and regulate the detoxification of ethanol and
xenobiotics[156,160]. Activated HSCs display contractility,
chemotaxis, fibrogenesis, matrix degradation activity, proliferation, and retinoid loss. They mediate inflammation,
cell survival and apoptosis, liver regeneration and monitoring of cellular pH[161-163].
HSCs are also key cells in tumour growth and CRC
metastatic processes. Experimental studies in rats revealed that conditioned media from cultures of hepatocellular carcinoma hepatocytes could activate HSCs[164].
Moreover, in vitro experiments with metastatic melanoma
cells concluded that tumour cells triggered HSC activation; the latter promoted angiogenesis through VEGF
expression[165]. Injection of colon carcinoma cells in nude
mice favoured the formation of hepatic metastatic foci
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through HGF and TGF-β1 produced by HSCs. Similarly,
tumour cells secreted PDGF-AB and enhanced HSC
proliferation and locomotion[166].
Co-cultures of SECs and HSCs caused spontaneous
cellular differentiation, with HSCs forming the core and
SECs the surface of the cell population. Concurrently,
activated HSCs cultured with SECs expressed functional
smooth muscle cell phenotype and formed capillary-like
structures in angiogenesis assays. Taking into consideration that tumours activate HSCs, their contribution to
neoangiogenesis through interactions with SECs was implicated in these studies[114,167].
Pit cells
The name pit cell is related to their cytoplasmic granules.
The cells contain granules with lysosomal enzymes, perforin and various phosphatases, but their structural characteristic is the presence of cytoplasmic rod vesicles. Their
shape varies, due to the presence of pseudopodia[113,168,169].
Pit cells substantially contribute to hepatic immunity
and exert strong antitumour action. In collaboration with
KCs, they represent the first line of liver defence against
cancer cells. Experimental studies in rodents demonstrated that pit cells are highly cytotoxic against multiple
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Liver colonisation
The adherence of metastasising CRC cells to SECs is
a primary step of great importance toward liver invasion and colonisation[140]. Malignant cells bind to SECs
initially through selectins. However, these bonds do not
appear to be strong enough to guarantee stable cell adhesion. Integrins are necessary to stabilise tumour cell-SEC
adhesion. If integrins do not conform, then the bonds
are broken and cancer cells are released into the blood
or undergo mechanical damage[175]. The development of
strong intercellular bonds allows CRC cells to resist the
attractive forces of plasma flow and circulating blood
cells, when they adhere to the hepatic sinusoids[176]. Multiple signalling molecules, including focal adhesion kinase,
paxillin, and cytoskeletal proteins, are probably required
for tumour cell adhesion and stabilisation under the hydrodynamic conditions of blood flow[175].
Shimizu et al[177], studying CRC liver metastases in
murine models, reported that shortly after endothelial
adhesion occurred within the sinusoids, metastasising
cells extended cytoplasmic projections towards the space
of Disse, through the pores of SECs. Forty-eight hours
after their injection in mice, CRC cells may reach the hepatocytes and enter their cytoplasm, and 72 h later, they
developed metastatic foci.
From the moment of extravasation, cytotoxic T cells,
monocytes and macrophages which occupy extra-sinusoidal hepatic tissue are activated against the metastatic cells,
though not always successfully[178]. Ultimately, few CRC
cells cause micrometastases in the hepatic parenchyma.
They remain in a dormant state, the duration of which is
unknown. It is probable that these micrometastases will
be reactivated after an unspecified time period and will
create macrometastases. The last stage of the invasionmetastasis cascade is then accomplished[179,180].
It has been proposed that carcinoma cells address
the problem of an incompatible microenvironment at
the distant metastatic site through the establishment of
a “premetastatic niche”[181]. In that state, CRC cells may
release soluble CD44 that mediates resistance to apoptosis[182]. The crosstalk among cancer cells, immune cells,
endothelial and stromal cells causes the production of
various chemokines and growth factors, such as the EGF
and TGF-α, which promote metastatic cell growth in the
liver. Interestingly, in order to survive and develop a secondary neoplasm in the liver, CRC cells must undergo the
reverse transition from EMT, which is termed mesenchymal-epithelial transition (MET). Consequently, CRC cells
express epithelial cell markers such as E-cadherin[183,184].
Additionally, Belluco et al[185] showed that CRC cell kinase
profile at the hepatic metastatic sites differs considerably
from the initial intestinal site. These data indicate that
CRC cells adjust their signalling network at the hepatic
microenvironment in order to survive and generate metastatic foci. The activation of MET is probably triggered
by the liver ECM. Hepatic CAFs appear to promote this
process through overexpression of COX2 and TGF-β2.

Figure 6 Hepatic stellate cells with their cytoplasmic processes, after 4 d
in culture (authors’ archive). Light microscopy (magnification × 200). Scale
bar = 100 μm.

malignant cell lines, including murine fibrosarcoma
L929, colon carcinoma CC531 and colorectal carcinoma
DHD-K12 rat cells[169].
Pit cells exert their cytotoxicity through binding to target cells, a process named conjugation. Various adhesion
molecules on pit cells mediate this process, such as CD2,
a member of the immunoglobulin superfamily, CD28 and
lymphocyte function-associated antigen 1, while CD54
and CD58 may be present on target cells[170,171]. In addition, interactions between β2 integrins and ICAMs are
crucial, supporting these cell-cell conjugations[169,170,172].
Following conjugation, various receptors may be
stimulated, triggering or inhibiting pit cell cytotoxicity.
Three superfamilies of NK cell receptors are presented
primarily on human pit cells, while others, named coreceptors, still remain under investigation: the killer immunoglobulin receptor that recognizes major histocompatibility complex (MHC) class Ⅰ molecules, the c-type
lectin, recognising non classical MHC class Ⅰ or class Ⅰlike molecules, and the natural cytotoxicity receptor superfamily, which remains to be further studied[173].
Pit cell tumouricidal actions are exerted mainly
through three mechanisms[168,174], as follows:
Perforin-granzyme pathway: Through calcium-dependent molecular reactions pit cells adhere to tumour cells
and release perforin and proteases into the intercellular
space. Subsequently, perforin induces pores in the tumour
cytoplasmic membrane and then proteases may generate
DNA segmentation.
Apoptosis pathway: Pit cells express both the FasL and
the tumour necrosis factor-related apoptosis-inducing
ligand. When pit cells interact with tumour cells, these
ligands bind to respective receptors and cancer cells undergo apoptosis.
Cytokine pathway: Pit cells secrete cytokines, such as
IFN-γ, and thus activate lymphocytes and macrophages
against invading cancer cells.
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to oncological treatment. An anti-VEGF monoclonal
antibody, named bevacizumab, has been introduced in
CRC therapy and has contributed to prolonged patient
survival[188]. Concurrently, clinical trials are in progress for
antiCEA antibodies[189], MMP inhibitors[190], antibodies
against integrins[191] or molecules that increase immunosurveillance[192,193]. Although comprehension of CRC
hepatic metastasis has substantially evolved, the invasionmetastasis cascade remains partially understood and future basic and clinical research still has multiple issues to
clarify.

Table 2 Adhesion molecules with potential prognostic value
[176,194]
in colorectal cancer progression and hepatic metastases
Adhesion molecule Adhesion molecule
family
Cadherins

E-cadherin
P-cadherin
sLEx
sLEa (CA 19-9)
Galectin-3
E-Selectin
L-Selectin
P-Selectin
LFA-1 (αLβ2)
VLA-4 (α4β1)

Lectins

Selectins

Integrins

Immunoglobulin
superfamily CAMs

Proteoglycan
receptors

ICAMs
PECAM-1
VCAM-1
MadCAM
CEA
CD44

Expression
Colon epithelial cells
Colon epithelial cells
Colon epithelial cells

ECs
Leukocytes
ECs and platelets
Colon epithelial cells, ECs,
fibroblasts, leukocytes and
platelets
ECs, fibroblasts and leukocytes
ECs, platelets and leukocytes
ECs and epithelial cells
Colon epithelial cells
Colon epithelial cells
Colon cells and ECs
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Colorectal cancer and immunity: what we know and
perspectives
Simon Pernot, Magali Terme, Thibault Voron, Orianne Colussi, Elie Marcheteau, Eric Tartour, Julien Taieb
munotherapy is not yet routinely used in colorectal
cancer, we now know that most treatments used (chemotherapy and biotherapy) have immunomodulatory
effects, such as induction of immunogenic cell death
by chemotherapy, inhibition of immunosuppression by
antiangiogenic agents, and antibody-dependent cytotoxicity induced by cetuximab. Finally, many immunotherapy strategies are being developed and tested in
phase Ⅰ to Ⅲ clinical trials. The most promising strategies are boosting the immune system with cytokines,
inhibition of immunoregulatory checkpoints, vaccination with vectorized antigens, and adoptive cell therapy. Comprehension of antitumor immune response and
combination of the different approaches of immunotherapy may allow the use of effective immunotherapy
for treatment of colorectal cancer in the near future.
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Core tip: Immune system is now widely accepted as a
key mechanism to prevent occurrence of cancer and
+
+
intratumoral T CD8 and CD45 lymphocytes infiltrate
has shown to be a major prognosis factor in colorectal
cancer. However, immunity fail in controlling tumor
growth, because of strong escape mechanisms to the
immune system developed by the tumor. In recent
years, several immunotherapy strategies have been
tested in colorectal cancer. This review provides an understanding of the mechanisms involved and identifies
innovating therapeutic strategies.

Abstract
Strong evidence supports the concept of immunosurveillance and immunoediting in colorectal cancer. In
+
+
particular, the density of T CD8 and CD45 lymphocyte infiltration was recently shown to have a better
prognostic value than the classic tumor node metastasis classification factor. Other immune subsets, as
macrophages, natural killer cells or unconventionnal
lymphocytes, seem to play an important role. Induction of regulatory T cells (Tregs) or immunosuppressive
molecules such as PD-1 or CTLA-4 and downregulation of antigen-presenting molecules are major escape
mechanisms to antitumor immune response. The development of these mechanisms is a major obstacle to
the establishment of an effective immune response,
but also to the use of immunotherapy. Although im-
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tious pathogens (EBV, HPV, HIV...). However, melanoma, renal, lung, pancreatic and colon cancer are nonpathogen-related and an increased incidence of these
tumors was reported in immunocompromised patients.
Registries and meta-analyses of solid organ transplant recipients have shown an increased risk of CRC[3,4] with a
standardized incidence ratio of 1.2 to 1.8, this increased
risk is more controversial in HIV-infected patients[5].
The anti-tumor immunosurveillance concept was
finally demonstrated in animal models by Shankaran
et al[6], who observed the occurrence of spontaneous
neoplasias in immunocompetent or immunodeficient
mice. Mice were kept under aseptic conditions for 15
to 21 mo. During this observation period immunocompetent mice did not develop any malignant tumors,
while RAG2-/- mice deficient in T and B lymphocytes
developed malignant colon and lung tumors (not known
to be associated with an infectious agent) in about 50%
of cases, and RAG2-/- STAT1-/- mice deficient in T
and B lymphocytes and insensitive to IFNγ developed
neoplasia in 80% of cases. Since then, many studies have
shown the involvement, depending on the model, of the
innate and/or adaptive immune response in the protection against the occurrence of malignant neoplasms.

v20/i14/3738.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i14.3738

INTRODUCTION
With around 1 million new cases every year, colorectal
cancer (CRC) is the third most frequent cancer in the
world. Despite recent therapeutic advances it causes
more than 500000 deaths every year. So there is a real
need for therapeutic progress to reduce the risk of recurrence after surgery or prolong survival of patients
with metastatic disease. Advances could be provided
by understanding the role and mechanisms of the immune response in CRC and by the development of immunotherapy. Indeed there is growing evidence that the
immune system may play a role in preventing the occurrence, growth and metastatic diffusion of tumors.
The aim of this review is to provide a comprehensive
analysis of known mechanisms of immune response
against CRC and immune escape strategies developed by
tumor cells, and to present current and future perspectives in immunotherapy for CRC. In particular we will
focus on the following questions: (1) What is the clinical and prognostic impact of natural immune response
mechanisms? (2) What are the escape mechanisms developed by the tumor which limit the efficiency of the
immune system and/or immunotherapy? (3) What is the
impact of the immune system in the therapeutic effect
of current standard treatments? or (4) Can we in the future develop effective immunotherapy for CRC management?

Immunoediting and immune escape
The immunosurveillance concept was then completed
by that of immunoediting[7], which describes the interactions between the immune system and the tumor, allowing cancer cells to escape immune surveillance. The selection pressure exerted by the immune system on tumor
cells allows the emergence of resistant clones. According
to the theory of immunoediting, immune escape occurs
in three phases: the immunosurveillance period with the
elimination of tumor cells by the immune system, the
latency period, corresponding to a state of equilibrium,
and the phase of escape, allowing tumor progression
and clinical expression.

BASIC CONCEPTS IN ANTITUMOR
IMMUNITY
Immune surveillance
The role of immunity in cancer was suspected in 1909
by Ehrlich, who speculated that the immune system can
repress the growth of carcinomas. About 50 years later,
Macfarlane Burnet and Lewis Thomas elaborated the
concept of immunosurveillance, as the capacity of the
immune system to promote an effective immunologic reaction to tumor cell-specific neoantigens that eliminates
developing cancer before clinical expression.
However, this concept of immunosurveillance has
long been questioned. When Hanahan established the
six criteria necessary for the development of a tumor in
2000, immunity was not cited.
In humans, the role of immune surveillance was first
suspected with observation of increased occurrence of
cancer in patients with immunodeficiency. Cohorts of
transplanted patients and HIV-infected subjects in particular showed a strong increase in the incidence of cancers[1,2]. But in humans as in murine models the increase
in occurrence of neoplasias has long been explained as a
consequence of carcinogenesis related to certain infec-
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ANTITUMOR IMMUNITY IN COLORECTAL
CANCER
Innate immunity
Natural killer (NK) cells play a crucial role in preventing recurrence, and are a prognostic factor: NK
cells play a major role in the immune response to cancer.
They help to prevent tumors, and control tumor growth
and dissemination, as shown in murine[8,9] and human
models[10,11]. NK cells have 2 types of receptors: activating receptors, including NKG2D, and killer inhibitory
receptors (KIR). The NKG2D receptor can bind different activating ligands overexpressed on cancer cells.
On the other hand, KIR recognize major histocompatibility (MHC) class Ⅰ molecules and NK cells can thus
also be activated by the decreased expression of MHC
class Ⅰ molecules reported on cancer cells. These two
mechanisms can activate NK cells against tumor cells. In
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addition, NK cells may exert a cytotoxic effect against
cancer cells through other mechanisms such as antibodydependent cell-mediated cytotoxicity (ADCC), and secretion of cytokines including IFNγ[12].
In CRC, an extensive intratumoral infiltration of NK
cells has been reported to be associated with a better
prognosis[13]. Moreover, a direct correlation between increased outcome and NK cell infiltrates is suggested[14].
In particular, NK cells could be involved in protection
against cancer-initiating cells (CICs)[15]. CICs are characterized by slow growth and resistance to drugs and
radiation, and play a crucial role in tumor recurrence.
Recent data suggest that CICs are more sensitive to NK
cells because they strongly express activating ligands as
NKP30 and NKP44 and express low levels of MHC
class Ⅰ molecules.

CD8 T cells through MHC class Ⅰ. Activation of T cells
requires 3 signals: (1) recognition of antigenic peptide
presented by the APCs; (2) activation of costimulatory
molecules (CD80/CD28, CD40/CD40L); and (3) recruitment of cytokines (IL-1, IL-2, IL-6, IL-12, IFNγ).
Activated CD8 T cells can recognize and lyse tumor
cells. Activated CD4 T cells modulate the antitumor immune response. They differentiate into different cell subgroups: The Th1 response allows secretion of cytokines
that promote the antitumor response, as IL-2 or IFNγ,
whereas the Th2 response favors tumor growth. The
Th17 subset secretes large amounts of IL-17. Its role
in the immune response against cancer is controversial.
Finally, a subset of CD4+ T cells called regulatory T cells
(Tregs) and characterized by the expression of CD25
and Foxp3, inhibit the immune response and represent
a widely described mechanism whereby the tumor can
escape the immune system.

Unconventional lymphocyte T cells: Natural Killer
T (NKT) cells share characteristics of both NK cells
and T cells. They recognize glycolipid antigens like
α-galactosylceramide presented by CD1d, an MHC class
1-like molecule. When activated, NKT cells secrete abundant pro-inflammatory cytokines and effector molecules
involved in cell death (perforin, Fas-L, TRAIL). Increased
tumor infiltration of NKT cells is associated in CRC with
a better prognosis[16].
Human γδ T cells (γδ T cells) express a receptor to
antigens combining a γ chain and a δ chain. This receptor can recognize different antigens usually in a nonMHC-restricted way, such as heat shock proteins or
phosphorylated metabolites generated by tumor cells.
γδ T cells been demonstrated to have a strong cytotoxic
activity against tumor cells in CRC[17].

Tumor-associated antigens allow recognition of
tumor cells by the immune system: Many cells and
molecules are involved in immunosurveillance, they may
be linked to the host or the tumor. First, tumor-associated
antigens (TAAs) allow an immune response mediated by
the humoral and cellular immunity. Several types of TAAs
are expressed by the tumor. In CRC, the most frequent
TAAs are normal self-antigens, expressed at low levels in
normal cells and in embryonic tissues and at high levels
in tumor cells. The most famous of them is the carcinoembryonic antigen (CEA), which is normally expressed
in fetal tissue, and widely overexpressed in CRC[20]. If it
has been shown initially that CEA can lead to a specific
cytotoxic response[21], more recent works have shown that
CEA may have an immunosuppressive role and that T
cells of patients with CRC were not activated by the presentation of this antigen in vitro[22]. Other self-antigens are
thought to be immunogenic in CRC, as Ep-Cam HER-2/
neu [23], MUC-1 and p56. Immune responses against
some neo-antigens, generated by mutations (tp53, Kras)
or against antigen MAGE-3, belonging to the family of
“cancer testis antigen” normally expressed by germ cells,
have been less frequently identified[21].
TAAs, which likely play an important role in immunosurveillance, are also potential targets for immunotherapy in vaccination strategies.

Macrophages: Tumor infiltrating macrophages (TIM)
can be divided into two different subtypes with different
roles in cancer[18]. M1 TIMs are intimately involved in innate immunity, as they target altered cells, produce proinflammatory molecules (IL-6, IL-12, IL-23 and TNFα)
and promote adaptive immunity through increased
expression of MHC and costimulatory molecules. They
may also target tumor cells linked to antibodies because
they express a receptor for immunoglobulin constant
fragments (ADCC). Activated M2 TIMs are engaged
in wound healing and can promote tumor progression through immunosuppressive cytokines (IL-10 and
TGFβ). While infiltration by macrophages is generally
a poor prognostic factor in different types of cancer, in
CRC it seems to be associated with a better prognosis[19],
suggesting that antitumorigenic properties dominate in
vivo.

Microsatellite instability CRC is associated to immunogenic TAAs: Microsatellite instability (MSI) is associated with CRC in patients with Lynch syndrome, but
also with sporadic cancer, in particular in elderly patients,
and is observed in 5% to 25% of CRC patients depending on tumor stage. MSI tumors are associated with a
high density of tumor infiltrating lymphocytes (TILs)[24,25],
and have a better prognosis than CRC without a microsatellite instability phenotype[26].
MSI induces frameshift somatic mutations within
target genes harboring repeated sequences in their coding
frame, including TGFβR2, which is mutated in 90% of

Adaptive immunity
A specific antitumor response is generated by the adaptive immune system, and in particular by αβ T cells.
Briefly, the antigen-presenting cells (APCs), mainly dendritic cells (DCs), capture, process and present tumor
antigens to CD4 T cells through MHC class Ⅱ or to
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cases. These mutations lead not only to the inactivation
of these target genes but also to the appearance of potentially immunogenic neoantigens. Indeed, disruption of
the reading frame of TGFβR2 results in a new epitope
(RLSSCVPVA) and in specific T cells to this epitope in
tumors and peripheral blood of patients with MSI tumors[27]. Other MSI-associated mutations, as mutations
of OGT[28], MSH3[29] caspase 5, ASTE1 and PTEN, have
been shown to induce production of new immunogenic
TAAs. Tougeron et al[30] studied 19 frequently mutated
genes in CRC with MSI. In samples of stage Ⅱ or Ⅲ
MSI tumors, an increased number of mutated genes
was correlated with a high density of TILs. Mutations
of ASTE1 and PTEN were particularly associated with
increased lymphocyte infiltrate. These results suggest
an important role of the immune response to specific
neoantigens in CRC with MSI, and its potential involvement in the better prognosis of these tumors. Nevertheless, CRC associated with MSI may develop specific
mechanisms to escape the immune system as for example
particularly high levels of intratumoral Treg described in
these patients[31]. Frameshift mutations can also induce
inactivation of beta2-microglobulin leading to HLA class
[32,33]
though the association between
Ⅰ downregulation
HLA class Ⅰ downregulation and MSI is still controversial. Altogether, CRC associated with MSI could lead to
a more intense immune response, but also to specific
immunoregulatory phenomena, making them good candidates for immunotherapy.

cohort, patients who had tumors with a high density of
CD45RO+ cells or with a low density of CD45RO+ cells
had a median disease-free survival of respectively 36.5
mo and 11.1 mo, and a median overall survival of respectively 53.2 mo and 20.6 mo (P < 0.001 for all comparisons). In multivariate analysis, the density of CD45RO+
cells was still an independent prognostic factor.
Based on these results, an immune score based on
immunostaining has been elaborated, considering 4 densities: density of CD8+ T infiltrates in the center of the
tumor (CT), in the invasive margin (IM), and density of
memory CD45RO+ cells in the CT and in the IM. This
immune score was first studied in early-stage tumors
(stages Ⅰ and Ⅱ)[36]. Patients with a high density of both
CD8+ and CD45RO+ cells in both the CT and IM had
a disease-free survival of 95.2%, compared with 25% in
patients with a low density of both CD8+ and CD45RO+
cells in both regions. This immune score was validated
in a cohort of 599 specimens of stage Ⅰ to Ⅳ CRC[37].
In this study, assessment of immune score was a better
predictor of tumor recurrence (HR = 0.64; P < 0.001)
than TNM classification. However, the immune infiltrate
is highly heterogeneous in a tumor, and quantification
is observer-dependent. To simplify and harmonize the
quantification of immune infiltrate, automated quantification of CD3+ cells can be used. Linear quantification
of lymphocytes has been shown to be predictive of disease-free-survival in multivariate analysis with very good
inter-observer reproducibility[38]. However, other teams
have not confirmed these results yet and major information are lacking in this large retrospective series such as
age, MSI status or the use of adjuvant therapy. Despite
these promising results, there is still no immune quantification test in routine practice to use immune infiltrate
to guide our therapeutic strategies. This underlines the
difficulty to find a standardized and reproducible test
that complies with daily practice. Such tests should be of
particular interest for clinicians, especially for stage Ⅱ
patients for whom the indication for adjuvant treatment
is more controversial.

Tumor infiltrate of memory CD8 T cells and CD45RO
memory T cells may predict recurrence: The role of
cytotoxic CD8 T cells has been widely studied in CRC.
Tumor-infiltrating lymphocytes (TILs) are central to the
antitumor immune response. The prognostic role of the
immune response has been analyzed in a large cohort of
resected patients.
Pagès et al[34] showed that the absence of pathological
signs of early metastatic invasion (venous, lymphatic and
perineural invasion) was associated with increased infiltrates of immune cells and increased levels of messenger
RNA (mRNA) for products of Th1 effector T cells.
The density of TILs, characterized by CD3 immunostaining, has been reported to be more predictive of
overall survival than all the usual histopathologic prognostic factors (i.e., UICC-TNM classification)[35]. Fiveyear overall survivals in patients with high, intermediate
or low CD3+ TILs density were of 72.6%, 49.5% and
29.9%, respectively. In multivariate analysis, the density
of TILs was still an independent prognostic factor, while
TNM classification was no longer an independent factor
after adjustment for the density of TILs.
Regarding phenotype, TILs were increased in tumors
without signs of early metastatic invasion, especially
memory CD8 T cells (CD45RO+), ranging from early
memory to effector memory T cells[34]. Finally, increased
levels of CD45RO+ correlated with increased overall
survival and increased disease-free survival. In this large
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MECHANISMS OF IMMUNE SYSTEM
ESCAPE IN COLORECTAL CANCER
Human leukocyte antigen class Ⅰ downregulation is
associated with a poor prognosis
Expression of Human Leukocyte Antigen class Ⅰ (HLAⅠ), the human MHC, class Ⅰ molecules is downregulated in more than 70% of colorectal tumors[39]. In a few
cases there is complete loss of HLA-Ⅰ on tumor cells.
Total loss of HLA-Ⅰ mainly results from beta2-microglobulin inactivation in MSI tumors and LMP7/TAP2
downregulation in MSI-negative tumors[33]. Downregulation can result from loss of HLA haplotypes due to
chromosomal nondisjunction or mitotic recombination,
loss of HLA locus expression, or allelic loss due to point
mutations or partial deletions of HLA-Ⅰ genes. The
prognostic significance of HLA-Ⅰ downregulation has
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been reported in a large cohort of CRC cases[40]. Tumors
with low expression of HLA-Ⅰ were associated with a
significantly shorter mean disease-specific survival (41
mo, 95%CI: 26-56) compared with tumors with high
expression of HLA-Ⅰ (68 mo, 95%CI: 63-74). Surprisingly, patients with a tumor with complete loss of HLAⅠ expression had a similar prognosis to those with
high expression (mean disease-specific survival 60 mo,
95%CI: 50-69). This is possibly related to the high activity of NK cells against HLA-Ⅰ-negative tumor cells.
Killer inhibitory receptors, which are inhibitory receptors on NK cells, are dependent on MHC class Ⅰ, then
NK cells are activated in the absence of MHC class Ⅰ.
Tumor cells with downregulation but not complete loss
of HLA-Ⅰ expression could therefore avoid both T-celland NK-cell-mediated immune surveillance, and may be
associated with a poor prognosis.

secreted by tumor in response to hypoxia seems also
to play a crucial role in tumor-induced Treg. VEGF-A
inhibits maturation of DC. Immature DC, which can
express TGFβ, can favor the conversion of conventional
T cells into Treg[52,53]. VEGF-A can also directly promote
expansion of Treg through VEGFR-2 expressed on the
cell membrane of a Treg subgroup[54]. Recent data suggest that the number of intratumoral FOXP3+/VEGR-2+
Tregs is more predictive of recurrence and survival than
the number of FOXP3+ alone in CRC[55].
Other escape mechanisms
Other escape mechanisms are suspected in CRC (Figure
1). B7-H1, or PD-L1, is a costimulatory molecule known
to regulate T cell function negatively by interaction with
PD-1. B7-H1 is strongly expressed in CRC[56] and is associated with poor prognosis[57]. B7-H1 may thus play an
important role in tumor cell proliferation, apoptosis, migration and invasion. Other molecules, such as CTLA-4,
are involved T lymphocytes inhibition. CTLA-4 is expressed on the surface of T lymphocytes, and its ligands,
CD80 and CD86, are expressed on the surface of APCs.
Expression of these molecules, called “immune checkpoints”, are important mechanisms of inhibition of antitumor immune response. Recently some monoclonal
antibodies targeting these molecules (PD1, CTLA-4)
have shown more than promising efficacy results in solid
neoplasia such as melanoma and others[58-60].
Myeloid-derived suppressor cells (MDSC) are immunosuppressive cells. As Tregs, they contribute to the
immune tolerance by inhibiting the function of CD8+ T
cells. The prognostic value of MDSC is not well known,
but they are thought to be deleterious, as elimination of
MDSC in mouse tumor models was shown to enhance
antitumor responses, resulting in tumor regression[61].

Induction of regulatory T cells
Induction of immunosuppressive cells is a major mechanism in escape from the host immune system. Tregs are
characterized by expression of CD4, CD25, and Foxp3.
In healthy individuals, role of Tregs is to prevent autoimmune disorders. In patients with cancer, Tregs could
block the immune response against tumors through
cytokine-dependent or cell-cell contact mechanisms.
Tregs secrete immunosuppressive cytokines as IL-10 and
TGFβ and immunosuppressive metabolites such as adenosine. The role of Tregs in cancer was first suspected
from the observation of increased Tregs in peripheral
blood and tumor tissue.
Strong Treg infiltration of tumors is generally associated with poor clinical outcome[41]. Elevated blood and
tumor Treg numbers have also been described in CRC[42].
In some studies increased density of tumor-infiltrating
Tregs is associated with a better prognosis[43], although
in others elevated peritumoral numbers of CD4 and
CD8 Tregs are associated with advanced-stage tumors
and poorer overall survival[44]. This difference may be
related to the heterogeneity of methods for characterization and quantification of Tregs and the use of more
reliable techniques such as flow cytometry have shown
the deleterious role of Tregs. In murine models of CRC,
systemic removal of Tregs using anti-CD25 antibody results in tumor rejection and in improved vaccine-induced
antitumor T-cell responses[45,46]. In human models, in vitro
Treg depletion from peripheral blood of patients with
CRC induces CD4 and CD8 T-cell responses against
tumor-associated antigens[47,48]. Altogether, there is considerable evidence that Tregs are associated with a poor
outcome in CRC.
Accumulation of Treg in tumors could be explained
by several mechanisms[49]. The first mechanism is the
conversion of conventional CD4+ T cells into Treg in response to various signal, especially secreted or membrane
TGFβ. Tumors can also induce a preferential recruitment
of Treg in tumors through the production of chemokines such as CCL17, CCL22 and CCL28[50,51]. VEGF-A
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IMPACT OF ANTICANCER TREATMENTS
ON IMMUNITY IN COLORECTAL CANCER
Chemotherapy induces immunogenic cell death
Some cytotoxic chemotherapy are known to induce immunogenic cell death. In CRC murine models and human tissues, oxaliplatin- but not cisplatin-based chemotherapy can trigger pre-apoptotic calreticulin exposure
and the post-apoptotic release of high-mobility group
box 1 protein (HMGB1), two signals which are required
for immunogenic cell death[62]. DCs have several receptors for HMGB1, including Toll-like receptor 4 (TLR4).
In a murine model with CT26 tumor cells, oxaliplatintreated dying cells failed to elicit an antitumor immune
response in TLR4-deficient mice, while TLR4+/+ controls were protected against rechallenge with the same
cancer cells. Twelve to 14% of Caucasian patients present the loss-of-function allele of TLR4. In patients from
the FFCD 2000-05 randomized trial (Ducreux lancet
Oncol) with stage Ⅳ CRC and treated with an oxaliplatin-based combination, the TLR4 loss-of-function allele
was associated with reduced progression-free and overall
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Figure 1 Major mechanisms of tumor immune escape. Tumor cells can induce immunosuppression by different pathways: (1) tumor cells can secrete immunosuppressive cytokines as vascular endothelial growth factor (VEGF), interleukin-10 (IL-10) or transforming growth factor-β (TGFβ). These molecules contribute to blockade of maturation of dendritic cells (DC) and then induce regulatory T cells (Treg) rather than lymphocytes T (LT) CD4+ or CD8+ cells. VEGF could promote directly
induction and proliferation of Treg; (2) Tumor cells down-regulate expression of CMH-1; (3) Tumor cell express inhibitory molecules as PDL1 or CD80, and induce
exhaustion of LT; and (4) Tumor cells can evade apoptosis by inducing anti-apoptotic molecules such as C-FLIP, or by down-regulating the expression of death receptors such as FAS.

survival, as compared with patients carrying the normal
TLR4 allele[63]. This allele, however, was not associated
with disease-free survival in another cohort of patients
who underwent surgery for CRC stage Ⅱ and who did
not receive chemotherapy, suggesting that TLR4 is predictive of chemotherapy effectiveness, but is not a prognostic factor.
Other check-points, such as the P2X7 receptor (P2RX7),
which has a high affinity for ATP released by dying tumor cells and carried by DCs, are required for the anticancer immune response induced by chemotherapy and
could modulate susceptibility to treatments[64].
Others immune mechanisms could be induced by cytotoxic chemotherapy. It has been shown in murine model
that 5-fluorouracil could lead to a decrease of MDSC
in the spleen and tumors in vivo, combinate to a T celldependent antitumor responses[61], but the therapeutic
impact is not well established.
All these data suggest that the immune system may
participate to the therapeutic effect of chemotherapy in
CRC but should be confirmed in future works prospectively dedicated to this question.

immunomodulatory effect of antiangiogenic agents in
a mouse model of colon cancer[54]. Tregs decrease to
their physiological level after treatment with sunitinib or
VEGF-A antibody. However, after masitinib treatment,
a multi-target tyrosine kinase inhibitor close to sunitinib
but not targeting the VEGFR, Tregs were not reduced.
VEGFR-2- but not VEGFR-1-specific blockade led
to the same results. These results suggest that targeting the VEGF-A/VEGFR-2 pathway is sufficient to
decrease Tregs in murine models of CRC. Bevacizumab
directly inhibits this pathway and has been widely used
in CRC since 2004[67]. In patients with metastatic CRC,
we found that bevacizumab inhibited Treg accumulation
and proliferation in peripheral blood. Antiangiogenic
agents could act on other immunosuppressive cells,
such as myeloid-derived suppressor cells and exhausted
T cells[68]. Once again it is difficult to argue that the immunomodulating effect of bevacizumab in patients with
CRC has an impact on its therapeutic efficacy. But in the
future Tregs monitoring could help to predict response
to bevacizumab. Furthermore this immunomodulatory
effect of anti-angiogenic agents could be used to potentiate immunotherapeutic strategies.

Anti-VEGF therapy inhibits Treg expansion
As seen above, tumors can induce immunosuppressive
cell populations such as Tregs. It is now well established that antiangiogenic agents decrease Treg numbers
in blood and tumors. In peripheral blood of patients
with renal carcinoma and different models of tumorbearing mice, sunitinib reduces Treg numbers, and the
decrease in Tregs is associated with overall survival in
patients series[65,66]. In a recent study, we investigated the
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Activity of cetuximab may depend in part on ADCC
Monoclonal antibodies used in therapeutics act on specific receptors to inhibit growth pathways. Some may
also induce immune phenomena related to the characteristics of natural antibodies. In particular, cetuximab
(chimeric IgG1 monoclonal antibody) binds epidermal
growth factor (EGFR) and is used in RAS wild type metastatic CRC. It has been suggested that cetuximab, in ad-
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dition to direct inhibition of EGFR, may act via ADCC.
ADCC allows the antitumor innate immune response
but can also trigger the adaptive immune response[69]. In
vivo, addition of CpG, a TLR9 agonist able to activate
DCs, increases immune response to cetuximab and its
therapeutic efficacy.
Single nucleotide polymorphisms (SNPs) in the coding region of FCγR2A or FCγR3A have been reported
to correlate with responses to cetuximab. The role of
FCγR2A H/H or FCγR3A Ⅴ/Ⅴ genotypes is especially
controversial[70]. Three studies in metastatic CRC showed
a beneficial effect of FCγR3A Ⅴ/Ⅴ polymorphisms,
and two of these studies also showed a beneficial role
of FCγR2A H/H polymorphism. These polymorphisms
were associated with better progression-free survival or
objective response rate in patients treated with cetuximab.
However, three other studies reported that FCγR3A Ⅴ
/Ⅴ polymorphism was associated with shorter survivals
in patients treated with cetuximab.

antibody were associated with significantly longer survival[74]. Other adjuvant vaccinations with antigen were
studied. Immunization with CEA after curative resection
of hepatic metastases did not improve 2-year recurrencefree survival[75]. A pilot study of adjuvant vaccination
with a mutant RAS peptide in KRAS mutated stage Ⅱ
and Ⅲ CRC induced a specific immune response with
increased IFN-γ mRNA expression in 4 out of 7 patients and was well tolerated[76]. Several ongoing phase Ⅰ
/Ⅱ studies are studying antigen vaccines using various
peptides, as mucinous glycoprotein 1 (MUC, L-BLP25),
MSI, or HER2neu.
Vaccination with autologous tumor cells: Since 1992
active specific immunotherapy (ASI), consisting of immunization with irradiated autologous tumor cells as
adjuvant therapy, has led to a few phase Ⅲ trials. The
first strategy of ASI was to use Newcastle disease virusinfected autologous tumor cell vaccine after resection of
hepatic metastases with curative intent[77]. The second
strategy used an autologous tumor cell BCG vaccine
(OncoVax) in stage Ⅱ or Ⅲ CRC[78,79]. In the 3 studies
no significant benefit was observed in the overall population, but some subgroups appeared to benefit from
vaccination more than others, especially colon cancer
(vs rectal) and stage Ⅱ cancers (vs stage Ⅲ). Patients
with stage Ⅱ CRC treated with OncoVax had a 5-year
recurrence rate of 21.3% vs 37.7% in the control group,
leading to a significantly better 5-year recurrence-free
survival (P = 0.009), although there was no difference in
stage Ⅲ patients[80]. These results have not yet been confirmed and should lead to a pivotal phase Ⅲ trial.

IMMUNOTHERAPY IN CRC
As in other cancers, immunotherapy could represent a
step forward in the treatment of CRC.
Several strategies are being investigated in the treatment of CRC. They are presented in Figure 2. Some
have already been tested in clinical trials or are currently
being tested in ongoing trials (Table 1).
Association of chemotherapy and nonspecific
immunotherapy
Nonspecific immunotherapy consists of stimulation of
host immunity with cytokines such as interferon (IFN),
interleukins or GM-CSF. A phase Ⅱ study tested the
combination of GM-CSF, gemcitabine and FOLFOX
(GOLFIG regimen) in 46 patients in first- to thirdline treatment [71,72]. This regimen was safe and active
in pretreated patients. Prolonged survival and time to
progression were associated with signs of autoimmunity
and with an increase in memory T-cells and a decrease
in Tregs in the peripheral blood of patients. A phase
[73]
Ⅲ study compared GOLFIG with FOLFOX . The
study was ended prematurely as an intermediate analysis
showed significant superiority of GOLFIG over FOLFOX chemotherapy in terms of response rate (59.3% vs
34.4%, P = 0.0001) and progression-free survival (12.4
mo vs 7.9 mo, HR = 0.64, P = 0.0105). Autoimmunity
signs, tumor infiltration by Tregs and central memory T
cells were independent predictive markers of efficacy in
this work.

Dendritic cell-based vaccination: A significant improvement in antitumor vaccination is provided by vectorization of antigens, in particular with DCs[81]. Pilot
studies have also proposed DC-based vaccination in
CRC, using DCs loaded with a single antigen[82-84], two
antigens[85] or multiple antigens[86-88] with a good safety
profile. In some cases autologous DCs or antigens are
used, making the procedure labor-intensive and costly.
This promising strategy is one of the most used in ongoing immunotherapy clinical trials in CRC, but other
vectorization strategies, such as synthetic vectors, could
be used in the future[89] and could be more efficient and
simpler than those with DCs.
Adoptive cell therapy: Adoptive cell therapy (ACT) is
mostly used in melanoma. Briefly, T cells are collected
from the tumor, draining lymph nodes or peripheral
blood, and are activated and expanded in vitro. Autologous T cells are then administered intravenously to the
patient. To optimize the activity of ACT, some authors
have tried lymphodepletion of the host, optimized cytokine cocktails and selection of CD8+ T cell clones with
higher affinity for tumor cells/antigens. ACT with T
cells from patient lymph nodes has been tested in 16 patients with stage Ⅱ to Ⅳ CRC[90]. ACT was well tolerated

Vaccination trials
Vaccination against tumor antigens: Few phase Ⅱ trials involving antigen vaccination have been reported in
the setting of CRC. Immunization with β-human chorionic gonadotropin (βHCG) peptide vaccine in mostly
pretreated patients with metastatic CRC induced antihCG antibody in 56 of the 77 patients. High levels of
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Figure 2 Main current immunotherapy strategies. A: The goal of vaccination is induction of a specific immunization against tumor antigens. The agent used for
immunization can be either a single antigen, administered systemically or directly vectorized path, or a combination of antigens obtained from irradiated tumor cells.
Finally, the antigen can be loaded ex vivo in autologous dendritic cells; B: Adoptive cell therapy is based on the ex vivo expansion of immune cells of the host in the
presence of tumor cells, allowing the expansion of specific clones. This is mainly T cells but could also involve natural killer cells or a combination of immune cells;
C: The non-specific stimulation of the immune system can be obtained by the administration of pro-inflammatory cytokines such as granulocyte-macrophage colonystimulating factor, or by blocking inhibitory pathways. Ipilimumab is a monoclonal antibody blocking cytotoxic T lymphocyte-associated antigen 4 (CTLA-4).

in all cases with no side effects, and allowed a complete
response in 4 out 9 patients with metastatic disease.
Similarly, autologous genetically engineered T cells
with high-avidity CEA-specific T cell receptor have
been used in CRC[91]. In a phase Ⅰ study, 3 patients were
treated and decreased serum CEA levels were observed,
but all patients developed severe colitis. Genetically engineered T cells expressing chimeric antigen receptors targeting HER2 also led to severe toxicity in a patient with
CRC[92]. Similar strategies, such as allogenic lymphocytes
and autologous NK therapy, are currently being tested in
phase Ⅰ and Ⅱ studies.

nisms are inhibited by efficient escape mechanisms. The
treatments currently used in CRC (cytotoxic chemotherapy, anti-EGFR antibodies, antiangiogenic molecules) are
associated with immunomodulating effects shown in vitro
and in vivo. However, their clinical impact has not been
well evaluated. In some cases the immune escape mechanisms are associated with an aggressive phenotype. In
these cases classic treatments clearly fail, and immunotherapeutic approaches is a seducing alternative to try to
improve the prognosis of these patients in the future.
Several approaches can be considered. First, nonspecific
immunotherapy that may use immunostimulatory molecule (GM-CSF, IL-2, IL-7) or inhibit immunosuppressive
mechanisms (Treg depletion, anti-PDL1, anti-CTLA4).
Second, the purpose of specific immunotherapy is the
induction of a specific antitumor immune response. Various vaccination strategies, with peptide, antigen, DNA
combined with vectorization techniques, could lead to

CONCLUSION
The immune system plays a major role in the eradication
of tumor cells, but is bypassed by the tumor at the clinical expression phase. Various antitumor immune mecha-
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Table 1 Ongoing clinical trials, according to National Cancer Institute registration, using immunotherapy, according to strategy
Principle

Phase

Specificity

(A) Peptide vaccine
Ⅰ

Ⅰ/Ⅱ

Ⅱ

(B) Whole cell cancer vaccine
Ⅰ/Ⅱ

(C) DC-based therapy

NCT01322815
NCT01556789
NCT01730118
NCT00108875
NCT01461148
NCT01376505
NCT01462513
NCT00722228
NCT00656123

Characteristic of DCs:
Autologous DCs intratumoral injection
Loaded with Frame shift antigens (MSI)
CEA-pulsed DCs+ IL-2
Autologous DCs

Ⅰ/Ⅱ

Ⅱ

(D) Inhibition of immunoregulation

Registration number

Targeted peptide(s):
Ras mutated
MUC-1
HER2/neu
Survivin
Frame shift peptides (MSI)
Nor-MDP
MUC-1
Characteristic of cancer cells:
Allogenic cancer cell

Ⅱ

Immunomodulation strategy:
Treg depletion
Anti-CTLA4 + local radiation therapy
Immunostimulatory agent
Recombinant vaccinia virus
IFN, Celecoxib + combination of chemokines
IL-7
Heat killed whole cell mycobacterium
PGG beta-glucan: binding to neutrophils
Characteristic of cells
Allogenic activated lymphocytes

NS

Autologous TILS + lymphocyte depletion
Engineered autologous anti-ESO-1 lymphocytes
Engineered autologous anti-CEA lymphocytes
Autologous natural killer T cells

Ⅰ/Ⅱ

(E) Non specific immunostimulation
Ⅰ/Ⅱ
Ⅱ
Ⅲ

(F) Cell therapy

NCT01882946
NCT01885702
NCT00154713
NCT01348256
NCT01413295
NCT00986518
NCT01769222
NCT01394939
NCT01545141
NCT01339000
NCT01539824
NCT01309126
NCT00149006
NCT00855452
NCT01174121
NCT00670748
NCT01723306
NCT01801852

Several strategies are used in clinical trials of immunotherapy: (A) Vaccination with direct injection of one or more peptides; (B) Immunization using whole
irradiated tumor cells; (C) Vaccination using autologous dendritic cells (DCs) and/or charged DCs with one or more antigens; (D) Inhibition of immunoregulatory mechanisms; (E) Nonspecific stimulation of the immune system; (F) Adoptive cell therapy using tumor infiltrating lymphocytes (TIL) or lymphocytes from peripheral blood, possibly reworked to target specific antigens. Source: http://clinicaltrials.gov/. IL: Interleukin; IFN: Interferon.

the development of effective vaccines, particularly in
the adjuvant setting. ACT with T cells or NK cells is a
labor-intensive procedure, but advances in genetic engineering raise hope for such treatments. Finally, nearly
40 phase Ⅰ to Ⅲ clinical trials testing immunotherapy
in CRC are ongoing. This will probably lead in the near
future to consider one or a combination of these different strategies in our therapeutic armamentarium to fight
CRC.
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Gastro-intestinal toxicity of chemotherapeutics in colorectal
cancer: The role of inflammation
Chun Seng Lee, Elizabeth J Ryan, Glen A Doherty
GI toxicity of chemotherapeutic agents are increasingly
being recognised as having an important role in the
development of anti-tumor immunity, thus conferring
added benefit against tumor recurrence and improving patient survival. We review the basic mechanisms
involved in the promotion of immunogenic cell death
and its relevance in the treatment of colorectal cancer.
Finally, the impact of CID on patient outcomes and
therapeutic strategies to prevent or minimise the effect
of GI toxicity and mucositis are discussed.
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Core tip: Many new drugs are available for use in the
treatment of colorectal cancer, resulting in improved
prognosis, but also more frequent and severe sideeffects. In order to implement complex chemotherapy
regimens most effectively, a greater understanding of
the underlying mechanisms of associated toxicities are
required. Different chemotherapeutic agents activate a
diverse range of pro-inflammatory pathways culminating in distinct histopathological changes in intestinal
mucosa. However, inflammation also has beneficial effects; enhancing anti-tumor immunity. A better understanding of how to manage the gastrointestinal side-effects of chemotherapy allowing for optimal dosing and
induction of immunity will further improve outcomes in
colorectal cancer.

Abstract
Chemotherapy-induced diarrhea (CID) is a common
and often severe side effect experienced by colorectal
cancer (CRC) patients during their treatment. As chemotherapy regimens evolve to include more efficacious
agents, CID is increasingly becoming a major cause of
dose limiting toxicity and merits further investigation.
Inflammation is a key factor behind gastrointestinal (GI)
toxicity of chemotherapy. Different chemotherapeutic
agents activate a diverse range of pro-inflammatory
pathways culminating in distinct histopathological
changes in the small intestine and colonic mucosa.
Here we review the current understanding of the
mechanisms behind GI toxicity and the mucositis associated with systemic treatment of CRC. Insights into
the inflammatory response activated during this process gained from various models of GI toxicity are discussed. The inflammatory processes contributing to the
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as compared to 5-FU given as a bolus[9]. Capecitabine,
an oral fluoropyrimidine, has shown similar efficacy to
intravenous 5-FU in clinical trials with better safety profile and less diarrhea though there was no difference in
the number of reported cases of severe (Grade Ⅲ or Ⅳ)
CID[10].
Combination therapy has shown better efficacy and
survival compared to single agent 5-FU therapy[11]. However such combinations enhance treatment related toxicities, including CID. This is especially evident in combination therapy of intravenous 5-FU and Irinotecan; as both
5-FU and Irinotecan have been shown to have direct
toxic effects on the intestinal mucosa[12]. In trials where
bolus Irinotecan were given with weekly bolus 5-FU and
Leucovorin (IFL regimen) for CRC, an unacceptably high
rate of GI toxicity and mortality were observed[13,14]. This
toxicity is ameliorated somewhat with another regimen,
whereby short term infusional 5-FU is administered together with Irinotecan every other week (FOLFIRI regimen); with reported grade 3 or 4 diarrhea incidence of
around 14 percent[15].
Similarly Oxaliplatin combined with intravenous
5-FU has shown increased rates of GI toxicity. Short
infusional 5-FU in combination with Oxalipatin (e.g.,
FOLFOX regimen) was noted to be better tolerated than
combination therapy with weekly bolus 5-FU (e.g., FLOX
regimen) in terms of CID; highlighting the importance
of drug scheduling of 5-FU in the development of GI
toxicity[16]. The mode of fluoropyrimidine administration
also seems to have an impact on the toxicity profile in
combination therapy. Capecitabine combined with Oxaliplatin (XELOX regimen) for treatment of metastatic
CRC has shown similar efficacy but reduced incidence of
severe diarrhea was noted compared to FOLFOX (14%
vs 24%)[17]. In contrast, Capecitabine combined with Irinotecan (XELIRI) resulted in higher rates of severe CID
compared to FOLIRI during treatment for metastatic
CRC; indicating that toxicity profiles between different
forms of fluoropyrimidine administration cannot be automatically assumed when combined with other drugs[15].
There is now increasing use of targeted therapies
in the management of metastatic CRC[18]. While these
agents seldom cause severe CID alone; they could further
potentiate GI toxicity when given in combination with
standard chemotherapy[19]. Therefore continued pharmaco-vigilance for GI toxicity is needed as the complexity
of systemic chemotherapy of CRC rises with new treatment combinations.

INTRODUCTION
Colorectal cancer (CRC) is the one of the most common
forms of cancer worldwide and is the fourth most common cause for cancer related death[1]. While its incidence
is continuing to rise in developing countries, developed
countries such as the United States are observing a falling
trend in CRC, likely secondary to screening[2]. Prognosis
of CRC in the developed countries has also improved,
with CRC specific mortality falling over the past 20
years[3]. The reasons behind this are multi-factorial and include earlier diagnosis and increased access to better oncological care. Advancements made in systemic chemotherapy for CRC and the development of novel biological
agents have contributed to increased patient longevity; by
preventing recurrence of disease in non-metastatic cases,
and by down-staging or preventing disease progression
in metastatic cases[4]. However, with this progress comes
an increased incidence of drug toxicities and side-effects.
To obtain the maximum benefit of new combination
chemotherapy regimens, a better understanding of side
effects and patient management is required.
Gastrointestinal toxicity is one of the most commonly encountered side effects experienced during systemic
therapy for CRC[5]. Chemotherapy induced diarrhea (CID)
has been reported to affect 50% of CRC patients receiving 5-fluorouracil (5-FU) as single agent and severe CID
can develop in up to 40% of patients receiving combination chemotherapy[6]. CID is one of the major causes of
dose limiting serious toxicity in chemotherapy regimens
containing 5-FU. Chemotherapy agents exert toxic damage on the gastrointestinal (GI) epithelium which is at
least partly mediated by activating the inflammatory cascade. Herein we review the mechanisms that are involved
in GI toxicity during chemotherapy for CRC and their
potential effect on cancer cells; by triggering immunogenic cell death, which in turn may have an impact on
cancer relapse and survival.

CHEMOTHERAPY USE AND ASSOCIATED
TOXICITY
5-FU is the main backbone agent used in systemic chemotherapy for CRC. When used as a single agent or as
combination therapy with Oxaliplatin or Irinotecan in
adjuvant chemotherapy there is evidence to show that a
reduction in relapse by up to 33% can be achieved[7]. 5-FU
based combination therapies have also shown efficacy in
advanced CRC by improving progression free survival[8].
CID is a common side effect encountered during 5-FU
based chemotherapy. It has been reported that 50%-80%
of patients receiving 5-FU based adjuvant therapy for
CRC develop CID of any grade; while grade 3 or 4 CID
occurred in up to 30% of patients in clinical trials (Table
1). GI toxicity from 5-FU is influenced by several factors
with different chemotherapy regimens generating varying incidences of CID. 5-FU given as a short infusion
appeared to be better tolerated with less GI side effects
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MECHANISMS UNDERLYING
CHEMOTHERAPY INDUCED MUCOSITIS
The manifestations of chemotherapy induced GI toxicity have been mainly attributed to the disruption of the
mucosal barrier which lines the whole alimentary tract
caused by the treatment; termed “mucositis”. Previously
thought as just an epithelial phenomenon when cells are
exposed to chemotoxic agents or radiotherapy; it is in-
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Table 1 gastrointestinal toxicity profile of fluoropyrimidine based chemotherapy used in colorectal cancer
Regimen

Patient setting

Flouropyrimidine monotherapy
5-FU/LV bolus
5-FU/LV infusion
Capecitabine oral

CID overall CID grade 3/4 Oral mucositis overall

1%-8.1%
2%
2%

[93]
[9]
[10]

79%
46%

Combation therapy with Oxaliplatin/Irinotecan
FLOX
Adjuvant
FOLFOX
Adjuvant
XELOX
Adjuvant

56.3%
60%

38%
10.8%
19%

41.6%
21%

2.7%
< 1%

[16]
[94]
[95]

46%
50%
63%
-

5%
14%
10%
47.5%

30%
28%
35%
-

1%
2%
1%
-

[96]
[17]
[96]
[15]

Advanced CRC
Advanced CRC
Advanced CRC
Advanced CRC

28%
22%

Ref.

Adjuvant
Adjuvant
Adjuvant

FOLFOX
XELOX
FOLFIRI
XELIRI

21%-30%
4%
11%

Oral mucositis grade 3/4

CID: Chemotherapy-induced diarrhea; CRC: colorectal cancer; 5-FU/LV: Intravenous 5-fluorouracil and leucovorin; FLOX: Bolus 5-FU and oxaliplatin;
FOLFOX: Infusional 5-FU and oxaliplatin; XELOX: Oral capecitabine and oxaliplatin; FOLFIRI: Infusional 5-FU and irinotecan; XELIRI: Oral capecitabine
and irinotecan.

creasingly recognized that the pathobiology of mucositis
is complex involving the mucosal immune system with
an important role played by pro-inflammatory cytokine
release. The clinical effects of mucositis vary according
to anatomical site. Oral mucositis and mucositis affecting
the upper GI tract causes painful ulcerations and dysphagia. Mucositis of the small and large bowel results in
abdominal cramps, bloatedness and diarrhea[20].
The five stage model proposed by Sonis et al[21] is very
useful in explaining the basic pathobiology of mucositis. In brief, the model comprises of 5 phases occurring
sequentially; (1) initiation; (2) up-regulation and message
generation; (3) signaling and amplification; (4) ulceration
and inflammation; and (5) healing phase[22]. The initiation
phase occurs when GI mucosa are exposed to cytotoxic
agents resulting in cellular DNA damage and cell death
mainly through the generation of oxidative stress and
reactive oxygen species (ROS). ROS directly induce tissue
injury and trigger a cascade of inflammatory pathways.
During the second phase, significant up-regulation of
inflammatory mediators is observed and nuclear factor
kappa-B (NF-κB) is thought to be pivotal in this process.
Once activated by chemotherapy and ROS, NF-κB acts
to induce gene expression and production of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α,
interleukin (IL)-1β and IL-6, which in turn lead to tissue
injury and apoptosis. NF-κB also causes up-regulation of
gene expression of adhesion molecules and cyclooxygenase-2 (COX-2), with consequent angiogenesis.
During the third phase, a flood of pro-inflammatory
mediators amplifies the whole inflammatory process via
positive feedback loops, thus prolonging tissue injury.
During this phase the process mainly occurs at the level
of the submucosa and basal epithelium, therefore obvious damage to mucosal integrity is not observed clinically
although the tissue biology is altered.
The fourth phase of mucositis is characterized by
ulcerations and atrophic changes of the GI mucosa as a
culmination event of tissue injury and stem cell death. GI
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epithelial integrity is destroyed and its function impaired.
Patients are generally symptomatic during this phase. Bacterial colonization at the mucosa ulcers further induces
inflammation by stimulating infiltration and activation of
macrophages. Finally, the healing phase leads to renewal
of epithelial proliferation and differentiation of the GI
mucosa. This process occurs at approximately two weeks
post chemotherapy and is also marked by angiogenesis
implicating the importance of COX-2 in the process[22].
The histopathological changes associated with GI mucositis are well described. In humans, Keefe et al[23] studied patients undergoing chemotherapy with sequential
duodenal biopsies pre and post treatment. They found
that an increase in apoptosis was the first histological effect to be noted, with a seven-fold increase in apoptosis
in intestinal crypts at day one post treatment. Reduction
of intestinal villous area, crypt length and crypt proliferation then followed and the maximal effect was observed
3 d post treatment.

ANIMAL MODELS FOR STUDYING THE
MECHANISM OF MUCOSITIS
Animal models have also been developed for the study
of GI mucositis. Pertaining to chemotherapeutic agents
used in CRC, Irinotecan and 5-FU based murine models
are extensively researched and published.

IRINOTECAN HYDROCHLORIDE
Irinotecan hydrochloride (or CPT-11) exerts its antitumor effect by inhibiting DNA topoisomerase I[24]. The
active metabolite, SN-38, induces irreversible DNA damage to tumor cells and its accumulation in the intestinal
mucosa is thought to be responsible for enterotoxicity.
SN-38 is glucuronidated in the liver to a non-toxic form
(SN-38G) and excreted in the bile. Diarrhea is one of the
major side effects of Irinotecan and patients encounter
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two distinct types of diarrhea. Irinotecan induced early
onset diarrhea occurs during or within several hours of
administration and is cholinergically mediated and can
therefore be prevented or ameliorated with atropine or
anti-cholinergic agents. A second form of late onset diarrhea, which is not cholingerically mediated, ensues and
mainly resulting from direct toxicity to GI mucosa in addition to other factors such as GI dysmotility[25].
Araki et al[24] reported that daily intraperitoneal injection of Irinotecan for 5 d causes severe diarrhea in athymic mice and haemorrhagic colitis by 7 d post treatment.
Gibson et al[26] studied the histopathological changes
associated with late onset irinotecan induced diarrhea
on dark agouti (DA) rats by administrating daily intraperitoneal irinotecan for 2 d at varying doses and then
examined the rats at fixed time points up to 96 h. They
found irinotecan causes diarrhea by inducing apoptosis
and hypoproliferation both in the small and large intestine. Additionally reduction in goblet cell numbers and
mucin hypersecretion were noted in the colonic mucosa
contributing to diarrhea. Similarly another study using a
mouse model of irinotecan induced diarrhea found increased apoptosis together with structural changes in the
GI mucosa and concluded that both malabsorption and
mucin hypersecretion are likely to be at play[27].
Using the DA rat model, Bowen et al[28], 2007 looked at
alterations in gene expression in Irinotecan induced diarrhea using mircoarray analysis and RT-PCR. They found
multiple genes implicated in the mitogen-activated protein
kinase (MAPK) signaling pathway were differentially regulated following Irinotecan treatment. These included IL-1
receptor, caspases, protein kinase C and dual-specificity
phosphatase 6. Caspase-1 expression in jejunal tissue and
was significantly increased 6 h after treatment and they
conclude that GI damaged noted in chemotherapy utilizes
the caspase cascade pathway, much like radiation induced
damage and may be a potential target to prevent apoptosis
following treatment. Logan et al[29] demonstrated with this
model that in addition to histological changes noted in
the GI mucosa, tissue staining for NF-κB, TNF-α, IL1β and IL-6 were enhanced when compared to controls
and peaked at between 2 and 12 h post administration.
This provides further support for the role of pro-inflammatory cytokines in the pathogenesis of GI mucositis
and the central role of NF-κB in the process. A mouse
model of delayed diarrhea from Irinotecan also showed
increase in pro-inflammatory cytokines and myeloperoxidase in intestinal tissue[30]. Additionally, they reported that
thalidomide (known to have anti-TNF effects) and pentoxifylline (a methylxanthine derivative which reduces the
expression of proinflammatory cytokines) decreased inflammatory infiltration and lesions induced by Irinotecan
in treated mice. They conclude that cytokines regulate
and amplify the immune response resulting in the injury
and complications observed and that TNF-α, IL-1β and
KC, (a mouse ortholog of human IL-8) are important
mediators of this process. Using inducible nitric oxide
synthase (iNOS) knock-out mice, the same group dem-
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onstrated that iNOS has an important role in the pathogenesis of mucositis. Furthermore, Infliximab, a monoclonal antibody against TNF-α, led to the reduction of
intestinal expression of iNOS in irinotecan treated mice.
Thus, suggesting that inflammatory cytokines and nitric
oxide are among the main drivers of tissue damage in
this model of mucositis[31].

5-FU
5-FU is an antimetabolite that acts on the enzyme thymidylate synthetase which in turn block DNA synthesis;
thereby exerting its anti-tumor effects. Recognized common toxicities from 5-FU therapy include diarrhea and
myelosuppression[32]. Several animal models exist for
investigation of 5-FU associated toxicity and there is an
increasing body of literature looking specifically at the
mechanistic action of intestinal mucositis caused by 5-FU.
Earlier studies conducted in mice models established the
microscopic features of GI mucositis in 5-FU toxicity[33].
Pritchard et al[34] demonstrated in a murine model that
5-FU induced loss of crypt and villous cellularity through
apoptosis and inhibition of cell cycle progression. Moreover these changes were significant reduced in p53 null
mice; indicating that this process is p53 dependent.
Logan et al[12] examined GI mucositis in DA rats after
a single administration of 5-FU (150 mg/kg intraperitoneally). They noticed shortening of crypt length, blunting
and fusion of villi, enterocyte hyperplasia and increased
apoptosis in the small intestine while decreased crypt
length and increased apoptosis were noted in the colon.
Interestingly immunochemistry on mucosal tissue of
these rats showed elevation of TNF-α and IL-1β levels
but no significant increased staining for NF-κB and IL-6.
This indicates that apoptotic and inflammatory changes
in 5-FU-induced mucositis may be secondary to pathways
independent of NF-κB. In contrast, a study utilizing
transcriptomic analysis was able to show that 1614 genes
were upregulated in 5-FU-induced mucositis and that expression network revealed NF-κB as the central molecule
in the process[35]. Furthermore bioluminescence imaging
of transgenic mice showed increased NF-κB activity in
the whole body 2 d post 5-FU administration which was
most marked in the small intestine[36]. It has also been
suggested the generation of reactive oxygen species (ROS)
by NADPH oxidase 1 could also play a vital role at this
stage[36]. Nevertheless, similar to Irinotecan, a pro-inflammatory process is initiated by 5-FU-induced intestinal
damage and is likely that inflammatory cytokines mediate the subsequent apoptosis noted in intestinal crypts.
Pro-inflammatory cytokines such as IL-1β are known to
be capable of inducing apoptosis by altering the expression of apoptotic factors such as Bax and Bcl-2[37]. Work
by Wu et al[38] showed that expression of IL-1 receptor
antagonist (IL-1RA), a natural competitive antagonist
of IL-1β, was increased in a mouse model of 5-FUinduced intestinal mucositis. Furthermore administration
of exogenous IL-1RA resulted in significant reduction in
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apoptosis and severity of diarrhea in this murine model;
lending support for the role of IL-1β in the pathogenesis
of mucositis[39].
A recent study also looked at intestinal mucositis induced by 5-FU in IL-4 knock-out mice. IL-4 is a critical
mediator of intestinal inflammation and can function as
either a pro- or anti-inflammatory molecule depending
on the model of intestinal inflammation. In these mice
they reported significantly reduced intestinal damage and
inflammation induced by 5-FU after 72 h compared to
wild type controls. Furthermore, pro-inflammatory cytokines were increased in wild type controls but not in mice
lacking IL-4. The authors conclude that IL-4 has a role
in 5-FU induced intestinal mucositis and that removing
of IL-4 is effective in preventing pathological alterations
secondary to such damage and may improve outcome;
supporting the notion that strategy against IL-4 may be a
novel logical therapeutic approach for this condition[40].
Keratinocyte growth factor (KGF) was shown to be
effective in ameliorating 5-FU-induced intestinal mucositis and prolong crypt stem cell survival in a study by
Farrell et al[41] but the exact mechanism by which KGF
induces its protective effect is as yet not fully understood.

by cytotoxic agents. In a rat model of diarrhea induced
by lapatinib, an oral tyrosine kinase inhibitor used in the
treatment of breast cancer, no significant histopathological changes was noted in the intestinal mucosa despite
the development of diarrhea, suggesting an alternative
pathway other than the inducement of GI mucositis.
Further work to elucidate the exact pathogenesis of this
GI specific side effect for this class of agent is warranted
and is reportedly underway[48].

SURVIVAL BENEFIT
Chemotherapy is notable for significant toxicities that impact on patient quality of life during therapy and can lead
to delay in treatment cycle, dose reduction or drug modification. However in some clinical studies it was noted
that modifications to treatment secondary to side effects
did not reduce the overall efficacy of the treatment regime[49]. Furthermore the occurrence of certain toxicities could serve as a predictive indicator for improved
outcome post treatment. In the treatment of lung cancer
with tyrosine kinase inhibitors the development of skin
rash is associated with improved response rates[50]. Similarly, diarrhea consequent to sorafenib is a predictor of
positive outcome in patients undergoing chemotherapy
for advanced hepatocellular carcinoma[51]. With regards
to treatment in the setting of CRC; an association between increased incidence of side effects and improved
survival is observed. Twelves et al[52] demonstrated during
post-hoc analysis of the X-ACT trial that the occurrence
of hand-foot syndrome (HFS) was associated with better outcome in patients treated with capecitabine. Another study (AIO KRK-0104 trial) looked at the use of
capecitabine in combination with other agents including
oxaliplatin, irinotecan and cetuximab in the setting of
metastatic CRC also found a correlation between skin
toxicities triggered by capecitabine and progression-free
and overall survival[53]. Hofheinz et al[54], 2012 performed
a combined analysis of this trial and another rectal
cancer trial using the same chemotherapy regimen and
concluded that patients with HFS had improved survival
compared to those with did not develop this skin toxicity.
Interestingly GI toxicity and diarrhea were significantly
more common in patients with HFS but not often coincident with haematological toxicities. The reason for
this phenomenon is not yet fully understood but one
may speculate that both the mucosal tissue and skin are
more susceptible to chemotherapeutic agents that induce
apoptosis compared with haematopoiesis. In contrast, the
development of skin reaction during cetuximab therapy
was shown to be associated with response and survival
in metastatic CRC, although no increased GI toxicity was
observed in a study by Cunningham et al[19] in 2004. This
indicates that differential susceptibility of the mucosa to
drug-induced toxicities and potential survival benefit may
share a common underlying mechanism of action. There
is as yet no study to suggest an association between CID
and treatment response in chemotherapy for CRC but

OXALIPLATIN
Oxaliplatin monotherapy seldom results in diarrhea but
rather its main dose limiting toxicity results from drug
associated neuropathy. As such, several animal models
exist for oxaliplatin based toxicity but mainly looking
at neurotoxicity, with little data on GI toxicity[42,43]. It is
known that GI toxicity is potentiated in combination
therapy of oxaliplatin with 5-FU in clinical studies but
the exact mechanism behind this observed phenomenon
is as yet not fully understood. Few studies have investigated GI mucositis resulting from combined 5-FU and
oxaliplatin chemotherapy in the animal models and little
data exists for the pathophysiology of mucositis with this
combination[44]. Further research into the exact molecular
pathways involved in mucositis induced by combination
therapy is warranted.

TARGETED THERAPY
Monoclonal antibodies to EGFR such as cetuximab and
panitumumab are known to cause diarrhea, though for
cetuximab the severity is usually mild[45]. Bevacizumab, a
monolconal antibody against VEGF seldom causes diarrhea but is associated with a risk of intestinal perforation,
most likely secondary to tissue hypoxia due to inhibition
of angiogenesis[46].
However, diarrhea is a well-recognized side effect of
oral tyrosine kinase inhibitors. Small molecular targeted
chemotherapeutic agents such as regorafenib have been
shown to be efficacious in solid tumors and are being increasingly used in the treatment of metastatic colorectal
cancer[47]. However it is likely that the mechanism behind
their enterotoxicity is different from diarrhea generated
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this should be evaluated further in clinical studies.

and enhances their recruitment to apoptotic cancer cancers[61]. Exposure of CRT on cell surface of cancer cells
undergoing ICD facilitates phagocytosis by DCs which
present antigen and activate cytotoxic T-lymphocytes
to give an anti-tumor response. Release of extracellular
HMGB1 binds to various receptors such as TLR2, TLR4
and receptor for advanced glycosylation end products
(RAGE) and in doing so stimulates an inflammatory reaction with the production of pro-inflammatory cytokines
which has been found to be vital for the immunogenicity
of ICD[61]. Indeed, the interaction between HMGB1 and
the TLR-4 receptor on DCs is integral to this process, as
a clinical study showed that a polymorphism of TLR-4
that affects the binding of HMGB1 is associated with
early relapse of breast cancer[62]. This phenomenon was
also observed in metastatic CRC, where Tesniere et al[63]
showed that patients with normal TLR4 allele have an
increased progression-free and overall survival compared
with those bearing a loss-of-function TLR4 allele, in a
trial involving the use of oxaliplatin-based chemotherapy
regime. In addition, they found that this genetic polymorphism did not affect survival in patients with surgically
resected CRC who did not undergo adjuvant chemotherapy; highlighting the major role of host immunity
and inflammatory responses in determining outcome of
chemotherapy in CRC.

CHEMOTHERAPY EFFECTS ON THE
IMMUNE SYSTEM
As the chemotherapeutic agents used to treat cancer cells
generate GI toxicity via the induction of apoptosis and
subsequent inflammation; it is hypothesized that they
may also have a beneficial effect on cancer survival by
activating an anti-tumor immune response in cancer patients. This concept was supported by findings that cancer cell lines treated ex-vivo with certain cancer treatment
modalities including chemotherapy can act as a cancer
vaccine in animal studies[55,56]. It is now believed that a
competent immune system plays a very important role
in the efficacy of cancer therapy and that treatment will
give the best chance of success when the tumor can be
induced to undergo a process of programmed cell death
that incites an adaptive immune response, the so called
“immunogenic cell death” (ICD)[57]. This process, when
activated, leads to the stimulation of T cells by antigen
presenting cells such as dendritic cells (DC) through
capture, processing and presentation of antigens to naive CD4+ and CD8+ T cells which in turn elicit an antitumor response[58].
While apoptosis is generally thought to be immunologically silent, ICD is characterized by the release
or exposure of a range of substances called damageassociated molecular patterns (DAMPs), which can trigger an immune response. Of the DAMPs, it appears that
the release of extracellular ATP, high mobility group
protein B1 (HMGB1) and the exposure of calreticulin
(CRT) on the outer membrane of the dying cell are vital for the initiation of ICD[59]. The emission of these
DAMPs are triggered by anti cancer drugs and treatments
with the ability to induce ICD; known as ICD inducers.
These ICD inducers exert their influence in the release
of DAMPs through the induction of endoplasmic reticulum (ER) stress in cancer cells and generation of reactive
oxygen species (ROS). Both ER stress and ROS work to
activate signaling pathways which help to traffic DAMPs
to the extracellular space[60]. ICD inducers can be classified into two groups based on the selectivity for the ER
in the generation of ER stress. Type 1 ICD inducers act
on cytosolic proteins and targets not associated with ER
to induce apoptotic cell death which in turn results in ER
stress through secondary effects. Examples of type 1 ICD
inducers include mitoxantrone, oxaliplatin, cyclophosphamide and ɣ-irradiation. In contrast, type 2 ICD inducers
which include coxsackievirus B3 and hypericin-based
photodynamic therapy (PDT) selectively target ER for the
generation of ER stress by altering its homeostasis[59].
While the mode of action and the resultant ER stress
could be qualitatively different between the ICD inducers,
the components of DAMPs are shown to have an immunomodulatory function. Extracellular release of ATP is a
strong “find me” signal for monocytes via P2Y2 receptors
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CONCLUSION: SUPPORTIVE CARE FOR
PATIENTS AND DEVELOPMENT OF NEW
DRUGS
With chemotherapeutics in CRC have immunological
benefits in addition to their cytotoxic effects, it is imperative that GI side effects are minimized to optimize dosing
for treatment so that the best outcome can be achieved.
Current management options for CID includes supportive care by symptomatic relief but there is increasing
interest in regulating GI mucositis as a means to prevent
and treat CID.

LOPERAMIDE
Loperamide is a non-analgesic opioid which helps with
diarrhea by decreasing intestinal motility[25]. It is proven to
be safe and commonly used in acute and chronic diarrhea
in a variety of clinical settings[64]. It is also used as first
line management of diarrhea in chemotherapy[65]. In regimens involving irinotecan, high dose loperamide was able
to control symptoms to improve tolerability of the drug
and to enhance effectiveness of therapy[66]. However its
efficacy seems to be limited to mild to moderate diarrhea
as a study showed that only 52% of patients who develop
grade 3-4 CID responded to loperamide in a CRC cohort
undergoing 5-FU-based chemotherapy[67]. Nevertheless
its safety profile and affordability make it a worthwhile
first line therapy to which other treatment options can be
added.
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OCTREOTIDE

GLUCAGON-LIKE PEPTIDE-1 AND -2

Octreotide is a somatostatin analogue that has also shown
to be effective in managing both secretory and malabsorptive diarrhea in several gastrointestinal disorders including
short bowel syndrome and neuroendocrine tumors[68]. Its
main mechanism of action is by binding to somatostatin
receptors in the GI tract which affect a slow-down in
transit time mainly in the small bowel. It also inhibits gut
hormones reducing gastric, pancreatic and intestinal secretions, thereby helping to limit excess fluid that is needed
to be resorbed by the colonic mucosa[69]. Several clinical
studies have shown that the use of octreotide is effective in the treatment of CID[70-73]. There is also evidence
that octreotide is more effective than loperamide in 5-FU
based regimen[74]. Recent guidelines recommended the
use of octreotide at a dose of ≥ 100 µg subcutaneously
twice daily for the control of diarrhea in chemotherapy
patients in whom loperamide fail to achieve an adequate
response[75].

Glucagon-like peptides (GLPs) are peptides which are
synthesized and secreted by enteroendocrine L cells located in the GI tract. These molecules are involved in
various homeostatic functions in our body, including
the regulation of nutrient assimilation and satiety. When
stimulated, L cells secrete GLP-1 and GLP-2 in equimolar quantities. Both peptides exert their effect by binding
to their receptors, GLP-1 receptor (GLP-1R) and GLP-2
receptor (GLP-2R) respectively. GLP-1R is expressed
widely in the body, including in pancreatic tissue, the GI
tract, heart, kidney and nervous tissue. In contrast GLP2R is expressed mainly in the GI tract and CNS. The differential distribution of their receptors partly explains the
distinct physiological effects of GLP-1 and GLP-2; with
GLP-1 exerting an influence in glucose homeostasis as an
incretin hormone while GLP-2 has no significant incretin
effects. Instead, GLP-2 has been noted to have potent intestinal trophic effect, promoting crypt cell proliferation
and villous growth of the jejunum and ileum[83]. In addition, GLP-2 enhances intestinal barrier function and has a
cytoprotective effect on intestinal mucosa[84]. Exogenous
GLP-2 has been shown to be protective against various
intestinal insults, including ischemia-reperfusion-induced
and irradiation induced injury[85,86]. In animal models of
inflammatory bowel disease, the administration of GLP-2
was shown to have significant anti-inflammatory effects,
and ameliorated weight loss associated with ileal and colonic inflammation[87]. There is therefore an intense interest in the ability of GLP-2 to reduce inflammation in GI
mucositis and CID. In a murine model of CID, Boushey
et al[88] demonstrated that a GLP-2 analogue was able to
enhance survival and reduce weight loss while having
little effect in chemotherapy effectiveness on the tumor.
Furthermore they observed that this effect was driven in
part by anti-apoptotic effects on intestinal cells expressing GLP-2R. Yamazaki et al[89], 2004 showed that increasing GLP-2 levels by pharmacological means significantly
attenuated intestinal damage measured by reduction of
small intestinal wet weight in 5-FU treated mice. Other
studies also noted similar changes and a reduction in inflammatory cells suggesting an immunomodulatory effect
of GLP-2 in CID[90,91]. Intriguingly GLP-1 has also been
found to have an intestinal trophic effect and treatment
with GLP-1 ameliorated GI mucositis induced by 5-FU
in mice[92]. Clinical studies are therefore warranted to
translate such encouraging pre-clinical data to the treatment of CID via the GLP pathway.

CELECOXIB
There has been an interest in the theoretical use of celecoxib in CID due to its anti-inflammatory properties,
which were thought to ameliorate GI mucositis[76]. In
addition, a supposedly anti-tumor effect with COX-2
inhibition makes it attractive as a potential adjunct in the
treatment of solid malignancies. These anti-diarrheal
and anti-tumor observations were demonstrated in rat
models with irinotecan induced diarrhea[76]. However, a
phas Ⅰ study investigating the use of celecoxib in patients
undergoing irinotecan based chemotherapy for advanced
solid tumors did not show any benefit in CID[77]. Another
study by Villalona-Calero et al[78], also found that the addition of celecoxib in combination with irinotecan did
not improve tolerability of chemotherapy. Further work
is needed to define the role of COX-2 inhibition in GI
mucositis and its translation to clinical application in the
treatment of CRC.

BUDESONIDE
Budesonide is a glucocorticoid with topical anti-inflammatory properties. It has been shown to be effective in
the treatment of various inflammatory conditions, including inflammatory bowel diseases[79,80]. It has an extensive
first pass metabolism effect in the liver and thus has limited systemic side-effect profile. Its efficacy in GI mucositis and CID was investigated in the clinical setting and
an early short report noted improvement in the severity
and duration of diarrhea in patients with irinotecan or
5-FU induced CID which was refractory to loperamide
therapy[81]. A subsequent randomised placebo controlled
trial also noted a reduction in the frequency of diarrhea
when budesonide was used as a prophylactic measure but
their study did not reach statistical significance. Based on
their findings, it was concluded that further trials are warranted[82].
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CONCLUSION
GI toxicity from systemic chemotherapy in CRC remains
a significant burden to patients limiting quality of life and
impacting on optimal dosing for effective treatment. Recent advances highlight the importance of inflammation
in the pathophysiology of GI mucositis and also bring to
the attention its potential role for enhanced cancer survival post chemotherapy by triggering immunogenic cell

3757

April 14, 2014|Volume 20|Issue 14|

Lee CS et al . Chemotherapy-induced diarrhea causes and treatments

death. Strategies to nullify the undesirable yet common
side effects of GI toxicity by addressing inflammatory
changes triggered during mucositis are currently in development; with agents targeting the GLP pathway showing great promise in pre clinical studies. However, it is
important to note that any such agents developed should
not interfere with the efficacy of chemotherapy treatment and the complex interplay between side effects of
inflammation and inflammation driven immunogenicity
will need to be considered.
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Core tip: More than 50% of colorectal cancer cases are
diagnosed in patients over 70 years of age. As the geriatric patient is traditionally excluded from randomized
controlled trials for a variety of factors (heterogeneity,
comorbidities, polypharmacy, inability to consent, etc. )
there is a dearth of evidence-based clinical guidelines
for the management of these patients. Although cure
and sphincter preservation are the primary goals, many
other variables need to be taken into account, such as
the maintenance of cognitive status, independence,
life expectancy, and quality of life. Personalized and
patient-centered care should be the goal when caring
for elderly patients with colorectal cancer.

Abstract
Colorectal cancer (CRC) in the elderly is extremely
common but only a few clinicians are familiar with
the complexity of issues which present in the geriatric
population. In this phase of the life cycle, treatment
is frequently suboptimal. Despite the fact that, nowadays, older people tend to be healthier than in previous
generations, surgical undertreatment is frequently encountered. On the other hand, surgical overtreatment
in the vulnerable or frail patient can lead to unacceptable postoperative outcomes with high mortality or
persistent disability. Unfortunately, due to the geriatric
patient being traditionally excluded from randomized
controlled trials for a variety of factors (heterogeneity,
frailty, etc. ), there is a dearth of evidence-based clinical guidelines for the management of these patients.
The objective of this review was to summarize the
most relevant clinical studies available in order to assist clinicians in the management of CRC in the elderly.
More than in any other patient group, both surgical and
non-surgical management strategies should be carefully individualized in the elderly population affected by
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INTRODUCTION
The world population is aging[1]. This process is especially
evident in Western society due to a combination of increased life expectancy and a reduced birth rate[2]. With
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aging, the incidence and prevalence of cancer increases[3,4]. With a median age of 70 years at diagnosis and an
incidence drastically increasing with age, colorectal cancer
(CRC) is by far one of the most commonly diagnosed
malignancies in the elderly. It has recently been demonstrated that the highest risk of being diagnosed with
CRC is between 80 and 89 years of age; thus, in future
decades, CRC will constitute a major burden for health
care systems[5]. Surgical resection is still the cornerstone
of curative treatment for this disease. Although improvements in perioperative care, surgical techniques and the
introduction of multimodal treatment have made surgery
feasible for the vast majority of patients, elderly cancer
patients still represent a challenge for the surgeon[6].
The intrinsic reduction in tolerance to stressors, and
the frequent presence of one or more disorders in addition to the cancer increase the risk of a poor surgical
outcome in elderly patients undergoing cancer-related
surgery. It is important to remember that there is great
variation in individual health status with increasing age; as
a consequence, a multidimensional approach by a multidisciplinary team should be incorporated into daily practice before planning treatment[7].
For this population group, the goal of each assessment is to customize optimal management according to
physiological/biological age instead of crude chronological age in order to avoid overtreatment of the frail
and undertreatment of fit senior adults. Considering the
frequent complexity of geriatric patients and their underrepresentation in randomized studies[8], surgical decisions made on an individual basis are increasingly more
important. Surgical treatment is a potential promoter of
permanent disability in elderly patients, but this is mainly
the case for vulnerable and frail individuals[9]. We therefore reviewed the key elements of personalized surgical
management for CRC in the elderly population (Table 1).

management, favoring a patient-oriented approach. This
is particularly true within the field of geriatric oncology
where the mixture of a disease- and a patient-oriented
approach seems to be the most appropriate modality
for better treatment of this complex and heterogeneous
population. By close interaction, achieved by the creation
of multidisciplinary teams, physicians must assess patient
malignancy as well as their global health status, including
comorbidities, treatment, psychosocial issues, nutritional
and functional status.
Close collaboration among specialists has already
been attempted in heterogeneous settings; clinical studies have shown the benefits of interdisciplinary team
care in both inpatient (e.g., acute care, elective orthopedic
surgery)[10,11] and outpatient management (e.g., fall prevention, functional recovery)[12,13]. Recent attempts involving
a growing interest in collaboration between cancer centers and geriatric departments as regards geriatric oncology have been described[14]. A multidisciplinary approach,
where surgeons work side by side with anesthesiologists,
geriatricians, physiotherapists, nutritionists and other
ancillary professionals, can provide favorable surgical
outcomes (e.g., disability-free life expectancy and overall
survival)[15] through improved selection of candidates for
intervention and a more considered exclusion of patients
characterized by high risk profiles or a poor prognosis.
Holistic evaluation
In this section, the most important aspects which have a
notable impact on the morbidity and mortality rates associated with CRC surgery are discussed in an attempt
to obtain an accurate presurgical evaluation. Recently,
checklists for the optimal preoperative assessment of the
geriatric surgical patient have also been made available in
order to pursue an optimal preoperative assessment[16].
Sarcopenia, with a prevalence ranging from 11% to 50%
in the population 80 years of age or older, is often related
to the aging process and is recognized to be associated
with decreased survival in cancer patients and with an elevated risk of poor outcome in CRC patients undergoing
surgical resection[17,18]. A recent study by Lieffers et al[19]
showed that, in CRC patients 65 years of age and older,
sarcopenia was independently predictive of postoperative
infections (OR = 4.6; 95%CI: 1.5-13.9), convalescent care
(OR = 3.1; 95%CI: 1.04-9.4), and significantly associated
with a prolonged length of hospital stay (15.7 ± 9.8 d vs
11.8 ± 6.4 d for non-sarcopenic patients).
Impaired nutritional status is a common finding
among elderly patients, especially among those admitted
to hospital[20]. It is estimated that 40% of elderly hospitalized patients with cancer are at risk of malnutrition,
which has been found to be associated with prolonged
hospital stays, and increased morbidity and mortality in
patients undergoing elective gastrointestinal surgery. Sungurtekin et al[21] preoperatively assessed the nutritional status in 100 patients undergoing major abdominal surgery
using different assessment tools and found that malnourished patients were at a higher risk of complications, with

PREOPERATIVE CONSIDERATIONS
BEFORE CRC SURGERY IN THE ELDERLY
Elderly patients are a heterogeneous population, often
presenting with various degrees of coexisting medical
and psychosocial issues which need to be weighed before
selecting and initiating surgical treatment. Therefore, the
importance of a holistic evaluation, a multidisciplinary
approach and careful preoperative screening are emphasized as first steps in providing a more tailored approach
to ensure the best treatment among different therapeutic
strategies. Furthermore, specific considerations regarding the perspectives and expectations of elderly patients
regarding CRC surgery are addressed and attention is
also focused on prehabilitation, a promising aspect in the
onco-geriatric field.
Multidisciplinary approach
One of the greatest challenges of modern medicine is
the promotion of close collaboration among the specialists involved in the different aspects of a patient’s
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dependence to be the strongest predictor of 6-mo mortality in 110 elderly subjects (mean age, 74 ± 6 years) undergoing major surgery requiring postoperative intensive
care unit admission[28]. Cancer patients defined as being
functionally dependent according to the validated instrumental activity of daily living were found to have a 2- to
3-fold increased risk of postoperative morbidity compared with those defined as independent[29,30]. Although
for the most part, attention has to be drawn towards the
assessment of comorbidities, nutritional impairment and
disability, physicians should not forget to focus on elderly
psychosocial issues as their presence has been associated
with an increased risk of mortality and poor surgical
outcome[31]. Hu et al[32] have recently examined the role
of dementia on surgical outcome in 207693 patients 60
years of age or older who underwent inpatient major
surgery. The authors showed that patients with dementia
had a significantly higher overall postoperative complication rate compared with controls (adjusted OR = 1.79;
95%CI: 1.72-1.86). Finally, despite the fact that the role
of depression on surgical outcome in cancer patients
undergoing tumor-related surgery needs additional future
clarification, presurgical depression has been found to be
an important independent contributor to medical morbidity in patients undergoing cardiac surgery[33].

Table 1 Key elements of personalized surgical management
for colorectal cancer in the elderly population
Preoperative considerations before CRC surgery in the elderly
Multidisciplinary approach
Holistic evaluation
Preoperative risk screening tools in surgery
Prehabilitation
Perspectives and expectations regarding CRC surgery
Personalized surgical management of colon cancer in the elderly
Stage Ⅰ-Ⅲ colon cancer
Stage Ⅳ colon cancer
Malignant bowel obstruction in the elderly
Laparoscopic approach for colon cancer in the elderly
Personalized surgical management of rectal cancer in the elderly
Specific considerations regarding morbidity and mortality
Functional results
Laparotomy vs laparoscopy for TME
The Habr-Gama effect
Postoperative recovery after CRC surgery in the elderly
Laparoscopic approach and independence
Rapid rehabilitation program
Considerations regarding QoL
CRC: Colorectal cancer; TME: Total mesorectal excision; QoL: Quality of
life.

the ORs for the association between malnutrition and
complications varying from 1.92 to 9.85 depending on
the assessment tool used. Furthermore, higher death rates
were found in the malnourished group. Similar findings
were observed among gastrointestinal cancer patients[22].
Regarding CRC patients, Mohri et al[23] found that malnutrition was an independent predictor of poor survival (OR
= 2.04; 95%CI: 1.39-3.09) and was significantly correlated with the incidence of postoperative complications,
especially serious ones, in a cohort of 365 patients (171
patients > 65 years old).
With a median of 4 comorbidities present at the
time of CRC diagnosis, multimorbidity, defined as the
occurrence of multiple diseases in the same individual,
often affects older patients with CRC. Available evidence
clearly indicates that comorbidities are one of the major
predictors of surgical morbidity, mortality and survival.
Regarding survival, a retrospective study of a cohort of
29733 patients 67 years of age or older with a primary
diagnosis of stage Ⅰ-Ⅲ CRC showed that comorbidities
exert a substantial influence on survival as the predicted
5-year survival in patients with stage Ⅰ CRC and comorbidities was approximately 50% vs 78% for patients with
stage Ⅰ cancer without comorbidities[24]. Zingmond et al[25]
found that, of 56621 CRC patients undergoing tumor resection, those with a higher Charlson comorbidity index
(CCI) were significantly associated with postoperative
complications. Similarly, Tan et al[26] showed that the CCI
was an independent predictor of morbidity in a population of 121 octogenarians undergoing CRC surgery. Similarly, Ouellette et al[27] demonstrated that CCI was associated with a longer length of stay, perioperative mortality,
and overall mortality in 239 CRC patients.
Disability is a crucial predictor of a poor postoperative outcome. A recent study identified any functional
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Preoperative risk screening tools in surgery
The ideal objective of the preoperative assessment of
elderly cancer patients should be the correct definition of
those who are characterized by frailty, a multifactorial and
continuous decline of multiple physiologic systems which
still represents a challenge to the surgical community.
Studies focusing on older patients undergoing elective
cardiac and non-cardiac surgery estimate the prevalence
rates of frailty to vary from 41.8% to 50.3%[9]. Over time,
several comprehensive assessment scales have been developed to pursue this goal and to enable risk stratification
in cohorts of elderly people. Comprehensive geriatric
assessment (CGA), a multidisciplinary diagnostic process
which evaluates multiple aspects of the elderly has been
broadly used for this purpose within the geriatric oncology setting. There is evidence that abnormalities in preoperative geriatric assessment are strongly related to the
occurrence of adverse postoperative outcomes including
institutionalization, prolonged length of hospitalization,
morbidity and mortality[30,31,34,35].
Furthermore, a review focusing on frailty in the elderly surgical patient states that frailty is predictive of
mortality, postoperative complications and institutional
discharge in elderly patients undergoing both cardiac and
non-cardiac surgery[36]. Regarding CRC surgery, a recent
study has found that CGA was able to predict surgical
morbidity in a cohort of 178 elderly CRC patients where
the CGA-defined group of frail individuals was found to
be significantly associated with severe complications (OR
= 3.13; 95%CI: 1.65-5.92)[37]. Patients were defined as
frail when fulfilling one or more of the following criteria:
personal activity of daily living score less than 19, any
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grade 4 comorbidity according to the cumulative illness
rating scale (or more than 2 grade 3 comorbidities), more
than 7 daily medications, a Mini Nutritional Assessment
score of less than 17, a poor score on the mini mental
state examination (< 24) and on the geriatric depression
scale (> 13).
However, two issues need to be carefully pointed out
when focusing on frailty. First, despite years of research,
the quantification of frailty remains a controversial and
complex topic[38] and second, the use of preoperative
geriatric assessment hardly seems applicable in daily
practice as it is time consuming. Thus, rapid tools have
been developed with the aim of quickly identifying frail
patients[30,39-41]. Among the above-mentioned tools, the
timed up and go (TUG) test, a test used to assess a person’s gait speed and mobility, seems to be the most promising[42]. Poor performance on this test correlates with
the presence of other aspects of frailty; thus, its use as a
rapid and simple means of stratifying preoperative risk in
the elderly seems reasonable. Since its introduction, several studies have pointed out a clear correlation between
a prolonged TUG and poor functional status, cognitive
impairment and fall risk[43]. Furthermore, a slower TUG
test has recently been demonstrated to predict postoperative complications, 30-d readmission, institutionalization
and 1-year mortality in a cohort of 272 elderly patients
undergoing elective surgery[28]. Clarifying the role of
TUG and other forms of rapid presurgical assessment
in the specific field of geriatric oncology is imperative.
The international prospective project preoperative risk
estimation for onco-geriatric patients (PREOP study)
has recently been launched with the aim of providing
new evidence regarding the predictive value of these new
tools and comparing them with more complex forms of
geriatric assessment[44].

management and optimization of preoperative conditions, such as diabetes, cardiovascular function and the
promotion of smoking cessation. Moreover, the goal of
this strategy should not only focus on muscle strength
reinforcement but also on the nutritional and emotional/
psychological management of patients undergoing major surgery for cancer. The work that Carli et al[57] have
accomplished in recent years has been of great value
in the daily life of clinicians and patients. They actually
showed that functional capacity regarding CRC surgery
was improved by prehabilitation, whether by adherence
to a strenuous preoperative activity schedule (bike and
muscle strengthening exercises) or by a 30-min walking
and breathing exercise regimen 3 times a week[57].
On the other hand, many questions are still open as
to how older adults undergoing cancer surgery may or
may not benefit from perioperative regimens[58]. The Enhanced Recovery After Surgery (ERAS) guidelines for patients undergoing colorectal surgery have recently clearly
defined any potential benefits from a pretreatment regimen as inconsistent[59]. The ERAS panel basically pointed
out the lack of large randomized trials in the CRC field,
the low adherence of patients to the prehabilitation regimen and the need for a prolonged time period from
diagnosis to surgery (at least 4-6 wk) in order to observe
tangible improvement in postoperative outcomes. The
majority of confusion regarding the potential usefulness
of this intervention comes from incorrect expectations
regarding prehabilitation outcomes. What is clear is that
prehabilitation is not a substitute for good surgical and
tailored postoperative treatment, above all in the elderly.
As a consequence, it does not reduce the morbidity and
mortality rate. Prehabilitation improves functional recovery and perhaps patient independence and active life
expectancy time.
Li et al[60] recently showed how a trimodal prehabilitation program dramatically changed postoperative functional walking capacity, self-reported physical activity
and health-related quality of life (QoL). The randomized
trial was designed for CRC patients awaiting surgical
treatment and included 30 min of walking and breathing exercises 3 times a week, a nutritional supplement of
up to 1.2 g/kg body weight and anxiety reduction techniques. The mean age of the 42 patients enrolled and the
45 patients in the control group was 67.4 ± 11 years; a
prehabilitation protocol was carried out for a mean time
of 33 d (range, 21-46 d). Interestingly, the patients in
the intervention group increased the distance covered at
the 6-min walking test during prehabilitation, surpassing
the preoperative results of the control group. Four and
8 wk after surgery while control patients’ physical ability declined and did not reach their pretreatment level,
rehabilitate patients regained the ability to walk farther
than their preoperative baseline. The same trajectory was
shown for self-reported physical activity while anxiety
and depression were shown to be way below the patient
baseline 4 wk postoperatively. Even more interestingly,
fewer postoperative complications were recorded in pa-

Prehabilitation
Despite modern and sophisticated efforts for decreasing
postoperative morbidity and mortality, and facilitating full
recovery after CRC surgery, there is evidence that, 6-9
wk after major abdominal surgery, many patients are not
back to their active lives[45,46]. Prehabilitation is a modern
strategy, gathering together all the initiatives carried out
from the time of diagnosis to the time treatment starts in
order to improve functional capacity and functional recovery. Cancer prehabilitation is a novel topic compared
with the amount of knowledge of post-treatment rehabilitation programs and outcomes for both cancer and
non-cancer patients[47].
Interestingly, the first study on prehabilitation was
published in 1946, describing nutritional and physical
training, and even recreational intervention in order to
turn the unfit military into robust soldiers ready for the
battlefield[48]. In recent years, cancer patient prehabilitation has become more and more intriguing for surgical
oncologists as a result of the great benefits shown in the
fields of orthopedic and cardiac surgery, even for the
elderly[49-56]. Medical prehabilitation clearly includes the
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tients who improved their walking ability during prehabilitation while people whose functional capacity declined
during the pretreatment time had poorer outcomes. This
might help in considering the response to the prehabilitation regimen to be an additional screening tool for elderly
patients undergoing surgery for cancer.
Several issues regarding the feasibility and effectiveness of this approach have still not been completely
resolved. The lack of time which often forces surgeons
to bring elderly patients with CRC to the operating room
sooner rather than later because of impending obstruction or perforation might reduce the practicability for a
very large number of patients. At the same time, lack of
adherence to prehabilitation regimens is indeed higher
in the elderly, above all in cases of inconsistent family or
financial support. On the other hand, the results obtained
before CRC surgery are so promising for restoring active
life and independence in this frail group of patients that
it may be worth a try, above all, for those patients who
are able to wait 4-6 wk before surgery (e.g., neoadjuvant
therapy). Good clinical data and larger trials focused on
elderly patients are needed to eventually shed light on this
fascinating field.

been historically considered as a factor which increases
psychological distress in patients with CRC. This fact has
also been reconsidered in the past few years. A large meta-analysis on the impact of a stoma forming procedure
[abdominal perineal resection (APR) vs low anterior resection (LAR)] on 1443 patients with CRC failed to show
a reduction in the QoL of patients with fecal diversion.
The mean age in the two groups was 66.3 ± 6 and 65.6 ±
6 years for APR and LAR, respectively[67]. This important
finding was again confirmed by a smaller but more recent
study from the Netherlands where no difference was seen
in terms of health-related QoL, emotional function and
understanding of the illness among elderly rectal cancer
patients with or without a stoma[68]. This may indicate
that having a stoma and the risk of incontinence are considered equally troublesome for patients. Regardless of
the large amount of literature on the preoperative assessment of onco-geriatric patients, not many studies have
been carried out which focus on elderly patients’ needs
and expectations before and after CRC surgery.
Patient-centered outcome studies should be implemented in the onco-geriatric field in order to face modern health care system challenges[69]. Data seem to suggest
that disability and lack of independence are considered
more important than the cancer diagnosis per se. The risk
of postoperative disability, and not just the risk of having
a fecal diversion, need to be fully discussed with patients
and family with the goal of promoting faster functional
recovery and regaining independence.

Perspectives and expectations regarding CRC surgery
Patient perspective is essential in establishing a proper
understanding of the QoL goals and achieving good
postoperative outcomes for senior adults with CRC.
Despite the prevalence of CRC in the elderly population
and the increasing requirement for QoL measurement,
not many studies have been published which focus on
patient experience regarding their cancer treatment[61].
In recent years, some qualitative information has been
gained from studies designed for younger patients where
“uncertainty”, “fears for cancer recurrence”, “pain”,
“fatigue”, “managing on a day to day basis” and “feeling
alone” were described as the highest concerns of CRC
patients[62-64]. Mental and physical health seemed to be
interrelated in both young and senior adults with cancer
as reported by Weaver et al[65], affecting their perspective
regarding their disease and the expectations as to the cure
they were undergoing.
In an interesting review, Banks et al[66] were able to analyze self-reported questionnaire-based data from 89574
Australian men and women with cancer sampled from
the Medicare database. In their study, they were able to
conclude that, although approximately 8% of people suffer from severe psychological distress, “the risk of psychological distress in individuals with cancer relates much
more strongly to their level of disability than it does to
the cancer diagnosis itself ”. Disability and lack of independence in the activities of daily living seem to impact
cancer patients more than the cancer prognosis per se. Unfortunately, the cohort of patients analyzed also included
non-CRC patients 45 years of age and older but, despite
this, it seemed quite feasible to translate the results to our
study population.
Among the possible stressors, having a stoma has

WJG|www.wjgnet.com

PERSONALIZED SURGICAL
MANAGEMENT OF COLON CANCER IN
THE ELDERLY
Stage Ⅰ-Ⅲ colon cancer
Surgery represents the treatment of choice for stage Ⅰ to
stage Ⅲ colon cancer[70]. Given that many advances have
been achieved in surgical techniques, anesthesia and perioperative supportive care, it is now accepted that age per
se is not a contraindication for surgery in senior colon
cancer patients[71], even if it is still hard to overcome the
general thinking that a less aggressive and radical approach should be provided for this population[72,73]. A
recent study by Dekker et al[74] described a populationbased analysis of 9397 stage Ⅰ-Ⅲ CRC patients operated
on in the Netherlands from 1991 to 2005. They showed
that decreased survival in the elderly is mainly due to differences in early mortality. Elderly CRC patients who survived the first year had the same cancer-related survival
as younger patients; therefore, treatment of elderly CRC
patients should focus on perioperative care and the first
postoperative year.
It is well known that elderly patients have an increased
number of comorbidities which leads to a higher rate of
morbidity and mortality[75]. A systematic review including
34194 patients conducted by the Colorectal Cancer Collaborative Group[76] compared the outcomes of patients
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results were reported by Nagano et al[83] who reported
34.1% 5-year survival in 202 elderly patients undergoing
surgery for CRC liver metastatic disease. An interesting
study evaluated the outcome of liver surgery for colorectal metastases in patients over 70 years of age in a large
international multicenter cohort[84]. The elderly were compared to a younger population, and a higher rate of 60-d
postoperative mortality and morbidity was found but,
surprisingly, the 3-year survival rate was similar in the two
groups (57.1% vs 60.2% for elderly and younger patients,
respectively). Liver resection for CRC metastases in elderly patients can achieve a reasonable survival rate. There
should be no upper age limit, but the surgical approach
should be planned taking into consideration disease stage,
patient life expectancy, performance status and the presence of comorbidities. Benefits related to neo-adjuvant
treatment for initially unresectable metastatic disease are
still not clear in the younger population; additional data
are needed to evaluate possible implications for elderly
cancer patients.

65-74 years of age, 75-84 years of age and those 85 years
of age and over with those 65 years of age or younger.
The study showed that elderly patients had an increased
rate of comorbidities, they were more prone to undergo
emergency surgery and they were less likely to undergo
curative treatment. Surprisingly, the same review demonstrated that, even if overall survival was reduced, cancerspecific survival was not. The two studies definitely
showed that, when carefully selected, even very elderly
patients benefit from surgery since a large proportion
survive for 2 or more years after surgery[7]. A study conducted by the Colon/Rectum Cancer Working Group recruited a total of 19080 CRC patients (2932 over 80 years
of age) to analyze the impact of the risk factor “age” on
early postoperative results. The rate of surgically-specific
postoperative complications was identical among younger
and elderly patients. Also in this case, elevated morbidity and mortality rates were found to be associated with
increasing age due to more cardiovascular and pulmonary
adverse events[77]. Kunitake et al[78] described outcomes of
83987 elderly colon cancer patients identified in the California Cancer Registry. Octogenarians and nonagenarians
had worse outcomes in terms of morbidity, mortality and
readmission rates compared with younger patients. An increased number of comorbidities and emergency procedures were found to be consistent risk factors for adverse
outcomes while, interestingly, adjuvant chemotherapy and
surgery in high volume hospitals were associated with
lower odds of in-hospital and 1-year mortality.
Furthermore, a pooled analysis conducted by Sargent
et al[79] provided good evidence to support the fact that
5-fluorouracil adjuvant therapy is well tolerated by elderly
patients with benefits comparable to younger patients
in terms of overall survival. On the other hand, no benefits from the addition of newer agents (e.g., irinotecan
and oxaliplatin) have been shown in large multicenter
trials[80]. Since a correlation with poorer outcomes[81] is
well known, emergency procedures should be avoided
whenever possible, always considering bridge solutions to
improve performance status.

Malignant bowel obstruction in the elderly
Bowel obstruction is a frequent presentation of advanced
disease, especially in the elderly population[85]. Right colon
cancer only rarely presents with obstructing symptoms
and, in those cases, surgical treatment is almost always
needed. In contrast, left colon cancer is more frequently
responsible for bowel obstruction at presentation and
its management has been the subject of debate. Several
studies have been undertaken to evaluate non-surgical
strategies in malignant left-sided large bowel obstruction.
Self-expanding metal stents (SEMS) have been proposed
since 1991 as a bridge solution to relieve acute symptoms,
improve clinical conditions and allow patients to receive
elective surgical procedures and to possibly avoid a
stoma. Conflicting data are available on the topic. On one
hand, some retrospective analyses have suggested that
the use of SEMS in the elderly population is an effective and safe therapeutic option compared with primary
emergency surgery[86] for both elderly and younger patients[87]. On the other hand, two randomized trials tried
to establish whether colonic stenting improved patient
outcomes compared with emergency surgery, but neither
managed to define a decisive clinical advantage[88,89]. The
randomized controlled trial conducted by Cheung et al[90]
compared a multimodal approach (SEMS positioning
followed by early laparoscopic resection) to emergency
procedures. The authors concluded that the “endolaparoscopic” approach makes a single stage operation more
feasible as it is associated with reduced necessity of a
stoma.
Another prospective, randomized controlled trial
concluded that SEMS as a bridge to elective surgery (performed after 5-7 d) is associated with lower morbidity,
a shorter hospital stay, and equally good long-term survival[91]. Despite this evidence, a recent Cochrane review
concluded that the use of colonic stents in malignant
CRC obstruction seems to have no advantage in terms of

Stage Ⅳ colon cancer
Twenty to 34% of patients with CRC present with synchronous liver metastases, and a higher rate will develop
after primary diagnosis. The role of surgery in advanced
CRC is limited. Guidelines from the National Comprehensive Cancer Network recommend that patients with
stage Ⅳ CRC should undergo surgery only if they are
symptomatic (e.g., bleeding, obstruction, perforation) or
have a potentially resectable metastatic localization. Despite progress in the quality of chemotherapeutic agents,
liver resection still remains the only chance for long-term
survival in patients with CRC liver metastases.
In recent years, several studies have evaluated the
feasibility of liver resection for colorectal metastases. De
Liguori Carino et al[82] analyzed data from 181 liver resections performed on 178 consecutive senior adult patients.
The overall survival rate at 5 years was 31.5%. Similar
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early mortality and morbidity rates compared with emergency surgery[92]. Additional randomized trials focusing on
large sample sizes are needed to achieve clearer evidence
regarding the role of SEMS in the elderly population.

was even clearer in patients with concurrent preoperative
cardiopulmonary pathological conditions.
A remarkable study conducted by Senagore et al[101]
illustrated that cardiac and pulmonary postoperative
complications were higher in patients 70 years of age or
older who underwent open colorectal surgery compared
with those who underwent laparoscopic procedures.
Moreover, the same study showed that, among those who
underwent laparoscopic surgery, the observed morbidity
rate was much lower than that predicted by the Physiological and Operative Severity Score for the enumeration of Morbidity and Mortality; the same results were
not achieved within the open surgery group, confirming
the observed general trend of lower unexpected events
with a minimally invasive approach. As previously mentioned, short-term postoperative death in elderly patients
is principally caused by non-surgical complications. Thus,
reducing this risk will inevitably produce better outcomes.
Laparoscopy seems to be markedly effective in achieving
this result as the systemic stress induced by the minimally
invasive technique appears to be better tolerated [102].
Data regarding intraoperative blood loss and functional
recovery are extremely explanatory in confirming this
issue; several studies found less bleeding and faster recovery in elderly patients undergoing laparoscopic resections[103-106]. Moreover, this minimally invasive approach
has been demonstrated to have better results in terms of
postoperative pain, allowing physicians to decrease the
use of narcotics and opioids, resulting in a decreased risk
of postoperative delirium and, consequently, in shorter
hospital stays. Nowadays, laparoscopic colonic resections
should be mandatory in the elderly neoplastic population
due to the massive evidence of advantages related to this
approach[107]. Laparoscopy allows onco-geriatric surgeons
to drastically decrease the rate of postoperative complications related to surgery and comorbidities, giving the
patients a better chance of fast recovery and long-term
survival. There is no longer any need for concern when
offering a minimally invasive approach to the elderly
population.

Laparoscopic approach for colon cancer in the elderly
In order to face the frequent poor performance status
and the elevated number of comorbidities characterizing
the elderly CRC population, surgeons have investigated
a wide range of possible solutions for improving outcomes. In the last 15 years, several peer-reviewed studies
have been published evaluating the feasibility, safety and
advantages of the laparoscopic approach for colonic cancer in elderly patients. The vast majority have illustrated
that, in the elderly population, minimally invasive surgery
reduces overall mortality and morbidity when compared
to a laparotomy, and correlates with a shorter hospital
stay and faster functional recovery. Furthermore, it has
been clearly demonstrated that postoperative outcomes
in the elderly did not significantly differ from those of
younger CRC patients.
Many studies focusing on postoperative mortality
have been published pointing out favorable short-term
results, but the majority of them are characterized by a
vast heterogeneity in terms of colorectal pathologies including inflammatory bowel diseases, diverticular disease
and functional diseases[93,94]. Some of them emphasized
similar or even lower short- and long-term mortality rates
among patients undergoing elective laparoscopic surgery
compared with those undergoing a laparotomy[95,96]. Interestingly, a 10-year retrospective study conducted by
Cheung et al[97] analyzed long-term survival with a median
follow-up of 24 mo in a population of 101 octogenarians
who underwent elective laparoscopic surgery for CRC.
The overall 5-year survival rate was 51%, slightly less than
other reports referring to the general population, but still
a noteworthy result. It should also be noted that, in the
same study, more than half of the deaths were caused by
non-cancer-related conditions, such as coexisting cardiopulmonary diseases.
It is common knowledge that laparoscopic colectomies performed in the neoplastic elderly population are
associated with higher rates of complications[98]. Data
retrieved from a large prospective, observational multicenter study conducted by the Laparoscopic Colorectal
Surgery Study Group including 4823 CRC patients (909
treated laparoscopically) showed that intraoperative and
postoperative complications were equally distributed
among cancer patients over 75 years of age and younger
patients[99]. In particular, no differences were observed
regarding anastomotic leaks and the re-operation rate.
Cardiac and pulmonary events are the most frequent
non-surgical complications and they are often caused
by a presurgical coexisting morbidity (e.g., chronic heart
failure, atrial fibrillation, chronic obstructive pulmonary
disease). A paper presented by Law et al[100] found that
cardiopulmonary complications were markedly fewer in
patients who underwent laparoscopic surgery. This trend
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PERSONALIZED SURGICAL
MANAGEMENT OF RECTAL CANCER IN
THE ELDERLY
The management of elderly patients with rectal cancer
is frequently influenced by many factors which lead to
undertreatment with consequent poorer outcomes as
demonstrated in a study performed by Chang et al[108] in
a group of 21390 patients identified in the Surveillance,
Epidemiology, and End Results database (1991-2002).
The authors found a decreased use of multimodal treatment, an increased use of local excision and a decreased
use of radical surgery. The study also showed that the
rectal cancer-specific survival rates decreased as patient
age increased. Many surgical and non-surgical options are
available for rectal cancer patients. Careful pretreatment
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assessment in order to identify fit, vulnerable and frail patients should be routinely incorporated into daily practice,
especially in this subgroup of elderly patients with rectal
cancer. The main goal is to avoid undertreatment in the
fit and to plan personalized management for vulnerable/
frail patients.
Specific considerations regarding morbidity and
mortality
Despite the fact that individuals over 75 years of age
comprise 8%-10% of the overall population, 35%-45%
of patients with rectal cancer fall into this subgroup of
patients, with an incidence of approximately 135 new
cases per 100000 people in the group from 80 to 85 years
of age[109-111]. Surgery is still the cornerstone for the treatment of these patients. Regardless of the increased risk
of postoperative complications, 5-year cancer-specific
mortality is comparable to that of younger patients, emphasizing the similarity of the intrinsic prognosis of the
disease[112-114]. Two interesting multicenter studies have
confirmed that the increase in postoperative morbidity
and mortality (from 0.5% in patients under 50 years of
age to 13% in patients over 80 years of age) is not related
to age per se[115,116]. As expected, according to the American Society of Anesthesiology (ASA) score, emergency
surgery, low rectal cancer and advanced tumor stage were
responsible for the higher number of postoperative complications. Unfortunately, elderly people with advanced
cancer and in a setting of several comorbidities are more
prone to undergo emergency surgery. This amount of
evidence reinforces the idea that age is not an indication
of a poor prognosis but that biological age (also interpreted as diminished functional capacity) is.
Since low rectal cancer is related to an increased
risk of complications, interest has been drawn towards
understanding the impact of age on postoperative complications. Two studies by Rutten et al[109,117], analyzing
postoperative complications in elderly patients from a
Dutch trial, pointed out an unusual finding: anastomotic
leak risk was about 10% in people over 75 years of age
and 12% in younger patients (P = 0.63) but, after 6 mo,
more than half of the elderly patients (57.1% vs 8.2%)
who experienced an anastomotic complication died. Sixmonth mortality was 22.9% overall vs 7.0%, (relative risk:
3.27; 95%CI: 2.05-5.21) among elderly patients who had
a postoperative complication (e.g., sepsis, abscess, cardiac
and pulmonary complications) compared with younger
patients. Once more, this finding demonstrates that postoperative complications are not tolerated very well by
elderly patients, therefore, pointing out the importance
of accurately monitoring the postoperative course in this
patient population.

dure should be explained to patients and caregivers before planning treatment. Several studies have added data
regarding functional results after sphincter-saving surgery
in the elderly. Dehni et al[118] examined the long-term
functional results of a small group of elderly patients
compared with young people in whom LAR and coloanal J-pouch anastomosis were carried out. The elderly
patients reported more constipation and use of laxatives
or enemas but the difference with the younger counterparts was not statistically significant. Furthermore, 91%
of patients over 75 years of age were satisfied with their
functional results. Both Phillips et al[119] and Hida et al[120]
found that elderly patients experienced the same or even
more satisfaction in their bowel habits and sphincter
function compared with younger patients.
More interestingly, Ito et al[121] prospectively explored
the risk factors for fecal incontinence (the Wexner score
was used) on 96 patients with poor anal function after restorative rectal surgery. Surprisingly, in univariate analysis,
age did not correlate with poor sphincter function while
only the extent of the sphincter excision and preoperative chemoradiation therapy did. Impressive data are also
available regarding the tendency of a diverting ostomy
takedown after LAR in the elderly population. The Dutch
trial, including 924 patients who underwent LAR, showed
that, of the 616 patients on whom an ostomy was performed during surgery, 19% still had a bowel diversion
after 7.1 years of follow-up, and that age was a significant
risk factor associated with the decreased likelihood of
having their stoma reversed[122]. Advanced age and comorbidities were again significant risk factors for not having a loop ileostomy reversed in a cohort of 964 patients
analyzed by David et al[123] where 233 (24.9%) patients still
had an ileostomy bag after a 3-year minimum follow-up.
All these data should increase the evidence that age is not
a contraindication for radical restorative rectal surgery
but that the frailty and functional capacity of individual
patients should be weighed when major surgery for rectal
cancer is planned in this cohort of patients[124]. When
neoadjuvant treatment is considered for rectal cancer, clinicians and patients should be aware that combined treatments are associated with considerable late side effects
on bowel and anorectal functions, especially in terms
of bowel frequency, urgency and fecal incontinence.
Bruheim et al[125] explored long-term morbidity and QoL
after radiotherapy (50 Gy) and total mesorectal excision
(TME) for rectal cancer in a national cohort of 535 Norwegian patients. The study showed that radiaton-treated
patients experience considerably worse long-term effects
on anorectal function (in terms of bowel frequency and
incontinence) compared with non-radiation-treated patients with an impaired QoL.

Functional results
Rectal cancer surgery has two main endpoints: locoregional control and functional results including sphincter,
urinary and sexual functions. A clear and realistic description of the possible consequences of the surgical proce-

Laparotomy vs laparoscopy for TME
Laparoscopic rectal surgery is an advanced major procedure and should be performed in dedicated centers
by highly trained surgeons in both elderly and younger
patients[126]. No randomized trials have explored the dif-
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ferences in short- or long-term outcomes, functional
results or QoL specifically in the elderly population, as
the mean age of the patients included in those studies
has been shown to be not over 69 years of age[127]. Of
the few dedicated studies, Akiyoshi et al[128] cleared the
way for additional and more structured, multicenter trials.
They prospectively analyzed a single center in which 315
patients were operated on for rectal cancer from 2001 to
2008. A comparison was carried out regarding 44 patients
over 75 years of age who underwent laparoscopic TME
(Group A), 228 over 75 years of age who underwent the
same procedure (Group B) and 43 patients over 75 years
of age who had their TME performed in the standard
open fashion (Group C). Both the oncological results
(distal margins, circumferential margins and number of
lymph nodes retrieved), and the postoperative morbidity and mortality did not statistically differ in the three
groups despite significant differences in the ASA score.
The restoration of bowel function and length of stay
were both in favor of the laparoscopic group (P < 0.0001
and P < 0.002, respectively), reinforcing the benefit of
a laparoscopic approach. Furthermore, elderly patients
actually seemed to benefit more from the laparoscopic
approach in terms of postoperative cardiovascular and
pulmonary complications[128]. No conclusive assumption
could be drawn regarding this topic but the available evidence seems to show that laparoscopy, when performed
in high volume centers, is feasible and effective for elderly
patients with rectal cancer[124].

chance of curing frail elderly patients with rectal cancer.
Following the same pathway, the same group designed
a different approach for those patients who partially
responded to CRT (ypT0-2, N0) and they performed
transanal endoscopic microsurgery (TEM) in 27 patients
to partially remove the rectal wall (containing the cancer)
instead of classic TME radical surgery[133]. Nine patients
had a recurrence after a median follow-up of 15 mo (5
with exclusively systemic relapse and 4 with local relapse).
The TEM specimens of 3 patients had shown ypT2 cancer while one patient with local recurrence was previously
staged as ypT1. At univariate analysis, initial tumor size
and lymphovascular invasion were found to be associated
with local recurrence while, in the multivariate analysis,
only the lymphovascular invasion remained (OR = 21.9;
95%CI: 1.3-362.9) statistically significant. The conclusion by the authors, subsequently emphasized by other
reviewers, was a “word of caution” on both patient selection[134] (choosing the patients with no cCR is equivalent
to choosing those with the highest risk of not surviving)
and the treatment itself. Again, the study was clearly not
designed for elderly patients (perhaps unfit for major
surgery) but it should be considered an interesting start
within a promising application regarding frail elderly patient care.

Habr-Gama effect
Neoadjuvant chemoradiation treatment (CRT) has been
shown to be responsible for significant tumor regression
and local recurrence rate reduction[129,130]. The result of
medical treatment has been so remarkable that Dr. HabrGama set the bar at a higher level and decided not to
operate on patients having a complete clinical response
(cCR) after CRT[131]. The same group of scientists has
recently published a paper on watchful waiting in a series
of 70 patients with cT2-4, cN1-2 low rectal cancer who
underwent extensive CRT (54 Gy + 6 cycles of 5-fluorouracil and leucovorin)[132]. Of the 47 patients with a
complete clinical and radiological response, 8 (17%) experienced an early recurrence after 16-50 wk of followup. Late recurrence was instead recorded in 4 out of 39
patients with a cCR after 13-35 mo from CRT. All these
patients underwent R0 radical surgery; no recurrence
was recorded after 25.5 mo of mean follow-up. Overall,
35 patients (51%) did not require any surgical treatment
and they were free from disease after 56 mo of a median
follow-up. The mean age of the patients in the study was
60.2 ± 12.9 years old; thus, the study was not specifically
addressed to elderly patients.
Despite the lack of focus on rectal cancer, in senior
adults, this might be an intriguing solution for patients
considered unfit for surgery after a multidimensional/
multidisciplinary assessment. The difference from the
past is that this will not be considered a palliative solution
but standard treatment with perhaps more than a 50%

After surgery, the functional recovery of elderly patients
is defined as the ability to regain physical mobility, feeding capacity (swallowing, bowel function, performing the
necessary movements to bring the food to the patient’
s mouth) and the attitude of being independent in the
activities of daily living. Postoperative memory loss and
delirium after general anesthesia and hospitalization
have also been widely feared by elderly patients and their
caregivers. Several attempts have been made to reduce
the risk of postoperative delirium but, unfortunately,
no effective strategies have been identified. In a recent
study, Hempenius et al[135] designed a dedicated geriatric
multidisciplinary approach for patients with solid cancer.
Unfortunately, the randomized trial failed to demonstrate
any advantage in patients who were treated with a multimodality approach compared with standard care. Several
strategies have been promoted in order to achieve early
functional capacity after major oncological surgery, beginning with the preoperative period, continuing with less
invasive surgical techniques and, subsequently, postoperative strategies.
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POSTOPERATIVE RECOVERY AFTER CRC
SURGERY IN THE ELDERLY

Laparoscopic approach and independence
The laparoscopic approach for CRC elderly patients has
previously been discussed. Two additional papers are
mentioned as examples. The first is by Frasson et al[107]
who specifically focused on functional recovery after laparoscopic surgery and the specific benefits for the elderly.
They analyzed a series of 535 patients with colorectal dis-
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ease randomly assigned to laparoscopic (n = 268) or open
(n = 267) resection. The CRC patients represented 78.5%
of the entire sample (n = 420). Within the two groups, the
outcomes of young patients (under 70 years of age) were
compared with those obtained in patients over 70 years
of age. The authors concluded that laparoscopy should
be considered as the first option in elderly patients as it
improves the preservation of functional status permitting
a higher rate of postoperative independence at discharge
and faster postoperative recovery. Notable advantages obtained from a laparoscopic approach compared with open
surgery were ultimately more pronounced among the
elderly than in younger patients. Stocchi et al[106] were also
able to demonstrate that independent status at admission
(assessed in 37 patients undergoing laparoscopic-assisted
colectomy and 38 undergoing open colectomy) was more
frequently maintained at discharge in those undergoing
laparoscopic-assisted colectomy (95% vs 76%, respectively, P = 0.025).

association of CREAD and the laparoscopic technique
gives better results in terms of length of stay, hospital
costs, readmission rate and reoperation rate for both elderly and young people. Similar results were reported by
Keller et al[138] who prospectively analyzed a group of 302
patients under 70 years of age compared with a group of
153 patients over 70 years of age. Wang et al[139] randomly
divided an elderly patient group undergoing laparoscopic
colon resection into a fast-track rehabilitation group (n
= 40) and a conventional care group (n = 38); they concluded that the main advantages were a shorter length of
hospital stay and a lower complication rate for patients
in the fast-track group. We can conclude that fast track
protocols are not only feasible but they also have notable
advantages in elderly patients compared with younger
patients. Elderly cancer patients greatly benefit from the
avoidance of bowel preparation (associated with hydroelectrolyte imbalances) and opioid restriction (associated
with ileus, nausea and vomiting). Furthermore, encouraging early ambulation avoids the risk of prolonged bed
rest.

Rapid rehabilitation program
As is well known, fast-track programs include preoperative patient education, no routine bowel preparation,
minimal perioperative starvation, early removal of the
nasogastric tube and urinary catheter, tailored anesthesia
and postoperative analgesia, early postoperative diet intake and mobilization with minimal fluid infusion. The
literature suggests that elderly patients have an advantage
in functional recovery if enrolled in a fast-track program. Baek et al[136] analyzed a group of 337 patients (87
over 70 years of age and 250 under 70 years of age) who
underwent laparoscopic colorectal surgery with a perioperative fast-track program. No significant differences
were observed in terms of return of flatus, stool passage, progression of diet, complication rate (26% in the
elderly patients vs 32% in the young patients) and length
of hospital stay (12 d for each group). These results were
obtained regardless of a significant differences between
the two groups when considering age, presence of comorbidities (70% in the elderly vs 44.7% in the younger
patients) and ASA score. In particular, they observed a
lower than expected cardiopulmonary complication rate
which they acknowledged was most likely due to the use
of a low-pressure pneumoperitoneum (8 mmHg). The
only significant differences were observed in readmission rate and emergency room visits (11.7% vs 4%, respectively).
Pawa et al[137] achieved similar results, with a median
length of stay of 6 d for a 558 patient group under 80
years of age while a total of 8 d was recorded in a cohort
of 130 patients 80 years of age or older (P = 0.363). No
significant differences in 30-d readmission rate (8.6%
of the whole population) were observed in the study.
Senagore et al[101] compared the benefits of an open vs a
laparoscopic colectomy among elderly (≥ 70 years old)
and young patients (< 60 years old) in a fast track program [Controlled Rehabilitation with Early Ambulation
and Diet (CREAD) program], and concluded that the

WJG|www.wjgnet.com

Considerations regarding QoL
Personalized treatment for elderly patients with CRC
include not only the main goal of obtaining prolonged
survival but also the achievement of a satisfactory QoL.
Few studies have analyzed the QoL after surgery for CRC
in senior adults. Mastracci et al[140] administered a generic
test (Short Form-36) and two specific questionnaires to
measure the QoL after medical and surgical treatment for
CRC (EORTC QLQ-CR38 and EORTC QLQ-C30) to
29 Canadian patients (mean age, 83.2 ± 2.79 years). The
goal was to obtain data regarding their physical function,
body pain, social functioning, vitality and general health
perception. Only patients who were able to complete the
questionnaire were included in the study (possible bias)
and a comparison was made with a similar group of randomly chosen 65-70-year-old patients (n = 29). There was
no statistically significant difference between the groups
in mean scores for body image, future perspective, sexual
function/enjoyment, gastrointestinal symptoms and
weight loss. The domains which differed significantly
among the two groups were physical functioning, functional role, micturition, and stoma-related problems.
Authors ascribed these differences to natural senescence,
with the exception of stoma-related problems.
An interesting prospective multicenter study by
Scarpa et al[141] analyzed the QoL of elderly vs younger
patients undergoing colorectal surgery. A total of 116
patients were enrolled in this study: 33 patients over 70
years of age had a laparoscopic colectomy whereas 24
had an open colectomy; 44 patients under 70 years of
age had a laparoscopic colectomy and 15 of them had an
open colectomy. They used three questionnaires regarding generic (EORTC QLQ-C30) and disease-specific
QoL (EORTC QLQ-CR29), and treatment satisfaction
(EORTC IN-PATSAT32). They showed that elderly
patients undergoing a laparoscopic colectomy for can-
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cer experienced fewer postoperative local complications
than elderly patients undergoing an open colectomy.
Nevertheless, in the first postoperative mo, these patients experienced a poorer QoL compared with younger
patients undergoing the same surgery (P = 0.003), with
impairment of all functions and the presence of fatigue,
sleep disturbance, appetite loss and shortness of breath.
In the laparoscopic elderly patient group, there were no
significant differences in satisfaction or QoL, despite a
lower postoperative complication rate compared with the
elderly open surgery group. Finally, Amemiya et al[142] prospectively analyzed 223 patients over 75 years of age operated on for CRC (n = 132) and gastric cancer (n = 99).
They administered the Short Form-12 and EuroQoL 5-D
tests at 1 wk, 1 mo, 3 mo and 6 mo after surgery. The
QoL measured at 1 wk and 6 mo showed a significant
improvement (P < 0.005). Functional recovery and activities of daily living status improved after surgery in the
majority of patients; however, a temporary or prolonged
decline in recovery was found in those who developed
postoperative complications.

of the elderly with cancer. Individualized care does not
mean being subjective. Many studies have defined rigorous pathways, screening tools and tailored surgical and
postoperative strategies in order to obtain this goal. The
multidimensional/multidisciplinary approach is the key
for rejecting “the gut-feeling type of decision” and for
promoting optimal individual patient care. Our review
showed how sarcopenia (measured both directly and indirectly with TUG or a 6-min walk test) seems to be the
best predictor for postoperative outcomes. Prehabilitation, despite the lack of large randomized clinical trials,
has been shown to be a promising start in reducing the
most worrisome complication for an elderly individual:
the loss of independence. At the same time, less invasive surgery is being implemented in order to reduce
pulmonary and cardiologic complications and eventually
the length of stay, such as the advanced laparoscopic approach. During the postoperative period, fast track strategies are extremely beneficial for the elderly who have
shown positive results with reduced amounts of opioids,
early mobilization and oral feeding. Intriguing solutions
have also been described for a non- or local-surgical approach to low rectal cancer and, despite the lack of specific trials, it could be an interesting solution to be offered
to frail individuals who cannot undergo a standard approach. Therefore, why should we treat these challenging,
complicated, demanding, unconventional elderly patients
with cancer? This review cannot provide the profound
answer that we need to give as physicians and human beings. This study was carried out to reveal the evidence in
the current literature in order to help whoever decides to
assist these frail patients and devote their professionalism
to rediscovering the true essence of Medicine: personalized care for the patient.

CONCLUSION
Aging of world populations is occurring, and especially
in Western countries. Becoming old means being less and
less independent from a number of perspectives. Among
the various causes leading to a decrease in functional capacity, declining health plays a pivotal role. Aging in the
populations of Western countries is becoming one of the
most significant challenges for our health care systems.
Elderly patients have multiple comorbidities, and unpredictable social and family situations; when cancer is diagnosed, this adds to in an already complicated situation.
Among the elderly, those who are vulnerable or even frail
are the ones who really deviate from the standard curves.
Despite aging in Western countries and the clear
challenge for healthcare professionals and scientists, few
studies have specifically been designed to assess the success of care strategies in this cohort of patients. Elderly
people do not fit into randomized control trials and, in
many cases, the results obtained from observation studies
(as often happens in elderly population) are considered
level B/C evidence by the scientific community. This is
quite surprising if we consider one of the most frequent
causes of cancer-related death in the elderly population:
colorectal cancer. Why should we focus our attention on
complicated, demanding, unconventional, non-reducibleto-the-standard-practice type of patients who are historically considered less amenable to curative treatment
because of their age? The elderly in Western countries
who have CRC have a worse prognosis than younger
patients; but this is true only during the first 12 mo after
surgery while 5-year cancer-related survival does not differ from the rest of the population which is healthier and
has access to more sophisticated treatment. We have to
focus our attention on that period of time. Our review
showed that, as physicians, the only answer we can give
is to implement strategies for personalizing the treatment
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Core tip: Colorectal cancer (CRC) prognosis is strictly
associated with the immune contexture of tumor microenvironment. IS improves prognostic prediction in CRC.
Human leukocyte antigen-G (HLA-G) through its direct
inhibitory functions on NK cells and cytotoxic T and B
lymphocytes represents a crucial tumor-driven immune
escape molecule. This review highlights the current
knowledge on HLA-G in CRC and in related inflammatory diseases. HLA-G genetic setting and circulating/
soluble profiles need to be defined to comprehend CRC
strategies to avoid host immune defences. We suggest
that HLA G could represent a novel prognostic immune
biomarker to associate with the Immune Score to better characterize host immune response in CRC.

Abstract
Colorectal cancer (CRC) is one of the most diffuse cancers worldwide and is still a clinical burden. Increasing
evidences associate CRC clinical outcome to immune
contexture represented by adaptive immune cells. Their
type, density and location are summarized in the Immune Score that has been shown to improve prognostic prediction of CRC patients. The non-classical MHC
class Ⅰ human leukocyte antigen-G (HLA-G), is a crucial
tumor-driven immune escape molecule involved in immune tolerance. HLA-G and soluble counterparts are
able to exert inhibitory functions by direct interactions
with inhibitory receptors present on both innate cells
such as natural killer cells, and adaptive immune cells as
cytotoxic T and B lymphocytes. HLA-G may play a prominent role in CRC strategies to avoid host immunosurveillance. This review highlights the current knowledge on
HLA-G contribution in CRC, in related inflammatory dis-
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INTRODUCTION
Colorectal cancer (CRC) remains one of the leading
causes of cancer death worldwide[1-3]. CRC develops
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sporadically[4], in the setting of hereditary forms[5], or on
the basis of inflammatory bowel disease (IBD)[6]. The
adenoma-carcinoma transition is the well-established
known model for CRC onset[7] and, its genetic and molecular background have been widely described[5,8]. In the
last years, the elaborate exchange among innate-adaptive
immune cells of the tumor microenvironment, the local
inflammatory state, and the host immune response in
solid tumors, generated the concept of cancer immunoediting, characterized by the final escape phase exerted
by the cancer from host defence immunity[9]. Increasing evidences demonstrated that solid tumors such as
CRC are infiltrated by different adaptive cells of the immune contexture that may influence the progression of
the disease[10]. These experimental observations finally
provided the design of the Immune Score (IS) that is
now considered as a novel and independent prognostic
marker, in human cancer as well in CRC[11]. IS, is represented by densities of adaptive immune cells: infiltrating
CD8+ cytotoxic T lymphocytes (CTLs), and CD45RO+
memory T cells, detected in center and marginal tumor
areas[12]. Higher number of infiltrating CD8+ CTLs and
CD45RO+ memory T cells correlates with an improved
patient prognosis; lower numbers correlate with tumor
relapse[13]. IS demonstrated to have a prognostic value for
overall survival (OS) and disease free survival (DFS) in
retrospective studies[14], and is currently being submitted
for clinical validation in prospective CRC studies, in 16
different Countries world wide[15].
The non-classical HLA-G is considered a tolerogenic
molecule due to its inhibitory functions vs T lymphocytes,
NK cells and other cell types of immune contexture[16].
HLA-G is only recently been involved in tumor escape
mechanisms from the host immune recognition and destruction[17], and is considered a tumor microenvironment
molecule[16,18]. HLA-G shows a lower nucleotide variability in coding sequences, while is highly polymorphic
in the untranslated regions (UTRs), both in 5’ and 3’ segments[19,20] (Figure 1). Polymorphic sites mainly present
in the 3’UTR region, may affect the post transcriptional
regulation and biological functions of HLA-G[21]. Indeed,
through alternative splicing, HLA-G can be expressed as
seven different and specific molecules, four membrane
bound (HLA-G1 to -G4) and three soluble (HLA-G5 to
-G7)[22]. Most of the published data concern the HLA-G1
molecule and its soluble counterpart HLA-G5 [23] .
HLA-G1 can be shed generating a soluble isoform
(sHLA-G1)[17]. The functional characterizations of the
five remaining HLA-G isoforms have been yet not clearly
elucidated. HLA-G is over-expressed in CRC[24-26] and is a
common signature in other types of cancer, autoimmune
disorders, viral infections and transplantations[16-18]. Increase in circulating sHLA-G has been detected in CRC
in few studies[27,28] and in other malignancies[23,29-31]. Growing attention is focusing on the genetic setting related to
the UTRs, especially the 3’UTR involved in micro RNA
(miRNA) binding[32]. Single nucleotide polymorphisms
(SNPs) in this region have been associated with the dis-
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ease risk in cancer[33-35] and other disorders[36,37] (Table 1),
but the association with CRC and the prognostic value
in this type of malignancy, remain to define. Aim of this
review was to investigate the HLA-G as a potential prognostic biomarker in CRC and related inflammatory colon
diseases, both at the genetic and circulating profiles (Table
2). Genotypic-phenotypic correlation has been highlighted and its potential role in IS explored (Figure 2).

CRC AND CHRONIC COLONIC
INFLAMMATION
CRC is one of the most diffuse cancers worldwide with
about 1.2 million new cases and 600000 deaths recorded
annually[1].
Despite improvements and advances in diagnosis,
surgery and treatment, CRC is still the 2nd most common
cause of cancer death in the United States and other industrialized countries[2,3].
Development of sporadic (88%-94%) and hereditary
forms of CRC are mainly related to the accumulation of
genetic changes in gatekeeper and caretaker genes like
APC and other oncoproteins (K-ras, erb-s, c-src, β -catenin,
PI3K) and tumor suppressors (p53, Smad4)[4,5], according
to the aberrant crypt foci (ACF)-adenoma-carcinoma
transition model[7]. It is well-established that the acquisition of these mutations in a multistep mechanism is part
of the genomic instability process that comprehends the
chromosomal instability (CIN), microsatellite instability
(MSI), and CpG island methylator phenotype (CIMP)
pathways[8]. While CIMP exhibits gene silencing due to
hypermethylation of CpG islands, in CIN positive tumors (about 70% of sporadic CRCs) an imbalance in
chromosome number (aneuploidy), subchromosomal
genomic amplifications and a high frequency of loss of
heterozygosity (LOH) are observed[38]. About 15% of
sporadic CRCs, mostly in the proximal colon anatomic
site, are characterized by MSI with a large number of
mutations at microsatellite sequences interesting the
DNA mismatch repair (MMR) system, so the consequence is the accumulation of thousands of unrepaired
mutations[39,40].
Genesis of most of CRCs depends also from environmental factors like intestinal microbiota, dietary
habits and lifestyle, associated with the patient genetic
background[41]. The chronic colonic inflammation due to
active ulcerative colitis (UC) or Crohn’s disease (CD), the
two major forms of inflammatory bowel disease (IBD),
lead to the colitis-associated cancer (CAC) development
that is a CRC subtype[6]. In UC, inflammation is limited
to the mucosal layer and usually starts from the rectum
spreading then into the colon, while in CD all the layers
of gut wall are interested with the terminal ileum and also
the colon as the most common sites[42].
IBD subjects are at increased risk to develop the tumor; it is estimated that about 20% of patients affected
by chronic UD and CD for a long time, within 30 years,
develop CAC; thus CRC risk increases with the duration
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HLA-G mRNA stability
HLA-G mRNA availability
HLA-G splicing
HLA-G/sHLA-G expression

miR-148a
14-bpINDEL

+3010C/G

+3003T/C

5’UTR

+3035C/T

+3027C/A

+3187A/G

+3142G/C

+3196C/G

3’UTR
HLA-G CDS

-1155G/A -1138A/G -964A/G -725C/G/T -689G/A -663A/G -477G/C
-716G/T
-369A/C
-666T/G
-1140T/A
-762T/C
-1121C/T
-1179G/A
-486C/A

-1306A/G

Figure 1 human leukocyte antigen-G single nucleotide polymorphisms involved in the biological features of the protein: nucleotide variants in the 5’-3’
untranslated regions may influence human leukocyte antigen-G expression levels by modifying the affinity of gene targeted sequences for transcriptional
(5’) or post-transcriptional (3’) factors respectively. Polymorphisms in 5’UTR (fucsia) were previously described by Costa et al[113] those in 3’UTR (light blue) by
Castelli et al[19]. In red 3’UTR SNPs involved in HLA-G mRNA stability and availability are highlighted. In orange the only one microRNA with a demostrated functional
inhibitory role in the HLA-G expression[134] was highlighted . UTR: untranslated region; SNPs: single nucleotide polymorphisms; HLA-G: human leukocyte antigen-G.

Table 1 List of associations found between single nucleotide polymorphisms/alleles in human leukocyte antigen-G untranslated
regions and different pathologies; genotype-phenotype correlations were also reported
UTRs

SNP

Genotype and/or allele

Disease

3’
3’
3’
3’
3’
3’
3’
3’
3’
3’

14 bp INDEL
14 bp I/I
PE
14 bp INDEL
14 bp I/I
RSA3
+3142 C/G +3142 GG and G allele
SLE
14 bp INDEL
14 bp I/I
SLE
14 bp INDEL
14 bp I/I
OvaC
14 bp INDEL
14 bp D/D
EsophC
14 bp INDEL 14 bp D/D and D allele
HCC
14 bp INDEL 14 bp I/I and D allele
HCC
14 bp INDEL
14 bp I/I
Allo-HSCT
14 bp INDEL
14 bp D/D
RA

3’
3’
3’
5’
3’
3’
3’

14 bp INDEL
+3142 C/G
14 bp INDEL
-725C/G/T
14 bp INDEL
14 bp INDEL
14 bp INDEL

14 bp I/I
+3142 GG
14 bp I/I
-725C>G
14 bp I/I
14 bp I/I
14 bp D allele

RR-MS
RR-MS
IVF3
IVF3
Heart T
HD
ERA

5’
3’

-725C/G/T
14 bp INDEL

-725Callele
14 bp I/I

RPL3
PTC

1

Association with

Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Lower OS and DFS
MTX therapy
(responder group)
sHLA-G
sHLA-G
sHLA-G
sHLA-G
sHLA-G
sHLA-G
Improved disease
remission
sHLA-G
Increased disease risk not
found

UTR SNP and
sHLA-G Statistical
2
sHLA-G correlation
level significance

Country

Ref.

ND
ND
ND
ND
ND
ND
ND
ND
ND
Yes

ND
ND
ND
ND
ND
ND
ND
ND
ND
Higher

Yes
No
Yes
No
Yes
Yes
Yes
No
Yes
Yes4

China
Denmark
Brazil
Brazil
Canada
China
Brazil
South Korea
Italy
Italy

[36]
[112]
[37]
[37]
[33]
[34]
[35]
[137]
[138]
[114]

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Lower
Lower
Absent
Absent
Lower
Lower
Higher

Yes4
Yes4
Yes
ND
Yes
Yes
Yes4

Italy
Italy
Denmark
Denmark
Canada
China
Italy

[139]
[139]
[141]
[141]
[142]
[143]
[144]

Yes
No

Lower
Higher

Yes
Yes5

Iraq
Italy

[148]
[31]

1

Data reported in this column are related to the association with SNPs in UTRs; the increased disease risk was compared with a HD control group; 2Statistical significance is referred to HLA-G SNP and disease status analysis; 3The disease status is related to infertility problems; 4A statistical significance was
found also between HLA-G SNP and sHLA-G levels; 5A statistical significance was found between sHLA-G levels and the disease risk. UTR: Untranslated
region; SNP: Single nucleotide polymorphism; sHLA-G: Soluble human leukocyte antigen-G; INDEL: Insertion/deletion polymorphism; I: Insertion; D:
Deletion; PE: Pre-eclampsia; RSA: Recurrent spontaneous abortions; SLE: Systemic lupus erythematous; OvaC: Ovarian cancer; EsophC: Esophageal cancer;
HCC: Hepatocellular carcinoma; Allo-HSCT: Allogeneic hematopoietic stem cell transplantation; RA: rheumatoid arthritis; RR-MS: relapsing-remitting
multiple sclerosis; IVF: In vitro fertilization failure; Heart T: Heart transplantation; HD: Healthy blood donors; ERA: Early rheumatoid arthritis; RPL: Recurrent pregnancy loss; PTC: Papillary thyroid carcinoma; OS: Overall survival; DFS: Disease free survival; MTX: Methotrexate; ND: Not determined.

of the IBD and the severity of inflammation[43].
Pathogenesis of CAC in chronic colitis patients differs from the classical model sustained by sporadic CRC,
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for a transition from low-high grade dysplasia to carcinoma and also for the sequence of cellular and molecular
events[44]. In CRC adenomatous polyposis coli (APC)
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A

B

CRC with high HLA-G expression
CT

CRC with low HLA-G expression

IM

CT

IM

High
IS

Low
IS

+

+

CD8 CTL and/or CD3 memory CTL
NK cell
CRC cell
HLA-G molecule
Exosome vesicle containing ubiquitinated HLA-G molecules

Figure 2 Schematic representation of colorectal cancer tumor microenvironment: potential influence of human leukocyte antigen-G expression on Immune Score and host immune local response. A: High HLA-G expression shows an inhibitory role against host immune defences, represented mostly by natural
killer cells and CTLs. Increased HLA-G expression in the local microenvironment is also supported by exosome contribution through a hypothetical trogocytosis release mechanism that mediates HLA-G up-take. Another consequence is a direct association with a low IS value due to HLA-G inhibitory functions on CTLs in CT/IM
areas of the tumor, and consequently with a worse patient prognosis (not represented); B: Lower HLA-G expression correlates with a high IS value and a favoureable
immune contexture that improves host immune response and patient prognosis (not represented). Representation of IS is referred to recent quality and validation
criteria[15] (see text for further clarifications). HLA-G: human leukocyte antigen-G; CTLs: cytotoxic T lymphocytes; IS: Immune Score; CT: Center of the tumor; IM: Invasive margin.

carcinogen azoxymethane (AOM)[52].
A growing body of evidence is focusing both on
relationships between the immune contexture of solid
tumors like CRC, and patient prognosis in terms of DFS
and OS[53]. Tumor microenvironment is represented by a
complex network of stromal, inflammatory and immunocompetent cells. Histopathological analyses show that
solid cancers are infiltrated by innate-adaptive immune
cells, that have a role in tumor growth[54,55].
The interplay among tumor cells and immune system
is highly complex and suggested the concept of cancer
immunoediting, a dual process in which the main actors
are the host-protective and the tumor-promoting actions
of immunity[9,56,57]. Cancer immunoediting occurs in three
phases: elimination, equilibrium and escape. In the elimination phase (the modern concept of the older notion
“cancer immunosurveillance”)[58], innate and adaptive immunity work together to recognise and destroy nascent
tumor cells. If tumor cell variants are not completely
eliminated, will enter into an equilibrium phase, in which
adaptive immunity controls and stems the growth of

protein loss of function, is an early event during the formation of precocious adenoma, while it is less frequent
and occurs in the late pathogenesis of CAC[45]. p53-loss
of heterozygosity (LOH), p53 mutations or loss of function are early molecular events characterizing CAC origin
instead of CRC in which they frequently occur in the late
adenoma-carcinoma transition[46,47].

IMMUNE CONTEXTURE IN
INFLAMMATION AND CRC
The chronic inflammatory status is a common feature of
colorectal and colitis-associated tumors. Chronic inflammation is modulated by immune innate/adaptive cells infiltration and immune microenvironment[48,49]. The crucial
role of inflammation in tumorigenesis is emerged only
recently and now it is estimated that about 15%-20% of
cancers are related to an underlying chronic inflammation
process[50,51]. CAC is considered a classical inflammationdriven cancer as demonstrated in mice models in presence of dextran sodium sulphate (DSS) and the pro-

WJG|www.wjgnet.com

3781

April 14, 2014|Volume 20|Issue 14|

Garziera M et al . Immune response and HLA-G in CRC
Table 2 Summary of human leukocyte antigen-G evaluations in colorectal cancer and related colonic diseases of the gastrointestinal
tract
Sample type

HLA-Gs Methods

Disease, n

Relevances

Ref.

Tumor DNA

HLA-G RT-PCR

CRC, n = 39

[24]

Tumor tissue

HLA-G

IHC

CRC, n = 201

Tumor tissue
Tumor tissue

HLA-G
HLA-G

IHC
IHC

Tumor tissue

HLA-G

IHC

UC, n = 24; CD, n = 19
CRC, n = 60; DA, n = 67;
BC, n = 37; AC, n = 52
CRC, n = 415

Tumor tissue

HLA-G

IHC

CRC, n = 154

Serum

sHLA-G

ELISA

CRC, n = 144

Plasma

sHLA-G

ELISA

CRC, n = 37

PBMC

sHLA-G

ELISA

HD, n = 30; CD, n = 10;
UC, n = 18

Plasma and
PBMC

HLA-G

ELISA

UC, n = 27; CD, n = 22

HLA-G mRNA was significantly more expressed in CRC (87.2%) than in the extra
neoplastic tissue
HLA-G is over-expressed in primary CRC sites (64.6%), but not in the normal
CRC tissues or benign adenomas
HLA-G and IL-10 are highly expressed in UC but not in CD tissue biopsies
HLA-G is over-expressed in 52 % of CRC lesions
and also in 79% of PDAs, 76% in BC and 75% AC
HLA-G is expressed in > 30% of CRC lesions
(data summarize published data collected until 2008)
HLA-G is expressed in > 30% of CRC lesions (data summarize published data
collected until 2005)
Higher sHLA-G levels in CRC (median 124.3 U/mL) compared to benign
colorectal diseases (cut off value 88.6 U/mL).
CEA showed less sensitivity e specificity
sHLA-G as a diagnostic biomarker for the detection of early CRC
(median 84 U/mL) with respect to BD (median 34 U/mL)
Spontaneous secretion of sHLA-G from cultured PBMCs of CD
but not in UC and BD
Secretion of sHLA-G in CD patient cultures and BD but no in UC,
after LPS stimulation
Immunosuppressive therapy decreases sHLA-G hyperproduction in CD and
induces its release in UD, in both plasma and in PBMC culture supernatants

[25]
[154]
[26]
[16]
[17]
[27]

[28]
[161]

[162]

HLA-G: human leukocyte antigen-G; sHLA-G: soluble HLA-G; CRC: Colorectal cancer; UC: Ulcerative colitis; CD: Crohn’s disease; PDA: Pancreatic ductal
adenocarcinoma; BC: Biliary cancer; AC: Ampullary cancer; HD: Healthy blood donors; PBMC: Peripheral blood mononuclear cells; IHC: Immunohistochemistry; LPS: lipopolysaccharide; CEA: carcinoembryonic antigen; IL: Interleukin; ELISA: Enzyme-linked immunosorbent assay.

clinically undetectable tumor cells and blocks tumor cell
immunogenicity. When dormancy of tumoral cells stops,
malignant cells with reduced immunogenicity shift into
the escape phase and begin to grow and proliferate in an
immunologically unrestrained way, establishing an immunosuppressive tumor microenvironment, and becoming
clinically detectable. Escape mechanism from immune
host control is now considered one of the hallmarks of
cancer[59]. Innate immunity is the first line of host defense
and it is specialized in counteracting cancer cells and virally infected cells.
Innate immune cells i.e., myeloid derived suppressor cells (MDSCs), macrophages, neutrophils, dendritic
cells (DCs), mast cells (MCs), and NK cells, may have a
pro- or anti-tumorigenic role in both CRC and CAC[60].
MDSCs under the control of nuclear factor κB (NF-κB),
produce interleukin (IL)-6 that activates transcription
factor signal transducer and activator of transcription 3
(STAT3) resulting in survival, growth and progression
signals in early CAC[61].
Macrophages are responsible mainly for pro-inflammatory cytokines release and are distinguished in two
types. Type 1 macrophages (M1) that are activated by
interferon (IFN)-γ or tumor necrosis factor (TNF) cytokines, are efficient producers of reactive oxygen and
nitrogen species, have an interleukin (IL)-10low IL-12high
IL-23high inflammatory phenotype, and tend to negatively
control tumor growth[62]. Conversely, type 2 macrophages
(M2) share an IL-10high IL-12low IL-23low anti-inflammatory phenotype and stimulate cancer proliferation by
secreting immunosuppressive cytokines like IL-10. Pro-
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duction of mediators promoting angiogenesis such as
Vascular Endothelial Growth Factor A (VEGFA) and
Cyclo-Oxygenase-2 (COX-2)-derived prostaglandin E2[63],
hypoxia-dependent upregulation of chemokines (CX-C motif), induces accumulation of M2 macrophages
that is the predominant phenotype in tumor microenvironment[64,65]. A macrophage polarization of tumorassociated macrophages (TAMs) due to the local colonic
microenvironment during tumor progression is observed
with a switching from M1 (inflammatory) to M2 (antiinflammatory) type and a gradual NF-κB inhibition[66].
TAMs are one of the major components of leukocyte
infiltrates in tumors and represent an independent prognostic factor of poor prognosis in multivariate analysis in
different malignancies[67]. In CRC, TAMs correlate with
improved OS[68]. Finally, innate immune cells orchestrate
a complex inflammatory environment that may be modulated to either stimulate or inhibit CRC proliferation[69,70].
While innate immunity does not involve a specific
antigen or peptide or particular tumor-associated antigen
recognition, this is a prerequisite for adaptive immunity.
Cells of adaptive immune system are mainly represented
by B lymphocytes, T helper 1 (Th1) and T helper 2 (Th2)
CD4+ cells, CD8+ Cytotoxic T lymphocytes (CTL) cells
and CD4+ T regulatory (Treg) cells[71]. Recent findings of
memory responses by NK cells suggest that also NK may
contribute to adaptive immunity[72]. To destroy cancer
cells, CTLs need to recognize an antigen exposed on the
tumor cells in association with the human leukocyte antigen (HLA) class Ⅰ proteins[73]. Only through recognition
of this tumor cell antigen/HLA Ⅰ complex for which
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their T cell receptor (TCR) is specific, CTLs clonally expand and differentiate in memory T cells[74] (CD45RO+).
CD45RO+ comprise CD3+, CD4+ and CD8+ T cells that
have been exposed to antigen and respond faster and
with an increased intensity after antigen stimulation compared with naïve T cells[54].
Upon activation, CTLs release proteases and lytic
components as perforin and mediate disruption of tumor cell membrane and activation of apoptotic pathway.
CD4+ T cells respond only to antigens presented by the
HLA class Ⅱ proteins expressed by DCs in secondary or tertiary organs[75]. Many evidences highlight that
one of the cancer immunoediting topic is due to the
fact that T-cell recognition of tumor antigens drives
the immunological destruction of nascent and developing cancer cells. One of the most well-known way used
by tumors to escape from specific T-cell recognition
mechanisms is down-regulation or total suppression of
MHC Ⅰ molecules, and specific alteration leading to the
inefficient presentation of immunodominant antigens[76].
Recently, Matsushita et al[77], demonstrated that the
immunoselection by CD8+ T cells of tumor variants lacking strong tumor-specific antigens represents one of the
mechanism by which cancer cells escape tumor immunity.
Th1 cells secrete cytokines like IFN-γ and TNF-α,
support tissue destruction and CTLs by producing
IL-2 required for CD8+ proliferation[78]. Th2 cells produce cytokines such as IL-10, IL-4 and IL-5, and limit
CTLs proliferation. Tregs that also highly express CD25
(CD4+CD25+) secrete IL-10 and Tumor Growth Factor (TGF)-β which dampen the immune response[79]. It
should be emphasized that while CTLs, Th1 and Th17
inhibit cancer growth, Th2 cells and Tregs stimulate
cancer proliferation. Moreover, a shift in Th1 (tumor
rejection)/Th2 (tumor promotion) immune response is
observed in CRC[80]. Restoring of normal immunological
functions and pro-inflammatory cytokines after tumor
resection in CRC were demonstrated, highlighting that
CRC itself has a direct immunosuppressive effect[81,82].
Overall, immune contexture should be considered as
comprising the density of CD8+ CTLs and CD45RO+
memory T cells, their location at the center of the tumor
(CT) and invasive margin (IM), combined with the quality of tertiary lymphoid structures (TLS) and additional
functionality entities such as Th1-related factors, chemokines, adhesion molecules and cytotoxic factors[83].
Indeed, in CRC, not only Th1 immunity markers (STAT1,
IRF1, IFN-γ-SG pathway), cytotoxic markers (Granzyme
Perforin, Granulysin, TIA1, Caspase pathway), but also
chemoattraction (specific chemokines such as CX3CL1,
CXCL10, CXCL9) and adhesion (molecules as ICAM1,
VCAM1, MADCAM1) signatures are relevant in influencing the density of infiltrating immune cells[84,85].

able to inhibit cancer growth, and improved prognosis in
CRC[10,86] and other malignancies such as melanoma[87] and
ovarian cancer[88]. A particular phenotype in CRC is represented by MSI type tumors that are associated with a
high TILs levels, loss or downregulation of HLA class Ⅰ,
better patient prognosis, a reduced metastatic potential,
and a different response to chemotherapy[39,60].
In 2005-2006 the idea that the adaptive immune response plays a role in preventing tumor recurrence in
CRC emerged, mostly from the works of Pagès et al[89] and
Galon et al[13]. The authors first demonstrated that CRCs
with high density of infiltrating and effector memory T
cells with a protective immune role, were less prompt to
metastasize and can be associated with an increased survival of patients[89]. Subsequently, using the same cohort
of patients, relationships among type, density and location of immune cells within the tumor and the clinical
outcome, were investigated by using both genomic approaches and immunohistochemistry (IHC)[10]. Through
the selection and the evaluation of expression levels of
genes involved in inflammation, Th1 adaptive immunity
and immunosuppression, Galon et al[13] found a dominant
cluster of co-modulating genes for Th1 adaptive immune
response (i.e., IFNG, CD8a, GLNY, GZMB, CD3z). Applying specific tissue microarrays and a dedicated image
analysis work station, a quantification of total (CD3+) T
lymphocytes, CD8+ CTL effectors, associated molecule
(GZMB), and CD45RO+ memory T cells, was performed
both in CT and IM.
High immune cell densities (CD3+, CD8+, GZMB
and CD45RO+) in both CT and IM tumor regions were
present in CRC patients without recurrence after adjuvant therapy, while lower densities of the same immune
cell types correlated with disease recrudescence. Results
highlighted an inverse correlation among expression of
these genes and CRC relapse suggesting that Th1 adaptive immunity improve clinical outcome[13]. Camus et al[14]
demonstrated the association between loss of coordinated functional immune reaction and the progression
of CRC to a metastatic phenotype. These preliminary
results demonstrated for the first time that the host immune response plays an important role in determining
the outcome of CRC patients. Type, density, and location
of immune cells in CRCs increase the prediction accuracy
of DFS and OS, and started to represent a superior and
independent prognostic parameter with respect to the
UICC-TNM well accepted classification[90].
Finally, all these data and evidences, culminated in
the concept of “Immune Score” that emerged for the
first time in 2011 in the work of Pagès et al[12]. A multivariate Cox proportional hazard regression model was
used to assess the hazard ratio of the immune score
combination (CD45RO/CD8) in specific tumor regions
(CT/IM), together with clinical and histopathological
tumor markers. Pagès et al[12], analyzing a large cohort
of CRC patients with early (Ⅰ-Ⅱ) stage, showed that
the combined analysis of cytotoxic (CD8+) and memory
(CD45RO+) T cells confirmed its prognostic discrimina-

CRC AND IMMUNE SCORE
Accumulating evidences since the late 1990s showed an
association among tumor-infiltrating lymphocytes (TILs)
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inverse correlation between the number of Foxp3+ Treg
and the level of Foxp3+ in tumor cells, suggesting an antiproliferative effect of TGF-β on Tregs[105]. Furthermore,
patients with high Foxp3+ expression profile in CRC
tumor cells were correlated with a poorer prognosis that
was not observed for Foxp3+ Treg in the tumor[106].

tory power in the prediction of tumor recurrence and
survival[12]. Subsequently, the concept of IS as a clinical
prognostic marker improving the standard TNM classification at any stage of CRC, has been established evaluating infiltrating lymphocytes of 599 CRC specimens
by Mlecnik et al[91]. Patients with high IS had increased
DFS and OS, and patients with a low IS were likely to
experience a disease relapse[92]. IS represents a standardized, simple and powerful immune stratification system
proposed as a novel prognostic immune marker for routine testing potentially helpful for CRC management to
better identify and stratify high-risk patients who would
benefit most from adjuvant therapy[12].
Cancer outcomes can vary significantly among patients with the same stage and this could be related to differences in immune cells densities from patient to patient
as in CRC[93]. This argues the limit of traditional AJCC/
UICC TNM classification in providing limited prognostic information and predicting response to therapy[94]. A
worldwide task force representing 22 Institutions from
16 different countries, is working now for IS validation
in clinical practise, with the aim to introduce it as a new
component of classical cancer classification, that will
maybe designate in future as TNM-I (TNM-Immune)[15].
To improve quality and validation in standard laboratories, IS will be quantified by the combination of the
two easiest membrane stains CD3 and CD8 to avoid any
background noise due to CD45RO and GZMB stains[15].
Special emphasis will be focused in the prognostic significance of validated immunologic parameters in CRC that
with the primary goal to validate the prognostic power
of the IS in routine settings of stage Ⅰ/Ⅱ/Ⅲ CRC
patients and for recurrence prediction for stage Ⅱ CRC
patients[95]. Thus, the bases to revise and renegotiate the
clinical outcome based on classical clinical parameters
have been seeded[96].
Recently, a great emphasis has been done in an attempt to define the prognostic role of another subtype
of tumor infiltrating cells. Treg cells also positive for
the nuclear transcription factor protein forkhead box P3
(Foxp3), showed a strong and independent prognostic
significance in CRC, superior to CD45RO+ and CD8+
cells[97]. Foxp3+ Tregs cells are generally associated with
immunosuppressive properties and poor prognosis in different solid tumors such as hepatocellular[98], prostate[99]
and pancreatic carcinoma[100], but conversely were reported to be associated with improved prognosis in CRC[97].
Although Foxp3 is a well accepted marker used to identify tumor infiltrating CD4+ CD25+ Tregs, it is known
that a small proportion of Foxp3+ cells may also be
CD8+. CD8+ CD25+ Foxp3+ T cells showed suppressive
capacities in CRC[101], suggesting that Foxp3+ role should
be more explored. Foxp3 expression evaluated in tumor
cells was associated with worse outcome of patients in
different solid tumors[102-104] but not in CRC, highlighting
a new independent prognostic factor. Recently, Foxp3+
expression in tumor cells was compared to Foxp3+ Treg
infiltration in CRC, demonstrating for the first time an
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HLA-G: A CRUCIAL TUMOR-DRIVEN
IMMUNE ESCAPE MOLECULE
HLA-G is considered as a tolerogenic molecule exerting
its inhibitory functions by direct interaction with different inhibitory receptors of the immunoglobulin family
present on NK cells (ILT2/CD85j, KIR2DL4/CD158d),
T lymphocytes (ILT2/CD85j, KIR2DL4/CD158d), B
cells (ILT2/CD85j), endothelial (CD160), macrophages,
monocytes and DCs (ILT2/CD85j, ITL4/CD85d)[16].
HLA-G expression was originally detected in non-pathologic conditions and restricted to extravillous cytotrophoblast, thymic epithelial cells, cornea, pancreas, erythroid
and endothelial precursor cells[18]. Recent studies showed
that HLA-G proteins can be detected also in pathological
conditions, such as in allografts and infiltrating immune
cells within transplanted tissues, inflammatory diseases,
virus infections and cancer[107-109]. Originally, durings the
1990s, HLA-G role in maternal-fetal tolerance preventing attack of the fetus by the maternal immune system by
its interaction with uterine NK cell inhibitory receptors
was demonstrated[110]. This binding through KIRDL4
receptor stimulates secretion of cytokines and angiogenic
factors from NK cells, which favours implantation and
placental vascularisation and development. Trophoblast
itself secretes HLA-G modulating balance among these
proangiogenic and antiangiogenic factors. The tolerogenic role of HLA-G in pregnancy is strongly supported
by the correlations between HLA-G down regulation
and preeclampsia/spontaneous abortions events[111-113].
These preliminary evidences observed in maternal-fetal
tolerance suggested also that microenvironment factors
may modulate HLA-G expression in tissues. Ectopic
expression of HLA-G in damaged cells or tissues may
be enhanced by stress, nutrient deprivation, hypoxia, hormones such as progesterone, cytokines (GM-CSF, IFNs,
IL-10, TNF-α, TGF-β, LIF)[16] and immunosuppressive
drugs[114].
HLA-G gene is composed of eight exons and seven
introns with a stop codon at exon 6, a quite large 5’UTR
extending at least 1.4 kb from ATG, and a 3’UTR[32].
The coding exons transduce only the heavy chain of the
molecule and are located on chromosome 6, while β2microglobulin (β2m) is encoded by a separated gene on
chromosome 15. Exon 1 encodes the signal peptide,
exons 2, 3 and 4 the extracellular α1, α2 and α3 domains
respectively, and exons 5 and 6 the transmembrane and
the cytoplasmic domain of the heavy chain. Exon 7 and
8 are not translated. The 3’UTR is included in the exon
8[21]. Classical HLA class Ⅰ molecules are characterized
by nucleotide sequence variations around the peptide-
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functions vs cells of the immune contexture. Furthermore, sHLA-G produced by immune cells and/or by
cancer cells induces apoptosis of activated CD8+ T cells
by binding to CD8 and by triggering a Fas/FasL-dependent pathway[119]. Moreover, the release of IL-3, IL-4 and
IL-10 is stimulated by sHLA-G[17]. Increased sHLA-G
levels compared to healthy controls have been reported
in successful pregnancy after in vitro fertilization (IVF)[121],
in patients with lymphoproliferative disorders[29], melanoma[30], and different type of cancers[23,31]. sHLA-G has
been proposed as a diagnostic biomarker in CRC with
increased specificity and sensibility respect to the well
known carcinoembryonic antigen (CEA) protein[27]. Due
to the possibility that serum sHLA-G is trapped within
during the clot formation, to evaluate true biological
sHLA-G levels, it is recommended to detect sHLAG in
plasma[123]. Anyway, many studies still present data from
serum samples.
sHLA-G levels are commonly detected with classical ELISA assay by the use of the monoclonal antibody
(MoAb) MEM-G9 which recognizes (the precise epitope
is unknown) the native HLA-G molecule in β2m associated forms, HLA-G1 and HLA-G5 soluble and not
membrane bound isoforms[124]. It should be noted that recently, Zhao et al[125] demonstrated by flow cytometry that
the MEM-G9 antibody it is able to bind also HLA-G3
isoform that is β2m free, thus speculating that an epitope
on MEM-G/9 localized on the α1 domain of HLA-G.
HLA-G may be expressed at the cell surface and also secreted. Anyway, sHLA-G can also be produced into the
cells and subsequently incorporated in microvesicles, the
exosomes such as in cancer[126] (Figure 2). In exosomes,
HLA-G molecules form high molecular weight complexes through disulfide bridges, share partially an ubiquitinated phenotype and can be released by exosomes as
demonstrated recently in vivo[127]. Moreover, very preliminary data coming from the HLA-G Conference held in
Paris in 2012, showed that in plasma samples of healthy
controls sHLA-G is preferentially exosomal-bound, while
in plasma samples of lung cancer patients the level of
free “not exosomal-bound” sHLA-G is increased[128].
Intriguing, it was demonstrated a mechanism of protection and immune evasion for HLA-G negative tumor
cells that are in proximity of HLA-G positive tumor cells.
These HLA-G expressing tumor cells by “trogocytosis”
transfer membrane patches containing HLA-G molecules
to active and surrounding NK cells[129]. Upon acquisition
of HLA-G1-containing membranes from tumor cells,
effector NK cells stop proliferating, stop being cytotoxic
toward legitimate targets, and behave as regulatory cells
capable of inhibiting the cytotoxic functions of other
NK cells. This immediate functional inversion from an
effector cell to a regulatory cell is directly due to acquired
cell-surface HLA-G1[16]. We hypothesize that this mechanism could be related also to exosome sHLA-G release
in the extracellular medium (Figure 2) for its re-capture,
under the influence of unknown factors, may be chemokines and/or cytokines, but experimental investigations

binding cluster encoded by exon 2 (α1 domain) and exon
3 (α2 domain), while HLA-G nucleotide variability spans
through exon 2, 3 and 4 (α3 domain)[21,22]. HLA-G coding
sequence has a limited genetic variability in contrast to
the classical HLA class Ⅰ molecules that exhibit hundreds
of alleles and, to date, 49 different alleles and 15 related
proteins have been recognized[115]. On the other hands, 5’
UTR and 3’UTR segments are high polymorphic, both
influencing HLA-G expression modifying the affinity
of gene targeted sequences for transcriptional or posttranscriptional factors, respectively[19] (Figure 1).
Indeed, HLA-G may presents 7 protein isoforms generated by alternative splicing of the primary transcript.
4 isoforms are membrane-bound (HLA-G1, G2, G3
and G4) and 3 are soluble (G5, G6 and G7) species[23].
HLA-G1 and HLA-G5 are the most common isoforms
observed, but HLA-G1 was the first isoform to be discovered in healthy tissues and first implicated in maternofetal tolerance [116]. HLA-G1 is the complete protein
similar to the other classical membrane bound HLA-I
molecules associated with β2m[23]. Crystal structure of the
protein have shown that the full-length HLA-G1 is composed of a heavy chain non-covalently associated with
the β2m molecule, and a peptide of about 8-10 amino acids similar to that found in the other classical Ⅰ HLAs[117].
HLA-G2 isoform has no α2 domain, HLA-G3 has no
both α2 and α3 domains, HLA-G4 does not present
[21]
α3 domain . This high post transduction availability in
HLA-G molecules suggests a deeper modulation due to
alternative splicing involving mostly 3’UTR region. We
speculate that it could be tissue specific considering that
miRNA are differentially expressed, and this modulation
may be influenced by inflammation status and immune
contexture microenvironment. It is known that KIR2DL4
present on NK and T cells binds HLA-G through α1 domain, or ITL-4 (DCs, monocytes and macrophages) and
CD8 (T and NK cells) bind via α3 domain, or ITL-2 via
α3 domain in association with β2m, however, the exact
role of the less common HLA-G isoforms has not been
elucidated[118]. HLA-G dimers may also be formed via a
Cys42-Cys42 intermolecular disulfide bond on the α1
domains of the heavy chains from two HLA-G monomers. These HLA-G dimers exhibit enhanced binding
avidity for ITL2/4-mediated signaling[119]. Soluble and not
bound HLA-G5, HLA-G6 and HLA-G7 species have
the same extraglobular domains of HLA-G1, HLA-G2
and HLA-G3 respectively[21]. It should be pointed that
another form of HLA-G may be generated by proteolytic
shedding of the isoform HLA-G1 (sHLA-G1)[120] and
potentially anchored HLA-G2-G4, can also be shed from
the cell surface if expressed. It should be highlighted that
sHLA-G1 is analogue to the sHLA-G5 isoform. Soluble
isoforms consequent to secretion or shedding, especially
the most common sHLAG5 and sHLA-G1, can be
detected in body fluids such as plasma, serum, ascites,
cerebro spinal fluids exudates from patients with inflammatory diseases o cancer[17,121,122]. Similarly to membrane
bound HLA-G1, sHLA-G exerts immunosuppressive
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an ovarian cancer animal model[135], and also with NK cell
cytotoxicity inhibition and MMP-15 expression in ovarian cancer cell line[136]. In Kazakh population the risk of
developing esophageal carcinoma was significantly higher
in individuals carrying the 14 bp Del/Del (D/D) genotype[34], while Teixeira et al[35] showed that the 14 bp (D/D)
genotype increases hepatocellular carcinoma (HCC) susceptibility in Brazilian population. Conversely, the 14 bp
INDEL was no associated with HCC and liver cirrhosis
susceptibility in a Korean study[137]. The 14 bp I/I was
also found to be related to lower OS and DFS in patients
with haematological malignancies undergoing allogeneic
Hematopoietic Stem Cell Transplantation (allo-HSCT)
and Methotrexate (MTX) treatment in univariate and
multivariate analysis[138]. The 14 bp I/I genotype was also
suggested to represent a therapy marker in Rheumatoid
Arthritis (RA), able to identify responder patients treated
with MTX[114].
To date, an association among the +3142 C>G SNP
and a specific disease status, was recently described only
in the Systemic Lupus Erythematous (SLE) autoimmune
disorder[37] and in Relapsing-Remitting Multiple Sclerosis
(RR-MS)[139] (Table 1).
A first attempt to find possible correlations between HLA-G genotype and phenotype (sHLA-G) was
performed by Rebmann et al[140] in 2001, analyzing 94
healthy subjects. In particular, individuals carrying the
HLA-G*01041 allele had significantly higher sHLA-G
levels, while individuals with HLA-G*01031 allele and
HLA-G*0105N allele, presented significantly lower of
plasmatic and circulating HLA-G[140]. It should be noted
that the 5’UTR and 3’UTR HLA-G regions were not
investigated. The 14 bp I/I was then associated with
significantly lower levels of sHLA-G in blood plasma or
serum in different studies[141,142] (Table 1). Chen et al[143]
reported a dramatic and significantly lower expression of
sHLA-G in plasmatic samples from healthy donors (n =
150) of Chinese etnicity in the presence of the 14 bp I/I
genotype with respect to the 14 bp D/D. Another recent
investigation performed in MS patients in serum and
cerebro spinal fluid (CSF), demonstrated an association
among higher sHLA-G levels and +3142 C/C, 14 bp
D/D genotypes and lower sHLA-G levels in +3142 G/G,
14 bp I/I combination[139] (Table 1).
Rizzo et al[144] identified a subgroup of Early Rheumatoid Arthritis (ERA) patients characterized by prevalence
in 14 bp D/D, 14 bp D/I polymorphisms, and improved
disease remission, therefore highlighting a protective role
for the 14 bp Del allele. Moreover, the 14 bp Del allele
was associated with higher sHLA-G and mHLA-G production and ITL2 expression. In 2010 Castelli et al[19] defined almost eight distinct 3’UTR haplotypes named from
UTR-1 to UTR-8, that include the eight common polymorphisms of this nucleotide segment described above.
Furthermore, HLA-G alleles were associated with each
haplotype, and high Linkage Disequilibrium (LD) among
most of the variants was observed, according to HardyWeimberg test. In particular, it was evidenced that the 14

are needed. Moreover, we hypothesize a direct role of
HLA-G in affecting the IS value considering its direct inhibitory properties over NK cells and CTLs[130] (Figure 2).
This topic could represent a matter of debate in the early
future, not only for CRC.

HLA-G MODULATION REFLECTS 5’UTR
AND 3’UTR GENETIC VARIABILITY
A growing body of evidence has been focusing in the
last years on the 3’UTR polymorphisms and haplotypes,
due to the microRNAs (miRNAs) interaction and their
influence on expression. In particular, at least eight distinct haplotypes and eight SNPs have been described
so far: the14-bp Insertion/Deletion (INDEL), +3003
T/C, +3010 C/G, +3027 C/A, +3035 C/T, +3142 C/G,
+3187 A/G, and +3196 C/G[19] (Figure 1). INDEL and
+3187 A/G SNPs have been associated with HLA-G
mRNA stability and degradation processes even if, the exact mechanisms are not already been well elucidated[21,131].
In presence of the 14-bp Insertion (5’-ATTTGTTCATGCCT-3’) sequence, HLA-G alleles have been associated
with lower mRNA production[132]. In the other hand, it
has been demonstrated that a smaller fraction of HLA-G
mRNA transcripts presenting the 14-bp Insertion (Ins)
can be alternative spliced from the mature HLA-G with
the removal of 92 bases of exon 8 (include SNPs +3003
and +3010)[19]. mRNA producing smaller mRNA transcripts, reported to be more stable than the complete
forms[20]. Interestingly, some AU-rich elements (ARE) are
present in the 3’UTR of HLA-G, and it is known that
these sequences are recognized by proteins causing rapid
changes in mRNA stability[19,32]. The 14-bp sequence
begins with AUUUG, and the absence of such motif in
the 92 base-deleted transcripts might give an explanation
of their resistance to degradation processes[20]. The presence of a guanine in the position +3142 increases the
affinity of specific miRNAs (miR-148a, miR-148b and
miR-152) to the HLA-G mRNA, decreasing HLA-G expression[32,133] (Figure 1). The influence of +3142G allele
was demonstrated by functional studies in which HLA-G
high expressing JEG-3 cells were transfected with miR148a: decreased soluble HLA-G levels were detected[134].
In Table 1 are listed the associations found among
HLA-G UTR SNPs and alleles, in particular the 14 bp
INDEL polymorphism, and various disorders including cancer. Associations with circulating HLA-G levels
were also reported if investigated. Recently, the risk of
invasive cancer of uterine cervix was found to be significantly increased in presence of the 14 bp I/I and also the
HLA-G*01:01:01:02 genotype in a large Canadian study
of 539 women with histologically confirmed HG-CIN
and invasive cancer; 833 women with normal cytology
served as controls[33]. Moreover, 14 bp I/I genotype correlates with disease progression from high-grade cervical intraepithelial neoplasia (CIN3) to invasive cancer[33].
Previous data provided evidences of HLA-G expression
in association with tumor metastasis and poor survival in
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genotype was found vs the CG and CT condition[148] (Table
1). Of note, the presence in this position of a G nucleotide may alter the methylation profile of CpG di-nucleotides resulting in a modification of gene expression[113],
and also influences binding of ISRE or other regulatory
elements.

bp Ins allele is always associated with the +3142G and
+3187A alleles, both previously related with low mRNA
availability, thus suggesting the implication of these two
polymorphisms in lower mRNA production is associated
with 14 bp insertion (Figure 1). The+3187G allele is only
associated with the 3’UTR-1 haplotype carrying the 14
bp deletion[19].
It should be emphasized that 4-bp upstream the
SNP +3187A/G there is an AUUUA motif, and 9-bp
downstream to +3196C/G there is the presence of an
UUAUUU motif. These (AU)-rich elements may modulate mRNA degradation and therefore expression level,
and are also influenced by close sequence variations.
Some authors, according to this nomenclature, started to
analyze data from 3’UTR region in terms of haplotypes
using different algorithm approaches such as EM algorithm, PHASE method, and FBAT. This haplotype analysis could represent an amazing way to correlate genetic
data to the specific phenotypes of the study grouped also
in a dominant or in a recessive model, or used to compare a single common haplotype with other phenotypes
grouped together. To date, 3’UTR haplotypes analyses
were performed in few studies and not regarded to cancer disease and so to CRC[113,131,145].
Recently, the functional impact of 3’UTR and in
particular the 14 bp INDEL polymorphism, was deeply
investigated by Svendsen et al[146], with particular attention
on the processing and stability of the full-length membrane bound transcript of HLA-G1 (mHLA-G1). Authors, transducing different HLA-G1 DNA sequences in
K562 human cell line, demonstrated that mRNA from 14
bp I/I had a higher degree of stability than the others, in
accordance to the data reported in literature. Moreover,
transductants carrying the 14 bp Ins, presented lower
sHLA-G1 levels per mHLA-G1 ratio with respect to the
constructs lacking the 14 bp Ins, but were the most efficient in inhibiting NK cytotoxicity[146].
In regard to the 5’UTR region, it has been less investigated and only recently, 16 SNPs in the 5’UTR
region (Figure 1) and the 14-bp INDEL polymorphism
in 3’UTR were analyzed in the same study in Brazilian
patients who underwent assisted reproduction treatments (ART), characterized by failure implantation of
embryos[113]. Larsen and Hviid[133], presented a complex
panel of haplotypes related to the 5’UTR and in part of
the 3’UTR regions showing clear LD between several of
the polymorphisms centered around two main lineages
of HLA-G alleles named G*010101xx and G*010102xx,
in accord to WHO classification. The HLA-G promoter
region is considered unique among the HLA genes with
many regulatory sequences, such as tissue specific regulatory element (TSRE) from position -1350 to -1100, and
IFN-stimulated response element (ISRE) from -726 to
-725 position[21,147]. The 5’UTR tri-allelic polymorphism
-725C/G/T was evaluated in relation to plasma sHLAG
concentration in a recent study in Iraqi women with
recurrent pregnancy loss[148] A significantly association
among lower levels of sHLAG in presence of the CC
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HLA-G IN CRC AND FUTURE
APPLICATIONS
Despite the advances in knowledge and increasing interest in the immune contexture involvement, HLA-G
has been poorly investigated in CRC and inflammation
associated diseases of the gastrointestinal tract. A common mechanism present in CRC and in various types of
cancer used by tumor cells to avoid recognition by CTLs,
is the HLA class Ⅰ down-regulation or total loss[149]. Altered HLA Ⅰ class phenotypes regard reversible down
regulation or irreversible mutational genes inactivation
and are usually related to LOH of classical HLA-A, -B
and -C heavy chains located in the chromosome region
6p21. HLA-G (protein and/or mRNA) is frequently overexpressed in tumors[16,17], including CRC[16,17,24-26] (Table
2). HLA-G expression was associated with malignant
transformation and was never detected in the surrounding and closest areas near the tumor[17]. MHC class Ⅰ loss
or down-regulation due probably in defects or alterations
in Processing Machinery (APM) components have been
found in different malignancies and associated to reduced
MHC class Ⅰ recognition vs tumor-associated antigen
(TAA)-specific CTL and disease progression[150]. LOH
in the 15q21 region was observed in progressing lesions
after immunotheraphy such as in melanoma[151]. Intriguingly, while classical HLA Ⅰ proteins are frequently down
regulate in in about 15% up to 75% of colon carcinoma
lesions[150,152,153], HLA-G (related to isoform G1) results
over-expressed in CRC malignant and pre-malignant
tissues[26] (Table 2), in accord to his role in the host immune escape. Strong positive HLA-G expression was
also detected in UD biopsies but no in tissues taken from
patients affected by CD, thus it was proposed as a tool to
better distinguish these inflammatory diseases[154] (Table 2).
LOH frequency for classical HLA genes in CRC was
reported to be 40% evaluating 95 patients[155]. In CRC,
higher LOH percentages were found in other chromosomal regions containing tumor suppressor genes i.e.,
43%-79% at 18q, 43%-76% at 17p and 17%-43% at
5q[156]. The irreversible total loss of HLA class Ⅰ is generally referred to mutations affecting the β2m gene that
are usually followed to loss of the second copy by LOH
within his locus in the 15q21 region[157,158]. Expression of
the β2m protein should be taken in consideration due its
fundamental role in associate to HLAs molecules for correct antigen presentation. If β2m is lost, stable antigenHLA class Ⅰ complexes cannot be produced[156]. Of note,
the major function of HLA-G is not antigen presentation
and, if β2m is necessary to assemble the most studied
HLA-G1, sHLA-G1 and sHLA-G5 isoforms, it should
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be discussed the function of alternative spliced isoforms
lacking β 2m. We speculate that HLA-G alternative
spliced isoforms without β2m assembly could represent
another way to escape from immune control, especially
in tumor such as CRC in which β2m downregulation or
loss is a frequent event[158]. Moreover, their role should
be established and explored (which are their interactors?)
providing new insides of the HLA-G planet.
Alterations due to LOH have been reported in
25%[159]-35%[156] of CRCs in β2m 15q21 and in 6p21 in
40% of the same patients[156], demonstrating a strong correlation that may impact on disease progression in terms
of immune escape exert by the tumor[160]. To date in
CRC, HLA-G polymorphisms and haplotypes have not
been investigated to find correlations with prognosis or
phenotype (circulating sHLA-G proteins) even if, recently, some authors started to report complex and intriguing
analysis not related to cancer[147,148].
Data about the soluble HLA-G has been reported
only for CRC patients of Chinese ethnicity[27,28] suggesting
that sHLA-G should be considered as a good diagnostic
tool superior to classical CEA[27], and also a useful indicator to distinguish benign colorectal related disease from
CRC. Of note, Cao et al[28] collected and analyzed plasma
samples from a limited patient series, while Zhu et al[27]
quantified sHLA-G in a quite large cohort of patients
in serum that is not the recommended biological sample
(Table 2). Both authors did not genotype patients at the
germinal level to search for a possible phenotype correlation and/or to assess specific HLA-G alleles and genotypes related to CRC. No correlations were performed
with clinical outcome of CRC patients in terms of survival, disease relapse and response to therapy treatment. In
our opinion, detection of sHLA-G is not sufficient alone
and should be associated to genotyping of the gene, with
particular attention on the regulatory untranslated regions
that are susceptible to post translational modifications
such as methylation, transcription factors and miRNA
binding (Figure 1). Moreover, sHLA-G assay should be
standardized and defined by precise guidelines to improve
its clinical application. Recently, preliminary data that need
further investigations, showed that higher sHLA-G expression in mucor secretory vs non-mucosecretory CRC,
correlate with worse prognosis of patients[128].
A differential spontaneous sHLA-G secretion from
PBMC was reported in CD (high levels of the secrete
molecules) and a lack of sHLA-G in UC also after inflammatory stimulus by Lipopolysaccharide (LPS) activation[161] (Table 2). Conversely, opposite results were previously described analyzing HLA-G protein expression
by IHC in CD and UC biopsies, with higher expression
levels in UC and negative staining in CD samples[154] (Table 2). Subsequently, these controversial data were not
confirmed with novel studies. However, authors who
reported a lack of sHLA-G in UC[162], showed that immunosuppressive drugs influence the sHLA-G secretion
in UC and CD patients, stimulating its release in UC and
decrease it in CD[162] (Table 2). Halama et al[163], basing on
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the evidence that CRC patient prognosis is dependent on
the local immune contexture, characterized NK and T
cells localization and densities in primary CRC liver metastasis, adenomas and normal tissues. NK cells were rare
in tumor tissue independently of HLA class Ⅰ expression,
and also not depending from chemokine levels that
were rather elevated and correlated to T cells infiltration[163] Subsequently, for the first time Rocca et al[164],
characterized tumor-associated NK cells (TANKs), with
respect to autologous peripheral blood NK cells (PBNKs), from CRC patients, and compared the latter with
PB cells from healthy donors. Authors demonstrated an
altered phenotype for TANKs in CRC patients, with a
low expression of activating receptors and also with an
impaired degranulation and release of cytokines (IFN-γ)
capacity. It should be pointed that HLA-G evaluation
would be of interest in both these analysis, especially
considering recent data about sHLA-G role in impair NK
cells by (1) modulation of specific chemokine secretion
(CXCR3, CX3CR1, and CCR2); (2) functional inhibition
on CD94/NKG2A receptor; and (3) modulation of NK
chemokines and cytokines secretion[165].
Finally, the host-immune reaction could be the critical element in determining response to therapy, and the
effect on the immune response could be the underlying
factor behind many of the predictive markers[13]. In ovarian cancer, positive HLA-G cells from peritoneal and
pleural effusions decrease in number after chemotherapy
and this result correlates with improved survival of the
related patients[166]. These data suggest that HLA-Gexpressing cells are more susceptible to elimination by
the immune response or treatment[162,166].
On the opposite, IFN-α immunotherapy showed to
further increase circulating sHLA-G levels in melanoma
patients[30], thus in accord to the presence of ISRE element in the 5’UTR region[21]. It is of knowledge that
common therapies in cancer (chemotherapy and radiotherapy) have an impact on immune system[54], that could
be different depending from the therapy regiment, often
associated to different grades of toxicity and neutropenia[167]. A favourable prognosis correlated with TILs
in stage Ⅲ CRC patients treated by surgery alone (n =
851) or 5-fluorouracil (5-FU) adjuvant chemotherapy (n
= 305), was observed[168]. Moreover, high densities TILs
in metastatic liver lesions at the invasive margin revealed
strong association with chemotherapy efficacy and prognosis in advanced CRC patients[169,170]. These studies based
on infiltrating lymphocytes in correlation with therapy,
have provided the scientific basis to implement the concept of IS and, in the future, we hope that IS validation
will provide a well defined tool to assess CRC prognosis
and clinical outcome based also on patient treatment.
Due to HLA-G functional properties in the direct inhibition of cytotoxic and memory T lymphocytes, we stress
the possible association between IS and HLA-G (Figure 2)
and therefore patient prognosis.
Moreover, particular HLA-G haplotypes and/or genotypes and allelic variants could be identified as predictive
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genetic marker of response treatment, to better stratify
patients.
In particular, further investigations in large cohort of
patients are needed to define: HLA-G haplotypes, genotypes, and alleles frequencies and association with: (1) the
risk of CRC (possible distinctions comparing them with
those of UD and CD diseases); (2) the prognostic power:
relation with OS, DFS, and predictive value of response
to therapy; (3) plasma sHLA-G levels as predictive and
prognostic markers; and (4) genotype-phenotype correlations among soluble and HLA-G genotypes/alleles
(especially 5’UTR and 3’UTR nucleotide variations).
We suggest that HLA-G could represent a novel
prognostic immune biomarker with a prominent role in
inhibiting host immune response in CRC. We also suggest to assess an association with IS and HLA-G (Figure
2) to better characterize host immune response and complete the immune contexture overview in CRC patients.
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Core tip: Computed tomography colonography (CTC)
can be employed as a “one-stop-shop” examination
for preoperative assessment in patients with colorectal cancer (CRC). CTC is well accepted and tolerated
by patients and also accurate in the detection of significant colorectal lesions. In patients with CRC, CTC
defines the segmental location of the tumor and the
presence of synchronous lesions or lack thereof and
provides fairly accurate locoregional staging.

Abstract
In patients with colorectal cancer (CRC), accurate
preoperative evaluation is essential for a correct therapeutic plan. Colonoscopy and intravenous contrastenhanced computed tomography (CT) are currently
recommended in the preoperative work-up for CRC.
Preoperative colonoscopy has some limitations such
as misdiagnosis of synchronous cancers in cases of
incomplete exploration of the colon and inaccurate
tumor localization. Intravenous contrast-enhanced CT
successfully documents distant metastases although it
sometimes enables unsatisfactory locoregional staging.
Computed tomography colonography (CTC) is obtained
after gas insufflation of the colon and offers a comprehensive preoperative evaluation in patients with CRC,
including a definition of the segmental location of the
tumor, presence of synchronous lesions or lack thereof,
and fairly accurate locoregional staging. CTC has some
limitations, including a lack of biopsy capability, suboptimal sensitivity for synchronous small polyps, and unsatisfactory nodal staging. Bearing in mind these limitations, CTC could be employed as a “one-stop-shop”
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INTRODUCTION
In Europe, colorectal cancer (CRC) is the second most
frequent malignant neoplasia and the second most common cause of death from cancer[1]. Whereas in the United States, CRC accounts for the fourth highest incidence
of cancer and the fourth leading cause of cancer-related
deaths[2].
In European countries, the average relative five-year
survival rate for patients with CRC is 54%[3]. However,
patient prognosis and treatment largely depend on the
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Table 1 Computed tomography colonography scanning technique for a 64-slice scanner

Ⅳ contrast media

Patient position
Collimation
Tube voltage
Tube current
Tube rotation time
Pitch
Section width
Reconstruction increment

1

Preoperative CTC

Screening CTC

Yes
Prone (unenhanced), supine (portal phase)
32 mm × 0.6 mm
120 kV
140 eff mAs (unenhanced), 200 eff mAs (enhanced)
0.5 s
1.4
1 mm
1 mm

No
Supine, prone
32 mm × 0.6 mm
120 kV
50 eff mAs
0.5 s
1.4
1 mm
1 mm

1

Scan parameters for Sensation 64 (Siemens, Erlangen, Germany). CTC: Computed tomography colonography.

disease stage at initial diagnosis. Accurate preoperative
evaluation is essential for a correct therapeutic plan, including surgery (open or laparoscopic), radiotherapy or
chemotherapy. In particular, a preoperative work-up is
aimed to exclude the presence of synchronous cancers,
to evaluate local invasion, and to detect nodal and distant
metastases. Moreover, precise localization of the tumor
is essential for surgical treatment planning, especially in
the case of the laparoscopic approach.
A wide range of diagnostic tools is available to
study patients with CRC, including optical colonoscopy,
double contrast barium enema (DCBE), ultrasound (US),
computed tomography (CT), computed tomography
colonography (CTC), magnetic resonance (MR) and
positron emission tomography (PET)[3,4]. CTC potentially represents a comprehensive examination for preoperative evaluation of patients with CRC. In particular,
it is accurate in the detection of significant colorectal
lesions[5-7]; enables evaluation of the entire colon, even
in cases of obstructive lesions; and allows segmental localization of the tumor. At the same time, CTC permits
staging of extra-colonic tumor spread, both locoregional
and distant.
CRC may present with non-specific symptoms or
signs (rectal bleeding, change in bowel habits, abdominal
pain or anemia) or with acute bowel obstruction. Moreover, CRC may be discovered in asymptomatic subjects
as the result of screening with fecal occult blood test,
sigmoidoscopy, colonoscopy, or CTC. In all cases an
ultimate diagnosis is generally made by colonoscopy and
biopsy.
Herein, we shall review the technique, benefits and
limitations of CTC as a preoperative examination in patients with already diagnosed CRC.

CRC is usually obtained with a three-day low fiber diet
and the administration of a cathartic agent such as a
polyetilenglycole solution the day before the CTC examination. In frail or elderly patients, a reduced cathartic
preparation should be considered such as a three-day low
fiber diet and the administration of 13.8 g of macrogol
3350 (Movicol; Norgine, Milan, Italy) diluted in a glass
of water and given at the three main meals for three
days before the examination[9]. Fecal tagging should be
routinely used, as it improves colonic lesions detection
without noticeably affecting image quality after administration of intravenous contrast media[8]. Fecal tagging is
usually obtained with 50 mL of iodinated oral contrast
agent (Gastrografin; Bayer Schering Pharma AG, Berlin,
Germany) administered 2-3 h before the procedure.
Colonic distension should preferably be performed
using an automatic carbon dioxide insufflator [10], although the manual insufflation of room air is acceptable.
Before insufflation, if there are no contraindications, including hypersensitivity to the active principle, untreated
narrow angle glaucoma and prostatic hypertrophy with
urinary retention, we intravenously administer 20 mg of
scopolamine butylbromide (Buscopan; Boehringer Ingelheim Italia, Milan, Italy) to improve colonic distension[11].
In patients with stenosing lesions, insufflation should
be gradually performed and carefully monitored using
CT scout views, as the risk of perforation, although extremely low for CTC, could be increased[12].
The recommended scanning technique for preoperative CTC differs from that adopted for screening CTC,
including patient positioning, scan parameters concerning the delivered radiation dose and administration of intravenous contrast media (Table 1)[13]. In our institution,
for the preoperative evaluation of CRC, a preliminary
unenhanced acquisition is performed in a prone position. Then, a portal phase supine scan is performed 70 s
after the administration of contrast media[8]. The use of
a multi-phasic CT protocol after administering contrast
media may be chosen by the radiologist in specific clinical settings (e.g., patients with non-characterized liver
focal lesions). An arterial phase thoracic acquisition can
also be performed as part of staging, when appropriate.
All images are then transferred to a dedicated workstation, which allows visualization of two-dimensional
axial and multi-planar reformatted (MPR) images, three-

CTC TECHNIQUE
A state-of-the-art CTC examination requires adequate
bowel preparation, optimal colonic distension and proper scanning technique[8]. Moreover, in patients with diagnosed CRC, CTC must be performed with an administration of intravenous-iodinated contrast media, as it
allows extra-colonic organ evaluation, which is requested
in search of distant metastases[8].
Bowel preparation for CTC in patients with known
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dimensional endoluminal surface-shaded images (SSD)
and double-contrast-like reconstructions of the colon.

plete colonic distension was achieved in 83% to 100%
of the cases[24,30-32]. In a series of 174 patients with CRC,
McArthur et al[32] showed that all synchronous cancers
and 83.3% of synchronous polyps greater or equal to 10
mm were identified by CTC. Other studies with smaller
groups of patients reported that CTC depicted all synchronous cancers and had a sensitivity for polyps greater
or equal to 10 mm of 100%[24,30,31].
One study showed that CTC is technically feasible
and well tolerated also in patients with CRC presenting
with acute or subacute bowel obstruction[33]. Finally, a
study proved that CTC is a safe and useful method for
preoperative examination of the proximal colon after
metallic stent placement in patients with acute colon obstruction caused by cancer[34].
Overall, the above data indicate that CTC, despite
its limitations, should be the examination of choice to
complete colonic examination after incomplete colonoscopy in patients with CRC (Figure 1), as it reliably
detects synchronous cancers and polyps, allowing surgical removal of cancer and/or post-operative endoscopic
polypectomy.

DIAGNOSIS OF SYNCHRONOUS
CANCERS
An important issue regarding patients with CRC is the
occurrence of synchronous cancers (SC), which are
reported in 2%-11% of the cases[14-16]. A search for SC
is routinely performed during open surgery for CRC,
but intra-operative palpation of the colon can miss up
to 69% of SC[17]. Moreover, in case of the laparoscopic
approach to CRC, the surgeon cannot explore the entire colon in a search for simultaneous lesions. Missed
diagnosis of SC can lead to increased morbidity and
progression of CRC to a more advanced stage [18]. In
fact, preoperative identification of SC implied a more
extended colonic resection in 11%-44% of cases [18].
Because patients undergoing preoperative conventional
colonoscopy have fewer local recurrences, fewer distant
metastases and a longer disease-free survival time[19], full
preoperative colonic evaluation with colonoscopy should
always be performed in patients with CRC.
In case of incomplete colonoscopy due to an insuperable stenosing cancer or other causes (e.g., inadequate
bowel preparation, anatomic variants, fixed colon segments, patient’s intolerance to the procedure), endoscopic diagnosis of synchronous lesions may be precluded.
A recent study showed that advanced neoplasia could
be missed in up to 4.3% of patients during incomplete
colonoscopy, suggesting that further colonic evaluation
is mandatory in these cases[20]. To complete evaluation of
the colon, radiological examinations can be performed,
such as double-contrast barium enema (DCBE) and
CTC.
A multi-centric randomized trial comparing diagnostic performance of DCBE and CTC in patients with
suspected CRC clearly showed that diagnostic accuracy
of DCBE for CRC is not satisfactory[21]. In particular,
barium enema missed 12 of 85 cancers [21]. However,
CTC showed a sensitivity for cancer and adenomas
larger than 10 mm comparable to colonoscopy, namely
96.1%[5] and 84%-92.2%[6,7]. Moreover, CTC is well tolerated by patients[22], and its complications are exceedingly
rare [12]. However, CTC has some limitations. It does
not allow the biopsy or removal of discovered lesions,
precluding histological diagnosis. Moreover, its sensitivity for intermediate polyps (6-9 mm) is lower than that
of colonoscopy, namely 70%, and even worse, 48%, for
diminutive lesions (< 5 mm)[23]. In fact, small polyps can
be overlooked by preoperative CTC.
Several studies showed that CTC represents a valuable tool to evaluate the proximal colon after incomplete
colonoscopy[24-28], and the American Gastroenterologists
Association (AGA) recognized that CTC is indicated for
adults with failed colonoscopy[29]. Several studies evaluated the role of CTC in patients with CRC and incomplete
colonoscopy. In patients with CRC, a CTC with com-
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TUMOR LOCALIZATION
Tumor localization is another significant issue of preoperative work-up for CRC, especially in the case of the
laparoscopic approach. Laparoscopic surgery for CRC
is increasing in clinical practice as it showed comparable
results to those of open surgery in randomized trials[35].
Accurate preoperative localization is fundamental in
laparoscopy-assisted colectomy because the colon cannot be palpated during the procedure and the lesion may
not be apparent on the serosal surface, adding the risk
of removing the wrong colonic segment[36].
Precise endoscopic localization of the tumor can be
challenging as anatomical landmarks may not be readily apparent at colonoscopy and often only the distance
from the anal verge is recorded. The endoscopist can
also be confounded by the presence of a redundant
colon or anatomic variants. In fact, studies showed that
colonoscopy has a suboptimal accuracy in locating the
tumor, which can be incorrect in 14%-21% of the cases[37,38], especially in the sigmoid and descending colon[37].
Other techniques can be used to precisely localize
colonic lesions, such as barium enema, CTC, endoscopic
tattooing, and intraoperative colonoscopy[39].
As DCBE is a suboptimal tool to detect CRC, its
usefulness for tumor localization is questionable. Moreover, DCBE does not clearly show the position of the
various colonic segments in the three dimensions leading to potential errors, especially in the transverse and
sigmoid colon. CTC clearly demonstrates the involved
colonic segment, the length of tumor extension and its
relationship with adjacent organs, vascular structures and
peritoneal spaces. On 94 patients with CRC, the accuracy
of CTC for tumor localization was 94.7%[39]. In 65 patients with CRC, the sensitivity and specificity of CTC in
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Figure 1 Computed tomography colonography performed in an 83-year-old female with incomplete colonoscopy due to stenosing adenocarcinoma of
the sigmoid colon. Computed tomography colonography (CTC) identified three other synchronous colonic tumors confirmed as adenocarcinomas at surgery. CTC
endoluminal and axial source images are shown. A, B: Distal stenosing lesion of the sigmoid (arrowhead); C, D: Proximal stenosing lesion of the sigmoid (arrow and
arrowhead); E, F: Vegetating lesion of the transverse colon (arrow and arrowhead); G, H: Stenosing lesion of the right flexure (arrowhead).

determining the location of colonic masses were found
to be 100% and 96%, respectively, whereas colonoscopy
failed to precisely localize the tumor in 24% of cases[40].

results have been reported with staging accuracy, ranging from 48% to 77%[42]. CTC potentially represents a
comprehensive examination for CRC staging, as it allows
for the evaluation of the inner and outer colonic wall (T
stage), pericolonic lymph nodes (N) and distant metastases (M) (Figure 2).
Several studies evaluated accuracy of CTC for T and
N staging of CRC[42-47]. Because CT cannot discriminate
the different bowel wall layers, a simplified T staging system has been proposed for CTC reports with a grouped
T1/T2 category for lesions confined to the bowel wall,
T3 category for lesions invading subserosal fat and T4
category for cancer invading adjacent organs[42].
To distinguish T1/T2 from T3 cancers, both colonic
wall deformity and lesion outer borders should be considered. As suggested by Utano et al[44], intestinal wall

CANCER STAGING
Treatment of CRC depends on the preoperative assessment of disease extension. Colorectal carcinomas are
clinically staged using the TNM system established by
the American Joint Committee on Cancer (Table 2)[41].
Chest and abdominal CT is recommended for the preoperative staging of CRC by the European Society of
Medical Oncology[3] and by the American College of Radiology[4], with the exception of rectal cancer, for which
magnetic resonance is more accurate for T staging. Although CT is the examination of choice, disappointing
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A

B

C

Figure 2 Stenosing adenocarcinoma of the sigmoid colon. A: A Computed tomography colonography (CTC) oblique coronal reconstructed image depicts the
lesion (arrowhead) and its nodular infiltrating margins in pericolonic fat (arrow); B: An endoluminal CTC image better shows lobulated inner borders (arrows) of the lesion; C: A surgical specimen from left hemicolectomy shows the stenosing lesion with its lobulated inner borders (arrows).

A

B

C

Figure 3 Computed tomography colonography of a T2 vegetating lesion of the sigmoid colon. A: A Computed tomography colonography (CTC) SSD reconstructed image shows a trapezoid type wall deformity of the sigmoid colon (arrowhead); B: A CTC endoluminal image demonstrates that wall involvement is less than
50%of luminal circumference. C: A CTC sagittal reconstructed image shows that the lesion (arrow) has sharp margins.

A

B

C

Figure 4 Computed tomography colonography of a T3 stenosing lesion of the descending colon. A: A Computed tomography colonography (CTC) SSD reconstructed image shows an apple-core type wall deformity of the descending colon (arrowhead); B: A CTC endoluminal image demonstrates that wall involvement is
more than 50% of the luminal circumference; C: A CTC axial source image shows that the lesion (arrowhead) has nodular infiltrating margins.

mity involving more than 50% of the circumference of
the lumen. The arc or trapezoid type is associated with
T1/T2 cancers (Figure 3), whereas the apple-core type
is associated with T3/T4 (Figure 4). In a series of 246
patients with CRC, the sole evaluation of wall shape deformity, as described above, showed an overall accuracy
for T staging of 79%[44]. With a similar classification of

deformity associated with CRC and observed on SSD
reconstructions can be classified into arc type, trapezoid type, and apple-core type. Arc type is defined as
a smooth concave wall deformity, trapezoid type is defined as a square-like irregular wall deformity involving
less than 50% of the circumference of the lumen, and
apple-core type is defined as a trapezoidal wall defor-
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Table 2 TNM staging of colorectal cancer

1

Stage

Description

Primary tumor (T)
T1
T2
T3
T4
Regional lymph nodes (N)
N0
N1
N2
Distant metastases (M)
M0
M1

Tumor invades submucosa
Tumor invades muscularis propria
Tumor invades through the muscularis propria into the subserosa, or into the non-peritonealized pericolic tissues
Tumor directly invades other organs or structures and/or perforates the visceral peritoneum
No regional lymph node metastases
Metastases in 1-3 regional lymph nodes
Metastases in ≥ 4 regional lymph nodes
No distant metastases
Distant metastases

1

American Joint Committee on Cancer (AJCC).

A

B

Figure 5 Computed tomography colonography of a T3 N2 stenosing computed tomography colonography of the descending colon. A: A Computed tomography colonography (CTC) sagittal reconstructed image shows the lesion (arrow); B: A CTC sagittal reconstructed image demonstrates four subcentimetric perivisceral
lymph nodes (arrowheads).

staging may be unsatisfactory because the presence of
regional lymph-node metastases represents an important
indication for adjuvant chemotherapy, and up to 30% of
node-negative patients eventually develop distant metastases, possibly as a consequence of lymph-node micrometastases[49].
It has been emphasized that the use of MPR images[45], and in particular of true axial images along the
short axis of the colonic segment[50], improves the depiction of the outer margins of the lesion, of the relationships with adjacent organs and of regional lymph nodes,
leading to more accurate T and N staging.
Finally, similar to standard contrast-enhanced abdominal CT, CTC with intravenous contrast administration allows for the identification of liver metastases
(Figure 6), retroperitoneal or iliac lymph node enlargement, and the presence of peritoneal carcinosis (Figure
7). Moreover, scans conducted at the level of the lower
pulmonary lobes can identify lung metastases.

wall deformity, an accuracy of 77.6% was reported in
another study[43].
Colonic wall outer margins should also be evaluated
to distinguish T1/T2 from T3 cancers. Rounded or nodular advancing margins in perivisceral fat are considered
an expression of a T3 stage cancer[42]. The presence of
spiculations within the fat is not universally considered
a sign of pericolonic fat invasion, as spiculations can be
caused by inflammatory reactions and extramural fibrosis[48]. Direct invasion or absence of a fat cleavage plane
from an adjacent organ indicates a T4 stage cancer. Using the above-mentioned criteria, the overall accuracy of
CTC for T staging ranged from 66% to 95%[42-47].
The identification of nodal involvement with CT is
limited by the use of dimensional and other morphological criteria, such as clustering. In particular, as proposed
by Filippone et al[42], N1 stage can be assumed on CTC
if a cluster of three nodes is present, independent of
their size, or if fewer than three lymph nodes are present, with at least one of the nodes measuring 10 mm
or more in the long axis. In stage N2 neoplasms, more
than three perivisceral lymph nodes are identified, regardless of their size (Figure 5). Using these criteria, the
overall accuracy of CTC for N staging ranged from 70%
to 85%[42-47]. Notably, the accuracy of CTC for nodal
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CONCLUSION
CTC is a reliable technique to define the precise segmental location of CRC, to establish the presence of
synchronous cancers and polyps greater than 10 mm,
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A

B

Figure 6 Computed tomography colonography of T3 M1 rectal cancer. A: A sagittal reconstructed image shows the rectal tumor (arrow) and a hepatic metastasis
appearing as a hypoattenuating focal lesion (arrowhead); B: An axial source image demonstrates that the metastatic lesion is located in the third hepatic segment (arrowhead).

A

B

Figure 7 Computed tomography colonography of a T3 M1 stenosing Computed tomography colonography of the transverse colon. A: A Computed tomography colonography (CTC) axial source image shows the lesion (arrow); B: A CTC axial source image depicts marked omental thickening (arrowheads) consistent with
peritoneal carcinosis.

and to perform a fairly accurate tumor staging. These
factors notwithstanding, CTC has some limitations, including a lack of biopsy capability, suboptimal sensitivity
for synchronous small polyps, and unsatisfactory nodal
staging. Bearing in mind these limitations, CTC could be
employed as a “one-stop-shop” examination for preoperative assessment in patients with CRC.
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Proteomics for discovery of candidate colorectal cancer
biomarkers
Paula Álvarez-Chaver, Olalla Otero-Estévez, María Páez de la Cadena, Francisco J Rodríguez-Berrocal,
Vicenta S Martínez-Zorzano
ies have been conducted to find new candidate protein
biomarkers for diagnosis, prognosis and as therapeutic
targets for this malignancy, as well as to elucidate the
molecular mechanisms of colorectal carcinogenesis. An
important advantage of the proteomic approaches is
the capacity to look for multiple differentially expressed
proteins in a single study. This review provides an
overview of the recent reports describing the different
proteomic tools used for the discovery of new protein
markers for CRC such as two-dimensional electrophoresis methods, quantitative mass spectrometry-based
techniques or protein microarrays. Additionally, we will
also focus on the diverse biological samples used for
CRC biomarker discovery such as tissue, serum and
faeces, besides cell lines and murine models, discussing
their advantages and disadvantages, and summarize
the most frequently identified candidate CRC markers.
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Core tip: Proteomics is an important tool for the identification of candidate cancer biomarkers since it allows
the simultaneous analysis of multiple differentially expressed proteins in a single study. This review provides
an overview of recent reports focused on the different
proteomic tools used for the discovery of candidate
protein markers for colorectal cancer (CRC), such as
two-dimensional electrophoresis methods, quantitative
mass spectrometry-based techniques or protein microarrays. We also emphasize the use of different samples
including cell lines, murine models, clinical samples as
tissue, serum or faeces, for CRC biomarker discovery,
discussing their advantages and disadvantages, and
finally summarize the candidate CRC markers most fre-

Abstract
Colorectal cancer (CRC) is the second most common
cause of cancer-related deaths in Europe and other
Western countries, mainly due to the lack of wellvalidated clinically useful biomarkers with enough
sensitivity and specificity to detect this disease at early
stages. Although it is well known that the pathogenesis
of CRC is a progressive accumulation of mutations in
multiple genes, much less is known at the proteome
level. Therefore, in the last years many proteomic stud-

WJG|www.wjgnet.com

3804

April 14, 2014|Volume 20|Issue 14|

Álvarez-Chaver P et al . Proteomics for discovery of CRC biomarkers

responsible for the phenotypes of cells, therefore it is
impossible to elucidate mechanisms of disease solely by
studying the genome. Proteomics is the large-scale study
of proteins to comprehensively map biological processes
such as the molecular mechanisms of carcinogenesis[7].
The proteome is more complex than the genome due
to alternative transcription initiation, alternative splicing,
RNA editing, proteolytic processing and post-translational modifications (phosphorylation, glycosylation, etc.),
among others. Therefore, the knowledge of the human
proteome is an extraordinary challenge. Proteomics can
be defined as the discipline that includes the set of methodologies used for the large-scale study of a proteome, i.e.
the set of proteins in an organism, a cell or any biological
system, in a given time and under certain conditions. It
should be noted that proteomics does not focus exclusively on the identification and quantification of these
proteins, but also in the study of their location, their
modifications, their interactions and their functions.
Proteomic studies generate large protein databases
and an expanding list of candidate protein markers that
are differentially expressed in CRC patients, identified using two-dimensional electrophoresis (2-DE) and two-dimensional differential in-gel electrophoresis (2D-DIGE)
techniques[8]. As an alternative to 2-DE and 2D-DIGE,
proteomic studies have also employed the technique of
direct expression profiling of tumour and normal tissue
by surface-enhanced laser desorption/ionization timeof-flight mass spectrometry (SELDI-TOF-MS) or by
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS)[9]. With these approaches, the reproducible spectra profiles of tumour and
normal tissue are used to generate classification models.
More recently, the technique of choice is the LC-MS/MS
(liquid chromatography-tandem mass spectrometry), as it
is more rapid and sensitive. With this methodology, commonly referred to as shotgun analysis, proteins from a
complex mixture are collectively in-solution digested and
the resulting complex mixture of peptides is separated by
high-performance liquid chromatography (HPLC). Then,
chromatographic fractions are introduced directly into a
sensitive tandem mass spectrometer capable of isolating
and fragmenting individual peptides. Protein identification is performed at the level of peptide fragmentation
patterns acquired during tandem MS, which are indicative
of the amino acid sequence.
Briefly, in this review we provide an overview of
recent reports describing the different proteomic techniques used and the diverse biological samples employed
for the discovery of new candidate protein markers for
CRC.

quently identified.
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INTRODUCTION
Colorectal cancer (CRC) is the second most frequently
diagnosed cancer and the second most common cause of
cancer-related deaths in Europe and other Western countries[1]. This is mainly due to the lack of well-validated and
clinically useful biomarkers with adequate sensitivity and
specificity to detect this disease at early stages. Over the
last two decades CRC survival rates have barely changed,
with more than 50% of the patients having regional or
distant metastasis at the time of presentation[2].
However, CRC is potentially curable if detected early
before the development of metastasis. After the surgical
resection of a tumour that is still localized to the colon or
rectum (Duke’s stage A) patients have a 5-year survival rate
of more than 90%. Contrarily, patients with Duke’s stage
D cancer, where the tumour has spread to other organs,
have a 5-year survival rate of less than 10%[2]. Nowadays
it is well known that the pathogenesis of CRC is a progressive accumulation of mutations in multiple genes
such as APC, KRAS and p53[3]. CRC development is a
multi-step process that usually spans about 5-10 years,
which offers a period of several years to detect the tumour in an early stage and to interfere with the natural
course of the disease[4].
Early detection of CRC can therefore significantly
reduce the mortality for this malignancy. However, current screening methods including faecal occult blood test
(FOBT), sigmoidoscopy, colonoscopy and virtual computed tomography scanning either lack the required sensitivity and specificity or are costly and invasive[5]. Some
biomarkers such as the circulating carcinoembryonic antigen (CEA) levels and tumour-associated gene mutations
have only shown some prognostic or predictive value. In
particular, the KRAS mutation has been proposed as a
marker of probable failure of epidermal growth factor
receptor (EGFR)-targeted therapy[6]. In patients with metastasis, for whom no curative options remain, therapies
include the combination of traditional chemotherapy
with the use of new drugs. There is therefore an urgent
need for developing new screening tests and identifying
new biomarkers to diagnose, predict, and monitor the
progress of CRC, and eventually find more efficient drug
targets for this disease.
Following the genomics revolution, recent technological advancements allow the proteomic analyses of
complex protein mixtures. Proteins, not only genes, are
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Proteomic techniques for
Colorectal Cancer Biomarker
Discovery
The analysis of the proteome changes between normal
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Tissue, serum, cells, secretome, etc

Protein extraction
Gel-based proteomics

Gel-free proteomics
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Antibody microarray
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Figure 1 Schematic representation of the principal workflows used in proteomics for colorectal cancer biomarker discovery. Please note that for both gel-based
and gel-free proteomics only one of the quantification methods is shown. DE: Dimensional electrophoresis; 2D-DIGE: Two-dimensional differential in-gel electrophoresis;
SELDI: Surface-enhanced laser desorption/ionization; MALDI: Matrix-assisted laser desorption/ionization; TOF: Time of flight; MS: Mass spectrometry.

and diseased samples is known as comparative proteomics and is fundamental for the discovery of candidate cancer biomarkers. This area of proteomics employs
the techniques described below and the workflows outlined in figure 1.

trometer. Among the differentially expressed proteins
they identified low abundant proteins and proteins with
extreme pH, which were previously not detected in 2-D
gels. In another study, a lectin affinity-based approach
followed by the same proteomic strategy (SDS-PAGE
coupled to LC-MS/MS) was employed to detect differentially expressed secreted proteins in the secretome (conditioned media) of cultured paired normal and CRC tissues.
EGF-containing fibulin-like extracellular matrix protein 2
(EFEMP2) was found up-regulated and was further validated by immunohistochemistry (IHC) at tissue level and
enzyme-linked immunosorbent assay (ELISA) at serum
level. The expression level of EFEMP2 was dramatically
increased in CRC patients, even at early stages. Moreover,
the diagnostic accuracy of EFEMP2 was superior to that
of CEA, with an area under the receiver operating characteristic curve of 0.923 and 0.728, respectively. These
authors concluded that EFEMP2 is a promising serum
biomarker for the early detection of CRC[13].

1-D electrophoresis
For many proteomic applications, 1-D electrophoresis
(1-DE) is the method of choice to resolve protein mixtures. Proteins are solubilised in sodium dodecyl sulphate
(SDS) and then separated on the basis of their molecular
weight (MW). This technique is simple to perform, is
reproducible, and can be used to resolve proteins with
molecular masses ranging between 10 and 300 kDa[10].
Due to its limited resolving power, the most common
application of 1-DE is the characterization of proteins
after a purification procedure[11]. Nowadays, it is also often employed to carry out the digestion of samples to be
analysed by LC-MS/MS because it is more effective than
in-solution digestion. For example, Lim et al[12] employed
SDS polyacrylamide gel electrophoresis (PAGE) to overcome the limitation of two-dimensional (2-D) electrophoresis for resolving extreme acidic, basic, or membrane
proteins. In their study, the protein bands were subjected
to in-gel digestion and protein analysis was performed
using electrospray ionization (ESI) ion trap mass spec-
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2-D electrophoresis
Although 2-DE is commonly described as a laborious
technique with low throughput that requires a relatively
large amount of sample, its capability to separate thousands of proteins in a single analysis made it a major
player in the profiling of protein expression in cancer
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and the core technology for protein separation prior MS
characterization. In fact, this procedure offers a good
resolution because it combines two types of gel electrophoresis techniques: isoelectric point (pI)-based protein
separation by isoelectric focusing (IEF) and MW separation by SDS-PAGE.
Traditionally, a comparative proteomic study involves
the extraction of the protein content from the samples
(tissue, serum, cells, etc.) in an appropriate lysis buffer, the
separation of samples on 2-D gels, the staining of gels
with a protein stain such as Coomassie brilliant blue, silver nitrate or SYPRO, the acquisition of images and the
matching of protein spots using a statistical package[14]
such as Melanie, PDQuest or Progenesis Samespots.
These analyses generate two master 2D maps, one for
the healthy samples and another one for the pathological samples. Subsequent analyses with the same software
compare the two maps to detect proteins which are present in greater or lesser quantities in one of the samples.
Then, differentially expressed proteins are excised and
subjected to in-gel digestion with trypsin for MS identification in protein databases.
Using 2-DE, often referred to as gel-based proteomics, protein isoforms and variants expressed by a
biological system (tissue, cells, etc) may be displayed, allowing the visualization of different phenotypes[15,16].
However, it is clear that classical 2-DE has several limitations. For example, proteins that are low-abundant, or
have a MW lower than 10 kDa or higher than 150 kDa,
as well as those with very basic pI values, are seldom
detected using conventional gels. Moreover, insolubility
precludes the penetration inside the gels of hydrophobic or membrane-associated proteins that are of special
interest in the biomarker discovery field. However, since
its development in the 1970s as the first approach to
separate complex protein mixtures, the role of 2-DE in
the proteomics workflow has been well preserved due to
the emergence of new methodologies and protocols that
overcome its limitations. In 1975 the first buffer for protein solubilisation was introduced, but the proposed procedure was not very suitable for membrane-associated,
alkaline or hydrophobic proteins separation[14]. To perform a complete protein solubilisation several additives
must be included in the buffers, such as chaotropes (urea,
thiourea) to prevent protein aggregation, detergents (Triton x 100 or CHAPS) to increase the solubility of certain
proteins, and reducing agents such as dithiothreitol (DTT)
to reduce disulphide bonds. After disulphide links reduction, the newly produced free sulphidryl groups must be
protected by alkylation, being iodoacetamide (IAA) the
alkylating reagent most compatible with 2-DE. Moreover,
sample solubilisation can be improved by procedures
such as agitation and ultra-sonication[17].
Using gel-based proteomics, many studies have been
carried out in order to find new CRC biomarkers. Among
the most recent we can highlight the work of Chen et al[18]
who found an overexpression of alpha-enolase, the heat
shock protein HSP27 and macrophage migration inhibi-
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tory factor (MIF) in tumour tissue of CRC patients with
low preoperative serum CEA. They corroborated that
serum alpha-enolase and MIF were significantly overexpressed in those patients, improving the diagnosis of
primary CRC when combined with the determination
of preoperative CEA levels. Other examples of 2D gelbased discovery studies that have yielded novel candidate
CRC serum markers include S100A8 and S100A9[19], and
desmin[20].
Besides comparisons between normal and tumourderived tissues, several 2D gel studies have analysed metastatic and non-metastatic CRC tissues and have validated
candidates for CRC markers using IHC and functional
analyses in cell lines and mouse models. Zhao et al[21] performed a comparative proteomic analysis to show that
Rho GDP-dissociation inhibitor (RhoGDI) is markedly
up-regulated in metastatic CRC, validating the result
by Western blot in tissue and cells and by IHC in 126
pathologically characterized CRC cases. RhoGDI was
shown to correlate with tumour invasion, lymph node
metastasis and clinical stage. Authors also demonstrated
that the transfection of the RhoGDI gene in HT29 cells
with low levels of this inhibitor resulted in an increase in
cell proliferation and motility in vitro. In another similar
study, the same authors showed that gene transfectionmediated overexpression of LIM and SH3 domain protein 1 (LASP-1) in SW480 human colon adenocarcinoma
cells resulted in an aggressive phenotype of cancer cells
and promoted cancer growth and metastasis[22]. More
recently, using 2D serum proteome analysis combined
with MS, transthyretin (TTR) was also identified by these
authors as a specific marker of CRC metastasis[11]. Other
CRC tumour markers, which have been widely studied
by our group through the use of 2D technology, are the
proteins clusterin[23] and nucleoside diphosphate kinase A
(NDK A)[24].
As we have mentioned above, many proteomic studies from the past 10 years have focused on the comparison of colorectal tumour and adjacent normal mucosa
tissues. These analyses predominantly employed 2D gel
separation of total tissue lysates which limit the loading
amount of sample, restricting the analysis to the more
abundant proteins that mask minor proteins that could
be interesting as possible CRC marker candidates. In an
attempt to identify less abundant CRC proteins, few studies have combined more targeted approaches with 2-DE,
including studies focusing on membrane proteins[25,26]
or basic proteins[27,28]. Despite these targeted attempts,
the analyses still are largely limited to abundant proteins
that are found overexpressed in several tumours, such
as structural proteins, glycolytic enzymes or heat shock
proteins. In serum 2D analysis, the previous depletion
of albumin and IgG, which account for more than 60%
of the total serum proteins, may result in the loss of potentially important proteins bounded to them. Therefore,
sample preparation improvements like sonication before
the depletion and desalting steps allowed the detection
of valuable, low abundant proteins in serum of CRC
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patients[11]. Other improvements of 2-DE were the introduction of new gels which can separate proteins with
extreme pI values and/or make use of narrow range
pH gradients for increased resolution, as well as the use
of improved pre-fractionation strategies. Consequently,
2-DE remains as a pivotal methodology for the display
of an extensive image of a complex mixture of proteins.

of 132 CRC cases revealed that EB1 was overexpressed
in tumour cells and was correlated with poor prognosis.
Therefore, they proposed EB1 as a candidate biomarker
and therapeutic target for CRC. In another study, the
proteomic analysis of six paired normal and CRC tissues by 2D-DIGE and MALDI-TOF-MS showed two
markedly down-regulated proteins, which were identified
as cytoplasmic carbonic anhydrase Ⅰ and Ⅱ and whose
changes were further validated by IHC and Western blot.
The down-regulation of these enzymes is an early event
in colorectal carcinogenesis, but is not correlated with
lymph node metastasis[33]. More recently, Zhou et al[34]
showed that overexpression of carbonic anhydrase Ⅱ
remarkably suppressed tumour cell growth both in vitro
and in vivo. Using the Caco-2 cell line, an in vitro model to
study colorectal carcinogenesis, our research group identified the translationally-controlled tumour protein (TCTP)
and the transforming growth factor-β-induced protein
ig-h3 (TGFβ1p), among others, as candidate biomarkers
for CRC[35]. Grandjean et al[36] used the new methodology
of sequential immunoaffinity depletion-differential in gel
electrophoresis (SID-DIGE), that allowed the efficient
screening of sera for the identification of autoantibodies
as candidate biomarkers. The identification of autoantibodies is based on the characterization of tumour-associated antigens against which they are directed. Among
the 25 tumour-associated antigens identified, 7 were also
detected using the conventional SERPA (serological proteome analysis) technique, validating their new approach.
The identification of the additional 18 autoantibodies
proved the potential of this new method.

Differential in-gel electrophoresis
An exciting advance in 2-DE, which improved the speed
and reproducibility of conventional 2-DE, was introduced by Unlü et al[29]. This technology is called differential in-gel electrophoresis (DIGE). Basically, different
protein samples (healthy vs pathological, for example) are
labelled on lysine side chains with succinimidyl esters of
propyl-Cy3 and methyl-Cy5, two fluorophores that emit
light at different wavelengths (Figure 1). An internal standard is prepared by pooling equal amounts of samples,
labelled with a third dye (Cy2). The protein samples are
mixed prior to separation and loaded onto the 2D gel
together. After electrophoresis, the 2-D pattern is visualized by imaging the gel with a fluorescence scanner by sequential excitation of the fluorescent dyes. Three images
are obtained, which are combined to identify pattern differences. Because the samples run together, differences
in gel preparation, running conditions and local gel structure are eliminated, making this technique of great utility
for biomarker studies. However, 2D-DIGE also has its
drawbacks: fluorescent labels are less sensitive than both
SYPRO dyes and silver staining, proteins differ in their
labelling efficiency, and the technique is relatively expensive compared to silver or Coomassie staining of gels.
Using 2D-DIGE, proteome analysis of membrane
fractions in colorectal carcinomas revealed several proteins with an altered expression[26]. Among them, annexins (A2, A4, A5 and A7), lamin B, calponin 1 and voltagedependent anion channel (VDAC) were analysed by IHC
using tissue microarrays. Authors proposed annexin A2,
annexin A4 and VDAC as candidate markers for colorectal cancer diagnosis and, presumably, also for therapy.
More recently, Ma et al[30] used 2D-DIGE coupled with
MS to screen for biomarker candidates in the serum proteome of CRC patients and healthy donors. They identified and validated transaldolase 1 and thyroid receptor
interactor as CRC-associated serum biomarkers. Sawhney
et al[31] demonstrated the compatibility between the subcellular fractionation by laser microdissection (LMD)
of human colon tissue and 2D-DIGE. They observed
a greater coverage of proteins from very small amounts
of micro-dissected material. Sugihara et al[32] compared
the proteome of normal colorectal epithelial tissues with
that of the tumour in 59 CRC patients using 2D-DIGE.
They found a higher expression of 110 protein spots and
focused on the adenoma polyposis coli-binding protein
(EB1). This protein was originally discovered as a binding
protein of the tumour suppressor gene product APC, and
had been associated with poor prognosis in several malignancies but not in CRC. Immunohistochemical analysis
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Protein microarrays
Using protein microarrays, the simultaneous analysis
of different proteins is performed in one single experiment, allowing the study of the protein identity, quantity,
interaction and function. There are two types of protein
arrays: forward-phase protein arrays and reverse-phase
protein arrays.
For forward-phase protein microarrays (also known
as capture arrays), the elements of the array are capture
molecules (antibodies, proteins, nucleotides or aptamers),
each binding specifically to a particular protein. Antibody
arrays are the most common, and use antibodies immobilized on a solid surface or membrane to specifically
interact with the proteins of interest. For the detection,
samples can be labelled with different fluorophores like
in 2D-DIGE (figure 1), allowing two possible samples
to undergo the same treatment for comparison[37]. This
technology has started to be implemented extensively in
cancer research. For example, Ellmark et al[38] prepared
a cell suspension from a colorectal tumour containing
a mixed population of cells which was captured on an
antibody microarray. Cancer cells were detected using a
fluorescently tagged antibody for carcinoembryonic antigen (CEA-Alexa647) or epithelial cell adhesion molecule
(EpCAM-Alexa488). Using this multiplexing procedure,
authors found a differential expression of CD45, CD71
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and CEA in cancer cells, among others proteins.
In a reverse-phase protein microarray, the samples
are immobilized on the surface or membrane and antibodies are then be applied to the array to detect specific
epitopes, protein sequences or structures[37]. For example,
Oliveira et al[39] used tissue microarrays and found that
NDK A protein expression was higher in tumour tissue
of CRC patients than in adjacent non-neoplastic mucosa.
In another study, serum CRC biomarker candidates Apolipoprotein AI (Apo A1) and C9 complement component
(C9) were selected by liquid chromatography (LC) and
MS, and then validated using a reverse-phase protein microarray[40].
Currently, antibody microarrays are attracting considerable attention in cancer biomarker discovery. Several
aspects of microarray technology make it well suited to
cancer research because of the low-volume requirements
and its multiplexed detection capability that make optimal
use of precious clinical samples. These assays are rapid
and highly amenable to automation, which makes them
ideal for biomarker studies[41]. For a review of array-based
detection of serum autoantibodies in CRC the reader
is referred to Tan et al[42]. In addition, the equipment of
SPR (Surface Plasmon Resonance) is now available for
the analysis of protein microarrays, allowing the study of
interactions and the identification by MS of ligands of
interest. A protein array variant vastly used in the search
for new biomarkers for CCR is the technique named
Surface-Enhanced Laser Desorption/Ionization TimeOf-Flight Mass Spectrometry (SELDI-TOF-MS). It is a
widely used technology platform for biomarker discovery
in tissue, plasma and serum, though it is most commonly
associated with the development of serum-based markers. SELDI-TOF-MS combines two powerful technologies, chromatography and MS, and consists of solid
supports or chips made of aluminium or stainless steel
coated with specific chromatographic surfaces, including reverse phase, anionic exchange, cationic exchange
and immobilised metal affinity surface. In the case of
serum samples, the prefractionation technique called ProteoMiner™ (Bio-Rad Laboratories, Hercules, CA, United
States) is widely used prior to the analysis by SELDITOF-MS due to the presence of a wide range of protein
concentrations.

of the proteomic studies aimed at the search of new tumour markers was firstly the separation of the proteins
in the sample using 2-DE or 2D-DIGE to compare the
proteome between healthy and tumour tissues and, secondly, the removal of the spots of interest from the gel
for the subsequent identification by SELDI/MALDITOF-MS[44]. However, as an alternative to 2-DE and 2DDIGE, most of the proteomic studies in the last three
years have employed another technique of MS to carry
out studies of differential expression between samples
from healthy individuals and patients: the liquid-chromatography coupled to tandem mass spectrometry (LCMS/MS). This methodology allows performing a previous separation of the peptides typically in a reverse phase
chromatographic column. As the LC equipment is usually
connected on-line to the mass spectrometer, the fractions
obtained after the chromatography enter successively
in the mass analyser, allowing the one by one slicing of
the peptides present in the sample. This analysis can be
performed with digested bands from a 1-D gel, with digested spots from a 2-D gel or with a complex mixture
of proteins not previously separated so that the peptides
from different proteins are mixed after digestion. This
latter type of analysis is known as shot-gun proteomics
or multidimensional protein identification technology
(MudPIT). However, prior to the MS analysis, it is necessary to perform two independent chromatographic separations in different conditions to resolve the complexity
of the sample. In addition, mass spectrometers used for
this type of studies have great resolution and sensitivity,
obtaining a much higher number of proteins identified
compared to that obtained with classical proteomic studies based on 2-DE or 2D-DIGE[45]. Several authors have
described the advantages of this technology in comparison with gel-based proteomics. For example, the proteasome activator complex subunit 3 (PSME3), an intracellular CRC-associated protein, was identified in a 2D gelbased study comparing normal and cancer tissues. This
candidate was then selected for follow-up analysis by
immunoblotting[46]. One year later, in a second study of
the same authors, PSME3 was validated as a novel CRC
serum marker using MS[47]. This new study detailed the
technical advantages of the mass spectrometry-based approach for relative quantification of protein abundance,
as compared to the traditional image analysis approach.
Importantly, PSME3 up-regulation would have been
missed by image analysis because this protein was masked
by another co-migrating high-abundant protein, annexin
A4. As another interesting example, Thierolf et al[48] analysed the same paired normal and CRC tissues by 2-DE
and 2D-LC-MS/MS, showing the complementarity of
these two different strategies since a set of proteins were
uniquely identified by each one. Among the identified
proteins S100A12 was validated in serum, and authors
concluded that this protein was more sensitive for the detection of CRC patients than CEA.
Another MS approach, the MALDI-TOF-MS, is most
commonly used to discriminate tumour from normal

Mass spectrometry-based proteomics
For the protein identification by MS two strategies can be
pursued. On one hand the so-called peptide mass fingerprinting (PMF) and on the other hand, the sequencing or
tandem mass spectrometry (MS/MS). In both cases it is
necessary to digest the protein, and its fragments (peptides) should pass to a gas state. At the end of the 1980s,
two revolutionary methods for the ionization of peptides
and proteins were developed: the electrospray ionization
(ESI) and the matrix-assisted laser desorption/ionization (MALDI), for which the authors received the Nobel
Prize in Chemistry in 2002[43].
Less than five years ago, the strategy used in most
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tissue and in some cases can sub-classify disease. For
example, Liao et al[49] evaluated the potential value of this
approach to classify various clinic-pathological features in
CRC. They found 73 protein peaks with a higher expression in tumours than in adjacent normal mucosa tissues
in the mass range of 1800-16000 Da. Using “leave-oneout” cross validation algorithms for tumour spectra they
correctly classified poorly, well and moderately differentiated tumours. Similar analyses of normal mucosa
spectra correctly predicted disease recurrence, diseasefree survival and metastasis. More recently, Fan et al[50]
employed a well-defined technology platform called ClinProt (Bruker Daltonics, Germany), based on magnetic
bead purification of peptides and MALDI-TOF-MS.
They successfully detected 61 short peptides, from 1 to
18 kDa, which were differentially expressed in the serum
of patients with CRC, concluding that this peptidome
pattern may provide an alternative for CRC diagnosis or
may help in tailoring the use of chemotherapy to each
patient. MALDI is also a method of ionization used
for analysing the molecular content of tissue sections,
including formalin-fixed and paraffin-embedded tissue
samples, which are the standard embedding techniques
used in clinical routines. This technique is named imaging mass spectrometry (MALDI-IMS), commonly known
as MALDI imaging. It has emerged in the last few years
as a useful tool for the molecular classification of tissue
samples regarding disease stage, risk stratification and
therapy response, as well as for the identification of disease biomarkers[51]. Recently, this approach was employed
to evaluate fresh frozen sections of CRC tissue and adjacent healthy mucosa, offering novel insights into tumour
micro-environmental biochemistry[52].

the low abundant proteins may help to overcome these
limitations. Therefore, the combination of ProteoMiner
™ (Bio-Rad Laboratories, Hercules, CA, United States)
pre-fractionation and SELDI based protein profiling is
suitable for large-scale serum proteome profiling studies
yielding reliable and reproducible results[57].
In tissue studies, only Melle et al[58] have reported the
detection of differences between normal mucosa and
colorectal carcinoma by SELDI. In 2005 they found that
pituitary adenylate cyclase activating polypeptide precursor (PACAP), heterogeneous nuclear ribonucleoproteína
A1 (HNRNP A1), flavin reductase, calgizzarin (S100A11),
nucleoside diphosphate kinase B (NDK B), cyclophilin A
and smooth muscle protein 22-alpha showed significantly
differential abundance between colorectal tumour tissue
and adjacent normal mucosa. In another study published
a year later, these authors validated the differential expression of the calgizzarin (S100A11) by immunological
techniques[59]. Regarding other clinical material, Ward
et al[60] used urine of CRC patients as sample to detect
proteomic changes in MALDI and SELDI spectra. They
found a number of changes in peak intensity significantly
associated with colon cancer and these, in conjunction
with class prediction models, yielded a diagnostic sensitivity of 78% and a specificity of 87% (values higher than
those obtained with serum CEA).
MS-based strategies for protein quantification
Although the quantification in gel-based approaches as
2-DE and 2D-DIGE is very accurate and sensitive, the
relative high amount of protein sample necessary for
protein identification, as well as the multiple experimental
steps required, are the major disadvantages of these techniques. Due to these drawbacks and as a consequence
of the technical improvements in the fields of chromatography and mass spectrometry, novel MS-based quantification strategies have been developed, allowing high
throughput proteome analyses complementary to gelbased approaches, leading to a higher proteome coverage.
Current MS-based strategies for protein quantification can be divided into two main groups: strategies
based on labelling a specific amino acid residue and the
so-called label-free proteomics. In all labelling strategies
the first and maybe the most critical step is to modify
the molecular mass of a specific amino acid so it can be
distinguished from its unlabelled counterpart in the detection phase. This can be done in various ways: in one
approach stable isotope labelling is used without changing the chemical identity of the amino acid, as in the case
of introducing stable isotopes of 2H, 13C, 15N and 18O
within various functional groups. In a second approach,
chemical modification with or without stable isotope labelling is used. Alkylating Cys is an example of the first
case, while guanidination which transfers C-terminal Lys
to homoarginine is an example of the latter[61]. Basically,
proteins or peptides in one of the samples are modified
with an isotope tag. The two samples are then mixed before being processed and analysed by MS. Although the

SELDI-TOF-MS
As mentioned above, SELDI-TOF-MS is a widely used
technology platform for biomarker discovery. It can
be described as a type of MALDI-TOF-MS where the
sample matrix, known as protein chip, has an active role
in the sample purification as well as in the desorption/
ionization step[53].
Several peptide-profiling studies using serum of CRC
patients have reported the combination of SELDI-TOFMS with bioinformatics in order to perform pattern diagnostics. For an overview of these studies, readers can refer
to the work of Gemoll et al[54]. As an example, Liu et al[55]
determined a set of two protein peaks that had the ability
to distinguish patients with different stages of CRC from
healthy subjects, with a sensitivity of 95.0% and a specificity of 94.9%. More recently, Helgason et al[56] identified 13
candidate biomarkers for CRC (m/z 2.0-31.9 kDa) and
2 peaks (m/z 2022 and 28100 Da) that changed during
chemotherapy in accordance with patient response to the
treatment. Nevertheless, when human serum or plasma is
studied with this technique, its sensitivity is restricted due
to the wide dynamic range of serum protein concentrations. In this context, sample pre-fractionation targeting
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physical characteristics of the peptides remain the same,
the masses of the isotopically labelled peptides are proportionally shifted in the spectrum, and the ratio between
the intensities of the differentially labelled peptides peaks
then permits accurate relative quantitation of the proteins. Stable isotopes can be incorporated into proteins
or peptides using different techniques: O18 proteolytic
labelling, isotope-coded affinity tags (ICAT), isotopecoded protein labelling (ICPL), iTRAQ (isobaric Tags for
Relative and Absolute Quantification), or SILAC (Stable
Isotope Labelling with Amino acids in cell Culture),
where stable isotopes are incorporated into growing cells.
The advantage of labelling strategies is that in the same
experiment several samples can be analysed and very
small changes of expression can be detected. For example, Kim et al[62] combined 2-DE with ICAT and found
a set of five proteins (VCP, TPM2, ITLN1, TAGLN
and FABP1) differentially expressed in the tumour tissue of CRC patients, with value for the prognosis of the
disease. Using the iTRAQ-based quantitative proteomics
approach Ghosh et al[63] validated the role of calcyclin
binding protein (CacyBP) in promoting colorectal cancer
metastasis.
The goal in the search for new CRC biomarkers is not
the identification of proteins with small changes of expression; instead, large variations in their expression are
desirable. Therefore, proteomic techniques based on LCMS/MS without prior marking of the samples (label-free
proteomics) are frequently used, despite these are timeconsuming since the samples are analysed one by one.
Using this approach with the insoluble fractions from tissues from CRC patients, Yang et al[64] found four proteins
(KRT5, JUP, TUBB, and COL6A1) that gave specific network information for CRC. Their panel of novel markers
proposed as candidate targets for treatment was further
validated by Western-blotting. By label-free quantitative
mass spectrometry and protein microarray, Matsubara
et al[65] reported that adipophilin is a plasma biomarker
potentially useful for the detection of early-stage CRC,
showing improved diagnostic performance.
A novel label-free quantitative proteomics technique
is the so-called SRM (Selected Reaction Monitoring). It is
an MS/MS method, which consists in selecting a specific
precursor ion or peptide that will later be divided, allowing the selection of one of its product ions. This detection is used to make a relative or absolute quantification
of the peptide and, by extension, of the protein to which
it belongs in the analysed sample. Although this approach
can be used without making a prior labelling, a recent
study combined this technique with ICAT to compare
healthy mucosa and tumour tissues of CRC patients,
identifying more than 1000 proteins overexpressed in tumours, related to endocytosis, mitochondrial dysfunction
and various cell signalling pathways[66]. Other MS-based
strategy for protein quantification is label-free spectral
counting. Considering that the detected spectral counts
are correlated with the abundance of corresponding proteins, Yao et al[13] compared and identified proteins in the
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secretome of paired normal and CRC cultured tissues
before and after a lectin capture method. After lectin capture the percentage of spectral counts of secreted proteins was signiﬁcantly increased from 45% to 80% for the
conditioned medium of normal tissues, and from 50% to
85% for the CRC ones, indicating that secreted proteins
were effectively enriched by the lectin affinity based approach.

BIOLOGICAL SAMPLES FOR
COLORECTAL CANCER BIOMARKER
DISCOVERY
The first critical issue in the proteomic analysis for CRC
biomarker discovery is the selection of the sample. Different samples can be used for searching candidate protein markers, including clinical samples such as serum,
tissue or faeces from patients, as well as other biological
samples like cell lines or animal models. Below, we will
briefly discuss the advantages and disadvantages of these
different types of samples, and summarize the putative
CRC markers most frequently identified.
Serum or plasma
Blood is the most suitable sample used to identify biomarkers for the screening or diagnosis of CRC due to
its availability and non-invasive collection. However,
biomarker detection in serum or plasma has some drawbacks. One is the fact that in these fluids a heterogeneous
mixture of proteins derived from different tissues is
found, making it difficult to attribute a differentially expressed protein to a tissue-specific disease. This limitation
can result in the identification of putative protein markers that are not specific for CRC. Furthermore, in serum
a small number of major proteins (e.g., albumin) are highly concentrated and mask other less abundant proteins
that could be interesting as biomarkers. One strategy
to overcome this problem is to remove the serum most
abundant proteins by using commercial affinity columns
designed specifically for this purpose[67].
Despite these shortcomings, in the last years several
proteomic studies have been published focusing on
the search of serum proteins to discriminate CRC patients from healthy individuals. Interestingly, different
authors including our own group identified the same
differentially expressed proteins using a variety of proteomic tools[18,19,40,68-74]. Among those proteins we found
apolipoproteins, cathepsins, alpha-1 antitrypsin, alpha1-acid glycoprotein types 1 and 2, transferrin, beta-2
microglobulin, complement components C3 and C9,
gelsolin, heat shock proteins as HSP60, transthyretin,
defensins (also known as human neutrophil peptides),
alpha-enolase, S100 A calcium binding proteins, as well
as the inhibitor of metalloproteases TIMP-1. This latter
marker is known to be aberrantly glycosylated in patients
with CRC[75].
Recently, the application of new proteomic technolo-
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gies allowed the identification of other candidate proteins
such as adipophilin, also known as perilipin-2 or adipose
differentiation-related protein [65], and kininogen-1 [76],
for the early detection of CRC. Although in some cases
these putative markers show good diagnostic parameters,
in general it has been demonstrated that a single protein
marker is not enough to get high sensitivity and specificity values for CRC diagnosis. Therefore, in order to reach
a greater diagnostic accuracy it can be more useful to use
a panel of several markers. In fact, Brock et al[77] have
described that the protein panel alpha-1-acid glycoprotein 1, gelsolin, C3, C9, hyaluronic acid binding protein 2
(HABP2) and serum amiloide A2 (SAA2) yielded a sensitivity of 94% and a specificity of 83% to differentiate
CRC patients from healthy donors.
Looking for the identification of metastasis-associated
proteins, the serum of healthy individuals vs patients with
metastatic CRC were compared. Specific proteins were
identified in the patients, including mitogen activated
protein kinase activated protein kinase 3 (MAPKAPK3),
activin A receptor ⅡB (ACVR2B), Pim-1 oncogene
(PIM-1), v-src sarcoma viral oncogene homolog (SRC)
and fibroblast growth factor receptor-4 (FGFR4) [78].
Other authors have compared serum samples from CRC
patients with lymph node or liver metastasis and those
from patients without recurrence or metastasis for at least
3 years. In these studies the protein transthyretin (TTR)
was identified as a candidate lymph node metastasis
marker in CRC[11], whereas a panel of 8 peptides identified
as fragments of alpha-fetoprotein, complement C4-A,
fibrinogen alpha, eukaryotic peptide chain release factor
GTP-binding subunit ERF3B, and angiotensinogen, demonstrated promising value for predicting liver metastasis in
patients who underwent radical resection of CRC[79].

However, because of the small size of tissue biopsies and
other technical reasons, this separation is usually not carried out. In consequence, some proteins overexpressed in
tumours are also increased in inflammation and this lack
of specificity may prevent its use in clinical practice.
An overview of the proteins with altered expression
in colorectal tumours identified by different authors comparing matched normal and tumour tissues reveals that
many of them are abundant proteins such as structural
and cytoskeleton proteins, annexins, chaperones or glycolytic enzymes which are also modified in other cancers[83].
In order to detect less abundant proteins, an approach
that will be discussed later in this review is the isolation
of subcellular fractions and the characterization of the
corresponding sub-proteomes.
Among the proteins differentially expressed in
colorectal tumours and consistently described in literature as candidate markers we can highlight translationally
controlled tumour protein (TCTP)[21,46,84], NDK A[19,20,46,84]
and S100A9[19,85], all of them overexpressed in tumours,
as well as selenium-binding protein (SELENBP1 protein)[19,85] and carbonic anhydrase 1 (CA-1)[27,85,86] which are
less expressed in the tumour tissue. Noticeably, in some
cases the analysis of whole tumour lysates has led to
the identification of marker candidates which have been
subsequently validated in tissue or serum samples from a
different cohort of CRC patients. Among these interesting biomarkers are proteins from the S100A family such
as S100A8, S100A9[19] and S100A12[48], ribonucleoprotein
HNRNPA1[87], the enzyme nicotinamide N-methyl transferase (NNMT)[46], proteasome activator complex subunit
3 (PSME3)[47], desmin[20] and olfactomedin-4 (OLF4).
This latter protein is overexpressed not only in adenocarcinomas at early stages, but also in adenomas[88].
Besides the comparisons between healthy mucosa and
tumour tissue, other authors have analysed metastatic
and non-metastatic CRC tissues. Kang et al[89] compared
the primary tumour tissues from 14 CRC patients with
and without hepatic metastasis. They found a differential protein cluster, consisting of 17 proteins from the
PI3K/AKT pathway which was validated by Western
blot. A similar approach was performed by Zhao et al[21]
who detected that Rho GDP-dissociation inhibitor alpha
is markedly up-regulated in metastatic CRC.
A different approach to analyse whole tumour proteins has been recently published by Wiśniewski et al[90].
In this study, using formalin-fixed paraffin-embedded
tissues, they were able to identify about 10000 proteins,
many of them previously described as candidate CRC
markers. This method offers a great advantage for the
identification of prognostic markers since it allows retrospective studies analysing archival paraffin-embedded
samples from patients who have been clinically followedup for several years.

Tissue
The analysis of tissue samples obtained from CRC
patients allows comparing the protein profile between
tumour and the adjacent healthy mucosa, particularly useful in the discovery of prognostic tumour markers. This
approach has several advantages over serum or plasma
analysis. The first one is that not all the proteins altered in
the tumour, and therefore marker candidates, are secreted
to the blood from the tumour cells. Therefore, the concentration of a putative marker is higher in tumour tissue
than in blood. In addition, since tumour samples are analysed, there is no doubt that the altered proteins identified originate in the tumour itself. However, proteomic
studies in tumours have also some disadvantages. First
of all, the availability of this type of sample is limited.
Moreover, tumours are heterogeneously composed of
neoplastic cells besides the surrounding stromal cells. As
an example of this latter drawback, various studies have
described alterations of the protein vimentin in colorectal
tumours[80-82] even though this protein is not expressed
in epithelial cells, only in stromal cells and lymphocytes.
Therefore, the identification of specific biomarkers
would require the isolation of the tumour epithelial cells.
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Stool
Stool samples provide important advantages over other
clinical samples in the search for CRC markers such as
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ally validated in clinical samples from CRC patients[67].
The human colon adenocarcinoma Caco-2 cell line is
an accepted in vitro model to study colorectal tumorigenesis since Caco-2 cells seems to lose their carcinogenic
phenotype during the differentiation process. Taking into
account this advantage, several authors have applied different proteomic technologies to compare the whole cell
lysates before and after differentiation of Caco-2 cells.
Along the differentiation process, the proteins glutathione
S-transferase alpha 1 (GSTA1), annexin A4 (ANXA4),
villin 1 (VIL1), galectin (LGALS3) and phosphoglycerate
kinase 1 (PGK1) were up-regulated, whereas the proteins
CDC2, PCNA and HNRNPH3 were down-regulated[95,96].
Fanayan et al[97] analysed cell lysates of other human colon
cancer cell lines (LIM1215, LIM1899 and LIM2405) that
were selected to represent a wide range of pathological
states of colorectal cancer. They identified both cancerassociated proteins with differential expression patterns,
as well as protein networks and pathways which appear to
be de-regulated in these cell lines. Examples of candidate
markers include mortalin, nucleophosmin, ezrin, alpha
and beta forms of spectrin, exportin, the carcinoembryonic antigen family, EGFR and met-proto-oncogene
(MET).
In order to identify metastasis-associated proteins, some
studies have compared two cell lines with different metastatic potential as SW-480, derived from a Dukes’ stage B
colon carcinoma and SW-620, derived from a lymph node
metastasis of the same patient. Ghosh et al[98] analysed
the whole cell proteome profiles of these two isogenic
colorectal cancer cell lines and identified 147 proteins significantly altered in the metastatic cell. Up-regulated proteins in the SW620 cell line included stathmin, villin, myosin 10 and myristoylated alanine-rich C-kinase substrate
(MARCKS), whereas down-regulated proteins included
those related to cytoskeletal signalling (type 1 cytoskeletal
13, type Ⅱ cytoskeletal 5, tubulin beta 2A/2B, actin, and
several acting binding proteins), annexin A1 and proteins
with roles in cellular adhesion including beta-catenin and
neural cell adhesion molecule1 (NCAM1). However, a
beta-catenin degrading protein, calcyclin-binding protein
(CacyBP), was found up-regulated in SW620 cells, suggesting the possible involvement of CacyBP in CRC metastasis through the alteration of beta-catenin-mediated
cellular adhesion.
In recent years, the proteomic analysis of the secretome of human colon adenocarcinoma cell lines has been
described as a useful strategy for the detection of candidate blood-based markers. This is due because the analysis of a cell-specific secretome limits the contamination
by the major proteins of the human serum, favouring
the identification of tissue-specific proteins[99]. However,
as Malard et al[100] pointed out, the analysis of human cell
line secretomes by proteomics techniques presents some
drawbacks. First, proteins secreted in culture media are
highly diluted. Moreover, changes in the physiology of
the cells may occur upon a change of medium, as most
of secretome studies are performed with the basal me-

the availability and the non-invasive collection of the
sample. Furthermore, tumour-derived proteins may be
more abundant in faeces than in blood. However, one
drawback of the proteomic analysis of stool samples is
the proteolysis caused by the gut micro-biota, leading to
protein degradation.
In faeces of CRC patients the following proteins
have been identified: defensins, S100A calcium binding
proteins (including calprotectin), haemoglobin, haptoglobin, alpha-1 antitrypsin, lactoferrin, CEA, dipeptidyl
peptidases Ⅰ and Ⅳ, cadherin 17, SELENBP1, pyruvate
kinase type M2 (M2PK), metalloprotease 9 (MMP9) and
its inhibitor TIMP1[91]. Although some of these proteins
are related with inflammation, resulting inespecific for
CRC, others have been previously reported as CRC-associated proteins and have been tested as candidate CRC
screening biomarkers. Interestingly, tumour pyruvate
kinase type M2 showed good sensitivity for the detection
of tumours (85%) but not for adenomas (28%)[92].
Moreover, it has been demonstrated that a marker
panel containing the proteins S100A12, TIMP1 and
haemoglobin-haptoglobin showed higher sensitivity than
faecal occult blood, and identified 74% of the patients
at early stages of tumour development[93]. More recently,
Ang et al[94] developed a multiplex analysis for 40 human
proteins on faecal samples from eight CRC patient and
seven healthy volunteers. These authors identified 24 proteins consistently found in all samples and nine proteins
(alpha-1 antitrypsin, alpha 1-acid glycoprotein, complement C3, fibrinogen, haptoglobin, hemoglobin alpha,
hemoglobin beta, myeloblastin and transferrin) detected
only in the CRC patients. The relatively high abundance
of these nine candidate markers in the CRC patient samples indicate that they could be clearly differentiated from
the healthy controls.
Cell lines
Cell lines derived from colon tumours offer several advantages over clinical samples for biomarker identification. Cell lines are homogeneous cell populations, they
are easy to work with and their availability is almost
unlimited. Besides, it is easier to obtain subcellular fractions such as plasma membrane, nucleus, secretome
(the conditioned media in which the cells grow), and
exosomes from cell cultures. Thereby, cellular proteome
complexity is reduced, simplifying the identification of
less abundant proteins. Nevertheless, the use of cell cultures has some limitations. Almost all available human
colon cell lines come from tumours, whereas cell lines
derived from normal mucosa epithelial cells do not exist.
This fact prevents the study of the proteome changes associated to the CRC malignant transformation sequence:
normal mucosa-adenoma-adenocarcinoma. In addition,
cell cultures do not exactly represent the in vivo situation
since they lack features of an in situ tumour such as the
interactions among tumoral cells, stromal cells and the
immune system. For this reason, it is mandatory that the
candidate biomarkers discovered in cell lines are eventu-
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dium without the addition of fetal calf serum.
Secretomes comprise protein released through different mechanisms, including secreted membrane vesicles
(exosomes) able to transfer information to target cells.
Searching for CRC-specific markers, Wu et al[101] studied
the secretome of 21 cancer cell lines from 12 different
cancer types, and found that collapsin response mediator
protein-2 (CRMP-2) was exclusively detected in the colon
cell lines Colo205 and SW480. This protein was eventually validated in serum, demonstrating its value for discriminating CRC patients from healthy donors. Aiming to
find secreted metastasis-associated proteins, other studies
have compared the secretome of SW-480 and SW-620
cells. Among the proteins differentially expressed between these two cell lines the proteins alpha 5 and alpha
6 integrins, peroxiredoxins 2 and 6, soluble E-cadherin,
growth/differentiation factor GDF15 and trefoil factor
3 (TFF3) have been found[71,102]. Noticeably, the serum
levels of GDF15 and TFF3 were significantly increased
in CRC patients with lymph node metastasis as compared
to patients without metastasis or healthy donors[71]. Besides, another study showed that serum levels of soluble
E-cadherin reflect the disease status of CRC patients, although validation in a larger cohort would be required to
confirm this finding[103].

few proteomic studies analysing membrane-associated
proteins in CRC patients. Comparing paired tumours and
healthy mucosa samples the overexpression of several
membrane proteins including CEA, claudin-3 and the A1
antigen of the histocompatibility complex has been reported in tumours[105]. Another membrane protein identified as a possible biomarker is STOML2 (stomatin-like
protein 2), which was found increased in tumours and
also detected in serum of CRC patients at early stages of
the disease[106]. Other authors have identified candidate
markers for metastasis when comparing the cell surface
proteomes of the low metastatic cell line KM12C and the
high metastatic KM12SM cells. A number of cell signalling, integrins and other cell adhesion proteins (cadherin
17, junction plakoglobin) were described among the most
de-regulated proteins[107].
Our research group has analysed the sub-proteomes
of membrane and soluble fractions of tumours, and
compared them with those from adjacent healthy mucosa. Among the de-regulated membrane proteins we found
cytoskeleton proteins, chaperones and two isoforms
of the calcium binding protein S100A6[81]. Regarding
the soluble fraction a panel of four putative biomarker
proteins were identified, 14-3-3 protein zeta/delta, parkinson protein 7 (DJ-1), retinoblastoma binding protein
4 (RBBP-4) and nucleoside diphosphate kinase A (NDK
A), differentially expressed in normal and tumour tissues.
Furthermore, NDK A was detected in serum and preliminary results indicated an increased concentration in CRC
patients. Thus NDK A is an interesting candidate serum
biomarker for CRC[24].
Exosomes are 40-100-nm diameter membrane vesicles
of endocytic origin that are released from most cell types
and circulate in body fluids, including blood. Therefore,
analysing the protein profile of these vesicles released by
tumour cells can be a useful method to identify markers
for the diagnosis of CRC. Indeed, the proteome analysis
of exosomes derived from tumoral colon cell lines has
led to the identification of the candidate markers claudin-3, Ephrin-B1 and galectin 4[108], cadherin-17, CEA,
EGFR, glycoprotein A33 and EpCAM (epithelial cell surface adhesion molecule), among others[109]. Recently, the
exosome protein profiles of SW480 and SW620 cell lines
were compared to identify metastatic factors and signalling molecules fundamental for tumour progression. A
major finding was the selective enrichment of metastatic
factors (MET, S100A8, S100A9, TNC) and signal transduction molecules (EFNB2, JAG1, SRC, TNIK) in exosomes derived from the metastatic cells[110].

Subcellular fractions
As we have previously mentioned, the analysis of whole
cell lysates can yield good candidate markers, although
the complexity of such a sample may hamper biomarker
discovery. An alternative for reducing sample complexity
of tissue biopsies or cell lysates is to perform a previous
subcellular fractionation of the sample and then to analyse the sub-proteome of different subcellular fractions.
In this regard, Yang et al[64] focused on the identification
of proteins in the insoluble fraction of biopsies from 13
CRC patients and found a panel of four proteins (KRT5,
JUP, TUBB and COL6A1) as candidate CRC biomarkers.
Other authors have analysed the nuclear matrix proteome
comparing adenomas and adenocarcinomas since nuclear
phenotypic alterations and chromosomal instability are
a hallmark of tumour cells[104]. Therefore, it is expected
that among the differentially expressed proteins identified
in that study (MNDA, HNRPH2, DNASE1, NUP62,
NUP88), some meaningful tumour markers could be
eventually validated in larger cohorts.
A subcellular fraction of particular interest that has
been studied by several researchers including our own
group is the membrane fraction. Membrane-associated
proteins account for approximately 30% of human
proteome and play essential roles in cell-cell and cellextracellular matrix interactions as well as in signal transduction. Most of the biomarkers currently used in clinical
practice (e.g., CEA) and about 70% of all known therapeutic targets are membrane proteins. However, because
of the difficulties to isolate and analyse these proteins,
mainly due to their hydrophobic character, there are only
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Animal models
Animal models can be an alternative to clinical samples
for the discovery of biomarkers since proteomic studies
using inbred strains of mice avoid genetic and physiological variations among individuals. Unfortunately, there are
only a small number of mouse models that show genetic
alterations that lead to CRC. Among such murine models
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are the Apc (Min/+) mice, which are mutant in the APC
gene and can develop tumours in the small intestine and
the colon. The analyses of serum and tumours alterations of the proteins catepsins B and D, DJ-1, clusterin
and S100A9 have been described[111]. In another study,
among a total of 52 de-regulated proteins identified
when comparing tumours and adjacent healthy tissue,
a co-expressed gene network linked to innate immunity
and inflammation was found in tumours. The network
included cathelicidin antimicrobial peptide (CAMP), Tolllike receptors, IL-8 and triggering receptor expressed
on myeloid cells 1 (TREM1)[112]. More recently, serum
proteins from tumour-bearing Apc (Min/+) mice were
quantitatively compared to tumour-free wild type mice
via in anima metabolic labelling and LTQ Orbitrap mass
spectrometer. Among the 40 differentially expressed proteins identified, MGAM, ITIH3 and F5 were validated in
neoplastic colonic tissues from the mutant mice. These
proteins provided a set of candidate biomarkers for future validation in humans[113].
An overview of recent reports focused on the different proteomic techniques and samples used for the discovery of candidate protein markers for CRC is provided
in Table 1.

filing acquisition may be also applied as an alternative
method for diagnosis of CRC[50]. Moreover, it is expected
that combining several markers for CRC and applying
multivariate analyses will significantly improve their diagnostic performance[114-116].
Future work should also be directed to evaluate the
functional protein interaction networks derived from
the proteomics data, in order to elucidate the molecular
mechanisms of CRC carcinogenesis. Recently, Jimenez
et al[83] reported a summary of differently expressed proteins in clinical proteomics studies comparing colorectal
healthy and cancer tissues. Authors also analysed these
proteins using the STRING tool (http://string.embl.de/)
to visualize the protein-protein interaction networks. At
the heart of the network they found a cluster of five upregulated and well-connected proteins in CRC (enolase 1,
glyceraldehyde-3-phosphate-dehydrogenase, pyruvate kinase isoenzymes M1/M2, fructose-bisphosphate aldolase
A and transketolase), all involved in glycolysis. Glycolytic
activity is increased in almost all cancers to provide cells
with enough energy for proliferation, a phenomenon
called “Warburg effect”[117]. Other molecular and cellular
functions associated with the up-regulated proteins include “Cell Death”, “Cell-To-Cell Signalling and Interaction” and “Cellular Assembly and Organization”[83].

VALIDATION OF CANDIDATE
BIOMARKERS

CONCLUSION
The discovery of novel biomarkers in CRC is crucial for
the early detection of the disease, the characterization of
the disease progression and the prediction to therapy response. Recent advances in proteomic technologies allow
large-scale analysis of proteins which can be applied for
discovering aberrant protein profiles of clinical and other
biological samples related to CRC. A first critical issue in
the search for candidate markers is the selection of the
sample set. Tumour tissue is the most direct approach for
biomarkers discovery as they are most likely present in
cancer tissues at higher concentration than in serum or
plasma. In the next step, protein candidate markers must
be assessed by a targeted assay and validated in large
independent cohorts. Only this validation will allow the
translation of the candidate CRC markers to the clinical
practice. Finally, it is now generally accepted that a combination of proteins rather than a single individual candidate can better discriminate CRC patients from controls,
or determine the prognosis of the patients, implying the
advantage of using proteins involved in different physiopathological pathways. In conclusion, there has been a
significant amount of research for the identification of
CRC biomarkers using proteomic techniques; however,
these are yet to yield stronger candidates. A single unique
biomarker, of sufficient sensitivity and specificity, may
not be a realistic goal, but instead a panel of markers may
be a useful way to overcome the difficulties imposed by
inter-individual variability.

Many proteomic studies have identified CRC-associated
proteins, but little work has been done to validate these
candidate biomarkers. Therefore, it would be worthwhile
to collect samples from larger cohorts of healthy individuals and CRC patients and to analyse their peptidome
and proteome in depth to fully assess the biomarker
potential of proteomic changes. Only this validation will
then allow transferring novel biomarkers into clinical use
for a better detection and treatment of CRC.
Nowadays, antibody-based methods (Western blotting, IHC, microarrays and particularly ELISA) are the
most widely used for quantitative biomarker measurement. Nevertheless, antibody specificity is often lacking
and considerable care must be taken in the validation of
the signals observed. Insufficient samples, often of poor
quality, are a key problem, as well as a lack of suitable
antibodies or ELISA kits. Additionally, developing a validated ELISA is expensive and time-consuming. This fact,
together with the recent advances in MS technology, is
further stimulating the development of quantitative MS
technologies for protein and peptide biomarker analysis.
Multiple reaction monitoring (MRM, also known as selective reaction monitoring, SRM) is rapidly becoming the
method of choice[94]. With this technique tens of protein
candidates can be followed up in one LC-MS/MS analysis without the use of antibodies, and employing only
microliters of sample though it cannot be still performed
routinely. Nowadays, MALDI-TOF-MS for peptide pro-
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Table 1 Overview of recent proteomic reports focused on the discovery of candidate protein markers for colorectal cancer
Gene
YWHAZ
HLA-A1
ACVR2B
PLIN2

Protein name

Sample

14-3-3 protein zeta/
Tissue
delta
HLA class Ⅰ histocomp Membrane fraction
atibility antigen A-1
of tissue
Activin receptor typeSerum
2B
Adipophilin
Serum

Potential clinical
value

Proteomic technique

Validation

Ref.

Tissue biomarker

2-DE, LC-MS/MS

WB

[24,46]

WB

[105]

Tissue biomarker 1-DE, iTRAQ labelling, LCMS/MS
Diagnosis
FP-protein microarray
Diagnosis

SPTBN1
A1AT

Beta-spectrin
Alpha-1 antitrypsin

Cell lines
Serum, stool

Metastasis
Diagnosis

ORM1

Serum, stool

Diagnosis

Serum, stool

Diagnosis

ENO1

Alpha-1-acid
glycoprotein type 1
Alpha-1-acid
glycoprotein type 2
Alpha-enolase

Diagnosis

AFP

Alpha-fetoprotein

Tissue, validated in
serum
Serum

AGT

Angiotensinogen

Serum

ANXA2

Annexin A2

ANXA4

Annexin A4

APOA1

Apolipoprotein A1

Membrane fractions
from colorectal
carcinoma
Membrane fractions
from colorectal
carcinoma
Serum

Liver metastasis
from CRC
Liver metastasis
from CRC
Diagnosis and
presumably
therapy
Diagnosis and
presumably
therapy
Diagnosis

CTNNB1

Beta-catenin

Cell lines

Metastasis

CACYBP

Calcyclin binding
protein
Cadherin 17

Cell lines

Metastasis

Membrane fractions
from cell lines,
exosomes, stool

Metastasis

Cell lines,
membrane fraction
from tissue,
exosomes, stool
Tissue from animal
model
Animal model

Prognosis

ORM2

CDH17

CEACAM5

CAMP

Carcinoembryonic
antigen

CTSB

Cathelicidin
antimicrobial peptide
Cathepsin B

CTSD

Cathepsin D

Tissue, animal
model

CDC2

Cell division control
protein 2 homolog
Claudin-3

Cell lines

CLDN3

PTPRC
TFRC
CLU
F5

Cluster of
differentiation 45
Cluster of
differentiation 71
Clusterin

Membrane fraction
from tissue,
exosomes
Tumor tissue

Coagulation factor Ⅴ
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WB, RP-tissue
microarray, ELISA
Label-free quantitative LC- WB, RP-microarray,
MS/MS
IHC
1-DE, LC-MS/MS
RNA-Seq
SELDI-TOF-MS, 1-DE,
MudPIT, SRM
1-DE, MudPIT, SRM
SRM

iTRAQ labelling, LC-MS/
WB, ELISA
MS, 1-DE, MudPIT, SRM
2-DE, 2D-DIGE, LC-MS/
WB
MS, MALDI-TOF-MS
MALDI-TOF-MS, LC-MS/
MS
MALDI-TOF-MS, LC-MS/
MS
2D-DIGE, MALDI-TOF-MS RP-tissue microarray

2D-DIGE, MALDI-TOF-MS RP-tissue microarray

2-DE, 2D-DIGE, MALDITOF-MS, LC-MS/MS

WB, RP-protein
microarray, RP-tissue
microarray
1-DE, iTRAQ labelling,
WB, RP-tissue
LC-MALDI-TOF-MS, LCmicroarray, flow
MS/MS
cytometry, confocal
microscopy
iTRAQ labelling, LCWB
MALDI-TOF-MS
1-DE, LC-MS/MS
WB, RP-tissue
microarray, flow
cytometry, confocal
microscopy
Protein microarray, iTRAQ
WB, RP-tissue
labelling, 1-DE, LC-MS/
microarray, flow
MS
cytometry, confocal
microscopy, RNA-Seq
2-DE, MudPIT, LC-MS/MS
-

Candidate tissue
biomarker
Candidate
MudPIT, LC-MS/MS
WB, Ab microarray,
diagnosis
IHC
biomarker
Candidate
2D-DIGE, MudPIT, LCWB, Ab microarray,
diagnosis
MS/MS
IHC
biomarker
Candidate tissue
2-DE, MALDI-TOF-MS
WB
biomarker
Tissue biomarker 1-DE, iTRAQ labelling, LCWB
MS/MS

[78]
[65]
[97]
[69,94]
[77,94]
[73,94]
[18,19,46]
[79]
[79]
[25]

[25,80]

[40,70,80]

[98,107]

[63,98]
[91,107,109]

[38,91,97,105,
107,109]

[112]
[111]

[80,111]

[95]
[105,108]

Diagnosis

Protein microarray

-

[38]

Tumor tissue

Diagnosis

Protein microarray

-

[38]

Serum, animal
model
Animal model

Diagnosis

2-DE, MALDI-TOF-MS,
MudPIT, LC-MS/MS
Metabolic labelling, LCMALDI-TOF-MS, SRM,
LC-MS-MS

WB, antibody
microarray, IHC
-

[23,70,111]

Candidate serum
biomarker

3816

[113]
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COL6A1

Collagen, type Ⅵ α-1
chain
Collapsin response
mediator protein-2

Tissue

Prognosis

LC-MS/MS

WB, IHC

[64]

Diagnosis

1-DE, MALDI-TOF-MS

WB, IHC, ELISA

[101]

Complement C3

Secretome from cell
lines, validated in
serum
Serum, stool

Diagnosis

SRM

[69,74,77,94]

Complement C4-A

Serum

Complement C9

Serum

SELDI-TOF-MS, 1-DE,
MudPIT, SRM, LC-MS/MS
MALDI-TOF MS, LC-MS/
MS
LC-MS/MS, SRM

DEFA1

Cyclophilin A
Cytoplasmic carbonic
anhydrase Ⅰ
Cytoplasmic carbonic
anhydrase Ⅱ
Defensin-1

Tissue, serum, stool

Diagnosis

DEFA2

Defensin-2

Tissue, serum

Diagnosis

DEFA3

Defensin-3

Tissue, serum, stool

Diagnosis

Desmin

Tissue, validated in
serum
Tissue

Diagnosis and
prognosis
Prognosis

DPYSL2

C3
C4A
C9
PPIA
CAI
CAII

DES
MAPRE1

CDH1
EFEMP2

EFNB2
EGFR

-

[79]

RP-protein
microarray, SRM
IHC
WB, IHC

[40,77]

Tissue
Tissue

Liver metastasis
from CRC
Diagnosis early
stage
Tissue biomarker
2-DE, SELDI-TOF-MS
Tissue biomarker 2D-DIGE, MALDI-TOF-MS

[58]
[27,33,84,86]

Tissue

Tissue biomarker 2D-DIGE, MALDI-TOF-MS

WB, IHC

[33]

-

[68,91]

-

[68]

The adenomatous
polyposis coli-binding
protein
E-cadherin
Secretome from cell
lines , serum
EGF-containing fibulinSecretome of
like extracellular matrix
cultured fresh
protein 2
normal and CRC
tissues
Ephrin-B2
Exosomes
Epidermal growth
Cell lines, exosomes
factor receptor

EPCAM

Epithelial cell surface
adhesion molecule

Exosomes

GSPT2

Eukaryotic peptide
chain release factor
GTP-binding subunit
Exportin
Ezrin
Fatty acid-binding
protein 1
Fibroblast growth factor
receptor 4
Fibrinogen alpha

Serum

BLVRB
LGALS3
LGALS4
GSN

Flavin reductase
Galectin 3
Galectin 4
Gelsolin

GSTA1

Glutathione
S-transferase alpha-1
Glycoprotein A33

XPO4
EZR
FABP1
FGFR4
FGA

GPA33

GDF15

HBG
HSPA9
HSPB1

Diagnosis

-

[68,91]

WB, IHC

[20]

2D-DIGE

IHC

[32]

2D-DIGE, MALDI-TOFMS, LC-MS/MS
1-DE, LC-MS/MS

WB

[102,103]

WB, IHC

[13]

WB, RP-tissue
microarray, flow
cytometry, confocal
microscopy, RNA-Seq
-

[108,110]
[97,107,109]

MALDI-TOF-MS, LC-MS/
MS

-

[79]

1-DE, LC-MS/MS
1-DE, LC-MS/MS
2D-DIGE, ICAT, LC-MS/
MS
FP-protein microarray

RNA-Seq
RNA-Seq
WB, IHC

[97]
[97]
[62]

-

[78]

MALDI-TOF MS, LC-MS/
MS, 1-DE, MudPIT, SRM

-

[79,94]

IHC
WB
WB, IHC

[58]
[95]
[108]
[19,77]

WB

[95,96]

-

[109]

WB, ELISA

[71]

Metastasis
Candidate
diagnosis
biomarker

1-DE, LC-MS/MS
1-DE, LC-MS/MS

Candidate
diagnosis
biomarker
Liver metastasis
from CRC

LC-MS/MS

[109]

Cell lines
Cell lines
Tissue

Tissue biomarker
Tissue biomarker
Prognosis

Serum

Diagnosis

Serum, stool

Tissue
Cell lines
Exosomes
Tissue, serum

Liver metastasis
from CRC,
diagnosis
Tissue biomarker
Tissue biomarker
Tissue biomarker
Diagnosis

Cell lines

Tissue biomarker

Exosomes

Candidate
diagnosis
biomarker
Metastasis

2-DE, SELDI-TOF-MS
2-DE, MALDI-TOF-MS
1-DE, LC-MS/MS
2D-DIGE, MALDI-TOFMS, SRM, LC-MS/MS
2-DE, MALDI-TOF-MS,
LC-MS/MS
Immunoaffinity capture
microbeads and LC-MS/
MS
LC-MS/MS

Diagnosis
Tissue biomarker

1-DE, MudPIT, SRM
1-DE, LC-MS/MS

Immunoassay
RNA-Seq

[93,94]
[97]

Diagnosis

2-DE, LC-MS/MS

-

[18]

Growth/differentiation Secretome from cell
factor 15
lines, validated in
serum
Haemoglobin
Stool
Heat shock 70 kDa
Cell lines
protein 9 (mortalin)
Heat shock protein 27 Tissue, validated in
serum

WJG|www.wjgnet.com

Diagnosis

SELDI-TOF-MS, MALDITOF-MS
SELDI-TOF-MS, MALDITOF-MS
SELDI-TOF-MS, MALDITOF-MS
2-DE, MALDI-TOF-MS
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HSPD1

HNRNPH2
HNRNPA1
HNRNPH3
HABP2
ITLN1
ITIH3

IL8

Heat shock protein 60

Serum

Heterogeneous nuclear
Nuclear fraction
ribonucleoprotein H2
from tissue
Heterogeneous nuclear Tissue, validated in
ribonucleoprotein A1
serum
Heterogeneous nuclear
Cell lines
ribonucleoprotein H3
Hyaluronan-binding
Serum
protein 2
Intelectin-1
Tissue
Inter-alpha-trypsin
Serum from animal
inhibitor heavy chain 3
model
Interleukin 8

Animal model

JAG1
JUP

Jagged 1 protein
Junction plakoglobin

Exosomes
Membrane fraction
from cell lines,
tissue

KRT5

Keratin 5

Tissue, cell lines

KNG1

Kininogen-1

Serum, tissue

MIF
MGAM

MAPKAPK3
MET
PRTN3
MNDA
MYH10
MARCKS
NCAM1
NNMT
NUP62
NUP88
NPM1

Macrophage migration Tissue, validated in
inhibitory factor
serum
Maltase-glucoamylase Serum from animal
model
MAP kinase-activated
Serum
protein kinase 3
Met-proto-oncogen
Cell lines, exosomes
Myeloblastin
Stool
Myeloid cell nuclear
Nuclear fraction
differentiation antigen
from tissue
Myosin 10
Cell lines
Myristoylated alanineCell lines
rich C-kinase substrate
Neural cell adhesion
Cell lines
molecule 1
Nicotinamide
Tissue, validated in
N-methyltransferase
serum
Nuclear pore complex
Nuclear fraction
62
from tissue
Nuclear pore complex
Nuclear fraction
88
from tissue
Nucleophosmin
Cell lines

Diagnosis of
2D-DIGE, MALDI-TOF-MS
late stage CRC,
prognosis?
Tissue biomarker
1-DE, MALDI-TOF-MS,
LC-MS/MS
Diagnosis and
2-DE , MALDI-TOF-MS,
prognosis
SELDI-TOF-MS
Tissue biomarker
2-DE, MALDI-TOF-MS
Diagnosis

Candidate serum
biomarker
Diagnosis
Metastasis
Diagnosis
Tissue biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Diagnosis
Tissue biomarker
Tissue biomarker
Candidate tissue
biomarker
Diagnosis

Tissue, cell lines,
serum

NME2

Tissue

Tissue biomarker

OLFM4

Nucleoside diphosphate
kinase B
Olfactomedin-4

Tissue biomarker

PARK7

Parkinson protein 7

PRDX2

Peroxiredoxins 2

Secreted proteins
from tissue
Tissue, animal
model
Cell lines

PRDX6

Peroxiredoxins 6

Cell lines

Phosphoglycerate
kinase Ⅰ
Pituitary adenylate
cyclase-activating
polypeptide

Cell lines
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Tissue

-

[104]

IHC

[58,87]

WB

[95]

-

[77]

2D-DIGE, ICAT, LC-MS/
WB, IHC
MS
Serum biomarker
Metabolic labelling, LCMALDI-TOF-MS, SRM,
LC-MS-MS
Candidate tissue 2-DE, MudPIT, LC-MS/MS
biomarker
Metastasis
1-DE, LC-MS/MS
Diagnosis,
1-DE, LC-MS/MS
WB, RP-tissue
prognosis and
microarray, flow
metastasis
cytometry, confocal
microscopy
Prognosis
LC-MS/MS, 2-DE, iTRAQ
WB, IHC
labelling, LC-MALDI-TOFMS
Diagnosis
MB-WCX, MALDI-TOFELISA, IHC
MS
Diagnosis
2-DE, LC-MS/MS
-

Nucleoside diphosphate
kinase A

ADCYAP1

[72]

Prognosis

NME1

PGK1

SRM, LC-MS/MS

WB, ELISA, Tissue
microarray

Tissue biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Tissue biomarker

3818

Metabolic labelling, LCMALDI-TOF-MS, SRM,
LC-MS-MS
FP-protein microarray

[62]
[113]

[112]
[110]
[64,107]

[64,98]

[76]
[18]

-

[113]

WB, RP-tissue
microarray, ELISA
RNA-Seq
Immunoassay
-

[78]
[97,110]
[94]
[104]

WB

[98]

WB

[98]

WB

[98]

WB, ELISA

[46]

1-DE, MALDI-TOF-MS,
LC-MS/MS
1-DE, MALDI-TOF-MS,
LC-MS/MS
1-DE, LC-MS/MS

-

[104]

-

[104]

-

[97]

2-DE, 2D-DIGE, RP-tissue
microarray, MALDI-TOFMS, LC-MS/MS
2-DE, SELDI-TOF-MS

WB, IHC

[4,19,20,24,39,46,84]

IHC

[58]

OFFGEL, iTRAQ labelling,
MALDI-TOF-MS
2-DE, LC-MS/MS

IHC

[88]

WB, IHC

[24,111]

2D-DIGE, MALDI-TOFMS, LC-MS/MS
2D-DIGE, MALDI-TOFMS, LC-MS/MS
2-DE, MALDI-TOF-MS

WB

[102]

WB

[102]

WB

[95]

2-DE, SELDI-TOF-MS

IHC

[58]

1-DE, LC-MS/MS
1-DE, MudPIT, SRM
na1-DE, MALDI-TOF-MS,
LC-MS/MS
iTRAQ labelling, LCMALDI-TOF-MS
iTRAQ labelling, LCMALDI-TOF-MS
iTRAQ labelling, LCMALDI-TOF-MS
2-DE, MALDI-TOF-MS
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PCNA
PSME3
RBBP4
ARHGDI
S100A11
S100A12
S100A6
S100A8

S100A9

SELENBP1
PIM1
SAA2
TAGLN
SPTAN1
SRC

Proliferating cell
nuclear antigen
Proteasome activator
complex subunit 3
Retinoblastoma binding
protein 4
Rho GDP-dissociation
inhibitor
S100-A11 calcium
binding protein
S100-A12 calcium
binding protein
S100-A6 calcium
binding protein
S100-A8 calcium
binding protein
S100-A9 calcium
binding protein

Selenium binding
protein 1
Serine/threonineprotein kinase Pim-1
Serum amyloid A-2
protein
Smooth muscle protein
22-alpha
Spectrin

Cell lines

2-DE, MALDI-TOF-MS

WB

[95]

2-DE, MALDI-TOF-MS

IHC

[46,47]

2-DE, LC-MS/MS

WB

[24]

Tissue, cell lines

Candidate tissue
biomarker
Diagnosis and
prognosis
Candidate tissue
biomarker
Metastasis

Tissue

Tissue biomarker

2-DE, SELDI-TOF-MS

Tissue, validated in
serum
Cell line, tissue

Tissue, stool,
Diagnosis
validated in serum
Membrane fraction Tissue biomarker
from tissue
Tissue, cell lines,
Diagnosis
exosomes, validated
in serum, stool
Tissue, cell lines,
Diagnosis
exosomes, animal
model, validated in
serum, stool
Tissue, cell lines,
Prognosis
serum
Serum
Diagnosis

[78]

[97]

FP-protein microarray,
1-DE, LC-MS/MS

WB, RP-tissue
microarray, ELISA

[78,110]

iTRAQ, LC-MALDI-TOFMS
LC-MS/MS

WB

[98]

ELISA

[106]

1-DE, LC-MS/MS
2D-DIGE, MALDI-TOF MS

-

[110]
[30]

Lectin Fractionation,
MALDI-MS-MS
2-DE, MudPIT, LC-MS/MS

SRM

[75]

-

[112]

1-DE, LC-MS/MS

-

[110]

2D-DIGE, MALDI-TOF MS
SELDI-TOF-MS, 1-DE,
MudPIT, SRM
2-DE, 2D-DIGE, MALDITOF-MS

-

[30]
[69,94]

-

[35,46]

WB, IHC

[62]

-

[35,84]

Diagnosis

Animal model
Exosomes

Candidate tissue
biomarker
Metastasis

Serum
Serum, stool

Diagnosis
Diagnosis

Transforming growth
factor β-induced protein
ig-h3
Transgelin

Cell lines

Candidate serum
biomarker

Tissue

Prognosis

Translationally
controlled tumour
protein
Transthyretin
Trefoil factor 3

Secretome from cell
lines, tissue
Serum
Secretome from
cell lines, tissue,
validated in serum
Animal model
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[19,84,86]

RNA-seq

Serum

TUBB

WB

1-DE, LC-MS/MS

Exosomes
Serum

TPM2

2D-DIGE, MALDI-TOF/
TOF, and MALDI-TOF-MS
FP-protein microarray

Candidate tissue
biomarker
Diagnosis,
metastasis

Tenascin C
Thryroid receptor
interactor
TIMP metallopeptidase
inhibitor 1
Toll-like receptors

Triggering receptor
expressed on myeloid
cells 1
Tropomyosin 2 (beta
chain)
Tubulin beta chain

[19,84,85,91,110]

Cell lines

TNC
TRIP

TREM1

WB, IHC

[58]

Diagnosis and
prognosis
Metastasis
Diagnosis

TTR
TFF3

1-DE, 2D-DIGE, MALDITOF-MS, LC-MS/MS

IHC

Tissue, serum

TPT1

[19,84,91,110]

2-DE, SELDI-TOF-MS

Stomatin-like protein 2

TAGLN

WB, IHC

Tissue biomarker

STOML2

TGFBI

[81,110]

[48,93]

Tissue

Metastasis

TALDO1
TFRC

-

2-DE, MALDI-TOF-MS,
LC-MS/MS
1-DE, 2-DE, MALDI-TOFMS, LC-MS/MS
1-DE, 2D-DIGE, MALDITOF-MS, LC-MS/MS

1-DE, MudPIT, LC-MS/MS

Cell lines

TRAF2 and NCKinteracting protein
kinase
Transaldolase 1
Transferrin

[58,59]

Diagnosis

STMN1

TNIK

IHC, protein
microarray
Immunoassay

Serum

Serum, exosomes

TLRs

[21]

WB, RP-tissue
microarray, ELISA
SRM

Proto-oncogene
tyrosine-protein kinase
Src
Stathmin

TIMP1

2-DE, MALDI-TOF-MS

2D-DIGE, ICAT, LC-MS/
MS
Candidate serum 2D-DIGE, MALDI-TOF-MS
biomarker

[77]

Metastasis
Metastasis

2-DE, MALDI-TOF MS
LC-MS/MS

ELISA
WB, ELISA

[11]
[71]

Candidate tissue
biomarker

2-DE, MudPIT, LC-MS/MS

-

[112]

Tissue

Prognosis

WB, IHC

[62]

Tissue, cell lines

Diagnosis and
prognosis

2D-DIGE, ICAT, LC-MS/
MS
2DE, iTRAQ labelling, LCMALDI-TOF-MS, LC-MS/
MS,

WB, IHC

[64,98]
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PKM
VCP
VIL1

VDAC1

Pyruvate kinase type
M2
Valosin-containing
protein
Villin 1

Tissue, stool

Diagnosis

Tissue

Prognosis

2D-DIGE, MALDI-TOF-MS

-

2D-DIGE, ICAT, LC-MS/
WB, IHC
MS
Tissue, cell lines
Metastasis
iTRAQ labelling, 2-DE, 2DWB
DIGE, LC-MALDI-TOFMS, MALDI-TOF-MS
Voltage-dependent
Membrane fracDiagnosis and pre- 2D-DIGE, MALDI-TOF MS RP-tissue microarray
anion-selective channel tion from colorectal sumably therapy
protein 1
carcinoma

[19,92]
[62]
[19,95,98]

[25]

CRC: Colorectal cancer; 2-DE: Two-dimensional electrophoresis; LC: Liquid chromatography; MS: Mass spectrometry; SELDI-TOF-MS: Surface-enhanced
laser desorption/ionization time-of-flight mass spectrometry; MudPIT: Multidimensional protein identification technology; SRM: Selected reaction monitoring; ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry.
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Colorectal cancer screening: 20 years of development and
recent progress
Miroslav Zavoral, Stepan Suchanek, Ondrej Majek, Premysl Fric, Petra Minarikova, Marek Minarik,
Bohumil Seifert, Ladislav Dusek
some 4000 die from this malignancy. Twenty years ago,
the first pilot studies on CRC screening led to the introduction of the opportunistic Czech National Colorectal
Cancer Screening Program in 2000. Originally, this program was based on the guaiac fecal occult blood test
(FOBT) offered by general practitioners, followed by
colonoscopy in cases of FOBT positivity. The program
has continuously evolved, namely with the implementation of immunochemical FOBTs and screening colonoscopy, as well as the involvement of gynecologists.
Since the establishment of the Czech CRC Screening
Registry in 2006, 2405850 FOBTs have been performed
and 104565 preventive colonoscopies recorded within
the screening program. The overall program expanded
to cover 25.0% of the target population by 2011. However, stagnation in the annual number of performed
FOBTs lately has led to switching to the option of a
population-based program with personal invitation,
which is currently being prepared.
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Abstract

Core tip: The rising incidence rate of colorectal cancer
(CRC) puts demands on systematic approaches towards
secondary prevention. The National CRC Screening Program in the Czech Republic has been running for more
than 13 years. Nowadays, guaiac and immunochemical fecal occult blood tests (FOBT) are used, as well as
screening colonoscopy. The quality control system was
devised with the introduction of CRC Screening Registry. Since 2006, 104565 preventive colonoscopies have
+
been performed: 89752 FOBT colonoscopies (85.8%)
and 14813 screening colonoscopies (14.2%). Adenomas
+
were diagnosed in 30515 patients undergoing FOBT
colonoscopy (34.0%), and in 3719 patients through

Colorectal cancer (CRC) is the second most common
cancer in Europe and its incidence is steadily increasing. This trend could be reversed through timely
secondary prevention (screening). In the last twenty
years, CRC screening programs across Europe have
experienced considerable improvements (fecal occult
blood testing; transition from opportunistic to population based program settings). The Czech Republic is
a typical example of a country with a long history of
nationwide CRC screening programs in the face of very
high CRC incidence and mortality rates. Each year, approximately 8000 people are diagnosed with CRC and
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screening colonoscopy (25.1%). In all preventive colonoscopies, a total of 4193 cancers were registered.

CANCER BURDEN IN CENTRAL EUROPE
In Europe in 2012, it is estimated that 3.45 million new
cases of cancer were diagnosed and 1.75 million patients
died from malignant diseases. Concerning CRC, the annual number stands at 447000 new cases, with 215000
fatalities[21]. The burden of CRC is not equally distributed
across Europe. Central European countries, most notably
Slovakia, Hungary, and the Czech Republic, rank among
the countries with the highest CRC incidence and mortality rates in Europe, with values two to three times higher
than countries with the lowest occurrence (e.g., Bosnia
and Herzegovina, Greece, and Albania). The mortality to
incidence (MI) ratio has been shown to be a good indicator of cancer-specific survival[22]. With a CRC MI ratio
of 0.42, the Czech Republic is close to the EU-27 value
(0.40). Within Central Europe, similar results were shown
for Austria (0.41) and Slovakia (0.44).
Time trends in CRC incidence in the Czech Republic
and neighboring countries show diverse patterns for the
last two decades (Figure 1, Table 1; selected cancer registries with trends available over long periods of time were
chosen to represent Germany and Poland). Whereas in
1990, Saarland in Germany was the area with the highest
CRC incidence, followed by the Czech Republic and Austria, in 2000, the Czech CRC incidence rates ranked first,
representing a 25% increase in incidence over a decade.
An even sharper increase was seen in Slovakia (+33%)
and in Kielce, Poland (+80%). Fortunately, these trends
were not repeated during the most recent period: CRC
incidence rates have decreased (Czech Republic, Germany, and Austria) or only moderately increased (Slovakia,
Poland).
In the Czech Republic, 8265 new CRC cases were
diagnosed in 2010 with 3991 deaths. CRC incidence
has been increasing alarmingly from the start of cancer
registration in the 1970s up to the early 2000s. Recently,
CRC incidence dropped by 4.4% between the periods
1995-1999 and 2006-2010. An even more substantial
decrease was observed in CRC mortality rates, which
dropped by 20.8% between 1995-1999 and 2006-2010
(Figure 2). In 2010, 23.8% of the patients were diagnosed
with stage 3 and 23.0% in the primary metastatic stage
(Figure 3). However, the first positive trends in early
diagnosis have been witnessed; whereas only 15.6% of
patients were diagnosed with stage 1 CRC in 2000, this
proportion increased to 23.3% in 2010.
The epidemiological situation has been a challenge in
the designing of a more effective CRC screening program
in the Czech Republic. The program has been developed
in step by step phases.

Zavoral M, Suchanek S, Majek O, Fric P, Minarikova P, Minarik
M, Seifert B, Dusek L. Colorectal cancer screening: 20 years of
development and recent progress. World J Gastroenterol 2014;
20(14): 3825-3834 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/3825.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3825

INTRODUCTION
Colorectal cancer (CRC) poses serious health risks to the
European population, mainly in the Central European region, where it is the second most common cancer as well
as the second most common cause of cancer deaths[1].
This is an unfortunate fact knowing that CRC belongs to
the group of preventable diseases, if diagnosed early[2].
CRC prevention includes two modalities: screening (early
diagnosis of a disease in asymptomatic individuals) and
surveillance[3] (long-term follow-up of high-risk individuals). Screening is focused on people aged 50 and over.
Age represents a low risk factor for sporadic CRC, that is,
carcinoma developing in patients with negative family or
personal history of CRC or chronic inflammatory bowel
disease; this type of carcinoma accounts for 80% to 95%
of all CRC cases[4].
Screening procedures are performed in either one or
two steps. One-step programs are represented by screening colonoscopy[5], flexible sigmoidoscopy[6-8], and CT
colonography[9]. The initial method of two-step programs
involves fecal occult blood tests (FOBT), which can be
either guaiac-based (gFOBT)[10,11] or immunochemical
(FIT)[12]. In cases of positive FOBT, examination with
colonoscopy or flexible sigmoidoscopy follows. Recently,
studies with other tests (such as capsule colonoscopy[13,14]
or DNA testing[15]) have been performed, but their efficiency in practice has yet to be proved.
Guaiac FOBTs are the most frequently used test in
screening programs worldwide. The malignant transformation of premalignant lesions (adenomas) lasts 8-10
years on average[16]. These lesions are often accompanied
only by irregular and occult bleeding. However, with repeated and regular FOBT examination, the chances of
detecting advanced adenomas or early cancers (followed
by successful treatment) are high. It is documented that
CRC diagnosis in an asymptomatic individual is associated with a 90% five-year survival rate, but this proportion decreases to 40% and 25% if the symptoms last for
3 or 7 mo, respectively[17]. Similarly, the five-year relative
survival[18] can range between 90% and 15% for localized
and advanced cancers, respectively[19].
The key point of the screening programs is to reach
adequate target population coverage. Therefore, an organized population-based screening program based on early
identification and followed by personal invitation to each
individual from the target population is preferred[20].
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CZECH NATIONAL CRC SCREENING
PROGRAM
CRC screening pilot studies
Due to the unfavorable development of CRC incidence
and mortality rates in the Czech Republic in the second
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Czech Rep
Germany, Saarland
Poland, Kielce

70

Slovakia
Austria

Table 1 Time trends for incidence rates for colorectal cancer
in the Czech Republic and neighboring countries
Cancer registry

CRC incidence (ASR-E)

60

Colorectal cancer incidence-ASR (E)
1990 2000

50

Czech Republic
Germany, Saarland
Slovakia
Austria
Poland, Kielce

40
30
20

50.3
58. 8
41.7
48.8
19.1

62.7
61.7
55.7
49.4
34.3

Trend
2007
Trend
1990-2000
2000-2007
+25%
+5%
+33%
+1%
+80%

59.0
58.7
57.9
41.8
35.7

-6%
-5%
+4%
-16%
+4%

Source of data: Steliarova-Foucher et al[21] ECO; Czech National Cancer
Registry. ASR (E): Number per 100000 population, age-standardized rate
(European).
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program was implemented and established; from 2006
until now, it was continuously improved and evolved.
Compared to the other widely recommended screening
programs (focused on breast cancer and cervical cancer), the CRC program is a multidisciplinary issue. In the
beginning, the organizational structure comprising of
GPs and gastroenterologists was established. Over the
first three years, specific financial support (approximately
CZK 240 million, equivalent to EUR 9 million) was allocated, with the objective of substantial improvements
in the equipment of endoscopy units. A media campaign
was launched, and educational courses were held in all
regions. The program has been monitored and evaluated
by the CRC Screening Council, consisting of regional
coordinators of all involved medical specialties, and by
the CRC Screening Committee of the Czech Ministry of
Health. Until 2005, the evaluation was only based on aggregated data (provided by health insurance companies).
During this period, 977973 gFOBTs were performed,
19257 adenomas were removed, and 2797 cases of CRC
were diagnosed.

Year

Figure 1 Time trends for incidence rates of colorectal cancer in the Czech
Republic and neighboring countries. CRC: Colorectal cancer; ASR-E: Number per 100000 population, age-standardized rate (European).

half of the 20th century, six pilot studies incorporating
gFOBT were performed in the period 1979-1984, and
their summary results were published in 1986[23].
These studies were followed by the subsequent phase,
referred to as the “Czech Screening Program”, in the
period 1985-1991. This program was conducted in all
regions and involved more than 109000 asymptomatic
individuals between 45 and 60 years. Compliance of the
target population reached 83.1%. Cancers diagnosed
within this screening program were detected in earlier
stages than non-screening cancers[24].
To confirm these outcomes in a different political and
medical care setting (national vs private health care), yet
another prospective study was conducted under the label
“The Prague Project” (1997-1998). Here, 68 general practitioners (GPs) were involved and 12600 asymptomatic
individuals were examined, with 80% compliance.
Both studies confirmed favorable cost-benefit and
cost-effectiveness results, interest of the target population, as well as readiness of health care professionals to
support CRC screening.

Assessment of quality control for program improvement
In 2006, the Czech CRC Screening Registry for collecting
anonymous individual data was established. This online
database contains data from the nationwide network of
high-quality endoscopy units (168 centers for screening
colonoscopy) on all preventive colonoscopies. The term
“preventive colonoscopy” covers both FOBT+ colonoscopies (performed after a positive FOBT) and screening
colonoscopies (available to all individuals aged over 55
years). The centers are required to meet strict quality
criteria, including adequate personnel, materials and
equipment, the recommended annual volume of colonoscopies and endoscopic polypectomies, quality control
system, and a plan for the management of complications. The registry includes demographic data, the type
and date of FOBT applied, and the main findings of the
performed colonoscopy. Records in the registry also involve information about the number, size and histology
of adenomas, the preoperative staging and histology of
cancers, as well as complications (severe bleeding, perforation) during diagnostic procedures and polypectomies.
The collected data is centrally stored and analyzed at the

Introduction to the national program
Based on these facts, negotiations among the Czech Society of Gastroenterology, the General Health Insurance
Company, and the Czech Ministry of Health followed,
leading to the introduction of the National CRC Screening Program on July 2000. At that time, the Czech Republic was only the second country to have a nationwide
CRC screening program (with Germany being the first).
In the two-step program, the biennial guaiac FOBT (three
stool samples) was offered to asymptomatic individuals
aged over 50 as part of preventive check-ups at GP clinics[25]. In cases of a positive test, colonoscopy followed.
Further development
The two phases in the developmental course of the program can be distinguished. In the period 2000-2005, the
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Figure 2 Time trends for the incidence and mortality rates for colorectal cancer in the Czech Republic. CRC: Colorectal cancer; ASR-E: Number per 100000
population, age-standardized rate (European).
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Figure 3 Time trends for the distribution of stages in newly diagnosed colorectal cancer patients in the Czech Republic. CRC: Colorectal cancer.

Institute of Biostatistics and Analyses of Masaryk University, Brno). The results of the program are available at
the national website: www.kolorektum.cz.
Data entered in the registry is used for quality control
of the program, with the main indicators as defined by the
European guidelines[26,27]. The indicators are: adenoma detection rate (ADR), advanced ADR, cecal intubation rate,
positive predictive value, and endoscopic complications[28].
Since 2006, a total of 104565 preventive colonoscopies have been performed: 89752 FOBT+ colonoscopies
(85.8%) and 14813 screening colonoscopies (14.2%).
Adenomas were diagnosed in 30515 patients undergoing FOBT+ colonoscopy (34.0%; 48.1% of them with
advanced adenomas) and in 3719 patients undergoing
screening colonoscopy (25.1%; 29.4% of them with

WJG|www.wjgnet.com

advanced adenomas). In all preventive colonoscopies, a
total of 4,193 cancers were registered. The overall cecal
intubation rate reached 94.7% in FOBT+ colonoscopies and 97.7% in screening colonoscopies. In the years
2006-2012, there were 92 cases of perforation (0.09%
of all examinations) and 361 cases of bleeding during
endoscopic polypectomies (0.76% of all therapeutic procedures) reported.
The Czech National Cancer Registry (CNCR) and
the Czech National Reference Centre (CNRC) are additional sources for monitoring the quality of the screening program. The Czech National Cancer Registry, the
data of which was made partly accessible via the www.
svod.cz portal[29], is an essential source of cancer statistics
data, covering the entire population of cancer patients
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Figure 4 Time trends for coverage by colorectal cancer screening (fecal occult blood test and screening colonoscopy) in the Czech Republic.

in the Czech Republic starting from 1977. CNCR is a
population registry involving the following information:
personal data, tumor diagnosis, treatment, and post-treatment follow-up entries. The population-based monitoring allows us to estimate the incidence and the mortality
rates, distribution of the clinical stages, as well as cancer
treatment and survival rates. Malignant neoplasms are
recorded in accordance with the International Classification of Diseases for Oncology (ICD-O, 10th revision)[30].
Tumor staging is performed on the basis of the TNM
classification system[31]. Standardized Death Certificates
(internationally recommended by the WHO) are implemented to collect precise individual data on the cause of
death[32].
In the Czech Republic, all residents are covered by
public health insurance. The Czech National Reference
Centre aggregates complete information from all health
insurance companies. As the insurance cover is practically
universal, this data can be used to estimate the number
of preventive and diagnostic colonoscopies, as well as the
performed FOBTs. This information system is, therefore,
an essential tool for monitoring early performance indicators within the Czech program. In the period 2006-2011,
2405850 FOBTs were performed, with an estimated
overall positive result of 5.1%; however, this figure
showed an upward trend until it reached 6.7% in 2011.

between FOBT (biannually) and screening colonoscopy
(at 10-year intervals). Since early 2013, gFOBT has been
phased out. All types of FIT are allowed, both qualitative
and quantitative, without determining a uniform cut-off
value. Participation of gynecologists in the screening program was beneficial, mainly due to the rise in FIT use. In
2011, 8% of FOBTs were performed by gynecologists;
helping to increase the coverage notably in women aged
less than 65.
Impact on long-term indicators
Twelve years after its initiation, the Czech CRC screening
program now extends coverage to about one in four of
the target population. As it is far below the levels recommended by the European Guidelines, a significant impact
of the program on CRC incidence and mortality in the
target population cannot be expected. However, our data
suggests a decrease in CRC incidence over the last decade: any slight decrease in the incidence is accompanied
by a substantial fall in mortality and some increase in the
proportion of the early stages. It is likely that the advent
of CRC screening, combined with improvements in
both the quality and capacity of endoscopy centers and
increased CRC awareness, has had a positive impact on
early diagnosis of CRC. Bearing in mind the slow spread
of the screening cover, together with the sluggish natural
progression of the adenoma to carcinoma, the impact of
screening on CRC incidence is probably rather small, but
may become more relevant in the years to come. The observed decrease in CRC mortality rates is the likely effect
of both early diagnosis and a more successful treatment
regime for CRC, as demonstrated by improvements in
stage-specific CRC survival[33].

Current design
The CNRC data shows that the coverage of the target
population (all individuals aged over 50) has been steadily
increasing since the program’s introduction; however, this
rise has been very slow and the coverage has been well
under the target values as recommended by the European
Guidelines (Figure 4). Therefore, in 2009, a new program
design was launched with the implementation of FIT,
screening colonoscopy, and the involvement of gynecologists. Currently, the program is offered to asymptomatic individuals aged 50 and over. As regards people
aged between 50 and 54 years, annual FOBT is offered
followed by FOBT+ colonoscopy in cases of a FOBT
positive result. People aged 55 years and over can choose

WJG|www.wjgnet.com

DISCUSSION
In the last twenty years, CRC screening programs across
Europe went through considerable changes[34-37]. The first
country to implement an organized program was Germany in 1976, followed by the Czech Republic in the year
2000[38,39].
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Table 2 Characteristics of selected fecal occult blood test colorectal cancer screening projects including personal invitations
Country

Age group (yr), test Time period

Studies and pilot projects
England
50-69
gFOBT
France

50-74

Procedure in personal invitation

Participation rate

Source

2000-2004

Centralized invitations by the screening unit
Sending fecal occult blood test (FOBT) test kits

Weller et al[67], 2007
UKCRCSPG[66], 2004

2003-2006

Centralized invitations according to sickness fund
database files
Invitation to general practitioners (GP), reminder after 6
mo, FOBT kit reminder 4 mo later
Exclusions by GP: serious illness, recent colorectal cancer
(CRC) screening, high CRC risk
Centralized invitations
Exclusions: Inflammatory bowel disease (IBD), CRC,
recent CRC screening
Pre-invitation, sending test kits after 2 wk, reminder after
6 wk
Centralized invitations by the screening center
Sending FOBT test kits
Reminder-second kit-after 6 wk (kit in first round only)
Centralized invitations
Exclusions: CRC, adenoma, high CRC risk
Invitation-reply-sending test kit, reminder after 6 wk

F: 59%
SM: 48%
SW: 56%
FM: 54%

gFOBT

Netherlands

50-74
gFOBT, FIT

2006-2007

Scotland

50-69
gFOBT

2000-2007

Spain

50-69
gFOBT

Since 2000

Population-based screening programs
England
60-69
Since 2006
gFOBT
Finland

60-69
gFOBT

Since 2004

Denis et al[59], 2007

FW: 57%

gFOBT:
50%

Hol et al[60], 2010

FIT: 62%
FM: 50%, FW: 60%
SM: 49%, SW: 57%

Steele et al[65], 2009

FM: 17%, FW: 18%
SM: 21%, SW: 24%

Peris et al[64], 2007

Centralized invitations by the screening center
M: 50%
People registered with a GP practice
W: 54%
Sending FOBT test kits
Centralized invitations by the national screening center FM: 62%, FW: 77%
using Population Register Center
SM: 68%, SW: 80%
Sending FOBT test kits

Logan et al[61], 2012

Malila et al[48], 2011
Malila et al[63], 2008
Malila et al[62], 2005

F: First round of screening; S: Second round of screening; M: Men; W: Women; gFOBT: Guaiac fecal occult blood test; FIT: Fecal immunochemical test.

The development can be attributed to two main
processes: fecal occult blood testing evolution and the
transition from an opportunistic to population-based
program setting. Initially, gFOBTs were used widely,
mostly because of the favorable results of a randomized
controlled study in 1993 that confirmed its 15%-33%
CRC mortality reduction [40], low test cost, and easy
handling. In the last decade, many trials showing the
superiority of FIT were published[41,42]. Higher sensitivity for colorectal neoplasia and higher target population
compliance were detected[43,44]. Some European countries
(Great Britain, the Czech Republic, and Germany) have
been replacing gFOBT by FIT; some started with FIT
from the beginning (the Netherlands and Slovenia)[45].
The main issue is to find an appropriate cut-off level to
balance the sensitivity and cost-effectiveness[46]. Most
studies prefer the cut-off level in the range of 75-100
ng/mL[47]. In Finland, on the other hand, there is long
tradition of using gFOBT, which has not changed over
time, mainly because of the favorable results. The participation rate of 80% in women has been achieved for the
second round[48]. Poland remains the only country using
colonoscopy in organized CRC screening program as the
only screening modality[49,50]. Colonoscopy is considered
as a gold standard for CRC screening, but there has not
been any randomized controlled trial confirming a reduction in CRC mortality by using this method. Therefore,
an extensive international study (the NordICC Study) has
started to prove this fact from a long-term perspective[51].
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In contrast, recent data from England points to a 43%
reduction in CRC mortality with flexible sigmoidoscopy
screening[52,53]. Outside FOBT, colonoscopy, and flexible
sigmoidoscopy, other methods have not yet been implemented as a regular part of screening programs as they
are still under development (CT colonography[54], capsule
colonoscopy[55], and molecular tests[56,57]).
In 2010, the European Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis were
published[58] based on the recent and evidence-based
data focused on CRC secondary prevention and diagnosis. Concerning the program organization, it favors the
population-based setting that can lead to adequate target
population compliance (acceptable level of 45%, recommended level of 65%). Programs including personal invitations were successfully tested or implemented in many
European countries and generally achieved very promising results regarding the participation rate of the target
population (Table 2)[59-67].
The above developmental steps have been reflected in
the colorectal cancer screening program in the Czech Republic. Based on the recent data, with a stagnating annual
number of FOBTs, preventive colonoscopies, and diagnosed adenomas and cancers, it seems that the maximum
limit of opportunistic screening has been reached (Table
3). A switch to a population-based program is therefore
essential and currently being prepared. This nationwide
project (run by the Czech Ministry of Health) includes
all three national screening programs (colorectal cancer,
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Table 3 Basic characteristics of preventive colonoscopies performed within the Czech colorectal cancer screening program, 2006-2012
Basic characteristics
+

FOBT CS

Screening CS

1

1

Year

Patients with CS

Patients with detected adenoma

Proportion

Patients with detected CRC

Proportion

2006
2007
2008
2009
2010
2011
2012
Total
2009
2010
2011
2012
Total

5334
5679
7457
11712
18327
20131
21112
89752
1362
4400
4571
4480
14813
104565

1578
1635
2367
3778
6235
7134
7788
30515
345
1076
1160
1138
3719
34234

29.6%
28.8%
31.7%
32.3%
34.0%
35.4%
36.9%
34.0%
25.3%
24.5%
25.4%
25.4%
25.1%
32.7%

335
337
446
599
829
733
770
4049
24
43
42
35
144
4193

6.3%
5.9%
6.0%
5.1%
4.5%
3.6%
3.6%
4.5%
1.8%
1.0%
0.9%
0.8%
1.0%
4.0%

Total

Source: Czech colorectal cancer (CRC) Screening Registry. 1Proportions of detected neoplasia represent the positive predictive value for fecal occult blood
test (FOBT) + colonoscopies (CS) and the detection rate for screening CS.

breast cancer, and cervical cancer). It is based on an organized personal invitation of the eligible population sent to
individuals by health insurance companies. Another topic
of discussion focusing on further improvements in the
program effectiveness includes the choice of a particular
FOBT. Immunochemical methods currently used in the
screening program differ in their analytical performance.
The validation and selection of methods with an appropriate cut-off and quality control may be essential in the
future. In a Czech initial study, the optimum cut-off level
of quantitative FIT was determined as 75 ng/mL using
one test[68]. However, further studies will be necessary
for the implementation of an appropriate cut-off to the
screening program.
Currently, the uniform design of the CRC screening program is used for asymptomatic individuals, but
increased CRC risk has been proven in patients with
cardiovascular diseases and diabetes mellitus, type Ⅱ[69-71].
Therefore, an extensive Czech nationwide study is underway, focusing on the determination and stratification of
metabolic risks in the development of colorectal neoplasia, and setting the specific intervals of CRC screening
programs for these patients.
National screening programs may significantly improve the current state of public health. They require
cooperation among health professionals, the Ministry of
Health, and health insurance companies. In contrast to
other national cancer prevention programs for breast and
cervical cancers, the CRC screening program is aimed at
both sexes, although women are statistically more likely
to recognize the importance of the screening procedures.
CRC screening is more complicated and partially invasive
(colonoscopy). The publicity of the program has to be
permanent, focusing on the entire population as well as
on health professionals. It also needs the necessary support of prominent representatives of various professions
from different segments of society. Since the beginning
of this century, international scientific societies have
drawn attention to the high CRC incidence and mortality
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rates prevalent in all developed European countries. In
2010, the European Society of Digestive Oncology, the
International Digestive Cancer Alliance, the International
Agency for Research on Cancer, the United European
Gastroenterology, and the Munich Gastroenterology
Foundation emphasized in the Barcelona Declaration that
CRC is the second most common cause of cancer death.
In the EU Parliament, a group of representatives headed
by the Czech diplomat Pavel Poc opened a discussion on
this topic, and the assembly finally approved the Written
Declaration on Fighting Colorectal Cancer in the European Union. Therefore, CRC prevention is not only a
medical topic; it is an issue of social policy as well. This
fact should be reflected in CRC prevention at all levels,
from the general public to the responsible authorities.
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Core tip: To develop optimal chemopreventive agents,
we need to target cells and pathways that are essential
and critical to carcinogenesis: early tumorigenic changes of stem cells and signals for dedifferentiation may
be good targets for chemoprevention. Major chemopreventive drugs, such as non-steroidal anti-inflammatory
drugs, statins, proliferator-activated receptor γ agonists
and metformin, have cancer stem cell (CSC)-suppressing effects via regulation of stem cell-regulating pathways, stem cell niche in the tumor microenvironment,
and altered tumor metabolism. These stem cell-related
steps in tumorigenesis could be critical targets for chemoprevention and CSC-targeted adjunctive treatment
of colorectal cancer.

Abstract
Recent epidemiological studies, basic research and clinical trials on colorectal cancer (CRC) prevention have
helped identify candidates for effective chemopreventive drugs. However, because of the conflicting results
of clinical trials or side effects, the effective use of chemopreventive drugs has not been generalized, except
for patients with a high-risk for developing hereditary
CRC. Advances in genetic and molecular technologies
have highlighted the greater complexity of carcinogenesis, especially the heterogeneity of tumors. We
need to target cells and processes that are critical to
carcinogenesis for chemoprevention and treatment of
advanced cancer. Recent research has shown that intestinal stem cells may serve an important role in tumor
initiation and formation of cancer stem cells. Moreover,
studies have shown that the tumor microenvironment
may play additional roles in dedifferentiation, to enable
tumor cells to take on stem cell features and promote
the formation of tumorigenic stem cells. Therefore,
early tumorigenic changes of stem cells and signals for
dedifferentiation may be good targets for chemoprevention. In this review, I focus on cancer stem cells in
colorectal carcinogenesis and the effect of major chemopreventive drugs on stem cell-related pathways.
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CHEMOPREVENTIVE DRUGS FOR
COLORECTAL CANCER AND FUTURE
DIRECTION
Colorectal cancer (CRC) is one of the most commonly
diagnosed cancers, and is a major cause of cancer morbidity and mortality worldwide[1]. Although there have
been improvements in surgical and oncological therapies,
the data have shown limited survival improvements in
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advanced CRC[2]. Therefore, prevention strategies remain
the most promising avenue for reducing both the incidence and mortality of CRC.
CRC development is a multi-step process that occurs over a span of about 10 years, thereby providing an
opportunity for prevention and early detection[3]. CRC
screening and polyp removal are effective interventions
for CRC prevention[3,4]. However, along with screening
efforts, we need a specific prevention strategy for patients at high-risk for developing CRC. Chemoprevention
involves the use of a variety of agents that can prevent,
delay, or even reverse the development of pre-malignant
lesions by suppressing the multi-step carcinogenic process. Many studies have demonstrated that pre-malignant
lesions can be reversed and prevented pharmacologically[5]. This effect is of particular importance to high-risk
individuals with a hereditary predisposition for or susceptibility to the environmental causes of CRC. Chemoprevention shows great promise in this regard and the ideal
chemopreventive agent, with an excellent safety profile,
remains to be discovered.
Until now, there have been several major candidates
for CRC chemopreventive drugs, including aspirin and
non-steroidal anti-inflammatory drugs (NSAIDs), statins,
peroxisome proliferator-activated receptor (PPAR) γ
agonist, and metformin, which exhibit chemopreventive
effects in epidemiologic studies, in in vitro and in vivo experiments, and in some clinical trials.
NSAIDs have received the most attention as chemoprevention agents in CRC, and experimental and clinical
studies have consistently shown that NSAIDs may reduce
the risk of colorectal adenoma or cancer[6,7]. In experimental models, either nonselective or cyclooxygenase-2
(COX2)-selective NSAIDs have been shown to suppress
CRC growth through COX2-dependent and -independent mechanisms, such as activation of apoptotic and
anti-inflammatory signals[8,9].
Many clinical trials have addressed the cancer-preventive effect of aspirin, using colorectal adenomas as a surrogate primary end point for cancer, and the data support
its benefits in reducing the risk of CRC. In patients with
a history of a previous CRC[10] or a history of colorectal
adenomas[6,11], the recurrence of adenoma was reduced in
patients who received aspirin vs those who did not. In addition, in patients with hereditary non-polyposis CRC, the
long-term use of aspirin reduced the incidence of CRC,
with an HR of 0.63 (95%CI: 0.35-1.13)[12].
In addition to aspirin, other NSAIDs have also shown
efficacy in CRC prevention trials. For example, in one
clinical trial, in which patients with a history of resected
adenomas were randomized to receive either sulindac plus
difluoromethylornithine or matched placebos, promising
results were seen, in that the risk ratio was 0.30 (95%CI:
0.18-0.49) for recurrent adenomas and 0.085 (95%CI:
0.011-0.650) for advanced adenomas in the intervention
arm relative to the placebo arm[13]. In addition, recent
long-term follow-up studies have reported that NSAIDs
may also reduce the recurrence and mortality of CRC[14-16].
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Meanwhile, celecoxib, a selective COX2 inhibitor, showed
promise in inhibiting adenoma occurrence in familial
adenomatous polyposis patients[17] and in patients with a
history of colorectal polyps[18,19]. However, COX2 selective inhibitors are no longer considered for prevention of
CRC because of their cardiovascular toxicities[20-22].
Statins, widely used cholesterol-lowering drugs, inhibit cholesterol synthesis via inhibition of 3-hydroxy3-methylglutaryl coenzyme A (HMGCoA) reductase, the
rate-limiting enzyme in the mevalonate and cholesterolsynthesis pathway. Many of the downstream products of
this pathway are required for critical cellular functions,
such as maintenance of membrane integrity, signaling,
protein synthesis and cell cycle progression[23,24]. However, clinical studies examining the relationship between
statins and CRC incidence have yielded mixed results.
Although some case-control and cohort studies and a
meta-analysis study[25-31] demonstrated a protective effect against CRC in statin users, other studies failed to
do so[32-37]. Siddiqui et al[38] showed reduced recurrence
of polyps (OR = 0.51, 95%CI: 0.43-0.60) and high-risk
polyps (OR = 0.74, 95%CI: 0.52-0.96), and diminished
polyp size and number in patients who used statins continuously for up to 5 years. Moreover, statins have an
excellent safety profile. To overcome the possible discrepancies in the results from studies of statins in CRC
chemoprevention, a thorough analysis of the underlying
CRC risk, methodologies and exposure time are needed,
along with data from well-designed large-scale clinical
trials and epidemiological studies in the future. The exact
role of statins in chemoprevention remains to be elucidated. In addition, recent data have suggested that statins
may have beneficial effects on disease progression and
survival, indicating that long-term use of statins may be
associated with a less-advanced tumor stage and a better
survival rate[34,39].
PPARγ agonists, such as thiazolidinedione (TZD), an
insulin-sensitizing diabetes drug, also have anti-cancer activities, involving inhibition of cell growth and induction
of apoptosis and terminal cellular differentiation[40-43].
PPARs have central roles in the regulation of glucose
and lipid homeostasis, and also regulate cell proliferation,
differentiation, and inflammation[44]. Recently, several
studies have reported that the use of TZDs may be associated with a decreased risk of CRC in patients with
diabetes[45,46], and in some cases, PPARγ agonists have
also shown modest efficacy for chemoprevention in clinical trials[47,48]. In addition, PPARγ expression in CRC primary tumors correlates well with overall survival of CRC
patients[49], which is consistent with animal experiments
showing that intestinal tumors are exacerbated in APC
min/+ mice with genetic ablation of Pparg, compared
with control APC min/+ mice[50]. However, controversy
regarding the anti-tumor effect of PPARγ agonists persists because some studies indicated that activation of
PPARγ promotes tumorigenesis[51-54]. Furthermore, clinical studies show that TZD may be associated with an
increased risk of heart failure[55], bone fractures[56-58] and
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possibly bladder cancer[59]. Whether these are PPARγmediated side effects or off-target effects remain uncertain. Although PPARγ is currently considered a potential
target for chemoprevention, previous results are based
mainly on observational and preclinical studies, and rigorous clinical trials are needed to address the utility of
PPARγ agonists in CRC chemoprevention.
Metformin is a classic biguanide drug that has been
used as first-line therapy for type 2 diabetes mellitus
(DM). Metformin inhibits hepatic gluconeogenesis and
reduces insulin resistance. It is a safe and economical
drug that has been used for more than 50 years. Most
CRC-specific observational studies and meta-analyses
reported that patients with type 2 DM who were taking
metformin have a lower risk of CRC and better outcomes compared with patients not taking the drug[60-64].
Moreover, metformin showed a protective effect for
colorectal adenoma recurrence in colonoscopic surveillance of CRC patients with diabetes[65]. Preclinical studies in animal models support these findings, showing
that metformin induced AMP-activated protein kinase
(AMPK) activation and inhibited tumor development
and growth, including colon tumorigenesis[66,67]. In terms
of its molecular mechanism, metformin regulates insulin/insulin-like growth factor-related pathways, inflammatory activity, and the AMPK/mammalian target of the
rapamycin (mTOR) pathway[68]. Activated AMPK inhibits
the mTOR-mediated synthesis of key proteins responsible for malignancy and growth of cancer cells[69], and is
thought to be a main mediator of the potential anti-cancer mechanism of metformin. Despite the promising results in these studies, data pertaining to metformin from
well-designed clinical trials for CRC and its precancerous
lesions are lacking. Furthermore, the anti-tumor effect
of metformin on non-diabetic patients should also be
assessed, because the safety of metformin is well known
and it has no glucose-lowering effects in non-diabetic patients. One clinical trial demonstrated an inhibitory effect
of metformin in aberrant crypt foci formation of the
rectum in patients who did not have diabetes[70]. However, this study showed a short-term effect of metformin
in a small number of subjects. Therefore, large-scale
randomized controlled trials are required to confirm the
chemopreventive and therapeutic effects of metformin,
especially for non-diabetic patients[71].
Among the most-promising chemopreventive drugs
currently being studied, NSAIDs have consistently
shown a protective effect against CRC; however, they
are generally not recommended for widespread chemoprevention because of the increased risk of bleeding[72].
In addition, COX2-selective inhibitors showed increased
cardiovascular morbidity[73]. However, statins, PPARγ
agonists and metformin have a relatively good safety profile, and these drugs show similarities in their abilities to
improve metabolic disorders that are known to be associated with increased cancer risk, such as diabetes, obesity,
dyslipidemias, and chronic inflammation. For widespread
acceptance of these chemopreventive drugs, more defi-
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nite chemopreventive effects in large-scale well-designed
clinical trials need to be demonstrated, along with a more
acceptable safety profile for PPARγ agonists.
Future directions in CRC chemoprevention will include genetic and molecular approaches for identifying
pathways that are associated with cancer initiation and
development, and personalized approaches to predict
risk, drug susceptibility and toxicity. In addition, mechanism-based combinations of agents will also maximize
effectiveness, while limiting drug toxicity. From the
perspective of identifying new targets for chemoprevention, besides the traditional targeting of the multi-step
process in colorectal carcinogenesis, new evidence has
demonstrated that targeting essential cell types and critical signaling pathways, such as tumor-initiating stem cells
and stem cell-related pathways, could be another effective
strategy for preventing colorectal tumorigenesis.

STEM CELLS IN CRC AND EARLY
CARCINOGENESIS: OPPORTUNITIES FOR
CHEMOPREVENTION
Much evidence has shown that genomic instability, including chromosomal and microsatellite instability, and
epigenetic changes are important mechanisms for multistep tumorigenesis of CRC[74]. However, we have come
to understand that tumors show inter- and intra-tumoral
heterogeneity, even in the same patient, and more complex intercellular interactions. Therefore, we need to
identify the cells and cellular interactions that are critical
in tumors to eradicate cancer cells and prevent cancer
development. Recent evidence revealed that stem cells,
the tumor microenvironment and metabolic alterations
are closely related and critical steps in colorectal carcinogenesis. With recent advances in our understanding of
the homeostatic control of intestinal crypts and microenvironments (niches), we are able to delineate the steps in
early carcinogenesis of CRC, which could lead to development of new targets for chemoprevention of CRC.
Within the crypts of the intestinal mucosa, the intestinal epithelium is a permanently renewing tissue, the
architecture of which is maintained by the ability of the
intestinal stem cells to self-renew and generate a hierarchy of proliferative and differentiated cells[75]. The balance between proliferation and cell death is important for
homeostasis of the intestinal epithelium. Using genetic
lineage-tracing methods for stem cell markers, several
markers of intestinal stem cells, including B-lymphoma
Mo-MLV insertion region 1 (BMI1), telomerase reverse
transcriptase, leucine-rich repeat-containing G proteincoupled receptor 5 (Lgr5), leucine-rich repeats and immunoglobulin-like domains 1 (Lrig1), olfactomedin 4 and
achaete-scute complex homolog 2 (ASCL2), have been
identified[76-80].
As for the stem cell niche or microenvironment,
subepithelial mesenchymal cells, their secreted growth
factors, and basement membrane factors that regulate
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epithelial cell function support the intestinal crypts.
Pericryptal myofibroblasts (PCMFs), one of the microenvironment or niche components, have crucial functions and roles in intestinal organogenesis, regulation of
epithelial cell proliferation and differentiation, mucosal
protection, wound healing and extracellular matrix
(ECM) metabolism that affects the growth of the basement membrane[81,82]. In addition, many inflammatory
cells, such as macrophages and lymphocytes, are also
important components of the microenvironment in both
normal and pathological states. PCMFs and inflammatory cells are located immediately beneath the basement
membrane, just under the epithelial cells, and function
through the secretion of growth factors, cytokines and
basement membrane/ECM proteins; they become activated through direct and indirect interactions[82]. Several
studies showed that interstitial myofibroblasts and inflammatory cells increase in neoplastic lesions, suggesting
that myofibroblasts and inflammatory cells play critical
roles in colorectal neoplasia, as well as under normal
conditions[83-85].
The stem/progenitor cells, transient amplifying cells,
and, finally, the terminally differentiated cells in intestinal
crypts are under homeostatic control through important
signals, such as the Wnt, bone morphogenic protein
(BMP), NOTCH, Hh and phosphoinositol 3-kinase
(PI3K)/mTOR pathways[86]. The regulation of these signals occurs via the tight control of interactions between
stem/progenitor cells and the niche microenvironment,
such as the PCMFs, smooth muscle cells and inflammatory cells[86]. The dysregulation of cryptal homeostasis
can induce tumorigenesis and the micro environmental
factors secreted by inflammatory cells and myofibroblasts
in tumors, as well as accumulation of epithelial changes,
have important roles in early tumor progression[86].
Recent evidence suggests that CRC may arise from
mutated colorectal stem or progenitor cells that have
been termed colorectal cancer stem cells (CSCs) or initiating cells because of their exclusive ability to sustain
tumor formation[87,88]. Colorectal CSCs have been identified based on the expression of specific cell surface
markers, such as cluster of differentiation (CD)133,
CD44, CD166, aldehyde dehydrogenase, doublecortinlike kinase 1 (Dclk1), Lgr5 and Eph receptor B2, and
these cells demonstrated stem/progenitor cell properties,
in terms of their ability to self-renew, differentiate, and
proliferate indefinitely to drive continuous expansion of
the malignant cell population[89-93]. These data emphasize the importance of better characterization of CSCs,
because the limited numbers of CSCs within the bulk
of the tumor may account for their capability to escape
conventional therapies, leading to relapse and metastasis.
CSCs are now recognized as a specific target for the complete elimination of CRC (Figure 1). In addition, because
these CSCs appear in the very early stages of colorectal
carcinogenesis, the early changes that occur in normal
and cancer stem cells during carcinogenesis might be an
effective target for chemoprevention, as well as treatment
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of advanced CRC.
Effect and mechanisms of chemopreventive drugs on
CSCs
Recent evidence suggests interesting similarities in the
effects of the above-mentioned major chemopreventive
drugs, such as aspirin, NSAIDs, statins, PPARγ agonists,
and metformin; these include their CSC-suppressing effect, anti-inflammatory action, and regulation of altered
tumor metabolism. In addition, both anti-inflammatory
effects and regulation of altered tumor metabolism are
also associated with the CSC-suppressing effects of these
drugs.
CSCs are involved in tumor initiation, growth, recurrence, and metastasis; therefore, these data suggest that
the preventive and survival-improving effects of chemopreventive drugs on CRC might be related to their CSCsuppressing ability. Therefore, in this section, I focus on
the relationship between normal/cancer stem cell-related
pathways and the mechanism of the chemopreventive
drugs.
Direct effect on stem cell and cancer stem cells via
regulation of Wnt, NOTCH and BMP pathways
The anticarcinogenic activity of NSAIDs in CRC may depend mostly on the inhibition of COX2 activity, because
prostaglandins (PGs) play an important role in tumorigenesis in CRC[94-97]. COX2 is reported to be overexpressed in
85% of human CRC cases and in about 50% of colorectal adenomas[94], and was also identified in an animal model[97], in which a COX2 null mutation significantly reduced
the number and size of polyps in Apc∆716 mice[98]. An
earlier study reported that COX2 over-expression leads
to the production of PGE2, which ultimately stimulates
[99]
β-catenin-mediated transcription in colon cancer . The
WNT/β-catenin pathway is thought to be involved in the
regulation of CSCs, and is one of the most interesting
therapeutic targets in CSCs[100]. In terms of the anti-CSC
effect of NSAIDs, Moon et al[101] showed that the antiCSC effects of NSAIDs were related to both COX2dependent and -independent pathways.
As traditional NSAIDs exert anticancer effects via
COX2-independent mechanisms[102], the COX2-independent pathways of NSAIDs could be involved in their
anti-CSC activity. In several previous reports, NSAIDs
were shown to inhibit NOTCH/hairy and enhancer of
split 1 (HES1) signaling pathway as a γ-secretase inhibitor[103,104] and activate the PPARγ expression as a PPARγ
agonist[105,106]. NOTCH/HES1 signaling has been shown
to be oncogenic in CRCs, inhibiting the terminal differentiation of epithelial cells[107], and the dysregulation
of the NOTCH/HES1 signaling was implicated in the
self-renewal and maintenance of CSCs in CRC[108]. Meanwhile, PPARγ activation resulted in growth arrest and induced differentiation of colon cancer cells[45]. In addition,
the CSC-inhibitory effect of PPARγ agonists through the
inhibition of the Janus kinase-signal transducer and activator of transcription (STAT) pathway was demonstrated
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Figure 1 Role of cancer stem cell and anti-cancer stem cell therapy in colorectal cancer. The limited numbers of cancer stem cell (CSC) within the bulk of the tumor
may account for their capability to escape conventional therapies, leading to relapse and metastasis; therefore, CSCs are now recognized as a specific target for the complete elimination of colorectal cancer. CSCs are resistant to conventional chemotherapy: the tumor is reduced in size in the short term, but eventually relapses, driven by
CSCs. When CSC-targeted therapy or CSC-differentiating therapy is combined with conventional therapy, a tumor will progressively exhaust its growth potential.

in brain CSCs[109]. In this context, Moon et al[101] showed
that the NOTCH pathway and PPARγ could be related
to CSCs in CRC and be down- and up-regulated by
NSAIDs, respectively, suggesting that NSAIDs suppress
colon CSCs via COX2-independent pathways.
In addition, Qiu et al[110] demonstrated that sulindac
induces apoptosis to remove the intestinal stem cells
with aberrant Wnt signaling, and that diablo IAP-binding
mitochondrial protein (also referred to as SMAC), a mitochondrial apoptogenic protein, has a central role in
this tumor-suppressive effect of sulindac. These results
suggested that the chemopreventive effect of NSAIDs is
mediated through the elimination of stem cells that are
inappropriately activated by oncogenic events.
Some natural chemopreventive dietary compounds,
such as curcumin, sulforaphane and piperine, also have
been shown to suppress CSCs through inhibition of
WNT/β-catenin signaling[111-113].
Statins also have anti-CSC activity. Kodach et al[114]
showed that tumor-suppressive BMP signaling was silenced by promoter hypermethylation of BMP2 in CRC,
and downregulation of DNA methyltransferase activity
by statin led to BMP2 promoter demethylation and upregulation of BMP2 expression, culminating in the differentiation of CRC cells and reduction of “stemness”.
Therefore, the suppression of Wnt and NOTCH
signaling, and activation of BMP and PPARγ signaling
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that is induced by NSAIDs, statins, PPARγ agonists, and
some natural chemopreventive dietary compounds might
have potential effects on the fate of stem cells, inducing
cell differentiation, cell cycle arrest, and apoptosis.
Regulation of stem cell niche and the inflammatory
nuclear factor-κ B pathway
Recent studies show that bidirectional conversion between CSCs and non-CSCs can be triggered by stromal
factors secreted by inflammatory cells or myofibroblasts
in the tumor microenvironment[115,116]. These factors enhance Wnt activation, induce dedifferentiation of nonstem cells and expand stem cell properties during tumorigenesis. In this regard, the anti-inflammatory effect of
chemopreventive drugs can retard this de-differentiating
effect.
As an important component of the tumor microenvironment, chronic inflammation is also a key factor in
the progression of many cancers. Nuclear factor (NF)κB represents a key transcription factor within the inflammatory tumor microenvironment. Schwitalla et al[116]
demonstrated NF-κB’s function in CSCs, showing that
elevated NF-κB signaling enhances Wnt activation and
induces de-differentiation of non-stem cells that have acquired a tumor-initiating capacity. Subsequently, epithelial
cell-specific ablation of the RelA/p65 subunit of NF-κB
retards crypt stem cell expansion; these data support the
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concept of bidirectional conversion and the importance
of inflammatory signaling for de-differentiation and generation of CSCs[116].
Metformin inhibits initial cellular transformation and
selectively suppresses CSCs by inhibition of NF-κB and
STAT3[117]. In addition, metformin reduces inflammatory
responses via inhibition of tumor necrosis factor (TNF)production in human monocytes[118], and metformininduced AMPK signaling inhibits the NF-κB-mediated
inflammatory responses[119]. Thus, metformin may target
the inflammatory processes in the microenvironment of
most neoplastic tissues and cancer cells[117,119].
Similarly, PPAR γ agonists can attenuate NF- κ Bdependent signaling and induce downregulation of proinflammatory target genes, such as TNF and interleukin-6[120], and statins also reduce colon tumorigenesis via
their potential anti-inflammatory and immunomodulatory
properties[121,122]. In addition, the anti-inflammatory action
of NSAIDs is already well established. All the major chemopreventive drugs discussed in this review have antiinflammatory properties, which suggest their association
with anti-CSC activity through an anti-inflammatory
action on the tumor microenvironment, along with their
direct effects on CSCs.
Vermeulen et al[115] demonstrated that myofibroblastsecreted factors, specifically hepatocyte growth factor,
activate β-catenin-dependent transcription and subsequently CSC clonogenicity, indicating that Wnt activity
and cancer stemness are regulated by microenvironmental factors. They also showed that myofibroblast-secreted
factors restore the CSC phenotype in more differentiated
cells, suggesting the dynamic bidirectional conversion of
stemness of colon cancer cells[115].
Currently, the regulation of microenvironmetal factors has become one of the major targets for development of anti-CSC drugs, and they could be important
targets for chemoprevention as well, because the stem
cell niche is involved in the very early stages of tumorigenesis.

most frequently dysregulated signaling pathways in human cancer[124,126].
In preclinical studies, metformin induced tumor
suppression through mTOR inhibition by AMPK activation[127]. In addition, activation of the Akt/mTOR
pathway has been associated with malignant progression,
resistance to many types of cancer therapy and poor
prognosis[126]. The PI3K/Akt/mTOR pathway has, therefore, recently been identified as a target for novel cancer
therapy, and the inhibition of mTOR signaling is thought
to be one of the major mechanisms involving the anticancer effect of metformin. Activation of AMPK also
induces cell cycle arrest by inhibiting the expression of
cyclin D1 and activating p21/p27, resulting in cellular senescence, quiescence, and apoptosis[128,129].
Recent studies have demonstrated that metformin
could selectively suppress cancer stem cells using in vitro
experiments and in vivo xenograft models[117,130,131]. Metformin has also been shown to improve tumor response
to chemotherapy, by activating a cytotoxic effect on
CSCs that exhibit chemoresistant features[117,130,132]. The
PI3K/Akt/mTOR pathway is activated for maintenance
and proliferation of CSCs[133-135]; therefore, the mechanism of action of metformin-induced CSC suppression
involves the activation of AMPK and the consequent
inactivation of mTOR. CSCs are known to be resistant
to conventional chemotherapy, and are a cause of cancer
recurrence and metastasis; therefore, metformin’s effect
of eliminating cancer stem cells suggest the possibility of
metformin as an adjunctive agent combined with conventional chemotherapy, as well as a chemopreventive drug.
Moreover, aspirin, statin, and PPARγ agonists also
induce the activation of AMPK, targeting regulators of
intracellular energy homeostasis and metabolism[136-140].
These could contribute to their protective effects against
development of CRC.

CONCLUSION
Candidates for effective CRC chemopreventive drugs
have been identified through epidemiological studies,
basic research and clinical trials. However, to develop
more effective chemopreventive drugs with good safety
profiles, we need to target cells and pathways that are essential and critical to carcinogenesis, along with targeting
the traditional multi-step process of CRC tumorigenesis.
With recent advances in our understanding of intestinal crypt homeostasis and its dysregulation, mutated stem
cells and CSCs in early carcinogenesis are likely to be
promising targets for chemoprevention of CRC. However, to target the CSCs and stem cell-specific signaling
pathways in early carcinogenesis, a detailed understanding
of the mechanisms of stem cell maintenance and differentiation, and their relationship with the carcinogenic
pathways is needed.
Several recent reports indicate that major chemopreventive drugs like aspirin, NSAIDs, statins, PPARγ
agonists, and metformin have CSC-suppressing effects

Regulation of altered tumor metabolism and the AMPK/
mTOR pathway
In terms of cancer metabolism, recent evidence reveals
that metabolic alterations and reprogramming of cancer
cells are not indirect responses to cell proliferation, but
altered metabolism itself can be tumorigenic by changing
cell signaling and blocking cellular differentiation[123].
The AMPK/mTOR pathway is a central cellular energy sensor[124]. Liver kinase B1 (LKB1), the upstream
activator of AMPK, is a tumor suppressor, and the major
pathway controlled by LKB1-AMPK activation is the
mTOR signaling pathway, which regulates cell growth
and proliferation[124,125]. Activation of AMPK led to inhibition of the mTOR through phosphorylation and
subsequent activation of the tumor suppressor tuberous
sclerosis complex 2. mTOR is a key regulator of growth
factor and nutrient signals, as well as a critical mediator
of the PI3K/protein kinase B/Akt pathway, one of the
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Dedifferentiation

Adjunctive treatment
Chemopreventive drugs

NF-κB↑, BMP↓, PPARγ↓

Cancer progression

Niche interaction
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WNT↑, NOTCH↑, mTOR↑

Mutated stem cell

Cancer stem cells
Chemopreventive drugs

Figure 2 Effects of chemopreventive drugs acting on cancer stem cells and their related signaling pathways in colorectal carcinogenesis. Changes and
crosstalk in the stem cells, microenvironment, and metabolism are closely related to essential steps in early carcinogenesis and tumor progression. Mutated stem cells
and dedifferentiated stem-like cells can progress to cancer stem cells through dysregulation of stem cell-regulating pathways (Wnt, NOTCH, and BMP), interaction
with stem cell niche or tumor microenvironment (inflammatory NF-κB and stromal factor-induced Wnt pathways), and alteration of tumor metabolism [AMP-activated
protein kinase (AMPK)/mammalian target of rapamycin (mTOR) pathway]. The major chemopreventive drugs, such as nonsteroidal anti-inflammatory drugs (NSAIDs),
statins, PPARγ agonists, and metformin, have cancer stem cell (CSC)-suppressing effects via regulation of these pathways. The development of CSC-suppressing
chemopreventive drugs could be useful for adjunctive treatment to avoid relapse or metastasis, as well as more potent chemoprevention in colorectal cancer. PPAR:
Peroxisome proliferator-activated receptor; NF: Nuclear factor; BMP: Bone morphogenic protein.

via regulation of stem cell-regulating pathways (Wnt,
NOTCH, and BMP), stem cell niche or tumor microenvironment (inflammatory NF-κB and stromal factorinduced Wnt pathways) and altered tumor metabolism
(AMPK/mTOR pathway) (Figure 2).
Changes in the stem cells, microenvironment, and
metabolism are closely related, underlying essential steps
in early carcinogenesis and tumor progression, and could
be critical targets for chemoprevention and treatment of
CRC (Figure 2). In addition to being more effective antineoplastic and chemopreventive drugs, either alone or in
combination with other agents, these chemopreventive
drugs could also be the basis for development of chemically modified drugs with better chemopreventive activity
and a more desirable safety profile.
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cost-effective in screening CRC, there is room for improvement in terms of the accuracy of the test. Genetic
dysregulations have been found to play an important
role in CRC development. With better understanding of
the molecular basis of CRC, there is a growing expectation on the development of diagnostic tests based
on more sensitive and specific molecular markers and
those tests may provide a breakthrough to the limitations of current screening tests for CRC. In this review,
the molecular basis of CRC development, the characteristics and applications of different non-invasive molecular biomarkers, as well as the technologies available for
the detection were discussed. This review intended to
provide a summary on the current and future molecular
diagnostics in CRC and its pre-malignant state, colorectal adenoma.
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Core tip: In this review, the molecular basis of colorectal cancer (CRC) development, the characteristics
and applications of different non-invasive molecular
biomarkers, as well as the technologies available for
the detection were discussed. This review intended to
provide a summary on the current and future molecular
diagnostics in CRC and its pre-malignant state, colorectal adenoma.

Abstract
Colorectal cancer (CRC) is one of the most prevalent
cancers in developed countries. On the other hand,
CRC is also one of the most curable cancers if it is
detected in early stages through regular colonoscopy
or sigmoidoscopy. Since CRC develops slowly from
precancerous lesions, early detection can reduce both
the incidence and mortality of the disease. Fecal occult
blood test is a widely used non-invasive screening tool
for CRC. Although fecal occult blood test is simple and
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Australia, New Zealand and Eastern European countries
while comparatively lower in Mexico, South America and
Africa[14]. Such a difference in the rate of incidence has
been suggested to be related to their lifestyles. Studies
also showed that dietary practices, obesity and physical
inactivity are the risk factors for CRC[15,16].
According to the Hong Kong Cancer Registry, the
incidence of CRC in Hong Kong was 4335 (16.6% of
all cancers) in 2012 and it was the second most common
cancer in Hong Kong[17]. There is a rising concern on the
importance of the early diagnosis of CRC.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most prevalent
cancers and cause of cancer mortality in developed countries[1]. Fortunately, CRC is also one of the most curable
cancers if it is detected in early stage through regular
colonoscopy[2]. Genetic mutations play important roles in
CRC development[3]. Recently, different initiating genes
have been found to be involved in different categories of
CRC and most of the genetic mutations are somatic with
no implication for future generations[4]. Nevertheless,
studies on monozygotic twins have revealed that about
35% of CRC can be attributed to genetic susceptibility[5].
Based on the above findings, CRC development is most
likely caused by genetic-environment interaction.
CRC can be broadly classified into two categories,
one related to hereditary while another is non-hereditary
(sporadic) [6,7]. Hereditary CRC can further be classified into two sub-groups, i.e., hereditary non-polyposis
colorectal cancer (HNPCC) which comprises about one
to six percent of all colorectal cancer[8] and multiple
polyps CRC, which includes familial adenomatous polyposis (FAP), hamartomatous polyposis syndrome and
MUTYH-associated adenomatous polyposis[6]. Each of
the above mentioned CRC subtypes involve different genetic causes[6]. Conventionally, fecal occult blood testing
(FOBT) was widely used as a non-invasive screening tool
for CRC[9]. Although FOBT is simple and inexpensive, it
is not an effective tool for screening CRC as false positive
results might be yield by diet and medication. Immunological FOBT that detects human haemoglobin, although
specific, shows low sensitivity at detecting adenomas and
CRC[10]. Invasive screening tests such as colonoscopy are
more effective and sensitive in screening CRC, however,
high cost and inconvenience limits the diagnostic value
since they require extensive bowel preparation and invasion of privacy[10]. Following the better understanding in
the molecular basis of CRC, molecular markers testing
may be an alternative to FOBT in non-invasive CRC
screening.

CLINICAL FEATURES
Many CRCs remain asymptomatic for years before diagnosis. However, as for cecal and right colonic cancers
that cause fatigue, weakness and iron-deficiency anemia,
early detection of the disease may be possible at early
stage and these bulky lesions bleed readily. Concerning
left-sided lesions, occult bleeding, changes in bowel habit,
left quadrant discomfort and weight loss may develop.
Furthermore, there is a higher chance for early discovery
and hence successful removal of the left-sided lesions
since patients have prominent disturbance in bowel function such as diarrhea and constipation. However, the localization of the bowel segments and the more infiltrative
nature of rectum and sigmoid will reduce the chance of
CRC detection. Colorectal tumors spread to other parts
of the body by direct extension into adjacent structures
and metastasis through the lymphatics and blood vessels.
According to the previous studies, the favored metastatic
sites of CRC are lymph nodes, liver, lung and bones[14].
Currently, the most commonly used system to describe
the extent of CRC is the tumor-nodes-metastasis (TNM)
classification and staging system released by the American Joint Commission on Cancer[18].

MOLECULAR BASIS OF COLORECTAL
CANCER
CRC is believed to be caused by a cascade of genetic mutations. The typical model for the carcinogenesis of CRC
proposed by Fearon et al[19] can be described as adenomacarcinoma sequence[6]. Adenoma-carcinoma sequence
describes a gradual progression from normal epithelial
mucosa to adenoma and then to carcinoma as a result of
a series of genetic changes such as mutation and gene
amplification[20] (Figure 1). The risk of recurrence and
subsequent death due to CRC is closely related to the
stage of the disease at the time of the first diagnosis[6].
Recent studies showed the risk of death from CRC could
be reduced by shifting the detection of the disease to an
earlier stage via mass screening and intervening[20]. Therefore, there is an urgent need for biomarkers for early detection of CRC[21].
In the molecular aspects, CRC is caused by the loss
of genomic stability that drives the development of CRC
by facilitating the acquirement of tumor-associated mu-

EPIDEMIOLOGY
Studies showed that the incidence rate of CRC was higher in men and the male-to-female incidence rate ratio has
increased progressively[11]. However, the rate of incidence
among races has not been frequently reported[12]. The
peak incidence for CRC was found to be between ages
of 61 and 70[11]. Approximately 6% of the incidence occurred before age of 30 is possibly hereditary CRC rather
than sporadic CRC[13]. If CRC is found in young patients,
pre-existing polyposis syndrome may be suspected[14].
The death rate of CRC is highest in the United States,
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Figure 1 Adenoma-carcinoma sequence in colorectal cancer formation. This is a simplified presentation of colorectal cancer tumourigenesis. The true carcinogenesis progress of colorectal cancer is much more complicated.

DNA replication mismatches in the affected cells[22].
The germline mutation of the MMR gene can lead to
HNPCC[6]. The second mechanism is the hypermethylation of promoter in MMR genes that suppress the expression of the genes like MLH1[22].

tations. In CRC or adenoma, several forms of genomic
instability have been identified, including chromosomal
instability (CIN), microsatellite instability (MSI), and epigenetic gene silencing.
CIN
Basically, CIN is characterized by any chromosomal copy
number or structure change. CIN is the commonest genomic instability that encompasses 80% to 85% of all
CRC and adenoma[6]. These types of genetic problem
always result in abnormal karyotypes such as aneuploidy,
chromosome rearrangement, oncogene activation and loss
of heterozygosity of tumor suppressor genes[6]. It is suggested that CIN induces carcinoma through the loss or
mutation of tumor suppressor genes such as APC, TP53
and also through activation of oncogenes such as KRAS[22].
CRC caused by CIN usually have poor prognosis[23].

Epigenetic gene silencing
Epigenetic silencing of genes is mostly caused by DNA
methylation[6]. Cancers with high degrees of methylation
can be considered as CpG island methylation phenotype
(CIMP) positive[25], and CIMP encompasses 35%-40% of
sporadic CRC[6].
DNA methylation is involved in normal cellular control of gene expression[6]. A vast majority of methylated
cytosines in the human genome are found in the CpG
dinucleotide sequences. In normal cells, dense regions
of CpG sequences (CpG island) are usually found in the
regions close to promoters[6]. The methylation patterns
of these CpG sequences are gene-specific. Aberrant CpG
hypermethylation can lead to silencing of tumor-suppressor genes in carcinogenesis since the expression of the
genes is repressed[25]. For example, p16, p14, MGMT and
hMLH1 are commonly silenced genes in CRC patients[26].
In some cases, the presence of epigenetic silencing is
overlapped with MSI[22] (Figure 2). Some sporadic CRC
with microsatellite instability is caused by DNA methylation. For example, DNA methylation of MLH1 gene
promoter blocks its expression and destroys the ability of
MMR system[27].

MSI
MSI accounts for 15% of CRC[6]. It is characterized by
altered length of gene with small deletions and insertions of short repetitive deoxyribonucleic acid (DNA)
sequences (microsatellite) distributed throughout the genome[6,24]. Single MSI within the whole genome may have
no significant effects but accumulation of the mutations
can result in frame shifts within gene coding sequences
and the subsequent inactivation of the genes would give
rise to the progression of tumor[6]. Mutations are frequently found in the coding mononucleotide repeats of
tumor suppressors such as transforming growth factor
βR2 (69%) and activin receptor type 2 (83%). Unlike the
tumor caused by chromosomal instability, these kinds of
tumors are diploid or near-diploid[6].
The underlying cause of MSI can be explained by
two mechanisms[6]. The first mechanism is the defective
mismatch repair (MMR) system, in which both alleles
of a MMR gene (MLH1, MSH2, MSH6, and PMS2) are
nonfunctional. This results in the loss of ability to repair
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Hereditary CRC
HNPCC: HNPCC is the most common hereditary colon
cancer syndrome. It is autosomal dominant[28]. The presence of HNPCC is defined as the presence of germ-line
mutation found in one of the four MMR genes, namely
MLH1, MSH2, MSH6 and PMS2[29]. Bethesda guidelines
can be used as a screening tool for HNPCC[30].
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CIN tumor marker: RAS family is a series of genes
including HRAS, NRAS and KRAS[22]. The RAS family
of oncogenes encode plasma membrane proteins at inner surface[6]. In RAS family, KRAS gene plays the most
important role. KRAS gene encodes GTP (guanosine
5′-triphosphate)-binding proteins, which function as molecular switches and act as self-inactivating intracellular
signal transducers for surface receptors such as epidermal
growth factor receptor. The activation of RAS genes can
promote cell survival and suppress apoptosis[22].
The oncogenic mutations of RAS family are believed
to be an early event in CRC and they occur in 37% of
CRCs and approximately 50% of adenomas > 1 cm (9%
in adenomas < 1 cm)[23]. Most of KRAS mutations occur in codon 12 (70%-80%) and codon 13[23,33]. In clinical applications, KRAS mutation analysis is widely used
as a prognostic and predictive biomarker of anti-EGFR
monoclonal antibodies like cetuximab and panitumumab
to predict the therapeutic effectiveness in CRC[34].
As well as KRAS, recent clinical studies start to focus
on v-raf murine sarcoma viral oncogene homologue B1
(BRAF) and neuroblastoma-ras (NRAS). BRAF genes
encode serine/threonine protein kinase that is regulated
by KRA protein[35]. Mutation in BRAF gene occurs in
approximately 12% of all CRC patients and it is mutually exclusive of KRAS mutation[35]. Recent studies try to
investigate the clinical importance of BRAF mutation as
a prognostic and predictive marker to predict resistance
to anti-EGFR therapy[36]. Consideration of BRAF mutation is also recommended when KRAS mutation is not
found[37]. NRAS is closely related to KRAS. NRAS mutation occurs in codon 61 and it is found in approximately
3%-5% of all CRC patients[38]. Similar to BRAF mutation, NRAS mutation is mutually exclusive of KRAS mutation[37,38].
Adenomatous polyposis coli (APC) gene plays a
crucial role in the Wnt/Wingless pathway. APC gene is
the most important gatekeeper of colonic epithelial cell
proliferation and it is responsible for controlling the underlying oncoprotein called β-catenin. The loss of function in APC gene may lead to the transition of adenoma
from normal colonic mucosa due to the up-regulation of
[22]
β-catenin .
Germline APC mutations usually give rise to FAP. It
is an inherited cancer-associated disorder in which more
than 100 adenomatous polyps can be developed in mutant gene carriers. For patient with FAP, the risk of CRC
by the age of 40 years is almost 100%. Somatic APC mutations are present in most sporadic colorectal adenomas
and cancers. Similar to KRAS, APC mutations appear in
the early stage of the progression from adenoma to carcinoma. Therefore, mutations in the APC gene are good
biomarkers for identifying individuals at risk of CRC in
patients’ families so as to guide the frequency of CRC
surveillance and the recommendation of prophylactic
surgery[22].

Mutations in
APC , KRAS ,
SMAD4 , p53

Chromosomal
instability

Hereditary
nonpolyposis
colorectal cancer

Figure 2 Genetic instability pathways that drive colorectal cancer development.

FAP: FAP is the most common polyposis syndrome. It
is autosomal dominant and is caused by de novo germline mutations[31]. The presence of FAP can be diagnosed
by direct sequencing of the germ-line mutations in APC
gene on chromosome 5q21[32].

CLINICAL APPLICATION OF MOLECULAR
MARKERS
CRC develops slowly via accumulation of genetic mutations. Therefore, many CRCs remain asymptomatic for
years before diagnosis. Carcinoembryonic antigen (CEA)
and carbohydrate antigen (CA) are the two most investigated gastrointestinal tumor markers of CRC. Although
the high levels of the CEA and CA are associated with
cancer progression in CRC, they may not be detected until the cancer is in advanced stages[10]. Moreover, the levels
of those markers may also elevate in response to other
diseases[10]. For example, high level of CEA may also be
found in patients with inflammatory bowel disease. To
conclude, CEA and CA are not effective in early detection of CRC. They should be used as prognostic markers
rather than diagnostic markers.
Detection of CRC in early stages can reduce both the
incidence and mortality of the disease. Molecular markers
that detect gene mutation in the early stages of CRC can
be used as non-invasive screening tests for early detection
of CRC, followed by invasive confirmatory tests such as
colonoscopy for individuals with positive results.

CURRENT MOLECULAR DIAGNOSTICS
IN COLORECTAL CANCER AND
COLORECTAL ADENOMA
Current markers
Since hereditary and sporadic forms of CRC are clinically
different, the following discussions are focused on sporadic CRC.
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Table 1 Panel with five microsatellite markers
Microsatellite
BAT25
BAT26
D2S123
D5S346
D17S250

Forward primer

Reverse primer

5’-TCGCCTCCAAGAATGTAAGT-3’
5’-TGACTACTTTTGACTTCAGCC-3’
5’-AAACAGGATGCCTGCCTTTA-3’
5’-AGCAGATAAGACAGTATTACTAGTT-3’
5’-GGAAGAATCAAATAGACAAT-3’

5’-TCTGCATTTTAACTATGGCTC-3’
5’-AACCATTCAACATTTTTAACCC-3’
5’-GGACTTTCCACCTATGGGAC-3’
5’-ACTCACTCTAGTGATAAATCGGG-3’
5’-GCTGGCCATATATATATTTAAACC-3’

based methods and immunounhistochemistry can be
used to detect MSI. Immunounhistochemistry staining
detects DNA MMR system proteins such as MLH1 and
MSH2. The loss in these markers is indicative of MSI.
However, immunounhistochemistry staining is only
best performed when the resection specimens are fixed
promptly and properly since the quality of staining would
be affected. Furthermore, the size of the specimens is
also a concern in staining. Small specimens are not suitable for staining since the amount of tumor cells and
internal staining controls are limited[6].
As PCR-based methods, currently, a 5 biomarkers panel MSI test, so-called Bethesda markers, has been
developed to assess MSI status (Table 1). It consists of
2 mononucleotide loci (BAT25 and BAT26) and 3 dinucleotide loci (D2S123, D5S346, and D17S250)[39]. This
panel is useful to detect about 15% of all CRC due to
germline mutation in one of the mismatch repair genes
(MLH1, MSH2, MSH6 and PMS2) or epigenetic slicing
of MLH1. Among the five tested regions, when MSIs are
present in two or more regions, the tumor is classified as
MSI-High. Otherwise, the tumor is considered as MSI
-Low (MSI in one region) or MSI-Stable (no MSI)[24].
The above classification system is highly valuable in
prognosis and therapy since standard chemotherapy using
5-fluorouracil is not effective in treating MSI-High tumor.
Instead, irinotecan-containing regimens have improved
response and better prognosis for MSI-High tumor[23].

reported to be an effective diagnostic marker for the noninvasive detection of CRC that is independent to the ages
and genders of the patients[41-44].
Unfragmented long-form DNA: In normal colonocytes, DNA is digested during apoptosis and some DNA
fragments of 180-200 bps long is released into stool.
However, cancerous cells in CRC show a decreased
rate of apoptosis and they are not affected by the normal action of nuclear endonuclease[9]. As a result, intact
unfragmented DNA sequences with 1800-2400 bp are
detected in stool samples when colonocytes are shed
into the lumen and then fecal stream[9,45]. The detection
of unfragmented long DNA molecules in stool samples
could therefore be used for CRC screening in additional
to FOBT[9].
Current molecular diagnostics methods
Methods for detection of gene mutation: There are a
number of molecular techniques available to detect gene
mutation in CRC such as allele-specific PCR, also known
as amplification refractory mutation system (ARMS) that
detects specific known mutated form of a gene and realtime quantitative PCR.
Both Sanger sequencing and allele-specific PCR can
be used to detect the gene mutations mentioned above,
such as APC and KRAS mutations. Sanger sequencing directly detects nucleotide sequences of regions of interest.
Both known and novel nucleotide changes, including base
substitution, insertion and deletion mutations, could be
detected by this method. However, the long turnover time
and high running cost make it not suitable for routine
clinical uses. Allele-specific PCR is another choice for the
detection of gene mutations with known positions and
base changes (Figure 3). The method makes use of the
allele-specific primers to selectively amplify the mutational
allele sequences. Allele-specific PCR could be adopted to
a real-time PCR platform in order to increase the speed
and accuracy of the detection[46]. Real-time PCR employs
a fluorogenic probe that is specific to the targeted DNA
sequence. The probe consists of a fluorophore and a
quencher attached covalently on both ends. When the
probe is intact, the quencher masks any fluorescent signal
emitted by the fluorophore. During PCR, the probe is first
annealed to the target sequence, and then broken down
by the 5’ to 3’ exonuclease activity of DNA polymerase.
After the degradation of the probe, the fluorophore is
released from the quencher and fluorescence is detected
in real time (Figure 4). By detecting the change in fluores-

Epigenetic markers: CpG regions that are hypermethylated in CRC patients when compared to normal individuals are valuable for biomarker development. Methylations
on different regions of DNA promoter have been shown
to be involved in the early event of CRC development.
APC methylation is one of the examples. In addition, the
methylation of MLH1 associated silencing is widely used
as prognostic and predictive markers for CRC[6].
Septin 9 (SEPT9) gene encodes the septin 9 protein, which is a member of GTP-binding proteins that
involves in many cellular processes such as cell cycle.
Disruption of SEPT9 gene could result in tumor formation[40]. In CRC development, the promoter region of
SEPT9 gene was found to be hypermethylated at the
early stage of CRC[41]. In the blood samples of CRC patients, the level of circulating methylated SEPT9 DNA
sequences was found to be increased when compared to
those of normal controls. This elevation was possibly
due to apoptotic release of DNA from tumor cells into
the bloodstream. The methylated SEPT9 DNA has been
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A good marker helps the detection of disease at earlier
stage so that diseases can be cured effectively. Regarding
CRC detection, since CRC is believed to be developed
slowly via accumulation of genetic mutations, detection
of the disease at earlier stage is the key concern for developing new diagnostic methods.
The road to the development of novel biomarkers
begins with the discovery of potential candidates. The
number of potential candidates produced in the initial
stage of development is usually large[44]. Therefore, well
designed selection processes are critical to identify clinically significant biomarkers. In selection of novel biomarkers, in terms of CRC detection, a good marker must
be capable of discriminating between CRC patients and
healthy individuals significantly[44]. As a high-performing
screening assay, it must be capable of detecting target analytes at extremely low level. In other words, the clinical
sensitivity of the screening assay must be high enough to
detect early stage CRC with adequately specificity to the
disease[44]. Recommendations for biomarkers studies are
given to the investigators by The National Cancer Institute Investigational Drug Steering Committee and United
States Food and Drug Administration[49].
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Figure 3 Principle of allele-specific polymerase chain reaction. PCR: Polymerase chain reaction.

cent signal, the amount of target DNA molecules can be
measured. With the help of real-time PCR, screening of
genes mutations can be performed in batch mode and the
turnover time is shorter than that of Sanger sequencing[6].
Compared to conventional PCR, real-time PCR is quantitative, fast and sensitive. As no post-PCR manipulation,
such as gel or capillary electrophoresis, is required, the
risk of laboratory cross-contamination can be minimized.
However, real-time PCR is not suitable for studying microsatellite in which the analysis of amplification product
size is required.

MicroRNA markers
MicroRNAs (miRNAs) are small non-coding RNA that
is usually 19-23 nucleotides in length. Due to their small
sizes, miRNAs are more stable in blood and FFPE tissues than other nucleic acids such as DNA and RNA[50].
miRNAs are involved in post-transcriptional regulation
of gene expression. Therefore, they are able to function
as oncogenes or tumor suppressor genes, and dysregulation of miRNA would be associated to cancers. Recent
studies showed that miRNA circulate in a stable and cellfree form in bloodstream[51]. Therefore, miRNAs that are
specific to CRC in blood samples may be identified for
the development of non-invasive prognostic and predictive markers of the diseases[52].
miR-135a and miR-135b play important roles in the
regulation of Wnt/Wingless pathway by down-regulating
APC gene expression[53]. miR-17-3p and miR-92a have
been found to be elevated in plasma and CRC tissues in
CRC patients, and their levels decreased after removal
of the cancer tissues[54]. In the plasma of CRC patients,
circulating miR-92 and miR-17 concentrations have been
reported to be elevated in the preoperative samples and
the concentrations were markedly reduced in the postoperative samples[51]. Those results suggested that circulating
miR-92 and miR-17 are potential non-invasive diagnostic
markers for CRC. Apart from the miRNAs mentioned
above, miR-211 is also believed to be a potential marker
for the diagnosis and prognosis of CRC[55].

Microsatellite markers detection: PCR amplification
of specific microsatellite repeats is used for MSI detection. The presence of MSI is determined by comparing
the length of nucleotide repeats in tumor cells with that
of normal cells from the same patient. Normal cells adjacent to the suspicious tumor cells should be collected
for comparison. The region of interest is PCR amplified
with fluorescent primers and the amplification product is
detected by capillary electrophoresis[24].
DNA hypermethylation detection: DNA hypermethylation can be detected in primary colorectal carcinomas
using bisulfite conversion of DNA samples followed by
methylation-specific PCR. Both quantitative methylationspecific PCR and pyrosequencing techniques can be employed[41,43,47,48].

FUTURE MOLECULAR DIAGNOSTICS
IN COLORECTAL CANCER AND
COLORECTAL ADENOMA

Methods of miRNA detection
Currently, a number of techniques are available for the
detection of miRNA expression. PCR based methods[56],
microarrays and in situ hybridization are well developed
platforms for miRNA profiling. Each technique has its

Choice of biomarkers is very important. In order to
develop a new diagnostic method, suitable biomarkers,
which are biological substances that can be used to indicate the biological state of a patient, must be identified[10].
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Figure 4 Principle of Taqman real time polymerase chain reaction. R: reporter; Q: quencher.

may help in miRNA detection[60,61]. Lateral flow nucleic
acid strip can give a simple, inexpensive, fast and sensitive
assay which meets the needs of point-of-care in miRNA
detection[59-61].
The principle of the assay is very straightforward.
First of all, the specimen is mixed with gold nanoparticles
conjugated detection probe (detection probe) and biotinbridge probe (capture probe). If target miRNA exists
in the specimen, after hybridization, both the detection
probe and the target miRNA bind to the complementary
capture probe. The miRNA-oligonucleotide complex
flows down a test strip by capillary action. The complex
is eventually captured at the detection zone containing
anti-avidin antibody. Nuclease is used to degrade the nonbinding capture probe and detection probe[59]. Accumulation of gold nanoparticles causes the development of
a red band which can be observed by naked eyes in the
detection zone. As the strength of the signal generated is
proportional to the amount of the target miRNA within
the specimen, to assess the result quantitatively, the strips
can be scanned and imaged by a quantitative detection
platform[59-61]. In order to increase the sensitivity of the
detection, silver enhancement can be used. Researchers
have shown that the lateral flow nucleic acid test strips
and gold nanoparticles were able to detect and quantify
miRNA level in a specimen as low as 1 fmol and 5 amol
without and with silver enhancement, respectively[59]. This
technique provides a simple, convenient and fast detection for point-of-care detection[60,61].

own advantages and disadvantages. Therefore, a suitable
technique that suits the requirements of the investigation
and experimental conditions should be chosen.
Quantitative reverse transcription PCR: The amount
of miRNA in the specimen can be measured by real-time
PCR. The first step of the measurement is to reverse
transcribe miRNA into cDNA. A stem-loop primer,
which enhances the miRNA reverse transcription efficiency by promoting the thermal stability of primermiRNA complex, is usually employed. After reverse
transcription, cDNA molecules are quantified by conventional real-time PCR[57] (Figure 5).
Microarray: miRNA microarray is a technique based on
the hybridization between target miRNAs and an array of
predesigned detection probes that are covalently immobilized onto a glass slide. The isolated miRNAs are labeled
with fluorescent dye and then hybridized to a miRNA
microarray. Fluorescent signal that is emitted from the
labeled miRNAs at different positions on the microarray
is then detected. By evaluating and analyzing the fluorescence signal data, the identities and relative quantities of
miRNAs can be determined[58].
Lateral flow nucleic acid assay: Molecular diagnostic
techniques developed for miRNA detection can provide
highly specific and sensitive diagnostic results. However,
the current existing techniques are too expensive and
resource-intensive for the clinics with poor settings to
perform the test[59]. In addition, well trained personnel are
also a must to carry out the test and analyze the results[60].
In order to put CRC related miRNA screening into routine health check up procedure, a simple and easy-to-use
detection method is desired. The emergence of the lateral
flow nucleic acid assay and gold nanoparticles (Au-NPs)
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Protein markers
Novel proteomic technologies have shown promise in
identification of new protein markers and profiles for
early detection of CRC[62-65]. Changes in protein patterns, either due to the secretion by the tumor tissues
or the non-tumor cells in tumor microenvironment, in
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Figure 5 Principle of stem-loop primers. R: reporter; Q: quencher; PCR: Polymerase chain reaction.

Table 2 Molecular markers for the detection of colorectal cancer
Markers

Detection method

Specimen

KRAS

Mutation analysis

Stool

APC gene

Mutation analysis

Stool

Digital-PCR based method

Stool

MSI markers

Long form DNA
Quantitative fluorescence determination by PCR
Septin 9 methylated DNA
Real time PCR analysis

Stool
Plasma

Sensitivity
C
A
C
A
C
A
C
C

Specificity

Ref.

100%
100%
100%
100%
100%

Puig et al[67], 2000
Traverso et al[68], 2002

89%
90%

Calistri et al[70], 2009
Grützmann et al[42], 2008

55%
27%
61%
50%
37%
0%
79%
72%

Traverso et al[69], 2002

C: colorectal carcinoma; A: colorectal adenoma; MSI: microsatellite instability; PCR: Polymerase chain reaction.

the bloodstream can serve as potential cancer markers
for CRC detection. With the fast development of proteomics, CRC specific autoantibody patterns and proteomic expression profiles can now be identified by techniques such as matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) and surface-enhanced laser
desorption/ionization time-of-flight[45]. Proteomic profiling of serum from CRC patients is a promising approach
to discriminate CRC patients from healthy individuals[62].
In a previous study, blood samples from individuals
diagnosed with CRC and normal healthy individuals were
collected. Protein expression spectra were acquired using
SELDI mass spectrometry. From the results, increased
levels of transferrin, alpha-1-antitrypsin and complement C3a des-arg were identified and they are treated as
potential biomarkers for CRC[65]. Similar works were also
carried out using either SELDI[66] or MALDI-TOF[62-64].

sponse to therapy. Different molecular biomarkers including markers in stool and blood are discussed[21] (Table 2).
The screening has been shown to be effective in
terms of reduction of disease-related mortality and
costs. Currently, FOBT is the only screening modality for
CRC. DNA-based fecal markers are promising but are
not widely used in clinical settings. Detecting abnormal
DNA from the tumor cells, which are shed into the fecal
stream, can give informative indication on the incidence
of CRC. However, complicated environment in stool
sample and the presence of PCR inhibitors such as bilirubin and bile acids limits the successful amplification of
mutated DNA to a detectable quality[9].
In addition, insufficient sensitivity and specificity
preclude the use of all existing serum markers such as
carcinoembryonic antigen (CEA) for the early detection
of CRC[10]. In the field of clinical research, oncology is
expected to have the largest gains from biomarkers over
the next five to ten years. Development of personalized
medicine for cancer is closely linked to biomarkers, which
may serve as the basis for diagnosis, drug discovery and
monitoring of diseases. Early detection of CRC not only
can help the patients but the healthcare system since expensive chemotherapies can be avoided.
A major challenge in the future development of can-

CONCLUSION
Cancer biomarkers and characteristics of an ideal biomarker for CRC are discussed in this review, as well as
the technologies available for their detection. This review
aims to summarize the issues on the use of biomarkers for
determination of prognosis as well as monitoring of re-
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cer biomarkers will be the integration of proteomics with
genomics and metabolomics data and their functional
interpretation in conjunction with clinical data and epidemiology[21].
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Abstract
Colorectal cancer (CRC) is one of the most common human malignant diseases and the second leading cause
of cancer-related deaths worldwide. The treatment
of advanced CRC has improved significantly in recent
years. With the emergence of two targeted antibodies,
cetuximab (Erbitux), an anti-epidermal growth factor
receptor monoclonal antibody and bevacizumab (Avastin), a vascular endothelial growth factor monoclonal
antibody, the treatment of metastatic CRC has entered
the era of personalized therapy. Predictive and prognostic biomarkers have, and will continue to, facilitate
the selection of suitable patients and the personalization of treatment for metastatic CRC (mCRC). In this
review, we will focus primarily on the important pro-
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common human malignancies and the second leading cause of cancer-related deaths worldwide. There are 25159 new cases
of CRC diagnosed each year and 12161 CRC-related
deaths in China[1]. Metastasis to the liver and lung are the
main cause of death, with approximately 40%-50% of
all patients experiencing metastasis[2,3]. The treatment of
advanced CRC has improved significantly in recent years,
and the overall survival (OS) for metastatic CRC (mCRC)
patients has increased from a median of 10 mo to more
than 20 mo[4]. With the emergence of two targeted an-
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tasis[8,9]. EGFR is overexpressed in 30%-85% of patients
with CRC and has been associated with advanced stage
disease. Numerous studies have evaluated the prognostic
relevance of EGFR in CRC, but the impact of its expression on survival remains controversial[10]. Two monoclonal antibodies, cetuximab (Erbitux™; Bristol Myers
Squibb, Inc., Princeton, NJ, United States) and panitumumab (Vectibix™; Amgen, Inc., Thousand Oaks, CA,
United States), target the human EGFR in the treatment
of EGFR-overexpressing CRC[11,12]. Genetic alterations
of EGFR and its downstream signaling effectors may
predict response to anti-EGFR monoclonal antibodies
(mAbs), therefore research efforts have been made to understand the specific resistance mechanisms.
The main research areas in this setting have focused
on the role of (1) EGFR protein expression; (2) EGFR
gene copy number; (3) EGFR gene mutations; (4) overexpression of EGFR ligands (such as epiregulin and
amphiregulin); and (5) markers of EGFR downstream
signaling[13-17].
Overexpression of EGFR protein, as determined by
immunohistochemistry (IHC), was initially selected as an
entry criterion for early studies evaluating EGFR inhibitors on the assumption that sensitivity to such agents was
associated with EGFR expression[18]. However, a large
body of evidence from mCRC patients who were treated
with anti-EGFR mAbs[19-21] indicates that this biomarker
is poorly associated with response. Moreover, several authors reported that cetuximab was also active in EGFRnegative tumors detected by IHC[22,23]. EGFR expression
at either the protein or mRNA level is not correlated with
anti-EGFR mAbs response.
In a small fraction of CRCs, EGFR overexpression
is frequently associated with amplification of the gene
(17% in primary and 23% in metastatic tumors)[24]. Activating mutations in the EGFR catalytic domain are seen
frequently in lung cancer and play an important role in
determining responsiveness to anti-EGFR therapy[25].
However, EGFR mutations are very rare in CRC and are
not significantly associated with response to anti-EGFR
mAbs treatment[26,27].
In contrast, increased EGFR gene copy number
(EGFR GCN) has been associated with response to antiEGFR therapy and with prognosis of mCRC in small retrospective studies[28,29]. Recently, Yang et al[30] performed
a meta-analysis to summarize the evidence for the predictive value of EGFR GCNfor clinical outcomes of
mCRC patients treated with anti-EGFR mAbs. The data
showed that increased EGFR GCNwas generally associated with a better objective response, especially among
patients with wild-type KRAS. In another meta-analysis
performed by Jiang et al[31], increased EGFR GCN was
significantly associated with improved OS and progression-free survival (PFS) in the population that received
second-line or higher therapy. The prognostic impact of
EGFR GCN on survival does not appear to be related to
KRAS status, which suggests that EGFR GCN might be
an independent prognostic biomarker. EGFR GCN can

tibodies, cetuximab (Erbitux), an anti-epidermal growth
factor receptor (EGFR) monoclonal antibody and bevacizumab (Avastin), a vascular endothelial growth factor
(VEGF) monoclonal antibody, the treatment of mCRC
has entered the era of personalized therapy. Treatment
on a “personalized” basis now involves a simultaneous
case-specific analysis of clinical and pathological characteristics and analysis of a patient’s genetic and tumor
biomarker profile. Predictive and prognostic biomarkers
have, and will continue to, facilitate the selection of suitable patients and the personalization of treatment for
mCRC.
A prognostic factor is defined as any parameter,
evaluated at diagnosis (or surgery), which is associated
with treatment outcome (disease-free interval, survival,
local control) and may predict patient outcome independent of treatment. Prognostic factors (biological or
clinical) may be defined at any disease stage or setting
(for example, performance status in the advanced disease
setting). A predictive factor is any parameter which identifies patients who will benefit from a particular treatment and evaluates the response or lack of response to
specific treatment. Over the last 30 years, there has been
significant advancement in understanding the molecular
origins of CRC and the characteristics of tumor aggressiveness[5]. However, in practice, the distinction between
prognostic and predictive factors is not straightforward,
and many factors are a mixture of the two. Understanding the molecular mechanisms underlying the metastatic
process will help us to identify those at the highest risk
of recurrence and to find new tumor targets to prevent
disease progression.
This review focuses primarily on the important progresses made in the personalized treatment of mCRC
and highlights the potentially novel predictive and prognostic biomarkers for improved selection of patients for
the anti-cancer treatment in the future.

EGFR
The appropriate use of targeted biologic agents can positively impact a patient’s prognosis. Extensive research has
focused on tumor factors due to the central role they play
in the response to targeted biologic agents. Currently, numerous potential biomarkers are under investigation, and
these biomarkers may be clinically useful in the future
once validated by appropriate trials (Table 1).
An important molecular target for mCRC treatment is the epidermal growth factor receptor (EGFR).
EGFR is a receptor tyrosine kinase frequently expressed
in epithelial tumors. Binding of a ligand to the extracellular domain of EGFR activates intracellular signalling
via several pathways, including the RAS/RAF/MAPK
pathway and the PI3K/Akt axis[6]. EGFR is expressed
on normal human cells, but higher levels of expression
have also been correlated with malignancy in a variety of
cancers, including CRC[7]. EGFR has been implicated in
colorectal tumorigenesis, tumor progression, and metas-
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Table 1 Predictive and prognostic biomarkers for biological therapy in metastatic colorectal cancer
Biomarker

Prevalence

Evidence available

Predictive and prognostic value

KRAS mutations

40%

BRAF mutations

10%

NRAS mutations
PIK3CA mutations

3%-5%
15%-20%

Conclusive
Insufficient
Substantial
Insufficient
Insufficient1
Insufficient1

PTEN
(loss of expression)
P53 mutations

20%-40%

Insufficient1

1%-5%

Insufficient1

Epiregulin, amphiregulin
(high expression)
VEGF-D
VEGF-A

50%-60%

Insufficient1

Negative predictive biomarker for anti-EGFR mAbs
Predicts poor prognosis, but not an independent prognostic factor
Prognostic marker for poor outcome
Potential predictive marker for resistance to anti-EGFR mAbs
Potential predictive marker for resistance to anti-EGFR mAbs
Potential predictive marker for resistance to cetuximab (exon 20, not exon 9 mutations)
Potential prognostic marker for poor outcome
Potential predictive marker for resistance to cetuximab
Associated with activation of the PIK3CA pathway and adverse disease outcome
An independent predictive factor for cetuximab benefit
Not prognostic
Associated with resistance to anti-EGFR antibody therapy and adverse clinical outcome

40%-75%

Insufficient1
Insufficient1

Potential predictive marker for response to bevacizumab
Not predictive of response to bevacizumab

1

Insufficient: The current clinical evidence cannot definitively demonstrate that the biomarker has predictive or prognostic value in metastatic colorectal
cancer. EGFR: epidermal growth factor receptor; VEGF: vascular endothelial growth factor.

be detected by fluorescence in situ hybridization (FISH),
chromogenic in situ hybridization (CISH) or polymerase
chain reaction (PCR)-based methods. Interestingly, the
EGFR GCN evaluated by quantitative PCR does not appear to correlate with the clinical outcome of patients,
whereas the results of FISH analysis appear to be associated with an increase in treatment response[32]. The comparability of these methods and their differential impact
on results still needs to be defined. However, EGFR copy
number is not used in clinical practice to select patients
for treatment, partly due to the lack of standardization of
FISH technology and the uncertainty of published clinical cutoff values. Further studies are required to assess
the increase in EGFR GCN as a predictive biomarker of
response to anti-EGFR therapy.
Increased expression of alternative EGFR ligands,
such as amphiregulin and epiregulin, may promote tumor
growth via an autocrine or paracrine loop that signals
through EGFR and have been shown in retrospective
studies to be predictive of response to cetuximab[33-35].
The level of sensitivity to cetuximab was shown to be
proportional to the intensity of epiregulin and amphiregulin mRNA expression[35-38]. Two studies demonstrated
that mCRC patients with KRAS wild-type tumors and
high amphiregulin and epiregulin mRNA expression
were more likely to have disease control with cetuximab
treatment[35,37]. In addition to their predictive value, amphiregulin and epiregulin mRNA expression appears
to be a useful prognostic marker in KRAS wild-type
patients regardless of whether they were receiving antiEGFR therapy[39]. Low expression of EGFR activating
ligands, amphiregulin and epiregulin, was associated with
resistance to anti-EGFR therapy and adverse clinical outcome, however, these ligands are not routinely measured
in clinical practice and further evaluation of their role is
required.
In brief, the predictive value of EGFR expression
remains unconvincing in the use of anti-EGFR therapy.
Therefore, the focus has shifted to alterations in the key
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signaling pathway downstream of EGFR, which may
drive the growth and progression of CRC and provide an
escape mechanism that allows tumors to overcome the
pharmacological blockade induced by anti-EGFR mAbs.
KRAS, BRAF, PTEN, and PI3KCA mutations have been
highlighted as the mechanisms that activate the EGFR
signaling pathway.
KRAS
KRAS belongs to the rat sarcoma virus (ras) gene family
of oncogenes which includes KRAS, HRAS, and NRAS.
All of these oncogenes when mutated have the ability to
transform cells, but KRAS is the most commonly mutated RAS family member in CRC[40]. KRAS mutations
occur in approximately 35%-45% of mCRC patients, and
lead to the constitutive activation of EGFR downstream
pathways[3]. KRAS mutation is thought to be a fairly
early event in colon carcinogenesis and appears to be ≥
95% concordant between primary tumor and metastatic
sites[41-43]. Point mutations in KRAS occur most frequently in codons 12, 13 (exon 2), 61 (exon 3)[44], and 146 (exon
4)[45], and up to 90% of activating KRAS gene mutations
are detected in codons 12 (82%-87%) and 13 (13%-18%).
These are generally observed as somatic mutations.
A number of studies have evaluated the potential
prognostic role of KRAS in CRCs, but the data are conflicting largely due to the differences in methodology and
datasets analyzed[46-50]. The first RASCAL meta-analysis
evaluated the KRAS gene status in 2721 patients, and
suggested that the presence of a mutation increased the
risk of recurrence (P < 0.001) and death (P = 0.004)[46].
This finding was later restricted to the G12V mutation,
which had a statistically significant impact on treatment
failure-free survival (HR = 1.3, P = 0.004) and OS (HR
= 1.29, P = 0.008)[47]. Furthermore, the N0147 trial
which evaluated the treatment with cetuximab combined
with FOLFOX in patients with resected stage Ⅲ CRC
showed that the 3-year disease-free survival in patients
with wild-type KRAS was significantly better than that in
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patients with KRAS mutations (72.3% vs 64.2%, HR =
0.7, P = 0.004). These analyses suggest that KRAS mutations are independent prognostic factors[51]. The COIN
trial assessed the effects of cetuximab combined with
oxaliplatin and fluoropyrimidine chemotherapy as firstline treatment in patients with advanced CRC. This trial
also showed that a KRAS mutation was a strong negative
prognostic factor, and the median OS was significantly
shorter in patients with KRAS, NRAS, or BRAF mutations (n = 706, 13.6 mo) compared to those with wildtype KRAS, NRAS, and BRAF (n = 581, 20.1 mo), irrespective of treatment[52].
However, a recent study by Roth et al[53] suggested that
the prognostic value of KRAS mutation status for PFS
and OS was lacking in large adjuvant trials of patients
with stage Ⅱ and Ⅲ resected colon cancer. Investigators from the PETACC-3 trial retrospectively analyzed
archival tissue (n = 1564) for mutations in KRAS (exon
2, codons 12 and 13) and found no clear association
with relapse-free survival (RFS) or OS in both univariate
and multivariate analyses. In the CALGB 89803 study[54],
stage Ⅲ CRC patients with KRAS mutated tumors did
not experience any difference in DFS, RFS and OS rates
compared to patients with KRAS wild-type tumors.
In advanced CRC, a few phase 3 studies comparing
cetuximab[55] or panitumumab[20,56] with best supportive
care (BSC) in the third-line setting demonstrated no significant prognostic value based on KRAS mutation status.
Two large studies evaluating the addition of cetuximab or
panitumumab to chemotherapy and bevacizumab in the
first-line setting did not find a prognostic value for KRAS
mutational status[57,58].
It may be difficult to interpret the various studies
published on the prognostic role of KRAS. Therefore,
further prospective studies are required to confirm
whether a specific KRAS mutation might lead to a clinically relevant prognostic effect in patients with CRC.
The predictive value of KRAS has been investigated
extensively in the era of EGFR-targeted therapy in colon
cancer. Evidence from several clinical trials demonstrated
that KRAS mutations have emerged as a major predictor
of resistance to anti-EGFR mAbs in CRC. Several retrospective analyses have been conducted to explore the role
of KRAS mutations as a negative predictive biomarker of
tumors in patients with mCRC treated with anti-EGFR
antibody (with or without chemotherapy)[13,55,59]. The first
study to evaluate the correlation between K-RAS mutational status and lack of response to treatment with cetuximab was performed by Lièvre et al[59]. They analyzed
30 patients predominantly treated with cetuximab plus
irinotecan after previous exposure to chemotherapy, and
KRAS mutations were observed in 13 of the 30 patients
enrolled (43%). None of the mutated tumors responded
to cetuximab treatment. The OS of KRAS wild-type
patients was significantly higher compared to those with
mutated KRAS. The negative predictive value of KRAS
mutations for response to anti-EGFR therapy has been
confirmed in a number of single arm retrospective stud-
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ies using the EGFR inhibitors cetuximab or panitumumab alone or in combination with chemotherapy. These
retrospective studies revealed that patients with KRAS
mutations receiving first and subsequent lines of treatment do not benefit from anti-EGFR therapy, and that
they show no survival benefit from such treatments[13,59].
Data from phase Ⅲ trials using anti-EGFR targeted
therapy in the metastatic setting also suggested that
mutated KRAS status predicts a lack of response[20,60,61].
The biomarker analysis of the pivotal phase Ⅲ trial of
panitumumab monotherapy in the relapsed or refractory
setting was the first large study (n = 463 patients) to confirm the negative predictive value of KRAS mutations[20].
This study found that in those treated with panitumumab,
PFS was 12.3 wk in the subgroup of patients with the
wild-type KRAS gene, but only 7.4 wk in the subgroup
of patients with the mutant KRAS gene. This was statistically significant. The PRIME trial evaluated the addition
of panitumumab to FOLFOX4 for the initial treatment
of patients with KRAS wild-type mCRC[62]. The results
were prospectively analyzed by tumor KRAS status,
which demonstrated a significantly longer PFS when panitumumab was added to chemotherapy in patients with
KRAS wild-type tumors (9.6 mo vs 8 mo, respectively; HR
= 0.80, 95%CI: 0.66-0.97, P = 0.02). Furthermore, additional phase Ⅲ studies have shown that only patients with
KRAS wild-type CRC will benefit from the addition of
panitumumab to FOLFIRI as second-line treatment[63].
Data have recently been published from two large
randomized phase Ⅱ-Ⅲ studies carried out to examine the benefits of cetuximab as first-line treatment for
mCRC[60,61]. The CRYSTAL study demonstrated that only
patients with wild-type KRAS tumors benefited from the
addition of cetuximab to FOLFIRI, showing a higher
response rate (RR) (57.3% vs 39.7%, P < 0.0001), longer
PFS (median, 9.9 mo vs 8.4 mo, P = 0.012) and longer
OS (median, 23.5 mo vs 20.0 mo, P = 0.0093). In patients
whose tumors carried KRAS mutations, there was no
evidence of benefit associated with the addition of cetuximab to FOLFIRI. The OPUS trial also showed that
the addition of cetuximab to the FOLFOX-4 regimen
was only beneficial in the wild-type KRAS subgroup[61].
In KRAS wild-type patients, the addition of cetuximab
to FOLFOX induced a significant increase in RR (61% vs
37%; P = 0.011) and PFS (7.7 mo vs 7.2 mo, HR = 0.57,
P = 0.0163) without OS benefit. In contrast, a negative
impact on treatment efficacy was noted when cetuximab
was added to chemotherapy in patients with KRAS mutant mCRC[64]. These results indicate that KRAS mutated
patients do not benefit from the addition of cetuximab
to conventional chemotherapy.
In contrast to these results, other phase Ⅲ trials
found that KRAS mutation status was not predictive of
benefit when cetuximab was combined with first-line
chemotherapy[52,65]. In the NORDIC Ⅶ trial, cetuximab
combined with the continuous or intermittent FLOX
regimen [bolus 5-fluorouracil (5-FU) plus oxaliplatin] did
not significantly improve efficacy compared with FLOX
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alone[65]. In the large COIN trial, the addition of cetuximab to oxaliplatin-based chemotherapy did not benefit
OS or PFS in KRAS wild-type patients[52].
When anti-EGFR therapy was added to bevacizumab-based first-line chemotherapy in advanced CRC, no
additional benefit was observed, even in patients with
wild-type KRAS tumors[57,58]. In the CAIRO-2 study,
the addition of cetuximab to capecitabine, oxaliplatin,
and bevacizumab as first-line treatment in patients with
mCRC had no effect on RR (50% vs 61.4%; P = 0.06) or
PFS (median, 10.5 vs 10.6; P = 0.3) among those with tumors carrying wild-type KRAS. Similarly, in the PACCE
study, the addition of panitumumab to bevacizumab
and oxaliplatin-based chemotherapy was associated with
shorter PFS and OS in patients with tumors carrying
wild-type KRAS. These data suggest a detrimental effect
following the addition of antiangiogenic agents to antiEGFR therapies in advanced CRC.
Based on current information from these clinical trials, the guidelines of the National Comprehensive Cancer
Network (NCCN), the ESMO (European Society for
Medical Oncology), and the ASCO recommend the use
of anti-EGFR-directed therapy only in mCRC patients
with wild-type KRAS status. In addition, the NCCN
guideline also recommends testing for KRAS mutations
in codons 12 and 13 in certified laboratories. This is the
first true use of personalized medicine in CRC.
However, it is interesting that not all KRAS mutations are equal in their biological characteristics and their
impact on mediating EGFR resistance. Anecdotal reports
indicate that a very small number of patients (< 10%)
with KRAS-mutated tumors respond to anti-EGFR therapy[13,66,67] and that about 15% have long-term disease stabilization[68]. Preclinical data demonstrated that cell lines
with KRAS codon 13 glycine-to-aspartate (G13D) mutations exhibit weaker in vitro transforming activity than
codon 12 mutations[69,70]. Moreover, a recently published
retrospective pooled exploratory analysis of patients with
chemotherapy-refractory CRC also suggested that patients with p.G13D-mutated tumors showed a trend toward a higher RR than other KRAS-mutated tumors. Patients with KRAS codon p.G13D mutations who received
cetuximab experienced longer PFS and OS compared
with BSC alone. In contrast, patients with other KRAS
mutations did not appear to benefit from cetuximab.
Furthermore, benefit from the addition of cetuximab to
first-line chemotherapy in patients with KRAS p.G13D
mutations has also been suggested in a pooled analysis
of the CRYSTAL and OPUS studies[71]. Taken together,
these data suggest that the use of cetuximab may affect
prolonged survival in patients with KRAS p.G13D mutations receiving first-line chemotherapy and those with
chemotherapy-refractory metastatic colon cancer.
The association between KRAS codons 61 and 146
mutations and clinical outcomes in mCRC patients treated with cetuximab has also been investigated[72,73]. It was
reported that patients with mCRC that harbors KRAS
mutations in codons 61 and 146 have a shorter PFS com-
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pared to patients with wild-type KRAS and demonstrate
resistance to anti-EGFR therapy[73]. In a prospective-retrospective biomarker analysis of the PRIME study, investigators found that not only KRAS mutations (mutation
at codons 12 or 13) are predictive of treatment resistance
to EGFR therapy, but RAS mutations (KRAS mutation
at codons 61, 117 or 146, NRAS mutation at codons 12,
13, 61, 117 or 146, and BRAF mutations), appear to do
the same[74]. These analyses suggest that the assessment
of other RAS mutations might help optimize the selection of candidate patients for anti-EGFR mAb therapy.
However, our understanding of the biology of KRAS
wild-type/mutated genotype and response to anti-EGFR
therapy is far from complete. This is underscored by the
fact that approximately 40%-60% of mCRC patients
with wild-type KRAS status fail to respond to anti-EGFR
therapy[75]. Moreover, mCRC patients with responsive
KRAS wild-type tumors inevitably acquire resistance to
anti-EGFR therapy and experience tumor progression[76].
A lot of ground remains to be uncovered to clarify the
molecular mechanisms that contribute to anti-EGFR
therapy resistance/sensitivity, in order that patients can
be identified for personalized targeted therapy based on
specific genotypes.
BRAF
BRAF, a component of the RAS/RAF/MEK/ERK/
MAPK pathway[66], is thought to function as a downstream effector of KRAS. The BRAF mutation has been
identified in 10%-15% of CRC patients[14,77,78]. The most
common BRAF mutation in tumors is the V600E mutation, which accounts for 90% of all BRAF mutations in
CRC. There is an inverse relationship with KRAS mutation results, with the V600E BRAF mutation seen only
in KRAS wild-type tumors[14,73,78]. There is a high concordance in BRAF wild-type status between primary and
metastatic tumors, but the level of concordance is lower
when the primary tumor harbors a BRAF mutation.
BRAF mutation has been shown to be associated with
high grade, right sided tumors, female gender, older age
and microsatellite instability high (MSI-H) tumors[53,77,79].
It also has been linked to poor survival in advanced CRC
independent of therapy[80].
Recently, a series of studies confirmed the potential adverse prognostic impact of BRAF mutations. Yokota et al[81]
identified BRAF V600E mutation as an independent
prognostic factor for survival in a representative cohort
of 229 patients with mCRC. In this study, BRAF mutation was associated with a significantly higher risk of
dying from cancer-related causes. This finding is consistent with those of other studies in patients at all disease
stages[14,82,83]. In KRAS wild-type patients, BRAF-mutated
individuals had a worse outcome in terms of PFS and
OS. Furthermore, BRAF is a negative prognostic factor
for OS, especially in patients with MSI low (MSI-L) and
stable (MSI-S) tumors.
In the CRYSTAL-OPUS pooled analysis, patients
whose tumors harbored BRAF mutations had worse
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CRYSTAL, patients with BRAF mutations seemed to
benefit from the addition of cetuximab to first-line
chemotherapy with an increase in OS and a doubling
of PFS, although these findings did not reach statistical
significance, most likely due to the low BRAF mutation
frequency[84]. This result raises the possibility that the addition of a biological agent might be effective for disease
control, at least as first-line chemotherapy, in patients
with wild-type KRAS and mutant BRAF. These differences were not statistically significant due to the limited
number of patients in this group.
The association between BRAF mutations and the
efficacy of anti-EGFR therapy remains controversial, but
its significant negative prognostic value has been established. Even if the BRAF mutation has been shown to
be predictive, its low prevalence suggests that it may have
limited utility in selecting patients for anti-EGFR therapy
in clinical practice. The novel strategy of targeting BRAF
kinase is warranted for further treatment of patients with
BRAF mutations to improve their poor survival.

PFS and OS compared with those who had both KRAS
and BRAF wild-type tumors, independent of treatment
with cetuximab[84]. These data are consistent with the
biomarker analysis of the CAIRO-2 trial[57,85]. This study
investigated a large series of patients with mCRC treated
with chemotherapy and bevacizumab with or without
cetuximab in a subgroup of 520 patients. BRAF mutations were detected in 45 (8.7%) tumors and was mutually exclusive of KRAS mutations, as reported previously.
Patients with BRAF-mutated tumors had a statistically
significantly worse PFS and OS compared to patients
with wild-type BRAF tumors in both arms of the CAIRO2 trial, however, the RR in the two treatment groups
did not differ significantly. The authors concluded that
BRAF mutations are not restricted to the outcome of cetuximab treatment[85]. These findings further support the
hypothesis that BRAF mutations are negative prognostic
biomarkers.
Several retrospective studies have suggested that the
occurrence of BRAF V600E mutations accounts for
resistance to both cetuximab and panitumumab, but full
validation of this association has not been achieved. Di
Nicolantonio et al[14] retrospectively examined tumors
from 113 patients who had received either cetuximab
or panitumumab in a second or successive line chemotherapy regimen. None of the BRAF-mutated patients
responded to cetuximab or panitumumab, and none
of the responders carried BRAF mutations. BRAFmutated patients had significantly shorter PFS and OS
than wild-type patients. De Roock et al[72] reported 4.7%
(36 of 761) of BRAF mutations in a retrospective pooled
study of chemorefractory patients from the European
Consortium, and patients with BRAF mutations had a
significantly lower RR (8.3% vs 38% for wild-type; OR,
0.15; P = 0.0012), shorter PFS (median, 8 wk vs 26 wk
for wild-type; HR = 3.74, P < 0.0001) and OS (median,
26 wk vs 54 wk for wild-type; HR = 3.03, P < 0.0001)
compared with BRAF wild-type patients. Recently, in the
phase Ⅲ PICCOLO trial[86], designed to evaluate the role
of panitumumab combined with irinotecan as second or
subsequent line therapy for prospectively tested KRAS
wild-type advanced CRC, patients with tumors bearing
a BRAF mutation (13.6%) had a poor prognosis and
panitumumab had an adverse effect on survival in this
subgroup. These results suggest that wild-type BRAF
is required for response to anti-EGFR mAb in mCRC.
Similarly, Souglakos et al[77] assessed the predictive value
of BRAF mutations in 100 patients treated with cetuximab, including 8 in the first line, 37 in the second, and
55 in the third or higher, always in combination with chemotherapy. No patient with BRAF mutations responded
to cetuximab. Patients with BRAF mutations also had a
shorter PFS, regardless of whether cetuximab was administered in the second, third or higher lines.
However, unlike KRAS mutations, the negative
predictive value of BRAF mutations to anti-EGFR
therapies in the first-line treatment has not been demonstrated[57,64,84,87]. In the pooled analysis of OPUS and
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PIK3CA STATUS
In addition to KRAS and BRAF, activation of the PI3K
signaling pathway can also be oncogenically deregulated
either by activating mutations in the PIK3CA p110 subunit or by inactivation of the PTEN phosphatase. Constitutive activation of the PI3K/AKT pathway has been hypothesized to play an important role in the development
of a number of human cancers, including colon cancer.
Activating mutations in the PIK3CA are described in approximately 10%-20% of unselected CRC patients[48,88-90],
mainly in exon 9 or 20. Exons 9 and 20 hotspots exert
different biochemical and oncogenic properties. Unlike
BRAF mutations, PIK3CA mutations can co-occur with
KRAS and BRAF mutations[72,91].
Several studies have suggested that PIK3CA mutations may be associated with resistance to EGFR mAb
therapy[52,92-94]. Preclinical data shows that colon cancer
cell lines with activating PIK3CA mutations were more
resistant to cetuximab than PIK3CA wild-type cell lines.
Based on these preclinical data, several retrospective
studies have evaluated the predictive value of PIK3CA
mutations in the clinic. Initial reports show that PIK3CA
mutations are able to predict resistance to anti-EGFR
mAbs in unselected mCRC patients, and more importantly in wild-type KRAS patients whose nonresponse to
treatment cannot be predicted by KRAS mutations[90,95].
Sartore-Bianchi et al[95] found activating PIK3CA mutations in 15 (13.6%) of 110 patients treated with cetuximab or panitumumab-based regimens, but none of the
PIK3CA mutated patients achieved a response to antiEGFR mAbs, compared with a RR of 23% in 95 patients
with wild-type PIK3CA (P = 0.0337). Wu et al[92] conducted a systematic review and included eight studies which
reported survival outcome in 839 mCRC patients. They
found that PIK3CA mutations were significantly associated with poorer PFS in unselected patients, and observed
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a worse OS in KRAS wild-type patients with PIK3CA
mutations. However, the clinical data regarding PIK3CA
mutations and response to EGFR mAbs are conflicting.
A study by De Roock et al[72] found that PIK3CA mutations in exon 9 were more common (10% of all samples),
but only mutations in exon 20 of PIK3CA (3% of all
samples) were statistically associated with resistance to
cetuximab-based therapy. Importantly, these mutations
were also associated with a negative effect on PFS and
OS. A meta-analysis by Mao et al[93] recently showed that
PIK3CA mutations, in particular in exon 20, were likely
to be related to the prognosis of KRAS wild-type mCRC
patients treated with anti-EGFR mAbs. The predictive
power of exon 20 mutations was also greater than that
of any exon mutations and exon 9 mutations. These findings suggest that exon 20 and exon 9 mutations may differ in their power of predicting the prognosis of mCRC
patients. If KRAS is unmutated, assessing the PIK3CA
exon 20 mutations provides additional information on
patient outcome.
The predictive value of PIK3CA mutation status has
been demonstrated, however, the prognostic significance
of PIK3CA mutations in CRC remains unclear. A number
of previous studies have examined the prognostic role of
PIK3CA mutations in CRC. Recent data suggest that the
presence of PIK3CA mutations predicts poor prognosis
for early stage CRC patients and mCRC patients[95,96]. Patients with PIK3CA mutations were more likely to experience local recurrences than patients without mutations[96].
In a study of 586 patients by Barault et al[48], it was found
that mutations of at least one gene among KRAS, BRAF
and PIK3CA were associated with a lower 3-year survival
rate. Kato and coworkers carried out an analysis of 158
CRC tissue samples and identified PIK3CA mutations as
the only independent and significant prognostic factor
for worse RFS in stage Ⅱ/Ⅲ CRC patients[97]. These results are in contrast with those observed in the metastatic
setting. Cappuzzo et al[98] described a PIK3CA mutation in
17.7% (14/85) of cetuximab-treated mCRC patients, but
found no difference in overall response rate (ORR), time
to progression (TTP) and OS compared to the wild-type
population. Liao et al[99] analyzed PIK3CA pyrosequencing in 1267 CRC patients, and PIK3CA mutations were
detected in 189 (16%) of 1170 cases. The results showed
that concomitant PIK3CA mutations of both exons
9 and 20 were associated with a poorer prognosis. In
contrast, neither PIK3CA exon 9 mutation nor exon 20
mutation alone appeared to have substantial prognostic
influence.
Taken together, these findings are not uniform and
there are contradictory reports, thus it is not anticipated
that in the short-term future PIK3CA mutation testing
will be performed in routine clinical practice to determine eligibility for anti-EGFR antibody therapy. It is also
estimated that only 3%-10% of patients who are in the
KRAS wild-type group will have a PIK3CA mutation,
therefore the potential contribution of this mutation for
individualized treatment of CRC will be limited. Thus,
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further evidence from large randomized clinical trials and
standardization of analysis will be required to establish a
role for these genetic markers in mCRC treatment.

PTEN STATUS
PTEN is the only tumor suppressor gene involved in
the PI3K-AKT-mTOR pathway. It has been shown that
inactivation of PTEN phosphatase deregulates the PI3K
pathway. PTEN loss is observed in 20%-40% of CRC tumors[94,100], and it has been found to co-occur with KRAS,
BRAF and PIK3CA mutations[91,101]. PTEN expression
shows only approximately 60% concordance between primary tumor and distant metastases[40,94]. Loss of PTEN
expression is associated with aggressive CRC and lack of
benefit with cetuximab in patients with chemotherapyrefractory mCRC. It may provide valuable prognostic
and predictive information to aid treatment strategies for
patients[94].
The prognostic role of PTEN in CRC is still under
investigation, and inconclusive results have been reported. In a retrospective analysis of archival tumor tissue
from 173 patients with mCRC, loss of PTEN expression
(19.9% cases) detected by IHC was associated with inferior OS in a multivariate analysis (HR = 1.9, 95%CI: 1.1-3.2,
P = 0.026)[100].
PTEN also shows promise as a predictive marker for
wild-type KRAS patients treated with an anti-EGFRbased regimen[102,103]. Wang et al[102] analyzed PTEN expression in 852 mCRC patients treated with anti-EGFR
mAbs, and loss of PTEN expression was detected in 242
(28.4%) patients. Anti-EGFR mAb therapy resulted in
improved PFS and OS in patients unselected by KRAS
mutation with normal PTEN expression over loss of
PTEN expression. Better PFS and OS were observed
in wild-type KRAS patients with normal PTEN expression vs loss of expression. Razis et al[103] reported that
normal PTEN protein expression was associated with
a higher RR and longer TTP in patients treated with
cetuximab-based therapy, despite a 50% RR observed in
patients who had lost PTEN protein expression. These
data showed that loss of PTEN expression is a potential
biomarker for resistance to anti-EGFR mAb therapy,
particularly in mCRC patients with KRAS wild-type tumors. Interestingly, preserved PTEN expression in metastatic samples was predictive of response to cetuximab,
while this was not observed in primary tumor tissue with
preserved PTEN expression. Therefore, these data are
limited and should be considered exploratory. The value
of PTEN as a predictive or prognostic marker in mCRC
cannot be established yet.

OTHER POTENTIAL BIOMARKERS
HER2 gene status
In contrast to gastric and breast cancer, human epidermal
growth factor receptor 2 (HER2) protein overexpression
and HER2 gene amplification are relatively rare in CRC.
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Some studies have shown that HER2 gene amplification
was significantly related to resistance to cetuximab or panitumumab and was associated with a significantly worse
PFS and a trend towards a worse OS[104-106]. However,
other studies have not found a predictive or prognostic
role for HER2[85,107]. Recently, data from a retrospective
study have suggested that HER2 status detected by FISH
might represent an additional useful marker for the identification of advanced CRC patients who may benefit
from anti-EGFR targeted therapies[105,106]. A total of 407
chemorefractory mCRC patients treated with cetuximab
alone or in combination with irinotecan were evaluated
and KRAS and BRAF mutations were assessed. The status of the HER2 gene was evaluated in 288 cases. Interestingly, HER2 gene-positive patients had a significantly
higher RR, longer PFS and OS compared with HER2
gene-negative patients, but when cases were stratified according to KRAS and BRAF mutations, no significant
differences in RR, PFS and OS were observed between
HER2-positive and negative cases. In conclusion, the
interplay between EGFR and HER2 requires further investigation for future best-tailored treatments.

IHC and the remainder employed DNA analysis. Therefore, it is likely that activation of the EGFR pathway will
contribute to cancer and anti-EGFR antibodies will be
efficient in tumors only if TP53 is inactivated. Based on
these observations, Oden-Gangloff et al[112] evaluated the
combined impact of KRAS and TP53 status on clinical
outcome in 64 mCRC patients treated with cetuximabbased chemotherapy, and suggested that TP53 mutations
are predictive of cetuximab sensitivity.
In conclusion, these data suggest that TP53 genotyping could have an additional value in mCRC patients
without KRAS mutations to optimize the selection of patients who could benefit from anti-EGFR therapies. The
clinical relevance of these results should be confirmed in
larger mCRC series.
Angiogenesis
Angiogenesis has become a major target in CRC therapy.
A variety of anti-angiogenesis approaches have been
evaluated for the treatment of mCRC. Bevacizumab, a
humanized monoclonal antibody against vascular endothelial growth factor A (VEGF-A), is approved for firstline treatment of mCRC. Novel antiangiogenic drugs,
such as regorafenib (a novel tyrosine kinase inhibitor
targeting VEGFR, PDGFR, FGFR, RET, KIT and
TIE2) and aflibercept (a VEGF trap), have also been
licensed by the United States Food and Drug Administration based on trials showing modest improvements in
OS[113,114]. However, despite the increasing use of various
antiangiogenic drugs and intense research efforts, there is
a lack of evidence for validated biomarkers in terms of
response to antiangiogenic therapy. Several markers that
have appeared promising in preclinical models have failed
as predictors of response in human trials (Table 2)[115-117].
To date, no biomarkers have emerged that are capable of
predicting the efficacy of these agents.
Several recent studies on the identification of predictive biomarkers for bevacizumab have been performed.
In the pivotal AVF2107 study of bevacizumab added
to chemotherapy in the first-line setting of advanced
CRC, plasma VEGF levels, primary tumor tissue VEGF
expression, microvessel density and genotypic characteristics of the malignant cells such as KRAS, BRAF, TP53
mutations, and TP53 overexpression were evaluated,
but none had predictive value for bevacizumab activity.
These findings were recently confirmed in the MAX trial,
in which the KRAS and BRAF mutation status failed to
predict benefit with bevacizumab[118-120]. In this study, the
expression levels of VEGF family members A through
D and VEGF receptors, VEGFR-1 and VEGFR-2,
were also analyzed using IHC, and the results showed
that VEGF-D expression was a predictor of response
to bevacizumab treatment. For patients treated with bevacizumab, low VEGF-D expression was predictive of
a significantly longer PFS and OS interval than those in
patients with high levels of VEGF-D expression. In the
NO16966 trial[119], exploratory analyses found that high
CD31, high VEGF-A, and low EGFR-2 expression lev-

c-Met and insulin-like growth factor receptor 1 pathways
MET, the hepatocyte growth factor receptor, is a receptor
tyrosine kinase (RTK) involved in cellular proliferation
and apoptosis. The activation of MET may lead to the
activation of pathways downstream of RAS, such as Raf/
MEK/MAPK and the PI3K/protein kinase B pathway
(PKB). In addition, MET is able to directly activate the
PI3K/PKB pathway in a RAS-independent manner[108].
Several preclinical findings suggest that MET can interfere
with anti-EGFR strategies. Inno et al[109] recently reported
that compared with low/normal expression, c-Met overexpression significantly correlated with shorter median
PFS and median OS in 73 patients with mCRC treated
with cetuximab-containing regimens. Cappuzzo et al[29]
also assessed MET at the genomic level using FISH in 85
EGFR FISH-positive mCRC patients treated with cetuximab. Both patients with MET amplification responded
to cetuximab therapy, although the number of patients
was too low to draw any conclusion.
insulin-like growth factor receptor 1 (IGF1R) is also
a transmembrane RTK implicated in promoting oncogenic transformation, growth and survival of cancer cells.
IGF1R is overexpressed in 50%-90% of CRCs[110], and
preclinical studies suggest that this target results in upregulation in the majority of CRC patients, poor prognosis
and resistance to anti-EGFR strategies[111].
P53 mutations
TP53 is a tumor-suppressor gene located on chromosome 17p, and mutations in this gene occur in about half
of CRCs. A large number of studies have described the
effects of genetic TP53 alterations on progression and
outcome of CRC, and the results are heterogeneous and
conflicting. Most studies which showed an association
between TP53 alterations and worse outcome employed
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FGFR1 gene leads to liver metastasis in CRC. Matsuda et
al[132] also found overexpression of the FGFR2, both FGFR2IIIc and FGFR2IIIb, in colorectal carcinomas which
tended to correlate with distant metastasis. On the other
hand, FGFR2IIIb expression in colorectal carcinomas did
not correlate with survival or metastasis[133]. It was also
found[134] that in colorectal carcinoma cases, expression
levels of FGFR2IIIc in tumor cells were correlated with
advanced carcinogenesis stages. Furthermore, FGFR2IIIc
expression correlated with metastasis and poor prognosis of colorectal carcinomas, which suggested that FGFR2IIIc may have a potential use in colorectal carcinoma
therapy. A number of agents that target FGF and/or
PDGF signaling are now in development for the treatment of mCRC. Potential predictive biomarkers for these
pathways are being investigated, but none have been validated for clinical use. Whether this could translate into a
higher likelihood of responding to PDGFR/FGFR targeted agents is a matter of speculation.
Hypertension is a common adverse effect of antiVEGF therapy. The development of hypertension due to
anti-VEGF treatment has also been evaluated as a predictive biomarker. An increase in blood pressure may reflect
successful inhibition of the VEGF pathway. However,
the role of hypertension in predicting responsiveness to
antiangiogenic drugs is controversial. In the AVF2107
study, the development of hypertension predicted better
PFS (HR = 0.55, P = 0.0008) and better OS (HR = 0.43,
P = 0.0001), but this was not confirmed by other studies[135]. The role of hypertension as a predictive biomarker
requires further evaluation, particularly as it is standard
practice to treat hypertension as soon as it develops[136].

Table 2 Summary of key biomarkers investigated in clinical
trials of bevacizumab
Key biomarkers evaluated
KRAS mutational status
BRAF mutational status
p53 mutational status
VEGF and VEGFR-2 (KDR) gene expression
VEGF A- to VEGF-D, VEGFR-1, and VEGFR-2 protein expression
CD31 expression
Neuropilin expression
Stromal thrombospondin-2 expression
Microvessel density
Plasma VEGF levels
VEGF: vascular endothelial growth factor.

els were correlated with a longer duration of response,
and high levels of neuropilin and placental growth factor were associated with less benefit from bevacizumab.
However, these results are considered exploratory and
need to be confirmed in additional clinical trials.
Blood-based biomarkers have, until now, produced
mixed results. Several studies have demonstrated that
plasma VEGF-A is a prognostic biomarker in CRC, but
it is unable to predict response to antiangiogenic treatment in mCRC[121,122]. A retrospective analysis of 1816
patients with colon, renal cell, and lung cancer found
that plasma VEGF levels were not predictive of benefit
from bevacizumab[123]. However, an association between
plasma VEGF and benefit from bevacizumab treatment
was observed in a breast cancer trial[124]. Further prospective studies are underway to validate the value of plasma
VEGF-A in clinical practice. VEGF polymorphisms are
also potentially promising biomarkers, however, it is not
currently possible to personalize treatment with antiangiogenic therapies[125].
More recently, preclinical data supporting the role of
fibroblast growth factor receptor (FGFR) and platelet-derived growth factor receptor (PDGFR) signaling in angiogenesis have been reported. Inhibition of these pathways
holds potential therapeutic benefit for cancer patients[126].
In addition, one or both of these pathways have been
associated with resistance to agents targeting the EGFR
and VEGF[127]. Some studies have elucidated the role of
FGFR and PDGFR in colon cancer angiogenesis. However, only a few studies have analyzed the clinical implications of FGFR/PDGFR expression in CRC. Wehler
et al[128] in a series of 99 human colorectal carcinomas,
reported that coexpression of PDGFRα/β observed in
57% of tumor samples, was significantly associated with
lymphatic metastasis (P = 0.007) and advanced tumor
stage (P = 0.03). Schimanski et al[129] reported that specific receptor tyrosine kinases (TK) were overexpressed
in KRAS-mutated CRC. In a study by Nakamura et al[130],
patients with high PDGF-BB expression had a significantly poorer survival rate than those with low PDGFBB expression. A multivariate analysis also demonstrated
that PDGFR expression was an independent prognostic
factor. Sato et al[131] reported that overexpression of the
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Epigenetics in CRC
Epigenetics describe the changes in phenotype or gene
expression that do not involve DNA sequence changes.
CRC is considered a genetic disease with the histologic
progression of carcinogenesis characterized by sequential
genetic and epigenetic alterations[137]. Epigenetic instability in CRC is manifested in a variety of ways including
hypermethylation of gene promoters that contain CpG
islands and global DNA hypomethylation. The role of
epigenetics in CRC development and pathogenesis is
beginning to be defined. Retrospective studies have proposed candidate markers, such as CpG island methylation
(CIMP), which may predict poor outcome for CRC patients after fluorouracil treatment[138]. However, there are
conflicting results and studies are required to determine
the reproducibility of the data[139]. Promoter CpG island
methylation of the Werner syndrome gene[140] and the
UDP-glucuronosyl-transferase gene, UGT1A1[141], have
been reported to influence the effects of and response to
the topoisomerase inhibitor, irinotecan, with these studies being directly related to silencing of genes involved in
the mechanism of action of this drug. However, the data
are not currently robust enough to recommend its clinical
use[142,143].
Epigenetic changes in CRC are also potential mark-
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KRAS + PIK3CA mutation
BRAF mutation
NRAS mutation
BRAF + PIK3CA mutation
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3%
2%
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PIK3CA mutation/
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15% KRAS , BRAF,
NRAS, PIK3CA wild

Molecular aberration
to be identified
23%

type, no PTEN loss

Non-responsive

32% KRAS mutation

Figure 1 Prevalence of epidermal growth factor receptor pathway deregulations and response to monoclonal antibodies targeting epidermal growth factor
receptor in chemotherapy-refractory advanced colorectal cancer.

ers for the early detection of CRC and prediction of
prognosis. Several publications report a prognostic role
for promoter CIMP markers, such as p16INK4A, p14ARF,
MGMT, HPP1, HLTF, and ID4, but their effects seem to
be dependent on the presence of other methylated markers or adjuvant treatment[139]. A prognostic role was also
suggested for CIMP, and a worse prognosis for patients
with CIMP CRCs was observed in most studies, although
conflicting results have also been reported[140]. These
examples of the potential prognostic use of alterations
in DNA methylation highlight the need for validation of
their clinical utility in observational, population-based
studies to assess the natural course of the disease.
Despite these examples and other studies of predictive and prognostic epigenetic markers in CRC, none
have yet been developed to the point of clinical utility.
Continued efforts to investigate these molecular mechanisms will allow for a better understanding of the role of
epigenetic alterations in CRC and will lead to the translation of these insights into the clinical arena.

of a single marker or included a small sample size. These
study designs are unlikely to accurately predict disease
progression with sufficient resolution and reproducibility. Second, data analysis and interpretation still remain
challenging, although many advances have been made in
technologies for profiling and in decreasing the requirements of the input material. The data from current studies usually lack definition, adequate validation, and cannot
be used in clinical practice for decision-making. Furthermore, the lack of methodology standardization involved
in the detection of biomarkers, the lack of comprehensive analysis of a particular molecular pathway, and
incomplete analysis of biomarkers have all contributed
to the frustration associated with biomarker validation.
Therefore, to date, only KRAS gene has entered routine
clinical practice as a predictive marker of response to
EGFR-targeted therapies in advanced CRC.
A number of comprehensive biomarker-driven
studies are currently underway. BRAF V600E mutation is prognostic of patient outcome with respect to
survival, but not clearly predictive of treatment effects
with anti-EGFR agents in patients with mCRC. The low
prevalence of such mutations makes it difficult to evaluate these mutations as predictive biomarkers in clinical
practice. The predictive and prognostic value of PIK3CA
mutation, PTEN deletion and TP53 mutation is presently under evaluation, but clinicians are currently unable
to use these data in clinical practice for decision-making.
In the future, NRAS, PIK3CA and PTEN status may
be useful when combined with KRAS and BRAF mutation analysis to predict which mCRC patients will benefit
from anti-EGFR therapy (Figure 1). The identification
of a biomarker to predict response to anti-VEGF agents
is lacking, and further data are required from large well
designed prospective studies to understand the biological
processes underlying response and/or resistance. Novel
prospective randomized controlled trials are needed to
determine the role of various putative molecular markers,

CONCLUSION
Currently, the treatment of advanced CRC varies and
oncologists face complicated decisions in the selection
of the most appropriate treatment options for their patients. Predictive and prognostic biomarkers can facilitate
clinical decision-making and are becoming increasingly
important with the development of targeted therapies for
advanced CRC. The identification of molecular biomarkers that have predictive and/or prognostic significance in
CRC is essential to improve anti-cancer treatments and
patient outcome[144]. Several molecular biomarkers have
been studied over the past two decades and encouraging
improvements have been achieved. However, the results
of published studies have often been conflicting and
several drawbacks affect the reliability of conclusions[145].
First, most published studies were retrospective analyses
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and hopefully this will facilitate the development of personalized therapy based on the molecular profile of CRC.
In addition to these molecular markers, many patientrelated factors may also influence response to targeted
therapy, including age, sex, tumor subtype, disease stage,
comorbid diseases, overall PS, pharmacokinetic, pharmacodynamic and pharmacogenetic factors. These factors
should be considered as important predictive and prognostic biomarkers in CRC.
In the future, it is anticipated that new biomarkers
will be developed that can further personalize the treatment of this important human cancer. In the era of
targeted therapies, it is further anticipated that new small
molecule drugs that target specific gene mutations (for
example, BRAF inhibitors) and genetic translocations will
be developed in association with specific biomarker tests
that are linked to drug response and patient eligibility for
treatment.
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mortality rates. Currently, GLOBOCAN, an International
Agency for Research on Cancer resource, is the most
comprehensive available resource allowing comparison
between nations. In resource limited settings, with already restricted healthcare funding, data is needed to
establish programs in Africa that increase gastric cancer
awareness, curtail the economic burden, and improve
patient management and survival outcomes.
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Abstract

Core tip: There is a paucity of published data regarding
gastric cancer in Africa and a need for more research to
elucidate etiology and management. There is a growing
opportunity for partnerships between African nations
and more developed nations to advance the understanding and management of gastric cancer and thus
improve overall patient outcomes. Such partnerships
would provide a bilateral learning opportunity and help
set a platform for training opportunity amongst healthcare providers.

Gastric cancer is the fourth most common cancer and
second most common cause of cancer death worldwide. Globally, gastric cancer poses a significant public
health burden - both economically and socially. In 2008,
the economic burden from premature cancer deaths
and disability was $895 billion and gastric cancer was
the second highest cancer responsible for healthy life
lost. With the expected increase in cancer deaths and
non-communicable diseases, these costs are expected
to rise and impact patient care. World Health Organization, estimates a 15% increase in non-communicable
disease worldwide, with more than 20% increase occurring in Africa between 2010 and 2020. Mali, West
th
Africa, is ranked 15 highest incidence of gastric cancer
worldwide at a rate of 20.3/100000, yet very scarce
published data evaluating etiology, prevention or management exist. It is understood that risk factors of
gastric cancer are multifactorial and include infectious
agents (Helicobacter pylori , Epstein-Barr virus), genetic, dietary, and environmental factors (alcohol, smoking). Interestingly, African patients with gastric cancer
rd
th
are younger, in their 3 -4 decade, and present at a
late stage of the disease. There is sparse data regarding gastric cancer in Africa due to lack of data collection and under-reporting, which impacts incidence and
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INTRODUCTION
Gastric cancer is the fourth most common cancer worldwide, and second most common cause of cancer death[1].
In 2008, the economic burden from premature cancer
deaths and disability was $895 billion and gastric cancer
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was the second highest cancer responsible for healthy life
lost[2]. With the expected increase in cancer deaths and
non-communicable diseases, these costs are expected to
rise and impact patient care. World Health Organization
(WHO), estimates a 15% increase in non-communicable
disease worldwide, with more than 20% increase occurring in Africa between 2010 and 2020[3].
In Africa, gastric cancer is ranked twelfth most
common cancer[1]. The estimated incidence and mortality rates of gastric cancer in Africa is 4/100000 and
3.8/100000 respectively[1]. The incidence is higher in men
(4.7/100000) than in women (3.3/100000), as is mortality rate at 4.5/100000 and 3.2/100000 respectively[1].
There is a great deal of variation in reported incidence
and mortality within the individual African countries.
For instance, in Mali, West Africa, gastric cancer is the
most common cancer in men with an incidence rate
21.6/100000 and mortality rate 21.1/100000[1]. These
rates are markedly higher than developed nations such as
United States/United Kingdom, yet very scarce published
data evaluating etiology, prevention or management exist[4]. The lack of published reports may have to do with
the focus on communicable diseases and less attention
to non-communicable disease (NCDs). The variation in
reported incidence and mortality within the individual
African countries is most likely related to etiology. Recognized carcinogens include diet, infectious agents, inflammatory process or genetic variability[5]. Low incidence
and mortality rates reported for some regions may be due
to the limited diagnostic capability and inadequate data
recording. Interestingly, gastric cancer in African patients
are younger, in their 3rd-4th decade[6], and present at a late
stage of the disease[7].
It has been recognized that there is an upward trend
in NCDs, including cancers within developing nations[8].
WHO estimates an increase in cancer deaths of 45% between the years 2007 to 2030[9]. Cancer kills more people
than AIDS, tuberculosis and Malaria combined[10], yet it
has received less focus. Understanding risks, etiology and
management of gastric cancer impacts the survival outcome. With the increasing westernization of diet, obesity,
lifestyle (alcohol and smoking), there is increased risk of
gastric carcinogenesis. It is prudent to increase research
related to cancer in Africa, including gastric cancer.

ond, some countries do not have a cancer registry thus
reliance on data from individual hospitals[1].
There is significant variation from country to country in Africa with estimated incidence rates as high as
20.3/100000 in Mali to as low as 0.3/100000 in Botswana[1]. Table 1 details the incidence and mortality rates
in Northern, Eastern, Central, Southern and Western
Africa. The geographic demarcation is that from the
Globocan database recognizing 53 African countries,
with the highest incidence and mortality from Eastern
Africa 4.7/100000 and 4.6/100000 respectively[1]. Other
countries with high incidence and mortality rates are La
Reunion (12.6/100000, 9.3/100000), Western Sahara
(11.9/100000, 11.9/100000), Burundi (9.8/100000,
8.4/100000), Uganda (9/100000, 8.7/100000), Rwanda
(8.3/100000, 8/100000), Kenya (7.6/100000, 7.3/100000)
and Democratic Republic of Congo (7.3/100000,
7.2/100000)[1]. These rates are higher than Western nations such as United States (4.1/100000, 2/100000)
and United Kingdom (5.5/100000, 2/100000), but
lower than Eastern nations such as Japan (31.1/100000,
13.5/100000), South Korea (62.2/100000, 22.5/100000)
and China (29.9/100000, 22.3/100000). Some African
countries with lower incidence and mortality rates are Botswana (0.3/100000, 0.3/100000), Namibia (1.1/100000,
1.1/100000), Lesotho (1.3/100000, 1.3/100000),
Equatorial Guinea (1.6/100000, 1.6/100000), Sudan (1.6/100000, 1.8/10000) Malawi (1.7/100000,
1.6/100000), Central Republic of Africa (1.9/100000,
1.8/100000) Swaziland (1.9/100000, 1.9/100000) and
The Gambia (1.9/100000, 1.9/100000)[1].
This variation in reporting may be related to the late
patient presentation and lack of cancer reporting systems.
It is also unclear if these are autopsy reports or live cases.
Some of the differences in the rates can be attributed to
the degree of advances in medicine within the country
and available expertise. McFarlane et al[11] conducted a
retrospective survey in the Eastern part of Kenya with a
population of approximately 1.2 million. The researchers
reviewed medical records between 1991-1993, and compared to data from the same area obtained in the 1970s.
There was a 10 fold increase in the incidence rate between 1965-1970 and 1991-1993. The authors note that
endoscopy services were established in the Eastern part
of Kenya in 1980s, which could have impacted diagnostic
capabilities. Similar finding of increased gastric cancer
incidence over decades in Uganda has been documented
but attributed to an increased access to healthcare and endoscopy availability[11]. In Uganda, East Africa, most recent data shows a seven fold increase incidence of gastric
cancer from 0.8/100000 in the 1960s to 5.6/100000[12].
This has led to development and implementation of
guidelines regarding management of patients presenting
with dyspepsia[12].

INCIDENCE AND MORTALITY RATES
A comprehensive and comparable resource for incidence
and mortality rates is the GLOBOCAN database. The
Globocan database is part of the International Agency of
Research on Cancer-World Health Organization (IARCWHO)[1]. Globocan database is one of the world’s largest,
most reliable and organized incidence and mortality data
resources for gastric cancer in Africa, however, it has its
limitations[1]. Globocan recognizes the limitations in data
collection. First, the development of the database relies
on the cancer registries with the individual countries,
which may not capture the realities or may be an underrepresentation of the incidence and mortality rates[1]. Sec-
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Initial diagnosis of gastric cancer is typically via an upper
endoscopy with biopsy of an abnormal appearing lesion
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should be performed to determine next step in management. The staging system evaluates nodal and other organ
involvement. Staging extends from 0 to 4, with 0 being
localized (also known as carcinoma in situ) and stage Ⅳ
representing metastatic disease to distant organs in the
body. This staging has implications on the overall prognosis and treatment plan. With surgical intervention, the 5
year survival outcomes for patients with localized disease
are estimated to be 75%, and for those with lymph node
involvement the prognosis is poorer, 10%-30%[13]. Factors
impacting outcome can be broadly defined as tumor specific or patient specific. The tumour related risk factors
are: stage, grade, size, gastric location of primary tumour,
lymph node or vascular involvement[13]. The patient specific factors are age, gender, co-morbidities and performance status[13]. Delayed presentation, limited radiotherapy and surgical capability also impact management[7].
Surgery plays a role in diagnosis, palliative therapy or
curative therapy[12]. The role of surgery as curative modality seems to be limited to patients who present in the
early stage[12,13]. Mabula et al[15] conducted a retrospective
analysis of gastric cancer patients in Kenya, East Africa,
evaluating the clinicopathology and outcome over a 4
year period. They enrolled 232 patients, median age was
52, 92% presented in late stage of the disease, 223 (96%)
underwent surgery (commonly gastrojejunostomy) as
primary treatment, 56 (24%) chemotherapy and 12 (5.1%)
radiotherapy[15]. The post-operative complication and
mortality was 37.1% and 18.1% respectively[15]. The 5 year
survival was 32.8%[14]. Ahmed et al[16] conducted a retrospective study in Nigeria, West Africa, evaluating clinical
pattern, management and outcome of 179 patients. The
mean age was 51 ± 6 years, 155 (86%) underwent surgical
intervention, (mainly gastrectomies), the overall median
survival was 13.6 mo[16]. For patients who underwent gastrectomy, the one and five year survival were 70.1% and
21.8% respectively[16]. The post-operative complication
and mortality were 43 (27.7%) and 25 (16.1%) respectively[16]. These studies also highlight significant post-operative complications and mortality, which seem related
to the late patient presentation. Table 2 summarizes the
treatment, post surgical complications and outcomes of
gastric cancer in some African countries.

Table 1 Gastric cancer incidence and mortality rates
Incidence
Africa2
Northern
Eastern
Central
Southern
Western
Asia
North America
South America
Europe
Australia

1

Mortality

1

Males

Females

Both

Males

Females

Both

4.7
3.9
5.6
5.3
4.1
4.5
25.9
5.8
17.3
14.5
7.4

3.3
2.4
4.0
4.7
2.2
3.3
11.7
2.8
8.4
7.0
3.4

4.0
3.2
4.7
4.0
3.0
3.8
18.5
4.2
12.4
10.3
5.3

4.4
3.7
5.4
5.2
3.9
4.3
18.3
2.8
14.2
11.3
4.3

3.2
2.3
3.8
4.6
1.8
3.1
8.9
1.8
6.9
5.3
2.1

3.8
3.0
4.6
4.8
2.8
3.7
13.4
2.1
10.2
7.9
3.1

1

Incidence and mortality are represented as age-standardized rates (per
100000); 2Countries within each geographic region (per GLOBOCAN) is
listed below: Africa: Northern: Algeria, Egypt, Libya, Morocco, Sudan,
Tunisia, Western Sahara; Eastern: Burundi, Comoros, Djibouti, Eritrea, La
Reunion-France, Kenya, Madagascar, Malawi, Mauritius, Mozambique,
Rwanda, Somalia, Tanzania, Uganda, Zambia, Zimbabwe; Central: Angola, Cameroon, Central African Republic, Change, Democratic Republic of
Congo, Republic of Congo, Equatorial Guinea, Gabon; Southern: Botswana, Lesotho, Namibia, South African Republic, Swaziland; Western: Benin,
Burkina Faso, Cape Verde, Cote d’Ivoire, the Gambia, Ghana, GuineaBissau, Guinea, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra
Leone, Togo; Asia: Eastern: China, Japan, South Korea, Mongolia, Taiwan;
South-Eastern: Brunei Darussalam, Cambodia, Indonesia, Lao, Malaysia,
Myanmar, Philippines, Singapore, Thailand, Timore-Leste, Vietnam;
South-Central: Afghanistan, Bangladesh, Bhutan, India, Iran, Kazakhstan,
Kyrgyzstan, Maldives, Nepal, Pakistan, Sri Lanka, Tajikistan, Turkmenistan, Uzbekistan; Western: Armenia, Azerbaijan, Bahrain, Gaza Strip
and West Bank (Palestine), Iraq, Israel, Jordan, Kuwait, Lebanon, Oman,
Qatar, Saudi Arabia, Syria, Turkey, United Arab Emirates, Yemen;North
America: United States, Canada; South America: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, French Guyana, Guyana, Paraguay, Peru,
Suriname, Uruguay, Venezuela; Europe: Central and Eastern: Belarus, Bulgaria, Czech Republic, Hungary, Republic of Moldova, Poland, Romania,
Russia, Slovakia, Ukraine; Northern: Denmark, Estonia, Finland, Iceland,
Ireland, Latvia, Lithuania, Norway, Sweden, United Kingdom; Southern:
Albania, Bosnia, Croatia, Cyprus, Greece, Italy, Former Yugoslav Republic
of Macedonia, Malta, Montenegro, Portugal, Serbia, Slovenia, Spain; Western: Austria, Belgium, France, Germany, Luxembourg, The Netherlands,
Switzerland.

confirmed by histopathology. Staging options include endoscopic (endoscopic ultrasound, EUS) and radiographic
[computed tomography (CT), magnetic resonance imaging, positron emission tomography and abdominal ultrasound], with CT being the most common[13]. EUS is not
an option in most African countries due to the absence
of technology and trained personnel, thus radiology is
the mainstay of staging. There are also limitations to
staging related to patient financial constraints, which impacts overall patient care. Screening modalities (barium
study, gastroscopy and serum pepsinogen) have been
implemented in high risk Asian countries such as Japan,
South Korea, and Taiwan[14], however these are not part
of the management of patients at risk for gastric cancer
in Africa. Late presentation plays a significant role in the
poor outcome in most African countries; hence increased
awareness amongst the general population and more
training of healthcare providers have an important role.
After the initial diagnosis of gastric cancer, staging
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CONCLUSION
Published data regarding gastric cancer management and
outcome within most African countries is scarce. It is
plausible that overall incidence and mortality in some nations is lower due to the underreporting and lack of an
organized, adequate database. What’s clear is the consistency of poor prognosis and lower overall survival rates
which are related to advanced stage at diagnosis, lack of
disease awareness and limited health access. The increase
post-operative mortality could be related to the late/advanced stage at presentation, poor performance status of
the patient, and other co-morbidities such as non-communicable disease. The healthcare focus has predominantly
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Table 2 Treatment and survival outcome
Country

Year of publication
and study design

Author

Sample
size

Tanzania

2012, retrospective
review

Mabula et al[15]

232

Mali
2012
(Abstract,
French article)
Nigeria
2011, retrospective
review

Dembeleet al[17]

425

Ahmed et al[16]

179

2011

Chokunonga et al[18]

-

2010, retrospective

Osime et al[19]

-

Tunisia
2006, retrospective
(Abstract,
French article)

Arfaouiet al[24]

140

Tunisia
2004
(Abstract,
French article)
Senegal
2003
(Abstract,
French article)
Uganda
2001, prospective,
descriptive

Ayite et al[23]

63

Fall et al[20]

60

Ibingira[21]

35

Johnson et al[22]

96

Zimbabwe
Nigeria

Ethiopia

2000, prospective

Overall survival

5 yr survival: 32.8% Surgery: 223/232 (96.1%)
Chemotherapy: 56 (24%)
Radiotherapy: 12 (5.1%)
1 yr survival: 15.5%
200 (65%): surgery
105 (34.3%) : no surgery
4 (1.3%): chemotherapy
13.6 mo
Surgery: 155 (86.6%)
1 yr post
gastrectomy: 70.1%
5 yr post
gastrectomy: 21.8%
5 yr survival: 20%
-

Total overall
survival : 20%

3

4

5

6

7

Ferlay J, Shin HR, Bray F, Forman D, Mathers C and Parkin
DM. GLOBOCAN 2008 v2.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10 [Internet]. Lyon,
France: International Agency for Research on Cancer, 2010.
Accessed on August 1, 2013. Available from: URL: http://
globocan.iarc.fr
American Cancer Society. The global economic cost of
cancer. Accessed October 20, 2013. Available from: URL:
http://www.cancer.org/acs/groups/content/@internationalaffairs/documents/document/acspc-026203.pdf
WHO. Global Status Report on Non-communicable Diseases 2010. Geneva: WHO; 2011. Accessed on August 1,
2013. Available from: URL: http://whqlibdoc.who.int/
publications/2011/9789240686458_eng.pdf
Stomach cancer. Available from: URL: http://www.wcrf.
org/cancer_statistics/data_specific_cancers/stomach_cance
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-

18.1%

2/100000
2/100000

-

-

20.3/100000
19.7/100000

43 (27.7%)

25
(16.1%)

2.2/100000
2.1/100000

-

-

5.3/100000
5/100000
2.2/100000
2.1/100000

8

9
10

11

3878

4.2/10000000
3.9/100000
-

1 yr survival after
94.5% presented with
partial gastrectomy: advanced cancer, and no
39.1%
curative surgery possible
90% presented in
advanced stage;
40% had resectable
lesions
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2

37.1%

mortality rate 39.1; 30.4% presented within
66% died within one
in year
year of diagnosis
26.5 mo, 13 mo and Curative and palliative
5 mo after curative
resection
resection, palliative
resection and
without resection
3 mo: 21%
1 yr survival: 7%
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Core tip: Early gastric cancer (EGC) is associated with
favorable prognosis and there have been many efforts
made to minimize the invasiveness of resection. Curative minimally invasive approaches utilized for EGC include endoscopic, laparoscopic and robotic approaches,
and sentinel lymph node biopsy. Endoscopic resections
have been shown to be safe and effective treatments
for carefully selected patients with EGC. In patients
with EGC that are not candidates for endoscopic resection, laparoscopic and robotic resections allow for the
appropriate curative resection and lymphadenectomy
with the benefits of minimally invasive surgery, including improved pain, reduced blood loss, and shorter
hospital length of stay.

Abstract
Despite declining incidence, gastric cancer remains
one of the most common cancers worldwide. Early
detection in population-based screening programs has
increased the number of cases of early gastric cancer,
representing approximately 50% of newly detected
gastric cancer cases in Asian countries. Endoscopic
mucosal resection and endoscopic submucosal dissection have become the preferred therapeutic techniques
in Japan and Korea for the treatment of early gastric
cancer patients with a very low risk of lymph node metastasis. Laparoscopic and robotic resections for early
gastric cancer, including function-preserving resections,
have propagated through advances in technology and
surgeon experience. The aim of this paper is to discuss
the recent advances in minimally invasive approaches
in the treatment of early gastric cancer.

El-Sedfy A, Brar SS, Coburn NG. Current role of minimally invasive approaches in the treatment of early gastric cancer. World
J Gastroenterol 2014; 20(14): 3880-3888 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i14/3880.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i14.3880

INTRODUCTION
Although the incidence of gastric cancer has declined,
it remains one of the most common causes of cancerrelated mortality worldwide[1,2]. There are noted regional
differences in gastric cancer epidemiology between East
Asian and Western nations. In Japan and Korea, where the
incidence of gastric cancer remains high, population-based
screening with double-contrast barium radiography and/or
endoscopy has allowed for earlier detection and presumably better survival[3,4]. Analysis of a Japanese nationwide

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

Key words: Endoscopy; Endoscopic resection; Endo-

WJG|www.wjgnet.com

3880

April 14, 2014|Volume 20|Issue 14|

El-Sedfy A et al . Minimally-invasive approaches for early gastric cancer

sion[21,22]. Assessment of the horizontal and vertical margins of the specimen are completed to confirm adequate
resection[23]. Although, no lymph nodes are assessed
pathologically, this information allows for prediction of
the risk of LN metastasis based on published data of
patients with similar pathological staging[24]. Importantly,
both EMR and ESD allow for pathological staging without undermining any future surgical intervention.

registry of gastric cancer revealed that 48.8% of cases
currently treated are early stage disease[5]. However, in the
West, late presentation of the disease still predominates[6].
Surgical resection remains the cornerstone of treatment in gastric cancer and prognosis is dependent on the
stage at time of detection. Early gastric cancer (EGC) is
defined as cancer in which tumor invasion is confined
to the mucosa or submucosa (T1 cancer), regardless of
lymph node involvement[7]. Long term survival data from
Japan revealed that the 5-year cancer specific survival
rates of EGC are 99% when limited to the mucosa and
96% when the submucosa is invaded[8,9]. Furthermore,
depth of cancer invasion plays a role in the risk of lymph
node (LN) metastasis. When gastric cancer is limited to
the mucosa, the incidence of LN metastasis is less than
3% and rises to approximately 20% with submucosal involvement[8,9].
As EGC is associated with favorable prognosis, there
have been many efforts made to minimize the invasiveness of resection. Minimally invasive approaches utilized
for curative treatment of EGC include endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD), laparoscopic and robotic approaches, and
sentinel lymph node biopsy[10]. The aim of this paper is
to describe and discuss the recent advances in minimally
invasive approaches in the treatment of EGC.

Indications for endoscopic resection
EGC carries a favorable prognosis when treated with
standard surgical resection and lymphadenectomy. Since
EMR and ESD are not accompanied by lymphadenectomy, it is imperative to carefully determine the indications for endoscopic resection[25]. Ideally, endoscopic
resection would be reserved for small, intramucosal EGC
of intestinal histology type, in which LN involvement is
very unlikely[8,25]. Large lesions, or those with diffuse histology type, are more likely to invade into the submucosa
and exhibit metastasis to the LNs, making them poor
candidates for endoscopic resection[26]. In Japan, indications for EMR and ESD are for well-differentiated EGC
confined to the mucosa (depth T1a), measuring less than
2 cm in diameter, and without ulceration[23]. In the Unites
States, National Comprehensive Cancer Network guidelines for tumors confined to the mucosa state that EMR
is considered appropriate for lesions less than 1.5 cm,
and ESD for lesions less than 3 cm[27]. Lesions selected
for endoscopic resection should be devoid of lymphovascular invasion[28]. Importantly, these guidelines recommend that endoscopic resection for EGC be performed
at high-volume centers.
The application of ESD has been explored beyond
the standard indications for cancers with a very low
probability of LN metastasis. Extended indications were
proposed following the study of 5265 patients with EGC
who underwent a gastrectomy and D2 lymphadenectomy
by Gotoda et al[29], which revealed that these patients
had no risk or a lower risk of lymph node metastasis
than risks of mortality from a gastrectomy. Proposed
extended indications for ESD include T1a tumors that
are (1) differentiated without ulceration beyond 2 cm in
size; (2) differentiated with ulceration up to 3 cm; and
(3) undifferentiated without ulceration up to 2 cm. Large
scale feasibility studies showed no differences in the 5-year
overall (97.1%) and disease-specific (100%) survival rate
of curative resection between the primary and expanded
indications for endoscopic resections[30]. However, these
extended indications remain investigational. Long-term
ESD results from prospective clinical trials by the Japan
Clinical Oncology Group (JCOG 0607 study) are pending, which may validate the expanded ESD indications[31].
JCOG 0607 study, a phase Ⅱ trial with 330 patients enrolled from 26 institutions, aims to evaluate the efficacy,
safety and 5-year overall survival (OS) of patients undergoing ESD resection of T1a EGC under the expanded
endoscopic treatment guidelines[31].

ROLE OF THERAPEUTIC ENDOSCOPY IN
THE TREATMENT OF EARLY GASTRIC
CANCER
Endoscopic resection techniques in the treatment of EGC
Endoscopic approaches in the treatment of EGC were
first performed in Japan in 1974[8], but it was not until
1984 that EMR was first described[11]. Initially, EMR technique involved injecting saline under the lesion thus raising the tissue and allowing it to be grasped for snaring[11].
Over time, EMR has evolved through the use of different
injection solutions, such as hypertonic saline with dilute
epinephrine, addition of cap-fitted panendoscopes, and
variceal ligation devices to capture the lesions[12-15]. The
main disadvantage of EMR is that for lesions larger than
15mm, a piecemeal pathological specimen is inevitable,
greatly impacting pathologists’ ability to adequately stage
patients[8,16]. ESD was developed at the National Cancer
Center Hospital in Japan to overcome the limitations of
EMR. In comparison with EMR, ESD allows for the resection of larger EGC lesions en bloc by dissection along
the submucosal plane, thus preserving the specimen for
more accurate pathologic assessment[17-20]. Resection with
ESD, however, requires more advanced endoscopic skills
and instrumentation to perform.
Pathological specimen processing
Endoscopic resection provides a specimen that will allow
for assessment of the depth of tumor invasion, degree
of differentiation and presence of lymphovascular inva-
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Outcomes for endoscopic resection
Although no randomized controlled studies (RCTs) exist comparing endoscopic resections with formal surgical resections[32], cohort studies have revealed that EMR
treated patients had 5 and 10 year disease-specific survival
of greater than 95% and the incidence of recurrence is
approximately 6%[33]. In addition, these studies revealed
that endoscopic approaches had favorable complication
rates and quality of life compared to formal surgical resections[33]. ESD has also been shown to result in higher
complete resection rates and recurrence-free rates when
compared to EMR[34].
Complications from endoscopic resections include
pain, bleeding and perforation. To prevent delayed bleeding following therapeutic endoscopy, patients are kept
fasting the day of the surgery and are asked to begin fluid
intake the day following resection and to resume a regular
diet the second day after resection[8]. Resected gastric submucosal beds close within 6-8 wk, and patients are discharged on proton pump inhibitors for that duration[8,25].
Perforations are commonly closed with the aid of endoclips and often do not require additional surgical intervention[8,25]. Although Oda et al[34], in their retrospective
multicenter study, revealed that the 3-year recurrence-free
rate was higher with ESD than EMR (97.6% vs 92.5% respectively), ESD also proved to be associated with higher
perforation rates (3.6% vs 1.2% respectively).

involves the placement of 3 balloon trocars into the
abdomen and into the lumen of the stomach through
the anterior wall. The balloon equipped ports, one for
the laparoscope and two for laparoscopic instruments,
prevent air leak and fix the ports to the gastric wall[37].
LIGMR enabled mucosal resection of any part of the
stomach except for the anterior wall while preserving
the muscularis propria[37]. LWR, which allows for a fullthickness resection of lesions from the anterior stomach
wall, was performed after endoscopic confirmation of an
accessible lesion. Two approaches have been described.
LWR can be performed using the “lesion lifting method”,
which entails introduction of a hollow needle at the point
of the lesion for the application of a T-tack in the lumen
of the stomach. The T-tack serves as an anchor lifting
the lesion allowing it to be resected with a laparoscopic
stapler[38]. The second method for LWR, first described
by Kitano et al[39], involves making an incision in the seromuscular layer of the anterior stomach wall over the
lesion, causing the mucosal lesion to bulge through and
allowing for resection. The seromuscular layer is then
sutured to close the defect[39]. As endoscopic techniques
of EMR and ESD have become established as safe and
effective treatment strategies for EGC confined to the
mucosa, the use of LIGMR and LWR have largely decreased[36].
LG is increasingly used for the treatment of EGC
with potential lymph node involvement [36]. In Japan
and Korea, EGC is considered the only indication for
laparoscopic gastrectomy. Several RCTs have been published comparing laparoscopic to open gastric resection
conducted mainly in patients with EGC [40-43]. These
mostly single-center studies have favorably supported
laparoscopic resection for EGC, with benefits including
reduced operative blood loss, less post-operative pain
and earlier discharge from hospital[44-46]. A recent metaanalysis has found that patients undergoing LG were associated with faster return of bowel function but longer
operative times and less harvested lymph nodes[47]. Ongoing RCTs are being performed to determine whether
there is a significant difference in oncologic outcomes
between the two groups. The Japan Clinical Oncology
Group (JCOG 0912 study) and the Korean Laparoscopic
Gastrointestinal Surgery Study Group (KLASS 01 Study)
have initiated large multi-center RCTs comparing longterm survival for EGC following laparoscopic gastrectomy and open gastrectomy[48,49].
In addition, in Korea, a separate phase Ⅲ study
(KLASS 02) has been initiated to evaluate the feasibility of laparoscopic resection in advanced gastric cancer
(AGC) patients[48]. As we await those results, a recent
systematic review and meta-analysis comparing LG with
OG for AGC, performed by Chen et al[50], revealed similar safety and oncologic outcomes to those seen in the
treatment of EGC. In the treatment of AGC, studies
consistently revealed a reduction in intra-operative blood
loss during LG in comparison to OG[50]. Although delicate dissection along with the complexity of performing

Follow-up after endoscopic resection
Endoscopic surveillance following definitive treatment
of gastric cancer is required to monitor for evidence of
recurrence. Abnormalities including mucosal surface
changes, wall thickening or stricture, should be investigated with multiple biopsies (4-6) and alongside endoscopic
ultrasound (EUS)[27]. Treatment of recurrence with further endoscopic resections is controversial.

ROLE OF LAPAROSCOPY IN THE
TREATMENT OF EARLY GASTRIC
CANCER
Laparoscopic resection techniques in the treatment of
EGC
Although therapeutic endoscopy has become a standard
treatment modality for selected EGC lesions, formal
gastrectomy with lymphadenectomy remains the gold
standard for most gastric cancers. Increasingly, laparoscopic resection has been used in the minimally invasive
treatment for EGC[10,35]. Laparoscopic approaches that
have been described for the treatment of EGC cancer
include (1) Laparoscopic intragastric mucosal resections
(LIGMR); (2) Laparoscopic wedge resection (LWR); and
(3) Laparoscopic gastrectomy (LG).
Initially, laparoscopic resection techniques were used
in the treatment of EGC that was strictly limited to the
mucosa with no risk of lymph node involvement[36].
LIGMR, which was first described by Ohashi et al[37],
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an adequate lymphadenectomy during LG was shown to
be more time consuming and requiring extensive technical expertise[50], studies have shown a learning curve of
approximately 50 LG cases before operative times can
be reduced[51-53] and that times were not longer for LGs
performed in large high-volume specialized centers[54,55].
As shown in studies evaluating LG for EGC, Chen et
al[50] also revealed a reduced number of post-operative
complications (i.e., wound infections, respiratory complications), reduced use of analgesic use, and earlier return
of bowel function in the LG group for AGC. Furthermore, their systematic review revealed that LG for AGC
had similar cancer recurrence and long-term survival rate
to patients treated by OG[50]. Therefore existing studies
show that LG for the treatment of AGC is both safe and
feasible, and results from large multi-center RCTs with
extended follow up will shed more light on its oncologic
applicability[50].

lesions.
Laparoscopic pylorus-preserving gastrectomy
Pylorus-preserving gastrectomy (PPG), which was originally limited to the treatment of benign gastric diseases
such as gastric ulcers[61], has become an increasingly accepted treatment modality for EGC patients. The preservation of pyloric function in gastric resections has shown
improvements over conventional distal gastrectomy in
the prevention of dumping syndrome[62], the prevention of bile reflux[63] and reduced post-operative weight
loss[64]. Laparoscopic-assisted PPG (LAPPG), which introduces the benefits of laparoscopic surgery, including
lower post-operative pain, shorter hospitalization, early
return of bowel function, and better cosmesis, is a modality for the treatment of EGC in many institutions in
Japan and South Korea[65]. LAPPG involves preservation
of the right gastric artery and the pyloric branch of the
vagus nerve required to maintain pyloric circulation and
motility[64,66]. However, there are concerns that LAPPG
does not allow for adequate suprapyloric lymph node
dissection[67]. Studies that have evaluated the incidence
of lymph node metastasis following distal gastrectomies
for EGC have found a 4% rate of metastasis to the suprapyloric lymph nodes[68,69], although 29%-34% of those
patients were found to be T2-T3 gastric cancer after final
pathological evaluation[67]. A retrospective survey of the
Gastric Cancer Data Base in Japan by Akiyama et al[12]
revealed a 0.2% metastasis rate of the suprapyloric lymph
nodes after evaluation of 3646 cases of T1 tumors located in the body of the stomach.
Indications for performing LAPPG include (1) intramucosal or submucosal gastric adenocarcinoma without lymph node involvement (cT1, cN0); and (2) tumor
lesion located in the distal stomach (4.5 cm to 5 cm proximal to the pyloric ring)[65]. A study performed by Morita
et al[70], evaluating 611 patients who underwent a PPG for
T1 gastric cancer had a 5-year OS rate of 96.3%. Hiki et
al[71] evaluated 305 patients treated by PPG and revealed a
5-year OS rate of 98%. While Jiang et al[72] evaluated 188
patients who underwent a LAPPG and revealed a 3-year
OS rate and 3-year disease-specific survival rate of 97.8%
and 99.3%.

Combination of endoscopic and laparoscopic
approaches
Laparoscopic and endoscopic cooperative surgery (LECS)
was developed by Hiki et al[56] and Nunobe et al[57] for the
dissection of submucosal tumors of the stomach. The
LECS technique involves initial endoscopic identification and confirmation of tumor location followed by
ESD[56,57]. Laparoscopic serosal dissection is performed
and a stapling device is applied to close the incision
line[56,57]. LECS is indicated in the treatment of EGCs
larger than 3 cm in diameter located at the greater curvature of the stomach or for lesions with extensive ulcerations that may not be amenable to ESD[57]. Importantly,
LECS does not involve lymphadenectomy.
Combining endoscopic resection with laparoscopic
lymphadenectomy has also been investigated in cases
where lymph node involvement cannot be disregarded[58,59]. Abe et al[59] noted early and delayed gastric ischemia of the preserved stomach secondary to division of
major feeding arteries during lymphadenectomy, which
resulted in gastric perforation in 1 of 21 patients. In addition, 2 out of 21 patients exhibited gastric emptying problems, although preoperative quality of life was maintained
with no dietary restrictions[59]. Further studies are necessary before this becomes an acceptable alternative to gastrectomy without compromising oncologic principles[59].

Laparoscopic proximal gastrectomy and laparoscopic
subtotal gastrectomy with small remnant pouch
Proximal tumors are commonly treated with a total
gastrectomy[73]. Laparoscopy-assisted total gastrectomy
(LATG) is a technically difficult procedure relative to a
laparoscopy-assisted distal gastrectomy (LADG) and is
associated with higher rates of post-operative complications of increased operative blood loss and increased
length of hospitalization[74,75]. In addition, Lee et al[76]
showed that LATG was associated with an increased rate
of anastomotic stricture in comparison to LADG (26.9%
vs 8.0%, respectively).
PG has been proposed as a function-preserving approach for EGC[67]. Due to the association with mark-

ROLE OF FUNCTION-PRESERVING
RESECTIONS AND LAPAROSCOPY
Resection techniques have been developed with the aim
of reducing the functional sequelae of radical gastric
resections including dumping syndrome, reflux gastroesophagitis and weight loss[60]. Minimally-invasive procedures combining laparoscopic resections with functionpreserving gastric surgery include (1) pylorus-preserving
gastrectomy (PPG) for distal lesions; (2) proximal gastrectomy (PG) for proximal lesions; and (3) laparoscopic
subtotal with small remnant gastric pouch for proximal
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edly higher rates of complications including anastomotic
stenosis, reflux esophagitis and no change in nutritional
status in comparison to total gastrectomies, An et al[77]
concluded that PG are not a better option than total
gastrectomy for proximal third EGC. There has been
no apparent advantage with laparoscopic-assisted PG
(LAPG)[78].
To improve post-operative quality of life, Jiang et al[79]
have developed a novel approach for selected patient
with proximal EGC, laparoscopy-assisted subtotal gastrectomy (LAsTG), which involves preserving a small
proximal gastric pouch. LAsTG carries some concerns
pertaining to oncological and reconstruction safety with
the preservation of a limited remnant stomach[67]. The indications for LAsTG include (1) a pre-operative diagnosis
of T1N0 EGC; (2) tumor location is in the proximal
third of the stomach; (3) distance between tumor and
gastroesophageal junction (GEJ) of 5 cm; and (4) remnant gastric stump measuring 2-3 cm from GEJ[67].

required to assess oncological outcomes following RAG,
as well as addressing important concerns regarding costeffectiveness[81].

ROLE OF SENTINEL LYMPH NODE
BIOPSY IN THE TREATMENT OF EARLY
GASTRIC CANCER
Accurate assessment of lymph node status is an integral
part to determination of clinical outcomes and for therapeutic planning in gastric cancer. EGC is associated with
5-year OS rates of greater than 90% and pathological
data have suggested that the majority of lymph nodes resected do not contain metastases[29,86-88]. Further, extensive
lymphadenectomies are associated with increased risk
of complications[89]. Sentinel lymph node (SLN) biopsy
is well-established in the treatment of breast cancer and
melanoma, and allows for lymph node assessment with
limited dissection and reduced complications[90]. SLN biopsy has been investigated as an alternative to extensive
lymphadenectomy in the treatment of EGC. Mapping
for SLN biopsy has been completed with dye, radiocolloid, as well as combinations of dye and radio-colloid.
Potential anatomical limitations to SLN mapping exist in
gastric cancer, due to the complex and unpredictable lymphatic drainage of the stomach, increasing the likelihood
of skip metastases.
A systematic review on the accuracy of SLN biopsy
in gastric cancer was performed by Cardoso et al[91]. This
study revealed an overall calculated false negative rate
(FNR) of 34.7% with dye alone, 18.5% with radio-colloid
alone, and 13.1% for the combination of dye and radiocolloid[91]. A recent systematic review performed by Can
et al[92], reveals accuracy rates ranged from 78% to 100%.
In addition, there has been publication of the results of
a multicenter trial (JCOG study 0302), which evaluated
the feasibility and accuracy of diagnosis using SLN biopsy in T1 gastric cancer[93]. Final results revealed a high
FNR and accrual was suspended early. Primary analysis
revealed a FNR of 46% (13/28) and 7 of 13 patients
had nodal metastases outside the lymphatic basin[93].
However, a recent prospective multicenter trial in Japan
performed by Kitagawa et al[94], revealed a higher accuracy
of nodal evaluation for metastasis (93%) and lower FNR
(7%) compared to JCOG 0302 results. This drastic difference in results may be explained by the difference in the
procedural learning phase in both studies[94]. In JCOG
0302, only five cases were required as the minimum for
the initial leaning phase, while a minimum of 30 cases
were required for the learning phase in the multicenter
trial performed by Kitagawa et al[94]. Thus at present, SLN
biopsy remains an experimental treatment modality in
gastric cancer[93].

ROLE OF ROBOTIC ASSISTED
GASTRECTOMY IN THE TREATMENT OF
EARLY GASTRIC CANCER
Robot-assisted gastrectomy (RAG) may allow surgeons
to overcome some of the technical limitations of laparoscopic resections for EGC [80]. Robotics improves
visualization by providing a magnified, high-definition,
three-dimensional image that allows the surgeon to
identify smaller anatomical structures[81]. In addition, manipulation of tissue is improved with the elimination of
physiologic tremor and articulating tools providing seven
degrees of freedom and reproducing the movement of
the human hand[81]. Accordingly, RAG may be advantageous to performing the more technically challenging D2
lymphadenectomy[81]. Articulating robotic instruments
may allow for the dissection of LNs from difficult lymphatic stations around major vessels and organs[81].
Long-term survival results following RAG are required to assess oncological outcomes, however studies
have shown this approach to be adequate in terms of
resection margins, lymphadenectomy and staging[82,83]. No
differences were noted in terms of the number of lymph
nodes harvested when comparing open, laparoscopic and
robotic gastrectomy, however the estimated blood loss
was significantly less in the robotic group in comparison
with the other two approaches[84]. A recent meta-analysis
of three non-randomized controlled trials was performed
by Xiong et al[85]. Operative time was significantly longer in the RAG group in comparison to the LG group
but was associated with significantly less intra-operative
blood loss[85]. Furthermore, the comparison of RAG
with LG revealed no differences in the number of lymph
nodes harvested, length of hospitalization, and morbidity and mortality rates[85]. In addition, several studies have
reported shorter learning curves for RAG compared to
LG (20 cases vs 50 cases, respectively). Further studies are
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transluminal endoscopic surgery (NOTES) and singleincision laparoscopic surgery (SILS), are currently being
investigated as minimally-invasive treatment options for
EGC[95]. NOTES entails incision-less surgery to access
the peritoneal cavity through natural orifices[96]. Although
it has been applied sporadically in bariatric surgery, Nakajima et al[97] have shown that transvaginal NOTES may
represent an option for performing partial gastrectomy
for patients with gastric submucosal tumors. Hybrid
procedures are being developed including NOTES with
SLN biopsy and NOTES with laparoscopy with the
goal of expanding indications for its application[96,98]. In
comparison to NOTES, which is still in early stages of
development, SILS shows earlier promise in the treatment of gastric cancer. SILS is frequently applied in appendix, gallbladder, colon and bariatric surgery[95]. With
favorable cosmetic results, Omori et al[99] demonstrated
SILS distal gastrectomy as a feasible and safe approach
for EGC, while Ahn et al[95] performed the first SILS total
gastrectomy with D1 lymphadenectomy for proximal
EGC. As instrumentation improves and surgeon experience increases, these novel approaches show potential in
improving cosmesis and reducing post-operative pain in
comparison to the current laparoscopic approaches.
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CONCLUSION

11

The prognosis of gastric cancer patients can be improved
by early detection and treatment. Minimally-invasive approaches to patients with early gastric cancer have been
developed to improve quality of life without compromising oncologic outcomes. EMR and ESD have been
shown to be safe and effective treatments for carefully selected patients with EGC. Long term clinical trial results
are still pending from Japan for extended criteria, and it is
likely that endoscopic approaches have an increasing role
in the treatment of EGC. In patients with EGC that are
not candidates for endoscopic resection, laparoscopic and
robotic resections allow for the appropriate curative resection and lymphadenectomy with the benefits of minimally invasive surgery, including improved pain, reduced
blood loss, and shorter hospital length of stay. Growing
interest in minimally invasive function-preserving resections will need to be supported with further study to assess oncologic safety. The roles of laparoscopy combined
with endoscopic resections as well as SLN biopsy remains
to be determined. Important to all these advancements in
the treatment of EGC is the continued efforts to assess
safety and function without compromising curability.
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Core tip: The authors in this review present an update
on treatment of gastric cancer in relation to the role of
extent of lymphadenectomy and of new nonoperative
strategies, to employ preoperatively, intraoperatively,
and postoperatively. The above therapeutical options
are assessed by reviewing the most authoritative, large,
and referenced randomised controlled trials and metaanalyses published in the English literature.

Abstract
Gastric cancer is one of the leading causes of death for
cancer worldwide, although geographical variations in
incidence exist. Over the last decades, its incidence and
mortality have gradually decreased in Western countries, while these have increased, or remained stable,
in the other world regions. Gastric cancer is often diagnosed at an advanced stage, with the only notable exception of Japan, where nationwide screening programs
are enforced, due to local high incidence. Curativeintent surgery (i.e. , gastrectomy, total or partial, and
lymphadenectomy) remains the cornerstone of treatment of gastric cancer. Much has been debated about
the extent of lymph node dissection and, although it is
a valuable contribution to staging and cure, operative
treatment only represents one aspect of overall effective management, as the risk of both locoregional and
distant recurrences are high, and bear a poor prognosis. As a matter of fact, surgery, as a single modality
treatment, has probably achieved its maximum efficacy
for local control and survival, while other accompanying nonsurgical treatment modalities have to be taken
into account, although their role is still the subject of
considerable debate. The authors in this review present
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INTRODUCTION
Gastric cancer is one of the most common malignancies in the world. Over the last decades, its incidence and
mortality have gradually decreased in Western countries,
while these have increased, or remained stable, in the
other world regions. In countries with a higher incidence,
nationwide endoscopic screening programs lead to earlier
identification of a large number of gastric cancers, while,
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Table 1 Regional lymph nodes as defined by the Japanese
[10]
Research Society for Gastric Cancer (JGCA, 1998)
No. 1 Right paracardial LN
No. 2 Left paracardial LN
No. 3 LN along the lesser curvature
No. 4 LN along greater curve
(short gastric vessels, left and right gastroepiploic vessels)
No. 5 Suprapyloric LN
No. 6 Infrapyloric LN
No. 7 LN along the left gastric artery
No. 8 LN along the common hepatic artery
(anterosuperior and posterior group)
No. 9 LN around the celiac artery
No. 10 LN at the splenic hilum
No. 11 LN along the splenic artery (proximal and distal tract)
No. 12 LN in the hepatoduodenal ligament (along hepatic artery, bile
duct and portal vein)
No. 13 LN retropancreatic
No. 14 LN along superior mesenteric vessels (vein and artery)
No. 15 LN along the middle colic vessels
No. 16 LN paraaortic (of upper, middle and lower abdominal aorta, in
relation to the intragastric tumor site)
The classification includes also the following lymph node compartments:
No. 17 LN on the anterior surface of the pancreatic head
No. 18 LN along the inferior margin of the pancreas
No. 19 Infradiaphragmatic LN1
No. 20 LN in the esophageal hiatus of the diaphragm1
No. 110 Paraesophageal LN in the lower thorax1
No. 111 Supradiaphragmatic LN1
No. 112 Posterior mediastinal LN1

19

20
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3
7
12

8
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13
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16
16
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1

When the gastric carcinoma also invades the esophagus. LN: Lymph
nodes.

Figure 1 Location of gastric lymph node stations according to Japanese
Research Society for Gastric Cancer (JRSSC)[10]. For description of numbers, see Table 1.

problem of lymph node dissection
Gastric carcinoma shows a high tendency to lymph node
metastasis. The risk of regional nodal involvement increases with deep penetration through the gastric wall[4],
and the nodal extension of the cancer takes place gradually, radiating from primary location via the lymphatic system[5,6]. Nodal metastases are observed in 3%-5% of gastric carcinomas which are limited to the mucosa, in
11%-25% of those which extend to the submucosa, in
50% of those which reach the muscularis (T2), and in
83% of those which extend to the serosa (T3)[7,8]. After
curative radical resection, local recurrence is represented,
in 87.5% of cases, by nodal metastases to local or regional lymph node stations[9]. The Japanese Classification of
Gastric Carcinoma (Japanese Gastric Cancer Association,
JGCA, 1998)[10] has defined 16 different lymph node stations (n) which drain the stomach. These are subdivided
in three levels, according to their distance from the tumor
(Figure 1, Table 1), thus entailing three types of lymph
node dissection (D) that can be associated to total or partial gastrectomy: D1, in which perigastric lymph nodes
from n1 to n6 are removed (N1 level); D2, in which perigastric lymph nodes are removed as well as those located
along the main arterial vessels from n7 to n12 (N2 level);
D3, in which stations n13 to n16 are removed, as well as
those mentioned before (N3 level) (Table 2). During the
‘60s, the Japanese authors first introduced D2 lymphade-

in Western countries, the lack of similar screening programs often causes later diagnoses.
Surgery with lymphadenectomy is the best treatment
option for resectable gastric cancer, as it provides better results both in terms of progression-free survival
and prognosis. Long-term survival after radical surgery
strongly depends on the stage of the tumor. The resection of tumors limited to the mucosa shows a survival
rate of 90%-95%[1-3]. On the other hand, progression
of the disease through the gastric wall and/or through
regional lymph nodes shows higher recurrence rates of
the disease, with five-year survival rates lower than 30%
in Western countries[3]. Over the last decades, this has led
to the development of further treatment options, such
as extension of lymphadenectomy, and the use of pre-,
intra-, and postoperative chemoradiotherapy. Indication,
timing, and effectiveness of these options, however, are
still controversial. The aim of this paper is to report on
the current views on treatment of gastric cancer, and to
possibly clarify the topics introduced above. Data from
randomized controlled trials (RCT) and meta-analysis are
reported. RCTs are considered the gold standard of all
research design, while meta-analysis provide a comprehensive up-to-date summary of the average effect of all
the relevant RCTs and are a reliable guidance for clinical
practice and future research.
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Gastric Cancer Trial[22] and the Medical Research Council
(MRC) Gastric Cancer Surgical Trial (STO1)[23] published
the morbidity and mortality results of two multicentric
RCTs. The studies, conducted, respectively, on 711 and
400 patients receiving curative D1 or D2 resection for
advanced gastric carcinoma, showed a higher incidence
of postoperative complications and mortality and longer
duration of hospitalization in patients treated with more
extended lymph node dissection. Both studies also
showed that the higher number of postoperative complications and mortality observed in the D2 group were not
linked to the extent of the lymphadenectomy as such,
rather to associated pancreatectomy and/or splenectomy.
The protocol of D2 lymph node dissection, in case of
total gastrectomy, included these resections[10,24] in order
to remove all lymph nodes in stations 10 and 11 (Table 1).
In the late ‘90s[25,26], the same authors reported the longterm survival data. Both trials showed that, 5 years after
surgery, the survival rate, risk of relapse, risk of death for
cancer and duration of disease free survival were not significantly different in D1 and D2 groups. However, in the
MRC STO1 trial[26], a better long-term survival was observed in patients receiving D2 gastrectomy without pancreatectomy and/or splenectomy. On the basis of these
data, the British National Health Service Cancer Guidance in 2001 discouraged the use of D2 resection in routine clinical practice[27]. On the other hand, lymphadenectomies even more extended than D2 have been
performed since the ‘80s in several specialized Japanese
centers, on the grounds that lymph node para-aortic metastases (N3) were frequently observed (20%-30% of
cases)[28,29]. Some Japanese authors (JCOG 9501)[30] published in 2004 a multicentric RCT on 523 patients receiving surgical treatment for gastric cancer, comparing
short-term results in D2 standard and in D2 extended to
para-aortic lymph nodes. In the extended para-aortic
lymphadenectomy group, duration of surgery and intraoperative blood loss were significantly higher (P =
0.0001), while mortality and reoperation rates were not
statistically different compared to standard D2 group.
However, morbidity in the more extended surgery group
was slightly higher than in the standard group (P = 0.067).
Uni- and multivariate analysis later conducted by the
same authors[31], showed that key factors for complications were: age > 56 (P = 0.026), associated pancreatectomy (P = 0.004), duration of surgery > 297 min (P =
0.045) and a body mass index (BMI) ≥ 25 (P = 0.002).
The long-term results of the same trial[32] were published
in 2008, showing no significant differences between standard and extended para-aortic lymphadenectomy in terms
both of 5-year overall survival (69.2% vs 70.3%) and of
5-year disease-free survival (62.6% vs 61.7%). Interestingly, extended D2 resection only showed better results in
terms of 5-year survival in patients without lymph node
metastasis (HR for death 0.39; P = 0.009), while it resulted pointless in those with lymph node metastases (HR
for death 1.39; P = 0.04). Based on these data, standard
D2 resection was judged as adequate by the authors for

Table 2 Nodal compartments to be removed for each type
of lymph node dissection as defined by the Japanese Research
[10]
Society for Gastric Cancer (JGCA, 1998)
Tumor site

LN D1 dissection LN D2 dissection LN D3 dissection

Upper stomach
Middle stomach

1, 2, 3, 4
1, 3, 4, 5, 6

Lower stomach

3, 4, 5, 6

4, 7, 8, 9, 10, 11
7, 8, 9, 11, 12

5, 6, 8, 12, 16
4, 8, 10, 11, 12, 13,
14, 16
1, 7, 8, 9, 11, 12,
4, 8, 12, 13, 16
14

LN: Lymph nodes.

nectomy[11], which they still consider as the standard procedure to associate with curative gastric resection, as it
yields the best results in terms of local recurrence and of
long term survival. In Western countries, D2 lymph node
dissection is not as common as Japan, not only due to
lower incidence of gastric cancer (and, consequently, to
the fact that surgeons have less experience with this technique), but mainly to high morbidity and mortality linked
to this type of lymph node dissection. Indeed, D2-D3
lymphadenectomy is a challenging surgical procedure,
which implies a thorough surgical training conducted under the supervision of experienced gastric surgeons[12]. A
significant difference between Japanese clinical outcomes
and those of other countries has been observed in shortand long-term results and in loco-regional control, with
better results for Japanese clinical records. The systematic
lymph node dissection practiced since the ‘60s-‘70s by
Japanese surgeons may have contributed to achieve better
results [13]. The International Union Against Cancer
(UICC)[14] adopted in 1997 a new classification system for
lymph node metastases, which, unlike the Japanese system, was not based on the anatomic location of positive
nodes[15], but on their number. It was recommended that
at least 15 lymph nodes should be removed and examined for proper staging. Secondaries affecting 1 to 6
lymph nodes were classified as pN1, from 7 to 15 as
pN2, more than 15 as pN3. It has been shown[16] that
lymph node removal was much higher with D2 resection
(more than 25 lymph nodes) than with D1 (less than 25
lymph nodes), and that survival is related to the number
of lymph nodes with metastasis [17-19]. The extent of
lymphadenectomy, therefore, has always been controversial. Most Western surgeons criticize D2 dissection because some benefits have only been confirmed in retrospective observations[20]. RCTs, mainly conducted by
Western authors, since the ‘80s compare short-term and
long-term results in D1 and D2 resections. Dent performed a RCT on 43 cases[21], and the group who received D2 resection (21 patients), showed worse results
compared to the D1 lymphadenectomy group (22 patients) in terms of duration of surgery, blood transfusion
requirement, postoperative morbidity, and duration of
hospital stay. Four patients in D2 group required reoperation; in both groups there were no postoperative deaths.
There was no difference in the probability of survival at
a median follow-up of 3 years. In the mid-‘90s, the Dutch
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patients with potentially curable advanced gastric carcinoma. Short-[33] and long-term[34] results of a comparative
RCT between D1 and D3 (the D3 definition reported
in[34] did not include para-aortic lymph nodes), conducted
on 221 patients who received curative surgery in a singleinstitution (Taipei Veterans General Hospital, Taiwan)
were reported in 2004 and 2006. No cases of operative
mortality were observed in the two groups. Duration of
surgery, blood loss, blood transfusion required, volume
of abdominal drainage, duration of postoperative stay (P
= 0.001), and number of surgical complications (P <
0.001) resulted higher in D3 group. The incidence of
complications was higher (P = 0.017) in patients receiving resection with distal pancreatectomy and splenectomy.
Overall 5-year survival was higher in D3 group (59.5% vs
53.6%, P = 0.041), while 5-year recurrences after R0
(radical resection) showed no difference (50.6% in D1
group and 40.3% in D3 group, P = 0.197). The authors
concluded that D3 dissection improves survival rates, and
suggested that it should be performed in specialized centers in order to limit the chance of postoperative complications. A RCT conducted by the East Asia Surgical Oncology Group in 2008[35] compared data of 135 patients
treated with D2 gastrectomy with those of 134 patients
receiving D4 gastrectomy (in D4 dissection inter-, pre-,
and latero-aortic lymph nodes of abdominal aorta as far
as bifurcation are removed). No significant advantages
were observed in terms of 5-year survival in patients who
received extended lymphadenectomy (P = 0.80). Twelve
patients of D4 group with metastases to para-aortic
lymph-nodes had a median survival of 2.8 years, and a
5-year survival rate of 25%. The authors maintained that
D4 dissection is not the best treatment option for patients with gastric carcinoma, whereas D2 dissection is
recommended if performed by experienced surgeons.
The Dutch Gastric Cancer Group Trial[36], published in
2004, updated data on survival of 711 patients previously
enrolled in published RCTs[22,25]. At a median follow-up
of 11 years, survival rates were 30% in D1 group and
35% in D2 group (P = 0.53), the risk of recurrence was
70% and 65%, respectively (P = 0.43). The authors concluded that D2 lymph node dissection can be recommended only if operative morbidity and mortality can be
reduced. A further update of these data was published in
2010[37], with a median follow-up of 15.2 years. The overall 15-year survival was 21% after D1 resection and 29%
after D2 resection (P = 0.34). Gastric cancer-related mortality rates resulted significantly higher in D1 than in D2
(41% vs 37%; P = 0.01). The incidence of local recurrence (D1 = 22% vs D2 = 12%) and distant recurrence
(D1 = 19% vs D2 = 13%) were different, albeit not significantly. Patients who received splenectomy and pancreatectomy had significantly lower overall survival rates in
both D2 and D1 groups. On the other hand, patients
who received D2 resection without pancreatico-splenectomy had a significantly higher overall 15-year survival
compared to patients receiving D1 resection (35% vs
22%, P = 0.006). The authors concluded that D2 resec-

WJG|www.wjgnet.com

tion should be considered the standard procedure to treat
resectable gastric carcinoma. The Italian Gastric Cancer
Study Group[38] in 2010 published a multicentric RCT on
267 patients, comparing the short-term results of D1 and
D2 gastrectomy for curable gastric cancer. Pancreaticosplenectomy was not considered as a routine part of the
D2 gastrectomy and spleen and pancreas were removed
only when indicated by the surgeon. The study did not
show significant differences in terms of operative mortality, morbidity and duration of postoperative hospital stay.
The authors concluded that D2 gastrectomy is a safe option to treat gastric carcinoma of Western patients as
well, if it is performed in specialized centers. Three metaanalyses of RCTs evaluating D1 vs D2 vs D3 lymphadenectomy for operable gastric carcinoma were conducted
in 2009[39], 2011[40], and 2012[41]. These three studies examined 14, 6 and 5 RCTs, totaling 3432, 1876 and 1642
patients, respectively. The 2009 meta-analysis[39], conducted on Western and Asiatic trials, compared D1 and D2
dissections and D2 and D3 dissections. In the first comparison, duration of surgery, operative mortality and
postoperative complications resulted significantly lower
in D1 dissection than in D2 (P = 0.00001, P < 0.001, P <
0.001), while 3- and 5-year survival rates did not show
significant differences. No substantial differences were
found between D2 and D3 dissections in relation to operative mortality, postoperative morbidity, operative time,
and hospital stay. The meta-analysis of 2011 [40] also
showed better results for D1 dissections, with shorter duration of postoperative hospitalization (P = 0.0036), lower incidence of mortality (P = 0.0054), complications (P
= 0.0002), anastomotic dehiscence (P = 0.0001), and reoperations (P = 0.006). However, no differences were
observed in 5-year survival (P = 0.76). The meta-analysis
of 2012[41] confirmed a higher incidence of mortality and
reoperations after D2 resection compared to D1 (P =
0.02 and P < 0.0001 respectively). The hospital mortality
was significantly higher for D2 resections performed before 1995 (P = 0.0003), while after that date hospital
mortality was no longer different between groups (P =
0.70). A further analysis showed that the difference in
hospital mortality was related to associated distal pancreas and/or spleen removal. Patients in D2 group with
spleen preservation had significantly lower hospital mortality than those who had their spleen resected (P <
0.0001). Overall 5-year survival was not significantly different in the two types of lymph node dissection (P =
0.58). Main data regarding the extent of nodal dissection
are shown in Table 3.
In conclusion, in Western countries the prognostic
value of D2 lymphadenectomy is still controversial, while
in Eastern countries it is considered a standard procedure,
likely to be further extended. Japanese authors do not
even conduct RCT comparing D1 and D2 lymphadenectomies, on the grounds that they consider D1 dissection
unethical. Data indicate that D2 dissection is an adequate
and potentially beneficial staging and treatment approach
if operative mortality is avoided. Dissections extended
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Table 3 Main data regarding the extent of nodal dissection
Survival (P value)

Recurrence (P value)

D1 < D2 (nv)
D1 < D2 (0.001)

At 3 yr (NS)
-

-

D1 < D2 (0.04)

D1 < D2 (0.001)

-

-

D1: 380; D2: 331

-

-

At 5 yr D1 vs D2 (NS)

At 5 yr D1 vs D2 (NS)

RCT D1 vs D2

D1: 200; D2: 200

-

-

At 5 yr D1 vs D2 (NS)

At 5 yr D1 vs D2 (NS)

RCT D2 vs D3

D2: 263; D3: 260

D2 vs D3 (NS)

D2 < D3 (NS)

-

-

RCT D2 vs D3

D2: 263; D3: 260

-

-

At 5 yr D2 vs D3 (NS)

At 5 yr D2 vs D3 (NS)

RCT D1 vs D3
RCT D1 vs D3
RCT D1 vs D2

D1: 110; D3: 111
D1: 110; D3: 111
D1: 380; D2: 331

None
-

D1 < D3 (0.012)
-

At 5 yr D1 < D3 (0.041) At 5 yr D1 vs D2 (NS)
At 11 yr D1 vs D2 (NS) At 11 yr D1 vs D2 (NS)

RCT D1 vs D2

D1: 380; D2: 331

-

-

At 15 yr D1 vs D2 (NS) At 15 yr D1 > D2 (0.005)

RCT D1 vs D2

D1: 133; D2: 134

D1 vs D2 (NS)

D1 vs D2 (NS)

-

-

Meta-analysis
D1 vs D2
Meta-analysis
D2 vs D3
Meta-analysis
D1 vs D2
Meta-analysis
D1 vs D2

D1: 907; D2: 875

D1 < D2 (0.001)

D1 < D2 (0.0001)

-

D2: 599; D3: 588

D2 vs D3 (NS)

D2 vs D3 (NS)

At 3 and 5 yr D1 vs D2
(NS)
-

D1: 946; D2: 930

D1 < D2 (0.005)

D1 < D2 (0.0002)

At 5 yr D1 vs D2 (NS)

-

D1: 845; D2 797

D1 < D2 (0.002)

D1 < D2 (0.0001)

At 5 yr D1 vs D2 (NS)

-

Ref.

Study design

No. of patients

Dent et al[21], 1988
Bonenkamp et al[22], 1995
Dutch D1D2 trial
Cuschieri et al[23], 1996
MRC ST01
Bonenkamp et al[25], 1999
Dutch D1D2 trial
Cuschieri et al[26], 1999
MRC ST01
Sano et al[30], 2004
JCOG Study 9501
Sasako et al[32], 2008
JCOG Study 9501
Wu et al[33], 2004
Wu et al[34], 2006
Hartgrink et al[36], 2004
Dutch D1D2 trial
Songun et al[37], 2010
Dutch D1D2 trial
Degiuli et al[38], 2010
IGCSG
Yang et al[39], 2009

RCT D1 vs D2
RCT D1 vs D2

D1: 22; D2: 21
D1: 380; D2: 331

None
D1 < D2 (0.004)

RCT D1 vs D2

D1: 200; D2: 200

RCT D1 vs D2

Memon et al[40], 2011
Seevaratnam et al[41], 2012

Post-operative
Post-operative
mortality (P value) morbidity (P value)

-

RCT: Randomized controlled trial; NS: Not significant; nv: Not valued.

to para-aortic lymph nodes does not show significant
advantages in terms of survival. Splenectomy and distal
pancreatectomy increase operative morbidity and mortality. D2 dissection is considered a difficult procedure, and
should be performed by experienced surgeons in specialized centers. Authors suggest that a surgeon should perform at least 200 gastrectomies under the supervision of
an experienced surgeon before he can perform D2 lymph
node dissections with acceptable morbidity and mortality
rates[12]. In Western countries, due to the lower incidence
of gastric carcinoma, a surgeon is very unlikely to achieve
such an experience.

and post-operative treatments have been developed in the
last decades, in order to improve loco-regional control of
disease and long term survival.
Adjuvant treatments
Adjuvant chemoradiotherapy: Adjuvant treatments for
gastric carcinoma have been employed since the ‘70s[44-46],
on the assumption that if surgery alone could not cure
the disease, as shown by the high incidence of local and
distant recurrences, adjuvant treatments could improve
the outcomes by acting on the remaining tumor. Theoretically, adjuvant treatments should eradicate cancer cells
already metastasized prior to surgery or accidentally disseminated during surgery. Therefore, the level of surgical
radicality or the residual tumor after surgery can affect
the results of adjuvant therapies. Furthermore, these
treatments do not show significant benefits compared to
surgery alone for early stage tumors (T1, N0)[10], in which
surgery is likely to achieve the cure[47]. The results of one
of the first RCTs on this issue were published in 1984[44].
The study was conducted on 62 patients receiving resective surgery for poor-prognosis cardia and gastric adenocarcinoma. The studied population was randomized to
either surgery alone (23 patients) or to surgery with adjuvant treatment [intravenous (iv) 5-fluorouracil plus radiotherapy for 4-5 wk: 39 patients]. The 5 year survival rate
was 23% in the experimental group, while it only reached

Perioperative therapies
In Western countries, the 5-year survival rates for advanced gastric carcinoma treated with potentially curative
surgery range between 25% and 30%[16]. Recurrences
occur in the abdomen in 40%-60% of the cases, both as
the only site and as part of a systemic diffusion of disease[9,42,43]. The most frequent abdominal sites of recurrence are the area previously occupied by the tumor, the
anastomosis and the non-resected regional lymph nodes.
These data show that surgery, as a single modality treatment, cannot detect and remove the satellite micrometastases around the primary tumor, nor the tumor cells
disseminated during the operative maneuvers. Pre-, intra-
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4% in controls (P < 0.052). Patients of the experimental
group had a significantly longer postoperative diseasefree period (P = 0.02) and lived longer than controls (P
= 0.012). A lower incidence of loco-regional recurrence
in experimental group was observed (39% vs 54%), but
it did not reach statistical significance. The British Stomach Cancer Group published preliminary and final data
of a RCT, in 1989[45] and in 1994[46], respectively, which
included 436 patients resected for gastric carcinoma,
randomized to either receive surgery alone (145 patients),
surgery with radiotherapy (4500-5000 Gy in 25 fractions,
153 patients), or surgery followed by chemotherapy (iv
5-fluorouracil, adriamicin, mitomycin C given intravenously, for eight cycles: 138 patients). The tumors were
at stage Ⅱ-Ⅳ, in stage Ⅳ were included also local nonradical resections. The median time to randomization was
13 d, with a range of 1-81 d. The chemotherapy protocol
was completed by 42% of patients of that group, while
the radiotherapy protocol was completed by 102 of the
117 patients (87.2%) who had been randomized for adjuvant radiotherapy. The protocols were not completed
for the following reasons: worsening postoperative health
status, withdrawal of consent, gastrointestinal, hematological and biochemical alterations due to the adjuvant
treatments. The median overall survival was 15 mo, significantly influenced by the stage of primary lesion (P <
0.0001). The overall survival did not differ significantly in
the three randomized groups (P = 0.07), and the 5-yearsurvival of the two experimental groups was not significantly different from that of the control group. Clinical
recurrence in the area of the stomach or in regional
lymph nodes was significantly lower (P < 0.01) in the two
experimental groups. The milestone of adjuvant chemoradiotherapy treatment, however, is the multicentric RCT
of Intergroup 0116 (SWOG 9008)[42], whose data were
published in 2001. This study examined 556 patients
who received curative surgery [only R0 resections were
considered, while macroscopic (R2) and microscopic
(R1) residual disease in relation to surgical treatment
or to resulting pathology report of the removed specimen were excluded] for gastric carcinoma at stage IBIVM0[48]. AD2 lymphadenectomy was recommended, but
it was performed in 10% of the cases, 36 % had a D1
dissection, and 54% had a D0 lymphadenectomy (not all
perigastric lymph nodes were removed). After gastrectomy 281 patients were randomized for experimental
adjuvant treatment with chemotherapy (iv 5-fluorouracil
and leucovorin) and loco-regional radiotherapy (area of
the stomach bed and regional lymph nodes, 4500 cGy),
while the other 275 patients received surgery alone. Of
the 281 patients assigned to the experimental group,
64% completed the protocol treatment, while 17% did
not, because of hematological and gastrointestinal side
effects. Other reasons for suspending treatment were
disease progression and withdrawal of consent. Before
and after radiotherapy deviations from protocol were observed in 40% of cases. After a median follow-up period
of 5 years, the median survival period in the experimental
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group was 36 mo, compared to 27 mo in controls. The
3-year survival rate was higher in the experimental group
(50% vs 41%). The HR for death in controls, compared
to the experimental group, was 1.35 (P = 0.005); the HR
for recurrence was also higher in the control group than
in the experimental group: 1.52 (P < 0.001). The median
duration of recurrence-free survival was 30 mo in the
experimental group and 19 mo in controls. The 3-year
recurrence-free survival rate was 48% in the experimental
group and 31% in controls. Recurrence was observed in
64% of patients in the control group and in 43% of patients in the experimental group. The incidence of both
local and regional recurrence was lower in the experimental group (19% vs 29% and 65% vs 72%, respectively).
The study showed that postoperative loco-regional
radiotherapy and systemic chemotherapy significantly
improved both overall and recurrence-free survival. In
relation to these results, adjuvant chemoradiotherapy
for gastric carcinoma has become common, although
the Intergroup 0116 trial was criticized as the adjuvant
treatment was considered a form of “compensation” for
the type of employed lymphadenectomy. This criticism
seems justified, considering the results of a retrospective
study published in 2010[49] which examined survival and
recurrence data of 91 patients receiving macroscopic radical gastrectomy with at least D1 lymphadenectomy (perigastric lymph nodes), for gastric carcinoma at stage Ⅰb[50]
Ⅳ (AJCC) followed by radiotherapy (on gastric area,
anastomosis, and regional lymph nodes) combined with
different chemotherapy schedules (fluorouracil and leucovorin, capecitabine alone or capecitabine and cisplatin).
The control group included 694 patients from the Dutch
Gastric Cancer Group Trial[25,36] who were randomized
between D1 (369 patients) and D2 lymphadenectomy
(325 patients). The characteristics of the studied population differed significantly in sex, age, parietal extension
of the tumor, lymph node involvement, histological type
of tumor, radicality of surgery, and extension of lymphadenectomy. At the time of analysis, the median followup for the experimental group was 19 mo, while that of
controls was 51 mo. Over a 24-mo period, local recurrence was significantly lower in the experimental group
(HR = 3.23; P = 0.0015). This was especially due to the
high incidence of local recurrence after D1 resections in
controls, compared to D1 resections of the experimental
group (HR = 11.1; P = 0.001). The D2 resections in the
experimental group and in the controls showed no significant differences in terms of local recurrence. Survival at
24-mo was not significantly different in the experimental
group and in the controls, both overall and in D1 and D2
resections. The outcomes were significantly better in the
experimental group than in controls in relation to overall survival at 24 mo after R1 resection (HR = 2.91; P =
0.002) and to local recurrence after R1 (HR = 5.36; P =
0.02) and after R0 (HR = 2.53; P = 0.03).
The results of an observational study on the efficacy
of adjuvant chemoradiotherapy after D2 gastrectomy
for operable gastric carcinoma were published in 2005[51].
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The experimental group included 544 patients radically
resected (R0), receiving the same adjuvant treatment performed in Intergroup 0116 trial (SWOG-9008)[42]. The
controls comprised 446 patients who received the same
surgery as the experimental group. In the experimental
group there was a higher incidence of undifferentiated
carcinomas (P = 0.0021), and of stage ⅢA (P = 0.005)
and stage Ⅳ (P = 0.0011) (AJCC)[50] carcinomas than
in controls. The treatment protocol was completed in
75.2% of the experimental cases. Forty three percent of
patients in the experimental group and 49.8% in the control group had died at a median follow-up of 66 mo. The
median duration of overall survival in the experimental
group was significantly longer than in controls (95.3 mo
vs 62.6 mo), with a HR for death of 0.80 (P = 0.02) in the
experimental group, which entails a 20% reduction of the
death risk. Five-year survival was significantly higher in
the experimental group than in controls (57.1% vs 51%;
P = 0.01). The survival benefit of adjuvant treatment was
observed for all stages of gastric carcinoma and the average duration of recurrence-free survival was higher in the
experimental group (75.6 mo vs 52.7 mo; HR for recurrence 0.80; P = 0.016). The probability of recurrence-free
survival at 5 years was 54.5% in the experimental group
and 47.9% in controls (P = 0.01). The HR for recurrence
was better in the experimental group for all stages of
gastric carcinoma, and in both groups distant recurrences
prevailed (37.7%). The incidence of loco-regional recurrence within the radiation field was lower in the experimental group than in the surgery-alone group (14.9% vs
21.7%; P = 0.005). The Intergroup 0116 (SWOG 9008)
in 2009[52] and in 2012[53] published the updated results
of the earlier 2001 RCT[42] at a median follow-up of
more than 10 years. The HR for overall survival and the
HR for relapse-free survival were still better in the experimental group (HR = 1.32, P = 0.004; HR = 1.51, P
= 0.001 respectively) than in controls. Recurrence rates
were significantly lower (P < 0.001) in the experimental
group. Furthermore, diffuse histotype tumors, which are
more frequent in women, had lower response to adjuvant treatment. A meta-analysis published in 2007[54] was
aimed to determine if there was any benefit of employing adjuvant chemoradioterapy, compared to surgery
alone. The five RCTs analyzed included 868 patients, 444
in the experimental group and 424 in the controls. The
adjuvant treatment protocol was not completed in 26.7%
of patients due to hematological and gastrointestinal
toxicity. The experimental group showed a 5-year OR for
mortality significantly lower than the control group (0.45;
P = 0.00001). The authors comment that the benefits
of adjuvant chemoradiotherapy treatment may outweigh
the risks in patients with a high probability of local and
distant recurrence, while the risks outweigh the benefits
in patients with low probability of local and distant failure. The results of a multicentric trial of the Adjuvant
Chemoradiation Therapy in Stomach Cancer (ARTIST)[55]
were published in 2011. The study included 458 patients
who received curative D2 gastrectomy for cancer and
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randomized to receive two types of adjuvant treatment
after surgery. One group (226 patients) was assigned to
receive chemotherapy (capecitabine and cisplatin for 6
cycles), while the other group (230 patients), was assigned
to receive chemoradiotherapy (capecitabine and cisplatin
for 2 cycles, then radiotherapy with capecitabine for 5
wk and capecitabine and cisplatin for 2 cycles). The adjuvant protocol was completed by 75.4% of patients in
the chemotherapy group and by 81.7% of patients in the
chemoradiotherapy group. Gastrointestinal and hematological toxicity of grade 3-4 was observed in both groups
with similar rates, while neutropenia was more frequent
in the chemioradiotherapy group (43.6% vs 35%). After
a median follow-up of 53.2 mo, these authors observed
72 cases of recurrence in the chemotherapy group and
55 cases in the chemoradiotherapy group (P = NS). No
significant statistical differences were observed in locoregional and distant recurrence rates within the two
populations. The 3-year disease-free survival rates were
78.2% in the chemoradiotherapy group and 74.2 in the
chemotherapy group (P = 0.086).
In relation to patients with lymph node metastases,
disease-free survival was longer in the chemoradiotherapy
than in the chemotherapy group (77.5% vs 72.3%, P =
0.035). At multivariate analysis, the duration of stageadjusted disease-free survival was positively influenced by
chemoradiotherapy in cases with lymph node metastasis
(HR = 0.68, 95%CI: 0.47-0.99; P = 0.04). Main data regarding adjuvant chemoradiotherapy for gastric cancer
are shown in Table 4.
Adjuvant chemotherapy: The clinical trials of adjuvant
chemotherapy for gastric carcinoma have a long history,
therefore many drug regimens have been studied, but few
report evidenced survival benefit[56-58]. One of the main
large-scale RCTs (more than 500 patients), in which adjuvant chemotherapy was tested in patients receiving curative surgery for gastric cancer (stage Ⅱ, ⅢA, ⅢB[10]) was
examined, was published in 2007 by ACTS-GS group[59].
In this multicentric study 529 patients were randomized
to receive adjuvant chemotherapy (S-1, an oral fluoropyrimidine, 6-wk cycles for one year), while 530 patients
were treated by surgery alone. Patients of both groups
were followed up for 5 years after surgery. The first interim analysis, conducted one year after enrollment of
the last patient, at a median follow-up of 3 years, showed
that the chances of overall and relapse-free survival of
the experimental group might be significantly higher than
those of controls and close to the predetermined threshold value (P < 0.001). Therefore the trial was closed.
Adverse events of grade 3-4 were observed in both
groups, although with higher rates in the experimental
group. Sixty five percent of patients of the experimental
group completed the treatment, but for 46.5% of them
the chemotherapy dosage was reduced. Reasons for the
interrupting adjuvant treatment included withdrawal of
consent, complications, disease progression. The HR
for death and for recurrence in the experimental group
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Table 4 Main data regarding adjuvant chemoradiotherapy for gastric cancer
Ref.

Study design

Moertel et al[44], 1984

RCT surgery alone (S) vs
surgery + chemoradiotherapy
(SCRT)
Allum et al[45], 1989 BSCG
RCT surgery alone (S) vs
surgery + chemoradiotherapy
(SCRT) vs surgery +
chemotherapy (SCT)
Hallissey et al[46], 1994
RCT surgery alone (S) vs
BSCG
surgery + chemoradiotherapy
(SCRT) vs surgery +
chemotherapy (SCT)
Macdonald et al[42], 2001
RCT surgery alone (S) vs
INT-0116
surgery + chemoradiotherapy
(SCRT)
Dikken et al[49], 2010
Retrospective surgery
alone (S) vs surgery +
chemoradiotherapy (SCRT)
Kim et al[51], 2005
Observational surgery
alone (S) vs surgery +
chemoradiotherapy (SCRT)
Smalley et al[53], 2012
RCT surgery alone (S) vs
INT-0116
surgery + chemoradiotherapy
(SCRT)
Fiorica et al[54], 2007
Meta-analysis surgery
alone (S) vs surgery +
chemoradiotherapy (SCRT)
Lee et al[55], 2011
RCT surgery +
chemoradiotherapy (SCRT) vs
surgery + chemotherapy (SC)

No. of patients

Survival (P value) Disease free survival
(P value)

Recurrence
(P value)

Loco-regional
recurrence (P value)

At 5 yr
S < SCRT
(0.02)
-

-

S vs SCRT
(NS)

S: 145
SCRT: 153
SCT: 138

At 5 yr
S < SCRT
(0.05)
At 5 yr
S vs SCRT
vs CT (NS)

-

S vs SCRT (NS)
S vs SCT (NS)

S: 145
SCRT: 153
SCT: 138

At 5 yr
S vs SCRT
vs CT (NS)

-

-

-

S: 275
SCRT: 281

At 3 yr
S < SCRT
(0.005)
At 24 mo S vs SCRT
(NS)

At 3 yr
S < SCRT
(0.001)
At 24 mo
S vs SCRT (NS)

At 3 yr
S > SCRT
(0.001)
-

At 3 yr
S > SCRT
(0.0001)
At 24 mo
S > SCRT (0.0015)

At 5 yr
S < SCRT
(0.01)
At 10 yr
S < SCRT
(0.0046)
At 5 yr
S < SCRt
(0.00001)
-

At 5 yr
S < SCRT
(0.01)
At 10 yr
S < SCRT
(0.001)
-

-

At 10 yr
S > SCRT
(0.006)
-

At 5 yr
S > SCRT
(0.005)
Ar 10 yr
S > SCRT
(0.0001)
-

At 3 yr
SCRT vs SC (NS)

SCRT vs SC
(NS)

S: 39
SCRT: 23

S: 694
SCRT: 91
S: 446
SCRT: 544
S: 227
SCRT: 282
S: 424
SCRT: 444
SCRT: 230
SC: 228

SCRT vs SC (NS)

RCT: Randomized controlled trial; NS: Not significant.

compared to those of controls were 0.68 (P = 0.003) and
0.62 (P = 0.001), respectively. The 3-year overall survival
rates were 80.1% in the experimental group and 70.1% in
controls (P = 0.003). The 3-year recurrence-free survival
rates were 72.2% in the chemotherapy group and 59.6%
in the surgery-alone group (P < 0.001). The rates of
nodal and peritoneal recurrence were higher in the control group (P = 0.006). The 5-year update of this trial[60]
confirmed the benefits of adjuvant chemotherapy compared to surgery alone in terms of 5-year survival (71.7%
vs 61.1%), HR for death (HR = 0.66, 33.1% reduction of
death risk in the experimental group), 5-year recurrencefree survival rate (65.4% vs 53.1%), HR for recurrence
(HR = 0.65, 34.7% reduction of recurrence risk in the
experimental group). The percentages of five-year overall and recurrence-free survival were analyzed according to the tumor stage (Ⅱ, ⅢA, ⅢB),and proved to be
better in the experimental group than in controls (HR
between 0.50 and 0.79). An Asiatic multicentric RCT,
whose results were published in 2012[61], examined the
effects of adjuvant chemotherapy on disease-free survival (oral capecitabine and iv oxaliplatin, for 8 cycles in
6 mo) compared to surgery alone. Of the 1035 patients
of the study, all receiving radical surgery and D2 lymph
node dissection for gastric cancer at stage Ⅱ-ⅢB[10], 515
were randomized to receive surgery alone, 520 to receive
adjuvant chemotherapy. Sixty seven percent of patients

WJG|www.wjgnet.com

in the experimental group completed treatment. Adverse
events of grade 3-4 were nine times more common in
the experimental group and required reduction of dosage, delay in administration, or interruption of chemotherapy. Also this trial showed the benefits of adjuvant
chemotherapy compared to surgery alone in terms of
3-year disease-free (74% vs 59%, HR = 0.56; P < 0.0001),
overall survival (83% vs 78%, HR = 0.72; P = 0.049),
recurrence or new occurrences of gastric cancer (18% vs
30%), loco-regional recurrence (21% vs 44%). The benefits of adjuvant chemotherapy on 3-year disease-free survival were clear even when analyzed according to stage
of the tumor, but not for patients without lymph node
metastases. The results of two meta-analyses assessing if
patients with gastric cancer could benefit from chemotherapy after curative resection were published in 2009[62]
and in 2010[63]. These researches considered 12 RCTs,
with a total of 3809 patients[62], and 17 RCTs, with a total
of 3838 patients[63], respectively. Over 60% of the patients in the experimental group completed the treatment
protocol[62]. The overall survival rates at 5 and 10 years
were higher in the adjuvant chemotherapy groups than in
controls, even if the differences were not significant in all
the RCTs. In the two meta-analyses the HR for death was
significantly better (between 0.78 and 0.82) (P < 0.001),
with a reduction of the death risk ranging from 18% to
22% in the experimental group. Estimated median over-
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all survival was 4.9 years in the surgery-alone group and
7.8 years in the adjuvant chemotherapy group. The rates
of absolute benefits in the experimental group were 5.8%
(55.3% vs 49.6%) at 5 years, and 7.4% (44.9% vs 37.5%)
at 10 years,compared to the surgery-alone group[63]. Adjuvant chemotherapy better influenced disease-free survival
than surgery alone, with a HR of 0.82 (P < 0.001). The
rate of absolute benefit for five-year disease-free survival
after adjuvant chemotherapy was 5.3 (54.0% vs 48.7%)
compared to surgery alone[62]. With regard to the various
chemotherapy regimens (mono chemotherapy and polychemotherapy) used in the RCTs examined in the two
meta-analyses, 5-fluorouracil was used in all the studies,
and anthracycline and mitomycin C were used along with
it in various trials. Adjuvant monochemotherapy showed
a significant benefit in 5-year survival compared to surgery alone (71.4% vs 53.9%, HR = 0.6; P = 0.03), with
better results compared to adjuvant polychemotherapy[63].
The data of these two meta-analyses confirm those of
another meta-analysis dated 2008 in terms of survival
rate and disease-free survival[64]. In addition, the latter
study proved a positive influence of adjuvant therapy in
relation to loco-regional and distant recurrence rate (RR
= 0.78).
The main disadvantage of adjuvant treatments, both
chemotherapy and chemoradiotherapy, is that these
cannot be performed before post-surgery healing is
complete and the general conditions of the patients are
satisfactory. Therefore, postoperative complications or
slow recovery after surgery can delay the beginning of
the treatment. Due to the anatomic conditions created
by surgery, radiotherapy can affect other organs and possibly cause irradiation damage. Chemotherapy can often
cause negative effects or toxicity in the gastrointestinal
system of patients whose new anatomical gastrointestinal
conditions created by surgery often cause functional alterations. Main data regarding adjuvant chemotherapy for
gastric cancer are shown in Table 5.

that the health conditions after the neoadjuvant treatment
will not allow for surgery[65]. For these reasons, the studies which have been examined report a limited number
of patients because of difficulty of enrollment or early
closure of the trials, with consequences on the quality of
the studies.
Neoadjuvant chemotherapy: The Dutch Gastric Cancer Group in 2004 published the long-term results of
the RCT FAMTX[66], which examined the effect of preoperative chemotherapy (methotrexate, 5-fluorouracil,
leucovorin and doxorubicin every four weeks for 4
cycles) in patients with gastric carcinoma, in terms of resectability and survival. After randomization, the analysis
was conducted on 27 patients in the experimental group
(neoadjuvant chemotherapy followed by surgery) and on
29 controls (surgery alone). The interval between randomization and surgery in the experimental group was
significantly longer than in controls (P < 0.001). Forty
four percent of patients in the experimental group interrupted chemotherapy because of toxicity. Lymphadenectomy was limited to perigastric lymph nodes (D1) in both
groups. The rate of curative resections (R0) was similar in
both groups. The median postoperative follow-up for the
two groups was 83 mo. The median survival after randomization was 18.2 mo in the experimental group and
30.3 mo in controls. The 5-year survival rate was 21% in
the experimental group and 34% in controls (P = 0.17).
The last data confirmed a trend to adverse effects due
to preoperative chemotherapy, although not significant.
The survival rates of patients receiving curative surgery
(R0) were 32% in the experimental group and 53% in
controls. The trial was closed after the enrollment of 59
patients and after an interim analysis showed inadequate
rates of curative resections in the experimental group.
The results of a RCT of the European Organization
for Research and Treatment of Cancer were published
in 2010[67]. This study compared neoadjuvant chemotherapy and surgery alone in patients with gastric and
cardia adenocarcinoma, at clinical stage UICC Ⅲ and Ⅳ,
cM0. Patients were randomized in experimental group
(72 patients) treated with neoadjuvant chemotherapy (iv
cisplatin, folinic acid, fluorouracil, 2 cycles of 48 d), and
controls (72 patients), only receiving surgery. Sixty two
percent of patients in the experimental group completed
neoadjuvant treatment. Reasons for interruption of treatment were: toxicity, withdrawal of consent and progression of the disease. Surgical resection was performed
within 14 d from randomization in controls (68 patients),
and within four weeks from last day of chemotherapy
in the experimental group (70 patients). D2 gastrectomy
was performed in the majority of patients. In the experimental group, the tumor had smaller dimensions than in
controls, and in both groups a complete resection was
possible in 87.5% of cases. Postoperative morbidity was
more frequent in the experimental group (P = 0.09),
operative mortality was observed in one patient of the
controls and in two patients of the experimental group.

Neoadjuvant treatments
The aim of neoadjuvant treatments is to reduce the
biological potential of tumor cells, to increase surgical
radicality, and to eradicate subclinical micrometastases.
The advantages of neoadjuvant treatments lie in the fact
that patients who receive these are in good health condition, the treatment can start immediately after diagnosis
and clinical staging are conducted. If radiotherapy is performed, the treatment is aimed at the target organ that,
anyway, will be resected, while if chemotherapy is performed, the possible gastrointestinal side effects are not
worsened by the anatomical and functional alterations
that may occur after surgery. Also, the downsizing of the
neoplasm after neoadjuvant treatment can facilitate surgery. For these reasons, the neoadjuvant treatment seems
attractive and can be administered to more patients than
adjuvant treatment. The disadvantage of neoadjuvant
treatment is that it delays surgery, with the possibility that
the tumor will extend beyond the stage of resectability or
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Table 5 Main data regarding adjuvant chemotherapy for gastric cancer
Ref.

Study design

Sakuramoto et al[59], 2007

Sasako et al[60], 2011

Bang et al[61], 2012

Liu et al[64], 2008

Sun et al[62], 2009

Paoletti et al[63], 2010

n

RCT
S: 530
Surgery alone (S) vs surgery + SC: 529
chemoterapy (SC)
RCT
S: 530
Surgery alone (S) vs surgery + SC: 529
chemoterapy (SC)
RCT
S: 515
Surgery alone (S) vs surgery + SC: 520
chemoterapy (SC)
Meta-analysis
S: 2313
Surgery alone (S) vs
SC: 2286
surgery + chemoterapy (SC)
Meta-analysis
S: 1914
Surgery alone (S) vs surgery + SC: 1931
chemoterapy (SC)
Meta-analysis
S: 1885
Surgery alone (S) vs surgery + SC: 1953
chemoterapy (SC)

Survival

Disease free

(P value, HR, RR)

Survival
(P value, HR, RR)

Recurrence
(P value)

Recurrence (P value)

At 3 yr
S < SC (0.003)
At 5 yr
SC benefit vs S
HR = 0.66
At 3 yr
SC benefit vs S
HR = 0.72 (0.049)
At median 5 yr
SC benefit vs S
RR = 0.85 (0.00001)
At 5 yr
SC benefit vs S
HR = 0.78 (0.001)
At 10 yr
SC benefit vs S
HR = 0.82 (0.001)

Loco-regional

At 3 yr
S < SC (0.001)

At 3 yr
S > SC (0.001)

At 3 yr
S > SC (0.006)

At 5 yr
SC benefit vs S
HR = 0.65
At 3 yr
SC benefit vs S
HR = 0.56 (0.0001)
At median 5 yr
SC benefit vs S
RR = 0.85 (0.04)

At 5 yr
S > SC (0.008)

At 5 yr
S > SC (0.005)

At 3 yr
S > SC (0.0006)

At 3 yr
S > SC (0.0003)

At median 5 yr
At median 5 yr
SC benefit vs S
SC benefit vs S
RR = 0.78
RR between 0.62-0.65

At 10 yr
SC benefit vs S
HR = 0.82 (0.001)

RCT: Randomized controlled trial.

In the experimental group, a complete clinical response
was obtained in 5.8% of patients, while a partial clinical
response was obtained in 30.4%. Following pathological
assessment of the operative specimen, 81.9% of patients
in the experimental group had received a radical resection
(R0), compared to 66.7% of controls (P = 0.036). In the
experimental group, complete pathological response was
observed in 7.1% of the patients, and 65.7% of tumors
in the experimental group were T0-1-2, which compares
to 50% in controls. Lymph node metastases and lymphatic invasion were significantly higher in controls (P
= 0.018 and P = 0.01 respectively). At a median followup of 4.4 years, however, no significant survival benefit
was observed in the experimental group (HR for overall
survival 0.84; P = 0.46). In a multicentric RCT, published
in 2010[68], the short-term effects of neoadjuvant chemotherapy (docetaxel, cisplatin, 5-fluorouracil for 4 cycles of
21 days) in 34 patients with gastric carcinoma (T3-4 any
N M0 or any T N1-3 M0 TNM 1997) were examined,
comparing them with the same chemotherapy in adjuvant
treatment (in 35 patients). Patients in the neoadjuvant
group received surgery 3-4 wk after beginning the last
cycle of therapy. Neoadjuvant therapy was completed in
74% of patients of that group. D1 lymphadenectomy
was always performed, and it was sometimes extended
to some stations of the main local vessels[10]. Although
it is not possible to compare the two groups, because of
the characteristics of the study, radical R0 resection was
performed in 85% of cases in the neoadjuvant group and
in 91% of the adjuvant group. Complete pathological
response was observed in 12% of cases in the neoadjuvant group. Postoperative complications and operative
mortality did not differ significantly (P = 0.86) in the two
groups. Complete adjuvant therapy was administered to
34% of patients in the adjuvant group. Thirty four per-
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cent of patients in this group did not receive adjuvant
treatment. Severe adverse events were more frequent in
the adjuvant group (P = 0.07).
D’Ugo et al[69], based on a study with a single treatment group of 34 patients with resectable gastric carcinoma, state that the postponement of resection in favour
of a systemic treatment does not exclude patients from
the benefits of a potentially curative delayed resection
and does not worsen surgical outcomes. However, they
also admit that tumor progression affects some patients.
This statement alone would be enough to suggest an accurate selection of those patients who can benefit from
preoperative chemotherapy.
Pre- and post-operative chemotherapy (perioperative chemotherapy): This approach presents the disadvantages of both modalities. Besides, a percentage of
patients does not start postoperative treatment due to
progression of the disease, toxicity during preoperative
treatment, withdrawal of consent, or postoperative complications.
The results of an international multicentric RCT were
published in 2006[43] by Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC), and it
has become a landmark for all the following studies on
neoadjuvant and adjuvant treatments for gastric carcinoma. The study examined 503 patients with gastric, esophagogastric junction and distal esophageal adenocarcinoma, amenable to curative surgery. Seventy four percent
of the examined cases were gastric carcinomas. Patients
were randomized to receive perioperative chemotherapy
(250 patients, three preoperative cycles and three postoperative cycles of epirubicin, cisplatin and fluorouracil for
21 d) or surgery alone (253 patients). Eighty six percent
of patients in the experimental group (215 patients) com-
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pleted neoadjuvant treatment, and toxic effects of the
therapy were the main reasons for interruption. Two hundred and twenty nine patients of the experimental group
were resected. One hundred and four of them completed
the three cycles of pre- and post-operative chemotherapy.
The main reasons for not performing postoperative therapy were: progression of the disease, death, withdrawal
of consent. The median interval between randomization
and surgery was 99 d in the experimental group and 14
d in controls. Smaller maximum diameter of the tumor,
higher number of T1-T2 tumor and smaller lymph node
involvement were observed in the experimental group,
with significant differences as compared to controls (P =
0.001, P = 0.002, P = 0.01, respectively). The percentages
of death, death for progression of the disease, local and
distant recurrence were higher in controls. The HR for
progression risk and for death in the experimental group
was better than in the control group (HR = 0.66; P =
0.001 and HR = 0.75; P = 0.009 respectively). Even after
stratification, HR for death was better in the experimental
group (0.74; P = 0.008). The percentages of survival at 5
years were 36.3% in the experimental group and 23% in
controls.
The results of the French multicentric RCT FLNCC
ACCORD07-FFCD 9703 were published in 2011[70]. This
research compared pre- and postoperative chemotherapy
in patients with resectable gastric, esophagogastric junction and distal esophagus adenocarcinoma (cisplatin,
fluorouracil; 2-3 preoperative cycles and 3-4 postoperative cycles of 28 d) with surgery alone. One hundred and
thirteen patients were randomized in the experimental
group, 111 in the controls. Seventy five percent of the
adenocarcinomas were in the distal esophagus or in the
esophagogastric junction. Eighty seven percent of patients in the experimental group received at least 2 cycles
of preoperative chemotherapy. Toxicity of grade 3-4 developed during preoperative therapy in 38% of patients
in the experimental group. Surgery was performed in
96.5% of cases in the experimental group, at a median
interval of 78 d after randomization, and in 99% of
controls, at a median interval of 13 d after randomization. R0 resections and a lower incidence of lymph node
metastases were found in the experimental group (P =
0.04 and P = 0.054 respectively). Fifty percent of patients in the experimental group received postoperative
chemotherapy. At a median follow-up of 5.7 years, the
experimental group showed a significant benefit in terms
of overall (HR for death 0.69; P = 0.02) and disease-free
survival (HR = 0.65; P = 0.003) compared to controls.
The 5-year survival rates were 38% in the experimental
group vs, 24% in controls. The disease-free survival rates
were 34% and 19%, respectively. At multivariate analysis,
preoperative chemotherapy was a significant prognostic
factor (P = 0.01). The results of this trial, in relation to
gastric carcinoma, need to be cautiously assessed, considering that gastric adenocarcinomas were only 25% of all
the adenocarcinomas.The study protocol of an international multicentric RCT, CRITICS (ChemoRadiotherapy
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after induction Chemotherapy in Cancer of the Stomach,
NCT00407186), was published in 2011[71]. According to
this study, patients with a resectable gastric cancer (stage
IB-IVa AJCC 6th edition) should be treated with three
cycles of preoperative chemotherapy (epirubicin, cisplatin, capecitabine) followed by surgery with D2 lymphadenectomy, then, following these, three more cycles of the
same chemotherapy or chemoradiotherapy. The number
of patients to be enrolled is high, 788 patients. These
should be randomized after diagnosis and before beginning neoadjuvant treatment. The primary endpoint is to
improve overall survival compared to surgery alone. It is
expected that the results of this trial will be useful to treat
patients with resectable gastric cancer.

Neoadjuvant and intraoperative
radiotherapy
The aim of neoadjuvant and intraoperative radiotherapy
is to reduce the biological potential of tumor cells, to
increase surgical radicality by reducing the extension
of the tumor, and to eliminate residual subclinical local metastases after surgery. The surgeons, however, are
particularly concerned about the technical difficulties of
operating in a pretreated field, because of the possibility of wound anastomotic healing problems, damage to
nearby abdominal organs, and postoperative pulmonary
complications. Also for these reasons, these methods of
treatment are not common, and there are few trials examining their efficacy. In addition, these techniques also
bear logistic difficulties, especially in relation to intraoperative radiotherapy.
The short- and long-term results of a RCT were
published in 1998[72] examining the role of neoadjuvant
radiotherapy compared to surgery alone, in the treatment
of gastric cardia adenocarcinoma. After randomization,
the experimental group included 171 patients, compared
to 199 controls. The radiation dose was 40 Gy, and it was
administered in 4 wk. Surgery was performed 2-4 wk
after completion of radiotherapy. The rates of overall,
radical and palliative resectability were significantly higher
in the experimental group (P = 0.01, 0.001, 0.025 respectively). The experimental group presented a smaller local
extension of the tumor, a lower number of patients with
lymph node metastases and a lower number of lymph
nodes affected by metastases (P < 0.01, P < 0.001 and
P < 0.0001 respectively). Preoperative radiotherapy obtained better overall 5- and 10-year survival rates, both
in resected and in non-resectable patients, while the difference compared to surgery alone was only significant
(P = 0.009) in the latter. Non-resectable patients in the
experimental group had significantly longer mean and
median survivals (P = 0.008) than non-resectable patients
in controls. After histological examination, it was observed that a higher effect of radiotherapy on tumor cells
corresponded to better 5-year survival rates (P = 0.05).
Local and lymph node recurrences were lower in the experimental group (P < 0.025 and P < 0.005 respectively)
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years compared to surgery alone (OR = 0.57; P = 0.0001
and OR = 0.62; P = 0.002, respectively). One other metaanalysis, in 2009[75], also considered the role of neoadjuvant and adjuvant intraoperative radiotherapy in gastric
carcinoma. The modalities of the analysis, however, do
not allow to understand which results refer to the various
types of radiotherapy.

than in controls. It should be considered that the examined cases were adenocarcinoma of gastric cardia, which
can account for the positive results. The data of a RCT
of Russian MRRC RAMS were published in 2000[73]. It
randomized 40 patients with gastric carcinoma to receive
concentrated preoperative radiotherapy (20 Gy in 5 d),
gastrectomy and intraoperative radiotherapy (IORT,
20 Gy) and 38 patients to receive gastrectomy alone.
The use of IORT allows for a higher administration of
radiations directly on a target area and, together with
concentrated adjuvant radiotherapy, it has the theoretical
potential to reduce local and regional recurrence and to
improve survival. D1 gastrectomy was prevalently performed in the two groups. In 25% of cases neoadjuvant
radiotherapy caused toxicity in the experimental group,
but the preoperative radiotherapy treatment was always
completed. Postoperative complications were observed
in 35% of cases in the experimental group and in 50% in
the control group. Overall survival was not significantly
different in the two groups (P = 0.31). However, in the
experimental group a benefit in survival was observed,
when lymph nodes were metastasized (P = 0.04), when
tumors were T3-4 (P = 0.04), and for stage Ⅱ and Ⅲ
A tumors (P = 0.04). This trend was also seen in T3-4
N1-2 cases: median survival time was 21.4 mo in the experimental group, 9.0 mo in controls. These data confirm
that, for T1-2 N0 stage tumors, neoadjuvant and adjuvant
therapies do not improve the results of surgery, which, in
these particular instances, is ideal and sufficient. The data
of another RCT of the MRRC RAMS were published
in 2002[74]. This research examined the short- and longterm outcomes of neoadjuvant radiotherapy employed
in resectable gastric carcinomas. Fifty one patients were
randomized in the experimental group and treated with
concentrated preoperative radiotherapy (20 Gy administered in 5 consecutive days) followed by surgery within
4-5 d. The 51 controls received surgery within 7 d from
randomization. Radiotherapy, completed by all patients in
the experimental group, was generally well tolerated. D1
gastrectomy was always performed, and postoperative
(surgical and non-surgical) complications were more frequent in the experimental group,while operative mortality
did not differ in the two groups. Long-term survival in
the two groups was not significantly different (39% in the
experimental group vs 30% in controls after 5 years; 32%
in the experimental group vs 18% in the control group
after 10 years) (P = 0.55), although median duration of
survival of tumors T3-4 and of tumors with positive
lymph nodes was longer in the experimental group. The
survival curves in the experimental group became better
than in controls three years after surgery. The authors
comment that the long-term aim of radiotherapy is to
reduce the development of loco-regional recurrence, and
the trend of the curves confirmed that this result had
been achieved. A meta-analysis was conducted in 2007[54],
examining four RCTs for a total of 405 patients treated
with adjuvant radiotherapy for resectable gastric carcinoma, and it showed a benefit of radiotherapy after 3 and 5
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Intraperitoneal chemotherapy
Negative outcomes after surgery for gastric carcinoma
are related, in 50% of the cases, to dissemination of the
tumor in the peritoneal cavity[9,76]. The peritoneum is
involved either as a result of trans-parietal invasion by tumor cells, or of intraperitoneal seeding caused by surgical
maneuvers such as manipulation of the tumor or section
of lymphatic and blood vessels. Chemotherapy medications injected during neoadjuvant or adjuvant therapies
do not reach effective concentration at peritoneal level.
Intraperitoneal chemotherapy aims at eradicating tumor
cells after surgery by using high concentrations of drugs
in the peritoneum, thus reducing systemic toxicity. The
use of intraperitoneal chemotherapy can be considered
a procedure with prophylactic and therapeutic aim, but,
to date, it is not accepted as a standard therapy[77]. It can
be given in several ways: as hypertermic intraoperative
intraperitoneal chemotherapy (HICC), as normothermic
intraoperative intraperitoneal chemotherapy (NIIC), as
early postoperative chemotherapy (EPIC) or as delayed
postoperative intraperitoneal chemotherapy (DPIC).
Some problems are still unsolved: the short- and longterm outcomes of intraperitoneal chemotherapy, the
correct timing, the role of hyperthermia, the drugs to
be employed, and, more importantly, the selection of
patients to be treated. Since the ‘90s, several RCT have
been conducted, especially by Eastern authors, in order
to examine the role of intraperitoneal chemotherapy in
gastric carcinoma, with the use of cisplatin, mitomycin
C, 5-fluorouracil alone or in combination, comparing
intraperitoneal chemotherapy to surgery alone[78-80]. The
results of these studies are ambiguous. A RCT in 2001[80]
showed a survival benefit in patients with resection of
stage Ⅳ and stage Ⅲ gastric cancer followed by intraperitoneal chemotherapy (mitomycin C and 5-fluorouracil),
compared to surgery-alone controls, while there was no
significant benefit in patients with stage Ⅰ or Ⅱ. The
5-year survival for patients with stage Ⅲ and stage Ⅳ
disease were 57% and 28% in the treated group, and 23%
and 5% in the surgery-alone controls, respectively (P =
0.0024 and P = 0.0098). The benefits of intraperitoneal
chemotherapy on survival were significant as compared
to controls in tumors with gross serosal invasion (P =
0.0004), lymph node metastases (P = 0.0027), in tumors
> 5 cm in diameter (P = 0.0029), and in poorly differentiated tumors (P = 0.0004). Furthermore, the incidence
of peritoneal dissemination in the treated group was
15%, compared to 30% after surgery alone (P = 0.03).
A significant benefit in terms of long-term survival (P
= 0.03) and peritoneal recurrence (P = 0.00008) of pa-
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tients who received gastrectomy for gastric carcinoma
with macroscopic serosal invasion had been observed in
a previous RCT[81]. A meta-analysis published in 2003[82]
examined the use of intraperitoneal chemotherapy in
patients with gastric cancers resected with curative aim.
Eight RCTs were examined, 495 patients were randomized in the experimental group, while 500 patients only
received surgery. The analysis showed that intraperitoneal
chemotherapy, administered during or immediately after surgery, obtained some benefit compared to surgery
alone. A more recent meta-analysis, published in 2007[83]
examined 13 RCTs in which patients with advanced gastric or gastroesophageal junction adenocarcinoma who
received curative resection were randomized to receive
surgery with associated intraperitoneal chemotherapy (873
patients), or surgery alone (775 patients). HR of the overall 3-year survival was better in the intraperitoneal chemotherapy group in all the modalities of administration,
but the benefit was particularly significant in cases treated
with HICC alone or with associated EPIC (HR = 0.60;
P = 0.002 and HR = 0.45; P = 0.0002 respectively). The
relative risk (RR) of locoregional recurrence, examined
for HICC, NIIC and EPIC, did not show significant differences between experimental group and controls. The
incidence of perioperative mortality of the procedures
of intraperitoneal chemotherapy was not significantly different than in controls (RR = 1.03; P = 0.96). The most
common postoperative complications in the experimental group were intra-abdominal abscess (RR = 2.37; P =
0.003) and neutropenia (RR = 4.33; P = 0.007).
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CONCLUSION
Gastric carcinoma still represents one of the main causes
of death for cancer in the world, although it presently
has a lower incidence in Western countries. The adoption of programs of primary and secondary prophylaxis
and the use of effective treatments are the only ways to
tackle this condition. The optimal treatment for advanced
gastric carcinoma is still controversial. Surgical gastric
resection (partial or total) associated with lymphadenectomy of perigastric and regional lymph node stations (D2)
represents the treatment of choice. However, surgery
alone cannot guarantee satisfactory results for patients
with advanced disease. The use of multimodal therapies,
chemotherapy and radiotherapy, alone or combined, used
as neoadjuvant, intraoperative or adjuvant treatments
is supported by a series of trials substantiating their effectiveness on recurrence and survival. Timing, type of
therapy, dosing of administration and possible combination between different modalities still have to be assessed
and tailored in order to achieve the best outcome in the
individual patient.

10

11

12

13

14
15
16

REFERENCES
1

17

Yoshikawa T, Tsuburaya A, Kobayashi O, Sairenji M, Motohashi H, Noguchi Y. Is D2 lymph node dissection necessary
for early gastric cancer? Ann Surg Oncol 2002; 9: 401-405

WJG|www.wjgnet.com

3901

[PMID: 11986193 DOI: 10.1007/BF02573876]
Nitti D, Marchet A, Mammano E, Ambrosi A, Belluco C,
Mencarelli R, Maino M, Marconato G, Farinati F, Lise M. Extended lymphadenectomy (D2) in patients with early gastric
cancer. Eur J Surg Oncol 2005; 31: 875-881 [PMID: 16051460
DOI: 10.1016/j.ejso.2005.05.013]
Ajani JA, Bentrem DJ, Besh S, D’Amico TA, Das P, Denlinger C, Fakih MG, Fuchs CS, Gerdes H, Glasgow RE, Hayman JA, Hofstetter WL, Ilson DH, Keswani RN, Kleinberg
LR, Korn WM, Lockhart AC, Meredith K, Mulcahy MF,
Orringer MB, Posey JA, Sasson AR, Scott WJ, Strong VE,
Varghese TK, Warren G, Washington MK, Willett C, Wright
CD, McMillian NR, Sundar H. Gastric cancer, version 2.2013:
featured updates to the NCCN Guidelines. J Natl Compr
Canc Netw 2013; 11: 531-546 [PMID: 23667204]
Lawson JD, Sicklick JK, Fanta PT. Gastric cancer. Curr Probl
Cancer 2011; 35: 97-127 [PMID: 21635986 DOI: 10.1016/
j.currproblcancer]
Peeters KC, Hundahl SA, Kranenbarg EK, Hartgrink H,
van de Velde CJ. Low Maruyama index surgery for gastric
cancer: blinded reanalysis of the Dutch D1-D2 trial. World
J Surg 2005; 29: 1576-1584 [PMID: 16317484 DOI: 10.1007/
s00268-005-7907-9]
McCulloch P, Nita ME, Kazi H, Gama-Rodrigues JJ. WITHDRAWN: Extended versus limited lymph nodes dissection
technique for adenocarcinoma of the stomach. Cochrane
Database Syst Rev 2012; 1: CD001964 [PMID: 22258947 DOI:
10.1002/14651858.CD001964.pub2]
Oñate-Ocaña LF, Aiello-Crocifoglio V, Mondragón-Sánchez
R, Ruiz-Molina JM. Survival benefit of D2 lympadenectomy
in patients with gastric adenocarcinoma. Ann Surg Oncol
2000; 7: 210-217 [PMID: 10791852 DOI: 10.1007/BF02523656]
de Gara CJ, Hanson J, Hamilton S. A population-based study
of tumor-node relationship, resection margins, and surgeon
volume on gastric cancer survival. Am J Surg 2003; 186: 23-27
[PMID: 12842743 DOI: 10.1016/S0002-9610(03)00116-8]
Gunderson LL, Sosin H. Adenocarcinoma of the stomach:
areas of failure in a re-operation series (second or symptomatic look) clinicopathologic correlation and implications for
adjuvant therapy. Int J Radiat Oncol Biol Phys 1982; 8: 1-11
[PMID: 7061243 DOI: 10.1016/0360-3016(82)90377-7]
Japanese Gastric Cancer Association. Japanese Classification of Gastric Carcinoma - 2nd English Edition - Gastric
Cancer 1998; 1: 10-24 [PMID: 11957040 DOI: 10.1007/
PL00011681]
Kajitani T. The general rules for the gastric cancer study
in surgery and pathology. Part I. Clinical classification.
Jpn J Surg 1981; 11: 127-139 [PMID: 7300058 DOI: 10.1007/
BF02468883]
Wu CW, Hsieh MC, Lo SS, Wang LS, Hsu WH, Lui WY,
Huang MH, P’eng FK. Morbidity and mortality after radical
gastrectomy for patients with carcinoma of the stomach. J
Am Coll Surg 1995; 181: 26-32 [PMID: 7599767]
Maruyama K, Okabayashi K, Kinoshita T. Progress in
gastric cancer surgery in Japan and its limits of radicality.
World J Surg 1987; 11: 418-425 [PMID: 3630186 DOI: 10.1007/
BF01655804]
Sobin LH, Wittekind CH, editors. TNM classification of
malignant tumours. International Union Against cancer. 5th
ed. New York: John Wiley & Sons, 1997
Nishi M, Omori Y, Miwa K, editors. Japanese classification
of gastric carcinoma. Japanese Research Society for Gastric
Cancer. 1st ed. Tokio: Kanehara & Co., 1995
Siewert JR, Böttcher K, Roder JD, Busch R, Hermanek P,
Meyer HJ. Prognostic relevance of systematic lymph node
dissection in gastric carcinoma. German Gastric Carcinoma
Study Group. Br J Surg 1993; 80: 1015-1018 [PMID: 8402053
DOI: 10.1002/bjs.1800800829]
Volpe CM, Driscoll DL, Douglass HO. Outcome of patients
with proximal gastric cancer depends on extent of resection
and number of resected lymph nodes. Ann Surg Oncol 2000; 7:

April 14, 2014|Volume 20|Issue 14|

Giuliani A et al . Gastric cancer treatment

18

19

20

21

22

23

24
25

26

27
28

29

30

31

139-144 [PMID: 10761793 DOI: 10.1007/s10434-000-0139-1]
Katai H, Yoshimura K, Maruyama K, Sasako M, Sano T.
Evaluation of the New International Union Against Cancer TNM staging for gastric carcinoma. Cancer 2000; 88:
1796-1800 [PMID: 10760754 DOI: 10.1002/(SICI)1097-0142(2
0000415)88:8<1796::AID-CNCR6>3.0.CO;2-2]
Seevaratnam R, Bocicariu A, Cardoso R, Yohanathan L,
Dixon M, Law C, Helyer L, Coburn NG. How many lymph
nodes should be assessed in patients with gastric cancer? A
systematic review. Gastric Cancer 2012; 15 Suppl 1: S70-S88
[PMID: 22895615]
McCulloch P, Niita ME, Kazi H, Gama-Rodrigues JJ. Gastrectomy with extended lymphadenectomy for primary
treatment of gastric cancer. Br J Surg 2005; 92: 5-13 [PMID:
15635680 DOI: 10.1002/bjs.4839]
Dent DM, Madden MV, Price SK. Randomized comparison of R1 and R2 gastrectomy for gastric carcinoma. Br
J Surg 1988; 75: 110-112 [PMID: 3349293 DOI: 10.1002/
bjs.1800750206]
Bonenkamp JJ, Songun I, Hermans J, Sasako M, Welvaart
K, Plukker JT, van Elk P, Obertop H, Gouma DJ, Taat
CW. Randomised comparison of morbidity after D1 and
D2 dissection for gastric cancer in 996 Dutch patients.
Lancet 1995; 345: 745-748 [PMID: 7891484 DOI: 10.1016/
S0140-6736(95)90637-1]
Cuschieri A, Fayers P, Fielding J, Craven J, Bancewicz J,
Joypaul V, Cook P. Postoperative morbidity and mortality
after D1 and D2 resections for gastric cancer: preliminary
results of the MRC randomised controlled surgical trial.
The Surgical Cooperative Group. Lancet 1996; 347: 995-999
[PMID: 8606613 DOI: 10.1016/S0140-6736(96)90144-0]
Aiko T, Sasako M. The new Japanese Classification of Gastric Carcinoma: Points to be revised. Gastric Cancer 1998; 1:
25-30 [PMID: 11957041 DOI: 10.1007/s101200050052]
Bonenkamp JJ, Hermans J, Sasako M, van de Velde CJ, Welvaart K, Songun I, Meyer S, Plukker JT, Van Elk P, Obertop
H, Gouma DJ, van Lanschot JJ, Taat CW, de Graaf PW, von
Meyenfeldt MF, Tilanus H. Extended lymph-node dissection for gastric cancer. N Engl J Med 1999; 340: 908-914 [PMID:
10089184 DOI: 10.1056/NEJM199903253401202]
Cuschieri A, Weeden S, Fielding J, Bancewicz J, Craven
J, Joypaul V, Sydes M, Fayers P. Patient survival after D1
and D2 resections for gastric cancer: long-term results of
the MRC randomized surgical trial. Surgical Co-operative
Group. Br J Cancer 1999; 79: 1522-1530 [PMID: 10188901
DOI: 10.1038/sj.bjc.6690243]
Department of Health. Guidance on Commissioning Cancer
Service: Improving outcomes in upper gastrointestinal cancers. The research evidence. London: NHS Executive, 2001
Isozaki H, Okajima K, Fujii K, Nomura E, Izumi N, Mabuchi H, Nakamura M, Hara H. Effectiveness of paraaortic
lymph node dissection for advanced gastric cancer. Hepatogastroenterology 1999; 46: 549-554 [PMID: 10228860]
Baba M, Hokita S, Natsugoe S, Miyazono T, Shimada M,
Nakano S, Takao S, Aikou T. Paraaortic lymphadenectomy
in patients with advanced carcinoma of the upper-third of
the stomach. Hepatogastroenterology 2000; 47: 893-896 [PMID:
10919056]
Sano T, Sasako M, Yamamoto S, Nashimoto A, Kurita A,
Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K, Yamamura
Y, Okajima K. Gastric cancer surgery: morbidity and mortality results from a prospective randomized controlled
trial comparing D2 and extended para-aortic lymphadenectomy--Japan Clinical Oncology Group study 9501. J Clin
Oncol 2004; 22: 2767-2773 [PMID: 15199090 DOI: 10.1200/
JCO.2004.10.184]
Kodera Y, Sasako M, Yamamoto S, Sano T, Nashimoto A,
Kurita A. Identification of risk factors for the development
of complications following extended and superextended
lymphadenectomies for gastric cancer. Br J Surg 2005; 92:

WJG|www.wjgnet.com

32

33

34

35

36

37

38

39

40

41

42

43

44

45

3902

1103-1109 [PMID: 16106493 DOI: 10.1002/bjs.4979]
Sasako M, Sano T, Yamamoto S, Kurokawa Y, Nashimoto
A, Kurita A, Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K,
Yamamura Y, Okajima K. D2 lymphadenectomy alone or
with para-aortic nodal dissection for gastric cancer. N Engl J
Med 2008; 359: 453-462 [PMID: 18669424 DOI: 10.1056/NEJMoa0707035]
Wu CW, Hsiung CA, Lo SS, Hsieh MC, Shia LT, WhangPeng J. Randomized clinical trial of morbidity after D1 and
D3 surgery for gastric cancer. Br J Surg 2004; 91: 283-287
[PMID: 14991627]
Wu CW, Hsiung CA, Lo SS, Hsieh MC, Chen JH, Li AF, Lui
WY, Whang-Peng J. Nodal dissection for patients with gastric
cancer: a randomised controlled trial. Lancet Oncol 2006; 7:
309-315 [PMID: 16574546 DOI: 10.1016/S1470-2045(06)70623-4]
Yonemura Y, Wu CC, Fukushima N, Honda I, Bandou E,
Kawamura T, Kamata T, Kim BS, Matsuki N, Sawa T, Noh
SH. Randomized clinical trial of D2 and extended paraaortic
lymphadenectomy in patients with gastric cancer. Int J Clin
Oncol 2008; 13: 132-137 [PMID: 18463957 DOI: 10.1007/
s10147-007-0727-1]
Hartgrink HH, van de Velde CJ, Putter H, Bonenkamp JJ,
Klein Kranenbarg E, Songun I, Welvaart K, van Krieken
JH, Meijer S, Plukker JT, van Elk PJ, Obertop H, Gouma DJ,
van Lanschot JJ, Taat CW, de Graaf PW, von Meyenfeldt
MF, Tilanus H, Sasako M. Extended lymph node dissection for gastric cancer: who may benefit? Final results of
the randomized Dutch gastric cancer group trial. J Clin
Oncol 2004; 22: 2069-2077 [PMID: 15082726 DOI: 10.1200/
JCO.2004.08.026]
Songun I, Putter H, Kranenbarg EM, Sasako M, van de
Velde CJ. Surgical treatment of gastric cancer: 15-year follow-up results of the randomised nationwide Dutch D1D2
trial. Lancet Oncol 2010; 11: 439-449 [PMID: 20409751 DOI:
10.1016/S1470-2045(10)70070-x]
Degiuli M, Sasako M, Ponti A. Morbidity and mortality in
the Italian Gastric Cancer Study Group randomized clinical
trial of D1 versus D2 resection for gastric cancer. Br J Surg
2010; 97: 643-649 [PMID: 20186890 DOI: 10.1002/bjs6936]
Yang SH, Zhang YC, Yang KH, Li YP, He XD, Tian JH, Lv
TH, Hui YH, Sharma N. An evidence-based medicine review of lymphadenectomy extent for gastric cancer. Am J
Surg 2009; 197: 246-251 [PMID: 18722583 DOI: 10.1016/amjsurg2008.05.001]
Memon MA, Subramanya MS, Khan S, Hossain MB, Osland
E, Memon B. Meta-analysis of D1 versus D2 gastrectomy for
gastric adenocarcinoma. Ann Surg 2011; 253: 900-911 [PMID:
21394009 DOI: 10.1097/SLA06013e318212bff6]
Seevaratnam R, Bocicariu A, Cardoso R, Mahar A, Kiss A,
Helyer L, Law C, Coburn N. A meta-analysis of D1 versus
D2 lymph node dissection. Gastric Cancer 2012; 15 Suppl 1:
S60-S69 [PMID: 22138927]
Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes
NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson
LL, Jessup JM, Martenson JA. Chemoradiotherapy after
surgery compared with surgery alone for adenocarcinoma
of the stomach or gastroesophageal junction. N Engl J Med
2001; 345: 725-730 [PMID: 11547741 DOI: 10.1056/NEJMoa010187]
Cunningham D, Allum WH, Stenning SP, Thompson JN,
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ,
Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S,
Chua YJ. Perioperative chemotherapy versus surgery alone
for resectable gastroesophageal cancer. N Engl J Med 2006;
355: 11-20 [PMID: 16822992 DOI: 10.1056/NEJMoa055531]
Moertel CG, Childs DS, O’Fallon JR, Holbrook MA, Schutt
AJ, Reitemeier RJ. Combined 5-fluorouracil and radiation
therapy as a surgical adjuvant for poor prognosis gastric
carcinoma. J Clin Oncol 1984; 2: 1249-1254 [PMID: 6491703]
Allum WH, Hallissey MT, Ward LC, Hockey MS. A con-

April 14, 2014|Volume 20|Issue 14|

Giuliani A et al . Gastric cancer treatment

46

47

48
49

50
51

52

53

54

55

56

57

trolled, prospective, randomised trial of adjuvant chemotherapy or radiotherapy in resectable gastric cancer: interim
report. British Stomach Cancer Group. Br J Cancer 1989; 60:
739-744 [PMID: 2508737 DOI: 10.1038/bjc.1989.350]
Hallissey MT, Dunn JA, Ward LC, Allum WH. The second
British Stomach Cancer Group trial of adjuvant radiotherapy or chemotherapy in resectable gastric cancer: five-year
follow-up. Lancet 1994; 343: 1309-1312 [PMID: 7910321 DOI:
10.1016/S0140-6736(94)92464-3]
Nakajima T, Kinoshita T, Nashimoto A, Sairenji M, Yamaguchi T, Sakamoto J, Fujiya T, Inada T, Sasako M, Ohashi
Y. Randomized controlled trial of adjuvant uracil-tegafur
versus surgery alone for serosa-negative, locally advanced
gastric cancer. Br J Surg 2007; 94: 1468-1476 [PMID: 17948223
DOI: 10.1002/bjs.5996]
Beahrs OH, Henson DE, Hutter RVP, Myers MH, editors.
Manual for staging of cancer. 3rd ed. Philadelphia: JB Lippincot, 1988
Dikken JL, Jansen EP, Cats A, Bakker B, Hartgrink HH,
Kranenbarg EM, Boot H, Putter H, Peeters KC, van de Velde
CJ, Verheij M. Impact of the extent of surgery and postoperative chemoradiotherapy on recurrence patterns in gastric
cancer. J Clin Oncol 2010; 28: 2430-2436 [PMID: 20368551
DOI: 10.1200/JCO.2009.26.9654]
Greene FL. AJCC Cancer Staging Manual (ed. 6). New York,
NY: Springer-Verlag, 2002 [DOI: 10.1007/978-1-4757-3656-4]
Kim S, Lim DH, Lee J, Kang WK, MacDonald JS, Park CH,
Park SH, Lee SH, Kim K, Park JO, Kim WS, Jung CW, Park
YS, Im YH, Sohn TS, Noh JH, Heo JS, Kim YI, Park CK, Park
K. An observational study suggesting clinical benefit for
adjuvant postoperative chemoradiation in a population of
over 500 cases after gastric resection with D2 nodal dissection for adenocarcinoma of the stomach. Int J Radiat Oncol
Biol Phys 2005; 63: 1279-1285 [PMID: 16099596 DOI: 10.1016/
j.ijrobp.2005.05.005]
Macdonald JS, Benedetti J, Smalley S, Haller D, Hundahl
S, Jessup J, Ajani J, Gunderson L, Goldman B, Martenson J.
Chemoradiation of resected gastric cancer: a 10-year followup of the phase III trial INT0116 (SWOG 9008). J Clin Oncol
2009; 27: 4515
Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes
NC, Ajani JA, Gunderson LL, Goldman B, Martenson JA,
Jessup JM, Stemmermann GN, Blanke CD, Macdonald JS.
Updated analysis of SWOG-directed intergroup study 0116:
a phase III trial of adjuvant radiochemotherapy versus
observation after curative gastric cancer resection. J Clin
Oncol 2012; 30: 2327-2333 [PMID: 22585691 DOI: 10.1200/
JCO.2011.36.7136]
Fiorica F, Cartei F, Enea M, Licata A, Cabibbo G, Carau B,
Liboni A, Ursino S, Cammà C. The impact of radiotherapy
on survival in resectable gastric carcinoma: a meta-analysis
of literature data. Cancer Treat Rev 2007; 33: 729-740 [PMID:
17935888 DOI: 10.1016/j.ctrv.2007.08.005]
Lee J, Lim do H, Kim S, Park SH, Park JO, Park YS, Lim HY,
Choi MG, Sohn TS, Noh JH, Bae JM, Ahn YC, Sohn I, Jung
SH, Park CK, Kim KM, Kang WK. Phase III trial comparing capecitabine plus cisplatin versus capecitabine plus
cisplatin with concurrent capecitabine radiotherapy in completely resected gastric cancer with D2 lymph node dissection: the ARTIST trial. J Clin Oncol 2012; 30: 268-273 [PMID:
22184384]
Nakajima T, Nashimoto A, Kitamura M, Kito T, Iwanaga T,
Okabayashi K, Goto M. Adjuvant mitomycin and fluorouracil followed by oral uracil plus tegafur in serosa-negative
gastric cancer: a randomised trial. Gastric Cancer Surgical
Study Group. Lancet 1999; 354: 273-277 [PMID: 10440302
DOI: 10.1016/S0140-6736(99)01048-X]
Nitti D, Wils J, Dos Santos JG, Fountzilas G, Conte PF, Sava
C, Tres A, Coombes RC, Crivellari D, Marchet A, Sanchez
E, Bliss JM, Homewood J, Couvreur ML, Hall E, Baron B,

WJG|www.wjgnet.com

58

59

60

61

62

63

64

65

66

67

68

69

3903

Woods E, Emson M, Van Cutsem E, Lise M. Randomized
phase III trials of adjuvant FAMTX or FEMTX compared
with surgery alone in resected gastric cancer. A combined
analysis of the EORTC GI Group and the ICCG. Ann Oncol
2006; 17: 262-269 [PMID: 16293676 DOI: 10.1093/annonc/
mdj077]
Oba K, Morita S, Tsuburaya A, Kodera Y, Kobayashi M,
Sakamoto J. Efficacy of adjuvant chemotherapy using oral
fluorinated pyrimidines for curatively resected gastric
cancer: a meta-analysis of centrally randomized controlled
clinical trials in Japan. J Chemother 2006; 18: 311-317 [PMID:
17129844 DOI: 10.1179/joc.2006.18.3.311]
Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M, Nashimoto A, Furukawa H, Nakajima T, Ohashi Y,
Imamura H, Higashino M, Yamamura Y, Kurita A, Arai K.
Adjuvant chemotherapy for gastric cancer with S-1, an oral
fluoropyrimidine. N Engl J Med 2007; 357: 1810-1820 [PMID:
17978289 DOI: 10.1056/NEJMoa072252]
Sasako M, Sakuramoto S, Katai H, Kinoshita T, Furukawa H,
Yamagichi T, Nashinoto A, Fujii M, Nakajima T, Ohashi Y.
Five-year outcomes of a randomized phase III trial comparing adjuvant chemotherapy with S-1 versus surgery alone in
stage II or III gastric cancer. J Clin Oncol 2011; 29: 4387-4393
[PMID: 22010012]
Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH,
Lee KW, Kim YH, Noh SI, Cho JY, Mok YJ, Kim YH, Ji J, Yeh
TS, Button P, Sirzén F, Noh SH. Adjuvant capecitabine and
oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised controlled trial.
Lancet 2012; 379: 315-321 [PMID: 22226517 DOI: 10.1016/
S0140-6736(11)61873-4]
Sun P, Xiang JB, Chen ZY. Meta-analysis of adjuvant chemotherapy after radical surgery for advanced gastric cancer.
Br J Surg 2009; 96: 26-33 [PMID: 19016271 DOI: 10.1002/
bjs6408]
Paoletti X, Oba K, Burzykowski T, Michiels S, Ohashi Y,
Pignon JP, Rougier P, Sakamoto J, Sargent D, Sasako M, Van
Cutsem E, Buyse M. Benefit of adjuvant chemotherapy for
resectable gastric cancer: a meta-analysis. JAMA 2010; 303:
1729-1737 [PMID: 20442389 DOI: 10.1001/jama2010-534]
Liu TS, Wang Y, Chen SY, Sun YH. An updated metaanalysis of adjuvant chemotherapy after curative resection
for gastric cancer. Eur J Surg Oncol 2008; 34: 1208-1216 [PMID:
18353606 DOI: 10.1016/ejso2008.02.002]
Ajani JA, Mayer RJ, Ota DM, Steele GD, Evans D, Roh M,
Sugarbaker DJ, Dumas P, Gray C, Vena DA. Preoperative
and postoperative combination chemotherapy for potentially resectable gastric carcinoma. J Natl Cancer Inst 1993;
85: 1839-1844 [PMID: 8230264 DOI: 10.1093/jnci/85.22.1839]
Hartgrink HH, van de Velde CJ, Putter H, Songun I, Tesselaar ME, Kranenbarg EK, de Vries JE, Wils JA, van der Bijl
J, van Krieken JH. Neo-adjuvant chemotherapy for operable
gastric cancer: long term results of the Dutch randomised
FAMTX trial. Eur J Surg Oncol 2004; 30: 643-649 [PMID:
15256239 DOI: 10.1016/j.ejso.2004.04.013]
Schuhmacher C, Gretschel S, Lordick F, Reichardt P, Hohenberger W, Eisenberger CF, Haag C, Mauer ME, Hasan
B, Welch J, Ott K, Hoelscher A, Schneider PM, Bechstein W,
Wilke H, Lutz MP, Nordlinger B, Van Cutsem E, Siewert JR,
Schlag PM. Neoadjuvant chemotherapy compared with surgery alone for locally advanced cancer of the stomach and
cardia: European Organisation for Research and Treatment
of Cancer randomized trial 40954. J Clin Oncol 2010; 28:
5210-5218 [PMID: 21060024 DOI: 10.1200/JCO2009.26.6114]
Biffi R, Fazio N, Luca F, Chiappa A, Andreoni B, Zampino
MG, Roth A, Schuller JC, Fiori G, Orsi F, Bonomo G, Crosta
C, Huber O. Surgical outcome after docetaxel-based neoadjuvant chemotherapy in locally-advanced gastric cancer.
World J Gastroenterol 2010; 16: 868-874 [PMID: 20143466]
D’Ugo D, Rausei S, Biondi A, Persiani R. Preoperative treat-

April 14, 2014|Volume 20|Issue 14|

Giuliani A et al . Gastric cancer treatment

70

71

72

73

74

75

76

ment and surgery in gastric cancer: friends or foes? Lancet
Oncol 2009; 10: 191-195 [PMID: 19185837 DOI: 10.1016/
S1470-2045(09)70021-X]
Ychou M, Boige V, Pignon JP, Conroy T, Bouché O, Lebreton G, Ducourtieux M, Bedenne L, Fabre JM, Saint-Aubert B,
Genève J, Lasser P, Rougier P. Perioperative chemotherapy
compared with surgery alone for resectable gastroesophageal adenocarcinoma: an FNCLCC and FFCD multicenter
phase III trial. J Clin Oncol 2011; 29: 1715-1721 [PMID:
21444866 DOI: 10.1200/JCO2010.33.0597]
Dikken JL, van Sandick JW, Maurits Swellengrebel HA,
Lind PA, Putter H, Jansen EP, Boot H, van Grieken NC,
van de Velde CJ, Verheij M, Cats A. Neo-adjuvant chemotherapy followed by surgery and chemotherapy or by
surgery and chemoradiotherapy for patients with resectable
gastric cancer (CRITICS). BMC Cancer 2011; 11: 329 [PMID:
21810227 DOI: 10.1186/1471-2407-11-329]
Zhang ZX, Gu XZ, Yin WB, Huang GJ, Zhang DW, Zhang
RG. Randomized clinical trial on the combination of preoperative irradiation and surgery in the treatment of adenocarcinoma of gastric cardia (AGC)--report on 370 patients.
Int J Radiat Oncol Biol Phys 1998; 42: 929-934 [PMID: 9869212
DOI: 10.1016/S0360-3016(98)00280-6]
Skoropad VY, Berdov BA, Mardynski YS, Titova LN. A prospective, randomized trial of pre-operative and intraoperative radiotherapy versus surgery alone in resectable gastric
cancer. Eur J Surg Oncol 2000; 26: 773-779 [PMID: 11087644
DOI: 10.1053/ejso.2000.1002]
Skoropad V, Berdov B, Zagrebin V. Concentrated preoperative radiotherapy for resectable gastric cancer: 20-years
follow-up of a randomized trial. J Surg Oncol 2002; 80: 72-78
[PMID: 12173383 DOI: 10.1002/jso.10102]
Valentini V, Cellini F, Minsky BD, Mattiucci GC, Balducci
M, D’Agostino G, D’Angelo E, Dinapoli N, Nicolotti N,
Valentini C, La Torre G. Survival after radiotherapy in gastric cancer: systematic review and meta-analysis. Radiother
Oncol 2009; 92: 176-183 [PMID: 19586672 DOI: 10.1016j.radonc2009.06.014]
Landry J, Tepper JE, Wood WC, Moulton EO, Koerner F,
Sullinger J. Patterns of failure following curative resection
of gastric carcinoma. Int J Radiat Oncol Biol Phys 1990; 19:

77

78

79

80

81

82

83

1357-1362 [PMID: 2262358 DOI: 10.1016/0360-3016(90)90344
-J]
Dikken JL, van de Velde CJ, Coit DG, Shah MA, Verheij M,
Cats A. Treatment of resectable gastric cancer. Therap Adv
Gastroenterol 2012; 5: 49-69 [PMID: 22282708 DOI: 10.1177/1
756283X11410771]
Fujimura T, Yonemura Y, Muraoka K, Takamura H, Hirono Y, Sahara H, Ninomiya I, Matsumoto H, Tsugawa K,
Nishimura G. Continuous hyperthermic peritoneal perfusion for the prevention of peritoneal recurrence of gastric
cancer: randomized controlled study. World J Surg 1994; 18:
150-155 [PMID: 8197772 DOI: 10.1007/BF00348209]
Rosen HR, Jatzko G, Repse S, Potrc S, Neudorfer H, Sandbichler
P, Zacherl J, Rabl H, Holzberger P, Lisborg P, Czeijka M.
Adjuvant intraperitoneal chemotherapy with carbonadsorbed mitomycin in patients with gastric cancer: results of
a randomized multicenter trial of the Austrian Working Group
for Surgical Oncology. J Clin Oncol 1998; 16: 2733-2738 [PMID:
9704725]
Yu W, Whang I, Chung HY, Averbach A, Sugarbaker PH.
Indications for early postoperative intraperitoneal chemotherapy of advanced gastric cancer: results of a prospective
randomized trial. World J Surg 2001; 25: 985-990 [PMID:
11571980 DOI: 10.1007/s00268-001-0067-7]
Fujimoto S, Takahashi M, Mutou T, Kobayashi K, Toyosawa
T. Successful intraperitoneal hyperthermic chemoperfusion
for the prevention of postoperative peritoneal recurrence in
patients with advanced gastric carcinoma. Cancer 1999; 85:
529-534 [PMID: 10091726 DOI: 10.1002/(SICI)1097-0142(199
90201)85:3<529::AID-CNCR3>3.0.CO;2-9]
Sugarbaker PH, Yu W, Yonemura Y. Gastrectomy, peritonectomy, and perioperative intraperitoneal chemotherapy:
the evolution of treatment strategies for advanced gastric
cancer. Semin Surg Oncol 2003; 21: 233-248 [PMID: 14648781
DOI: 10.1002/ssu.10042]
Yan TD, Black D, Sugarbaker PH, Zhu J, Yonemura Y, Petrou G, Morris DL. A systematic review and meta-analysis
of the randomized controlled trials on adjuvant intraperitoneal chemotherapy for resectable gastric cancer. Ann Surg
Oncol 2007; 14: 2702-2713 [PMID: 17653801 DOI: 10.1245/
s10434-007-9487-4]
P- Reviewers: Chai J, Cullen JJ, Chen YP, Masui T
S- Editor: Ma YJ L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

3904

April 14, 2014|Volume 20|Issue 14|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i14.3905

World J Gastroenterol 2014 April 14; 20(14): 3905-3915
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (8): Gastric cancer

Treatment options in patients with metastatic gastric
cancer: Current status and future perspectives
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troesophageal adenocarcinoma should be considered.
Other agents targeting vascular endothelial growth
factor, mammalian target of rapamycin, and other biological pathways have also been investigated in clinical trials, but showed little impact on the survival of
patients. In this review, systemic chemotherapy and
targeted therapies for metastatic gastric cancer in the
first- and second-line setting are summarized in the
light of recent advances.
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Abstract
Despite advances in the treatment of gastric cancer,
it remains the world’s second highest cause of cancer
death. As gastric cancer is often diagnosed at an advanced stage, systemic chemotherapy is the mainstay
of treatment for these patients. However, no standard
palliative chemotherapy regimen has been accepted
for patients with metastatic gastric cancer. Palliative
chemotherapy including fluoropyrimidine, platin compounds, docetaxel and epirubicin prolongs survival,
and improves a high quality of life to a greater extent
than best supportive care. The number of clinical
investigations associated with targeted agents has
recently increased. Agents targeting the epidermal
growth factor receptor 1 and human epidermal growth
factor receptor 2 (HER2) have been widely tested.
Trastuzumab was the first target drug developed, and
pivotal phase Ⅲ trials showed improved survival when
trastuzumab was integrated into cisplatin/fluoropyrimidine-based chemotherapy in patients with metastatic
gastric cancer. Trastuzumab in combination with chemotherapy was thus approved to be a new standard
of care for patients with HER2-positive advanced
esophagogastric adenocarcinoma. Thus, the evaluation of HER2 status in all patients with metastatic gas-
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Core tip: Although palliative chemotherapy have been
demonstrated to improve survival and quality of life,
the prognosis of patients with metastatic gastric cancer
remains poor and responses to first-line chemotherapy
are partial and heterogeneous. In order to improve the
results of currently available treatments, remarkable
advancements in new targeted agents have recently
been obtained. The addition of trastuzumab to cisplatin/fluoropyrimidine-based chemotherapy significantly
improved survival in patients with human epidermal
growth factor receptor 2-positive metastatic gastric
cancer, which is now the new standard of care. Our
manuscript will elucidate current systemic chemotherapy and promising targeted therapies for metastatic
gastric cancer in the first- and second-line setting in the
light of recent advances.
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international consensus regarding the best management
approach[13-16], and meta-analysis of these studies[12] has
demonstrated that combination chemotherapy is superior to monotherapy, with a HR of 0.83 for OS (95%CI:
0.74-0.93) in favor of combination chemotherapy.
In the early 1980s, the FAM chemotherapy regimen
(fluorouracil, doxorubicin mitomycin) was accepted as
the gold standard regimen for patients with metastatic
gastric cancer[17]. Subsequently, in a study carried out by
Webb et al[18], 274 patients with metastatic esophagogastric cancer were randomly assigned to receive either epirubicin, cisplatin and fluorouracil (ECF) or fluorouracil,
doxorubicin, and methotrexate (FAMTX). The patients
treated with ECF had a significantly longer median OS
(8.9 mo vs 5.7 mo, P = 0.0009) than the FAMTX group.
Multiple randomized studies have compared various
fluorouracil-based regimens and of all the combination
regimens, ECF has been considered to be the reference
standard regimen in the United States and Europe based
on OS and quality of life benefits[19].
The REAL-2 trial reported that oxaliplatin and
capecitabine were found to be noninferior to cisplatin
and fluorouracil, with manageable toxicity profiles[20].
This trial compared capecitabine with fluorouracil and
oxaliplatin with cisplatin in 1002 patients with advanced
esophageal, gastroesophageal junction, or gastric cancer.
In a two-by-two design, patients with histologically confirmed advanced esophagogastric cancer were randomized to receive one of four epirubicin-based regimens
[ECF, epirubicin, oxaliplatin and fluorouracil (EOF),
epirubicin, cisplatin and capecitabine (ECX) and epirubicin, oxaliplatin and capecitabine (EOX)]. The median OS
times in the ECF, EOF, ECX and EOX groups were 9.9,
9.3, 9.9 and 11.2 mo, respectively. For the capecitabinefluorouracil and oxaliplatin-cisplatin comparisons, the
results indicated a noninferior median OS in patients
treated with capecitabine rather than 5-FU (HRdeath: 0.86;
95%CI: 0.82-0.99) and in patients treated with oxaliplatin
in place of cisplatin (HRdeath: 0.92; 95%CI: 0.80-1.10)[20].
Since REAL-2, oxaliplatin and capecitabine have often
been substituted for cisplatin and 5-FU within the ECF
regimen in many cancer centers.
Another phase Ⅲ randomized noninferiority trial,
ML17032, performed by Kang et al[21], compared the
combination capecitabine and cisplatin (XP) with the
combination of fluorouracil and cisplatin (FP) in patients
with previously untreated advanced gastric cancer in the
first-line setting. Both overall response rates (ORR) and
median OS times were superior for patients treated with
the XP regimen (ORR; 41% vs 29% and OS; 10.5 mo vs 9.3
mo, respectively), although the median progression-free
survival (PFS) time was found to be similar for both regimens (5.6 mo for XP and 5.0 mo for FP). The authors
concluded that capecitabine is as effective as fluorouracil
in the treatment of patients with advanced esophagogastric cancer. Thereafter, a meta-analysis of the REAL-2
and ML17032 trials demonstrated that OS was superior
in the 654 patients who received capecitabine-based

INTRODUCTION
Gastric cancer is the second most common cause of
cancer death worldwide. Although the overall incidence
and mortality of this disease have dramatically declined
over the last few decades, it remains a major health problem[1,2]. Radical gastrectomy is the only curative treatment
of gastric cancer, but recurrences are common, being
detected in approximately 60% of patients[3]. In addition,
gastric cancer is often diagnosed at an advanced stage,
other than in Japan and Korea, where screening is widely
performed. For these patients, systemic chemotherapy is
the mainstay of treatment[4,5]. Although recent phase Ⅲ
studies showed some benefit from chemotherapy regimens including docetaxel, capecitabine, irinotecan, cisplatin and oxaliplatin[5], there is no internationally accepted
standard of care.
Treatment responses and prognosis are highly variable
even within the same stage. Therefore, a thorough understanding of cancer biology is essential for better management of gastric cancer in the future. To date, molecular
targets such as epidermal growth factor (EGFR) receptor, vascular endothelial growth factor (VEGF) receptor
and human epidermal growth factor receptor 2 (HER2)
have been tested by clinical trials in metastatic gastric
cancer[6,7]. A recent phase Ⅲ trial proved the benefit of
trastuzumab (anti-HER2 antibody) in combination with
chemotherapy in advanced HER2-positive gastric cancer
or esophagogastric junction[8]. Despite these marked advances, the prognosis of patients with advanced gastric
cancer remains poor. Therefore, new therapeutic molecular targets are required to improve the survival of
patients[7].
In this article, we review the currently available treatments in light of the most recent publications and guidelines, along with promising therapeutic options that are
still under development for patients with advanced gastric
cancer.

CURRENT TREATMENT OPTIONS FOR
ADVANCED GASTRIC CANCER
First-line chemotherapy
Palliative chemotherapy versus best supportive care (BSC)
for patients with metastatic gastric cancer has been evaluated in several clinical trials, which showed that palliative
chemotherapy improved overall survival (OS) for several
mo longer on average than supportive care[9-12]. A metaanalysis performed by Wagner et al[12] demonstrated an
overall HR of 0.39 (95%CI: 0.28-0.52) for OS in favor of
chemotherapy compared with BSC, which translates to a
benefit in weighted mean average survival of about 6 mo.
Moreover, chemotherapy also provided relief of symptoms, and improved and prolonged a high quality of life
more than BSC[9].
In the last 20 years, multiple randomized trials testing different combination regimens in patients with
metastatic gastric cancer have indicated that there is no
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0.86, 95%CI: 0.73-1.02) in the previous meta-analysis[5].
Furthermore, irinotecan-based regimens have also been
tested comprehensively and found to be active in single
arm and randomized clinical trials[29-34]. In a phase Ⅲ
randomized trial performed by Dank et al[32], irinotecan
in combination with fluorouracil and folinic acid (IF)
was compared with the combination of cisplatin and
infusional fluorouracil (CF) in patients with advanced adenocarcinoma of esophagogastric cancer. The results of
this trial showed that the IF regimen resulted in improved
TTP, but not OS, compared with CF. However, IF was
better with respect to toxic deaths, discontinuation for
toxicity, severe neutropenia, thrombocytopenia and stomatitis. The authors concluded that IF may provide an
acceptable, platinum-free front-line treatment alternative
for metastatic gastric cancer. Another phase Ⅱ trial revealed that the combination of capecitabine and irinotecan had a similar ORR (37.7% vs 42%, respectively) and
median PFS (4.2 mo vs 4.8 mo, respectively), but a trend
towards better median OS (10.2 mo vs 7.9 mo, respectively) than the capecitabine-cisplatin regimen[34].
S-1 is an oral fluoropyrimidine that includes three
different agents: tegafur, gimeracil (5-chloro-2,4 dihydropyridine) and oteracil (potassium oxonate). This novel
oral agent has shown promising results in patients with
advanced gastric cancer, but the majority of data supporting the use of S-1 for advanced gastric cancer are
from studies including Asian patients[5,35]. The randomized phase Ⅲ SPIRITS trial in 298 patients with advanced
gastric cancer showed that both the median PFS (6.0 mo
vs 4.0 mo) and median OS (13 mo vs 11 mo, P = 0.04) for
patients who received combined S1 plus cisplatin were
significantly better than those of patients who received
S-1 alone in an Asian population. On the other hand, the
grade 3 and 4 toxicity rates were significantly higher[36].
Tegafur is metabolized differently in Western and
Asian populations, and as a result, the maximally tolerated dose also differs. Therefore, Western experience with
combined S-1 plus cisplatin for advanced gastric cancer is
limited, but also promising[37,38]. In their phase Ⅲ FLAGS
trial including 1053 patients with advanced esophagogastric adenocarcinoma, Ajani et al[39] randomized patients to
cisplatin plus either 5-FU or S-1. They showed that the
median OS was not significantly inferior with S-1/cisplatin compared to the CF regimen (8.6 mo vs 7.9 mo).
In addition, S-1/cisplatin was associated with a more
favorable side effect profile and fewer treatment-related
deaths[39]. It is thought that the lower cisplatin dose intensity in the S-1/cisplatin arm (75 mg/m2 vs 100 mg/m2)
may have contributed to the survival and toxicity results.
Despite the results of the FLAGS trial, future studies are
needed to confirm the activity of S-1 in Western populations. Recently, updated results of the phase Ⅲ START
trial presented at the 2012 ESMO meeting showed that
among the 635 patients with metastatic gastric cancer analysed, the median OS time was 12.48 mo when S-1 was
combined with docetaxel compared to 10.78 mo in patients who received S-1 alone. Neutropenia was the most

regimens compared with the 664 patients treated with
fluorouracil-based combinations, but there was no significant difference with respect to PFS between treatment
groups[22].
An incremental improvement in OS was also suggested in the V325 trial[23]. This randomized multinational
phase Ⅲ trial evaluated the combination of docetaxel,
cisplatin and fluorouracil (DCF) in patients with untreated advanced gastric cancer. Four hundred and fortyfive patients were randomized to receive either DCF
every 3 wk or cisplatin and fluorouracil (CF). Time-toprogression (TTP) for patients who received DCF was
significantly longer than that of patients treated with CF
(5.6 mo vs 3.7 mo; HR = 1.47; 95%CI: 1.19-1.82; P <
0.001; risk reduction 32%). Moreover, the median OS
time was significantly worse for patients who received
DCF compared with patients who received CF (9.2 mo
vs 8.6 mo; HR = 1.29; 95%CI: 1.0-1.6; P = 0.02; risk reduction 23%)[23]. High toxicity rates were reported in this
trial, especially involving febrile neutropenia, which was
more common in patients who received DCF (29% vs
12%); the death rate in the study was 10.4% for patients
who received the DCF regimen and 9.4% for patients
treated with the CF arm.
As the DCF regimen resulted in high toxicity profiles, several clinical trials have tested modifications of
the DCF regimen with the aim of reducing toxicity and
improving tolerability[24-26]. The recent GATE phase Ⅱ
study carried out by Van Cutsem et al[27] showed that the
combination of docetaxel, oxaliplatin and fluorouracil
(DOF) had a better RR, TTP and median OS time (47%,
7.7 and 15 mo, respectively) compared with the combination docetaxel and oxaliplatin (23%, 4.5 and 9 mo, respectively) and docetaxel, oxaliplatin and capecitabine (26%,
5.6 and 11 mo, respectively) in patients with previously
untreated advanced gastric cancer. Furthermore, the
DOF regimen produced a better safety profile compared
to other regimens.
Al-Batran et al[28], in their phase Ⅲ trial, reported that
median PFS showed a tendency to be better in patients
who received a combination of fluorouracil, leucovorin
and oxaliplatin (FLO) than that of patients who received
a combination of fluorouracil, leucovorin and cisplatin
(FLP) (5.8 mo vs 3.9 mo, P = 0.077). On the other hand,
the median OS time did not differ significantly (10.7 mo
vs 8.8 mo, P > 0.05) between the two groups. Thereafter, the authors performed a post hoc subgroup analysis
in patients older than 65 years, and the FLO regimen
produced a significantly superior RR (41.3% vs 16.7%),
median PFS (6.0 mo vs 3.1 mo, P = 0.029) and timeto-treatment failure (5.4 mo vs 2.4 mo, P < 0.001), and
an improved median OS (13.9 mo vs 7.2 mo, P = 0.08)
compared with the FLP regimen. In addition, there was
significantly less toxicity with FLO in this trial.
The comparison of irinotecan-containing versus nonirinotecan-containing regimens (mainly fluorouracilcisplatin) showed a nonstatistically significant trend
toward better survival with irinotecan (HR for death:
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Table 1 Selected phase III clinical trials of current chemotherapy regimens for patients with advanced gastric cancer in the first-line setting
Ref.
Van Cutsem et al[23]
Cunningham et al[20]
Kang et al[21]
Al-Batran et al[24]
Dank et al[32]
Koizumi et al[36]
Ajani et al[39]
Yoshida et al[40]

Regimen

No. of patients

Response rate

Median PFS/TTP and OS (mo)

DCF vs CF
EOF vs EOX vs ECX vs
ECF
CX vs CF
FLC vs FLO
IF vs CF
CS vs S
CS vs CF
DS vs S

445
1002

37% vs 25%
42.4% vs 47.9% vs 46.4% vs
40.7%
41% vs 29%
34.8% vs 24.5%
31.8% vs 25.8%
54% vs 31%
29.1% vs 31.9%
38.8% vs 26.8%

TTP, 5.6 vs 3.7; OS, 9.2 vs 8.6
PFS, 6.5 vs 7.0 vs 6.7 vs 6.2;
OS, 9.3 vs 11.2 vs 9.9 vs 9.9
PFS, 5.6 vs 5.0; OS, 10.5 vs 9.3
PFS, 5.8 vs 3.9; OS, 10.7 vs 8.8
TTP, 5.0 vs 4.2; OS, 9.0 vs 8.7
PFS, 6.0 vs 4.0; OS, 13 vs 11
PFS, 4.8 vs 5.5; OS, 8.6 vs 7.9
PFS, 5.29 vs 4.17; OS, 12.48 vs 10.78

316
220
333
305
1053
635

DCF: Docetaxel, cisplatin and fluorouracil; CF: Cisplatin and fluorouracil; EOF: Epirubicin, oxaliplatin and fluorouracil; EOX: Epirubicin, oxaliplatin and
capecitabine; ECX: Epirubicin, cisplatin and capecitabine; ECF: Epirubicin, cisplatin and fluorouracil; CX: Cisplatin and capecitabine; FLO: Fluorouracil,
leucovorin and oxaliplatin; FLC: Fluorouracil, leucovorin and cisplatin; IF: Irinotecan and cisplatin; CS: Cisplatin and S-1; S: S-1; DS: Docetaxel and S-1; PFS:
Progression-free survival; OS: Overall survival; TTP: Time-to progression.

95%CI: 0.60-0.91, P = 0.0046). There was no significant
difference in rates of any adverse event, and cardiotoxicity was equally rare in both arms (an asymptomatic
decrease in the left ventricular ejection fraction, 5% vs
1%). Grade 3 to 4 heart failure was reported in one and
two patients, respectively. In subgroup analysis, trastuzumab was most effective in prolonging survival in the
subgroup of patients with IHC 3+ tumors (HR = 0.66,
95%CI: 0.50-0.87), less effective in patients with IHC 2+
tumors (HR = 0.78, 95%CI: 0.55-1.10), and ineffective
in those with HER2 gene-amplified, but non proteinexpressing (IHC 0 or 1+) tumors[8]. In the light of these
findings, trastuzumab in combination with chemotherapy
was approved to be a new standard of care for patients
with HER2-positive advanced esophagogastric adenocarcinoma. Therefore, all patients with metastatic gastroesophageal adenocarcinoma should be evaluated in terms
of HER2 status.
Lapatinib, an orally active tyrosine kinase inhibitor, has double targeted inhibition of both EGFR1 and
HER2. The results of the randomized, phase Ⅲ TyTAN
trial were presented at the 2013 ASCO Gastrointestinal
Cancer Symposium[47]. The addition of lapatinib produced no significant benefit with respect to PFS (5.4
mo vs 4.4 mo) or OS (11.0 mo vs 8.9 mo) in the intent
to treat population of advanced gastric cancer. On the
other hand, there was significant benefit in both PFS (5.6
mo vs 4.2 mo) and OS (14.0 mo vs 7.6 mo) for patients
with IHC 3+. The preliminary results of the TRIO-013/
LOGiC trial were presented at the 2013 ASCO annual
meeting[48]. In 545 patients with advanced gastroesophageal cancer, the benefit derived from the addition of lapatinib to chemotherapy was tested in first-line treatment.
The combination of lapatinib and capecitabine/oxaliplatin did not significantly improve the median OS (12.2 mo
vs 10.5 mo, HR = 0.91, 95%CI: 0.73-1.12) compared with
chemotherapy alone. No correlation between intensity
of staining for HER2 by IHC and outcomes was found.
However, in subgroup analysis, Asian patients (median
OS, 16.5 mo vs 10.9 mo, HR 0.68) and those under age
60 (median OS, 12.9 mo vs 9 mo, HR 0.69) seemed to
benefit from lapatinib. The addition of lapatinib was as-

frequent adverse event in the docetaxel/S-1 arm, with
one death occurring from grade 4 thrombocytopenia[40].
Selected phase Ⅲ clinical trials of current chemotherapy
regimens for patients with advanced gastric cancer in the
first-line setting are summarized in Table 1.
Targeted therapy
Anti-HER2 agents: EGFR overexpression has been
found in different cancer types including gastric cancer
and is believed to be associated with tumor invasion, high
grade histology, and poor prognosis[41]. The EGFR family comprises four members, of which epidermal growth
factor receptor 1 (EGFR1) and HER2 (EGFR-Ⅱ) have
been comprehensively investigated as targets for drugs
in patients with metastatic gastric cancer. HER2 amplification and HER2 overexpression increase from 12%
to 27% and 9% to 23%, respectively, in esophagogastric
cancer, a similar percentage to that seen in breast cancer[42-46]. HER2 positivity is reported to be more frequent
in patients with intestinal histology (34%) than in those
with diffuse-type histology (6%), as well as in gastroesophageal junction (32%) compared to gastric cancer
(18%)[46].
The trastuzumab for gastric cancer (ToGA) trial, a
pivotal randomized, prospective, multicenter, phase Ⅲ
clinical trial, evaluated the efficacy of anti-HER2 trastuzumab in combination with chemotherapy in patients
with HER-2-positive advanced, mostly metastatic, gastric cancer[8]. After screening 3807 patients, 584 eligible
HER2-positive patients according to immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH),
were randomized to trastuzumab plus chemotherapy
(fluorouracil or capecitabine and cisplatin) or chemotherapy alone. The study treatment was administered
every 3 wk for six cycles, and trastuzumab was continued
every 3 wk until disease progression, unacceptable toxicity, or withdrawal of consent. Crossover to trastuzumab
at disease progression was not permitted. The ORR was
significantly higher in the trastuzumab-containing arm
(47% vs 35%). At a median follow-up of 17.1 to 18.6
mo, the median OS was significantly longer in the trastuzumab-containing arm (13.8 mo vs 11.1 mo, HR = 0.74,
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Anti-VEGF agents have recently been developed and
comprise monoclonal antibodies and TKIs.
Bevacizumab is a humanized monoclonal antibody
against VEGF, which is an endothelial cell-specific mitogen and the most potent driver of angiogenesis in
tumorigenesis as it increases microvascular permeability.
The inhibition of VEGF-A prevents pathological angiogenesis by inhibiting its interaction with VEGFR-2.
This inhibition by bevacizumab has had a positive impact
on patient outcomes in several malignancies including
colorectal, lung, and renal cell carcinoma, as well as recur
rent glioblastoma[50]. Several phase Ⅱ trials produced
promising results when using bevacizumab in combination with different chemotherapeutic agents in treatmentnaive patients with locally advanced or metastatic gastric
cancer[61-63].
The recently published AVAGAST, phase Ⅲ trial
evaluated the benefit of bevasizumab in combination
with cisplatin and capecitabine as a first-line therapy in
774 patients with advanced gastric carcinoma[64]. Patients
received capecitabine and cisplatin (XP) in combination
with either bevacizumab or a placebo. AVAGAST did not
reach its primary endpoint with no significant difference
in OS (12.1 mo in bevacizumab-arm vs 10.1 mo in placebo-chemotherapy arm; HR = 0.87, P = 0.1002); however,
both PFS (6.7 mo vs 5.3 mo, HR = 0.80, P = 0.0037) and
ORR (46.0% vs 37.4%, P = 0.0315) improved significantly in the bevacizumab arm. In an unplanned subgroup
analysis, OS for the pan-American subgroup was 6.8 mo
for placebo vs 11.5 mo for bevacizumab (HR = 0.63). For
European and Asian-Pacific subgroups, the OS was 8.6 vs
11.1 mo (HR = 0.85), and 12.1 mo vs 13.9 mo (HR = 0.97),
respectively, with all results favoring bevacizumab. It was
not clear whether the discrepancy came from genetic
differences in ethnicity or from differences in treatment
patterns, but Asian patients had fewer EGJ primaries, a
lower frequency of liver metastases, and received secondline chemotherapy more often than did pan-American
patients. Similar negative results for the addition of bevacizumab to XP in Asian patients with advanced gastric
cancer were also presented at the 2012 ASCO Gastrointestinal Cancers Symposium in a preliminary report of
the AVATAR study[65].
Ramucirumab (IMC-1121B) is a fully humanized
monoclonal antibody aganist VEGFR-2[66]. Several phase
Ⅱ and phase Ⅲ trials are currently underway or planned
including ramucirumab plus chemotherapy vs chemotherapy plus placebo or best supportive care in both the firstand second-line setting (NCT00917384, NCT01170663,
NCT01246960).
Apatinib is a TKI agent targeting VEGFR-2 (VEGFR), and its anti-angiogenesis effect has been demonstrated in preclinical tests. A recently published phase Ⅱ trial
tested apatinib in patients with chemotherapy-refractory
advanced metastatic gastric cancer. The median OS times
were 2.50, 4.83 and 4.27 mo, in the placebo, apatinib 850
mg, once and apatinib 450 mg, twice daily arms respectively, and the median PFS times were 1.40, 3.67, and 3.20

sociated with increased toxicity.
Anti-EGFR1 agents: EGFR is a transmembrane tyrosine kinase receptor involved in the proliferation and
survival of cancer cells. EGFR overexpression is associated with advanced stages and poor prognosis in gastric cancer patients[49], and EGFR expression has been
reported in 60% of gastric cancer patients[50,51]. AntiEGFR monoclonal antibodies bind to the extracellular
domain of EGFR in its inactive state; they compete for
receptor binding by occluding the ligand-binding region,
and thereby block ligand-induced EGFR tyrosine kinase
activation. Cetuximab is a chimeric monoclonal antibody
targeting EGFR and it’s inhibition prevents tumor cell
growth, angiogenesis, invasion, and metastasis, and induces apoptosis. The efficacy of this anti-EGFR monoclonal
antibody in combination with chemotherapy has been reported in several phase Ⅱ clinical trials[52-54]. On the other
hand, the benefit derived from the addition of cetuximab
to chemotherapy could not be confirmed in a phase Ⅲ
trial comparing chemotherapy alone in the first-line setting. In a recent phase Ⅲ (EXPAND) trial, 904 patients
with advanced gastroesophageal adenocarcinoma were
randomized to capecitabine and cisplatin with or without
cetuximab[55]. The median PFS for patients who received
the cetuximab-chemotherapy regimen was 4.4 mo compared with 5.6 mo for patients treated with chemotherapy
alone (HR = 1.09, 95%CI: 0.92-1.29, P = 0.32). Moreover, the cetuximab arm resulted in more grade 3-4 adverse events (88% vs 77%). Similar results were reported
in another phase Ⅲ trial of panitumumab. The REAL3
trial evaluated the benefit of the addition of panitumumab to chemotherapy in 553 patients with previously
untreated advanced unselected esophagogastric cancer[56].
Patients were randomly allocated (1:1) to receive up to
eight 21-day cycles of EOX or modified EOX (with a reduction in oxaliplatin to 100 mg/m2 and capecitabine to
1000 mg/m2 per day) plus panitumumab. The authors indicated that the addition of panitumumab was associated
with a similar response rate but a significantly worse OS
(median 8.8 mo vs 11.3 mo). In the light of these results,
the addition of an anti-EGFR antibody to chemotherapy
cannot be considered a standard approach for patients
with advanced esophagogastric adenocarcinoma.
Small molecule tyrosine kinase inhibitors (TKI) have
also been tested for advanced esophagogastric cancer in
phase Ⅱ trials. The activity of erlotinib was suggested in
patients with unresectable or metastatic adenocarcinoma
originating in the EGJ or stomach in first-line treatment
in the SWOG trial[57]. Six of the 70 patients obtained an
ORR (9%, one complete), all of whom had EGJ tumors.
The predictive significance of EGFR expression with respect to clinical outcome was not shown.
Anti-VEGF/VEGFR agents: VEGF is overexpressed
by up to 60% and its overexpression correlates with an
advanced stage, higher risk of recurrence and tumor aggressiveness and is an indicator for poor prognosis[58-60].
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Table 2 Phase-Ⅲ trials regarding targeted therapies in advanced gastric cancer
Ref.

Study/setting

Treatment

No. of patients Response rate

Anti-HER2 agents
Bang et al[8]
ToGA/first-line
Trastuzumab + CX/CF vs CX/CF
Bang et al[47]
TyTAN/second-line
Lapatinib + P vs P
Hecht et al[48]
TRIO-013/LOGiC/first-line
Lapatinib + CAPOX vs CAPOX
Anti EGFR1 agents
Lordick et al[55]
EXPAND/first-line
Cetuximab + CX vs CX
Waddell et al[56]
REAL-3/first-line
Panitumumab + mEOX vs EOX
Anti-VEGF agents
Ohtsu et al[64]
AVAGAST/first-line
Bevacizumab + CX vs placebo + CX
mTOR inhibitors
Ohtsu et al[76]
GRANITE-1/first-line
Everolimus + BSC vs placebo + BSC

Median PFS/TTP and OS (mo)

584
430
545

47% vs 35%
NA
53% vs 40%

PFS, 6.7 vs 5.5; OS, 13.8 vs 11.1
PFS, 5.4 vs 4.4; OS, 11.0 vs 8.9
PFS, 6.0 vs 5.4; OS, 12.2 vs 10.5

904
553

29% vs 30%
42% vs 46%

PFS, 4.4 vs 5.6; OS, 9.4 vs 10.7
PFS, 6.0 vs 7.4; OS, 8.8 vs 11.3

774

46% vs 37.4%

PFS, 6.7 vs 5.3; OS, 12.1 vs 10.1

656

4.5% vs 2.1%

PFS, 1.7 vs 1.4; OS, 5.4 vs 4.3

HER2: Human epidermal growth factor receptor 2; EGFR1: Epidermal growth factor receptor 1; VEGF: Vascular endothelial growth factor; mTOR:
Mammalian target of rapamycin; CX: Cisplatin and capecitabine; CF: Cisplatin and fluorouracil; P: Paclitaxel; CAPOX: Capecitabine and oxaliplatin; EOX:
Epirubicin, oxaliplatin and capecitabine; mEOX: Modified EOX; BSC: Best supportive care; PFS: Progression-free survival; TTP: Time-to progression; OS:
Overall survival; NA: Not applicable.

mo respectively. The differences between the apatinib and
placebo groups were statistically significant for both PFS
(P < 0.001) and OS (P < 0.001 and 0.0017)[67]. Toxicities
were tolerable or manageable. A phase Ⅲ trial evaluating
apatinib vs placebo for patients with advanced gastric cancer in the third-line setting is ongoing (NCT01512745).
Sunitinib and sorafenib are multi-target TKIs that also
inhibit the VEGF receptor, as well as other TKs. Early
reported phase Ⅱ trials have indicated mixed results. In
a phase Ⅱ trial of sunitinib monotherapy for second-line
treatment of metastatic gastric cancer, a partial response
was obtained in only two of 78 patients, while another
25 showed a best response of stable disease ≥ 6 wk.
Median PFS and OS were 2.3 and 6.8 mo, respectively[68].
Another open-label randomized phase Ⅱ trial for the
second-line treatment of 107 patients with unresectable
or metastatic gastric cancer evaluated the combination
of sunitinib plus docetaxel vs docetaxel monotherapy[69].
Although the sunitinib arm was associated with a significantly higher ORR, there was no significant difference
in either TTP or OS. The combination of sorafenib plus
docetaxel and cisplatin was tested in a phase Ⅱ trial in
the first-line setting for patients with locally advanced or
metastatic esophagogastric adenocarcinoma[70]. This trial
demonstrated that the ORR was 41% and the median
OS was 13.6 mo; the major grade 3 or 4 toxicity was
neutropenia. However, these results will need to be further evaluated in a randomized trial in comparison with
historical data on docetaxel plus cisplatin alone. There
are a number of studies of locally advanced or metastatic
gastroesophageal adenocarcinoma patients currently underway or planned for sunitinib and sorafenib combined
with capecitabine-cisplatin or oxaliplatin-capecitabine,
S-1-cisplatin, the FOLFIRI regimen, and new agents
(NCT00555620, NCT00524186, NCT01020630). Table
2 shows selected phase Ⅲ clinical trials of targeted therapies in patients with advanced gastric cancer.

tiple signals from growth factors and hormones and plays
a central role in the control of cell survival, hyperplasia,
apoptosis, and other important physiological functions
critical to tumorigenesis and cancer development, and is
thus a potential target of anti-cancer therapy[71]. The first
mTOR targeting agent was everolimus, an oral mTOR
serine/threonine kinase inhibitor approved for the treatment of renal cell carcinoma, breast cancer, and progressive neuroendocrine tumors of pancreatic origin[72-74]. A
phase Ⅱ study performed by Doi et al[75], in 53 patients
with previously treated metastatic gastric cancer, reported
that the median PFS and OS times were 2.7 and 10.1 mo,
respectively, with good tolerability. A subsequent phase
Ⅲ GRANITE-1 trial evaluated everolimus or BSC plus
placebo in 656 previously treated advanced gastric cancer
patients and the results of this trial showed insignificant
benefit for the median OS (5.39 mo) in the everolimus
arm when compared to the placebo arm (4.3 mo, P =
0.1244). On the other hand, promising results regarding PFS with everolimus treatment were reported in this
study. The median PFS time was 1.68 mo in patients
who received everolimus compared with patients treated
with placebo (1.41 mo, HR = 0.68, P < 0.0001)[76]. There
are currently several ongoing phase Ⅱ and Ⅲ studies in
metastatic gastroesophageal adenocarcinoma patients
comparing everolimus combined with paclitaxel, 5-FU,
cisplatin, leucovorin and capecitabine (NCT01248403,
NCT00632268, NCT01099527).
c-MET (mesenchymal-epithelial transition factor)
is an oncogene encoding membrane TK receptor, and
binding of hepatocyte growth factor (HGF), its ligand,
to the receptor TK MET is implicated in the malignant process of multiple cancers, making disruption
of this interaction a promising therapeutic strategy.
MET expression or amplification has been found to be
associated with poor prognosis in gastric cancer[77,78].
Onartuzumab is a humanized, monovalent (one-armed)
monoclonal antibody against the MET receptor and
blocks HGF binding to MET. The efficacy and safety of
onartuzumab in combination with mFOLFOX6 in pa-

Other targeted agents: Mammalian target of rapamycin
(mTOR) is a serine/threonine kinase that integrates mul-
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tients with metastatic HER2-negative gastroesophageal
adenocarcinoma is currently being evaluated in phase Ⅱ
and Ⅲ trials (NCT01590719, NCT01662869). Rilotumumab is another human monoclonal antibody (IgG2)
against HGF that blocks binding of HGF to its receptor
MET, inhibiting HGF/MET-driven activities in cells. A
phase Ⅱ, double-blind, randomized study evaluated the
efficacy and safety of rilotumumab with ECX regimen
in patients with previously untreated metastatic gastroesophageal adenocarcinoma. The primary results of this
study showed that the primary endpoint of PFS showed
a tendency for a better outcome with rilotumumab plus
ECX. The addition of rilotumumab to chemotherapy
improved the median PFS from 4.2 to 5.6 mo (HR =
0.64). The secondary endpoint of OS also trended in
favor of rilotumumab, with an improved median OS
from 8.9 to 11.1 mo (HR = 0.73). The most common
adverse events seen in the rilotumumab plus ECX arms
were peripheral edema, neutropenia, anemia, thrombocytopenia and deep vein thrombosis. An exploratory
analysis according to the MET protein expression level
was presented at the 2012 ASCO annual meeting[79]. The
addition of rilotumumab to ECX chemotherapy in patients with gastric tumors with high MET expression improved the median OS from 5.7 to 11.1 mo (HR = 0.29,
P = 0.012). Conversely, in patients with gastric tumors
with low MET expression, the addition of rilotumumab
to chemotherapy was associated with a trend towards
unfavorable OS (HR = 1.84). These results have led to a
phase Ⅲ study to confirm the efficacy of rilotumumab
in advanced esophagogastric cancer with high MET expression. This study is currently ongoing (RILOMET-1
trial, NCT01697072).
According to pre-clinical studies, histone deacetylase
inhibitors (HDAC) have been found to be potential therapeutic targets in gastric cancer[80]. Vorinostat is a novel
targeted agent that prevents tumor cell proliferation,
survival and angiogenesis through histone deacetylase
inhibition. Phase Ⅰ/Ⅱ studies comparing the effect of
vorinostat with that of standard chemotherapy regimens
in patients with advanced gastric cancer are underway
(NCT01045538 and NCT00537121).

nificant improvement in median OS (5.3 mo) versus BSC
(3.8 mo) (HR = 0.657, P = 0.007), and patients were also
significantly more likely to receive further salvage chemotherapy. There was no difference in median OS between
docetaxel and irinotecan (5.2 mo vs 6.5 mo, P = 0.116).
In a smaller randomized, AIO trial carried out by
Thuss-Patience et al[83], 40 patients with tumor progression after first-line chemotherapy and a PS of 0-2 were
randomized to BSC or single-agent irinotecan. The
median OS was significantly longer for patients treated
with irinotecan chemotherapy than that of patients who
received BSC (4 mo vs 2.4 mo, HR = 0.48, P = 0.012).
Similarly, the phase Ⅲ COUGAR-02 trial showed a
modest survival benefit for single-agent docetaxel (75
mg/m2 every 3 wk) in 168 patients who progressed within
6 mo of a platinum/fluoropyrimidine chemotherapy
regimen. A preliminary report of this trial was presented
at the 2013 ASCO annual meeting and the addition of
docetaxel to BSC was associated with few ORR (7%), stable disease in 46% and a modest but statistically significant
prolongation of median OS (5.2 mo vs 3.6 mo)[84]. A high
rate of grade 4 toxicity was noted in the docetaxel arm,
but symptom scores for pain were significantly better.
A meta-analysis of these trials was recently published[81]. The authors indicated that a significant reduction in the risk of death (HR = 0.64, P < 0.0001) was
found with second-line chemotherapy. In addition, subgroup analysis showed a significant reduction in the risk
of death with both irinotecan (HR = 0.55, P = 0.0004)
and docetaxel (HR = 0.71, P = 0.004). In conclusion,
the authors reported evidence to support the efficacy of
second-line chemotherapy in the treatment of metastatic
gastric cancer. In the light of these findings, although
not all patients may be eligible for second-line therapy, it
should be considered an option in appropriate patients.
A results of randomized, phase Ⅲ, TCOG GI-0801
trial was presented at the 2013 ASCO Gastrointestinal
Cancers Symposium and median PFS for irinotecan plus
cisplatin (4.17 mo) was significantly better than irinotecan
alone (3.03 mo; P = 0.0324) in patients with previously
treated with S-1-based chemotherapy for advanced gastric cancer[85]. No significant differences were detected in
the TTF and RR (TTF, 3.4 mo vs 2.9 mo; RR; 21.9% vs
16.4% with irinotecan plus cisplatin and irinotecan alone,
respectively). OS was immature. Related adverse events
were comparable with irinotecan plus cisplatin and irinotecan. The authors concluded that irinotecan in combination with cisplatin has promising efficacy for the secondline chemotherapy compared with single agent irinotecan
for metastatic gastric cancer. Recent phase Ⅲ clinical
trials of second-line chemotherapy regimens for patients
with advanced gastric cancer after failure of the first-line
regimen are described in Table 3.

Second-line chemotherapy
Despite the improvement in survival of patients with
metastatic gastric cancer, most patients develop progression of disease after first-line chemotherapy. Some patients with gastric cancer after failure of the first-line regimen are treated with second-line chemotherapy, but there
was no standard second-line option until the positive
results of recent phase Ⅲ trials[81]. In a Korean trial 202
patients with advanced gastric cancer who had received
one or two prior chemotherapy regimens involving both
a fluoropyrimidine and a platinum agent, and with a performance status (PS) of 0 or 1, were randomly assigned
to either salvage chemotherapy (docetaxel 60 mg/m2
every 3 wk or irinotecan 150 mg/m2 every 2 wk) or best
supportive care in a 2:1 fashion[82]. The authors showed
that second-line chemotherapy was associated with a sig-

WJG|www.wjgnet.com

CONCLUSION
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have demonstrated positive results in terms of improved
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Table 3 Second-line chemotherapy trials in patients with advanced gastric cancer
Ref.
Kang et al[82]
Thuss-Patience et al[83]
Ford et al[84]
Shimada et al[85]

Regimen

No. of patients

Response rate

Median PFS/TTP and OS (mo)

Docetaxel or irinotecan + BSC vs BSC
Irinotecan vs BSC
Docetaxel + BSC vs BSC
Irinotecan + cisplatin vs irinotecan

202
40
168
130

44% vs 5%
7% vs NA
21.9% vs 16.4%

TTP, NA; OS, 5.3 vs 3.8
PFS, 2.6 vs NA; OS, 4.0 vs 2.4
PFS, 5.6 vs 5.0; OS, 5.2 vs 3.6
PFS, 4.17 vs 3.03; OS, NA

BSC: Best supportive care; NA: Not applicable; PFS: Progression-free survival; OS: Overall survival; TTP: Time-to progression.

static gastric cancer remains poor and responses to firstline chemotherapy are modest and heterogeneous. Therefore, in patients with refractory gastric cancer, although
not all patients may be eligible, second-line chemotherapy
should be considered an option in appropriate patients
in the light of recent phase Ⅲ trials and meta-analyses.
In order to improve the results of currently available
treatments, clinical investigations of targeted agents have
recently been conducted. Agents targeting EGFR1 and
HER2 have been widely tested. The addition of trastuzumab to cisplatin/fluoropyrimidine-based chemotherapy significantly improved survival in patients with HER2positive metastatic gastric cancer, which is now the new
standard of care by recent ToGA trial. However, this
benefit is limited to only approximately 20% of patients
with metastatic gastric cancer. Therefore, there remains a
critical need for both the development of more effective
agents. Other clinical trials of agents targeting VEGF,
mTOR, and other biological pathways, have shown
marginally positive results. However, future studies are
needed to confirm the benefit of adding these targeted
agents to chemotherapy and for the detection of novel,
molecular, predictive factors and therapeutic targets in
order to identify better and optimal treatment modalities
for metastatic gastric cancer.
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Core tip: Recent technological advances in genome-wide
analysis tools have revealed various molecular aberrations in cancer. Although gastric cancer involves multiple
genetic and epigenetic alterations, aberrant DNA methylation in gene promoter regions is thought to play a
critical role in gastric carcinogenesis. From the etiological viewpoint, two pathogens, Helicobacter pylori (H.
pylori ) and Epstein-Barr virus (EBV), are known to participate in gastric carcinogenesis. Chronic inflammation
in the gastric mucosa due to H. pylori and EBV infection
of gastric epithelial cells has been reported to cause aberrant promoter methylation, which may contribute to
the tumorigenic mechanisms of these pathogens.

Abstract
Gastric cancer is a leading cause of cancer death
worldwide, and significant effort has been focused on
clarifying the pathology of gastric cancer. In particular,
the development of genome-wide analysis tools has
enabled the detection of genetic and epigenetic alterations in gastric cancer; for example, aberrant DNA
methylation in gene promoter regions is thought to play
a crucial role in gastric carcinogenesis. The etiological
viewpoint is also essential for the study of gastric cancers, and two distinct pathogens, Helicobacter pylori
(H. pylori ) and Epstein-Barr virus (EBV), are known to
participate in gastric carcinogenesis. Chronic inflammation of the gastric epithelium due to H. pylori infection
induces aberrant polyclonal methylation that may lead
to an increased risk of gastric cancer. In addition, EBV
infection is known to cause extensive methylation, and
EBV-positive gastric cancers display a high methylation
epigenotype, in which aberrant methylation extends
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INTRODUCTION
Gastric cancer is a leading cause of cancer death worldwide[1]. Malignant tumors, including gastric cancer, are
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known to arise through multiple genetic and epigenetic
alterations[2], and these molecular changes eventually
impact the expression of cancer-associated genes, such
as oncogenes and tumor-suppressor genes. Historically,
one of the most common genetic alterations in cancer is
mutation of the TP53 gene[3,4]. TP53 is a core tumor-suppressor gene, and more than half of all gastric cancers
demonstrate loss of TP53 function due to genetic alterations[5]. Another example is CDH1, the gene encoding a
calcium-dependent cell-to-cell adhesion glycoprotein that
is responsible for familial diffuse type gastric cancers due
to germline mutations[6]. However, sporadic gastric cancers also display CDH1 somatic mutations at a constant
rate[7]. Moreover, recent whole-genome exome analyses in
gastric cancer have identified mutations in several genes,
including ARID1A, PIK3CA, and FAT4[8,9].
Although gastric cancer involves various molecular
alterations, aberrant promoter methylation plays a major
role in gastric carcinogenesis[10-15]. p16INK4A is the most
well-known tumor-suppressor gene that is silenced by
promoter methylation; the promoter region of p16INK4A
is aberrantly methylated in 25%-42% of gastric cancers[10,11,16,17], while mutations or deletions are very rare[16].
RUNX3 is also a significant tumor-suppressor gene in
gastric cancer[18], and approximately half of all gastric
cancer cases lose RUNX3 expression due to hemizygous
deletion and promoter hypermethylation, while point
mutations are rarely reported. Although mutations in
DNA mismatch-repair genes such as MLH1 and MSH2
are quite rare in gastric cancers[19,20], promoter methylation of MLH1 represents a major cause of microsatellite
instability (MSI)[21,22], which is observed in 31%-67% of
gastric cancers[19,23].
Several scanning methods have been developed to
identify novel tumor-suppressor genes silenced by promoter methylation[24-30], and genome-wide analysis has
demonstrated unusual clustering of aberrant methylation
in a subset of cancer cases. The phenotype presenting atypical methylation of cytosine-phosphate-guanine
(CpG) islands, termed the CpG island methylator phenotype (CIMP), was first described in colorectal cancers[31].
Gastric cancer was also evaluated using methylation
markers for colorectal cancer CIMP, and CIMP was also
found to be present in gastric cancer[10]. Genome-wide
analysis of aberrant DNA methylation in gastric cancer
was first performed using the methylation-sensitiverepresentational difference analysis (MS-RDA) method to
identify methylation-associated silenced genes, including
novel tumor-suppressor genes[32-34]. Using silenced genes
as markers, a subset of gastric cancers was demonstrated
to harbor unusual accumulation of aberrant methylation
in promoter CpG islands[32].
Environmental factors are also significantly related to
the induction of aberrant DNA methylation, and etiological studies have provided evidence that two distinct infectious agents, Helicobacter pylori (H. pylori) and Epstein-Barr
virus (EBV), are closely associated with gastric carcinogenesis[35-37]. Here, we review aberrant DNA methylation
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in gastric cancer and the association between methylation
and infection with these two unique pathogens.

EPIGENETIC MODIFICATION AND DNA
METHYLATION
Physiological function of DNA methylation
“Epigenetics”, as compared to “genetics”, is defined as
the study of genomic DNA modifications that are heritable during cell division but do not involve a change in
the DNA sequence itself, such as DNA methylation and
histone modification[12,13,38]. DNA methylation is the covalent modification of a methyl group on the 5-position
of cytosine at CpG dinucleotides[38,39]. CpG islands are
genomic regions that contain dense CpG dinucleotides,
and they are located in the promoter regions of approximately half of all genes. CpG islands are generally free
from DNA methylation, allowing for the expression of
downstream genes whose transcription is regulated by
histone modification[13].
In normal cellular processes, DNA methylation is
used for robust gene silencing, such as genome imprinting [40] and X-chromosome inactivation [41]. Moreover,
tissue-specific patterns of methylation or changes in
methylation during cellular differentiation have been discovered at CpG-poor promoters[42] and inter- and intragenic CpG islands[43]. In addition, when cells encounter
foreign nucleic acid, such as viral DNA, host cells take
advantage of DNA methylation as a defensive system to
inactivate foreign nucleic acid[44].
Aberrant DNA methylation in cancers
Broadly speaking, aberrant DNA methylation in cancer is
divided into two categories: “genome-overall hypomethylation” and “regional hypermethylation”. The former,
global hypomethylation, was discovered in the 1980s[45]
and can be defined as a decrease in 5-methylcytosine
content throughout the genome. CpG dinucleotides
show heterogeneous distribution, especially in repetitive
sequences, which are typically methylated in normal tissue[46,47]. In cancers, these repetitive sequences demonstrate aberrant hypomethylation[48], promoting genomic
instability and cancer progression[49-51]. Loss of imprinting
is another example of an epigenetic alteration related to
aberrant hypomethylation[52], and loss of imprinting in
IGF2 was shown to be involved in the early events of
carcinogenesis and was associated with increased colorectal cancer risk[53,54]. A subset of male germ line-specific
genes, specifically the MAGE gene families, was discovered to be a cancer antigen in malignant melanoma[55].
These genes are repressed by promoter methylation in
normal somatic tissues but are activated through promoter hypomethylation in several types of cancers[56,57].
The latter type of DNA methylation, regional hypermethylation, arises in CpG islands [58-60]. Aberrant
methylation of promoter CpG islands leads to inappropriate transcriptional silencing, and this phenomenon is
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regarded as one of the major mechanisms for inactivating tumor-suppressor genes[2,12-14]. Promoter methylation
in tumor-suppressor genes has been discovered in various cancers, including RB in sporadic retinoblastoma[61],
VHL in renal cell carcinoma[62], CDH1 in hepatocellular
carcinoma[63], and p16INK4A in various cancers[64].
In embryonic stem (ES) cells, the Polycomb repressive complex (PRC) plays a significant role in reversibly
repressing gene expression. In ES cells, these PRC-target
genes are frequently methylated compared to non-PRCtarget genes in various cancers[65]. Our comprehensive
methylation analysis of gastric cancer revealed significant
enrichment of aberrant methylation in PRC-target genes
in a subset of gastric cancers with a high-methylation epigenotype[37]. However, another subset of gastric cancer
demonstrated an extensively high methylation epigenotype that displayed extended methylation in both PRCtarget genes and non-PRC-target genes. This phenotype
was detected in EBV-positive gastric cancer, and it will be
discussed in detail later in this review.
Among the factors known to cause aberrant DNA
methylation in non-cancerous tissues, aging is known
to promote the accumulation of DNA methylation[66,67].
Indeed, age-dependent promoter methylation could explain the association between cancer and aging[68]. Recent
whole-genome bisulfite sequencing comparing newborn
and centenarian genomes demonstrated that centenarian
DNA had a lower DNA methylation content throughout the genome and showed the more hypomethylated
CpGs in promoters, exonic, intronic, and intergenic regions, whereas a greater level of DNA methylation was
observed in CpG island promoters[69]. Another report
showed that replicative senescent human cells exhibited
features similar to the cancer epigenome, such as widespread DNA hypomethylation and focal hypermethylation[70]. Epidemiological studies have also revealed that
the epigenetic status is influenced by various environmental factors[67] and can be associated with cancer incidence
or prognosis[71,72].
Among environmental factors, chronic inflammation
is a significant inducer of aberrant DNA methylation, as
demonstrated by the analysis of non-cancerous tissues,
such as colonic mucosae with ulcerative colitis[73], liver
tissue with chronic hepatitis[74], esophageal mucosae with
inflammatory reflux esophagitis[75], and gastric mucosae
with chronic gastritis[76]. In a mouse colitis model induced
by dextran sodium sulfate, aberrant CpG island methylation in colonic epithelial cells was shown to accumulate
gradually on a monthly basis[77]. Interestingly, even in
severe combined immunodeficiency (SCID) mice lacking
functional T and B lymphocytes, DNA methylation was
induced at the same level as in the background strain of
mice, suggesting that functional T and B lymphocytes are
not essential for methylation accumulation.
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H. PYLORI AND ABERRANT DNA
METHYLATION
Two distinct pathogens, H. pylori and EBV, are known to
be involved in gastric carcinogenesis. First, we will discuss
the association between chronic inflammation due to H.
pylori and DNA methylation.
H. pylori, discovered in 1983 by Marshall BJ and Warren JR[78], is a helix-shaped Gram-negative bacterium
present in the stomach of approximately half of the
world’s population[79,80]. Recent prospective cohort studies indicate that H. pylori infection plays an essential role
in various disorders, including gastric cancer[35,36], chronic
gastritis[78], intestinal metaplasia[81,82], and gastric lymphoma[83]. In 1994, the World Health Organization concluded
that “H. pylori is a definite carcinogen” based on epidemiological evidence[79,80].
Two pathways have been proposed to play a role in
gastric carcinogenesis resulting from H. pylori infection:
the direct interaction of H. pylori with the gastric epithelium and its indirect involvement through chronic inflammation. Ultimately, however, both of these pathways
cooperate to promote gastric carcinogenesis.
Direct interaction of H. pylori with gastric epithelium
The direct mechanism by which H. pylori contributes to
gastric carcinogenesis is attributed to its pathogenicity.
Most Gram-negative bacteria exert pathogenicity through
the acquisition of an exogenous gene cluster, termed a
pathogenicity island (PAI). H. pylori also contains a cag
PAI, which consists of an approximate 40-kbp stretch of
DNA encoding approximately 30 genes, including those
of the type Ⅳ secretion system[84]. The pathogenicity of
H. pylori depends on whether it contains cytotoxin-associated gene A (CagA) protein or not. Almost all strains of
H. pylori in East Asia contain the CagA protein, whereas
this frequency in Western strains is limited to 60%. The
pathogenicity of the CagA protein is exerted via injection
into gastric epithelial cells through type Ⅳ secretion systems (Figure 1). The CagA protein contains a conserved
motif in the C-terminus, the EPIYA motif, which dictates the severity of its pathogenicity. East Asian strains
of CagA exert more aggressive cytotoxicity compared to
Western strains[85].
Host cellular responses against injected CagA protein
display several patterns. These include (1) enhanced cell
motility that induces a growth-factor-like phenotype,
termed hummingbird, in host gastric cells[86]; (2) disruption of the epithelial apical-junctional complex[87]; and (3)
epithelial proliferative and proinflammatory responses
associated with the development of chronic gastritis and
gastric cancer[88]. Therefore, CagA plays a key role in gastric carcinogenesis, although the direct involvement of
CagA or other components of H. pylori in the induction
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H. pylori
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H. pylori infection
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→ methylation = Yes
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Figure 1 Schematic representation about infectious condition and pathogenicity of Helicobacter pylori. Pathogenicity of Helicobacter pylori (H. pylori) is exerted through injection of CagA into gastric epithelial cells using type Ⅳ secretion system. Inflammatory cell infiltration due to H. pylori might be more significant factor
in induction of aberrant DNA methylation (left). Injection of CagA leads to proliferation of epithelial cells, but it is still unclear whether it plays an important role in methylation induction in epithelial cells (right).

of CDH1 promoter methylation in gastric cancers[99,100].
Furthermore, the role of IL-1β in H. pylori-induced gastric inflammation and DNA methylation was confirmed
using IL-1 receptor type 1 knockout mice[101].

of DNA methylation has not been clarified.
Chronic inflammation induced by H. pylori
H. pylori indirectly promotes pathogenicity by inducing
chronic inflammation. Chronic inflammation generally
involves the accumulation of molecular damage through
a variety of mechanisms, such as DNA damage by free
radicals[89] or aberrant expression of activation-induced
cytidine deaminase (AID)[90]. Moreover, chronic inflammation induces aberrant DNA methylation[74]. Rather
than H. pylori infection itself, inflammatory cell infiltration
by H. pylori might be a more significant factor for the induction of aberrant DNA methylation[91]. In a Mongolian
gerbil model, suppression of aberrant DNA methylation
by 5-aza-dC treatment reduced, but did not entirely prevent, the incidence of H. pylori-induced gastric cancers[92].
This result demonstrates that aberrant DNA methylation
contributes to H. pylori-related gastric carcinogenesis, although some direct influences of H. pylori, without aberrant DNA methylation, may also be significant.
H. pylori infection induces aberrant promoter methylation in tumor-suppressor genes, including p16INK4A,
LOX, and CDH1[34,93]. Although eradication of H. pylori
can reduce the level of promoter methylation, a certain
amount of methylation remains[91,94]. This observation
suggests that not only fully differentiated gastric epithelial cells but also stem/progenitor cells might acquire
aberrant methylation. In human ulcerative colitis and
hepatitis, increased expression of IL-1β , IL-8, NOS2, and
TNF was observed[95-98], and these genes may represent
a common factor associated with the induction of aberrant DNA methylation during chronic inflammation. In
particular, IL-1β is thought to be significant, as a specific
single-nucleotide polymorphism of IL-1β is associated
with increased gastric cancer risk and increased incidence
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EBV AND ABERRANT DNA
METHYLATION
EBV is another pathogen known to be involved in gastric
carcinogenesis.
EBV and gastric carcinogenesis
EBV is a gamma-herpes virus consisting of a doublestrand DNA genome approximately 170 kbp in length.
EBV may cause infectious mononucleosis during initial
infection, and more than 90% of adult individuals become EBV carriers[102], as this virus can be maintained
asymptomatically in a latent form in memory B lymphocytes. However, EBV displays the characteristics of
an oncogenic virus; indeed, it was initially discovered in
human neoplastic cells, specifically a Burkitt’s lymphoma
cell line, in 1964[103]. Subsequently, EBV was associated
with several types of malignant tumors, such as nasopharyngeal carcinoma[104], Hodgkin lymphoma[105], and
opportunistic lymphoma in immunocompromised individuals[106,107]. Moreover, a subgroup of gastric cancer
patients infected with EBV was discovered in 1990[108],
and this unique subgroup is distributed throughout the
world, without regional or racial deviation, at a rate of
7%-15%[109, 110].
EBV-positive (EBV+) gastric cancers show distinct
clinicopathological features. First, EBV+ gastric cancers
demonstrate EBV infection in almost all neoplastic cells
of the tumor, which has been confirmed by in situ hy-
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Cell-to-cell contact?
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→ extensive methylation

Figure 2 Schematic representation about infectious condition and pathogenicity of Epstein-Barr virus. Direct cell-to-cell contact between B lymphocyte and
gastric epithelial cell may perhaps be the most likely model to infect with Epstein-Barr virus (EBV) into epithelial cells in vivo (left). EBV infection induces extensive
promoter methylation, which should contribute to tumorigenesis. H. pylori: Helicobacter pylori.

pylori is a prerequisite for EBV to infect gastric epithelial
cells.

bridization for a non-coding small RNA, EBER, which is
abundantly expressed in the nuclei of infected neoplastic
cells. In addition, the clinical features of EBV+ gastric cancers differ from EBV-negative (EBV-) gastric cancers due
to their male predominance, proximal location, and relatively favorable prognosis[111]. Histopathologically EBV+
gastric cancers demonstrate characteristic features of a
poorly differentiated adenocarcinoma with marked infiltration of lymphocytes into the stromal tissue, which has
been reported as “gastric cancer with lymphoid stroma”[112].
EBV has a double-stranded DNA genome that exists in a linear form in viral particles. After EBV enters
the host cell, the viral DNA circularizes via the fusion of
terminal repeats at both ends, and it maintains its circular
form in the nuclei of latently infected cells without integration into the host genome[113]. Southern blot analysis
for terminal repeats has demonstrated that EBV present
in neoplastic cells is mono- or oligo-clonal, even in advanced stages[114-116]. Moreover, all of the cancerous cells
are positive for EBER-in situ hybridization in all cases of
EBV+ gastric cancer. This fact indicates that EBV infection occurs at the initial, or a very early stage, of carcinoma development, and it implies a profound association
of EBV with gastric carcinogenesis.
The mechanism underlying EBV infection in the
gastric mucosal epithelium remains unclear, while the
viral receptor molecule for CD21 in B lymphocytes is not
expressed on epithelial cells[117]. Because co-cultivation
of virus-producing lymphocytes demonstrates a much
greater efficiency of infection (up to 800-fold) compared
to cell-free infection, direct cell-to-cell contact between B
lymphocytes and gastric epithelial cells is the most likely
model to explain how EBV infects epithelial cells in vivo
(Figure 2)[118]. This hypothesis supports histopathological data showing that the background mucosa of EBV+
gastric cancer presents atrophic gastritis with lymphocyte infiltration due to H. pylori infection[119]. However, it
remains unclear whether chronic inflammation with H.
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DNA methylation in EBV-positive gastric cancer
EBV+ gastric cancer forms a distinct subgroup of gastric
cancer. Previous reports have indicated that promoter
methylation is observed more frequently in EBV+ gastric
cancers than in EBV gastric cancers, despite analyzing
a limited number of cancer-associated genes[120-122]. We
performed a comprehensive analysis of promoter methylation in clinical gastric cancers and found that gastric
cancers clustered into three distinct subgroups. Interestingly, EBV+ gastric cancers displayed an extremely high
methylation phenotype, termed the EBV+ epigenotype[37].
Moreover, genes specifically methylated in EBV+ gastric
cancers were shown to expand not only within PRCtarget genes in ES cells but also to non-PRC-target genes.
This result implies that EBV+ gastric cancer is methylated via a unique mechanism(s). Subsequently, to clarify
the causal role of EBV infection, we performed in vitro
EBV infection experiments in low-methylation MKN7
gastric cancer cells to determine whether these cells
would acquire extensive methylation and, as a result, the
EBV+-specific methylation epigenotype. The induced
methylation repressed multiple genes, including multiple
tumor-suppressor genes, suggesting a role for EBV in
tumorigenesis[37].
The inducer of aberrant DNA methylation remains
elusive. EBV exists in three latent forms defined by the
expression pattern of latent genes. Lymphoblastoid cell
line (LCL) and transformed primary B lymphocytes
infected with EBV express all latent genes, LMPs (1,
2A, 2B), EBNAs (1, 2, 3A, 3B, 3C, LP), EBERs (1, 2),
and BARTs, and this expression program is referred
to as type Ⅲ latency. In contrast, Burkitt’s lymphoma
shows type Ⅰ latency, with the minimum expression of
EBNA1, EBERs, and BARTs only. Type Ⅱ latency, in
which LMP1 and LMP2 are expressed in addition to
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latency Ⅰ genes, is observed in EBV-associated Hodgkin
lymphoma, peripheral natural killer/T-cell lymphoma,
and nasopharyngeal carcinoma. EBV + gastric cancer
shows type Ⅰ (or Ⅱ) latency and expresses EBNA1, EBERs, BARTs, and LMP2A[105,111,123].
Several studies have elucidated the function of latent
genes for promoter methylation. LMP1 was reported to
down-regulate CDH1 gene expression and induce cell migration using cellular DNA methylation machinery[124,125].
LMP2A plays an essential role in epigenetic abnormalities
by inducing promoter methylation of PTEN[126]. EBER1
and EBER2 are small non-coding RNAs of approximately 170 bases in length that are abundantly expressed
in the nuclei of latently infected cells, up to 107 copies
per cell. Although some oncogenic properties of EBERs
have been reported, such as the contribution of efficient
growth transformation of B lymphocytes[127,128] or the
induction of insulin-like growth factor 1 (IGF-I) acting
as an autocrine growth factor in gastric cancer or nasopharyngeal carcinoma cells[129,130], the distinct influence of
epigenetic modification remains unclear. Moreover, while
these viral genes may play a role in aberrant methylation,
methylation induction at the genome-wide scale, which
can result from EBV infection, has not been demonstrated through the forced expression of any viral gene[37].
Rather than viral factors, host cellular mechanisms
may play more important roles in the induction of aberrant methylation. In type Ⅰ latency, while host cells
induce dense methylation in the viral genome to silence
most viral genes, the host genome itself is also extensively hypermethylated[131,132]. In type Ⅲ latency, such as LCL,
neither the viral genome nor the host cellular genome is
significantly hypermethylated[132], and this observation
implies that a host-driven mechanism that induces DNA
methylation in the viral genome may affect methylation
of the host genome. Recent exome sequencing analysis
demonstrated that ARID1A was frequently mutated in
EBV+ gastric cancer[8,133], and other chromatin remodelers were also mutated[9]. While it is not known whether
mutation of these genes is causally associated with aberrant methylation in EBV+ gastric cancer, these chromatin
remodelers may play a role in protecting the epigenomic
status of the host genome from the pressure of methylation induction. Further investigation is necessary to
clarify the roles of host cellular factors in methylation
induction.

cess of gastric carcinogenesis, and application of this
knowledge for clinical use could aid in diagnosis, risk
management, and prevention. Epigenetic aberrations can
accumulate at early stages of carcinogenesis, preceding
genomic mutations in polyclonal tissues; aberrant DNA
methylation is therefore a powerful biomarker for the
early detection of cancers and/or cancer risk. Moreover,
from prophylactic or therapeutic viewpoints, aberrant
DNA methylation could represent an attractive target due
to its reversible nature. For example, a patient with persistent DNA methylation after H. pylori eradication might be
a candidate for demethylation therapy to prevent gastric
cancer. Moreover, in EBV+ gastric cancers, aberrations in
chromatin remodeling factors in background fields may
promote EBV infection or carcinogenesis and could represent a target for the prevention of EBV+ gastric cancer.
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An updated review of gastric cancer in the next-generation
sequencing era: Insights from bench to bedside and vice

versa

Hiroyuki Yamamoto, Yoshiyuki Watanabe, Tadateru Maehata, Ryo Morita, Yoshihito Yoshida, Ritsuko Oikawa,
Shinya Ishigooka, Shun-ichiro Ozawa, Yasumasa Matsuo, Kosuke Hosoya, Masaki Yamashita,
Hiroaki Taniguchi, Katsuhiko Nosho, Hiromu Suzuki, Hiroshi Yasuda, Yasuhisa Shinomura, Fumio Itoh
cancer-related death worldwide. There is an increasing
understanding of the roles that genetic and epigenetic alterations play in GCs. Recent studies using nextgeneration sequencing (NGS) have revealed a number
of potential cancer-driving genes in GC. Whole-exome
sequencing of GC has identified recurrent somatic mutations in the chromatin remodeling gene ARID1A and
alterations in the cell adhesion gene FAT4, a member
of the cadherin gene family. Mutations in chromatin
remodeling genes (ARID1A , MLL3 and MLL ) have been
found in 47% of GCs. Whole-genome sequencing and
whole-transcriptome sequencing analyses have also
discovered novel alterations in GC. Recent studies of
cancer epigenetics have revealed widespread alterations in genes involved in the epigenetic machinery,
such as DNA methylation, histone modifications, nucleosome positioning, noncoding RNAs and microRNAs.
Recent advances in molecular research on GC have
resulted in the introduction of new diagnostic and
therapeutic strategies into clinical settings. The antihuman epidermal growth receptor 2 (HER2) antibody
trastuzumab has led to an era of personalized therapy
in GC. In addition, ramucirumab, a monoclonal antibody targeting vascular endothelial growth factor receptor (VEGFR)-2, is the first biological treatment that
showed survival benefits as a single-agent therapy in
patients with advanced GC who progressed after firstline chemotherapy. Using NGS to systematically identify
gene alterations in GC is a promising approach with
remarkable potential for investigating the pathogenesis
of GC and identifying novel therapeutic targets, as well
as useful biomarkers. In this review, we will summarize
the recent advances in the understanding of the molecular pathogenesis of GC, focusing on the potential
use of these genetic and epigenetic alterations as diagnostic biomarkers and novel therapeutic targets.
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Abstract
Gastric cancer (GC) is one of the most common malignancies and remains the second leading cause of
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wide alterations in GC, several NGS studies in GC have
recently been published[18].
In this review, we summarize the key findings of past
reports pertaining to the genetics and epigenetics of GC
and their relationship to and future application in NGS.
We also describe the recurrently mutated genes and alterations in GC identified by NGS technology and discuss
the basic framework for future investigations, including
the challenges of using NGS as a tool for biomarker and
therapeutic target discovery.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The genetic and epigenetic alterations in gastric cancers (GC) have biological and clinical implications. Recent advances in the molecular research of
GC have introduced new diagnostic and therapeutic
strategies to clinical settings. In this review, we summarize the key findings of past reports pertaining to the
genetics and epigenetics of GC and their relationship to
and future applications in next-generation sequencing
(NGS). We also describe the recurrently mutated genes
and alterations in GC identified by NGS technology and
discuss the basic framework for future investigations,
including the challenges of using NGS as a tool for biomarker and therapeutic target discovery.

MICROSATELLITE INSTABILITY
A type of genetic instability characterized by alterations
in length within simple repeat microsatellite sequences,
termed microsatellite instability (MSI), occurs in approximately 15% of sporadic GCs, mainly as a result
of epigenetic changes[19-22]. Genetic and epigenetic inactivation of DNA mismatch repair (MMR) genes leads
to the mutator phenotype, mutations in cancer-related
genes and cancer development (Figure 2). MSI underlies
a distinctive carcinogenic pathway because MSI-positive
(MSI+) GCs exhibit many differences in clinical, pathological and molecular characteristics compared with MSInegative (MSI-) GCs[19-22]. The differences in genotype
occur because defective MMR results in a strong mutator
phenotype with a very specific mutation spectrum. MSI
mainly accumulates frameshift mutations in the repeated
sequences located in the coding regions of a target tumor
suppressor or other tumor-related genes[23-26]. The atypical genotype of MSI+ GCs also includes specific patterns
of gene dysregulation. MSI+ GCs often show epigenetic
alterations, such as hypermethylation of various genes,
including the key MMR gene MLH1. The differences in
genotype and phenotype between MSI+ and MSI- GCs
are likely linked to their differences in biological and clinical features. Recent findings from NGS analysis, such as
the frequent mutation of the AT-rich interactive domain
1A (ARID1A) in MSI+ GCs, support this notion[27,28].
The clinicopathological, genetic, epigenetic, prognostic and therapeutic characteristics of MSI+ GCs are
becoming clearer, but further research is still required.
Because molecular targeting therapeutics are being used
in clinical settings and trials, the differential regulation of
molecular target genes in MSI+ and MSI- GCs[29,30] needs
to be clarified. Diagnostic characterization of the MSI
status of GCs thus has important implications for basic
and clinical oncology.
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INTRODUCTION
Gastric cancer (GC) is the second highest cause of global
cancer mortality. GC is a heterogeneous disease with multiple environmental etiologies and alternative pathways of
carcinogenesis[1,2]. One of the major etiologic risk factors
for GC is Helicobacter pylori (H. pylori) infection, but only a
small proportion of individuals infected with H. pylori develop GC[3,4]. There is an increasing understanding of the
roles that genetic and epigenetic alterations play in GCs
(Figure 1). Consequently, the development of appropriate
biomarkers that reflect an individual’s cancer risk is essential to reduce the mortality from GC[5,6]. Recent advances
in molecular research of GC have brought new diagnostic and therapeutic strategies into clinical settings.
Next-generation sequencing (NGS) is a technology that involves the parallel sequencing of enormous
amounts of short DNA strands from randomly fragmented copies of a genome[7,8]. NGS methods used for
genome[9], exome[10], epigenome[11] and transcriptome[12]
sequencing have the potential to provide novel avenues
towards achieving a comprehensive understanding of
diseases, including cancer[13,14]. Such advances have also
shown puzzling tumor heterogeneity with limited somatic
alterations shared between tumors of the same histopathologic subtype[15-17]. Although NGS techniques are
just beginning to expand our abilities to detect genome-
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Frequent inactivating mutations of ARID1A in molecular
subtypes of GC identified by exome sequencing
Holbrook et al[31] analyzed 50 GC samples with targeted
deep sequencing of the DNA of 384 genes. In addition
to the previously reported mutations in genes belonging
to various pathways, the authors found tractable target
genes, such as the genes for the thyrotropin receptor and
the Rho-associated coiled-coil containing protein kinases
ROCK1 and ROCK2. Wang et al[27] performed exome
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Figure 1 Genetic and epigenetic alterations in gastric carcinogenesis. The model for gastric carcinogenesis is presented based on genetic and epigenetic alterations. Methylation of the genes in blue appears to be involved in an epigenetic field defect. H. pylori: Helicobacter pylori; MSI: Microsatellite instability; EBV: EpsteinBarr virus; CIMP: CpG island methylator phenotype.

sequencing of 22 GC samples and found novel mutated
genes and pathway alterations involved in chromatin
modification. A validation study confirmed frequent
inactivating mutations or protein loss of the ARID1A
gene, which encodes one of the subunits in the Switch/
Sucrose Nonfermentable (SWI-SNF) chromatin remodeling complex. The mutation spectrum for ARID1A
differed among molecular subtypes of GC; mutations
were detected in 83% of GCs with MSI, 73% of GCs
with EBV infection and 11% of GCs without EBV and
MSI. Moreover, ARID1A mutations were negatively associated with TP53 mutations. ARID1A alterations were
associated with better prognosis in a stage-independent
manner. These results suggest the importance of altered
chromatin remodeling in the pathogenesis of GC.

also found in 47% of GCs. ARID1A mutations were
detected in 8% of GCs (9/110) and were associated with
concurrent PIK3CA mutations and MSI. Both FAT4
and ARID1A showed tumor-suppressor activity in functional assays. Somatic inactivation of FAT4 and ARID1A
may thus be key tumorigenic events in a subset of GCs.
Because PI3K inhibitors are currently in clinical testing
as treatment for GC[32], it will be interesting to evaluate
whether the tumor responses to these compounds are affected by the genomic status of ARID1A.
Frequent loss of ARID1A expression in GC with EBV
infection or MSI
Mutations of ARID1A lead to a loss of protein expression in GC and are particularly associated with EBV
infection or MSI. Abe et al[33] investigated the significance
of the loss of ARID1A in 857 GC cases, including 67
EBV+ and 136 MLH1-lost MSI+ GCs. Loss of ARID1A
expression was significantly more frequent in cases of
EBV+ (23/67; 34%) and MSI+ (40/136; 29%) GCs than
in cases of EBV-/MSI- (32/657; 5%) GCs. Loss of ARID1A was correlated with larger tumor size, deeper depth
of invasion, lymph node metastasis and poorer prognosis
in cases of EBV-/MSI- GC. A correlation with tumor size
and diffuse-type histology was found only in the MSI+
GC; no correlation was observed in EBV+ GC. Loss of
ARID1A expression in EBV+ GC was frequent in the
early stage of GC, but EBV infection did not cause loss
of ARID1A in GC cell lines. Thus, loss of ARID1A may
be an early event in EBV+ GC and may precede EBV
infection in gastric epithelial cells. On the other hand,

Recurrent somatic mutations in cell adhesion and
chromatin remodeling genes identified by exome
sequencing
Zang et al[28] also analyzed a spectrum of somatic alterations in GC by sequencing the exomes of 15 GC specimens, including 11 intestinal-type, 1-mixed-type, and 3
diffuse-type adenocarcinomas and their matched normal
DNAs. TP53 (11/15 tumors), PIK3CA (3/15) and ARID1A (3/15) were frequently mutated. Among the frequently mutated genes, cell adhesion was the most significant biological pathway affected. A prevalence screening
confirmed mutations in FAT4, a member of the cadherin
gene family, in 5% of GCs (6/110) and FAT4 genomic
deletions in 4% (3/83) of GCs. Mutations in chromatin
remodeling genes (ARID1A, MLL3 and MLL) were
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pathways[36-40]. The causes of aberrant miRNA expression
patterns in cancer include DNA copy number amplification or deletion, inappropriate transactivation, transcriptional repression by oncogenic and other factors, failure
of miRNA post-transcriptional regulation and genetic
mutation or transcriptional silencing associated with hypermethylation of the CpG island promoters.
There is accumulating evidence to support the notion
that miRNA alterations play a key role in the pathogenesis of GC[41-44]. A large number of miRNAs with different biological functions have been found to be altered
and correlated with clinicopathological characteristics
and/or prognosis in GC. Moreover, the clinical potential
of miRNA alterations as minimally invasive diagnostic
biomarkers and therapeutic targets has been extensively
reported[37,40,42,44]. Recent studies have shown that tumorderived miRNAs are present and stable in circulation,
and the levels of circulating miRNAs are detectable and
quantifiable. Both tissue and soluble miRNAs are candidates for diagnostic biomarkers and therapeutic targets
in GCs[44]. The basic strategy of current miRNA-based
treatment studies is to either antagonize the expression
of target oncogenic miRNAs with antisense therapy and
other technology or to restore the function of impaired
tumor suppressor miRNAs[42].
The inclusion of different isoforms of miRNA
(isomiRs) that are natural variants of mature miRNAs
will form a detailed miRnome. Because expression of
isomiRs can be estimated by NGS, NGS platforms provide the most effective method of miRNA profiling,
leading to the identification of the miRNA alterations
with clinical applications. Li et al [45] sequenced small
RNAs from one pair of GC and noncancerous tissue and
found that isomiR patterns are significantly different between these tissues. Moreover, these authors found that
the 5p arm and 3p arm miRNAs derived from the same
pre-miRNAs have different tissue preferences in GC and
noncancerous tissue, suggesting a novel mechanism regulating mature miRNA selection.

CIMP

MLH1 gene
DNA methylation

MSI

(Frameshift) mutations in (non)coding
BAX , HDAC2 , TARBP2 , XPO5

DNA methylation

ARID1A mutation

mRNA alterations

PIK3CA mutation

Other alterations

Progression

Figure 2 Molecular pathway for microsatellite instability+ gastric cancer.
The model for the carcinogenesis of microsatellite instability (MSI)+ gastric cancer is presented. CIMP: CpG island methylator phenotype.

loss of ARID1A may be involved in the progression of
EBV-/MSI- GCs. Thus, loss of ARID1A appears to have
different, pathway-dependent roles in GC.

WHOLE-GENOME SEQUENCING
ANALYSIS OF GC
To explore the complete list of somatic alterations in
GC, Nagarajan et al[34] combined massively parallel short
read and DNA paired-end tag sequencing for the first
whole-genome analysis of two GCs, one with CIN and
the other with MSI. Integrative analysis and de novo assemblies revealed the architecture of a wild-type KRAS
amplification, a common driver event in GC[35]. Three
distinct mutational signatures were discovered against a
genome-wide backdrop of oxidative and MSI-associated
mutational signatures. Combining sequencing data from
40 complete GC exomes and targeted screening of an
additional 94 independent GCs led to the discovery of
ACVR2A, RPL22 and LMAN1 as recurrently mutated
genes in MSI+ GC and the identification of PAPPA as a
recurrently mutated gene in TP53 wild-type GC. These
results highlight how whole-genome sequencing analysis
can provide relevant information about tissue-specific
carcinogenesis that would otherwise be missed in exomesequencing data. WGS of more GCs will uncover more
recurrently altered genes.

WHOLE-TRANSCRIPTOME SEQUENCING
OF GC
The first comprehensive RNA-seq study in GC has been
recently published. Kim et al[46] applied a whole-transcriptome sequencing approach to 24 GC samples and
six noncancerous tissue specimens. Importantly, these
authors developed a multilayered integrative analysis to
identify various types of transcriptional aberrations, such
as differentially expressed mRNAs and miRNAs, as well
as recurrently mutated genes. A central metabolic regulator gene, AMPKa2 (PRKAA2), was identified as a potential functional target in GC. Six key miRNAs (miR-548d3p, miR-20b, miR-135b, miR-140-3p, miR-93 and miR19a) in GC were also identified.

miRNA alterations
A microRNA (miRNA) is a small noncoding RNA that
regulates gene expression at the posttranscriptional level
and is critical in many biological processes and cellular
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Epigenetic alterations
Epigenetic regulation is essential for the normal develop-
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ment and maintenance of tissue-specific gene expression
patterns in mammals. Disruption of epigenetic regulation
can lead to altered gene function and malignant cellular
transformation[47]. Recent cancer epigenetic studies have
revealed various alterations in the epigenetic machinery in
GC, including DNA methylation, histone modifications,
nucleosome positioning, noncoding RNAs and miRNAs[48-52]. Aberrant DNA methylation in the promoter
CpG islands of genes results in inactivation of tumor
suppressor and other tumor-related genes in cancer cells
and is the most well-defined epigenetic hallmark in GC.
Methylation of a large number of genes with different
biological functions has been found to be correlated with
the clinicopathological characteristics and prognosis in
GC[48-52]. DNA methylation with its advantages as a biomarker for the detection of cancer in biopsy specimens
and body fluids that can be obtained non-invasively, such
as serum and gastric washes, may have a clinical application in GC. Detection of aberrant DNA methylation of
genes, such as CDH1, DAPK, GSTP1, p15, p16, RARβ ,
RASSF1A, RUNX3 and TFPI2, in the serum may be a
useful biomarker for the detection of GC[50]. Studies of
DNA methylation and histone modification using NGS
technologies, such as whole-genome bisulfite sequencing
and targeted bisulfite sequencing, will lead to new discoveries and improve our knowledge of the epigenomics of
GC[11].

for miRNAs that were induced by treatment of GC cells
with 5-aza-2’-deoxycytidine and 4-phenylbutyrate. Hypermethylation of the neighboring CpG island epigenetically
silenced miR-34b and miR-34c. Methylation of the miR34b/c CpG island was frequently observed in GC cell
lines (13/13, 100%) but not in normal gastric mucosa
from healthy H. pylori-negative individuals. Transfection
of the precursors of miR-34b and miR-34c into GC cells
suppressed growth and changed the gene expression
profile. Methylation of miR-34b/c was found in a majority of primary GCs (83/118, 70%). Notably, analysis of
the non-cancerous gastric mucosae from GC patients
(n = 109) and healthy individuals (n = 85) revealed that
methylation levels were higher in the gastric mucosae of
patients with multiple GC lesions than in the mucosae
from those patients with single GC and the mucosae
from healthy H. pylori-positive individuals. These results
suggest that miR-34b and miR-34c are novel tumor suppressors frequently silenced by DNA methylation in GC.
Methylation of miR-34b/c appears to be significantly involved in an epigenetic field defect in the stomach and to
be a useful biomarker to identify individuals at high risk
for multiple GC.
Methylation of miR-34b/c in the mucosa of the
noncancerous gastric body may be a useful biomarker
for predicting the risk of metachronous GC
Metachronous GC can develop after endoscopic resection of GC and is not predictable based on the clinical
characteristics alone. Aberrant DNA methylation in
noncancerous gastric mucosa has been implicated in
gastric carcinogenesis and may be a useful biomarker of
GC risk. Suzuki et al[55] evaluated the clinical utility of
DNA methylation as a biomarker of metachronous GC
risk. Scheduled follow-up endoscopy was performed in
129 patients after curative endoscopic resection of early
GC. Biopsy specimens were collected from noncancerous mucosa in the gastric antrum and body. A quantitative methylation analysis of miR-34b/c, SFRP1, SFRP2,
SFRP5, DKK2 and DKK3 using bisulfite pyrosequencing was performed on the collected biopsy specimens.
The utility of the methylation status for predicting the
risk of developing metachronous GC was analyzed using Kaplan-Meier and Cox proportional hazards models.
During the follow-up period, 17 patients (13%) developed metachronous GCs. The cumulative incidence
of metachronous GC was significantly higher among
patients with elevated miR-34b/c, SFRP2 and DKK2
methylation in the gastric body. Elevated methylation of
miR-34b/c showed the most significant association with
the risk of metachronous GC; the cumulative incidence
of metachronous GC was much higher in the high miR34b/c-methylation group than in the low methylation
group. Multivariate analysis adjusted for age, sex, H.
pylori status and pathological findings showed that miR34b/c methylation in the gastric body was an independent predictor of metachronous GC risk. Methylation of
miR-34b/c in the mucosa of the noncancerous gastric

Association of the aberrant methylation of RASGRF1
with an epigenetic field defect and an increased risk of
GC
Aberrant DNA methylation is implicated in the epigenetic field defect seen in GC. Thus, it is important to
identify predictive biomarkers by screening for DNA
methylation in the noncancerous background gastric
mucosa of patients with GC. Using methylated-CpG
island amplification coupled with CpG island microarray (MCAM) analysis, Takamaru et al[53] found 224 genes
that were methylated in the noncancerous gastric mucosa
of patients with GC. Among them, RASGRF1 methylation was significantly elevated in the gastric mucosa from
patients with either intestinal- or diffuse-type GC, compared with the mucosa from healthy individuals. RASGRF1 methylation was independent of mucosal atrophy
and could be used to distinguish both serum pepsinogen
test-positive and -negative patients with GC from healthy
individuals. Ectopic expression of RASGRF1 suppressed
colony formation and Matrigel invasion by GC cells.
RASGRF1 methylation appears to be significantly involved in the epigenetic field defect of the stomach and
to be a useful biomarker to identify individuals at high
risk for GC.
Association of aberrant methylation of miR-34b/c with
an epigenetic field defect and an increased risk of GC
The silencing of miRNAs is often associated with CpG
island hypermethylation. Thus, to identify epigenetically silenced miRNAs in GC, Suzuki et al[54] screened
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Figure 3 Methylation levels of Sox17 before and after endoscopic submucosal dissection. Methylation levels of Sox17 were analyzed by pyrosequencing using
the DNA recovered from gastric washes before and after endoscopic submucosal dissection[57].

body may be a useful biomarker for predicting the risk
of metachronous GC. Finally, NGS technologies may
characterize an epigenetic field defect more clearly and
highlight more useful biomarkers.

tween methylation levels in tumor biopsy samples and
gastric washes was noted. MINT25 methylation showed
the best sensitivity (90%) and specificity (96%), and it had
the greatest area under the receiver operating characteristic curve (0.961) in terms of tumor detection in gastric
washes. MINT25 methylation in gastric washes may be a
sensitive and specific marker for the screening of GC.

Sensitive and specific detection of early GC by DNA
methylation analysis of gastric washes
Because many mucosal cells can be found in the gastric
juice, the detection of molecular markers in the gastric
juice was a possible noninvasive approach to detect GC.
However, the use of gastric juice as a molecular diagnostic or predictive tool has been previously reported to
be impractical because the DNA is easily degraded by
gastric acidity. In this regard, Watanabe et al[56] have developed a new method for GC detection by DNA methylation in gastric washes but not in gastric juice. These
authors analyzed 51 candidate genes in 7 GC cell lines
and 24 GC samples (training set). They then selected 6
genes (MINT25, RORA, GDNF, ADAM23, PRDM5
and MLF1) for further analyses. The methylation status
of these genes was analyzed in a test set consisting of
131 GCs at various stages. The 6 candidate genes were
validated in a different population of 40 primary GC
samples and 113 noncancerous gastric mucosa samples.
The 6 genes showed differential methylation in GC and
normal mucosa in the training, test and validation sets.
GDNF and MINT25 were the most sensitive molecular
markers of early-stage GC, whereas PRDM5 and MLF1
were markers of a field defect. A close correlation be-
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Detection of early GC by DNA methylation analysis of
Sox17 in gastric washes
Although minimally invasive treatment is widely accepted for early-stage GC, appropriate risk markers to
detect residual cancer after endoscopic resection and the
potential for recurrence are not available. To find candidate genes that might be markers for the detection of
early GC, Oishi et al[57] performed methylated CpG island
amplification microarray analysis on 12 gastric washes
(from the pre- and post-endoscopic treatment of six
patients). Among the candidate genes, the Sox17 gene
was selected for further analysis. The DNA methylation
status of Sox17 was examined in a validation set consisting of 128 gastric wash samples (64 pre-treatment and 64
post-treatment) from cases of early GC. Sox17 showed
significant differential methylation in the pre- and posttreatment gastric washes of early GC patients (Figure 3).
Moreover, the treatment of GC cells that lacked Sox17
expression with the methyltransferase inhibitor 5-aza-2′deoxycytidine restored the gene’s expression. Additionally, the introduction of exogenous Sox17 into silenced
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GC cells suppressed colony formation. The data suggest
that the silencing of Sox17 occurs frequently in early GC
and plays a key role in the disease. Gastric wash-based
DNA methylation analysis could be useful for the early
detection of recurrence following endoscopic resection
in early GC patients. Interestingly, the usefulness of gastric wash-based molecular testing for antibiotic resistance
in H. pylori has also been reported[58]. It will be interesting
to analyze gastric washes using NGS.

dysregulation of HER2 downstream signal effectors
and interaction of HER2 with other membrane receptors (Figure 4). The PI3K-Akt pathway is one of the
main downstream signaling pathways of HER2. It is well
known that PIK3CA mutations and PTEN inactivation
cause over-activation of a downstream signal without
activation of an upstream signal. The frequencies of
PIK3CA mutations and PTEN inactivation in GC have
been reported to be 4%-25% and 16%-77%, respectively.
However, little is known about the association between
HER2 expression and PI3K-Akt pathway alterations in
GC. Sukawa et al[29] have found that HER2 overexpression was significantly correlated with pAkt expression
in GC tissues. Furthermore, pAkt expression was correlated with poor prognosis. These results suggest that
the PI3K-Akt pathway plays an important role in HER2positive GC. Moreover, PIK3CA mutations and PTEN
inactivation could affect the effectiveness of HER2targeting therapy. Thus, it is necessary to clarify not only
HER2 alterations but also PI3K-Akt pathway alterations
to optimize HER2-targeting therapy in patients with GC.
In this regard, NGS will be useful for the identification
of complicated mechanisms of trastuzumab resistance in
GC. The only approved targeted therapy for patients with
advanced GC is trastuzumab. It is hoped that NGS will reveal a driver gene alteration that will make other targeted

Anti-HER2 antibody trastuzumab has led to an era of
personalized therapy in GC
Trastuzumab is an antibody that targets the HER2 extracellular domain and induces antibody-dependent cellular
cytotoxicity and inhibition of the HER2 downstream
signals (Figure 4). In the ToGA study, standard chemotherapy regimens (capecitabine plus cisplatin or fluorouracil plus cisplatin) combined with trastuzumab resulted
in a longer survival time than standard regimens without
trastuzumab in patients with HER2-positive GC [59].
Thus, HER2 expression has become a major concern
in GC[60]. HER2 overexpression is observed in 7%-34%
of GC cases. Mechanisms of resistance to trastuzumab
have been reported in breast cancer. There are various
mechanisms underlying trastuzumab resistance, such
as alterations of the HER2 structure or surroundings,
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therapies possible[13,61].

1 (IGF1) receptor, c-MET], MEK inhibitors and drugs
targeting the Hedgehog pathway[65].
Dysregulation of the IGF1 and IGF2/IGF1R system
has been implicated in the pathogenesis of GC[66-69]. The
expression levels of both IGFs and IGF1R are increased
in GC. IGF1R is also involved in angiogenesis and lymphangiogenesis through the modulation of VEGF expression in a GC cell line[70]. IGF1R blockade reduced tumor
angiogenesis and enhanced the effects of bevacizumab
in a GC cell line. Thus, targeting IGF1R in combination with agents that block the VEGF pathway may have
therapeutic utility in GC. Moreover, targeting the novel
miR-7/IGF1R/Snail axis has been reported to be useful
as a therapeutic approach to block GC metastasis[71].

Monoclonal antibodies targeting VEGF (AVAGAST trial)
and VEGFR-2 (REGARD trial) in advanced GC
Several vascular endothelial growth factor (VEGF)-targeted agents have been developed, including neutralizing
monoclonal antibodies (MoAbs) to VEGF/VEGFRs,
soluble VEGF receptors and tyrosine kinase inhibitors
(TKIs). The anti-VEGF MoAb bevacizumab has been
approved for colorectal cancers. VEGF and VEGF
receptor-2 (VEGFR-2)-mediated signaling and angiogenesis contribute to the pathogenesis and progression
of GC. The Avastin in Gastric Cancer (AVAGAST) trial
was a multinational, randomized, placebo-controlled trial
designed to evaluate the efficacy of adding bevacizumab
to capecitabine-cisplatin in the first-line treatment of
advanced GC[62]. The study showed that adding bevacizumab to the chemotherapy regimen in patients with
advanced GC improved the progression-free survival and
tumor response rate but not the overall survival. A following biomarker evaluation analysis revealed that plasma
VEGF-A and tumor neuropilin-1 are strong biomarker
candidates for predicting the clinical outcome in patients
with advanced GC treated with bevacizumab[63]. In this
regard, NGS will be a powerful method for the identification of predictive biomarkers.
To analyze whether ramucirumab, a monoclonal antibody targeting VEGFR-2, prolongs survival in patients
with advanced GC, an international, randomized, doubleblind, placebo-controlled, phase 3 trial was conducted in
29 countries[64]. In total, 355 patients with advanced gastric or gastro-esophageal junction adenocarcinoma and
disease progression after first-line chemotherapy were
randomly assigned (2:1) to receive best supportive care
plus either ramucirumab 8 mg/kg (n = 238) or placebo
(n = 117), intravenously once every 2 wk. The primary
endpoint was overall survival. The median overall survival was 5.2 mo in the ramucirumab group and 3.8 mo
in the placebo group (HR = 0.776, 95%CI: 0.603-0.998,
P = 0.047). The survival benefit with ramucirumab remained unchanged after multivariate adjustment for other
prognostic factors (multivariate HR = 0.774, 95%CI:
0.605-0.991, P = 0.042). Thus, ramucirumab is the first
biological treatment given as a single drug that showed
survival benefits in patients with advanced gastric or gastro-esophageal junction adenocarcinoma who progressed
after first-line chemotherapy. The findings also validate
VEGFR-2 signaling as an important therapeutic target in
advanced GC.

CONCLUSION
The genetic and epigenetic alterations in GCs continue
to inspire biological and clinical implications. Recent advances in the molecular study of GC have brought new
diagnostic and therapeutic strategies into clinical settings.
The advantages of using DNA methylation as a biomarker for the detection of GC in biopsy specimens and noninvasive body fluids such as serum and gastric washes
may have a possible clinical application in GC. Further
analysis is required to gain a deeper insight into GC carcinogenesis, a better understanding of disease pathogenesis
and the development of new diagnostic and therapeutic
approaches targeting essential pathogenic alterations. In
this regard, the rapid advances in NGS technologies will
hopefully continue to reveal driver alterations of GC,
further our understanding of gastric carcinogenesis and
improve the therapy for each individual tumor. The characterization of genes that were discovered by NGS rather
than by laboratory and clinical research is also necessary.
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Endoscopic submucosal dissection for undifferentiated-type
early gastric cancer: Do we have enough data to support
this?
Choong Nam Shim, Sang Kil Lee
of patients and provide solid evidence to support ESD
for undifferentiated EGC, we need more delicate tools
to predict undetected LN metastasis and more data that
can reveal predictive factors for LN metastasis.
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Core tip: Endoscopic submucosal dissection (ESD) for
intramucosal undifferentiated (UD) type early gastric
cancer (EGC) without ulceration and with diameter
≤ 2 cm is regarded as an investigational treatment
according to the Japanese gastric cancer treatment
guidelines. In contrast, the controversial results about
the safety of ESD for UD-EGC fulfilling the criteria have
been reported and a little is known about the long-term
outcomes. Therefore, in this review, we focused on the
safety and therapeutic efficacy of ESD for UD-EGC with
reference to risks for lymph node metastasis within the
proposed criteria as well as the short-term and longterm outcomes of ESD for UD-EGC.

Abstract
Although endoscopic submucosal dissection (ESD) is
now accepted for treatment of early gastric cancers
(EGC) with negligible risk of lymph node (LN) metastasis, ESD for intramucosal undifferentiated type EGC
without ulceration and with diameter ≤ 2 cm is regarded as an investigational treatment according to the
Japanese gastric cancer treatment guidelines. This consideration was largely based on the analysis of surgically resected EGCs that contained undifferentiated type
EGCs; however, results from several institutes showed
some discrepancies in sample size and incidence of LN
metastasis. Recently, some reports about the safety and
efficacy of ESD for undifferentiated type EGC meeting
the expanded criteria have been published. Nonetheless, only limited data are available regarding long-term
outcomes of ESD for EGC with undifferentiated histology so far. At the same time, endoscopists cannot ignore
the patients’ desire to guarantee quality of life after
the relatively non-invasive endoscopic treatment when
compared to conventional surgery. To satisfy the needs
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INTRODUCTION
Early gastric cancer (EGC) is defined as gastric cancer
that is confined to the mucosa or submucosa, irrespective
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Depth

Mucosal cancer
No ulceration

Histology

≤ 20 mm

> 20 mm

Submucosal cancer
Ulceration

≤ 30 mm

> 30 mm

SM1

≤ SM2

≤ 30 mm

Any size

Differentiated
Undifferentiated
Absolute indications for EMR or ESD

Expanded indications for ESD

Consider surgery

Surgery (Gastrectomy and lymph node dissection)

Figure 1 Absolute and expanded indication for endoscopic mucosal resection and endoscopic submucosal dissection for early gastric cancer. SM1: Tumor invasion into the upper third of the submucosa (≤ 500 μm); SM2: Tumor invasion into the mid-third of the submucosa (> 500 μm). EMR: Endoscopic mucosal
resection; ESD: Endoscopic submucosal dissection.

Comprehensive Cancer Network[27] and European Society for Medical Oncology[28], do not yet recognize ER for
EGCs meeting the expanded criteria as safe. Moreover,
the controversial results about the safety of ESD for
UD-EGC fulfilling the criteria have been reported and a
little is known about the long-term outcomes. Therefore,
in this review, we focused on the safety and therapeutic
efficacy of ESD for UD-EGC with reference to risks for
LN metastasis within the proposed criteria as well as the
short-term and long-term outcomes of it.

of the presence of regional lymph node (LN) metastases[1]. In the Eastern hemisphere, up to 70% of all gastric
cancers are diagnosed as EGCs (due to mass population
screening)[2-4], whereas in the Western hemisphere, the
rate of gastric cancers identified as EGCs accounts for
only about 15%[5,6]. EGC reveals a favorable prognosis
compared with advanced gastric cancer, with 5-year survival rates being in excess of 90% to 95%, based on Korea, Japan, and European data[7-13].
In Eastern countries, endoscopic resection (ER),
including endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD), has been widely
accepted as a minimally invasive treatment for EGC with
a negligible risk of LN metastasis[14-18]. Recently, considerable data have also been reported from the Western
world as ER is gaining wide acceptance[19-21]. Tumors indicated for ER as a standard treatment are differentiatedtype adenocarcinomas without ulceration, of which the
depth of invasion is clinically diagnosed as mucosal layer
and the diameter is ≤ 20 mm[22]. Gotoda et al[23] studied
surgically resected specimens of EGC and suggested the
following four expanded indication criteria for endoscopic treatment of EGC without LN metastasis: (1) differentiated intramucosal cancer without ulceration, regardless
of size; (2) differentiated intramucosal cancer with ulceration and diameter ≤ 30 mm; (3) differentiated minute
submucosal penetrative cancer in diameter ≤ 30 mm;
and (4) undifferentiated (UD) type intramucosal cancer
without ulceration and diameter ≤ 20 mm. In particular,
surgery was still considered in the UD-EGC meeting the
expanded criteria because endoscopic en-bloc removal was
sometimes difficult in this type of tumors (Figure 1)[24,25].
However, Hirasawa et al[26] added to the body of evidence
that there is no LN metastasis in patients with UDEGC within the expanded criteria. This study revealed
the 95%CI of the calculated risk of metastasis to nodes
was 0%-0.96%, while the earlier study by Gotoda et al[23]
showed that of risk was 0%-2.6% due to small sample
size (n = 141), which may potentially be inferior to the
outcomes of surgical resection.
Along these lines, the Japanese gastric cancer treatment guidelines (2010, ver. 3) state that ER for these UDEGCs is regarded as an investigational treatment, and
that ESD, not EMR, should be employed. In contrast,
clinical practice guidelines, according to both National
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PREOPERATIVE ASSESSMENT OF LN
METASTASIS
The most important factor concerning endoscopic treatment with curative intent is the prediction of regional LN
metastasis before treatment[22,27,28]. Reported rates of LN
metastasis in EGC range from 5.7% to 20% based on
the analysis of surgically resected specimen of EGC[29-34].
UD-EGC demonstrates 4.2% to 4.9% and 19.0% to
23.8%of LN metastasis in the mucosal and submucosal
invasive tumors, respectively[23,26]. To date, no imaging
modality has been proven to be consistently accurate in
assessing LN metastasis in EGC[35,36]. Endoscopic ultrasound (EUS) is one of most studied procedures for the
locoregional staging of gastric cancer. Reported sensitivities and specificities of EUS to detect LN metastases
in gastric cancers varied widely, between 16.7% and
95.3%, and between 48.4% and 100%, respectively[35].
EUS demonstrated a moderate accuracy that seems to
describe advanced T stage (T3 and T4) better than N or
less advanced T stage[37,38]. Although a clinically relevant
benefit of EUS to distinguish intramucosal lesions from
submucosal lesions should be further improved[39], EUS
is an important imaging modality for preoperative assessment to exclude LN metastasis as well as to confirm
deeper wall invasion including the proper muscle layer.
Nevertheless, we should consider that UD histology
would cause under-diagnosis and affect the accuracy of
EUS compared to the differentiated histology[40].
In addition to the diagnostic role of magnifying endoscopy with narrow-band imaging (ME-NBI) for determining tumor margin in EGC[41,42], ME-NBI has been
suggested as a supporting tool for the assessment of
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Table 1 Curability for endoscopic resection of early gastric
cancer

RISK FACTORS FOR LN METASTASIS
AND PROPOSED CRITERIA FOR ESD

Curability criteria

Because currently available imaging modalities fail to accurately evaluate nodal status, endoscopic resectability according to nodal status in EGC and subsequent curability
are still determined by means of the presence or absence
of certain tumor characteristics which were obtained
from the analysis of surgically resected EGC. According
to the Japanese gastric cancer treatment guidelines[22], the
main risk factors predictive of LN metastasis in EGC
are histologic type, depth of invasion, ulceration, size,
and lymphovascular invasion largely based on two largescale datasets[23,26]. These factors consist of absolute and
expanded indications as well as curability of ER with en
bloc resection and negative lateral/vertical margin (Table
1)[22,51]. A meta-analysis by Kwee et al[52] identified the
characteristics related to LN metastasis in EGC, including
age, gender, location, size, macroscopic type, ulceration,
histologic type in accordance with Japanese and Lauren
classification, lymphovascular invasion, submucosal vascularity, a proliferating cell nuclear antigen labeling index,
a matrix metalloproteinase-9-positivity, a gastric mucin
phenotype, and a vascular endothelial growth factor-Cpositivity. These factors revealed partially different correlations with LN metastasis in intramucosal and submucosal EGCs, respectively.
With regard to LN metastasis particularly in UDEGC, many recent studies investigated the risk factors
and suggested their criteria for ER of UD-EGC (Table
2)[23,26,53-65]. The overall rates of LN metastasis in UDEGC varied from 7.9% to 24.5%; however, the heterogeneous composition in subtypes of UD histology in
lesions from 15 studies should be taken into account.

Curative
resection

Curative
resection for
expanded
indications

Non-curative
resection

En bloc resection, no lateral and vertical margin
positivity, no lymphovascular invasion
Intramucosal cancer, differentiated histology, size ≤
20 mm, No ulcerative finding
En bloc resection, no lateral and vertical margin
positivity, no lymphovascular invasion
Intramucosal cancer, differentiated histology, size >
20 mm, no ulcerative finding
Intramucosal cancer, differentiated histology, size ≤
30 mm, presence of ulcerative finding
SM 1 depth of invasion, differentiated histology, size
≤ 30 mm, no ulcerative finding
Intramucosal cancer, undifferentiated histology, size
≤ 20 mm, no ulcerative finding
Any resection that does not satisfy one of the above
criteria

SM: Submucosa.

invasion depth in EGC[43-46]. In contrast to the usefulness
of ME-NBI for evaluating invasive depth in esophageal
or colon cancer[47,48], the utility of ME-NBI for determining invasion depth in EGC is not conclusive, because the
invasive tumor is often not exposed at the surface and the
mucosal structure remains, even when cancer invades the
submucosa. Therefore, it is difficult to estimate reliably
the depth of invasion by surface appearance[49]. ME-NBI
should also distinguish findings suggestive of submucosal invasion from those indicative of the UD histologic
type[44,45]. The findings of a nonstructural pattern in the
neoplastic lesion of the stomach on ME[45] or no surface
pattern and sparse microvessels (markedly distorted,
isolated, heterogeneous) or with avascular areas on MENBI[44] are indicative of undifferentiated type adenocarcinoma or differentiated cancer with deep submucosal invasion. In contrast, ME-NBI images of UD-EGC were very
closely related to the histopathological findings in other
study[50], and therefore, this imaging tool can be useful
in the pretreatment assessment of the histopathological
patterns of cancer development and the lateral extent of
UD-EGC. Thus, the role of ME-NBI in differentiation
of histologic types in addition to invasive depth should be
validated through further prospective studies.
Other imaging modalities including abdominal ultrasound (AUS), computed tomography (CT), magnetic
resonance imaging (MRI), and positron emission tomography (PET) achieved limited success to stage preoperative LN status[35,36]. A meta-analysis by Seevaratnam et al[36]
showed that imaging modalities range in overall accuracy
from 53.4% (MRI) to 68.1% (AUS), in sensitivity from
40.3% (PET) to 85.3% (MRI), and in specificity from
75.0% (MRI) to 97.7% (PET), with no significant differences between modalities. To date, there are no clinically
relevant imaging tools to detect the submucosal invasion
and the LN metastasis in EGC that are critical conditions
for determining proper candidates for ER.
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Size of lesion
Although the intramucosal lesions without ulceration and
diameter ≤ 20 mm have been considered as rational criteria for ESD in UD-EGC by Japanese researchers[23,26],
different ER criteria have also been suggested with various standards in size, depth of invasion, and presence of
ulcerative finding[53-65]. Concerning lesion size, a majority
of recent studies (11/15, 73.3%) suggested that a diameter of 20 mm to 30 mm would be the upper limit of the
size criterion for UD-EGC to be amenable to treatment
with ESD; however, the remaining four studies proposed
a diameter of 10 or 15 mm as the upper limit of the criterion, based on their results suggesting the possibility of
LN metastasis even in smaller UD-EGC[54,60,64,65]. Debates
over the size criterion were highlighted by several reports
of LN metastasis of UD-EGCs within the expanded
criteria, including a diameter ≤ 20 mm[31,66-70]. Moreover,
the size discrepancy between pathologic size and endoscopic size should be resolved, because we can only
determine the indications of ER based on the endoscopically estimated size. While a previous study revealed that
endoscopic visual estimation method was found to show
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Table 2 Proposed criteria for endoscopic resection of undifferentiated type early gastric cancer
Study

Year

Tong et al[53]

2011

Kim et al[54]

Country

No. of
No. of
patients with patients with
PD/SRC/MC
UD-EGC

LNM in Risk factors related to
LNM in
LNM in UD-EGC
UD-EGC, proposed
criteria
n (%)

193

81/102/7/31

46 (23.8)

0/72

2011 South Korea

707

288/419/0

65 (9.2)

0/101

Li et al[55]

2010

108

85/16/7

16 (14.8)

0/25

Park et al[56]
Kunisaki et al[57]

2009 South Korea
2009
Japan

215
573

Only SRC
182/378/13

17 (7.9)
74 (12.9)

0/57
0/85

China

China

Hirasawa et al[26] 2009

Japan

3843

NA

504 (13.1)

0/310

Hanaoka et al[58]

2009

Japan

143

NA

35 (24.5)

0/41

Ye et al[59]

2008 South Korea

591

266/316/9

79 (13.4)

0/119

Park et al[60]

2008 South Korea

234

Only PD

25 (21.6)

0/56

Li et al[61]

2008

85

Only PD

12 (14.1)

0/25

Li et al[62]

2008 South Korea

646

307/330/9

61 (9.4)

1/201

Ha et al[63]

2008 South Korea

641

248/388/5

100 (15.6)

0/77

Hyung et al[64]

2004 South Korea

289

NA

43 (14.9)

NA

Abe et al[65]
Gotoda et al[23]

2004
2000

175
2341

68/104/3
NA

32 (18.3)
243 (10.4)

0/6
0/141

China

Japan
Japan

Proposed criteria of ER for UD-EGC
Size, mm

Depth of
invasion

Size, depth of invasion, NS or ≤ 20 M or SM
LVI, Histologic type
Size, depth of invasion,
153
M
2
LVI, Age
Size, depth of invasion,
20
M
LVI
Depth of invasion, LVI
25
SM2
Size, depth of invasion,
20
M
LVI
Size, depth of invasion,
20
M
LVI
4
Size, depth of invasion,
30
≤ 500 μm
LVI, Histologic type
Size, depth of invasion,
25
M
LVI
Size, depth of invasion,
15
M or
LVI
≤ 500 μm
Size, depth of invasion,
20
M
LVI
Size, depth of invasion,
20
M
LVI
Size, depth of invasion,
20
M
LVI, histologic type
Size, depth of invasion,
15
M
LVI, histologic type
Size, LVI
10
M
Size, depth of invasion,
20
M
LVI, histologic type,
ulcer, macroscopic type

Ulcer LVI
NS

No

NS

No

NS

No

NS
NS

No
No

No

No

NS

No5

NS

No

NS

No

NS

No

NS

No

NS

No

NS

No

NS
No

No
No

1

Three patients had EGCs with histology of undifferentiated adenocarcinoma; 2Young age less than 45 years was related to the lymph node metastasis of
only poorly-differentiated carcinoma; 3Size criteria were ≤ 25 mm in poorly-differentiated adenocarcinomas and ≤ 15 mm in signet-ring cell carcinomas,
respectively; 4The depth of invasion in proposed criteria was ≤ 500 μm or no more from the lower margin of the muscularis mucosae; 5Hanaoka et al also
suggested the proportion of undifferentiated components < 50% as one of criteria. UD-EGC: Undifferentiated type early gastric cancer; PD: Poorly-differentiated adenocarcinoma; SRC: Signet-ring cell carcinoma; MC: Mucinous carcinoma; LNM: Lymph node metastasis; ER: Endoscopic resection; LVI: Lymphovascular invasion; M: Mucosa; SM: Submucosa; NS: Not significant; NA: Not available.

for ER, were relatively small compared with other studies. More importantly, the majority of recent studies
reported the LN metastasis in a depth of submucosal
invasion[23,26,54,55,57,59,61-65].

reliable agreement with pathologic measurements in
EGC treated with ER[71], other earlier ESD series showed
the mean size discrepancies ranged from 5.8 mm to 6.8
mm, which are not negligible in ER for EGC[72,73]. In
UD-EGC, the margins of the lesion tend to be obscured
compared to the differentiated histology, which was
found to cause frequent margin failure of ESD in our
previous report[74]. Thus, a standard reliable measurement
method is required through further prospective studies[75].

Ulceration
Ulceration within the lesion is the representative finding
with heterogeneity. More than moderate heterogeneity
was identified at previous meta-analysis with possible explanation for this heterogeneity due to the interobserver
variability between studies for the assessment of tumor
ulcerations[52]. Furthermore, this may be due to the different definitions in addition to the interobserver variability
for the assessment of ulcerations[52,67,75,80]. Though most
of the recent studies (13/15, 86.7%) did not consider the
ulcer finding in their proposed criteria, patients with tumor ulcerations had a significantly higher risk of LN metastasis in intramucosal EGC irrespective of histological
type at meta-analysis[52]. And ulcerous change decreases
the accuracy of EUS diagnosis for the invasive depth
of EGC[81]. Therefore, we do not consider ER for UDEGCs with ulceration as safe.

Submucosal invasion
Some studies suggest that a shallow submucosal invasion is an acceptable depth of invasion in ESD for
UD-EGC[53,56,58,60]. However, this suggestion should be
reserved until EUS is more reliable for determination of
invasive depth, because there is a high chance of endosonographically underestimated depth of invasion and
subsequently higher vertical margin positivity in poorlydifferentiated EGC[40,74], in addition to the difficult assessment of depth of invasion in UD-EGC[76-79]. Additionally, the numbers of enrolled UD-EGCs in these studies,
suggesting a minute submucosal invasion as a criterion
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Table 3 Clinical characteristics of representative studies on endoscopic resection for undifferentiated type early gastric cancer
Study

Year

Country

Kim et al[80]
Abe et al[87]
Park et al[88]
Okada et al[89]
Kamada et al[76]
Yamamoto et al[90]
Kang et al[73]
Kim et al[74]

2013
2013
2012
2012
2012
2010
2010
2009

South Korea
Japan
South Korea
Japan
Japan
Japan
South Korea
South Korea

1

1

No. of patients No. of patients
Age (yr)
Sex (male) SM invasion Ulcer
Size (mm) Size > 20 mm
with UD-EGC with PD/SRC
74
55/19
61.8 ± 12.0
40 (54.1)
16 (21.6) 11 (14.9) 19.9 ± 12.5
36 (48.6)
97
18/77/22
62.0 (35.0-88.0)3 55 (56.7)
19 (19.6)
9 (9.3)
12.03
14 (14.4)
77
47/154
60.9 (33.0-82.0) 49 (63.6)
12 (15.6)
4 (5.2)
23.3 ± 14.0
35 (45.5)
1035
12/91
59.0 (34.0-91.0) 48 (46.6)
10 (9.7)
1 (1.0) 8.0 (1.0-33.0)3
NA
46
NA
65.5 (29.0-90.0) 24 (52.2)
7 (15.2)
1 (2.2)
NA
8 (17.4)
58
48/10
64.0 (33.0-81.0) 31 (53.4)
7 (12.1)
2 (3.4) 11.0 (2.0-28.0)
5 (8.6)
60
30/30
56.7 ± 10.4
31 (51.7)
17 (28.3) 17 (28.3) 26.3 ± 12.9
31 (51.7)
58
17/41
55.0 (26.0-81.0) 26 (44.8)
NA
0 (0)
13.3 ± 6.5
4 (6.9)

Data are expressed as absolute numbers (percentage) or mean ± SD. 1Data are expressed as mean with standard deviation or range; 2Two patients had EGCs
with histology of moderately to poorly differentiated adenocarcinoma; 3Data are expressed as median with or without range; 4Fifteen patients had EGCs
with mixed type histology; 5A total of 103 EGCs in 101 patients were enrolled. UD-EGC: Undifferentiated typr early gastric cancer; PD: Poorly-differentiated adenocarcinoma; SRC: Signet-ring cell carcinoma; SM: Submucosa; NA: Not available.

Lymphovascular invasion
Only the absence of lymphovascular invasion was the criterion included by all studies, which was consistent with
the results of a meta-analysis revealing that lymphatic
tumor invasion is the strongest predictor for LN metastasis in both mucosal and submucosal gastric cancer[52].
For this reason, EGCs with lymphovascular invasion in
endoscopically resected specimen should be treated by
further surgery[22]. However, the Japanese gastric cancer treatment guidelines are not based on the status of
lymphovascular invasion. The lymphovascular invasion
is involved in the decision of curability of ER, since its
evaluation can only be available in specimens obtained
by ER. Moreover, the determination of lymphovascular
invasion sometimes lacks objectivity possibly because of
the inability to distinguish lymphatics from blood vessels
on conventional hematoxylin-eosin staining[82]. Several
studies suggested an endoscopic elevated macroscopic
type[83] and a stromal cell-derived factor-1α as risk factors
of lymphovascular invasion[84] with reports of usefulness
of immunohistochemical staining for detection[82,85,86].
Considering the importance of lymphovascular invasion
for prediction of LN metastasis, prospective studies of
preoperative prediction for lymphovascular invasion are
warranted.

the expanded criteria, respectively. The two studies that
included patients who refused surgery and lesions with
ulcerations in endoscopic finding showed relatively high
submucosal invasion and ulceration rates. The inaccurate
endoscopic size estimation in UD-EGCs is well noted in
the studies, because the lesions with size > 20 mm were
noted in up to 45.5% of lesions[88]. Particularly, the study
including intramucosal UD-EGC with size ≤ 20 mm
regardless of ulcerations revealed notably higher SM invasion (28.3%), ulcer finding (28.3%), and size > 20 mm
(51.7%) rates[73]. The overall inaccuracies of assessment
of depth of invasion, ulcerative findings, and size of
UD-EGC tumors fulfilling the expanded criteria are not
negligible, and thus ESD criteria based on endoscopic
and histologic findings in UD-EGC should have more restrictions compared to differentiated EGC. To overcome
this limitation, new methods beyond the current level of
technology are strongly needed.

SHORT-TERM OUTCOMES
In addition to a very low possibility of LN metastasis, the
safety of ESD for UD-EGC can be established based
on the feasibility of curative resection with acceptable
complication rates and consequently favorable long-term
outcomes.
Short-term outcomes, including en bloc resection, complete resection, curative resection, and complication rates,
of ER for UD-EGC are listed in Table 4[73,74,76,80,87-90].
Whereas homogeneous definitions of en bloc resection
applied for the studies, the definitions of complete resection category were heterogeneous depending on the involvement of en bloc resection or lymphovascular invasion
or submucosal invasion[73,74,80,87,90]. Additionally, the definitions of curative resection in some studies did not clarify
the involvement of en bloc resection[80,89,90]. The overall
rates of en bloc resection, complete resection, and curative
resection of ER for UD-EGCs varied from 83.1% to
100%, from 55.0% to 90.7%, and from 31.1% to 82.5%,
respectively, while those of ESD for UD-EGCs meeting the expanded criteria ranged from 91.3% to 99.0%,
from 89.7% to 90.7%, and from 63.9% to 82.5%, respec-

CLINICAL CHARACTERISTICS
Clinical characteristics of recent representative studies on
ER for UD-EGC are summarized in Table 3[73,74,76,80,87-90].
All eight studies were analyzed retrospectively. The numbers of lesions ranged from 46 to 103 lesions and were
not large enough to elicit conclusive results. Six studies
performed solely ESD[73,76,80,87,89,90] and the rest carried
out both EMR and ESD[74,88]. Inclusion criteria of these
studies were based on the expanded criteria except those
of two studies by Kim et al[80] and Kang et al[73]. The study
by Kim et al[80] included patients who refused surgery and
were treated by ESD as an experimental treatment. The
study by Kang et al[73] included patients with UD-EGC
with ulceration. Submucosal invasion and ulcers were
noted in 9.7%-19.6% and 1.0%-9.3% of lesions satisfying
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Table 4 Short-term outcomes of endoscopic resection for undifferentiated early gastric cancer n (%)
Study

LMP

Kim et al[80]
Abe et al[87]
Park et al[88]
Okada et al[89]
Kamada et al[76]
Yamamoto et al[90]
Kang et al[73]
Kim et al[74]

VMP

LVI

NA
NA
10 (12.5)
5 (5.2)
4 (4.1)
3 (3.1)
12 (15.6)3
5 (6.5)
5 (4.9)3
2 (2.0)
5 (10.9)
4 (8.7)
4 (8.7)
1 (1.7)
0 (0.0)
2 (3.4)
14 (23.3) 11 (18.3) 15 (25.0)
10 (52.6)
9 (47.4)
NA

1

2

resection

En bloc

Complete
resection

Curative
resection

OP after ER

67 (90.5)
96 (99.0)
64 (83.1)
102 (99.0)
42 (91.3)
57 (98.3)
60 (100)
49 (84.5)

54 (73.0)
88 (90.7)
NA
NA
NA
52 (89.7)
33 (55.0)
39 (67.2)

23 (31.1)
62 (63.9)
35 (45.5)
85 (82.5)
NA
46 (79.3)
NA
NA

19/51 (37.3)
NA
NA
1 (1.4)
21/35 (60.0) 1/21 (4.8) 2/21 (9.5)
4 (4.1)
11/42 (26.2)
NA
0/11 (0.0)
NA
10/18 (55.6) 2/10 (20.0) 0/10 (0.0)
9 (8.7)
5
1/5 (20.0)
NA
2/46 (4.3)
8/12 (66.7) 2/8 (25.0) 0/8 (0.0)
5 (8.6)
15/27 (55.6) 6/15 (40.0) 2/15 (13.3)
1 (1.7)
9/19 (47.4) 4/9 (44.4) 1/9 (11.1)
8 (13.8)

Residual
2
tumor

LNM

Bleeding

Perforation
3 (4.1)
4 (4.1)
NA
1 (1.0)
2 (4.3)
2 (3.4)
1 (1.7)
1 (1.7)

1

Proportions are ratio of additional operation to incomplete or non-curative endoscopic resection; 2Data are the incidence of residual tumor or lymph node
metastasis in specimens obtained by additional operation; 3Data are cases with lateral and/or vertical margin positivity. LMP: Lateral margin positivity;
VMP: Vertical margin positivity; LVI: Lymphovascular invasion; OP: Operation; ER: Endoscopic resection; LNM: Lymph node metastasis; NA: Not available.

tively[76,87,89,90]. The results of ESD for cases within the
expanded criteria were comparable with the outcomes
of ESD for differentiated EGCs fulfilling the criteria
of 93.0% to 95.7% and 81.0% to 91.1% for en bloc and
complete resection rates, respectively[91-93]. In contrast, the
curative resection rate seems to be lower than that of differentiated EGCs, which is 91.1%[93]. This may arise from
less accurate endoscopic size estimation in UD-EGC due
to an ill-defined margin of tumor infiltration[41,94,95] and
several distinct features of UD-EGC, including a larger
size and submucosal infiltration that can lead to higher
rates of lymphovascular invasion[73,82,90,96-98], compared
with EGCs with differentiated histology. Therefore, the
achievement of reasonable curative resection rate in ESD
for UD-EGC is critical by means of more precisely defining of curable lesions.
Further surgical treatments were performed in 26.2%
to 60.0% of patients with incomplete or non-curative
ER. The presence of residual tumor and LN metastasis
in surgical specimens after incomplete or non-curative
ER were detected in 4.8% to 44.4% and 0% to 13.3%
of cases. The overall rates of bleeding and perforation
varied from 1.4% to 13.8% and from 1.0% to 4.3%,
respectively, whereas those of ESD for UD-EGCs meeting the expanded criteria ranged from 4.1% to 8.7% and
from 1.0% to 4.3%, respectively. The results from lesions
within the criteria were comparable with the bleeding
and perforation rates of ESD for differentiated EGCs
fulfilling the criteria, which were 2.1% to 4.9% and 2.4%
to 6.6%, respectively[91-93]. In terms of procedure-related
complications, ESD for UD-EGC appears not to be inferior to ESD for EGC with differentiated histology.

was 100%, which was as high as the reported data for
gastrectomy[99,100]; however, the median follow-up period
was only 36 mo. The cumulative 3- and 5-year diseasefree survival rates are 96.7% (95%CI: 92.0%-100%) and
96.7% (95%CI: 92.0%-100%), respectively. During the
follow-up period, all patients survived, and no cases of
local recurrence and/or distant metastasis were observed.
There were only second ESDs for one synchronous lesion of one patient 6 mo after the primary ESD (1/78,
1.3%) and two metachronous lesions of another patient
after 23 mo (1/78, 1.3%).
Abe et al[87] analyzed the overall 5-year survival of
79 UD-EGC patients that underwent ESD, while they
enrolled 97 patients for short-term outcomes analyses.
Of the 46/79 patients in the long-term outcome group
who had curative resection, none had local recurrence or
LN or distant metastasis, and none died of gastric cancer
during a median follow-up of 76.4 mo. The 5-year overall
survival rate after curative resection was 93.0%, and no
patient died of gastric cancer. These favorable results are
comparable to long-term outcomes of those who underwent ESD for differentiated EGC and surgery for intramucosal gastric cancer, which have the overall survival
rates of 92.4% to 97.1%[101-103] and 93.5%[104], respectively.
The 5-year cumulative incidence of metachronous gastric
cancer was 11.4% in the patients with curative resection
and they were treated with ESD.
Kim et al[80] reported consistent results showing a local
recurrence rate of 5.5% and a 5-year overall survival rate
of 93.7% among 74 enrolled patients with median follow-up period of 34 mo (range 7-81 mo). All 4 recurred
lesions did not meet the expanded indications and all
underwent noncurative resection. There was no mortality
related to ESD for treatment of EGC during follow-up,
whereas a total of five patients died after ESD due to underlying diseases (four patients) and lung metastasis (one
patient).
The questionnaire study on long-term outcomes of
curative ESD for EGC at six Japanese institutions with
follow-up rates of at least 90% over a minimum 5-year
period was reported by Oda et al[51]. Of a total of 1289
patients with curative resections for the expanded indications, the long-term outcomes of 58 patients with

LONG-TERM OUTCOMES
Only limited data are available regarding long-term outcomes of ESD for UD-EGC[51,80,87,89], although the recurrences after ER have been shown in 0% to 6.9% with follow-up durations ranging from 16 to 45.6 mo[73,74,76,88,90].
Okada et al[89] reported the first study regarding long-term
outcomes of ESD for UD-EGC with limited median
follow-up periods. The 5-year cause-specific survival rate
among 78 patients with curative resection of UD-EGC
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Undifferentiated histologic type EGC

Mucosal cancer

Tumor size ≤ 20 mm

Ulcer (-)

Submucosal cancer

Tumor size > 20 mm

Ulcer (+)

ESD

LVI (-)

LVI (+)

Follow up

Surgery (gastrectomy and lymph node dissection)

Figure 2 Treatment algorithm for undifferentiated type early gastric cancer according to depth of invasion, tumor size, ulceration, and lymphovascular
invasion. EGC: Early gastric cancer; ESD: Endoscopic submucosal dissection; LVI: Lymphovascular invasion.

intramucosal UD-EGC ≤ 20 mm in size without ulcerations were analyzed, and 96.6% of them (56/58) were
followed up for at least 5 years. The overall mortality rate
was 10.7% (6/56), and there was no local recurrence, or
distant metastasis, or gastric cancer-related death during
their long-term follow-up periods.
In addition to the 5-year survival outcomes, the longterm data on metachronous EGCs after ESD for UDEGC are also lacking. The cumulative incidences of
metachronous lesions varied from 1.3% to 11.4% during median follow-up periods with a range of 36-76.4
mo[87-89]. This finding is comparable to the annual incidences of metachronous lesions after ESD for differentiated EGC, which ranged from 1.9% to 3.9%[105,106]
as well as reports of remnant gastric cancers occurring
in 1.8% to 5% of patients who have had surgical treatment for gastric cancer[107,108]. Therefore, careful periodic
endoscopic surveillance should be performed, because
UD histology is a possible risk factor associated with the
occurrence of metachronous lesions after ER[109]. Although the clinical importance of scheduled endoscopic
surveillance after curative resection are recently evaluated through large-volume multicenter study[110], further
studies on surveillance follow-up after curative ESD for
UD-EGC, compared with curative cases in differentiated
EGC, are warranted.

ever, a number of technical controversies should be
resolved to accept the laparoscopic sentinel node mapping and consequent intraoperative ESD as an acceptable
treatment. These include the accuracy of intraoperative
pathological diagnosis, the necessity of full-thickness resection, and the possibility of cancer cells being present
in afferent lymphatic vessels leading to sentinel nodes[111].
In particular, a well-designed, multicenter feasibility study
of laparoscopic sentinel node mapping and biopsy for
UD-EGC should be conducted, though the accuracy of
determining LN status by laparoscopic sentinel node biopsy is generally acceptable in cases with EGC[112-114].
Natural orifice transluminal endoscopic surgery
(NOTES) is another promising area to supplement ESD
by providing for the means for performing secure gastric
closure at the time of the accidental perforation without
recourse to surgical operation, or as a complement for
endoscopic sentinel node biopsy[115-117]. The potential
indications of NOTES have been suggested with a wide
spectrum of upper gastrointestinal diseases, including
submucosal malignancy and morbid obesity in female patients[118-120]. Furthermore, the first prospective study of
14 patients with EGC who had a risk for LN metastasis
and who were treated by hybrid NOTES was reported
and suggested that hybrid NOTES may be useful as a
bridge between ER and laparoscopic surgery[121]. Nevertheless, given the relatively technical complexity and limits, NOTES has not been proven to remarkably superior
to laparoscopic means so far.

PROSPECTS FOR THE FUTURE
A combination of laparoscopic sentinel node biopsy
and ESD for UE-EGC is an attractive option as a novel,
whole stomach-preserved, minimally invasive approach
with histological confirmation of LN metastasis. How-
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outcomes, the expanded criteria for ESD of UD-EGC
are feasible with reference to therapeutic efficacy and
safety in the long-term period if curative resection is
accomplished, although more long-term outcomes are
needed. We now suggest the treatment algorithm for
UD-EGC according to depth of invasion, tumor size,
ulceration, and lymphovascular invasion (Figure 2). This
is consistent with the conditions of curative resection
according to the Japanese gastric cancer treatment guidelines[23,26]. However, we should recognize the limitation
of current diagnostic and histological tools to predict LN
metastasis. The innovative improvement of preoperative
imaging modalities and well-defined criteria predictive
of LN metastasis from multicenter, prospective studies
would reduce the limitation.
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as well as the relationship between these alterations and
the clinicopathological features of gastric cancer. The
causative factors and potential roles of the somatic mtDNA alterations in cancer progression are also discussed.
We suggest that point mutations and mtDNA copy number decreases are the two most common mtDNA alterations that result in mitochondrial dysfunction in gastric
cancers. The two primary mutation types (transition
mutations and mononucleotide or dinucleotide repeat
instability) imply potential causative factors. Mitochondrial dysfunction-generated reactive oxygen species may
be involved in the malignant changes of gastric cancer.
The search for strategies to prevent mtDNA alterations
and inhibit the mitochondrial retrograde signaling will
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Core tip: In this review, we summarize recent somatic
mitochondrial DNA (mtDNA) alterations identified in
gastric cancer, and the relationship between these alterations and the clinicopathological features of gastric
cancer. We suggest that point mutations and mtDNA
copy number decreases are the two most common
mtDNA alterations that potentially result in mitochondrial dysfunction in gastric cancer. Mitochondrial dysfunction-generated reactive oxygen species may be involved in the malignant changes of gastric cancer. The
search for strategies to prevent the mtDNA alterations
and inhibit the mitochondrial retrograde signaling will
benefit the development of novel treatments for gastric
cancer and other malignancies.

Abstract
Energy metabolism reprogramming was recently identified as one of the cancer hallmarks. One of the underlying mechanisms of energy metabolism reprogramming
is mitochondrial dysfunction caused by mutations in nuclear genes or mitochondrial DNA (mtDNA). In the past
decades, several types of somatic mtDNA alterations
have been identified in gastric cancer. However, the role
of these mtDNA alterations in gastric cancer progression
remains unclear. In this review, we summarize recently
identified somatic mtDNA alterations in gastric cancers
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Somatic mitochondrial DNA
alterations in gastric cancer
Several studies have identified various types of mtDNA
alterations in gastric cancer[13-15], including point mutations, large-scale deletions, insertions, and copy number
changes.
In one of our studies[15], 65% of the examined gastric
cancer patients carried at least one mtDNA somatic point
mutation. Among the identified point mutations, 69% occur in the D-loop region of mtDNA, 27% are found in
the protein-coding region, and 4% are located in tRNA
genes. Compared with other cancers, these mutations are
similar in their incidence and distribution (Table 1)[15-38].
The D-loop region of mtDNA is the most frequent site
of somatic mutation in cancers. Because the D-loop
region contains the major regulatory sites for mtDNA
replication and transcription, mutations near these sites
might affect mtDNA copy number in cancers.
Given that the mtDNA D-loop region is a hot spot
for somatic mutations in gastric cancer as well as other
cancers, numerous studies focus on somatic mutations
in this region[13,39-43]. The incidence of somatic mtDNA
point mutations in the D-loop of gastric cancer patients
ranges from 4% to 48%. The most common mutations
in this region are mononucleotide repeat variants of the
poly-cytosine (poly-C) sequence at nucleotide positions
(np) 303-309 (D310) in mtDNA[8]. The variants were also
identified in normal subjects[44] and patients with neurodegenerative diseases[45]. The effect of these variants is
not clearly defined.
Moreover, several somatic point mutations identified
in the mtDNA protein-coding region and tRNA genes in
gastric cancer patients are potentially harmful[15]. These
mutations include missense mutations (e.g., G3697A and
G4996A) that cause amino acid substitutions at the highly evolutionarily conserved amino acid residues, frameshift mutations (e.g., 12418insA) that result in truncated
polypeptides, and tRNA mutations (e.g., 7472insC) that
potentially alter tRNA structure. Moreover, studies have
demonstrated that these mutations are pathogenic and
associated with mitochondrial diseases[15]. tRNA gene
mutations as well as missense and frame-shift mutations
in the mitochondrial genome may promote mitochondrial
dysfunction in gastric cancer cells.
A common 4977-bp mtDNA deletion occur less frequently in gastric cancers compared with the corresponding noncancerous stomach tissues[13,46,47], though largescale mtDNA deletions are the most common mutation
in the somatic tissues of aged human subjects[9]. This
finding is consistent with observations in other types of
cancer[8,9]. The low accumulation of large-scale mtDNA
deletions in cancer could result because an increased frequency of these mutations may cause severe mitochondrial dysfunction and sensitize the cells to apoptosis. Any
cells harboring high levels of large-scale mtDNA deletions could be eliminated during tumorigenesis[9].
Unlike large-scale deletions, a 50-bp deletion flanked

INTRODUCTION
Gastric cancer is one of the most common causes of
death in cancer patients throughout the world. Surgical resection with radical lymph nodes dissection is the
primary therapy for gastric cancer[1]. Chemotherapy is an
alternative treatment for unresectable gastric cancer or
tumor recurrence after surgical resection. However, the
response to chemotherapy remains unsatisfactory. Thus,
it is important to identify novel drug targets and develop
effective treatments for gastric cancer.
Based on the conceptual progress of the past decades, energy metabolism reprogramming was recently
included as one of the cancer hallmarks[2]. Warburg[3,4]
first proposed that tumor cells, unlike normal cells,
exhibit increased glycolytic activity and reduced mitochondrial respiration even in the presence of oxygen.
This phenomenon is known as the “Warburg effect”.
Increasing lines of evidence suggest that various molecular mechanisms generate the Warburg effect[5,6]. One of
these mechanisms is mitochondrial dysfunction resulting
from mutations in nuclear genes or mitochondrial DNA
(mtDNA)[5-9].
Mitochondria are intracellular organelles in eukaryotic
cells that participate in bioenergetics metabolism and
cellular homeostasis, including the generation of ATP
through respiration and oxidative phosphorylation (OXPHOS), the production of reactive oxygen species (ROS),
and the initiation and execution of apoptosis[10]. Mitochondria contain multiple copies of mitochondrial DNA
(mtDNA). Human mtDNA is a 16.6-kb double-stranded, circular DNA molecule that encodes 13 respiratory
enzyme complex polypeptides, 22 transfer RNAs and
2 ribosomal RNAs required for mitochondrial protein
synthesis[10]. Because mtDNA is essential for the maintenance of functionally competent organelles, the accumulation of mtDNA mutations or decreased mtDNA copy
number is expected to affect energy production as well as
enhance ROS generation and cell survival, and these processes may be involved in aging, mitochondrial diseases
or cancer[9-12].
In the past decade, somatic mtDNA alterations have
been identified in several types of cancer[8,9], including
gastric cancer[13-15]. However, the role of these mtDNA
alterations in tumorigenesis and cancer progression remains unclear. In this article, we review recent findings
on somatic mtDNA alterations in gastric cancer. In addition, we discuss the potential factors that may lead to
mtDNA mutations and propose a role of mtDNA alterations and mitochondrial dysfunction in the progression
of gastric cancer.
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Table 1 The distribution of somatic mitochondrial DNA mutations in human cancers n (%)
Cancer

Cases

Adult leukemia
Bladder cancer
Breast cancer

Esophageal cancer
Follicular thyroid cancer
Gastric cancer
Head-and-neck cancer
Hepatocellular cancer
Lung cancer
Medulloblastoma
Oncocytic head-and-neck tumor
Oncocytic pituitary adenoma
Oncocytic thyroid tumor
Oral cancer
Ovarian cancer
Pancreatic cancer
Papillary thyroid cancer
Parathyroid adenoma
Renal cell cancer

Renal oncocytomas
Total

24
14
18
19
15
58
20
3
31
13
10
44
14
55
15
25
25
45
18
300
10
5
7
30
8
9
15
9
859

No. of cancers with mutation No. of mutations
9 (37.5)
9 (64.3)
11 (61.1)
14 (73.7)
14 (93.3)
27 (46.6)
11 (55.0)
3 (100.0)
20 (64.5)
6 (46.2)
5 (50.0)
23 (52.3)
6 (47.1)
33 (60.0)
6 (40.0)
16 (64.0)
18 (72.0)
26 (57.8)
14 (77.8)
240 (80.0)
6 (60.0)
4 (80.0)
3 (42.9)
15 (50.0)
5 (62.5)
7 (77.8)
7 (46.7)
9 (100.0)
567 (66.0)

9
20
12
27
45
40
14
4
26
9
24
34
10
56
18
18
20
30
26
645
15
4
4
27
6
9
14
14
1180

by a 9-bp direct repeat at nps 298-306 and 348-356 of
the mtDNA D-loop region was reportedly found at high
levels in four gastric cancers[48]. This deletion is associated
with decreased mtDNA copy number in cancer[49].
A 260-bp tandem duplication/triplication mtDNA
mutation in the D-loop region was identified in approximately 13% of the examined gastric cancers[14]. The
duplicate/triplicate insertion of an 260-bp fragment is
flanked by two poly-C sequences at nps 303-309 and
568-573[13,14,44]. The insertion was also detected in other
types of cancer[14]. However, the occurrence of this mutation does not appear to be specific to cancer cells[14,44,50-52].
Decreased mtDNA copy number was frequently
detected in gastric cancer patient tissues compared with
corresponding noncancerous stomach tissue [13,53]. Alterations in mtDNA copy number change (increase or
decrease) appear to be tissue specific[7,8,54]. A decreased
mtDNA copy number is also found in the majority of
hepatocellular carcinomas[49] and breast cancers[55].
These findings reveal that somatic point mutations
and a decreased mtDNA copy number are two common mtDNA alterations in gastric cancer. The increased
rate of somatic mtDNA alterations in gastric cancer is
also observed in other cancers, suggesting that these two
types of somatic mtDNA alterations are common events
in human cancer progression. These mtDNA alterations
may result from similar factor(s) and/or play a consistent
role in the tumorigenesis of gastric cancer and other malignancies.
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D-loop

rRNA

tRNA

mRNA

Ref.

2 (22.2)
6 (30.0)
7 (58.3)
22 (81.5)
17 (37.8)
21 (52.5)
9 (64.3)
2 (50.0)
18 (69.2)
6 (66.7)
23 (95.8)
21 (61.8)
7 (70.0)
18 (32.1)
11 (61.1)
0
3 (15.0)
0
20 (76.9)
355 (55.0)
11 (73.3)
0
0
6 (22.2)
1 (16.7)
4 (44.4)
4 (28.6)
1 (7.1)
595 (50.5)

1 (11.1)
3 (15.0)
0
1 (3.7)
3 (6.7)
2 (5.0)
1 (7.1)
2 (50.0)
0
1 (11.1)
0
1 (2.9)
1 (10.0)
1 (1.8)
0
0
0
0
0
36 (5.6)
3 (20.0)
1 (25.0)
0
1 (3.3)
2 (33.3)
1 (11.1)
4 (28.6)
0
65 (5.5)

0
0
0
0
2 (4.4)
2 (5.0)
0
0
1 (3.8)
0
0
2 (5.9)
2 (20.0)
3 (5.4)
3 (16.7)
0
2 (10.0)
0
0
21 (3.3)
0
1 (25.0)
0
1 (3.3)
0
1 (11.1)
1 (7.1)
0
42 (3.6)

6 (66.7)
11 (55.0)
5 (41.7)
4 (14.8)
23 (51.1)
15 (37.5)
4 (28.6)
0
7 (26.9)
2 (22.2)
1 (4.2)
10 (29.4)
0
34 (60.7)
4 (22.2)
18 (100.0)
15 (75.0)
30 (100.0)
6 (23.1)
233 (36.1)
1 (6.7)
2 (50.0)
4 (100.0)
19 (70.4)
3 (50.0)
3 (33.3)
5 (35.7)
13 (92.9)
478 (40.4)

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[15]
[17]
[24]
[25]
[17]
[26]
[27]
[28]
[28]
[29]
[30]
[31]
[32]
[33]
[23]
[34]
[35]
[36]
[37]
[38]

SEVERAL POTENTIAL FACTORS
MAY CAUSE TO SOMATIC mtDNA
ALTERATIONS IN GASTRIC CANCER
The mutation type could provide clues regarding factors
that potentially contributing to somatic mtDNA alterations in gastric cancer. Among the mtDNA mutations
identified in gastric cancer, 46% of the somatic point mutations are transition mutations (e.g., T-to-C or G-to-A),
and another 46% result from mononucleotide or dinucleotide repeat instability (e.g., poly-C or poly-A)[15].
Compared with other types of cancer, 60% of the mutations are transition mutations, 31% are mononucleotide
or dinucleotide repeat instability, and 4% are transversion
mutations (e.g., T-to-A or G-to-C) (Table 2)[15-38]. These
findings indicate that transition mutations and mononucleotide or dinucleotide repeat instability are two major
types of somatic mtDNA mutations in cancers.
Given that the mitochondrial electron transport chain
is a major site for intracellular ROS formation, oxidative
mtDNA damage is predicted to be an important factor
promoting mtDNA mutations and genome instability in
cancers. However, whether steady-state levels of oxidative mtDNA damage are increased in gastric cancer compared with corresponding noncancerous stomach tissue
remains unknown.
The main pyrimidine and purine product of oxidative
DNA base damage is thymine glycol and 7,8-dihydro-
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Table 2 The types of somatic mitochondrial DNA mutations in human cancers n (%)
Cancer

Cases

Adult leukemia
Bladder cancer
Breast cancer

Esophageal cancer
Follicular thyroid cancer
Gastric cancer
Head-and-neck cancer
Hepatocellular cancer
Lung cancer
Medulloblastoma
Oncocytic head-and-neck
tumor
Oncocytic pituitary adenoma
Oncocytic thyroid tumor
Oral cancer
Ovarian cancer
Pancreatic cancer
Papillary thyroid cancer
Parathyroid adenoma
Renal cell cancer

Renal oncocytomas
Total

No. of cancers with
mutation (%)

No. of
mutations

Transitions

Transversions Mono-/di-nucleotide repeat
instability

Others

Ref.

24
14
18
19
15
58
20
3
31
13
10
44
14
55
15
25

9 (37.5)
9 (64.3)
11 (61.1)
14 (73.7)
14 (93.3)
27 (46.6)
11 (55.0)
3 (100.0)
20 (64.5)
6 (46.2)
5 (50.0)
23 (52.3)
6 (47.1)
33 (60.0)
6 (40.0)
16 (64.0)

9
20
12
27
45
40
14
4
26
9
24
34
10
56
18
18

9 (100.0)
14 (70.0)
6 (50.0)
22 (81.5)
33 (73.3)
20 (50.0)
3 (21.4)
3 (75.0)
12 (46.2)
7 (77.8)
15 (62.5)
19 (55.9)
8 (80.0)
47 (83.9)
13 (72.2)
13 (72.2)

0
3 (15.0)
1 (8.3)
1 (3.7)
7 (15.6)
2 (5.0)
1 (7.1)
0
0
0
0
0
1 (10.0)
1 (1.8)
0
1 (5.6)

0
1 (5.0)
5 (41.7)
4 (14.8)
5 (11.1)
17 (27.5)
9 (64.3)
1 (25.0)
12 (46.2)
2 (22.2)
9 (37.5)
13 (38.2)
1 (10.0)
8 (14.3)
5 (27.8)
1 (5.6)

0
2 (10.0)
0
0
0
1 (2.5)
1 (7.1)
0
2 (7.7)
0
0
2 (5.9)
0
0
0
3 (16.7)

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[15]
[17]
[24]
[25]
[17]
[26]
[27]
[28]

25
45
18
300
10
5
7
30
8
9
15
9
859

18 (72.0)
26 (57.8)
14 (77.8)
240 (80.0)
6 (60.0)
4 (80.0)
3 (42.9)
15 (50.0)
5 (62.5)
7 (77.8)
7 (46.7)
9 (100.0)
567 (66.0)

20
30
26
645
15
4
4
27
6
9
14
14
1180

10 (50.0)
22 (73.3)
12 (46.2)
356 (55.2)
10 (66.7)
3 (75.0)
4 (100.0)
18 (66.7)
2 (33.3)
6 (66.7)
13 (92.9)
7 (50.0)
707 (59.9)

0
1 (3.3)
4 (15.4)
20 (3.1)
0
1 (25.0)
0
1 (3.7)
1 (16.7)
0
1 (7.1)
2 (14.3)
49 (4.2)

9 (45.0)
5 (15.2)
8 (30.8)
237 (36.7)
4 (26.7)
0
0
6 (22.2)
1 (16.7)
3 (33.3)
0
4 (28.6)
370 (31.4)

1 (5.0)
2 (6.7)
2 (14.3)
32 (5.0)
1 (6.7)
0
0
2 (7.4)
2 (33.3)
0
0
1 (7.1)
54 (4.6)

[28]
[29]
[30]
[31]
[32]
[33]
[23]
[34]
[35]
[36]
[37]
[38]

8-oxo-2’-deoxyguanosine (8-oxodG), respectively[56-59].
Thymine glycol is poorly mutagenic, but 8-oxodG can result in G-to-T transversion mutations during replication
because unrepaired 8-oxodG can pair with adenine[60].
However, the most common mtDNA mutations in cancer are transition mutations rather than the mutational
consequences specific to 8-oxodG (G-to-T transversion).
Therefore, DNA lesions other than 8-oxodG could be
primarily responsible for mtDNA transition mutations
in cancer. Some studies indicated that oxidative lesion
8-oxodG can be efficiently repaired in mtDNA[61]. In addition, oxidative DNA damage can produce a range of
base lesions, and the mutagenic potential of these lesions
has not been fully elucidated[62]. In fact, some of these
lesions may be responsible for ROS-mediated mtDNA
mutagenesis. Moreover, reactive nitrogen species (RNS)
can deaminate adenine to hypoxanthine, cytosine to uracil, and guanine to xanthine, thereby causing transition
mutations[63,64]. Thus, it is possible that mtDNA transition
mutations in cancer could result from the deamination
of adenine, cytosine, or guanine by RNS. Alternatively,
factors other than oxidative damage are primarily responsible for the formation of mtDNA mutations, such as
defects in mtDNA polymerase or repair systems[61,65].
Oxidative damage could also contribute to mononucleotide or dinucleotide repeat instability in mtDNA[63].
The mononucleotide repeat in the D310 poly-C sequence
of the D-loop region, the most common site of somatic
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mtDNA mutations in cancer, is the site most susceptible
oxidative damage in mtDNA[66]. Moreover, extensive oxidative damage to the mononucleotide repeats may result
in slippage and/or misincorporation of nucleotides during mtDNA replication or repair by mtDNA polymerase
(POLG). Importantly, it has been reported that POLG
is a target of oxidative damage[67] and frequently harbors
mutations in cancerous tissues[68]. Specifically, mutations
were identified in all three domains of the POLG protein, including the exonuclease domain, the linker region
and the polymerase domain[63]. In addition, increased
mtDNA mutations are observed in Polgexo-/- and Polgexo+/mice[69,70]. Therefore, defects in the polymerase and repair activities of POLG might enhance the generation
of mtDNA mutations and genome instability in cancer.
However, whether a general defect in POLG per se leads
to increased mutations or genome instability in the D-loop
region compared with other region in the mitochondrial
genome and the mechanisms governing this action remains unknown.
Some studies indicated that Helicobacter pylori (H. pylori)
infection can affect mitochondrial function and impair
DNA repair mechanisms, thereby inducing genetic instability of nuclear and mitochondrial DNA in gastric
cells[71-73]. Therefore, H. pylori infection may promote
mtDNA instability and contribute to gastric carcinogenesis in infected individuals.
Decreased mtDNA copy number could result from
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and are more frequent in gastric cancer patients with H.
pylori-associated chronic gastritis compared with cancerfree patients[81]. These findings suggest that mtDNA
mononucleotide instability may be involved in the early
stages of gastric carcinogenesis.
A significant association between decreased mtDNA
copy number and ill-defined gastric cancers, including
the ill-defined ulcerative and infiltrating (Borrmann’s type
Ⅲ) and diffusely infiltrating (Borrmann’s type Ⅳ) types,
was observed[13]. A recent report further confirmed that
mtDNA copy number is significantly decreased in gastric
cancer, particularly in ill‑defined stage Ⅲ and Ⅳ cases,
and suggested that alterations in mtDNA copy number
may correlate with DNA methylation[53]. Because most
patients with Borrmann’s type Ⅲ and Ⅳ gastric cancer
have a poorer prognosis and reduced 5-year survival rate
after gastrectomy, these findings suggest that decreased
mtDNA copy number may modify gastric cancer progression.

mutations in the D-loop region. Because this region is
the control site for mtDNA replication and transcription,
mutations in the region could repress the rates of primer
synthesis and mtDNA replication. This hypothesis is supported by the observation that decreased mtDNA copy
number is associated with the mutations in the D-loop
region[49].
In addition, decreased mtDNA copy number in
cancer could be attributed to defects in mitochondrial
biogenesis or other proteins localized to the mitochondria (e.g., p53 or SIRT3). Defects or decreased expression
in several factors involved in mtDNA replication and
maintenance as well as mitochondrial biogenesis, such
as POLG[68], peroxisome proliferator-activated receptor
[74]
γ coactivator-1 (PGC-1) , mitochondrial single-strand
DNA binding protein (mtSSB)[74], and mitochondrial
transcription factor A (mtTFA)[74], have been observed in
cancer. Decreased mtDNA copy number correlates with
reduced expression of PGC-1 in HCC[74] and mtTFA in
colorectal cancer[75]. These findings suggest that reduced
mitochondrial biogenesis may lead to decreased mtDNA
copy number in cancers. Moreover, the tumor suppressor
p53 can localize to mitochondria, and contribute to the
maintenance of mtDNA stability through interactions
with POLG[76]. Thus, the loss of p53 in cancer may lead
to decreased mtDNA copy number. In addition, the mitochondrial deacetylase SIRT3 is down-regulated and acts
as a tumor suppressor in several cancers, including gastric
cancer[77-79]. The loss of SIRT3 expression is an independent prognostic marker for reduced disease-free survival
and overall survival in gastric cancer[78,79]. The loss of
SIRT3 is correlated with decreased mtDNA integrity and
mtDNA copy number[77].
Therefore, enhanced mtDNA damages and/or reduced efficiency in the mtDNA replication and repair
activities as well as the loss of mitochondrial-localized
proteins may contribute to mtDNA somatic mutations
and decreased copy number in gastric cancer.

The potential roles of mtDNA
mutations and mitochondrial
dysfunction in gastric cancer
progression
In gastric cancer, somatic point mutations in the mitochondrial coding region are potentially harmful mutations
that may cause mitochondrial dysfunction. These harmful mtDNA mutations along with decreased mtDNA
copy number contribute to mitochondrial dysfunction.
In addition, decreased mitochondrial aconitase (ACO2)
expression, decreased respiratory capacity, and mitochondrial complex Ⅰ deficiency were observed in gastric cancer[82,83]. These findings have been suggested as a mechanism to explain the Warburg effect. However, the role
of mtDNA mutations and mitochondrial dysfunction in
tumorigenesis and cancer progression remains unclear in
gastric cancer.
Among the mtDNA mutations identified in gastric
cancers, the role of the 12418insA mutation in tumorigenesis has been examined using a cybrid cell model
(though not in gastric cancer cells)[84]. The 12418insA mutation is an “A” nucleotide insertion in the mononucleotide repeat of a poly-adenosine (poly-A) sequence at np
12418-12425 in mtDNA. The mutation causes a frameshift and premature termination of the ND5 gene, thereby resulting in a truncated ND5 subunit protein. In addition to gastric cancer[15], this mutation was also reported
in the rotenone-resistant VA2B cell line[85], colorectal
cancer[86], HCC[25], and breast cancer specimens [21]. A
study revealed that the heteroplasmic 12418insA mutation contributes to reduced oxidative phosphorylation
and increased ROS production in human cancer cells
and promotes tumorigenesis in nude mice[84]. The report
provided evidence suggesting that mtDNA mutation and
mitochondrial dysfunction contribute to tumorigenesis.
Additional evidence was obtained from an approach

Clinical correlations of somatic
mtDNA alterations in gastric
cancers
To understand the roles of somatic mtDNA alterations
in gastric cancer progression, the analysis of the clinicopathological features of cancers harboring these mutations may provide insight.
We analyzed the relationships between each somatic
mtDNA mutation and the clinicopathological features of
gastric cancer. However, no significant correlation was
observed between the clinicopathological features of gastric cancer and somatic point mutations in the D-loop[13,43]
or the mitochondrial genome[15], the 4977-bp deletion[13],
or the tandem duplication/triplication of mtDNA[14].
For mutations of a specific mononucleotide repeat
(D310) of mtDNA, the mutations are not associated
with nuclear microsatellite instability in gastric cancer[80],
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using mitochondrial specific inhibitors to suggest that
mitochondrial dysfunction enhances chemo-resistance
and cell migration in human gastric cancer cells[15,87]. Oligomycin-induced mitochondrial dysfunction promotes
cisplatin resistance and enhances cell migration in a human gastric cancer cell line[15]. Moreover, mitochondrial
inhibitors (antimycin A and oligomycin) increased intracellular ROS levels, and the antioxidant N-acetyl-cysteine
preventes the enhanced cell migration mediated by the
mitochondrial inhibitors. These results suggest that ROS
generated by defective mitochondria may be involved in
the mechanism[15,87]. In addition, the mitochondrial inhibitors increase the expression of the cell adhesion molecule
alpha5-integrin via ROS induction[87]. alpha5-integrin on
the cell surface is required for mitochondrial dysfunctionenhanced cell migration[87]. These findings suggest that
ROS-mediated increased alpha5-integrin expression
might serve as the molecular basis by which mitochondrial dysfunction promotes gastric cancer cell migration.
An addition approach employed a method to select the subpopulation of cancer cells demonstrating
enhanced migration. This study indicated that highly
migratory gastric cancer cells display reduced oxygen
consumption rates, increased intracellular ROS content
and increased alpha5-integrin expression compared with
the parental cells[87]. Importantly, the evidence from clinicopathological studies with gastric cancer specimens suggest that alpha5-integrin expression is highly correlated
with gastric cancer invasion[87]. These results further support the association between mitochondrial dysfunction
and cell migration in gastric cancer.
Although most of the studies were not focused on
gastric cancer, data from several lines of research have
substantiated the pathological role of mtDNA mutation
or mitochondrial dysfunction in cancer. Using cybrid cell
models, pathogenic mtDNA mutation (e.g., the T8993G
transversion) have been shown to promote tumor growth
in nude mice by preventing apoptosis[88-90]. Moreover, it
was reported that the mtDNA mutation-mediated mitochondrial dysfunction contributes to metastatic cancer
phenotypes, and ROS induction is mechanistically involved[88,91]. Mitochondrial inhibitors or mtDNA depletion can induce chemo-resistance or enhance the invasive
phenotypes of various cancers[92-96]. “Retrograde signaling,” signaling from mitochondria to the nucleus[97,98], has
been proposed to be mechanistically involved. However,
the common biomolecules involved in retrograde signaling remain undefined. The detailed mechanisms by which
mtDNA mutation and mitochondrial dysfunction affect
gastric cancer progression require further investigations.

bolic reprogramming or the “Warburg effect” in gastric
cancers. Clinical correlative analyses reveal that decreased
mtDNA copy number is associated with the ill-defined
ulcerated and infiltrating types as well as the diffusely
infiltrating types of gastric cancer, which might correlate
with poorer patient prognosis[13]. However, the presence
of somatic mtDNA point mutations in gastric cancers
does not correlate with tumor size and grade, or patient
survival[15]. This finding might be attributed to the possibility that these mtDNA point mutations do not always
affect mitochondrial function nor contribute to gastric
cancer progression. In addition, different heteroplasmic
levels of the same mtDNA mutation might produce
varying results for tumorigenesis and cancer progression. The results are consistent with in vitro studies using
mitochondrial inhibitors, suggesting that mitochondrial
dysfunction might induce chemo-resistance and enhance
cell migration in part in gastric cancer cells[15,84]. Thus, the
role of specific mtDNA point mutation in mitochondrial
function and gastric cancer progression warrants further
study.
Among the somatic mtDNA mutations identified in
gastric cancer, transition mutations and mononucleotide
or dinucleotide repeat instability, not transversion mutations, are the two most common types of mutation.
Transition mutations may not result from oxidative DNA
damage; rather, these mutations may result from specific
types of DNA damage and/or reduced efficiency in
mtDNA replication and repair activities as well as other
undefined mechanisms.
Increasing lines of evidence have important implications in the pathological role of mtDNA mutation or mitochondrial dysfunction in gastric cancer. Increased ROS
production induced by mitochondrial dysfunction may
be involved in the malignant changes of gastric cancer.
However, the detailed mechanism by which mtDNA mutation and mitochondrial dysfunction affect gastric cancer
progression remains unclear. Elucidation of the factors
causing mtDNA mutations and activating retrograde
signaling pathways in gastric cancer will be important for
understanding the role of mitochondria and mtDNA in
gastric cancer. The search for strategies to prevent mtDNA alterations and inhibit these pathways will aid in the
development of novel treatments for gastric cancers.
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Core tip: This review elucidates the relationship between caudal-related homeobox transcription factor 2
(CDX2) and gastric carcinoma, and promotes research
to establish whether CDX2 induces drug resistance in
gastric cancer. The review highlights that CDX2-positive
expression should be a useful maker for diagnosis for
patients with intestinal-phenotype gastric cancer, because of this useful maker, future drug and gene therapy targets in gastric cancer might be influenced.
Yan LH, Wei WY, Xie YB, Xiao Q. New insights into the functions and localization of the homeotic gene CDX2 in gastric
cancer. World J Gastroenterol 2014; 20(14): 3960-3966 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i14/3960.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i14.3960

Abstract
Gastric cancer is one of the most frequent cancers,
and it ranks the third most common cancer in China.
The most recently caudal-related homeobox transcription factor 2 (CDX2) is expressed in a large number
of human gastrointestinal cancers. In addition, gastric
epithelial cell mutations in CDX2 result in tumor promotion, which is characterized by cellular drug resistance
and a high proclivity for developing cancer. A series of
publications over the past years suggests a mechanism
by which CDX2 overexpression results in multidrug resistance. CDX2 appears to forward control regenerating
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INTRODUCTION
Caudal-related homeobox transcription factor 2 (CDX2)
is a member of the caudal type homeobox gene family.
The encoded protein is a major regulator of intestinespecific genes and is involved in cell growth and differentiation, but also has several other functions, including
early embryonic development of the intestinal tract, and
intestinal inflammation and tumorigenesis[1-3]. We showed
that multidrug resistance was reversed in gastric cancer
SGC7901/DDP cells in vitro and in vivo by CDX2 down-
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regulation[4]. Overexpression of CDX2 in HT-29 cells
revealed increased resistance to the known substrates of
multidrug resistance protein (MDR1), vincristine and
paclitaxel, which was reversed by MDR1 inhibitor verapamil[5], thereby supporting cell growth. However, high
expression of CDX2 significantly reduces tumorigenicity
in BGC-823 cells[6], and CDX2 may play a growth-suppressive or proapoptotic role in gastric cancer cells. These
findings suggest that a unique feature of CDX2 gene is
that it plays opposing functions with regard to the regulation of cell growth and death in gastric cancer. However,
the molecular networks connecting CDX2 to its function
and regulation in gastric cancer remain largely unknown.

protein kinase and catalytic domain, which contains the
catalytic domain of the serine/threonine kinase (STK),
mitogen-activated protein kinase (MAPK)/MAK/MRK
overlapping kinase. The protein kinase superfamily is
mainly composed of the catalytic domains of serine/
threonine-specific and tyrosine-specific protein kinases.
It also includes the RIO kinases, which are atypical serine
protein kinases, aminoglycoside phosphotransferases, and
choline kinases[19]. When the catalytic domain of STKs
is activated, these proteins catalyze the transfer of the
γ-phosphoryl group from ATP to hydroxyl groups in
specific substrates such as serine, threonine, or tyrosine
residues of proteins[20]. Duncan et al[21] have reported that
protein kinase and caspase networks induce alterations
in cell survival and frequently accompany transformation
and tumorigenesis.
Subsequent studies have shown that CDX2 controls
the transcription of cellular genes that are essential for
gastric intestinal metaplasia. CDX2 contains catalytic domain of MAPK, which is involved in various key cellular
activities. And the MAPK signaling pathways have been
implicated in the pathogenesis of cancer, which plays a
key role in several steps of tumorigenesis including cancer cell proliferation, migration, and invasion[22]. Cell cycle
progression is related to mutable transcription factors
and cofactors. Several studies have shown that CDX2 is
modified post-translationally, which seems to regulate its
activity and modulate its interactions with other transcription factors and cofactors[17,23].

Identification of CDX2
Several studies have demonstrated that CDX2 is largely
present in intestinal homeostasis and inflammation[7,8].
The first description of the caudal homeobox gene was
in Drosophila by Mlodzik et al[9]. Six years later, James and
Kazenwadel[10] reported CDX2 gene expression in the
intestinal epithelium of adult mice. They found that all
nine homeobox genes were expressed in different regions
of the intestine, with a unique expression profile for
each gene, and CDX2 was present in a single copy in the
mouse genome. Suh and Traber[11] further showed that
the intestine-specific homeobox gene, CDX2, was a transcription factor that regulated both proliferation and differentiation in intestinal epithelial cells. Rao et al[12] showed
that overexpression of CDX2 in intestinal epithelial
cells increased migration in wound healing, while a more
recent work of Gross et al[13] indicated that decreased
CDX2 expression enhanced intestinal cell migration.
A similar phenomenon also occurred in gastric cancer
(GC). Silberg et al[14] showed that ectopic expression of
CDX2 induced gastric intestinal metaplasia in transgenic
mice. Our recent research[15] found that overexpression
of CDX2 inhibited cell growth and proliferation, blocked
entry into the cell cycle S phase, reduced motility and invasion of MGC-803 cells, and increased the rate of apoptosis in GC cells in vitro. Moreover, Dang et al[16] found
that loss of CDX2 predominantly altered the expression
of genes involved in intestinal glandular differentiation
and adhesion, but disruption of CDX2 in MKN45 cells
did not significantly affect their tumorigenic potential.
CDX2 contains two conserved protein domains that
play different roles. The Caudal-like protein activation
region is thought to mediate transcription activation,
which consists of the N termini of proteins belonging to
the caudal-related homeobox protein family. The level of
activation caused by mouse CDX2 is affected by phosphorylation at serine 60 via the mitogen-activated protein
kinase pathway[17]. In this region, CDX2 gene always
has homeodomains that interact with the DNA-binding
domain of DNA replication-related element binding
factor, which is an 80-kDa polypeptide homodimer that
plays an important role in regulating cell-proliferationrelated genes[18]. Another conserved protein domain is the

WJG|www.wjgnet.com

role of CDX2 in gastric intestinal
metaplasia
Gastric intestinal metaplasia is a multifocal regenerative
lesion characterized by the presence of intestinal cell
types, such as goblet, Paneth and absorptive cells, alone
or in combination, within the gastric mucosa[24]. The ectopic intestinal glands are completely reorganized, with
displacement of the proliferative zone from the neck region down to the base of the crypt, thus resembling the
normal intestine, concomitant with alterations in the stromal sheath surrounding the metaplastic gland, which also
acquires an intestinal phenotype[25]. Intestinal metaplasia
is thus generally accepted as a preneoplastic lesion conferring increased risk for gastric cancer development[26],
and its cause-effect relationship with Helicobacter pylori
(H. pylori) infection is indisputable. However, intestinal
metaplasia arises in only approximately 30% of infected
individuals, from which only around 7% will develop
gastric cancer[27]. Although low, these percentages acquire
particular importance in countries where the prevalence
of infection remains high, such as Asia[28], where approximately 75% of the population is infected. Over the past
two decades, several animal models of developing intestinal metaplasia have been reported. The Mongolian gerbil
model is the best for recreation of all gastric histological
events following H. pylori infection leading to intestinal
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metaplasia and ultimately gastric cancer, thus corroborating the causal role of infection in preneoplastic lesions
and cancer development. Several studies show that after
long-term infection these animals develop intestinal
metaplastic lesions that resemble human disease[29,30],
which develop into gastric adenocarcinoma.
Recently, the induction of an ectopic intestinal phenotype in the stomach has also been achieved in animal
models by manipulating downstream events in the carcinogenic cascade. Two mouse cell lines have been developed to help understand the causal role of ectopic CDX2
expression in the stomach for development of extensive
intestinal metaplasia[14]. In these models, CDX2 is under
the control of promoters from different gastric-specific
genes that are transcribed during embryonic development[14]. The promoter such as H+/K+-ATPase b-subunit[31], is only active postnatally. Both models display
extensive intestinal metaplasia, presenting all intestinal
cell types except Paneth cells, as well as several intestinespecific gene products typical of the different lineages.
These two models suggest two separate pathways for
metaplastic development. Expression of CDX2 during
fetal development may affect the undifferentiated endodermal cells of the foregut, normally devoid of this protein, and thus interfere with determination of cell fate,
resulting in the induction of intestinal rather than gastric
differentiation in a subset of these cells. Conversely, fresh
expression of CDX2 in differentiated parietal cells suggests cellular transdifferentiation, with loss of gastric
marker expression and gain of intestinal markers.
Other mouse models have been shown or suggested
to exhibit aberrant development of an intestinal phenotype in the stomach. The gastrin knockout mouse shows
achlorhydria and develops intestinal metaplasia, with
CDX2 expression, and gastric tumors[32,33]. Homozygous
mutation of the SHP2-binding site within the interleukin (IL)-6 family receptor gp130 led to the development
of two metaplastic lineages, spasmolytic polypeptideexpressing metaplasia (SPEM) and intestinal-like cells,
as determined by the presence of acidic mucins and
clear brush border morphology, but with no evidence
of goblet cell differentiation[34]. Early stages of intestinal
transformation of the fetal stomach are found in both
Sonic Hedgehog homozygous null[35] and Gli3 null embryos, which lack this downstream effector of Hedgehog signaling[36], as assessed by alkaline phosphatase
activity. However, these changes do not have an overall
impact on gastric differentiation. Finally, intestinal differentiation with associated goblet cells and expression
of CDX2 appear in subcutaneously grafted gastric cells
derived from Runx3-/- mouse fetuses[37]. The same genotype in another mouse strain results in the loss of chief
cells, SPEM, and an intestinal phenotype with CDX2
expression, without apparent inflammation and with increased malignant potential[38].
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CDX2 seems likely as an oncogene
in gastric cancer
CDX2 may have a unique role compared to other CDXs,
showing characteristics of both an oncogene and a tumor
suppressor[39-41]. Many researchers report that CDX2 is
an inhibitor of cancer cell growth. Cell growth inhibition
by CDX2 is associated with significant cell cycle arrest
at the G0/G1 phase and CDX2 suppresses cell proliferation by controlling the G1 and S checkpoints and inducing a specific block in cell cycle progression, after which
the cells are not committed to complete the rest of the
cell cycle. Many genes that are regulated in a cell-specific
manner have CDX2-binding sites as their promoters, and
in some cases CDX2 induces their expression directly.
Some of these gene products play a direct regulatory
role in the cell cycle, for example, Cdc2 and cyclin E[42,43].
Moreover, CDX2 was also forced to express by IL-6,
tumor necrosis factor-α and IL-1β[44,45]. A further study
showed that CDX2 promoter activity is increased by IL-6
in a MEK/ERK and phosphoinositide 3-kinase (PI3K)dependent manner, and deletion of CDX2 binding sites
in the promoter sequence results in loss of IL-6-induced
promoter activity[46]. IL-6 increases CDX2 protein expression in gastric intestinal metaplasia cells that is sufficient
to induce cell death. Enforced expression of CDX2 in
vitro causes apoptosis in several cell types[6,47]. In addition, apoptosis induced by PTEN upregulation in gastric
cancer cells has been shown to be dependent on CDX2,
by triggering PI3K/Akt inactivation. Therefore, it was
surprising to find that gastric expression of CDX2 alone
was sufficient to induce intestinal metaplasia in mice, and
that these mice represented a powerful tool to investigate
the molecular mechanisms that promoted intestinal metaplasia[14]. Moreover, as gastric cancer in humans is often
preceded by intestinal metaplasia, the phenotype described here strongly suggests involvement of CDX2 in
the initiation of the process leading to intestinal neoplasia
of the gastric mucosa. Several lines of evidence suggest
that CDX2 has the potential to function as an oncogene
in gastric carcinoma, promoting the proliferation of cells
beyond their normal constraints[4,5].
For some time, this apoptotic activity of CDX2 was
thought to be similar to that described for another cancer-related protein, c-Myc[48,49]. Elevation of c-Myc occurs
in many tumors, resulting in potent growth promotion[50].
This effect of c-Myc can, however, only occur if the
cell is also receiving appropriate survival signals, for example, leptin[51]. If not, deregulation of c-Myc will cause
programmed cell death[52]. This model, however, does
not completely hold true for CDX2 because mutants
of CDX2 have been described, which although unable
to promote cell cycle progression, retain the ability to
induce programmed cell death[53]. In summary, it appears
that CDX2 acts as an oncogene in gastric cancer.
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CDX2 induces drug resistance in
gastric cancer

CDX2 IS a useful maker for future
drug and gene therapy in gastric
cancer

Regenerating protein (Reg) Ⅳ is a small, 17-kDa secreted
C-type lectin that is expressed in normal enteric neuroendocrine cells and some goblet cells[54]. Reg Ⅳ is expressed
in approximately 37% of gastric cancers and is detectable in the sera of approximately 36% of gastric cancer
patients. Expression of Reg Ⅳ is a marker for prediction
of resistance to 5-fluorouracil-based chemotherapy in
patients with gastric cancer[55]. Oue et al[56] showed that
endogenous CDX2 and Reg Ⅳ expression was correlated
in gastric cancer cell lines and primary tissue, and gastric
intestinal metaplasia. In addition, using an endoplasmicreticulum- regulated form of CDX2 led to rapid induction of Reg Ⅳ expression after 4-hydroxytamoxifen
treatment. Reporter gene assays revealed an important
role for consensus CDX2 DNA binding elements in the
Reg Ⅳ promoter region in its transcription, and subsequent chromatin immunoprecipitation assays showed that
CDX2 bound directly to the Reg Ⅳ promoter[47]. These
results indicate that CDX2 protein directly regulates Reg
Ⅳ expression in gastric cancer and intestinal metaplasia
of the stomach. Reg Ⅳ may exert its function via the epidermal growth factor receptor (EGFR) signaling pathway
in gastric cancer. Overexpression or silencing of Reg Ⅳ
influences the level of EGFR phosphorylation[57]. The
EGFR signaling pathway plays an important role in the
normal physiological function of cells, such as apoptosis,
migration and differentiation. The signaling pathways
downstream of EGFR are also central to the biology
of gastrointestinal cancer. A major recent discovery has
been that two major pathways mediate signal transduction through EGFR: the RAS/RAF/MAPK/ERK and
the PI3K/AKT/PTEN/mTOR pathways [58]. Forced
expression of Reg Ⅳ in gastric cancer cell lines also induces expression of the phosphorylated form of EGFR,
Bcl-2, Bcl-XL, survivin, and the phosphorylated form
of AKT[57]. Therefore, this indicates that CDX2 protein
directly regulates Reg Ⅳ expression, and Reg Ⅳ activates
the EGFR/Akt/AP-1 signaling pathway to improve the
survival rate of cancer cells. The intestinal phenotype of
gastric cancer frequently expresses EGFR[59], therefore, it
is suggested that this Reg-Ⅳ-activated pathway plays an
important role in this subtype of gastric cancer.
Besides, CDX2 also induces expression of the MDR1
gene by which CDX2 directly regulates expression of
the gene through binding to elements in the promoter
region[5]. In fact, it has been reported that postoperative
chemotherapy is not beneficial for patients with intestinal
phenotype gastric cancer[60]. Taken together, it is possible
that in intestinal phenotype gastric cancer, expression (or
ectopic expression) of CDX2 induces Reg Ⅳ and MDR1
expression, resulting in an increase in drug resistance.
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Whether CDX2-positive expression can be considered as
a prognostic factor for gastric cancer has been in dispute
for a long time. Several investigators reported that CDX2
was an independent prognostic indicator for gastric
carcinoma[61,62]. However, we showed that no significant
correlation could be determined between CDX2 and
clinicopathological parameters such as tumor size, invasion and lymph node metastasis in gastric cancer[63]. This
suggests that CDX2 does not affect the progression of
human gastric cancer. These conflicting results were likely
due to small sample sizes. Meta-analysis has recently been
applied to identify prognostic indicators in patients with
malignant diseases[64,65]. Recently, we carried out a metaanalysis that is believed to be the first study to estimate
systematically CDX2 expression and its relationship with
clinicopathological characteristics and 5-year survival
rate of gastric cancer patients. The results indicated that
CDX2 overexpression was significantly associated with
sex, lower clinical stage, tumor differentiation, lower rate
of vascular invasion and lymph node metastasis, as well
as higher 5-year survival rate[66]. Several investigators
have reported that CDX2 expression is associated with
specific morphological and mucin phenotypes of gastric
epithelial dysplasia, and decreased progressively with advanced gastric cancer stage, suggesting a possible tumor
suppressor role for CDX2[67-69]. However, sample sizes
in the meta-analysis were too small, and whether CDX2positive expression is significantly associated with good
prognosis in patients with intestinal phenotype gastric
cancer remains to be fully investigated in the future.

CONCLUSION
Ectopic expression of CDX2 occurs in the stomach and
promotes intestinal metaplasia of the mucosal epithelial
cells, which is an important early event in gastric tumor
formation. In addition, CDX2-positive gastric cancer patients also have a higher 5-year survival rate than CDX2negative patients. Therefore, CDX2 may be an important
factor that affects the prognosis of gastric malignant tumors. CDX2 has attracted increasing interest because of
its importance in modulating various cellular processes in
cell growth or survival, differentiation and apoptosis via
the regulation of gene expression. Even minor changes
in nuclear CDX2 levels and/or its activities may have a
significant effect on gene regulation, and thereby cellular
responses, during disease pathogenesis and treatment.
Therefore, an understanding of the regulatory mechanisms is of importance in intestinal phenotype gastric
cancer. As few studies have reported the relationship be-
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tween clinicopathological parameters and CDX2 in intestinal phenotype gastric cancer, large-sample clinical studies are needed. Elucidation of the CDX2/MDR1/Reg Ⅳ
pathway is a potentially important advance in molecular
oncology. In view of the high frequency of CDX2 mutations in human gastric tumors, new and/or existing pharmacological agents directed against components of this
pathway may have therapeutic benefit.
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Clinical significance of lymph node metastasis in gastric
cancer
Jing-Yu Deng, Han Liang
ber of metastatic lymph nodes is far better than the
extent of lymph node metastasis for the prognosis of
gastric cancer worldwide, but other nodal metastatic
classifications of gastric cancer have been proposed
as alternatives to the number of metastatic lymph
nodes for improving the predictive efficiency for patient
prognosis. It is still controversial over whether the ratio between metastatic and examined lymph nodes is
superior to the number of metastatic lymph nodes in
prognostic evaluation of gastric cancer. Besides, the
negative lymph node count has been increasingly recognized to be an important factor significantly associated with prognosis of gastric cancer.
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Core tip: Many issues regarding lymph node metastasis
in gastric cancer need to be addressed for improving
prognostic evaluation. Theoretically, the appropriate
classification of lymph node metastasis is able to improve the accurate prognosis of patients. However, it
is still controversial over which classification of lymph
node metastasis should be deemed as the most powerful predictor of prognosis. The optimal extent of lymph
node dissection has been still debating for several decades in the world. The perfect lymphadenectomy can
provide the abundant count of dissected lymph nodes
for pathological examination, which is considered as
the irreplaceable element for accurate evaluation of
disease status. In addition, the negative node count
should not be considered as a clinical variable without
any significance in prognostic evaluation.

Abstract
Gastric cancer, one of the most common malignancies
in the world, frequently reveals lymph node, peritoneum, and liver metastases. Most of gastric cancer patients present with lymph node metastasis when they
were initially diagnosed or underwent surgical resection, which results in poor prognosis. Both the depth
of tumor invasion and lymph node involvement are
considered as the most important prognostic predictors
of gastric cancer. Although extended lymphadenectomy
was not considered a survival benefit procedure and
was reported to be associated with high mortality and
morbidity in two randomized controlled European trials,
it showed significant superiority in terms of lower locoregional recurrence and disease related deaths compared to limited lymphadenectomy in a 15-year followup study. Almost all clinical investigators have reached
a consensus that the predictive efficiency of the num-
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no information is obtained on lymph nodes other than
the perigastric ones. Conversely, if only the number of
metastatic lymph nodes is used as a criterion, extended
lymphadenectomy (D2 or D3 according to JCGC) could
result in stage migration[28,29]. Better survival rates in extended lymphadenectomy may result from greater staging
accuracy and improvement of stage-specific survival rates
owing to stage migration. Although two randomized
controlled European trials that compared limited lymphadenectomy with extended lymphadenectomy failed to
show a survival benefit from extended lymphadenectomy[30], the lack of experience with the surgical procedure
and with postoperative care were most obvious reasons
to account for the poor outcome of extended lymphadenectomy[31,32]. Recently, researchers demonstrated that
extended lymphadenectomy showed significant superiority in terms of lower locoregional recurrence and disease
related deaths to limited lymphadenectomy in a 15-year
follow-up study[33]. However, the rationale for extended
lymphadenectomy as the conventional procedure of curative gastrectomy has not been elucidated clearly.
In this review, we will discuss the above-mentioned issues regarding lymph node metastasis in gastric cancer in
detail.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i14/3967.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i14.3967

INTRODUCTION
More than half of gastric cancer patients have lymph
node metastasis when they are initially diagnosed or underwent surgical resection, which results in poor prognosis[1-4]. Lymph node involvement is the most important
indictor for overall survival (OS) of gastric cancer patients following curative resection (R0), and the survival
rates markedly decrease with the increase in the number
of metastatic lymph nodes[5-10]. Furthermore, many investigators demonstrated that lymph node metastasis was
an independent risk factor for gastric cancer recurrence
in patients following curative resection[11,12]. The overall
survival of lymph node-negative gastric cancer patients
was significantly longer than that of lymph node-positive
patients, and the overall recurrence rate in lymph nodenegative gastric cancer patients was significant lower than
that in lymph node-positive patients[13-16].
It is certain that a meticulous and deliberate classification of lymph node metastasis can provide the guarantee
of accurately evaluating the prognosis of gastric cancer
patients. To evaluate lymph node metastasis exactly, two
main classifications of metastatic lymph nodes have been
recommended to use in clinic by many investigators. The
first classification was originated from Japan in 1980s,
which defined the status of lymph node metastasis by
the location of metastatic lymph nodes relative to the
primary tumor according to the Japanese Classification
of Gastric Carcinoma (JCGC)[17,18]. In 1997, the International Union Against Cancer (UICC) proposed that
lymph node involvement should be classified according
to the number of metastatic lymph nodes[19-21]. Many
researchers reported that the classification based on the
number of metastatic lymph nodes was more sensitive in
prognostic evaluation of gastric cancer than that based
on the location of metastatic lymph nodes[22-25]. In addition, the ratio between metastatic and dissected lymph
nodes was deemed as an important prognostic indictor
of gastric cancer after surgery[26]. So far, there has not
been a universally accepted classification of metastatic
lymph nodes for evaluating the overall survival of gastric
cancer worldwide.
In view of the fact that regional lymph node metastasis usually begins in early period of gastric cancer,
regional lymph node dissection should be recommended
as part of curative resection. However, it is still debatable over the optimal extent of lymph node dissection
during the curative resection for gastric cancer. Limited
lymphadenectomy (D1 according to JCGC[23]) is limited
to removing the perigastric lymph nodes, which can
not guarantee accurate staging of lymph node metastasis and avoid potentially rudimental metastatic lymph
nodes[27]. When limited lymphadenectomy is performed,
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LYMPH NODE METASTASIS FOR
PROGNOSTIC EVALUATION IN GASTRIC
CANCER
In gastric cancer, the presence or absence of lymph node
metastasis is one of the most important prognostic indicators in patients following curative resection. More than
50% of gastric cancer patients have lymph node metastases at diagnosis, which lead to a 5-year survival rate <
30%[4]. Although several investigators reported that the
minority of lymph node-negative gastric cancer patients
had recurrence and poor survival, most investigators
demonstrated that the prognosis of lymph node-negative
gastric cancer patients was significantly better than that
of lymph node-positive patients[34-36]. Hocbwald et al[14]
analyzed the data of actual five-year survivors of gastric
cancer, and found that the nodal status was the most
powerful prognostic factor of outcome within the first
five years after curative surgery for gastric cancer. They
also demonstrated that the number of positive lymph
nodes was the most important determinant of survival
(p < 0.001) by using multivariate analysis. Ichikura et al[37]
demonstrated that the median postoperative survival of
patients with < 4 metastatic lymph nodes was significantly longer than that of patients with 4 or more metastatic
lymph nodes. Gunji et al[38] also found that early gastric
cancer patients with 4 or more metastatic lymph nodes
had a higher probability of recurrence and shorter shortterm survival. In a previous study, we also demonstrated
that gastric cancer patients with positive lymph nodes had
much shorter median OS than those with negative lymph
nodes[39].
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Recurrence is the most common reason of cancer
related death in gastric cancer patients. Owing to the fact
that more than half of gastric cancers was advanced at
the time of diagnosis, even when the curative resection
(R0) was possible, the recurrence could occur in approximately 60% of patients[40]. The recurrence of surgically
resectable gastric cancer is influenced significantly by the
presence of lymph node metastasis. The more the number of metastatic lymph nodes, the worse the prognosis
of gastric cancer patients[41]. Besides, we found that the
number of metastatic lymph nodes was the most important indicator of recurrence after curative surgery[42]. In
a further analysis, we demonstrated that the locoregional
recurrence of gastric cancer was significantly associated
with the number of metastatic lymph nodes (p = 0.025)[43].
Hepatic metastasis is the most frequent distant metastasis
of gastric cancer following curative resection. The detail
mechanism of hepatic metastasis from gastric cancer
after curative resection is unclear. Although the hematogenous metastasis of gastric cancer was deemed as the
most important route of hepatic metastasis following curative resection[44,45], some researchers demonstrated that
lymphatic metastasis should be another reason of hepatic
metastasis[46]. In our previous study, we demonstrated that
lymph node metastasis was not only the most important
factor of hepatic metastasis of gastric cancer following
curative resection, but also the independent factor of the
interval time between radical gastrectomy and hepatic
metastasis[47]. Unlike in the West, peritoneal dissemination
is the main pattern of recurrence after curative gastrectomy in the East[48]. We also demonstrated that peritoneal
dissemination was the most usual recurrence type of gastric cancer after surgery[43]. Meanwhile, we found that the
number of metastatic lymph nodes was significantly associated with the occurrence of peritoneal dissemination.

cancer cells from the primary tumor, the non-quantitative
characteristics of this classification lead to inefficient
evaluation of the prognosis of gastric cancer patients. As
we know, comparatively accurate results of data statistics
should be based on the continuous data or the elaborate
classification of non-continuous data. Therefore, the
UICC has still maintained the classification of lymph
node metastasis based on the number of lymph node
metastasis (the 5th/6th N stage) to provide the accurate
prognostic evaluation for gastric cancer patients since
1997. However, it is still controversial over the best cutoffs of the number of metastatic lymph nodes for prognostic evaluation. So many researchers proposed that the
N staging should be updated for improvement of its accuracy for prognostic evaluation in gastric cancer in clinical application[41,50]. Although the 5th/6th edition UICC
TNM node staging system is deemed to have higher feasibility, objectivity, reproducibility, and increased strength
of prognostic stratification than other edition node staging systems, it has resulted in inevitable controversies
ultimately. There has not been a universally accepted
node staging system for extremely precise evaluation of
the relationship between the 5th/6th edition UICC N stage
and prognosis of gastric cancer patients[50-52]. In 2010, we
identified that the 7th edition UICC N stage was superior
to the 5th/6th UICC N stage and Japanese n stage for
prognostic evaluation in gastric cancer patients[53]. Subsequently, many researchers reported that the 7th edition
UICC N stage could provide a more stratified survival
difference in sub-staged gastric cancer than the 5th/6th
edition UICC N stage, which should be considered to
be much more reasonable compared with the previous
edition N stage, especially between the N1- and N2stage tumors[54-57]. On the other hand, a few authors did
not recommend that the 7th edition UICC N stage as the
optimal classification of lymph node metastasis in gastric
cancer[58,59].
Many studies indicated that the ratio between metastatic and dissected lymph nodes, namely the number of
metastatic lymph nodes to that of dissected lymph nodes,
was an independent prognostic factor for gastric cancer
and other malignant neoplasms, and was reported to be
able to reduce the phenomenon of stage migration[60,61].
Nevertheless, the prognostic superiority of the ratio has
been still controversial for many years[62]. In the previous
study, we demonstrated that the ratio between metastatic
and dissected lymph nodes was inferior to the N stage
for predicting the OS of gastric cancer patients with 15
or more dissected lymph nodes after curative resection[50].
Kulig et al[63] demonstrated that the ratio between metastatic and dissected lymph nodes could not be regarded
as a standard classification of lymph node metastasis
alternative to other classifications after curative gastrectomy plus extended lymphadenectomy. Actually, the
ratio between metastatic and dissected lymph nodes can
not define the number of examined lymph nodes and
formulate the extent of lymph node dissection, which is
considered the potentially key factor interfering with the

THE OPTIMAL CLASSIFICATION OF
LYMPH NODE METASTASIS FOR
PROGNOSIC EVALUATION IN GASTRIC
CANCER
The first classification of metastatic lymph nodes was
originated from Japan in 1980s, which defined the status
of lymph node metastasis by the location of positive
lymph nodes relative to the primary tumor according to
the JCGC. Once extragastric lymph node metastasis is
identified, the probability of systemic cancer dissemination significantly increases in theory. In our latest study,
we demonstrated that extragastric lymph node was an
important factor associated with the dismal prognosis
of patients, even those undergoing extended lymphadenectomy[49]. However, many researchers reported that
classification based on the number of metastatic lymph
nodes was more sensitive in prognostic evaluation of gastric cancer than that based on the location of metastatic
lymph nodes. Although the JCGC classification of lymph
node metastasis can reflect the metastatic pathways of
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quality of curative surgery and the prognosis of patients.
We also demonstrated that the ratio between metastatic
and dissected lymph nodes could enhance the prognostic
evaluation accuracy of the N stage, although it was identified to be inferior to the N stage for accurate evaluation
of patient prognosis[42].

control. In a Dutch trial, locoregional recurrence was
registered in 58% of cases in the limited lymphadenectomy group and in 45% of cases in the extended lymphadenectomy group. However, the Japan clinical oncology
group 9206-1 trial demonstrated that local relapse rate
was only < 1% following curative gastrectomy with extended lymphadenectomy[76]. Yoshikawa et al[77] analyzed
1041 early gastric cancer patients who underwent extended lymphadenectomy with curative intent, and found
that 15 cases had died of recurrence (1.44%) at the last
follow-up.
Although high morbidity and mortality rates have
been reported in patients requiring extensive gastric resection[78], extended lymphadenectomy has a much lower
morbidity and mortality in Japan than in the West, with
a mortality rate being less than 3%[79]. Biffi et al[80] analyzed 250 gastric cancer patients in a single center and
demonstrated that extended gastrectomy with spleen and
pancreas routine preservation can be considered a safe
treatment for gastric cancer in Western patients, at least
in experienced centers. In the Japan clinical oncology
group study 9501, the reported hospital mortality was
only 0.80%, which is significantly lower compared with
Western reports[81]. Recently, an Italy randomized clinical
trial demonstrated that extended lymphadenectomy could
be considered a safe option, with a mortality of only 3.0%
in Western gastric cancer patients[82]. Wu et al[67] reported
that extended lymphadenectomy was a sufficiently safe
procedure for gastric cancer patients, even without hospital morbidity.

THE APPROPRIATE EXTENT OF LYMPH
NODE DISSECTION
Lymph node metastasis can occur during the early stages
of gastric cancer, and regional lymphadenectomy is recommended as part of radical gastrectomy. However, the
extent of lymphadenectomy to achieve the optimal result
is controversial, and there is no worldwide consensus.
Once extragastric lymph node metastasis of gastric cancer is identified[49], the probability of systemic dissemination of tumor cells will significantly increase. The optimal extent of lymph node dissection is an unavoidable
problem which can interfere with the accurate evaluation
of the extent of lymph node metastasis. Primary tumors
were conventionally resected en bloc with limited or extended lymphadenectomy (D1 or D2-3 according to the
JCGC). The limited lymphadenectomy (D1) entails the
removal of the perigastric nodes only, whereas extended
lymphadenectomy (D2 or D3) involves the removal of
both perigastric and extragastric nodes. Extended lymphadenectomy can afford more exhaustive information of
nodal metastasis than limited lymphadenectomy theoretically, while it has not reached a consensus of the standard
extent of lymph node dissection for gastric cancer. Early
studies have reported that 30%-40% of patients with
metastatic lymph nodes including the second tier lymph
nodes have survived longer than 5 years after extended
lymphadenectomy[64]. Although extended lymphadenectomy was not considered a survival benefit procedure as
it was reported in two randomized controlled European
trials[65,66], the lack of experience with surgical procedure
and with postoperative care was thought to account for
the poor outcome of patients who underwent extended
lymphadenectomy[67-69]. Ultimately, extended lymphadenectomy showed significant superiority in terms of
lower locoregional recurrence and disease related deaths
to limited lymphadenectomy in the 15-year follow-up
study[33]. Recently, many Western clinical researchers also
demonstrated that extended lymphadenectomy could improve survival and decrease the perioperative morbidity
of gastric cancer patients[70-72].
Nodal metastatic stage redefinition and local relapse
decrease were deemed as the most important reasons for
improvement in the prognosis of gastric cancer patients
who underwent extended lymphadenectomy, even in
patients with node-negative gastric cancer[73,74]. Theoretically, extended lymphadenectomy allows to harvest more
lymph nodes and eliminate more broadly perigastric lymphatic tissues which were potentially invaded by tumor
cells, compared with limited lymphadenectomy[75]. The
extent of surgery will especially influence locoregional
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THE MINIMUM NUMBER OF LYMPH
NODE DISSECTED
In 1997 the UICC/American Joint Committee on Cancer
(AJCC) recommended, in the 5th edition of the staging
manual, that a minimum of 15 lymph nodes need to be
assessed per patient[83]. However, the 7th edition TNM
classification of N stages of gastric cancer states that
‘‘histological examination of a regional lymphadenectomy specimen will ordinarily include 16 or more lymph
nodes’’. In this classification, it is only a recommendation
and no longer a prerequisite that there is to be no less
than 16 dissected lymph nodes for adequate N stage classification. Of note, the 7th edition N staging does specify
that at least 16 metastatic lymph nodes are required to
assign N3b stage to gastric cancer patients[84]. Studies have
shown that stage migration occurs in patients with a lower
number of lymph nodes examined, creating inaccuracies
in survival prediction[85-87]. Smith et al[31] proposed that the
total lymph node number analyzed is an important and
powerful qualifier of staging information and survival
evaluation for gastric cancer, regardless of the underlying
mechanisms that influence this survival impact of lymph
node counts. They demonstrated that the trend toward
superior survival outcome could be followed to lymph
node counts greater than 40, although there was no unambiguous cutoff point for numerical lymph node analy-
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cal examination[99,100]. It is so crucial that the total harvested lymph nodes must comprise negative lymph nodes,
which is the basic guarantee for really radical resection of
gastric cancer without leaving over any potential metastasis theoretically. By increasing the number of negative
lymph nodes evaluated, the chance of leaving the micrometastasis within negative lymph nodes decreases.
Recent data demonstrate that the immunohistochemical evaluation of histologically negative lymph nodes
detects micro-metastatic disease with varying frequencies
even in early gastric cancer. Kim et al[99] demonstrated that
the incidence of lymph node micro-metastasis in early
gastric cancer patients with negative lymph nodes was
less than 10%. Saito et al[100] demonstrated that the micrometastases within lymph nodes which were determined
by using the immunohistochemical anti-cytokeratin antibody in node-negative early gastric cancer patients were
closely associated with recurrence following curative gastrectomy. Endo et al[101] used anti-cytokeratin antibody to
immunohistochemically detect nodal micrometastasis that
was not identified by routine pathological examination
in 162 patients with apparent node-negative submucosal
gastric cancer. The micrometastasis was detected in 45 of
2048 nodes (2.2%), representing 31 of 162 patients (19%).
Although the micro-metastasis and isolated tumor cells
in negative lymph nodes are considered as the key factors
that could lead to an adverse effect on the OS of patients,
patients with negative lymph node metastasis who were
identified to have isolated tumor cells or micro-metastasis
did not demonstrate a significantly worse prognosis than
those who did not have isolated tumor cells after curative
gastrectomy with extended lymphadenectomy[102]. Harrison et al[103] demonstrated that T3N0M0 gastric cancer
patients who underwent extended lymphadenectomy
had significantly more negative lymph nodes than those
who underwent limited lymphadenectomy, indicating
that extended lymphadenectomy can improve the OS
of T3N0M0 patients. This result is potentially associated with the elimination of micro-metastasis in negative
lymph nodes.
In a previous study, we also found that the negative
lymph node count was an independent predictor of OS
in gastric cancer patients with perigastric node metastasis,
as was the positive lymph node count[104]. Further analysis
demonstrated that the negative node count was the most
intensive predictor of OS in patients with perigastric
lymph node involvement after extended lymphadenectomy. Ultimately, we deduced that extended lymphadenectomy improved the prognosis of patients with
perigastric lymph node involvement possibly by dissecting more negative nodes, compared to the limited lymphadenectomy. Recently, the sentinel node navigation was
demonstrated to be an important factor influencing the
diagnosis and treatment of lymph node metastasis from
gastric cancer, especially in early stage patients[105]. Clinical
application of the sentinel node navigation in gastric cancer is still restricted to early gastric cancer patients, owing
to the complexity of the lymphatic drainage pathways of

sis after curative gastrectomy.
Theoretically, a consensus should be reached that inadequate lymph node assessment directly affects patient
survival[88-90]. Stage migration was occasionally identified
to arise in patients with even great number of dissected
lymph nodes, although many researchers demonstrated
that the effect of stage migration is most usually shown
in patients with a small number of lymph nodes examined[31,91]. It is certain that lymph node counts reflect not
only the actual number of lymph nodes removed intraoperatively but also (or especially) the number of lymph
nodes identified and properly examined during macroscopic and microscopic pathologic analysis[92]. Several investigators reported that the more the number of lymph
node dissection, the longer the disease-free survival
(DFS) of gastric cancer patients[89,90]. Besides, there was
a significantly negative correlation between the number
of dissected lymph nodes and the local recurrence rate in
patients after curative gastrectomy in above-mentioned
studies. In the previous study, we have demonstrated that
patients presented with no less than 15 dissected lymph
nodes had comparatively longer median OS after recurrence, compared to those with less than 15 dissected
lymph nodes[90]. Scartozzi et al[91] reported a remarkable
decrease in local recurrence rate, from 23% in patients
with less than 25 lymph nodes assessed to 4.7% in patients with no less than 25 lymph nodes assessed. They
considered that abundant lymph node dissection should
be associated with good locoregional control. Another
example, in the 15-year analysis of the Dutch D1/D2
randomized controlled trial, local recurrence was 22%
in the D1 group, compared with 12% in the D2 group;
while regional recurrence was 19% in the D1 group, and
13% in the D2 group (P = 0.015)[33]. In 2012, Xu et al[93]
demonstrated that it is necessary to examine at least 16
lymph nodes for accurate pathological examination of
gastric cancer, even in node-negative gastric cancer patients.

NEGATIVE NODES IN GASTRIC CANCER
Negative lymph node count has been fully given importance for its significant association with the prognosis
of patients with a malignant disease[94-96]. It is undoubted
that patients with negative node metastasis present with
a higher 5-year survival rate (5-YSR) and lower recurrence rate than those with positive node metastasis after
curative resection for gastric cancer [97]. Owing to the
comparatively better bio-behaviors of tumor, gastric cancer patients who present with no nodal involvement can
have a higher 5-YSR regardless of lymphadenectomy[98].
Besides, the negative lymph node count is significantly associated with the prognosis of patients. Theoretically, the
negative lymph node count should be deemed as the important guarantee for real R0 resection of gastric cancer
and significantly associated with the OS of gastric cancer
patients owing to micro-metastasis in negative nodes
which could not be identified by conventional pathologi-
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the stomach. The results of two noted random control
trails (JCOG0302 and SNNS) of the sentinel node navigation in Japan failed to demonstrate that the detection
of sentinel lymph nodes could exactly predict the status
of lymph node metastasis intraoperatively, which implied
that lymphadenectomy should be irreplaceable for the
elimination of nodal metastasis[106].
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CONCLUSION
Lymph node metastasis, as one of the most intensively
prognostic indictor of gastric cancer, needs to be further investigated to elucidate the optimal significance for
improving the prognostic evaluation and clinical treatment. Although the number of metastatic lymph nodes
is considered the most appropriate classification of nodal
metastasis for evaluation of OS, the negative lymph node
count is an important variable that can provide important
information contributing to prognostic evaluation and
clinical treatment of gastric cancer. In addition, the extent of lymphadenectomy should be deeply investigated
by studying the basic metastatic mechanism of cancer
cells.
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Core tip: This review discusses the long-term consequences of acute enteric infections that may serve to
trigger post-infectious irritable bowel syndrome, a routinely diagnosed disorder. This unique discussion elucidates novel initiation mechanisms, underlying pathophysiological features of post-infectious irritable bowel
syndrome, employed by commonly encountered enteric
pathogens.

Abstract
Irritable bowel syndrome (IBS) is a commonly encountered chronic functional gastrointestinal (GI) disorder.
Approximately 10% of IBS patients can trace the onset
of their symptoms to a previous a bout of infectious
dysentery. The appearance of new IBS symptoms following an infectious event is defined as post-infectiousIBS. Indeed, with the World Health Organization
estimating between 2 and 4 billion cases annually, infectious diarrheal disease represents an incredible international healthcare burden. Additionally, compounding
evidence suggests many commonly encountered enteropathogens as unique triggers behind IBS symptom
generation and underlying pathophysiological features.
A growing body of work provides evidence supporting
a role for pathogen-mediated modifications in the resident intestinal microbiota, epithelial barrier integrity,
effector cell functions, and innate and adaptive immune
features, all proposed physiological manifestations that
can underlie GI abnormalities in IBS. Enteric pathogens
must employ a vast array of machinery to evade host
protective immune mechanisms, and illicit successful infections. Consequently, the impact of infectious events
on host physiology can be multidimensional in terms
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INTRODUCTION
Irritable bowel syndrome (IBS) is among the most commonly encountered chronic functional gastrointestinal
(GI) disorders afflicting individuals in westernized nations. Based on the Rome Ⅲ criteria abdominal pain
accompanied by sustained changes in bowel habit constitute IBS, whose diagnosis is achieved in the absence of
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biochemical markers of disease[1]. Clinical presentation of
constipation, diarrhea, or a combination, constitutes the
different subtypes of IBS: IBS with constipation (IBS-C),
diarrheal IBS subtype (IBS-D), mixed IBS (IBS-M), respectively[2]. Often perceived as a female-dominant disorder, IBS is thought to afflict between 5%-10% of the
population[3], especially in westernized nations. Elucidating the mechanisms underlying the typical multifaceted
clinical presentation of IBS is a topic of considerable
research efforts in the medical community[4]. A growing
body of evidence implicates numerous triggering events
in contributing to IBS pathophysiology, including an
initiating bout of infectious enteritis, low grade inflammation, altered functionalities in GI cell types, increases
in epithelial permeability, and alterations in the GI microbiota, although the precise mechanisms of underlying
each remain obscure[2,5-8]. Approximately 10% of IBS
patients believe that their symptoms began following a
bout of infectious dysentery[6], leading to the coinage of
the term; Post infectious (Pi)-IBS. While many enteric
pathogens cause self-limiting, acute diarrheal disease,
subsequent chronic physiological consequences may persist in some individuals[9]. Many commonly encountered
enteric pathogens can produce physiological changes that
may provide important initiation mechanisms underlying
chronic GI conditions, such as Pi-IBS. This article critically reviews the evidence supporting a role for key physiological changes initiated during enteric infection, that
may in turn be responsible for IBS symptom.

This review will provide an in-depth discussion surrounding the potential roles in which a variety of commonly
encountered enteric pathogens may play in initiating important pathophysiological features of Pi-IBS.

CLINICAL PRESENTATIONS OF IBS
FOLLOWING ENTERIC INFECTION:
ALTERED INTESTINAL MOTILITY AND
HYPERSENSITIVITY
Abnormal bowel habits and abdominal hypersensitivity,
or reduced threshold of pain, are the hallmark clinical
signs of IBS. The classification of IBS as a functional
disorder stems from a lack of determinant histopathological, or structural biomarkers in afflicted patients. The
Rome criteria requires the incidence of abdominal pain,
accompanied by alterations in bowel habit for complete
IBS diagnosis[21].
Altered intestinal motility
Abnormal GI motility is commonly associated with altered bowel habits producing diarrheal, constipation, and
mixed IBS subtypes[22]. The potential for dysfunctional
intestinal motility in contributing to altered bowel habits in IBS is supported by studies looking at intestinal
transit rates between healthy and IBS individuals, with
IBS-D subtypes exhibiting enhanced rates of SI transit,
and the opposite trend observed for IBS-C patients[22,23].
Moreover, a recent report demonstrated that the normal colorectal reflex (normal increase in rectal tone in
response to phasic colonic distention) was largely abolished in IBS patients, regardless of bowel habit, providing some evidence for altered colonic motility in these
individuals[24]. Interestingly, muscle hypercontractility and
abnormal motility patterns are observed subsequent to
Trichinella spiralis infection in a commonly used murine
model of PI-IBS[13,25-27], suggesting that persistent dysfunctional intestinal motility can be incited following an
acute infection.

Pi-IBS
Based on the Rome criteria for diagnosis, any onset of
new IBS symptoms subsequently following an infectious
event is defined as Pi-IBS[6]. Pi-IBS cases often exhibit
characteristics of the IBS-D, and can occur in 4%-31%
of patients following acute gastroenteritis[6,10-12]. A large
body of work provides evidence supporting a role for
pathogen-mediated modifications in the resident intestinal microbiota, epithelial barrier integrity, enterochromaffin cell function, and innate immune features[5,13,14] in
Pi-IBS manifestation. Any number of these pathogenic
consequences have been reported following enteric infection incited by an array of pathogens such as Shigella spp.,
pathogenic Escherichia coli, Salmonella, Campylobacter jejuni,
and Giardia duodenalis[14-18]. Enteric pathogens must employ
a vast array of machinery to evade the host protective
immune mechanisms, and illicit successful infections. Recent work identifying genetic mutations, namely in genes
responsible for epithelial and innate immune functionalities, in patients experiencing both the post-infectious,
and traditional forms of IBS, point to defects in innate
immunity and epithelial homeostasis as an important risk
factor for IBS susceptibility[19,20]. The impact of infectious
events on host physiology can be multidimensional in
terms of anatomical location, functional scope, and duration. Indeed, anatomical, immunological, and neurological dysfunctions, or combinations of such, have all been
shown as risk factors determining Pi-IBS manifestation.
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Abdominal hypersensitivity
Lower thresholds for pain tolerance in IBS patients have
been documented along the entire length of the GI
tract[22], an effect that is thought to occur in upwards of
60% of afflicted individuals[7]. Hypersensitivity often occurs locally in response to colonic distention[7]. Furthermore, overall visceral hypersensitivity, even upon brief
stimuli such as the ingestion of food, is well documented
in IBS patients, and may contribute to additional bloating,
nausea, and urgency symptoms[8,28].
Stressful events can drastically affect the processing
of visceral stimuli[29,30] and result in dysfunctional central neural processes culminating into heightened pain
perception. Injury to visceral afferents, for example, is
a common cause underlying visceral hypersensitivity[7].
Studies using a rat model of TNBS-induced transient
colonic inflammation have highlighted that persistent tis-

3977

April 14, 2014|Volume 20|Issue 14|

Beatty JK et al . Chronic consequences following enteric infections

Apical
Commensal Microbiota
?
(B)

(A)

(D)

(C)
?

?

(E)

EPEC

EHEC

NF-κB,
ERK-1/2

MLCK

M-cell

Enterocytes

NF-κB

Enterochromaffin
cell
5-HT in
vesicles

5-HT
TNF-α, IFN-γ,
IL-1β release

Dendritic cell
SCV

Macrophage

IFN-γ release

NLRC4-dependent
inflammasome activation

Portal vein
Mast
cells
MCT

IL-1β, IL-8 release
Pyroptosis

IL-18 release

IL-1β, IL-18 release

Pyroptosis

Enteric nerve
fibres

Basolateral

Figure 1 Illustration representing the interaction of several pathogens with the intestinal epithelium and resident immune cells, and their contribution to
the development of post-infectious-irritable bowel syndrome. A: Giardia duodenalis disrupts tight junctional proteins in the epithelium, in addition to resulting in
a decrease in 5-HT-producing enterochromaffin cells; B: Salmonella enterica serovar Typhimurium invades enterocytes and makes its way to resident macrophages,
where upon being phagocytosed it causes interleukin (IL)-18 release, which further stimulates interferon (IFN)-γ release from nearby immune cells, i.e., lamina propria
dendritic cells, and macrophage pyroptosis. This pathogen is also able to disrupt the resident microbiota; C: Campylobacter jejuni causes disruptions in TLR9 signaling to make epithelial cells more susceptible (would sensitive apply here instead of susceptible?) even to mild pro-inflammatory cytokines. It also activates the NF-κB
pathway to result in an IL-1β and IL-8 release. C. jejuni has also been shown, particularly in cases of post infectious (Pi)-IBS, to cause a reduction of resident CD68+
macrophages; D: Shigella flexneri crosses the epithelium through the M cell and is taken up resident macrophages, where it causes IL-1β and IL-18 release, and
pyroptosis in these macrophages. S. flexneri has also been associated with increased number of mast cells, secretions of which MCT can activate the enteric nervous
system; E: EPEC results in TNF-α, IFN-γ, and IL-1β release via NF-κB and ERK-1/2 activation. Both EPEC and EHEC result in MLCK-dependent tight junctional
disruption. Intriguingly, G. duodenalis (A) and C. jejuni (C) have been implicated in the modification of the intestinal microbiota; however, the effects of this modification
remain unclear[90]. A variety of combinations of these factors may contribute to the pathogenesis of PI-IBS. MCT: Mass cell tryptase.

sue injury may directly produce heightened visceral pain
perception[31]. Importantly, chemically induced colonic
inflammation models have stark parallels to many of the
physiological events accompanying enteric infections.
Initial processes of inflammation, for instance, may act to
first sensitize effector, neuronal, and immune cells within
the GI tract.
Interestingly, many of the physiological consequences
that can result from infectious events within the GI tract
have also been proposed as determinants capable of
contributing to abnormal motility and hypersensitivity
symptoms seen in IBS patients. The major mechanisms
currently thought to underlie IBS pathogenesis, and the
evidence surrounding possible contributions made to
each by distinct enteric pathogens, will be discussed in
the following sections (Figure 1).
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PATHOPHYSIOLOGICAL FEATURES OF
IBS FOLLOWING ENTERIC INFECTION
Immune system alterations
Accumulating evidence suggests subtle alterations in the
immune system in both the gut, and peripheral circulation
of PI-IBS patients[32]. Pathogen-mediated disruptions of
the mucosal barrier have the ability to allow for persistent
immune activation within the intestine, largely due to increased exposure to luminal antigens. Likewise, the host
inflammatory response towards perceived pathogens,
while meant to be protective, may result in detrimental,
perpetuated activation of effector cells and inflammatory
mediators. The incidence of PI-IBS symptoms in many
patients following enteric infection has fuelled interest
in looking at persistent immune infiltrate, and/or altered
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immune functionalities, as plausible driving forces in the
generation of IBS symptoms[33].

and dendritic cells (DCs) for phagocytosis upon which
activation of the nucleotide-binding oligomerization
domain (NOD)-like receptor protein (NLRC4) inflammasome occurs[44,45] (Figure 1). Consequently, the resulting activation of pro-inflammatory cytokines, interleukin
(IL)-18 and IL-1β, are thought to be major determinants
of the high inflammatory conditions characteristic of
early Shigella infection[45]. Inflammasome activation can
also produce heightened rates of macrophage cell death
via pyroptosis, which acts as an “inflammatory” form of
programmed cell death (Figure 1). Thus, Shigella infection
promotes a high status of inflammation, while simultaneously resulting in the detrimental loss of lamina propria
(LP) macrophages. LP macrophages have an important
regulatory, and anti-inflammatory role in maintaining intestinal homeostasis[45]. Furthermore, as a consequence of
resident LP macrophage depletion, additional circulating
monocytes may be recruited to the site of infection, and
often differentiate into macrophages possessing a more
pro-inflammatory capacity[45]. Considering ample reports
documenting low-grade inflammation IBS patients[46,47],
pathogen-mediated inflammatory conditions, in addition
to the promotion of pro-inflammatory cell phenotypes,
may be especially relevant triggers underlying Pi-IBS development.
In contrast to Shigella, Salmonella is seemingly less cytotoxic to macrophages[48], yet Pi-IBS symptoms have been
reported following anywhere between 6%-32% of confirmed infections[2,19]. Following phagocytosis, Salmonella
forms the characteristic Salmonella Containing Vacuole
(SCV) in macrophages, in which it replicates while effectively evading host immune machinery, and pyroptosis[48]
(Figure 1). While capable of avoiding certain immune parameters, Salmonella still evokes a strong IL-18 response[48]
which has important implications in exerting paracrine
effects on surrounding immune cells to induce IFN-γ expression, and also result in increased levels of activated T
cells in the infected intestine, accumulation of which has
been documented in many examinations of IBS[9,32,33,42,49].

Mast cells/macrophages/dendritic cells: Certain
enteric pathogens have been shown to promote mast cell
accumulation. A recent study found that a large proportion of patients experiencing Shigellosis, caused by invasive Shigella spp., go on to develop PI-IBS, and that this
effect is accompanied by augmented mast cell numbers[34].
Under normal conditions, mucosal mast cells are highly
involved in wound-healing, and defense against pathogens[5]. However, multiple reports document heightened
numbers of mast cells within the small[35,36], and large intestines[37-39] of IBS patients. One study, which observed
increased mast cells specifically within the duodenum of
IBS patients suggested that infiltration of these cells may
provide some explanation behind the observation that
symptoms differ depending upon the affected site along
the GI tract[36]. Also, mast cells can secrete serotonin,
therefore increased populations of these cells may provide a link between cellular infiltrate and altered serotonin
signaling leading to changes along the brain-gut axis, and
dysmotility, characteristic of either IBS-D or IBS-C[36].
Furthermore, augmented numbers of mast cells, and particularly those closely associated with nerve fibers, have
been reported in both IBS and Pi-IBS[38] (Figure 1), an effect which may be correlated with enhanced bloating and
pain perception symptoms[2,40-42].
The T. spiralis mouse model of Pi-IBS has provided
important insight into many pathophysiological changes
following acute enteric infection. A recent study, for instance, documented numerical and phenotypic alterations
in lamina propria dendritic cells (LPDC), following acute
T. spiralis infection[43]. In what the authors defined as the
“Pi-IBS stage” of infection, i.e., no recovery of nematode
in the stool, LPDCs exhibited enhanced expression of
co-stimulatory molecules, and greater ability to migrate
to and drive CD4+ T cell proliferation[43]. Furthermore,
the altered LPDC phenotype was proposed to underlie
enhanced levels of pro-inflammatory interferon (IFN)-γ,
IL-23 and tumor necrosis factor (TNF)-α production in
the Pi-IBS stage[43]. The important role that these cells
play in directing T-cell responses may have implications in
promoting a low-grade inflammatory milieu, and requires
further investigation in relation to IBS pathogenesis.
Monocytes and macrophages are at the forefront of
initiating an inflammatory response to pathogens, in addition to providing essential directives to the adaptive
immune system[5]. In Pi-IBS cases confirmed following
C. jejuni infection the numbers of resident CD68+ macrophages are diminished, perhaps owing to the cytotoxic
nature of the pathogen inside host cells[9]. Likewise,
Shigella spp.[15,16] and Salmonella infections have been implicated in causing Pi-IBS, and both are obligate intracellular pathogens, which preferentially exploit phagocytic
machinery of the macrophage. Specifically, Shigella is
transported into the lamina propria through M cells in
the epithelium, and presented to resident macrophages
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Cytokine profiles: Substantial regulation exists within
the GI tract in order to maintain a functional balance
between pro- and anti-inflammatory mediators under homeostatic conditions. Engagement of the Toll-like receptors (TLRs), NOD-like receptors (NLRs), and other host
pathogen-recognition-receptors (PRRs) occurs through ligation by various pathogen-associated-molecular-patterns
(PAMPs). Shigella, for instance, is known to stimulate
excess production of IL-1β from immune cells during
infection via the NLRC4 inflammasome[44,45] (Figure 1).
Also, excessive IL-8 secretion is a hallmark of Campylobacter pathogenesis[50], and is initiated upon host recognition of the pathogen-associated lipooligosaccharide[51].
Interestingly, a recent report demonstrated a disruption in
TLR9 expression on epithelial cells to be implicated in the
enhanced susceptibility to mild pro-inflammatory stimuli
post-campylobacteriosis in mice[52]. C. jejuni is also know
to promote the translocation of non-invasive commensal
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bacteria via paracellular and transcellular pathways[53,54].
Campylobacter has also been shown to activate copious
amounts of nuclear factor (NF)-κB and IL-1β from immune cells, in vitro[51]. Likewise, recognition of EPEC
flagellin and endotoxin results in NF-κB and extracellular
signal regulated kinase (ERK)-1/2 –driven IL-8 release,
and enhanced TNF-α, IFN-γ and IL-1β in the infected
mucosa[55,56] (Figure 1). Interestingly, at least some of the
pro-inflammatory cytokines, including TNF-α, IL-1β,
and IFN-γ may themselves disrupt the epithelial barrier through alterations of the tight junctions (TJs), and
promote increased permeability[57-59]. Thus, residual proinflammatory infiltrate following enteric infection combined with the sub-epithelial penetration of commensal
bacteria, can create extensive damage to surrounding
intestinal tissues, and likely promote chronic pathophysiological consequences. Consequently, many reports have
drawn links between altered cytokine profiles and IBS
generation[60], and findings include increased levels of
pro-inflammatory IL-6, IL-8, and TNF-α in plasma and
circulating blood mononuclear secretions from IBS patients[47,61]. Lower detection of typical anti-inflammatory
cytokines, IL-10 and transforming growth factor (TGF)-β,
at the level of mRNA has also been reported[62]. Also, evidence from the T. spiralis Pi-IBS murine infection model
has shown greater levels of IFN-γ, IL-23 and TNF-α
produced by DCs in the Pi-IBS stage[43]. Additionally, sustained levels of pro-inflammatory mediators have been
documented in a 21-d Citrobacter rodentium model of murine E. coli pathogenesis[63]. Regardless of these promising observations, the implications of pathogen-mediated
alterations in normal cytokine profiles in providing sufficient trigger for IBS symptom establishment requires
further investigation.

formation of characteristic attaching and effacing lesions
(A/E lesions), and/or diffusely through toxin release[64,69].
EHEC, and its close relative: Enteropathogenic E. coli
(EPEC), are known to hijack various pathways regulating
the semi-permeable profile of TJs, and both have been
shown to activate myosin light chain kinase (MLCK)
to produce abnormally leaky barrier functionalities[70-72]
(Figure 1). Additionally, Giardia duodenalis, a protozoan
pathogen recently implicated in promoting Pi-IBS development[18,73], is well-known to disturb homeostatic barrier function through alterations in key TJ elements[74].
Specifically, Giardia has been shown to disrupt zonula occludins protein (ZO)-1, numerous transmembrane claudin proteins, and alter F-actin and α-actinin in order to
disrupt paracellular flow[75,76] (Figure 1), which may have
important implications in providing a mechanistic link
between initial giardiasis, and subsequent development
of IBS symptoms. Indeed, recent analysis of colonic biopsies from IBS patients indicated decreased expression
of ZO-1, which was associated with increased permeability[77]. Moreover, an earlier report examining fecal extracts
indicated higher levels of serine proteases in samples
from IBS-D patients. When these extracts were applied
to healthy colonic mucosa, they could elicit a proteinase
activated receptor (PAR)-2 dependent increase in paracellular permeability in mice via increased myosin light
chain (MLC) phosphorylation and delayed redistribution
of ZO-1[78]. Numerous pathogens, including both EPEC
and EHEC, produce potentially cytotoxic serine proteases[79], suggesting another possible link between enteric
infection and IBS pathogenesis. Proteases are known
to be involved in the infectious processes of pathogens
such as EHEC and EPEC where they can prove detrimental to the epithelial barrier via modifications of the
extracellular matrix[80], and or by activating proteaseactivated receptors, which have been shown to stimulate
sensory neurons to produce hypersensitivity reactions[81].
Consequently, the possibility of residual pathogen mediators, such as inherent proteases, contributing to persistent
changes in GI function requires further examination.

Mucosal barrier alterations
The intestinal epithelium provides an interface between
the luminal space and the dynamic environment of the
underlying subepithelial compartment. This physical
barrier is intricately involved in regulating the controlled
passage of vital nutrients, molecules, and water, via a
semipermeable function maintained by TJs. TJs actively
maintain the polarized characteristic of the epithelial barrier, and are composed of over 40 proteins consisting
of occludin, junctional adhesion molecule (JAM), and
claudins[64]. Patients with a history of infectious events
experiencing Pi-IBS show drastic increases in permeability[65,66]. A prospective study, however, following a
large waterborne outbreak of bacterial gastroenteritis,
incited by mixed infection of EHEC O157:H7 and C.
jejuni, documented increased permeability to be associated with IBS, regardless of whether symptoms were
post-infectiously initiated[65]. Enterohemorrhagic E. coli
(EHEC) is known to have deleterious impacts on the
epithelial barrier through number of mechanisms, including TJ disruptions, and abnormal rates of intestinal
epithelial cell (IEC) apoptosis[67,68]. These effects can be
mediated directly via physical interaction through EHEC
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Enterochromaffin cells: Enterochromaffin cells (ECs)
lining the GI mucosa are primary sources of Serotonin
(5-HT) within the body. Alterations in the biosynthesis
of 5-HT, in its release from ECs and degradation, and/or
in its re-uptake, may have severe ramifications and perturb normal GI function[82]. Multiple studies have shown
significantly higher 5-HT levels in the plasma of Pi-IBS
patients compared with that of healthy controls, even in
comparison to patients of the sporadic IBS-C subtype[83].
Recent studies have observed such significant alterations
in EC counts and 5-HT levels, that the authors declared
Pi-IBS as a distinct IBS subtype[10,11]. Augmented numbers of 5-HT-contatining ECs have been observed in colonic biopsies from patients following C. jejuni infection[9].
Up to 25% of C. jejuni infections are known to result in
IBS[9], and the resulting implications on EC hyperplasia
and excessive 5-HT bioavailability suggest a possible
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mechanism whereby enteric infection may provide sufficient trigger for IBS symptom generation. Additionally,
numerous reports have suggested a defect in the serotonin reuptake transporter (SERT) expression, and function in IBS patients[82,84,85], which may dictate inadequacies
in homeostatic serotonin turnover. Interestingly, in the T.
spiralis model of Pi-IBS, mice develop chronic abnormal
motility patterns subsequent to infection, an effect that
is accompanied by EC hyperplasia and 5-HT release[6,13],
and blocked upon administration of a 5-HT antagonist[86].
In contrast, patients with persisting abdominal symptoms
after acute Giardia infection have lower duodenal 5-HTcontaining ECs, and lower plasma 5-HT postprandially,
compared to controls[87], further underscoring the complexity of IBS pathophysiology.

then, that both enteropathogen assault, combined with
pathogen-mediated intestinal inflammation, can elicit
dramatic changes in the total abundance of the intestinal
microbiota, and shift in anaerobic:aerobic species[96].

CONSIDERATION
Many studies that classify patients as experiencing Pi-IBS
do so based upon questionnaires, highlighting the fact
that they rely exclusively on a patient’s recall of past medical events, including infections and/or prescription drug
use. Some antibiotics, for example, have established causality in disturbing the overall fecal microbial composition
through drastic reduction of Firmicutes and Bacteroidetes,
and a corresponding promotion of Proteobacteria spp.[97].
Also, the classification of IBS as biopsychosocial
disorder challenges the mantra of body and mind being
distinct entities, and suggests an equal consideration of
both when examining disease manifestation. The risk of
developing IBS symptoms following enteric infection
may also differ in individuals depending on psychological parameters such as stress level, emotional status, and
upbringing. High stress and anxiety levels, for instance,
are associated with IBS development following Campylobacter infection[98]. Anxiety, as well as depression, is also
correlated with altered pain perception in IBS patients[30].
Additionally, anxiety and depressive states in IBS patients
were recently shown to lead to changes in serum levels
of gastrointestinal hormones. Indeed, the authors suggest increased secretion of somatostatin and vasoactive
intestinal peptide seen in IBS patients exhibiting anxietydepression emotional state ratings, may contribute to
altered gastrointestinal motility and function [99]. An
important mediator in the endocrine arm of the stress
response, corticotropin-releasing factor, may also contribute to Pi-IBS development through direct local action
on specific cellular targets, namely mast cells, and consequently lead to the modification the intestinal inflammatory process[100].
Additionally, as Pi-IBS is defined based upon the development of exclusively new IBS symptom presentation,
researchers must be certain that no preceding presentation of IBS occurred. Indeed, clear cause-to effect relationship studies need to establish mechanistic causalities
in Pi-IBS.

Intestinal microbiota disruptions: The intestinal microbiota have extensive protective capacities[88] that are
maintained by a diverse species profile. The characteristic
high fat, high protein diets employed by the majority
of people living in westernized countries facilitates the
establishment of distinct microbiota species profile, as
compared to that of those living in rural areas of developing countries, with a polysaccharide-rich diet[89]. Particular bacterial groups, mainly Bacteroidetes are known to
harbor significant genetic capabilities to hydrolyse xyloses, making it an important constituent of the microbiota
of people subsisting on carbohydrate-dominant food
sources. The relative sensitivity of these distinct microbiota to enteropathogens, and how in turn disruptions
in their respective flora may differentially regulate postinfectious disorders, is unknown.
Interestingly, changes in the relative Firmicutes to
Bacteroidetes ratio[90,91], loss of Bifidobacteria spp. and
Faecalibacterium[91], and overall diminished diversity[92],
are all apparent in the microbiota profile of IBS patients.
Additionally, numerous studies have demonstrated small
intestinal bacterial overgrowth in IBS patients, where
excessive colonization of the small intestine occurs
with colonic flora[33,93]. There is the possibility that enteropathogens may disrupt the indigenous microbiota,
either directly through pathogen-microbiota interactions,
indirectly via the host mucosal immune response to the
pathogen, or by a combination of the two[94]. For example, S. enterica serovar Typhimurium induced the loss of
95% of total bacterial numbers throughout the murine
intestinal tract, 7 d following infection[94]. Findings from
ongoing research also indicate that G. duodenalis and C.
jejuni are able to directly alter species distribution of human commensal microbiota[95]. Pathogenic effects, however, may only provide a suitable trigger, and ultimately
require the accompaniment of a host inflammatory response in order to markedly alter the microbiota ecosystem. The necessity of these compounding factors is exemplified in contrasting C. rodentium and C. jejuni murine
infection models, where the former induces overt host
inflammation, while the later can successfully colonize
without producing inflammatory reactions[96]. It appears
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CONCLUSION
Unfortunately, the link between physiological consequences of enteric infection and altered gut function
(sensitivity and motility) seen in IBS remains largely
circumstantial. As many as 30%-40% of patients experiencing enteritis can go on to develop chronic GI
abnormalities compatible with IBS; however, this means
that a greater percentage of patients make a full recovery.
Susceptibility, in turn, to developing IBS is determined by
a number of factors, with enteric pathogens constituting
only one possible route of initiation. Regardless of the
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heterogeneous initiation mechanisms culminating into
disease, the pathophysiological implications of enteric
infection provide important clues towards elucidating the
mechanics underlying IBS manifestation. Animal models
are becoming increasingly appreciated as divergent means
in which IBS triggering mechanisms may be elucidated.
Indeed, the maternal separation stress model in rodents
is well documented in mimicking early life stress that can
result in lifelong dysfunctions in the brain-gut axis, and
is implicated in predisposing to IBS development[101].
Furthermore, animal models of post-infectious, or postinflammatory conditions, such as those using T. spiralis or
TNBS, are proving useful in examining the mechanisms
underlying motility and pain perception changes subsequent to diverse stimuli, without the challenges associated
with patient recall, or the need for complex psychological
status analyses.
This is especially relevant in terms of developing
treatment technologies to combat IBS, most of which
currently target overt symptomology. Many of the physiological consequences of GI infections represent parallels with fundamental triggering mechanisms currently
though to contribute to IBS. Understanding the similarities between remnants of enteric infections, and the
detrimental outcomes, can lead to the development of
prevention strategies and therapeutic techniques to target
IBS generation; before it can even start.
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Abstract
AIM: To investigate influence of human leukocyte antigen (HLA) and killer immunoglobuline-like receptor
(KIR) genotypes on risks of acute rejection (AR) after
liver transplantation (LTX).
METHODS: In this retrospective study we included
143 adult donor-recipient pairs with a minimum of 6
mo follow-up after LTX for whom DNA was available
from both donor and recipients. Clinical data, all early
complications including episodes and severity of AR and
graft/patient survival were registered. The diagnosis
of AR was based on clinical, biochemical and histological criteria. All suspected episodes of AR were biopsy
confirmed. Key classical HLA loci (HLA-A , HLA-B , HLA-C
and HLA-DRB1 ) were genotyped using Sanger sequencing. 16 KIR genes were genotyped using a novel real
time PCR approach which allows for determination of
the diploid copy number of each KIR gene. Immunohistochemical staining for T (CD3), B (CD20) and natural
killer (NK) cells (CD56 and CD57) were performed on
liver biopsies from 3 different patient groups [primary
sclerosing cholangitis (PSC), primary biliary cirrhosis
and non-autoimmune liver disease], 10 in each group,
with similar grade of AR.
RESULTS: Fourty-four (31%) patients were transplanted on the basis of PSC, 40% of them had AR vs 24%
in the non-PSC group (P = 0.04). No significant impact
of donor-recipient matching for HLA and KIR genotypes was detected. In the overall recipient population
an increased risk of AR was detected for HLA-B*08 (P
= 0.002, OR = 2.5; 95%CI: 1.4-4.6), HLA-C*07 (P =
0.001, OR = 2.4; 95%CI: 1.4-4.0) and HLA-DRB1*03
(P = 0.03, OR = 1.9; 95%CI: 1.0-3.3) and a decreased
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risk for HLA-DRB1*04 (P = 0.001, OR = 0.2; 95%CI:
0.1-0.5). For HLA-B*08, HLA-C*07 and DRB1*04 the
associations remained evident in a subgroup analysis of
non-PSC recipients (P = 0.04, P = 0.003 and P = 0.02,
respectively). In PSC recipients corresponding P values
were 0.002, 0.17 and 0.01 for HLA-B*08, HLA-C*07
and DRB1*04, respectively. A dosage effect of AR
prevalence according to the PSC associated HLA alleles
was also notable in the total recipient population. For
HLA-B*08 the frequency of AR was 56% in HLA-B*08
homozygous recipients, 39% in heterozygous recipients
and 21% in recipients lacking HLA-B*08 (P = 0.02).
The same was observed for the HLA-C*07 allele with
AR in 57%, 27% and 18% in recipients being homozygous, heterozygous and lacking HLA-C*07 respectively
(P = 0.003). Immunohistochemical analysis showed
similar infiltration of T, B and NK cells in biopsies with
AR in all three groups.

shown different frequencies (range 11%-80%) of AR after LTX, but consistently the incidence of AR in patients
transplanted on the basis of primary sclerosing cholangitis
(PSC) is increased (range 17%-100%) compared to other
groups[3-6]. Patients treated for non-autoimmune liver
diseases (e.g., alcoholic liver disease or fulminant hepatic
failure from paracetamol intoxication) seem to have a low
risk of AR[2,6-8]. Analyses of variables affecting AR risk
after LTX have been inconsistent, and whether matching of donor and recipient for human leukocyte antigen
(HLA) influences AR occurrence after LTX remains controversial[9-12]. The increased risk of AR in PSC patients
after LTX is clinically important because increased immunosuppression is needed with concomitant side effects.
Rejection episodes in PSC patients may also increase the
risk for recurrent PSC in the liver allograft[5,13-15].
HLA class Ⅰ molecules interact specifically with T-cell
receptors (TCR) upon binding of antigenic peptides,
and they (HLA-B and HLA-C in particular) can also act
as ligands for killer-cell immunoglobulin-like receptors
(KIR) expressed on natural killer (NK) cells and subsets
of T-cells[16-18]. The interaction between the genetically
determined HLA-C2 variant and its corresponding KIRs
delivers a more potent inhibitory signal to NK cells than
HLA-C1[16]. The potential benefit of incorporating genetic killer immunoglobulin-like (KIR) variation when
assessing the impact of HLA matching on AR risk is not
clear[19-23]. The major biological role of the HLA-KIR
interaction is to influence activation status in various contexts of NK cell and T cell function (e.g., cytotoxicity)[16].
The HLA-C/KIR interactions have been studied extensively in HLA-related[24,25] and unrelated[26,27] hematopoietic stem cell transplantation (HSCT).
There is evidence to suggest that the influence of
HLA on AR risk is not uniform in all recipients and that
stratification for the presence of underlying autoimmune liver diseases with known HLA associations may
influence results[12,28]. PSC is strongly HLA-associated[29],
with the peak association signal mapping to the HLA
class Ⅰ region (HLA-B*08 in particular), but there are
also significant residual effects within class Ⅱ, likely represented by several HLA-DRB1 alleles (i.e., DRB1*13:01,
DRB1*03:01, DRB1*04, DRB1*07 and DRB1*11)[30-33],
or variants in linkage disequilibrium with these. Two studies also suggest that genetic variation affecting the binding of class Ⅰ molecules to KIRs contribute to the HLA
associations in PSC[34,35].
In this study we aimed to explore the influence of
HLA and KIR genotypes on AR risk after LTX with particular emphasis on patients transplanted for PSC compared to recipients with other underlying liver diseases.

CONCLUSION: We found significant associations between the PSC-associated HLA-B*08, HLA-C*07, HLADRB1*03 and HLA-DRB1*04 alleles and risk of AR in
liver transplant recipients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Liver transplantation; Primary sclerosing
cholangitis; Acute rejection; Human leukocyte antigen;
Killer immunoglobulin-like receptor
Core tip: Patients undergoing liver transplantation on
the basis of primary sclerosing cholangitis (PSC) have
a higher frequency of acute cellular rejections than
non-PSC patients. Recent studies have determined the
genetic susceptibility to PSC, of which genetic variants
in the human leukocyte antigen complex represent the
strongest risk factors. In the present report we show
that these variants also influence risk of acute cellular
rejection after liver transplantation in PSC. Moreover,
we show that the same variants also involve in risk of
acute cellular rejection in non-PSC recipients.
Fosby B, Næss S, Hov JR, Traherne J, Boberg KM, Trowsdale
J, Foss A, Line PD, Franke A, Melum E, Scott H, Karlsen TH.
HLA variants related to primary sclerosing cholangitis influence
rejection after liver transplantation. World J Gastroenterol 2014;
20(14): 3986-4000 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/3986.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3986

INTRODUCTION

MATERIALS AND METHODS

Liver transplantation (LTX) is the only curative treatment
for end-stage liver disease[1]. Although both graft and patient survival have improved dramatically over the last two
decades, acute rejection (AR) still represents a significant
clinical problem[2-5]. Numerous studies over the years have
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Patients
All patients undergoing LTX between 1996 and 2008 at
Oslo University Hospital, Rikshospitalet, Norway were
included in a retrospective design. A total of 520 LTX
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were performed during this period and for 198 donor/
recipient pairs archival DNA samples were available for
HLA and KIR genotyping. We included all patients above
12 years that received a first liver graft from a deceased
donor and with a minimum follow-up period of six
months (n = 176). Patients with early graft loss (< 30 d)
resulting from primary dysfunction or vascular complications without evidence of AR were excluded (n = 7).
Patients receiving ABO incompatible liver or those with a
combined liver/kidney transplantation were also excluded
(n = 4). To minimize the impact of confounders, we
excluded patients with uncertain or inconclusive biopsy
results and patients treated for AR based on clinical/biochemical suspicion only, without a confirmatory biopsy
(n = 17; 8 PSC, 3 autoimmune hepatitis, 1 hepatitis C cirrhosis, 2 hepatitis C cirrhosis, 2 alcoholic cirrhosis, 1 primary biliary cirrhosis). Finally we also excluded 5 patients
who received immunosuppressive regimens according to
obsolete protocols (calcineurin inhibitor in combination
with azathioprine and prednisolone).
The final study population comprised 143 adult recipients (82 males, 61 females) with a median age of 52
years (range 13 to 73 years). PSC patients constituted the
largest group of liver recipients (n = 45). The diagnosis
of PSC was in all cases made based on standard diagnostic criteria[36]. The study protocol received prior approval
by the regional ethics committee (reference number
S-08873b). Written informed consent concerning the
use of biopsy/DNA material was obtained from all recipients still alive. The research ethics committee granted
exemption from consent for recipients deceased at time
of study initiation. Furthermore, the Norwegian Health
Directorate approved the utilization of DNA samples
from the deceased donors (reference number 08/10827).

surgical causes of detected abnormalities in liver enzymes
and/or bilirubin, a liver biopsy was carried out. All suspected episodes of AR included in this study were biopsy
confirmed and classified by rejection activity index (RAI)
according to the Banff 1997 standard[37]. All but two biopsies, which showed severe AR, were classified as either
mild (RAI 3-4) or moderate (RAI 5-6). Ten patients (5
PSC, 2 primary biliary cirrhosis (PBC), 1 hepatocellular
carcinoma, 1 cholangiocarcinoma and 1 hepatitis C infection) had steroid-resistant AR (after 3-4 pulses of methylprednisolone over 3-4 consecutive days, total dose of
2-2.5 g) and were subsequently treated with antithymocyte globuline (ATG) according to protocol.
HLA-genotyping
HLA-A, -B, -C (class Ⅰ) and -DRB1 (class Ⅱ) typing
was performed using previously described sequencingbased typing protocols at Institute for Immunology, Oslo
University Hospital, Rikshospitalet, Norway[34]. Ambiguous HLA types were excluded from analysis (1 patient
HLA-B, 1 patient HLA-C).
KIR-genotyping
KIR genotyping was performed using a novel method
allowing accurate determination of copy number variation (CNV) of each KIR gene based on a triplex real-time
PCR approach[38]. 14 KIR-genes and 2 pseudogenes were
genotyped for each sample in quadruplicate; samples
with ≤ 1 successful replicate were excluded. Calling of
copy numbers was verified manually in CopyCaller v.1.0
(Applied Biosystems, Foster City, CA, United States) and
results imported into Microsoft Excel (Redmond, WA,
United States). Copy numbers > 4 were excluded and all
0 copies were verified by amplification of the reference
gene.

Clinical data
By thorough investigation of all patient records, blood
tests, radiology results and histology assessments, we
determined indications for LTX, number and severity
of episodes of AR [Banff rejection activity index (RAI)
scoring, steroid responsive/non-responsive], graft survival and overall patient survival. Immunosuppression
consisted of standard triple-drug therapy with tacrolimus,
prednisolone and mycophenolate mofetil. Tacrolimus
(or cyclosporin) was given on the first day after LTX and
adjusted according to daily blood concentrations. Methylprednisolone was administered perioperatively at a dosage of 500 mg, subsequently tapered to 20 mg/d during
the first week and gradually to 5 mg/d within 6 mo. Mycophenolate was given at an initial dose of 1000 mg twice
daily.
The diagnosis of AR was based on clinical, biochemical and histological criteria. According to routine practice
at our center, all patients were monitored by daily blood
samples and any increase in liver enzymes or bilirubin resulted in examination with liver sonography with doppler
to determine the presence of circulatory or anatomical
complications. After clinical exclusion of circulatory and
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Immunohistochemistry
To expand on the genetic analysis of KIR genes, also
considering the conflicting results in previously published
experiments[19-23], an immunohistochemical determination
of the number of NK cells as compared with T- and B
cells in liver allograft biopsies with AR were performed.
Archival biopsy material from 10 patients with PSC, 10
patients with PBC and 10 patients with non-immunological liver diseases (3 alcoholic cirrhosis, 1 polycystic liver
disease, 2 cryptogenic cirrhosis, 1 Budd Chiari and 3 with
colorectal liver metastases) were examined. All selected
biopsies had similar severity of rejection characterized according to the Banff criteria[37], with a median RAI score
of 5, 4.5 and 5 for PSC, PBC and the non-immunological
group, respectively.
Immunohistochemical staining procedure: Antigen
retrieval: heat treatment in Tris EDTA, pH9.0 buffer.
Primary antibodies: Monoclonal anti CD20, dilution 1:200
and anti CD56, dilution 1:100, both from Daco, Glostrup, Denmark; monoclonal anti CD57, dilution 1/50,
Nova Castra, Newcastle, United Kingdom; polyclonal
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P values from the KIR association analysis were corrected
for multiple testing according to Bonferroni (n = 68).

Table 1 Distribution and frequency of the underlying liver
disease of 143 liver transplant recipients
Indication for transplantation

n (%)

Autoimmune etiology
Primary sclerosing cholangitis
Primary biliary cirrhosis
Autoimmune hepatitis
Viral hepatitis
Hepatitis B
Hepatitis C
Other indications
Hepatocellular carcinoma
Secondary liver tumours
Acute hepatic failure
Alcoholic cirrhosis
Cholangiocarcinoma
Budd-Chiari
Cryptogenic cirrhosis
Metabolic liver disease
Polycystic liver disease

65 (45.5)
44 (30.8)
14 (9.8)
7 (4.9)
20 (13.9)
5 (3.5)
15 (10.5)
65 (43.9)
13 (8.8)
7 (4.7)
8 (5.4)
17 (12.2)
10 (6.8)
2 (1.4)
9 (6.1)
1 (0.5)
2 (1.4)

RESULTS
The disease indications for LTX are shown in Table 1.
The overall frequency of histologically confirmed AR in
the study population was 28%, with significantly higher
frequency noted in patients with PSC as compared with
patients transplanted on the basis of other liver diseases
(40% vs 24%, OR = 2.2, 95%CI: 1.0-4.6, P = 0.04). All
episodes of AR occurred within the first 6 weeks after
LTX, with a median of 10 days (range 5-40 d). PSC
patients with concurrent IBD (82%), showed tendency
to an increased risk of AR compared to PSC patients
without IBD (43% vs 25%), but this was not statistically
significant (P = 0.34). We found no statistically significant
influence from age or gender on risk of acute rejection
(data not shown). For further analyses, recipients were
grouped according to the occurrence of AR or non-AR
and subgrouped according to underlying PSC or not.

rabbit anti CD3, dilution 1/150, Neo Markers, Fremont
CA, United States. Diluent: Ventana Antibody Diluent,
Ventana Medical System, Tucson AZ. Incubation time:
30 min at 37 C. Detection system: Ultra View Universal DAB- or Alkaline Phosphatase Red-Detection Kits.
Double stainings: Sequential stainings, one primary antibodies followed by one of the detection kits, a second
primary antibody and the other detection kit. Since NK
cell specific monoclonal antibodies could not be used in
formalin fixed material, we stained the biopsy samples
for CD56 and CD57 for detection of putative NK- and
NKT cells.
We calculated the B cell percentage (CD20/CD20 +
CD3) in the portal infiltrates based on counting of more
than 400 B and T cells in the portal areas. Since the
numbers of CD56 and CD57 positive cells turned out to
be very low, we decided to use the absolute number per
square millimeter. Double immunostaining of CD56 and
CD3 was performed in order to distinguish between classical NK cells (CD3-CD56+) and natural killer T (NKT)
cells (CD3+CD56+), which represent a distinct lineage of
T cells and share several surface markers with NK cells.

PSC-associated HLA alleles confer risk for AR
independently of underlying disease
Given the significantly higher frequency of AR in patients
with PSC, we specifically analyzed the total study population for differences in frequencies of PSC associated
HLA-A, -B, -C and -DR alleles between patients with
AR and without AR. From the HLA alleles previously
reported to associate with increased PSC susceptibility, an
increased risk of AR was detected for recipients positive
for HLA-B*08 (P = 0.002, OR = 2.5, 95%CI: 1.4-4.6),
HLA-C*07 (P = 0.001; OR = 2.4; 95%CI: 1.4-4.0) and
HLA-DRB1*03 (P = 0.03, OR = 1.9, 95%CI: 1.0-3.3)
(Tables 2-4). For the HLA-DRB1*04 allele, previously
shown to associate with decreased risk of PSC, reduced
risk of AR in the overall study population was found (P
= 0.001, OR = 0.2, 95%CI: 0.1-0.5) (Table 4). Notably,
for HLA-B*08, HLA-C*07 and HLA-DRB1*04 these
associations remained evident in a subgroup analysis of
non-PSC recipients only (n = 99) (P = 0.04, P = 0.003
and P = 0.02, respectively) (Tables 5-7). In PSC recipients
(n = 44) corresponding P values were 0.002, 0.17 and 0.03
for HLA-B*08, HLA-C*07 and DRB1*04, respectively.
A dosage effect of AR prevalence according to the
PSC-associated HLA alleles was also notable in the total
recipient population. For HLA-B*08, the frequency of
AR was 56% in HLA-B*08 homozygous recipients, 39%
in heterozygous recipients and 21% in recipients lacking HLA-B*08 (P = 0.02). The same was observed for
the HLA-C*07 allele with AR in 57%, 27% and 18% of
recipients being homozygous, heterozygous and lacking
HLA-C*07 respectively (P = 0.003). For HLA-DRB1*04
the situation was reversed, with the frequency of AR being 0% for DRB1*04 homozygous recipients, 12% for
heterozygous and 35% in recipients lacking the DRB1*04
allele (P = 0.009).

Statistical analysis
Statistical analyses were performed using SPSS 18.0 (SPSS
Inc., Chicago, IL). P values less than 0.05 were considered
significant. The prevalence of AR in the different groups
was compared using the χ 2 test and, where appropriate,
the Fisher’s exact test. OR and corresponding 95%CI
were calculated using Woolf ’s formula with Haldane’s
correction. As have been demonstrated in previous studies[29,43], there is no significant population stratification in
the Norwegian population. Comparison of means for
KIR gene copy number correlated to AR was performed
using independent sample t test (after assessment of normal distribution). For analysis of NK cell infiltration in
biopsies with AR, the one way ANOVA test was used. All

WJG|www.wjgnet.com

3989

April 14, 2014|Volume 20|Issue 14|

Fosby B et al . HLA and rejection in liver transplantation
Table 2 Frequencies of human leukocyte antigen-B alleles in the acute cellular rejection group (n
= 40) and the non-acute cellular rejection group (n =102) in the total population (missing n = 1)
HLA-B allele
*05
*07
*08
*12
*13
*14
*15
*16
*17
*18
*21
*22
*27
*35
*37
*40
*41
*47

Acute rejection

No acute rejection

n (alleles)

(%)

n (alleles)

(%)

0
10
27
12
1
2
6
1
1
1
0
3
4
4
4
4
1
0

(0)
(13)
(34)
(14)
(1)
(2)
(7)
(1)
(1)
(1)
(0)
(3)
(5)
(6)
(5)
(5)
(1)
(0)

8
23
34
27
5
4
28
4
6
6
2
2
10
19
4
19
2
1

(4)
(11)
(17)
(13)
(2)
(2)
(14)
(2)
(3)
(3)
(1)
(1)
(5)
(9)
(2)
(9)
(1)
(0.5)

OR

95%CI

0.1
1.2
2.5
1.2
1.1
1.1
0.5
0.7
0.6
0.4
0.5
3.6
1.1
0.7
2.6
0.6
1.5
0.8

0.0-1.1
0.6-2.5
1.4-4.6
0.6-2.3
0.3-4.6
0.3-4.6
0.2-1.2
0.1-3.4
0.1-2.8
0.1-2.0
0.1-4.8
0.8-16.4
0.4-3.2
0.3-1.8
0.7-9.1
0.2-1.5
0.3-9.1
0.1-9.2

Uncorrected

P value
0.070
0.690
0.002
0.700
1.000
1.000
0.150
0.510
0.410
0.240
0.360
0.120
1.000
0.230
0.180
0.220
0.870
0.530

OR and corresponding 95%CI were calculated using Woolf’s formula with Haldane’s correction; uncorrected P value:
calculated by the χ 2 test or the Fisher’s exact test where appropriate. HLA: Human leukocyte antigen; AR: Acute
cellular rejection.

Table 3 Frequencies of human leukocyte antigen-C alleles in the acute cellular rejection group (n
= 40) and the non-acute cellular rejection group (n = 102) in the total population (missing n
= 1)
HLA-C allele
*01
*02
*03
*04
*05
*06
*07
*08
*12
*14
*15
*16
*17

Acute rejection

No acute rejection

n (alleles)

(%)

n (alleles)

(%)

2
2
10
8
8
6
41
2
0
0
0
0
1

(2.5)
(2.5)
(12.5)
(10.0)
(10.0)
(7.5)
(51.2)
(2.5)
(0)
(0)
(0)
(0)
(1.2)

8
11
43
24
18
16
62
4
8
1
4
3
4

(3.9)
(5.4)
(21.1)
(11.8)
(8.8)
(7.8)
(30.4)
(2.0)
(4.2)
(0.5)
(2.0)
(1.5)
(2.0)

OR

95%CI

0.6
0.5
0.7
1.1
1.0
1.2
2.4
1.1
0.2
0.9
0.3
0.4
0.8

0.3-2.9
0.1-1.8
0.3-1.1
0.4-2.2
0.5-2.3
0.5-2.8
1.4-4.0
0.3-4.7
0.02-1.1
0.08-9.4
0.03-2.5
0.04-3.2
0.2-4.3

Uncorrected

P value
0.43
0.24
0.09
0.89
0.76
0.82
0.001
0.54
0.07
0.72
0.26
0.31
0.57

OR and corresponding 95%CI were calculated using Woolf’s formula with Haldane’s correction; uncorrected P value:
calculated by the χ 2 test or the Fisher’s exact test where appropriate. HLA: Human leukocyte antigen.

For all other recipient class Ⅰ and class Ⅱ alleles, no
significant differences between the groups with and without AR were detected.

to PSC/non-PSC status (Table 9).
KIR ligand (i.e., HLA-C and Bw4) disparity does not
affect the risk of AR after LTX
According to the established differences in KIR binding strength for HLA-C1 and HLA-C2[21,39,40], genotyped
HLA-C alleles were classified as either HLA-C1 (Asn80)
or HLA-C2 (Lys80). The donor HLA-C ligand group
(i.e., C1 or C2) did not significantly influence the risk of
AR after LTX. AR was observed in 44% of LTX with a
HLA-C2 homozygote donor and in 22% in the heterozygous group compared to 31% in the HLA-C1 homo-

Effect of HLA class Ⅰ and class Ⅱ mismatching on the
risk of AR
HLA-class Ⅰ or class Ⅱ recipient-donor mismatching (0 vs 1-2 mismatches for HLA-A, HLA-B, HLADR and up to 4 vs 5-6 mismatches for all three epitopes
combined, respectively) had no significant effects on AR
incidence (Table 8), neither when all patient-donor pairs
were analyzed together nor when subgrouped according
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Table 4 Frequencies of human leukocyte antigen-DRB1 alleles in the acute cellular rejection
group (n = 40) and the non-AR group (n = 103) in the total population
HLA-DRB1
allele
*01
*02
*03
*04
*07
*08
*09
*10
*11
*12
*13
*14

Acute rejection

No acute rejection

n (alleles)

(%)

n (alleles)

(%)

10
15
25
4
7
2
0
1
1
1
13
1

(12.5)
(18.8)
(31.3)
(5.0)
(8.8)
(2.5)
(0)
(1.3)
(1.3)
(1.3)
(16.3)
(1.3)

23
31
40
46
16
12
1
4
6
3
21
3

(11.2)
(15.0)
(19.4)
(22.3)
(7.8)
(5.8)
(0.5)
(1.9)
(2.9)
(1.5)
(10.2)
(1.5)

OR

95%CI

1.2
1.3
1.9
0.2
1.2
0.5
0.9
0.8
0.6
1.1
1.7
1.1

0.5-2.5
0.7-2.6
1.0-3.3
0.1-0.5
0.5-2.8
0.1-1.8
0.1-9.5
0.2-4.4
0.1-2.9
0.2-6.1
0.8-3.6
0.2-6.1

Uncorrected

P value
0.75
0.44
0.03
0.001
0.78
0.20
0.72
0.57
0.37
0.69
0.16
0.69

OR and corresponding 95%CI were calculated using Woolf’s formula with Haldane’s correction; uncorrected P value
is calculated by the χ 2 test or the Fisher’s exact test where appropriate. HLA: Human leukocyte antigen.

Table 5 Comparison of the frequencies of human leukocyte antigen-B alleles in the acute cellular
rejection group (n = 23) and the non-acute cellular rejection group (n = 76) in the non-primary
sclerosing cholangitis population
HLA-B
allele
*05
*07
*08
*12
*13
*14
*15
*16
*17
*18
*21
*22
*27
*35
*37
*40
*41
*47

Acute rejection

Non acute rejection

n (alleles)

(%)

n (alleles)

(%)

0
6
12
9
1
2
5
1
0
1
0
0
2
4
2
2
1
0

(0)
(13.0)
(26.0)
(19.6)
(2.2)
(4.3)
(10.9)
(2.2)
(0)
(2.2)
(0)
(0)
(4.3)
(8.7)
(4.3)
(4.3)
(2.2)
(0)

4
15
20
20
4
4
21
3
4
6
2
2
7
15
3
17
2
1

(2.6)
(9.9)
(13.2)
(13.2)
(2.6)
(2.6)
(13.8)
(2.6)
(2.6)
(3.9)
(1.3)
(1.3)
(4.6)
(9.9)
(1.9)
(11.2)
(1.3)
(0.7)

OR

95%CI

Uncorrected

P value
0.3
1.4
2.1
1.6
1.0
1.8
0.8
1.0
0.3
0.6
0.7
0.7
1.0
0.8
2.4
0.4
1.9
1.0

0.1-2.9
0.5-3.1
0.8-4.6
0.6-3.4
0.2-5.4
0.5-5.81
0.3-2.1
0.2-5.34
0.1-2.9
0.1-2.0
0.1-2.5
0.11-2.5
0.3-4.0
0.3-2.5
0.4-10.3
0.1-1.4
0.3-11.3
0.1-11.4

0.34
0.54
0.04
0.36
0.67
0.43
0.51
1.00
0.63
1.00
1.00
0.71
1.00
1.00
0.34
0.25
0.56
1.00

OR and corresponding 95%CIs were calculated using Woolf’s formula with Haldane’s correction. Uncorrected P
value is calculated by the χ 2 test or the Fisher’s exact test where appropriate. HLA: Human leukocyte antigen.

zygous group (P = 0.15). For analysis of HLA-C KIR
ligand disparity between recipient and donor, we assessed
the following possibilities; (1) HLA-C ligand type present in the recipient and absent in the donor (i.e., “missing
self ” model); (2) ligand present in the donor and absent
in the recipient (i.e., “non-self ” model); and (3) donor
and recipients homozygous for HLA-C1 and HLA-C2,
respectively (i.e., complete disparity). We did not detect
any significant influence from these types of HLA-C/
KIR ligand disparity on risk of AR, either in the total
cohort nor in an analysis stratified according to PSC (P >
0.05 in all cases).
Classification of the HLA-B alleles was done according to whether they determined the Bw4 (that binds to
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KIR) or Bw6 (that does not bind KIR). We found no influence of donor HLA-Bw genotype on AR risk, i.e., AR
occurred in 29% of LTX with a HLA-Bw4 homozygote
donor, in 28% in the heterozygote group and in 35% in
the HLA-Bw6 homozygote group (P = 0.15). Ligand disparity was defined as recipient carriage of KIR3DL1 and
Bw4 (i.e., presence of inhibition via KIR3DL1-Bw4 interaction), with Bw4 absent in the donor (i.e., no inhibition
via KIR3DL1-Bw4 interaction). There was no significant
difference in the frequency of AR between disparate
(25%) and non-disparate individuals (29%), P = 0.70.
Impact of KIR genes on risk of AR
No significant associations between KIR genotype of
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Table 6 Comparison of the frequencies of human leukocyte antigen-C alleles in the acute cellular
rejection group (n = 23) and the non-acute cellular rejection group (n = 76) in the non-primary
sclerosing cholangitis population
HLA-C
allele
*01
*02
*03
*04
*05
*06
*07
*08
*12
*15
*16
*17

Acute rejection

No acute rejection

n (alleles)

(%)

n (alleles)

(%)

1
1
4
7
6
3
23
2
0
0
0
1

(2.2)
(2.2)
(8.7)
(15.2)
(13.0)
(6.5)
(50.0)
(4.3)
(0)
(0)
(0)
(2.2)

5
7
34
21
12
12
40
4
6
4
3
4

(3.3)
(4.6)
(22.4)
(13.8)
(7.9)
(7.9)
(26.3)
(2.6)
(3.9)
(2.6)
(2.0)
(2.6)

OR

95%CI

0.9
0.6
0.4
1.2
1.8
0.9
2.8
1.9
0.2
0.4
0.5
1.1

0.16-4.27
0.11-2.53
0.13-0.93
0.45-2.61
0.55-3.74
0.27-2.74
1.42-5.42
0.34-5.89
0.02-1.62
0.04-2.94
0.05-3.97
0.19-5.46

Uncorrected

P value
1.00
0.68
0.06
0.81
0.38
1.00
0.003
0.63
0.34
0.58
0.32
1.00

OR and corresponding 95%CI were calculated using Woolf’s formula with Haldane’s correction. Uncorrected P value
calculated by the χ 2 test or the Fisher’s exact test where appropriate. HLA: Human leukocyte antigen.

Table 7 Comparison of the frequencies of human leukocyte antigen-DRB1 alleles in the acute
cellular rejection group (n = 23) and the non-acute cellular rejection group (n = 76) in the nonprimary sclerosing cholangitis population
HLA-DRB1
allele

Acute rejection

No acute rejection

n (alleles)

(%)

n (alleles)

(%)

7
8
13
3
6
2
0
1
1
7
0

(15.2)
(17.4)
(28.2)
(6.5)
(13.0)
(4.3)
(0)
(2.2)
(2.2)
(15.2)
(0)

18
23
24
35
12
10
3
6
3
15
3

(11.8)
(15.1)
(15.8)
(23.0)
(7.9)
(6.6)
(2.0)
(3.9)
(2.0)
(9.9)
(2.0)

*01
*02
*03
*04
*07
*08
*10
*11
*12
*13
*14

OR

95%CI

1.4
1.2
2.5
0.3
1.8
0.7
0.5
0.7
1.4
1.7
0.5

0.6-3.4
0.5-2.8
1.9-5.4
0.1-0.9
0.7-4.8
0.2-2.7
0.1-4.2
0.1-3.7
0.2-7.9
0.7-4.2
0.1-4.2

Uncorrected

P value
0.55
0.46
0.05
0.02
0.29
0.73
0.59
1.00
0.93
0.31
1.00

OR and corresponding 95%CIs were calculated using Woolf’s formula with Haldane’s correction. Uncorrected P
value is calculated by the χ 2 test or the Fisher’s exact test where appropriate. HLA: Human leukocyte antigen.

was the case in both the overall population and in the
PSC-stratified analysis, but this finding was not significant
after correction for the number of comparisons made in
the KIR analysis (Bonferroni factor 68, see Tables 10-12).
There was no significant influence of recipient copy
number of each individual KIR gene and risk of AR
(Table 12).

Table 8 Data on human leukocyte antigen mismatches on the
risk of acute cellular rejection after liver transplantation n (%)
Locus
HLA-A
HLA-B
HLA-DR
A, B, DR

MM (n )

Non-AR group
(n = 102)

AR group
(n = 41)

P value

1-2
0
1-2
0
1-2
0
0-4
5-6

86 (84.3)
16 (15.7)
97 (95.1)
5 (4.9)
94 (92.2)
8 (7.8)
62 (60.8)
40 (39.2)

38 (92.7)
3 (7.3)
41 (100)
0 (0)
40 (97.6)
1 (2.4)
19 (47.3)
22 (53.7)

0.18
0.15

Immunohistochemical analysis of biopsies with AR
according to indication for liver transplantation
Based on the previous suggestions that HLA vs KIR genotype may influence the risk of AR[22,23,41,42], we assessed
the frequency of NK cells in the inflammatory infiltrates
in AR in PSC and non-PSC patients. We used CD56 and
CD57 as markers to detect the number and distribution
of possible NK cells, along with CD3 and CD20 for the
counting of T-and B cells in the formalin fixed biopsies.
Both epithelial cells in small bile ducts and scattered spindle shaped cells and lymphocyte-like cells were CD56-

0.21
0.12

Uncorrected P values were calculated by the χ 2 test or the Fisher’s exact
test where appropriate. HLA: Human leukocyte antigen; MM: Mismatches; AR: Acute cellular rejection.

patients and risk of AR were detected (Tables 2 and 10).
There was a trend toward the 22 bp deletion variant of
the KIR2DS4 gene in recipients experiencing AR. This
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Table 9 Data on human leukocyte antigen mismatches on
the risk of acute cellular rejection after liver transplantation,
according to primary sclerosing cholangitis or non-primary
sclerosing cholangitis n (%)
Locus

MM

Non-AR group

AR group

(n )

(PSC, n = 26)

(PSC) n = 17)

Table 10 Data on the relationship between killer immunoglobulin-like receptor gene phenotype (presence/absence of
gene) in the recipient and the risk of acute cellular rejection
after liver transplantation in the total patient population

P value

Recipient KIR gene phenotype
2DL1

(Non-PSC, n = 76) (Non-PSC) n = 24)
HLA-A
(PSC)
(non-PSC)
HLA-B
(PSC)
(non-PSC)
HLA-DR
(PSC)
(non-PSC)
A, B, DR
(PSC)
(non-PSC)

2DL2
1-2
0
1-2
0

20 (57.1)
6 (75.0)
65 (73.9)
11 (92.7)

15 (42.9)
2 (25.0)
23 (26.1)
1 (7.3)

0.35

1-2
0
1-2
0

25 (59.5)
1 (100.0)
73 (75.3)
3 (100.0)

17 (40.5)
0 (0.0)
24 (24.7)
0 (0.0)

0.41

2DL5

0.32

2DP1

1-2
0
1-2
0

26 (61.9)
0 (0.0)
67 (74.4)
9 (90.0)

16 (38.1)
1 (100.0)
23 (25.6)
1 (10.0)

0.44

5-6
0-4
5-6
0-4

12 (54.5)
14 (66.7)
29 (67.4)
47 (82.4)

10 (45.5)
7 (33.3)
14 (32.6)
10 (17.6)

0.42

2DS4DEL1

0.08

2DS4WT2

2DL3
0.18
2DL4

2DS1
2DS2
0.27
2DS3

2DS4TOTA3

2

Uncorrected P values were calculated by the χ test or the Fisher’s exact
test where appropriate. HLA: Human leukocyte antigen; PSC: Primary
sclerosing cholangitis; MM: mismatches; AR: acute cellular rejection.

2DS5
3DL1E44
3DL1E95

positive (Figure 1). Bile ducts were positive for CD56 in
equal fractions in patients with PSC (30%), PBC (30%)
and other liver diseases (30%). The numbers and type
of lymphocytes observed in the AR biopsies obtained
from patients with PSC, PBC and non-immunological
liver diseases revealed no significant differences between
the groups (Table 13). CD56 positive lymphocytes were
only sporadically detected in the portal tracts. Scattered
CD57-positive cells were seen in both the portal tracts,
periportal and sinusoidal areas in a similar fraction of
patients in all three groups, and there were no statistically
significant differences between the numbers of CD57positive cells per square millimeter of liver tissue. Double
staining, CD3 with immunoperoxidase and diaminobenzidine, followed by CD57 with alkaline phosphatase,
showed no CD57-positive cells, indicating that all or
practically all CD57-positive cells in the liver biopsies
were CD3+CD57+ NKT cells.

3DL2
3DL3
3DP1
3DS1

Incidence of AR

P value

0%
29%
28%
29%
20%
28%
29%
32%
24%
0%
31%
32%
20%
27%
29%
28%
31%
9%
31%
27%
29%
0%
29%
32%
24%
0%
29%
0%
28%
29%
29%
29%
31%
25%

0.37
0.92
0.44
0.27
0.54
0.24
0.85
0.79
0.03
0.84
0.67
0.47
0.61
0.62
0.39

1

2DS4DEL refers to the 22-bp deletion variant of 2DS4; 22DS4WT refers to
the full-length form of the gene; 32DS4TOT refers to the total number of
2DS4, i.e., 2DS4DEL and 2DS4WT combined; 4,53DL1E4 and 3DL1E9 refers to exon 4 and 9 of the 3DL1 gene respectively. The various KIR genes
genotyped are listed in the leftmost column. Genes with S in the name
(e.g., KIR2DS4) encode activating KIRs, genes with L in the name (e.g.,
KIR3DL1) encode inhibiting KIRs and genes with a P in the name (e.g.,
KIR3DP1) are pseudogenes. Uncorrected P value is calculated by the χ 2
test or the Fisher’s exact test where appropriate. KIR: Killer immunoglobulin-like receptor; AR: Acute cellular rejection.

ed[34,43-45], and in the present analysis we demonstrate that
this HLA background also associates with increased risk
of AR in non-PSC recipients. These results provide an
impetus to more thoroughly explore the role of recipient
immunogenetic determinants on liver graft outcomes,
rather than overly focusing on genetic matching between
the donor and the recipient.
The strongest HLA risk factor in PSC is HLA-B*08[43,46].
This association is a representative of the so-called 8.1
ancestral haplotype (AH8.1), which is defined by a series

DISCUSSION
The potential importance of donor-recipient HLA
matching in LTX is debated. At some centers, including
our own, resources are still spent providing HLA data for
liver allograft recipients even though the information is
not accounted for in the organ allocation process. It has
been consistently shown that recipients with PSC have
an increased AR risk compared to recipients with other
underlying liver diseases. PSC is strongly HLA-associat-
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Negative (n = 3)
Positive (n = 140)
Negative (n = 79)
Positive (n = 64)
Negative (n = 10)
Positive (n = 133)
Negative (n = 0)
Positive (n = 143)
Negative (n = 79)
Positive (n = 64)
Negative (n = 3)
Positive (n = 140)
Negative (n = 91)
Positive (n = 52)
Negative (n = 76)
Positive (n = 67)
Negative (n = 108)
Positive (n = 35)
Negative (n = 23)
Positive (n = 120)
Negative (n = 77)
Positive (n = 66)
Negative (n = 3)
Positive (n = 140)
Negative (n = 104)
Positive (n = 39)
Negative (n = 3)
Positive (n = 140)
Negative (n = 3)
Positive (n = 140)
Negative (n = 0)
Positive (n = 143)
Negative (n = 0)
Positive (n = 143)
Negative (n = 0)
Positive (n = 143)
Negative (n = 91)
Positive (n = 52)
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Positive (n = 11)
(other)
Negative (n = 76)
Positive (n = 25)
2DS4DEL1
(PSC)
Negative (n = 8)
Positive (n = 36)
(other)
Negative (n = 15)
Positive (n = 85)
2DS4WT2
(PSC)
Negative (n = 21)
Positive (n = 23)
(other)
Negative (n = 56)
Positive (n = 43)
2DS4TOTA3
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 3)
Positive (n = 96)
2DS5
(PSC)
Negative (n = 34)
Positive (n = 10)
(other)
Negative (n = 69)
Positive (n = 30)
3DL1E44
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 0)
Positive (n = 99)
3DL1E95
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 3)
Positive (n = 96)
3DL2
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 0)
Positive (n = 98)
3DL3
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 0)
Positive (n = 99)
3DP1
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 0)
Positive (n = 99)

Table 11 Data on the relationship between killer immunoglobulin-like receptor gene phenotype in the recipient and
the risk of acute cellular rejection after liver transplantation
in patients with primary sclerosing cholangitis compared with
patients without primary sclerosing cholangitis
Recipient KIR gene phenotype

Incidence of AR

2DL1
(PSC)
Negative (n = 0)
Positive (n = 4)
(other)
Negative (n = 3)
Positive (n = 96)
2DL2
(PSC)
Negative (n = 23)
Positive (n =21)
(other)
Negative (n = 54)
Positive (n = 45)
2DL3
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 10)
Positive (n = 89)
2DL4
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 0)
Positive (n = 99)
2DL5
(PSC)
Negative (n = 28)
Positive (n = 16)
(other)
Negative (n = 51)
Positive (n = 48)
2DP1
(PSC)
Negative (n = 0)
Positive (n = 44)
(other)
Negative (n = 3)
Positive (n = 96)
2DS1
(PSC)
Negative (n = 13)
Positive (n = 31)
(other)
Negative (n = 60)
Positive (n = 39)
2DS2
(PSC)
Negative (n = 23)
Positive (n = 21)
(other)
Negative (n = 54)
Positive (n = 45)
2DS3
(PSC)
Negative (n = 34)
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P value
-

40%
1.00
0%
25%
0.37
33%
48%
0.71
26%
22%
40%
1.00
20%
24%
40%
24%
0.17
48%
25%
0.81
25%
22%
40%
1.00
0%
25%
0.14
26%
20%
0.51
26%
20%
0.37
33%
48%
0.48
26%
20%
0.78
41%

3994

36%
0.57
22%
28%
0.11
38%
43%
0.10
7%
27%
0.81
38%
42%
0.71
22%
26%
40%
1.00
0%
25%
0.46
43%
30%
0.56
25%
20%
40%
25%
40%
1.00
0%
25%
40%
24%
40%
24%
40%
24%
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3DS1
(PSC)
Negative (n = 31)
Positive (n =13)
(other)
Negative (n = 61)
Positive (n = 40)

these neighboring genes. The dosage effect observed for
the PSC associated alleles is also highly supportive of a
true effect, i.e., with an AR frequency of 56% and 57%,
respectively, in homozygous individuals, as compared
with 21% and 18%, respectively, in individuals without
HLA-B*08 and HLA-C*07. Importantly, the effect of
AH8.1 on AR risk was not restricted to patients with
PSC, suggesting that the immunological abnormalities
in AH8.1 carriers[45] is of general importance for the
pathophysiology in AR. The present results reproduce a
previously reported association reported between AH8.1
and AR in liver transplantation[12,48]. There have also been
notions of AH8.1 in determining graft survival in kidney
transplantation[49]. It is thus timely to explore the immunological basis of this association and the relationship
between AR and autoimmunity associations related to the
AH8.1 haplotype.
Further support of recipient-related immunogenetic
determinants for AR holds true for the DRB1*04 associations, which protect against PSC as well as AR in patients
with and without PSC. The AR frequency of individuals
without DRB1*04 was 35% (comparable to the overall
AR frequency of 28%), while dropping to 12% and 0%
for the presence of one and two DRB1*04 alleles, respectively, suggesting a dosage effect of the protective
mechanisms represented by the DRB1*04 haplotype. A
similar relationship has been noted for type 1 diabetes in
kidney transplantation[50]. While DRB1*04 is a strong risk
factor for type 1 diabetes[51], type 1 diabetic recipients of
diverse ethnicities who carry DRB1*04 experience improved graft survival[50]. A similar shared involvement has
also been reported for non-HLA risk loci in autoimmune
risk loci, e.g., for the cytotoxic T-lymphocyte antigen 4
(CTLA4) gene[52-54]. Most likely the ongoing characterization of shared genetic risk factors between different
autoimmune diseases should incorporate recipient factors
for allograft-targeted immune reactions[55], for instance by
means of screening large recipient populations with and
without AR using the Immunochip[43,56].
The precision and homogeneity of the diagnosis of
AR is critical for further studies of the genetics of AR
along suggested lines. In the present study, great care was
taken to include only biopsy proven cases of AR, and the
resulting recipient group with AR thus consisted of Banff
RAI 3-6 cases with only two exceptions (who showed RAI
> 6 in their biopsies). Cases with different etiologies with
potentially similar immune manifestations (e.g., ischemia/
reperfusion related injuries, biliary pathologies and infections, including early HCV recurrence) were systematically
excluded. A multitude of immunological mechanisms are
at play in the allograft during the first weeks after liver
transplantation, and lack of precision in diagnosis of AR
will diminish power considerably in genetic association
studies[57,58]. Ideally, data on confounders and rejection
characteristics should be prospectively collected, not retrospectively as in the present analysis. Lack of statistical
power and phenotypic heterogeneity probably underlies
the conflicting results of AR associations for many nonHLA loci investigated [e.g., interleukin 10 (IL-10)[59-63],

0.42
44%
31%
0.81
25%
23%

1

2DS4DEL refers to the 22-bp deletion variant of 2DS4; 22DS4WT refers to
the full-length form of the gene; 32DS4TOT refers to the total number of
2DS4, e.g., 2DS4DEL and 2DS4WT combined; 4,53DL1E4 and 3DL1E9 refers to exon 4 and 9 of the 3DL1 gene respectively. The various KIR genes
genotyped are listed in the leftmost column. Genes with S in the name
(e.g., KIR2DS4) encode activating KIRs, genes with L in the name (e.g.,
KIR3DL1) encode inhibiting KIRs and genes with a P in the name (e.g.,
KIR3DP1) are pseudogenes. Uncorrected P value was calculated by the χ 2
test or the Fisher’s exact test where appropriate. KIR: Killer immunoglobulin-like receptor; AR: Acute cellular rejection; PSC: Primary sclerosing
cholangitis.

Table 12 Killer immunoglobuline-like receptor gene copy
number of the recipient and acute cellular rejection after liver
transplantation
KIR gene

AR

Non-AR

P value

mean copy number mean copy number
(95% CI)
(95%CI)
KIR2DL1
KIR2DL2
KIR 2DL3
KIR 2DL4
KIR 2DL5
KIR 2DP1
KIR 2DS1
KIR 2DS2
KIR 2DS3
KIR 2DS4DEL1
KIR 2DS4WT2
KIR 2DS4TOT3
KIR 2DS5
KIR 3DL1E44
KIR 3DL1E95
KIR 3DL2
KIR 3DL3
KIR 3DP1
KIR 3DS1

1.69 (1.54-1.84)
0.52 (0.34-0.71)
1.50 (1.30-1.70)
2.10 (2.00-2.19)
0.50 (0.27-0.73)
1.71 (1.57-1.86)
0.26 (0.12-0.40)
0.62 (0.30-0.43)
0.29 (0.13-0.44)
1.17 (1.01-1.32)
0.55 (0.36-0.73)
1.74 (1.60-1.88)
0.21 (0.08-0.35)
1.74 (1.60-1.88)
1.74 (1.60-1.88)
0.33 (0.30-0.51)

1.64 (1.53-1.76)
0.53 (0.40-0.65)
1.45 (1.33-1.58)
1.98 (1.91-2.05)
0.63 (0.49-0.78)
1.70 (1.59-1.81)
0.43 (0.33-0.54)
0.54 (0.41-0.66)
0.32 (0.20-0.40)
1.08 (0.94-1.21)
0.48 (0.37-0.59)
1.56 (1.45-1.67)
0.32 (0.22-0.42)
1.57 (1.46-1.67)
1.56 (1.46-1.67)
0.40 (0.30-0.51)

0.64
0.97
0.69
0.06
0.32
0.89
0.08
0.56
0.77
0.45
0.53
0.06
0.25
0.08
0.06
0.47

The various KIR genes genotyped are listed in the leftmost column. Genes
with S in the name (e.g., KIR2DS4) encode activating KIRs, genes with L
in the name (e.g., KIR3DL1) encode inhibiting KIRs and genes with a P
in its name (e.g., KIR3DP1) are pseudogenes. Statistical comparison was
performed using the independent sample t test. 12DS4DEL refers to the
22-bp deletion variant of 2DS4; 22DS4WT refers to the full-length form of
the gene; 32DS4TOT refers to the total number of 2DS4, i.e., 2DS4DEL and
2DS4WT combined; 4,53DL1E4 and 3DL1E9 refers to exon 4 and 9 of the
3DL1 gene respectively. KIR: Killer immunoglobulin-like receptor; AR:
Acute cellular rejection.

of correlated genetic variants within the HLA, including also the HLA-C*07 and DRB1*03 alleles[44,45,47]. The
AH8.1 has profound influence on immune function, as
also underscored by previously reported associations
with a wide range of immune-mediated diseases[44,45].
Results in the present study account for both HLA-B*08
and HLA-C*07 and suggest that the underlying effect
represented by these associations localizes in or near
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A

B

C

D

E

F

Figure 1 Immunoenzyme stainings in a liver biopsy from a transplanted primary sclerosing cholangitis patient with acute cellular rejection scored according to the Banff criteria as RAI 5 (panels A-C), and from a transplanted control patient (secondary liver metastases) with the same grade of cellular
rejection (panels D-F). Panels A and D show double immunoenzyme staining for CD3 (red) and CD56 (brown, arrows) in a portal area. Panels B and E show immunoperoxidase staining for CD57 (brown, arrows) in a portal area. Panels C and F show CD56-staining of bile ducts (arrows). Only scattered CD56- and CD57 positive
leucocytes can been seen in both patients (Original magnification × 400).

IL-4 and IL-4 receptor[61,64], IL-6[65,66], chemokine receptor
2 (CCR2)[67], CCR5[67-69], and intercellular adhesion molecule-1 (ICAM1)[70,71]]. The present study is also underpowered to detect non-HLA associations for a complex trait
like AR[72], but of the same size as those first reporting on
what has later shown to be consistent HLA associations
in other diseases[46,73]. Similarly, it cannot be excluded that
lack of AR association for rare HLA alleles in the present
analysis may be due to type Ⅱ statistical errors.
Some studies have suggested a beneficial effect of
HLA matching in LTX[12,48], others have found HLA
matching to be detrimental or even exerting a dualistic
effect[74]; being beneficial regarding AR, but detrimental
to graft/patient survival. In most studies, however, HLA
compatibility has not proven to have significant impact
on outcome after LTX, and HLA genotype is presently

WJG|www.wjgnet.com

not taken into account in the donor selection protocols.
Data in the present population supports the latter conclusion, but also raises the possibility that recipient HLA
type may be of consequence for individualized adjustment of the immunosuppressive regimens if findings are
confirmed in future studies. Donor-recipient HLA mismatching has previously been reported to be of greater
importance in non-autoimmune liver diseases where primary HLA associations do not exist[12]. A more thorough
dissection of the HLA-related risk for AR on the side of
the recipient only, may thus help clarify HLA determinants on the donor side of relevance to donor-recipient
matching.
NK cells have been suggested to engage in the development of liver allograft tolerance[75-77], and animal experiments have suggested that NK cells infiltrate the liver
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arrays (e.g., the Immunochip) in adequately sized study
populations.

Table 13 Data showing scarce, but similar numbers of
natural killer cells and natural killer T cells in biopsies with
equal grade of AR in patients with various primary liver
diseases
MNC cell subset

1

CD56 (NK/NKT)
CD57 (NK/NKT)
CD3-CD56+ (NK)
CD3-CD57+ (NK)

PSC
(n = 10)

PBC
(n = 10)

Non-imm
(n = 10)

P value

1.6 ± 0.3
5.0 ± 0.9
0.2 ± 0.1
0

1.8 ± 0.4
4.0 ± 0.4
0.2 ± 0.1
0

1.8 ± 0.3
4.6 ± 0.6
0.3 ± 0.1
0

0.9
0.1
0.7
-
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COMMENTS
COMMENTS
Background

Donor-recipient matching for human leukocyte antigen (HLA) in liver transplantation is not part of routine clinical practice. Also for other genetic loci, e.g., the
killer-immunoglobuline-like receptors (KIR), the clinical importance of donorrecipient matching is unclear. Patients with primary sclerosing cholangitis (PSC)
have consistently been reported to exhibit an increased risk of acute cellular
rejections (AR) as compared with other indications for liver transplantation. The
role of genetic risk factors for PSC in determining risk of AR has not previously
been investigated.

Mean absolute number of NK/NKT cells/mm2. Statistics were performed
comparing mean value between groups using one-way ANOVA. MNC:
Mononuclear cells; PSC: Primary sclerosing cholangitis; PBC: Primary biliary cirrhosis; Non-imm: Non-immunological disease; NKT: Natural killer
T cell; NK: Natural killer.
1

graft before T lymphocytes[78]. Inspired by work in autoimmune diseases[16], a series of studies have assessed the
impact of donor and recipient genetic variation relevant
to NK cell activation on risk of AR. While some studies suggest that this interaction may influence the risk of
AR after LTX[22,23,41], other studies have failed to support
this[19,20]. A major problem in designing the statistical analysis of HLA-KIR interactions, is that biological correlates
are poorly defined and the number of potentially relevant
interactions is thus high. According to conservative Bonferroni-thresholds for statistical significance, none of the
reported associations remain significant. This is also the
case for the present dataset. In an analysis accounting for
the known biological differences between the HLA-C1
(weak inhibition via KIR) and HLA-C2 (strong inhibition via KIR)[16], we were unable to detect an influence of
the HLA-C2 variant on AR risk[20,21]. Based on previous
studies reporting an increased frequency of NK cells in
the portal infiltrate of patients with PSC when compared
with other liver diseases[79,80], we wanted to examine if
similar findings were present in rejection infiltrates in liver
transplants. Since the use of NK cell specific monoclonal
antibodies was unsuccessful in formalin-fixed material,
we used antibodies to CD56 and CD57 to detect putative
NK- and NKT cells. The extremely low number of CD56
positive cells in biopsies from patients with AR does not
exclude the possibility that these cells contribute to immune an immune reaction primarily driven by the infiltration of T cells. However, the sum of evidence suggests
that a genetically determined NK cell hyperreactivity is
unlikely to play a major pathogenetic role in AR in LTX.
In conclusion, we detected a significant impact from
PSC-associated HLA variants on risk of AR. The findings are similar in PSC and non-PSC recipients and provide important confirmatory support to previous studies
in LTX and kidney transplantation, together serving as a
basis for further studies of the underlying mechanisms.
In addition, we propose that there is a need to query genetic risk of AR along the model of other immune mediated diseases. This with spescial focus on recipients, and
aiming for comprehensive genetic coverage by means of
genome-wide association studies or targeted genotyping

WJG|www.wjgnet.com

Research frontiers

Recent genome-wide association studies have determined multiple robust
genetic risk factors for PSC, out of which the strongest localize to the HLA
complex on chromosome 6. Genetic risk factors for AR have traditionally been
performed along the logic of donor-recipient mismatching, but no consistent
findings have so far been made. In particular, recent articles suggest that particular HLA and KIR combinations may be important, but conflicting data also
exist.

Innovations and breakthroughs

This is the first study to demonstrate a clear role for HLA variants associated
with PSC susceptibility in determining risk of AR. Importantly, findings also apply to patients with other underlying liver diseases. Authors found no significant
impact of donor-recipient matching on the risk of AR, neither for HLA nor HLA
and KIR combinations.

Applications

Further studies are needed to establish the biological basis for the observed
associations. Importantly, the findings suggest that studies querying the role of
recipient genetics in AR may provide useful insights into AR pathophysiology.
Rather than overly focusing on donor-recipient genetic matching, further studies
(e.g., genome-wide association studies) on the recipient side are warranted.

Peer review

The authors offer a valuable contribution to the still debated issue of HLA
variants in acute liver rejection development. Further, they have investigated
HLA-C and KIR genotypes to demonstrate a lack of association with AR.
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Epithelial membrane protein 1 negatively regulates cell
growth and metastasis in colorectal carcinoma
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expression of EMP1 in SW-480 cells was quantified by
real-time reverse transcription-polymerase chain reaction and Western blot. Control SW-480 cells were transfected with an empty vector. To further study the effect
of EMP1 overexpression in SW-480 cells, cell proliferation, apoptosis, migration and invasion assays were
conducted.
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RESULTS: Expression of EMP1 was significantly lower
in colorectal cancer tissue than in normal tissue using
both immunohistochemistry (39.7% vs 90.3% of tissues, P < 0.05) and Western blot (0.126 ± 0.022 vs
0.632 ± 0.053, P < 0.05). The level of EMP1 protein expression was not correlated with gender, age, or tumor
location. Decreased expression of EMP1 was significantly correlated with T stage, lymph node metastasis, clinic
stage, and histological grade in patients with colorectal
cancer (P < 0.05). According to Kaplan-Meier analysis,
low EMP1 expression correlated significantly with poor
overall five-year survival (34.2% vs 64.0% survival, P <
0.05). SW-480 cells transfected with EMP1 had a lower
survival fraction, higher cell apoptosis (12.1% ± 1.3%
vs 3.1% ± 0.6%, P < 0.05), a significant decrease in
migration and invasion (124.0 ± 17.0 and 87.0 ± 12.0,
respectively vs 213.0 ± 29.0 and 178.0 ± 21.0, respectively, P < 0.05), higher caspase-9 (0.635 ± 0.063 vs
0.315 ± 0.032, P < 0.05), and lower VEGFC protein
expression (0.229 ± 0.021 vs 0.519 ± 0.055, P < 0.05)
relative to cells not transfected with EMP1.

Abstract
AIM: To determine the expression and function of epithelial membrane protein 1 (EMP1) in colorectal carcinoma.
METHODS: Colorectal samples were taken from cancer lesions and adjacent normal tissue in colorectal
cancer patients immediately after endoscopic biopsy.
A portion of the sample was either fixed in 4% paraformaldehyde and embedded in paraffin for immunohistochemistry or stored in liquid nitrogen for Western
blot. In order to determine protein expression of EMP1
in colorectal cancer (n = 63) and normal tissue (n
= 31), semi-quantitative immunohistochemistry and
Western blot were utilized. For in vitro studies, the human colorectal cancer cell line SW-480 was maintained
in RPMI-1640 medium supplemented with 10% fetal
bovine serum. Recombinant lentivirus mediated over-
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CONCLUSION: Low EMP1 expression in colorectal
cancer is associated with increased disease severity,
suggesting that EMP1 may be a negative regulator of
colorectal cancer.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Epithelial membrane protein 1; Colorectal
carcinoma; Caspase-9; Vascular endothelial growth factor C; Prognosis
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they ranged in age from 31 to 78 years, with a median age
of 54 years. Of the 63 cases of colorectal cancer, 27 had
stages T1 and T2 disease and 36 had stages T3 and T4
disease. Twenty-eight patients did not present with lymph
node metastasis (N0), whereas 35 presented with identified lymph node involvement (N+). As for the clinical
stage, 25 cases had stage Ⅰ-Ⅱ colorectal cancer and 38
had stage Ⅲ-Ⅳ colorectal cancer. Regarding grade of differentiation, 20 had grade Ⅰ (well differentiated) tumors,
and 43 had grade Ⅱ or Ⅲ (moderately to poorly differentiated) tumors. Samples were instantly taken after the
endoscopic biopsy, and either fixed in 4% paraformaldehyde solution and embedded in paraffin for immunohistochemistry or stored in liquid nitrogen for Western blot
analysis.

Core tip: Epithelial membrane protein 1 (EMP1) has
a known role in tumor development and progression,
and its activity is linked to a number of biological processes including proliferation, apoptosis, invasion, and
metastasis of colorectal cancer. We detected expression of EMP1 in colorectal carcinoma and analyzed the
biological effect of EMP1 overexpression in a colorectal
carcinoma cell line. EMP1 expression was decreased
in colorectal cancer and its expression correlated significantly with T stage, lymph node metastasis, clinic
stage, histological grade, and poor overall survival. Taken together, our findings suggest that EMP1 may play
an important role as a negative regulator of colorectal
cancer.
Sun GG, Wang YD, Cui DW, Cheng YJ, Hu WN. Epithelial
membrane protein 1 negatively regulates cell growth and metastasis in colorectal carcinoma. World J Gastroenterol 2014;
20(14): 4001-4010 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/4001.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.4001

Cell culture and gene transfection
Human colorectal cancer SW-480 cells were maintained
in RPMI-1640 medium (Gibco BRL, Carlsbad, CA, United States) supplemented with 10% fetal bovine serum
(Gibco BRL). Medium was changed every two to three
days; when the cultures reached confluence, the cells
were subcultured with 0.25% trypsin and 1% ethylenediaminetetraacetic acid (EDTA). Cells were tested every
three months for mycoplasma, and mycoplasma removal
agent (MRA) (MP Biomedicals Co. Ltd., Shanghai, China)
was used to maintain mycoplasma-free cultures. EMP1
cDNA was cloned into the BamHI and AscI sites of
the plenti6/V5-DEST vector (Invitrogen, Carlsbad, CA,
United States). After amplification and DNA sequence
confirmation, this vector was used to overexpress EMP1
in SW-480 cells. Briefly, SW-480 cells were grown and stably transfected with pLenti6-EMP1 or plenti6/V5-DEST
for control using Lipofectamine 2000 (Invitrogen) and
grown in Blastidicin (5 μg/mL)-containing RPMI-1640
medium.

INTRODUCTION
Colorectal cancer is one of the most common malignancies worldwide, and it is a major cause of mortality, with
a five-year survival rate of approximately 50%. The main
cause of death is metastasis to the liver and lungs, which
is present in up to 25% of patients at the time of diagnosis[1,2]. Well-established histopathological factors that influence disease outcome are tumor size, histological type
and subtype, the presence of signet ring morphology, the
degree of differentiation, the presence of lymphovascular invasion, and lymph node involvement[3,4]. Further
understanding of the molecular mechanisms underlying
the pathophysiology of metastatic processes will help us
not only identify those patients at greatest risk of recurrence but also find novel molecular targets for the development of treatment strategies for colorectal cancer. A
preliminary study on the epithelial membrane protein 1
(EMP1) gene found that EMP1 is closely linked to tumor development and progression[5,6]. Activation of the
EMP1 gene in particular can prevent tumor proliferation,
and it may be a new target for tumor therapy[7,8]. However, to date there is no information available regarding
the relationship between EMP1 and colorectal cancer. We
studied EMP1 expression in colorectal cancer using immunohistochemistry and Western blot and analyzed the
effect of EMP1 overexpression in vitro in the colorectal
cancer cell line SW-480[9,10].

Immunohistochemistry
Immunohistochemistry was performed as previously
described[11]. Briefly, 4 μm sections were prepared from
a paraffin-embedded block and dehydrated, incubated
in 3% hydrogen peroxide for 10 min, and incubated in
trypsin for 20 min. Sections were blocked with 10% goat
serum at room temperature for 20 min and treated with
a rabbit anti-human EMP1 polyclonal antibody (1:100;
Abcam, Cambridge, United Kingdom) overnight at 4 ℃.
After rinsing, sections were treated with biotin-conjugated antibodies (4A Biotech Co. Ltd., Beijing, China) for 20
min, and biotin-immune complexes were identified with
a diaminobenzidine (DAB) substrate immunochemistry
kit (4A Biotech Co. Ltd.) and hematoxylin stain. Sections
were mounted and dehydrated with the coverslip sealed.
For the negative control, sections were treated identically
except that the primary antibody was replaced with PBS.
Two pathologists blinded to patient and tissue status assessed the results. Three slides for each specimen were
counted, with five fields of view randomly selected for
evaluation per section. EMP1 expression level was based

MATERIALS AND METHODS
Clinical data
All patients enrolled in this study provided informed consent in advance. There were 37 males and 26 females, and
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on the percentage of positive cells and staining intensity.
The percentage of positive cells was divided into four
levels: 0 points: ≤ 5% of positive cells; 1 point: 5%-25%;
2 points: 25%-50%; and 3 points: > 50%. The intensity
of staining was classified as: 0 points: no staining; 1 point:
weak staining (light yellow); 2 points: moderate staining
(yellowish-brown); and 3 points: strong staining (brown).
The final score of EMP1 expression was the product of
the EMP1 expression level and intensity, graded as 0 for
negative, + for 1-3 points, ++ for 4-6 points, and +++
for 7-9 points.

Imaging System (LI-COR Bioscience Inc.). Western blot
data were quantified by normalizing the signal intensity
of each sample to that of β-actin[13].
MTT assay
Cell viability was determined using the tetrazolium salt
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay, as previously described[14]. Briefly,
cells were plated into 96-well culture plates at an optimal
density of 5 × 103 cells/mL in 200 μL of culture medium
per well. After 24-96 h of culture, 20 μL of 5 mg/mL
MTT was added to each well and incubated at 37 ℃ for
4 h. The medium was then gently aspirated and 150 μL
of dimethyl sulfoxide (DMSO) was added to each well to
solubilize the formazan crystals. The optical density of
each sample was immediately measured using a microplate
reader (BioRad, Hercules, CA, United States) at 570 nm.

Quantitative real-time reverse transcription-polymerase
chain reaction
Total RNA was extracted from SW-480 cells using
TRIzol reagent (Invitrogen) according to the manufacturer’s protocol [12]. Five hundred nanograms of total
RNA was reverse transcribed using TaKaRa Reverse
Transcriptase Reagents (TaKaRa, Shiga, Japan). Quantitative real-time (q) reverse transcription-polymerase chain
reaction (qRT-PCR) was performed with an ABI Prizm
7300 (Applied Biosystems Inc., Carlsbad, CA, United
States) according to the standard protocol for SYBR
Premix ExTaq (Perfect Real Time; TakaRa). Primers
for EMP1 and β-actin for normalization were as follows: EMP1 sense 5’-CCCTCCTGGTCTTCGTGT,
antisense 5’- AATAGCCGTGGTGATA; β-actin sense
5’- ATCGTCCACCGCAAATGCTTCTA, antisense 5’AGCCATGCCAATCTCATCTTGTT. Thermal cycling
conditions were 95 ℃ for 1 min, 95 ℃ for 15 s, and 40
cycles at 60 ℃ for one min. The relative expression was
calculated using the 2-ΔΔCt method with SDS 1.3 software
(Applied Biosystems Inc.).

Flow cytometry assay
An annexin V-FITC-flow cytometry assay (4A Biotech
Co. Ltd.) was used to detect the apoptosis rate in the
cells after EMP1 transfection, as previously described[15].
Cells were seeded into 60 mm dishes for 48 h and grown
to 70%-75% confluence. After quick detachment from
the plate, cells were collected, washed with ice-cold PBS,
and resuspended at a cell density of 1 × 106/mL in a
binding buffer from the annexin V-FITC apoptosis detection kit (4A Biotech Co. Ltd.). Cells were then stained
with 5 μL of annexin V-FITC and 10 μL of propidium
iodide (PI, 20 μg/mL). The cells were incubated in the
dark at 25 ℃ for 15 min before 10000 cells were analyzed by a FACScan flow cytometer (BD Immunocytometry Systems, San Jose, CA, United States) and Cellquest
software (BD Immunocytometry Systems) for apoptosis
rate determination.

Western blot
Western blot was performed as previously described[13].
Samples were lysed in a lysis buffer containing 1% NP-40,
0.1% SDS, 25 mmol/L Hepes, 134 mmol/L NaCl, 1
mmol/L vanadate, 100 mmol/L NaF, and 0.5% Nadeoxycholate. After centrifugation at 12000 r/min for 20
min at 4 ℃, the supernatant was stored at -20 ℃. Protein
concentration was detected with the BCA Protein Assay
Kit (Tiangen Biotech Co., Ltd., Beijing, China). Fifty milligrams of protein was resolved by 10% SDS-PAGE and
transferred to nitrocellulose membrane. For EMP1, blots
were blocked for 2 h with 5% skim milk and incubated
overnight at 4 ℃ with rabbit anti-human EMP1 (1:1000),
caspase-9 (1:1000; Abcam) and VEGFC (1:1000; Abcam).
For β-actin, blots were blocked in 5% nonfat dry milk for
1 h at room temperature and incubated overnight with a
mouse anti-β-actin antibody (Sigma, St. Louis, MO, United States) at 4 ℃. After washing, membranes were either
incubated with goat anti-mouse fluorescent secondary
antibody (1:20000; IRDye800, LI-COR Bioscience, Inc.,
Lincoln, NE, United States) or DyLight Fluor conjugated
goat anti-rabbit secondary antibody (LI-COR Bioscience,
Inc.) in the dark for 1 h at room temperature. The blots
were scanned and analyzed using the Odyssey Infrared
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Invasion and migration assays
Invasion and migration assays were performed as previously described[16]. For the invasion assay, Costar Transwell 8 μm inserts were coated with 50 μg reduced serum
Matrigel (BD Biosciences, Bedford, MA, United States).
Invasion Chambers (BD China, Shanghai, China) were
coated with Matrigel, and 10 × 105 cells were added per
chamber. Medium supplemented with 10% FBS was used
in the lower chamber. For migration assays, the same
procedure was used excluding the Matrigel. After 12 h,
non-invading cells and media were removed, and cells
on the lower surface of the membrane were fixed with
polyoxymethylene (Sigma) and stained with 0.1% crystal
violet (Sigma) for 0.5 h. Stained cells were counted under
a microscope in four randomly selected fields, and the
average was used to indicate cell migration and invasion.
Statistical analysis
All statistical analyses were performed using SPSS 16.0
software (IBM, Chicago, IL, United States), as previously
described[17]. For the clinicopathologic features, P values
were calculated using the χ 2 test. Student’s t test was used

4003

April 14, 2014|Volume 20|Issue 14|

Sun GG et al . EMP1 and colorectal cancer

A

B

C

D

Figure 1 Immunohistochemistry of epithelial membrane protein 1 protein in colorectal carcinoma and adjacent normal tissue. A and B: Representative
sample of colorectal carcinoma (A: SP × 100, B: SP × 400). There is little staining for epithelial membrane protein 1 (EMP1); C and D: normal colorectal tissue (C: SP
× 100, D: SP × 400). There is intense yellow and yellow-brown staining of EMP1.
Normal colorectal tissues

Table 1 Expression of epithelial membrane protein 1 in
colorectal cancer tissue and normal colorectal tissue
Group

Case

Normal tissue
Cancer tissue

31
63

Colorectal cancer tissues
EMP1

Expression of epithelial membrane protein 1
-

+

++

+++

χ2

P value

3
38

6
10

11
8

12
7

25.239

0

β-actin

1.0
The expression of EMP1 protein

to analyze the difference between groups. Survival distributions were estimated by the Kaplan-Meier method and
compared using the log-rank test. A P value less than 0.05
was considered statistically significant.

RESULTS
EMP1 protein expression in colorectal cancer and
normal tissues
EMP1 staining in colorectal cancer tissue was negative
or weak relative to normal adjacent colorectal tissues
that exhibited light yellow to brown staining. EMP1 expression was significantly lower (P < 0.05) in colorectal
cancer tissue (expressed in 39.7%, 25/63) than in normal
tissue (expressed in 90.3%, 28/31) (Figure 1 and Table
1). Western blot analysis showed that the expression of
EMP1 in cancer lesions was significantly less than that
in adjacent normal tissue (0.126 ± 0.022 and 0.632 ±
0.053, respectively, P < 0.05) (Figure 2). The expression
of EMP1 negatively correlated with T stage, lymph node
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0.8

0.6

0.4

0.2

0.0

a

Normal tissue

Colorectal cancer

Figure 2 Epithelial membrane protein 1 protein in colorectal carcinoma
and normal tissue detected by Western blot. Upper panel, representative
blots of normal (left) and cancer colorectal (right) tissue. Lower panel, summary
of all samples. Epithelial membrane protein 1 (EMP1) levels are significantly
less in colorectal cancer relative to control, aP < 0.05.

metastasis, clinical stage and pathological differentiation (P
< 0.05), regardless of age, gender, and tumor location (P
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A

Case

Expression of epithelial membrane protein 1

Sex
Male
37
Female
26
Age (yr)
46
≤ 60
> 60
17
Tumor location
Colon cancer
35
Rectal cancer
28
Tumor invasion
T1 + T2
27
T3 + T4
36
Lymph node metastasis
N0
28
N+
35
Clinical stage
25
Ⅰ-Ⅱ
38
Ⅲ-Ⅳ
Histological grade
20
Ⅰ
43
Ⅱ-Ⅲ

χ2

P value

21
15

16
9

0.199

27
11

19
6

0.187

19
19

16
9

1.197

11
27

16
9

7.566

11
27

17
8

9.314

0.002

EMP1

9
29

16
9

10.240

0.001

β-actin

8
30

12
13

5.054

0.025

0.656

0.665

0.274

0.6

0.4

0.2

0.0

LeEMP1

LeEmpty

0.006

B

LeEmpty cell

LeEMP1 cell

1.0

0.8

OS (%)

a

0.8

+-+++

1.0

0.6

1.0

-

The expression of EMP1 protein

Variable

The relative expression of EMP1 mRNA

Table 2 Relationship between epithelial membrane protein 1
expression and clinical characteristics of colorectal cancer

P = 0.031

0.8
a
0.6

0.4

0.2

0.4
0.0
Positive EMP1 expression
Negative EMP1 expression

0.2

10.00

20.00

30.00

40.00

50.00

60.00

t /mo

Figure 3 Relationship between epithelial membrane protein 1 expression
and five-year survival in colorectal carcinoma by Kaplan-Meier analysis.
Overall survival is higher in epithelial membrane protein 1 (EMP1)-positive patients relative to EMP1-negative patients.

survival rate than those with low levels of EMP1 (P <
0.05) (Figure 3).
Stable transfection of EMP1 cDNA in colorectal cancer
cells
SW-480 cells stably transfected with EMP1 overexpressed
EMP1 (named as LeEMP1 cells). Control SW-480 cells
were transfected with an empty vector (named as LeEmpty cells). The expression of EMP1 mRNA and protein was significantly elevated in LeEMP1 cells relative to
control cells (P < 0.05). EMP1 mRNA levels detected by
RT-PCR were significantly higher in LeEMP1 cells (0.729
± 0.066) than in LeEmpty cells (0.305 ± 0.028) (P < 0.05;
Figure 4A). Western blot analysis found that the level of
immunoreactive protein was significantly higher in EMP1
transfected cells (0.631 ± 0.060) relative to controls cells

> 0.05, Table 2).
EMP1 expression and prognosis
Patients were followed for 60 mo for survival analysis.
At the end of the study in 2012, 29 of 63 patients had
survived. Patients were divided into two groups according to expression level of EMP1. Of the 25 patients with
positive levels of EMP1 expression, 16 were still alive,
yielding a survival rate of 64.0%. Of the 38 patients with
undetectable levels of EMP1 expression, only 13 were
still alive, yielding a survival rate of 34.2%. Patients with
high levels of EMP1 had a significantly higher five-year

WJG|www.wjgnet.com

LeEMP1

Figure 4 Expression and identification of the epithelial membrane protein
1 gene. A: Reverse transcription-polymerase chain reaction for epithelial membrane protein 1 (EMP1) in LeEmpty cells vs LeEMP1 cells; B: Sample Western
blots for EMP1 and actin (loading control) in LeEmpty and LeEMP1 cells (top).
Summary of Western blot data for EMP1 protein expression (bottom), aP < 0.05
vs LeEMP1.

0.0
0.00
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2.0

LeEmpty
LeEMP1
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A 490 nm

A
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3
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91.3%

G4
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a

1

10

0
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0

24

LeEmpty

10
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10
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Figure 5 Effects of epithelial membrane protein 1 overexpression on cell
proliferation. MTT assay time-course for LeEmpty and LeEMP1 cells. Cells
overexpressing EMP1 have a significantly decreased rate of proliferation relative to control cells, aP < 0.05. EMP1: Epithelial membrane protein 1.

E1
8.2%

E2
17.6%

E3
62.2%

E4
12.0%

2

10

3

10

LeEMP1

2

PI

10

(0.213 ± 0.018) (P < 0.05; Figure 4B).
Effects of EMP1 overexpression on colorectal cancer cells
Next, we assessed the effect of EMP1 expression on the
regulation of colorectal cancer cell viability. MTT assay
showed that relative proliferative capacity of LeEMP1
cells grew significantly slower at 24, 48, 72, and 96 h relative to LeEmpty cells (P < 0.05; Figure 5). Meanwhile,
there was a significant increase in the early apoptosis rate
in LeEMP1 cells (12.1% ± 1.3%) relative to control cells
(3.1% ± 0.6%) (P < 0.05; Figure 6). SW-480 cells transfected with EMP1 or empty vector were transferred to
transwell chambers or Matrigel-coated transwell chambers
to evaluate the effect of EMP1 on cell invasion potential.
Overexpression of EMP1 significantly decreased cell migration and invasion of SW-480 cells (124.0 ± 17.0 and
87.0 ± 12.0, respectively) relative to control cells (213.0 ±
29.0 and 178.0 ± 21.0, respectively) (P < 0.05; Figure 7).
To further study the mechanisms by which EMP1
inhibited colorectal cancer cell proliferation, apoptosis,
migration, and invasion, we analyzed the expression of
two proteins with critical roles in these processes, caspase-9 and VEGFC. Western blot analysis revealed that
overexpression of EMP1 in SW-480 cells significantly
upregulated caspase-9 protein expression (0.635 ± 0.063)
relative to control cells (0.315 ± 0.032) (P < 0.05; Figure
8). In contrast, the level of VEGFC protein expression
was significantly lower in SW-480 cells overexpressing
EMP1 (0.229 ± 0.021) than in control cells (0.519 ± 0.055)
(P < 0.05; Figure 8).

1

10

0

10

0

10

Apoptosis fraction (%)

B

1

10
Annexinv-FITC

15

2

10

3

10

a

10

5

0

LeEmpty

LeEMP1

Figure 6 Effects of epithelial membrane protein 1 overexpression on cell
apoptosis. A: Cells were stained with 5 μL annexin V-FITC and 10 μL PI (20
μg/mL). Samples were acquired on a FACScan flow cytometer and 10000 cells
analyzed with Cellquest software; B: Colorectal cancer cells overexpressing
epithelial membrane protein 1 (LeEMP1) exhibit significantly more apoptosis
than empty vector transfected cells (LeEmpty), aP < 0.05

lower in colorectal carcinoma than in normal tissue, and
EMP1 protein levels correlated with T stage, lymph node
metastasis, and clinical stage of colorectal cancer. Since
dedifferentiation is a hallmark of tumor cells, our findings suggest that a decline in EMP1 level is a factor in
the development and progression of colorectal cancer. In
a study evaluating several types of human breast cancer
cells with different metastatic characteristics, EMP1 gene
expression was correlated with cell invasion and other
properties of metastasis[24]. EMP1 gene expression was

DISCUSSION
Several studies have shown that the EMP1 gene is expressed in a number of normal tissues[7,18-23]. In this study,
we localized and quantified for the first time EMP1
protein expression in colorectal cancer tissue and normal colorectal tissue using immunohistochemistry and
immunoblotting. EMP1 protein levels were significantly
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A

LeEmpty

Invasion

Migration

LeEMP1

B

C

200
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200

Number of invasion cells

Number of migration cells

250

a

100
50

150

100

a

50

0

0
LeEMP1

LeEmpty

LeEMP1

LeEmpty

Figure 7 Effects of epithelial membrane protein 1 overexpression on cell migration and invasion. A: Histological sections of cell migration and invasion in
LeEmpty and LeEMP1 cells; B: The number of migrating cells is significantly greater in LeEmpty cells than in LeEMP1 cells; C: Number of invading cells is greater in
LeEmpty than in LeEMP1 transfected cells, aP < 0.05. EMP1: Epithelial membrane protein 1.

down-regulated in oral squamous cell carcinoma and this
down-regulation was correlated with lymph node metastasis[25]. Therefore, the EMP1 gene may be an important
factor for the regulation of cell signaling, cell communication, and adhesion[26].
Currently an effective treatment paradigm for colorectal cancer is extended surgical resection of the lesion,
accompanied by chemotherapy and/or radiotherapy
before and after surgery. However, the five-year survival
rate with this strategy is only 40%[27,28]. Therefore, efforts
should be directed toward early detection of colorectal
cancer and the refinement of individual based treatment
strategies. Conventional treatment and prognosis of
colorectal cancer rely mainly on TNM classification[29].
This system is subjective and not informative for early
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colorectal cancer, and offers limited information about
disease severity, prognosis, and response to treatment.
Early detection of colorectal cancer is the most effective way to improve survival[30]. Using survival analysis,
we found that EMP1 expression-positive patients had
a significantly higher five-year overall survival rate than
patients with undetectable EMP1 expression. Thus, combining information from the TNM classification system
and EMP1 expression scores may provide valuable information for clinicians regarding prognosis, prediction of
disease severity, and selection of treatment regimens.
Furthermore, in vitro experiments demonstrated for
the first time that colorectal cancer cells with high EMP1
expression had significantly weakened proliferation,
significantly increased apoptosis, and markedly reduced
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A

LeEmpty cell

C

LeEMP1 cell

LeEMP1 cell

Caspase-9

LeEmpty cell

β-actin

B

LeEMP1 cell

LeEmpty cell
VEGFC

β-actin

The expression of Caspase-9 and
VEGFC protein

1.0
a
0.8

a

0.6
0.4
0.2
0.0
Caspase-9

VEGFC

Figure 8 Effects of epithelial membrane protein 1 overexpression on caspase-9 and vascular endothelial growth factor-factor C expression. A: Sample blot
for caspase-9 and actin (loading control) of colorectal cancer cells transfected with LeEMP1 and LeEmpty; B: Sample blot for vascular endothelial growth factor-factor
C (VEGFC) and actin; C: Quantification of caspase-9 and VEGFC expression in LeEMP1 and LeEmpty cells. aP < 0.05 beteween the two groups.

caspase-9 and VEGFC protein levels. Previously, overexpression of EMP1 in an esophageal cancer cell line
slowed esophageal cancer cell growth and yielded fewer
S-phase cells and more G1-phase cells[26]. Together with
our findings, these data suggest that low levels of EMP1
affect cellular processes that are abnormally regulated in
cancer. Mitochondria are not only the site of cellular respiration and oxidative phosphorylation, but also the regulation center of apoptosis. Cytochrome C released from
mitochondria to the cytoplasm associates with apoptotic
protease activating factor (Apaf-1) to form a multiservice
complex in the presence of deoxyribonucleotide triphosphate (dNTP)[31]. This complex interacts with pro-caspase-9 to form an apoptosome and, following dimerization, results in autoactivation of caspase-9. This activated
caspase-9 stimulates other caspases, such as caspase-3
and caspase-7, culminating in apoptosis via signaling cascades[32-34]. We found in this study that high expression of
EMP1 is associated with significantly higher expression
of caspase-9 protein, implicating a mitochondrial apoptosis pathway in EMP1-induced apoptosis.
VEGF is a member of the platelet-derived growth
factor (PDGF) family and is the most important vascular endothelial growth-stimulating factor during tumor
angiogenesis. VEGFC is a recently identified member
of the VEGF family, which promotes the proliferation
of endothelial cells, increases vascular permeability, and
functions as a key factor in tumor angiogenesis, invasion,
and metastasis[35,36]. We found in this study that overexpression of EMP1 is associated with a significant decrease in VEGFC expression. This finding suggests that
EMP1 may inhibit tumor angiogenesis by suppressing
VEGFC expression and hence tumor metastasis.
In summary, we demonstrated that EMP1 protein
levels were significantly reduced in colorectal carcinoma
and were associated with T stage, lymph node metastasis,
clinical stage, and cell differentiation. EMP1 is involved
in a number of biological processes including proliferation, apoptosis, invasion, and metastasis of colorectal
cancer. Given the complexity of carcinogenesis, further
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research is needed to understand the molecular mechanism underlying EMP1 regulation of this process. Our
findings identify a novel potential therapeutic target for
colorectal cancer and suggest that EMP1 may be a reliable biomarker for prognosis of colorectal cancer.

COMMENTS
COMMENTS
Background

Colorectal carcinoma remains one of the leading causes of global cancer mortality. Further understanding of the molecular mechanisms underlying the metastatic process will help us to identify those at highest risk of recurrence and to
identify novel tumor targets to prevent disease progression. Although epithelial
membrane protein 1 (EMP1) has been implicated in tumor development and
progression, its role in colorectal carcinoma remains unknown.

Research frontiers

EMP1 protein is believed to be in the same protein family as peripheral myelin
22 (PMP22) and shares high sequence homology with PMP22 (approximately
40%). EMP1 is also found in the liver, heart, lung, bone, muscle, kidney, spleen,
prostate, testis, ovary, placenta and thymus. EMP1 is highly expressed in
undifferentiated embryonic stem cells and lowly expressed in differentiated
adult cells, prolonging the transition of Schwann cells from G-phase to S +
G2/M-phase. It has been suggested that this membrane glycoprotein family is
closely related to cell proliferation and differentiation.

Innovations and breakthroughs

The authors report for the first time that EMP1 protein levels were significantly
reduced in colorectal carcinoma. EMP1 expression was associated with T
stage, lymph node metastasis, clinical stage, and cell differentiation. EMP1 is
involved in a number of biological processes including proliferation, apoptosis,
invasion, and metastasis of colorectal cancer, suggesting that EMP1 may play
important roles as a negative regulator of these processes in colorectal cancer
cells.

Applications

The results of this study contribute to a better understanding of the association
between the loss of EMP1 in colorectal cancer and tumorigenesis and progression of this cancer. The findings identify a novel therapeutic target for colorectal
cancer and suggest that EMP1 may be a reliable biomarker for the prognosis of
colorectal cancer.

Terminology

Lentiviral vectors derived from the human immunodeficiency virus (HIV-1) have
become major tools for gene delivery in mammalian cells. The primary advantage of using lentiviral vectors is the ability to mediate potent transduction and
stable expression into dividing and non-dividing cells both in vitro and in vivo.
Lentiviral vectors are typically produced in HEK 293T cells. Essential lentiviral
(HIV-1) genes must be expressed in these cells to allow the generation of lenti-
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viral particles.

Peer review

16

Sun et al analyzed the expression, clinical significance of EMP1 in colorectal
carcinoma and the biological effect in a colorectal carcinoma cell line by EMP1
overexpression using cell and molecular biological and biochemical techniques. The study was well designed and contributed to the understanding that
EMP1 protein levels were significantly lower in colorectal carcinoma than in
normal tissue.
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RESULTS: Four out of a total of 27 cases of esophageal adenocarcinoma examined (15%) displayed diffuse cytoplasmic and nuclear expression for NY-ESO-1.
They displayed a heterogeneous and mosaic-type pattern of diffuse staining. Diffuse cytoplasmic staining
was not identified in any of these structures: stroma,
normal squamous epithelium, normal submucosal gland
and duct, Barrett’s esophagus (goblet cell), Barrett’s
esophagus (non-goblet cell) and high grade glandular
dysplasia. All adenocarcinomas showed an unexpected
dot-type pattern of staining at nuclear, paranuclear
and cytoplasmic locations. Similar dot-type staining,
with varying frequency and size of dots, was observed
on examination of Barrett’s metaplasia, esophageal
submucosal gland acini and the large bowel negative
control, predominantly at the crypt base. Furthermore,
a prominent pattern of apical (luminal) cytoplasmic
dot-type staining was observed in some cases of Barrett’s metaplasia and also adenocarcinoma. A further
morphological finding of interest was noted on examination of haematoxylin and eosin stained sections, as
aggregates of lymphocytes were consistently noted to
surround submucosal glands.

Abstract

CONCLUSION: We have demonstrated for the first
time NY-ESO-1 expression by esophageal adenocarcinomas, Barrett’s metaplasia and normal tissues other
than germ cells.

AIM: To assess NY-ESO-1 expression in a cohort of
esophageal adenocarcinomas.
METHODS: A retrospective search of our tissue archive for esophageal resection specimens containing
esophageal adenocarcinoma was performed, for cases
which had previously been reported for diagnostic purposes, using the systematised nomenclature of human
and veterinary medicine coding system. Original haematoxylin and eosin stained sections were reviewed,
using light microscopy, to confirm classification and
tumour differentiation. A total of 27 adenocarcinoma
resection specimens were then assessed using immu-
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Core tip: NY-ESO-1 is a cancer-testis antigen of particular interest, as it displays exceptional immunogenicity
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The location of esophageal stem cells remains open
to debate, but an emerging theory proposes a location
within the submucosal gland/duct unit[8-11]. A further suggested location is the basal compartment of the interpapillary layer of the squamous epithelium[12]. Indeed, it may
be the case that more than one population of progenitor
cells exists within the esophagus[6].

- hence, it is an attractive candidate for cancer vaccine
therapy. To our knowledge, we have demonstrated
for the first time, using immunohistochemistry, strong
and diffuse nuclear and cytoplasmic expression for
NY-ESO-1 in a cohort of esophageal adenocarcinoma
cases. We have also demonstrated NY-ESO-1 expression in normal tissues other than germ cells, albeit as
dot-positivity, indicating shared protein expression and
association between primitive germ cells and somatic
cells. We further relate our findings to proposed locations of stem cells in the esophagus and large bowel.

MATERIALS AND METHODS
Subjects and specimen collection
The study was approved by the National Research Ethics
Service (NRES Committee North West-Cheshire, Rec
reference: 11/NW/0632). A retrospective search was
made of the tissue archive at Salford Royal NHS Foundation Trust for esophageal resection specimens containing
EAC. This search was made over a 7 month period, using
the systematised nomenclature of human and veterinary
medicine coding system, for cases which had previously
been reported for diagnostic purposes. This search revealed a total of 27 EAC cases: 4 well differentiated; 14
moderately differentiated; 4 moderate-poorly differentiated and 5 poorly differentiated. Original sections, stained
with haematoxylin and eosin (HE), were reviewed using
light microscopy, by a histopathologist with a gastrointestinal interest (Hayes SJ), to confirm classification and tumour differentiation. One representative section of each
tumour was selected for IHC, and these sections were
noted to include the following additional components:
27/27 stroma; 22/27 normal squamous epithelium; 7/27
normal esophageal duct; 10/27 normal submucosal
gland; 9/27 BE (goblet cell); 3/27 BE (non-goblet cell,
cardiac type); 1/27 BE (non-goblet cell, fundic-type);
1/27 high grade glandular dysplasia.

Hayes SJ, Hng KN, Clark P, Thistlethwaite F, Hawkins RE, Ang
Y. Immunohistochemical assessment of NY-ESO-1 expression
in esophageal adenocarcinoma resection specimens. World J
Gastroenterol 2014; 20(14): 4011-4016 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i14/4011.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i14.4011

INTRODUCTION
Cancer-testis antigens (CT Ag) are a subset of cancer
antigens which are widely expressed by a variety of malignant tumours. NY-ESO-1 is a CT Ag of particular
interest, as it displays exceptional immunogenicity, making it an attractive candidate for cancer vaccine therapy[1].
Previous studies have reported it to be expressed by spermatogonia, oogonia and placenta.
NY-ESO-1 is expressed in varying frequency by many
types of malignant tumour: immunohistochemical (IHC)
studies for example have shown expression in 7/130
(6%) of endometrial carcinomas; 13/52 (25%) of non
small cell carcinomas of the lung; and 18/22 (82%) of
neuroblastomas. Two separate IHC studies of squamous
carcinoma of the esophagus have shown expression in
44/213 (21%) and 18/56 (32%) of cases[1].
NY-ESO-1 has also been shown to be expressed
by mesenchymal stem cells, using immunofluorescence
performed on cultured cells derived from bone marrow
aspirates and fetuses[2].
To our knowledge, its expression in esophageal adenocarcinoma (EAC) has not been investigated. Hence,
further study is warranted, as this malignancy represents
an attractive candidate for cancer vaccine treatment.
EAC has shown an increasing incidence over the past
three decades, and it has a poor prognosis, with a 5 year
survival rate of less than 10%[3,4]. Barrett’s esophagus (BE)
is a metaplastic pre-malignant lesion for EAC, and both
BE and EAC are considered of stem cell derivation, in
accordance with the cancer stem cell theory[3,5-7].
In this study, we investigate NY-ESO-1 expression by
IHC in a cohort of 27 EAC resection specimens; these
specimens contained other esophageal tissue structures,
including putative stem cell compartments, and this provides an additional opportunity to explore the proposition made by Cronwright et al[2], of NY-ESO-1 representing a stem cell marker.
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Immunohistochemistry
All tissues had been fixed in neutral buffered formaldehyde and processed into paraffin wax by standard
histological methods. Further 3 μm thick sections were
cut and placed on adhesive coated slides (Snowcoat, Surgipath Europe). Sections were dried overnight at 60 ℃.
IHC staining was performed using a Leica Bond Max
immunostainer. Antigen retrieval was done for 25 min at
high pH using Bond epitope retrieval solution 2, (Leica
AR9640). NY-ESO-1 was identified using anti-NYESO-1, clone E978 (Invitrogen), diluted 1 + 400 for 30
min. Antibody binding was visualised using a Bond polymer refine detection kit (Leica DS9800) according to the
manufacturer recommendations. The sections were then
dehydrated, cleared and cover-slipped.
Sections of normal adult testis were used as a positive
control. Normal colon, thyroid gland and omentum were
selected as negative control sections.

RESULTS
Out of a total of 27 cases of EAC examined, 4 cases
(15%) displayed diffuse cytoplasmic and nuclear ex-
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pression for NY-ESO-1: 2 moderately differentiated; 1
moderately-poorly differentiated; 1 poorly differentiated.
They displayed a heterogeneous and mosaic-type pattern
of diffuse staining (Figure 1A). Furthermore, the pattern
of staining seen in all 4 cases was noted to have a rather
granular pattern (Figure 1B).
As noted in the methodology, the cancer cases selected for assessment of NY-ESO-1 expression also contained the following tissue components: stroma; normal
squamous epithelium; normal submucosal gland/duct;
BE (goblet cell); BE (non-goblet cell); and high grade
glandular dysplasia.
Diffuse cytoplasmic staining was not identified in
any of these structures (P value < 0.005, χ 2 test). However, an interesting dot-type pattern of expression for NYESO-1 was detected in all of these structures, with varying frequency and sizes of dots. Individual cells contained
single or multiple dots, which were present at different
cellular locations (nuclear, paranuclear and cytoplasmic).
Occasional extremely small and barely discernible
speckles of NY-ESO-1 expression were identified at the
following locations and frequency: stroma (17/27); basal
aspect of squamous epithelium (12/22); normal duct
(5/7); BE, non-goblet cell-fundic type (1/1).
A dot-type pattern of staining comprising of more
frequent and predominantly larger (medium sized dots),
was seen at the following locations: normal submucosal
gland (7/10, Figure 1C); BE, goblet cell (9/9); BE, nongoblet cell-antral type (3/3). These larger dots were also
located at nuclear, paranuclear and cytoplasmic locations.
A further interesting pattern of staining was seen on
examination of 8/9 BE cases (goblet cell type) and in
1/3 of the cases of BE (antral type); these cases demonstrated a prominent pattern of apical (luminal) cytoplasmic dot-type staining (Figure 1D).
The largest and most frequent dots were identified
in cases of high grade glandular dysplasia (HGD) (1/1)
and EAC (27/27) (Figure 1E). Of the 4 cases of EAC
demonstrating a diffuse heterogeneous pattern of expression, the areas of tumour with an absence of diffuse
cytoplasmic expression did show a pattern of dot-type
expression. One case of EAC which appeared moderately differentiated showed prominent cytoplasmic dot-type
staining, with dots seen to be closely located and coalescing in places (perhaps representing incipient diffuse staining). Two cases of EAC (one well differentiated and one
moderately-poorly differentiated) showed a prominent
apical cytoplasmic pattern of staining, similar to that seen
in BE (Figure 1F).
Some variation in dot size was identified in EAC (i.e.,
as well as large dots being present, some medium sized
dots were also identified). Variation was also demonstrated in the frequency of dots seen; most cases of EAC
showed a high frequency of dot-type staining, but 2 cases
(one well differentiated and the other poorly differentiated) showed only a scanty pattern of dot-type expression.
A further morphological finding of interest was noted
on examination of HE stained sections; aggregates of
lymphocytes were consistently seen to surround submu-
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cosal glands in the tissue sections examined.
The positive control sections of adult testis showed
cytoplasmic and nuclear basal staining of spermatogonia
and primary spermatocytes, in accordance with that reported by previous studies[2] (Figure 1G).
Thyroid gland and omentum, used as negative control
sections consistently showed an absence of staining for
NY-ESO-1. However, sections of large bowel used as a
negative control displayed occasional unexpected medium-sized dot-type staining. A total of 9/11 large bowel
negative control sections showed dot-expression for NYESO-1 (nuclear, paranuclear and cytoplasmic locations).
The total number of dots observed was 26, of which 19
(73%) were located at the crypt base and 7 (27%) were
located at a mid-crypt location.
It was noted that one basal crypt showed a particularly
interesting pattern of dot-expression, containing a nuclear
dot, a paranuclear dot and two cytoplasmic dots (both of
which were located in alignment with and apparently corresponding to the paranuclear dot) (Figure 1H).

DISCUSSION
To our knowledge, we have demonstrated for the first
time, using IHC methodology, strong and diffuse nuclear
and cytoplasmic expression for NY-ESO-1 in a cohort of
EAC cases (15%); this is comparable to the frequencies
of expression reported in esophageal squamous carcinoma (21% and 32%)[1]. Our findings indicate that at least
a sub-set of EACs may be responsive to cancer vaccine
treatment.
In this study, diffuse expression was noted in tumours that appeared moderately, moderately-poorly and
poorly differentiated. None of the well differentiated
tumours examined showed evidence of diffuse staining.
Therefore, these findings suggest an association between
NY-ESO-1 expression in EAC and a more poorly differentiated phenotype.
Furthermore, all of the tumours demonstrating diffuse expression showed evidence of heterogeneity, with
an interesting mosaic-type pattern (Figure 1A). We speculate this to relate to a general signalling defect, perceived
by localised groups of cells over-expressing NY-ESO-1,
or alternatively, localised amplification of stem cell activity. As cancer-testis antigen expression is thought to be
regulated epigenetically, it is uncertain whether the heterogeneous pattern of NY-ESO-1 expression observed
in this and previous studies are a stable trait, or whether
it varies over time (i.e., those cells not expressing the protein at one time point may demonstrate expression at a
separate time point)[11]. As such, it is at present uncertain
whether heterogeneity of expression would affect response to cancer vaccine therapy.
This study describes a varying frequency and size of
dot-type staining (nuclear, paranuclear and cytoplasmic)
within normal esophageal tissue compartments, BE,
HGD and EAC. Occasional dot-type expression for NYESO-1, involving extremely small speckles of expression,
were identified by the stroma, esophageal squamous epi-
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Figure 1 Immunohistochemistry images. A: Esophageal adenocarcinoma (EAC) demonstrating diffuse, heterogeneous and mosaic-type expression for NY-ESO-1
(immunohistochemistry, IHC × 10); B: EAC showing a diffuse and granular pattern of cytoplasmic NY-ESO-1 expression (IHC × 40); C: Esophageal submucosal gland
demonstrating dot-type expression for NY-ESO-1 (IHC × 60); D: Barrett’s esophagus of intestinal-type showing apical cytoplasmic dot-type expression for NY-ESO-1
(IHC × 60); E: EAC showing nuclear dot-type expression for NY-ESO-1 (IHC × 60); F: Well differentiated EAC with apical cytoplasmic dot-type expression for NYESO-1 (IHC × 60); G: Positive control (testis) demonstrating diffuse NY-ESO-1 expression which is restricted to primitive germ cells (IHC × 20); H: Negative control
(colon) with dot-type pattern at nuclear, paranuclear and cytoplasmic locations, involving a basal crypt. Two of the cytoplasmic dots show alignment and apparent
relationship to the paranuclear dot (IHC × 60).

light microscopy.
Larger and more frequent dot-type expression was
identified by submucosal glands, BE (goblet cell-type)

thelium (towards its base), submucosal gland ducts and
BE (fundic-type). These findings are of uncertain significance, as these speckles were barely identifiable using
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and BE (antral-type). The largest dots were seen in HGD
and EAC.
A pattern of dot-type staining on examination of
IHC markers at multiple cellular locations is highly unusual. The possibility has been considered of it representing a staining artefact. However, NY-ESO-1 expression
was noted to be strong and crisp in the tissue sections
examined, including the positive control, and there was
an absence of background staining; in our experience,
these features indicate the experimental technique to have
worked appropriately. As such, we consider the possibility
of staining artefact to be unlikely and the unusual pattern
of expression seen suggests a biological process of great
interest. It is more typical in histopathological practice,
for instance, to observe dot-type staining for IHC markers at a single location, such as paranuclear staining for
CK20 in Merkel cell carcinoma.
It is uncertain as to what these dots actually represent,
and this will require further investigation. They do not
with any certainty represent the structure of an organelle,
but perhaps more likely relate to aggregates of protein.
A further purpose of this study was to investigate
putative esophageal stem cell compartments. Stem cells
within the gastrointestinal tract have proven histologically
elusive, making it necessary to define IHC markers to
identify them. Some previous success has been achieved
in defining candidate stem cell markers in the large
bowel, such as LgR5 and CD133[5,13]; at this location, for
example, investigation using LgR5 has helped to clarify
the presence of multiple stem cells, residing at the crypt
base[13]. In relation to these findings, we have described
unexpected dot-type staining for NY-ESO-1, predominantly located at the bases of crypts, on examination of
colonic tissue used as a negative control; this adds further
support to the proposition made by Cronwright et al[2], of
NY-ESO-1 representing a stem cell marker.
Stem cell expression for NY-ESO-1 could be perceived as a potential handicap, considering that NYESO-1 is currently being targeted by cancer vaccine treatment; however, vaccine treatment targeting NY-ESO-1
has been reported to be well tolerated, and this may relate
to an important distinction between the dot expression
and diffuse expression for NY-ESO-1[1].
The only normal tissue compartment examined which
contained a larger and more frequent dot-type pattern of
NY-ESO-1 expression was the esophageal submucosal
gland unit. As NY-ESO-1 has been proposed to represent a stem cell marker, this would support the emerging
theory, postulating the submucosal gland to represent an
esophageal stem cell compartment[2]. Of further interest, Cronwright et al[2] described NY-ESO-1 to localise to
nucleoli-like structures in mesenchymal stem cells, representing a similar pattern to the nuclear dot-type staining
observed in our study.
Furthermore, we have described the presence of lymphoid aggregates, probably related to a process of gastric
reflux, which were consistently noted to show tropism
for submucosal gland units; this inflammatory cell infiltrate may have a role in activation of stem cells within the
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submucosal gland. Additional supportive evidence for
NY-ESO-1 representing a stem cell marker is provided
by the presence of significantly sized dot-type staining
for NY-ESO-1 involving BE, HGD and EAC, which are
all considered of stem cell derivation[5-7].
Although BE showed expression for NY-ESO-1 at
different cellular locations, expression was prominently
demonstrated within the cytoplasm, often at an apical
and luminal aspect. A similar pattern of expression was
also noted on examination of EAC cases; a possible explanation for this is that NY-ESO-1 may be involved in a
process of vesicle trafficking in BE and EAC, with paracrine function associated with exocytosis into the esophageal lumen. This process is thought to be involved in
cellular communication, whereby microvesicles have been
suggested to cause epigenetic reprogramming of target
cells[14]. Such a process could potentially contribute to the
documented phenomenon of field cancerization associated with BE and EAC[15]. Alternatively, vesicles in this
instance may have a role in protein storage, or transport
to another part of the cell, such as the nucleus, depending on their function,
A limitation of this study is related to the rather difficult and subjective assessment of dot size; this was addressed by the involvement of a pathologist in this study
(Hayes SJ) who has experience in morphological assessment. Further studies should aim for further refinement
in the accuracy of dot size assessment.
In conclusion, this study demonstrates, using IHC
methodology, diffuse expression for NY-ESO-1 in a
proportion of EAC cases. Furthermore, it demonstrates
for the first time, NY-ESO-1 to be expressed in normal
tissues other than germ cells, albeit as dot-positivity. If
further study could demonstrate dot-type expression in
other normal tissues, then this would provide correlation
with previously described, but unexplained, low levels
of NY-ESO-1 mRNA expression observed in normal
tissues[16,17]. Our findings provide supportive evidence
that NY-ESO-1 represents a stem cell marker, which in
turn indicates shared protein expression and association
between primitive germ cells and somatic stem cells. This
study also provides supportive evidence for both the
esophageal submucosal gland unit and the crypt base of
large bowel to represent stem cell compartments.
Finally, we advocate the merit of future studies with
an aim to further clarify the precise nature and function
of NY-ESO-1 expression in normal, metaplastic and
neoplastic tissues.
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and they are commonly termed cancer-testis antigens. NY-ESO-1 is a cancertestis antigen of particular interest, as it displays exceptional immunogenicity,
making it an attractive candidate for cancer vaccine therapy.
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Research frontiers

Esophageal adenocarcinoma is recognised as a difficult to treat malignancy
with a poor prognosis and, as such, it represents an attractive candidate for
cancer vaccine therapy. To our knowledge, NY-ESO-1 expression in esophageal adenocarcinoma (EAC) has not been investigated. Hence, further study
is warranted, as this malignancy represents an attractive candidate for cancer
vaccine treatment.
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Innovations and breakthroughs

8

Authors have demonstrated for the first time, using immunohistochemistry,
expression for NY-ESO-1 in a cohort of esophageal adenocarcinoma cases.
They have also described a novel dot-type pattern of expression for NY-ESO-1
in normal, metaplastic and neoplastic tissues. Their findings provide supportive
evidence that NY-ESO-1 represents a stem cell marker, which in turn indicates
shared protein expression and association between primitive germ cells and somatic stem cells. This work and other previous studies also provide supportive
evidence for both the esophageal submucosal gland unit and the crypt base of
large bowel to represent stem cell compartments.

9

Applications

10

Esophageal adenocarcinoma expressing NY-ESO-1 represents a candidate for
cancer vaccine therapy.

Terminology

Cancer-testis antigens: a subset of cancer antigens which are widely expressed
by a variety of malignant tumours. NY-ESO-1: a CT Ag of particular interest
which was initially discovered using serological identification of antigens by recombinant expression cloning (SEREX) methodology. Immunohistochemistry: a
standardized method of using specific epitope(s) and antibody binding technology, to localize and study expression of particular antigen(s)/marker(s). Stem
cells: pluripotent cell lineage capable of potential differentiations or transdifferentiations.
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Peer review
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This is a novel study, demonstrating NY-ESO-1 expression in esophageal
adenocarcinomas, which has utility with regard to further immunotherapy treatment. Further studies are advocated in order to clarify the significance of the
described dot-type expression in normal, metaplastic and neoplastic tissues.
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RESULTS: In group A, positive predictors (PPs) for
response in empirical PPI trials were typical GERD
symptoms (heartburn and regurgitation), a positive
symptom index (SI) and pathological results in pH/MII,
along with atypical symptoms, including hoarseness
and fullness. In group B, regular alcohol consumption
was associated with the therapeutic response. The PPs
for pathological results in pH/MII in group A included
positive SI, male gender, obesity, heartburn and regurgitation. In group B, the PPs were positive SI and vomiting. Analyzing for positive SI, the PPs were pathological pH and/or MII, heartburn regurgitation, fullness,
nausea and vomiting in group A and pathological pH
and/or MII in group B.
CONCLUSION: Anamnestic parameters (gender, obesity, alcohol) can predict PPI responses. In non-obese,
female patients with non-typical reflux symptoms, pH/
MII should be considered instead of empirical PPIs.

Abstract
AIM: To identify objective and subjective predictors
for the reliable diagnosis of gastroesophageal reflux
disease (GERD) and the response to proton pump inhibitor (PPI) therapy.

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

Key words: Gastroesophageal reflux; Gastroesophageal
reflux disease; Non-erosive reflux disease; Impedance
pH measurement; Follow-up; Therapy; Proton pump
inhibitor

METHODS: Retrospectively, 683 consecutive patients
suspected for GERD who underwent pH-metry/impedance measurement (pH/MII) were analyzed. All
patients had previously undergone standard PPI treatment (e.g. , pantoprazole 40 mg/d or comparable).
Four hundred sixty patients were at least 10 d off PPIs
(group A), whereas 223 patients were analyzed during
their ongoing PPI therapy (group B). In addition, all
patients completed a standardized symptom- and lifestyle-based questionnaire, including the therapeutic response to previous PPI trials on a 10-point scale. Uni-

WJG|www.wjgnet.com

Core tip: The response rates to proton pump inhibitors
in reflux disease vary. Empirical proton pump inhibitor
therapy poses a substantial economic burden. Positive
predictors of the therapeutic response are necessary.
This study provides the highest number of reflux patients. Anamnestic, objective and subjective parameters
predicting the therapeutic response were evaluated.

4017

April 14, 2014|Volume 20|Issue 14|

Becker V et al . GERD predictors and PPI response

MATERIALS AND METHODS

Becker V, Grotz S, Schlag C, Nennstiel S, Beitz A, Haller B,
Schmid RM, Meining A, Bajbouj M. Positive predictors for
gastroesophageal reflux disease and the therapeutic response
to proton-pump inhibitors. World J Gastroenterol 2014;
20(14): 4017-4024 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/4017.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.4017

Patients
This retrospective study included 683 consecutive patients who underwent pH/MII for suspected GERD
between January 2007 and December 2011 at the Technische Universität München, Munich, Germany. The indication to perform pH/MII was suspected GERD with
typical and/or atypical reflux symptoms. The inclusion
criteria were a previous standard PPI trial [e.g., pantoprazole 40 mg/d (or comparable) within the last 6 mo],
with positive or negative symptom relief, and endoscopy
of the upper gastrointestinal tract within the last 12 mo
to exclude malignancy. The exclusion criteria were a history of previous gastric or esophageal surgery or severe
esophageal motility disorders. Informed consent for data
evaluation was obtained from all patients. The study was
approved by the Ethics Commission of the Technischre
Universität München.
Before pH/MII, all patients were asked to complete a lifestyle- and symptom-based questionnaire to
query their personal characteristics (weight, height, age,
relevant disorders, smoking and drinking habits) and
symptoms (heartburn, regurgitation, globus sensations,
burning feeling on the tongue, chronic cough, hoarseness, fullness, nausea, vomiting and halitosis) on a
10-point scale. A subjective response to PPI therapy was
defined as a symptom reduction of at least 3 points on
the 10-point scale.

INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of the
most prevalent gastrointestinal disorders worldwide[1-4].
In western countries, approximately 40% of the adult
population suffers occasionally from reflux symptoms;
approximately 20% report symptoms at least once per
week[5,6]. Symptoms of GERD are subdivided into typical/esophageal (heartburn, regurgitation) and atypical/
extraesophageal symptoms (chronic cough, hoarseness,
recurrent sinusitis, globus sensation in the throat, burning feeling on the tongue, dental erosion, fullness)[7].
Symptom overlap is common[8].
The most effective therapeutic approaches for GERD
symptoms are proton pump inhibitor (PPI) trials [9,10].
Therapy response rates for PPIs vary but are more satisfactory in patients with erosive reflux disease (ERD) and
typical reflux symptoms. However, the data are conflicting in patients with non-erosive reflux disease (NERD)
and/or atypical/extraesophageal symptoms and functional disorders (FD)[11]. Nonetheless, the discrimination
between NERD and FD is challenging. Distinguishing
between patients who adequately respond to PPIs and
those who remain symptomatic is a matter of debate.
PH/MII is considered a useful tool for answering this
question[12,13]. This technique enables the reliable detection and quantification of non-acidic, weakly acidic and
acid reflux episodes in the esophagus with high sensitivity for all types of reflux episodes[14]. Combined esophageal pH/MII monitoring patterns can also discriminate
between NERD and FD[15,16].
Separate from the classifications, the ultimate clinical goal in all patients is most likely symptom relief
after PPI therapy. Knowing the reliable and specific
anamnestic findings and/or parameters of pH/MII for
predicting symptom relief might lead to more selective
PPI therapies than empiric PPI tests. The benefit of PPI
tests is controversially discussed[17,18]. These trials pose an
extensive economic burden and contribute substantially
to overall health-care expenditures[19]. However, with
higher response rates to PPIs, unnecessary treatment
may be avoided, which could result in tremendous savings in resources.
Therefore, the aim of our study was to identify objective and subjective parameters that might predict the
therapeutic response to PPIs in patients with suspected
GERD for guiding therapy, particularly in the primarycare setting.

WJG|www.wjgnet.com

PH/MII monitoring
Combined pH/MII was performed using an ambulatory, multi-channel, intra-luminal impedance system
consisting of a portable data logger and a combined
pH-impedance catheter (Tecnomatix ZAN S 61 C 01 E,
Sandhill Scientific, Highlands Ranch, CO, United States).
Six impedance electrodes and a distal antimony-pH
probe were placed at pre-defined spots on this catheter
(3.0, 5.0, 7.0, 9.0, 15.0 and 17.0 cm; pH probe, 5.0 cm).
The catheter was inserted with the antimony pH probe
located 5 cm above the manometrically defined lower
esophageal sphincter. Data recording was performed for
22-24 h. The stored data were then uploaded to a personal computer and individually analyzed using a commercially available software system (BioView, Sandhill
Scientific). Gastroesophageal reflux detected from impedance changes was defined based on previous reports[20,21].
Reflux episodes were defined as either acidic or nonacidic, when a retrograde bolus movement was detected
via impedance and the pH value was below or above 4,
respectively. Furthermore, the content of the reflux episode was characterized according to its composition (gas,
fluid or mixed). Following the suggested reference values
published by Shay et al[22] and Zerbibb et al[14], the MII
was considered pathological when more than 73 fluid
and/or mixed reflux episodes occurred in the esophagus
over the 22- to 24-h recording period. The esophageal
pH measurement was considered pathological when the
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Figure 1 Receiver operating characteristics analysis of the respective symptoms in association with the response to pump inhibitor therapys and the
pathological parameters from pH-metry/impedance measurement. A: Response to standard PPI therapy; B: Parameters associated with pathological parameters
in pH/ MII; C: Parameters associated with pathological SI.

Statistical analysis
For the qualitative data, absolute and relative frequencies are presented; for the quantitative data, medians are
shown. To determine the association between the relevant
measures and the study endpoints, possible predictor
variables were dichotomized, and the sensitivities, specificities, positive and negative predictive values and odds
ratios were estimated. To test for associations, continuitycorrected chi-squared tests were performed. Multiple logistic regression models, including all relevant measures as
the independent variables, were fit to the data. Goodness
of fit was assessed by a receiver operating characteristics

period during which the pH was below 4 was more than
4% overall. Meals were excluded from the analysis.
The patients were asked to indicate their predominant symptoms during the course of the measurements
to assess the symptom index (SI). The SI was assessed
as positive when at least half of each specific symptom’
s duration was associated with reflux episodes over a
5-minute interval.
Alcohol consumption was defined as equal to or more
than 15 g per day (on more than 3 d per week); cigarette
consumption was defined as equal to or more than 10
cigarettes per day.
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Table 1 Response to proton pump inhibitor therapy
Parameters
Group A
SI
pH-metry
Gender
BMI
Heartburn
Regurgitation
Globus sensation
Burning tongue
Coughing
Hoarseness
Fullness
Nausea
Vomiting
Halitosis
Bile taste
Imp path
Smoking
Alcohol
Group B
SI
Ph-metry
Gender
BMI
Heartburn
Regurgitation
Globus sensation
Burning tongue
Coughing
Hoarseness
Fullness
Nausea
Vomiting
Halitosis
Bile taste
Imp path
Smoking
Alcohol

OR (univ)

P val (univ)

OR (mult)

P val (mult)

Sensitivity

Specificity

PPV

NPV

0.57
0.37
0.53
0.46
0.74
0.68
0.44
0.22
0.46
0.45
0.58
0.3
0.09
0.29
0.28
0.34
0.06
0.2

0.67
0.79
0.49
0.57
0.56
0.59
0.56
0.77
0.6
0.67
0.58
0.77
0.91
0.77
0.77
0.85
0.91
0.73

0.58
0.58
0.45
0.46
0.57
0.57
0.45
0.44
0.48
0.53
0.53
0.52
0.43
0.5
0.5
0.64
0.35
0.38

0.66
0.61
0.56
0.57
0.73
0.7
0.55
0.55
0.58
0.6
0.63
0.58
0.55
0.57
0.57
0.61
0.55
0.53

2.66
2.15
1.07
1.13
3.6
3.08
1
0.98
1.25
1.69
1.95
1.47
0.93
1.37
1.31
2.81
0.66
0.71

< 0.001
< 0.001
0.772
0.567
< 0.001
< 0.001
1
1
0.279
0.009
0.001
0.087
0.944
0.166
0.255
< 0.001
0.342
0.152

1.67
1.63
0.97
0.85
2.31
1.64
0.8
0.67
1.05
1.59
1.52
0.83
0.65
1.13
0.9
1.99
0.65
0.77

0.021
0.055
0.9
0.465
0.001
0.059
0.315
0.129
0.849
0.054
0.067
0.505
0.275
0.619
0.67
0.009
0.905
0.313

0.41
0.19
0.52
0.43
0.66
0.6
0.45
0.22
0.45
0.31
0.52
0.3
0.1
0.28
0.3
0.32
0.07
0.16

0.66
0.84
0.51
0.54
0.45
0.43
0.65
0.78
0.6
0.68
0.61
0.68
0.89
0.76
0.71
0.76
0.9
0.71

0.67
0.67
0.65
0.62
0.67
0.64
0.68
0.63
0.66
0.63
0.7
0.62
0.61
0.66
0.64
0.69
0.56
0.49

0.39
0.38
0.38
0.35
0.43
0.38
0.4
0.37
0.39
0.37
0.42
0.36
0.36
0.38
0.37
0.39
0.36
0.33

1.35
1.26
1.16
0.88
1.59
1.13
1.48
1
1.2
0.98
1.68
0.95
0.89
1.19
1.03
1.45
0.71
0.47

0.373
0.662
0.693
0.759
0.134
0.769
0.222
1
0.614
1
0.089
0.969
0.984
0.707
1
0.299
0.653
0.034

1.18
1.09
0.88
0.84
1.88
0.71
1.33
0.84
1.21
0.75
2
0.62
0.88
1.21
0.88
1.38
0.75
0.43

0.627
0.848
0.689
0.569
0.086
0.345
0.367
0.636
0.575
0.406
0.033
0.205
0.8
0.595
0.717
0.381
0.595
0.03

PPV: Positive predictive value; NPV: Negative predictive value; SI: Symptom index.

(ROC) analysis investigating the relationship between the
predicted probabilities and the true value of the dependent variable of the logistic regression model. To illustrate
the additional information obtained from the multiple
regression model compared with the univariate results,
sensitivities and specificities for all relevant measures
were drawn in the ROC plot. All statistical tests were performed based on a two-sided level of significance (α =
5%). The statistical software programs SPSS version 20
and R version 2.15.1 were used for the analyses.

dicting parameters for the therapeutic response were SI,
pathological results from the pH-metry, heartburn, regurgitation, hoarseness, fullness and pathological results
from the MII measurement. In group B, alcohol consumption was associated with the therapeutic response.
Second, the findings associated with pathological
parameters in the pH/MII were analyzed (Table 2). In
group A, the positive predicting parameters that correlated with pathological results from the pH/MII were SI,
male gender, increased BMI index, heartburn, regurgitation, nausea and alcohol consumption. In group B, SI and
vomiting were associated with pathological results from
the pH/MII.
Third, parameters associated with a pathological SI
were analyzed (Table 3). In group A, the positive predicting parameters for a pathological SI were pathological
results from the pH measurement, heartburn, regurgitation, fullness, nausea, vomiting and pathological results
from the impedance measurement. In group B, pathological results from the pH and MII measurements were
significantly associated with a positive SI. Furthermore,

RESULTS
Six hundred eighty-three (329 male) patients who fulfilled the inclusion criteria were identified retrospectively
by analysis of our pH/MII database [median age, 54.8
years; median body mass index (BMI), 24.7]. During the
pH/MII, 460 patients were off (group A) and 223 patients were on (group B) PPI therapy.
First, the therapeutic response to standard PPI therapy was analyzed (Table 1). In group A, the positive pre-
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Table 2 Parameters associated with pathological results from pH-metry/impedance measurement
Parameters
Group A
SI
Gender
BMI
Heartburn
Regurgitation
Globus sensation
Burning tongue
Coughing
Hoarseness
Fullness
Nausea
Vomiting
Halitosis
Bile taste
Smoking
Alcohol
Group B
SI
Gender
BMI
Heartburn
Regurgitation
Globus sensation
Burning tongue
Coughing
Hoarseness
Fullness
Nausea
Vomiting
Halitosis
Bile taste
Smoking
Alcohol

Sensitivity

Specificity

PPC

NPV

OR (univ)

P val (univ)

0.59
0.44
0.58
0.68
0.6
0.39
0.2
0.43
0.39
0.49
0.32
0.11
0.25
0.23
0.07
0.3

0.66
0.42
0.65
0.49
0.51
0.52
0.76
0.57
0.63
0.51
0.78
0.92
0.74
0.73
0.92
0.8

0.54
0.34
0.53
0.47
0.45
0.36
0.36
0.41
0.42
0.4
0.49
0.48
0.39
0.36
0.38
0.51

0.71
0.53
0.7
0.69
0.66
0.56
0.58
0.6
0.61
0.6
0.63
0.6
0.59
0.59
0.6
0.63

2.92
0.59
2.56
2.01
1.58
0.72
0.78
1.03
1.1
1.02
1.64
1.39
0.96
0.81
0.91
1.78

< 0.001
0.008
< 0.001
0.001
0.023
0.102
0.325
0.958
0.678
0.998
0.027
0.389
0.938
0.41
0.95
0.012

2.74
0.63
2.36
1.88
1.06
0.66
0.73
0.99
1.21
0.83
1.63
1.06
0.93
0.69
0.81
1.9

< 0.001
0.045
< 0.001
0.017
0.816
0.064
0.228
0.978
0.432
0.424
0.078
0.876
0.783
0.154
0.606
0.012

0.61
0.45
0.51
0.63
0.61
0.43
0.17
0.46
0.29
0.48
0.3
0.17
0.25
0.29
0.11
0.28

0.75
0.45
0.59
0.39
0.42
0.6
0.75
0.59
0.67
0.54
0.69
0.94
0.73
0.7
0.94
0.83

0.59
0.32
0.42
0.38
0.39
0.39
0.29
0.4
0.34
0.38
0.36
0.61
0.36
0.36
0.5
0.49

0.77
0.58
0.67
0.63
0.65
0.64
0.6
0.65
0.61
0.64
0.62
0.65
0.62
0.62
0.64
0.66

4.78
0.66
1.49
1.05
1.16
1.15
0.61
1.19
0.83
1.07
0.94
2.95
0.91
0.95
1.77
1.85

< 0.001
0.172
0.195
0.969
0.699
0.723
0.211
0.621
0.643
0.907
0.957
0.024
0.885
0.984
0.36
0.089

4.091
0.84
1.73
0.95
1.1
1.31
0.55
1.2
0.7
1
0.83
2.81
0.92
0.91
1.25
1.47

< 0.001
0.625
0.097
0.906
0.795
0.428
0.163
0.608
0.334
0.998
0.65
0.052
0.836
0.816
0.682
0.336

OR (mult)

P val (mult)

PPV: Positive predictive value; NPV: Negative predictive value; SI: Symptom index.

atypical/extraesophageal symptoms or FD.
The focus was based on patient characteristics and
anamnestic parameters (gender, BMI, smoking habits,
alcohol). As expected, patients with both typical reflux
symptoms, such as heartburn, regurgitation or positive
SI, and fullness and hoarseness sufficiently respond to
PPIs. These anamnestic parameters are good predictors for PPI therapeutic success. According to our data,
empirical PPI trials are warrantable in patients with the
respective anamnestic data. Male gender, obesity and
alcohol consumption are also associated with positive
therapeutic responses to PPIs, which might be of high
interest in the primary care setting. Interestingly, smoking habits were not significant predictors for the PPI response. Patients with objective pathological results from
pH/MII also respond to PPIs sufficiently.
In nonspecific anamnesis, the pH/MII and the SI are
comparable options for guiding PPI therapy. As shown
in previous trials, pH/MII can potentially facilitate a
more tailored therapeutic approach in patients with PPIresistant GERD symptoms and ensures the success of
further escalating PPI therapy[23]. In this retrospective
analysis, we used the same objective parameters because
the number of reflux episodes can be easily assessed in

receiver operating characteristics (ROC) of the respective symptoms in association with PPI response were
calculated (Figure 1).

DISCUSSION
The aim of this study was to identify objective and subjective predictors for the reliable diagnosis of GERD and
the reported therapeutic response to PPIs to facilitate a
more focused therapeutic approach in the future. Predicting the success of PPI therapy in symptomatic patients
suspected of GERD would be helpful for preventing
futile trials of empiric PPI medication and repeated reflux measurements and for reducing health care costs. In
particular, the therapeutic response rates in patients with
non-erosive reflux disease (NERD) and atypical/extraesophageal symptoms are not satisfactory[17]. To solve
this problem, an effort was made to discriminate NERD
from functional disorders (FD) with special pH/MII patterns. However, despite the known overlap between FD
and reflux symptoms, approximately 38% of FD patients
also report symptom relief upon PPI therapy[12]. Therefore, the ultimate clinical implication is to specifically
detect patients responding to PPIs, regardless of NERD,
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Table 3 Parameters associated with a pathological symptom index
Parameters
Group A
pH-metry
Gender
Bmi
Heartburn
Regurgitation
Globus sensation
Burning tongue
Coughing
Hoarseness
Fullness
Nausea
Vomiting
Halitosis
Bile taste
Imp path
Smoking
Alcohol
Group B
pH-metry
Gender
BMI
Heartburn
Regurgitation
Globus sensation
Burning tongue
Coughing
Hoarseness
Fullness
Nausea
Vomiting
Halitosis
Bile taste
Imp path
Smoking
Alcohol

OR (univ)

P val (univ)

OR (mult)

P val (mult)

Sensitivity

Specificity

PPC

NPV

0.39
0.54
0.49
0.7
0.7
0.49
0.22
0.47
0.43
0.58
0.34
0.12
0.26
0.29
0.34
0.07
0.22

0.81
0.5
0.6
0.52
0.6
0.59
0.77
0.6
0.66
0.58
0.8
0.93
0.74
0.78
0.84
0.93
0.74

0.61
0.46
0.49
0.54
0.58
0.48
0.43
0.48
0.5
0.52
0.57
0.59
0.44
0.5
0.63
0.44
0.4

0.63
0.58
0.6
0.69
0.72
0.6
0.56
0.59
0.6
0.64
0.61
0.58
0.56
0.58
0.62
0.56
0.55

2.67
1.18
1.42
2.6
3.42
1.4
0.97
1.36
1.46
1.91
2.11
2
1.03
1.42
2.77
1.01
0.81

< 0.001
0.44
0.077
< 0.001
< 0.001
0.092
0.97
0.129
0.062
0.001
0.001
0.048
0.958
0.129
< 0.001
1
0.402

2.04
1.1
1.14
1.28
2.73
1.35
0.66
1.18
1.15
1.34
1.13
1.56
0.65
1.01
2.26
1.1
0.85

0.004
0.681
0.547
0.34
< 0.001
0.174
0.113
0.49
0.553
0.206
0.665
0.252
0.085
0.952
0.002
0.808
0.537

0.33
0.49
0.42
0.66
0.65
0.43
0.21
0.5
0.36
0.51
0.33
0.15
0.27
0.3
0.5
0.1
0.23

0.91
0.47
0.54
0.41
0.44
0.6
0.77
0.61
0.71
0.55
0.7
0.93
0.74
0.71
0.84
0.93
0.8

0.7
0.37
0.36
0.41
0.42
0.4
0.37
0.45
0.44
0.42
0.41
0.56
0.39
0.39
0.66
0.5
0.43

0.68
0.6
0.6
0.66
0.67
0.63
0.61
0.66
0.64
0.64
0.62
0.63
0.62
0.62
0.73
0.62
0.62

5.03
0.86
0.85
1.36
1.5
1.13
0.9
1.58
1.42
1.3
1.13
2.26
1.02
1.05
5.23
1.66
1.24

< 0.001
0.687
0.642
0.353
0.198
0.776
0.895
0.128
0.299
0.407
0.791
0.101
1
0.989
< 0.001
0.431
0.643

3.28
0.86
0.59
1.32
1.19
0.84
1.08
1.56
1.34
1.21
1
1.67
1.05
0.84
4.84
2.06
1.03

0.006
0.678
0.115
0.492
0.664
0.62
0.841
0.22
0.43
0.588
0.995
0.347
0.907
0.653
< 0.001
0.21
0.941

PPV: Positive predictive value; NPV: Negative predictive value; pH/MII: pH-metry/impedance measurement.

a standardized manner and because reference values are
available. As a subjective parameter, the SI was evaluated. All parameters used in the pH/MII were able to
predict the PPI response with a comparable odds ratio
to that of typical GERD symptoms. Because of the
strong correlation of pH/MII with GERD, we analyzed
the anamnestic parameters associated with pathological
parameters in pH/MII. Again, a positive SI and regurgitation were associated, but there were also positive associations with increased BMI and male gender. Analyzing
the SI did not reveal any new aspects.
Hence, an index empiric PPI trial is a warrantable
option in patients with typical reflux symptoms (heartburn and regurgitation), male gender, obesity or atypical
GERD symptoms (fullness, hoarseness). Furthermore,
in accordance with our data, pH/MII is a reliable tool
for guiding therapy if the anamnesis is inconclusive.
Anamnestic parameters, including gender, obesity and
drinking habits, also predict therapy response.
More conflicting are our results in patients who
were assessed while their PPI therapies were ongoing.
The indications for pH/MII were persistent symptoms

WJG|www.wjgnet.com

despite PPI or therapy monitoring. Neither anamnestic
nor pH/MII parameters were evaluable for predicting
the PPI response. One might argue that the number of
reflux episodes of 73 fluid and/or mixed reflux episodes
within 22-24 h used in this study is too high because
these values were generated in patients who were off PPI
therapy. However, we also analyzed the SI as a subjective
parameter. Nonetheless, it was not possible to predict
the PPI response. On the one hand, it may therefore be
assumed that the number of FD patients is most likely
higher in the “non-responding group”. This assumption
is supported by the high number of normal pH/MII
results in the “on therapy” group. On the other hand, it
is known that patients who are unresponsive to standard
PPI therapy respond to escalating PPI therapy in up to
90% of cases[23]. However, the effect of an escalating PPI
dose was not analyzed in this trial. In clinical practice, patients with persistent symptoms despite standard therapy
should undergo pH/MII testing. If the results are pathological, then escalating PPI therapy is a promising treatment[23]. In PPI-unresponsive patients, extra-esophageal
signs and symptoms are more likely due to causes other
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peutic response, pH/MII during ongoing PPI therapy is not useful.

than GERD. Continued PPI therapy in this group is not
recommended[24].
From previous reports and in accordance with our
data, increased BMI is a risk factor for GERD[23], and pH/
MII monitoring reveals pathologic findings particularly in
these patients. It is also known that persistent gastroesophageal reflux despite standard PPI-therapy is a common
problem in patients with increased BMIs (> 25). Therefore, a possible explanation is increased intra-abdominal
pressure due to adipose tissue, leading to increased gastric
pressure, decreased gastric emptying and consecutive relaxation of the lower esophageal sphincter[25,26]. In accordance
with previous trials, we detected good clinical responses to
standard PPI therapy in obese patients[27].
To the best of our knowledge, the present study provides the largest series of pH/MII data. The limitation
of our study is its single-center setting. Furthermore, it is
noteworthy that certain methodological problems existed due to the retrospective approach. First, the patients
were not subject to a previously created study protocol
that involved the use of different PPI agents. Second, it
was not possible to precisely monitor PPI intake prior to
the pH/MII. Notwithstanding, we believe that the high
number of patients suffices as a robust database.
In conclusion, in patients who are off PPIs and have
typical reflux symptoms (heartburn and regurgitation),
male gender, obesity or atypical GERD symptoms (fullness, hoarseness), empiric PPI therapy is most likely to
be successful. In non-obese, female patients with nontypical reflux symptoms, pH/MII (including evaluation
of the SI) should be considered instead of empiric
PPI therapy. Anamnestic parameters, including gender,
obesity and drinking habits, also predict the therapeutic
response. With respect to predicting the therapeutic
response, pH/MII during ongoing PPI therapy is not
useful. Thus, particularly in primary care settings, a more
focused therapeutic approach should be conducted instead of treating patients empirically, thereby avoiding
ineffective, long-term PPI trials in the future.

Terminology

Up to 40% of the adult population suffers occasionally from reflux symptoms.
Symptoms are subdivided into typical (heartburn, regurgitation) and atypical
symptoms (chronic cough, hoarseness, recurrent sinusitis, globus sensations in
the throat, a burning feeling on the tongue, dental erosions, fullness). The most
common therapeutic approaches are PPI trials, which have variable success.

Peer review

This manuscript provides systematic theoretical analyses and valuable conclusions.
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Non-small-bowel abnormalities identified during small
bowel capsule endoscopy
Reinier A Hoedemaker, Jessie Westerhof, Rinse K Weersma, Jan J Koornstra
trointestinal bleeding or for suspected Crohn’s disease,
abnormalities were found in 306 (51.4%). Of these 306
patients, 85 (27.7%) had abnormalities within reach of
conventional endoscopes; 63 had abnormalities apparently overlooked at previous conventional endoscopies,
10 patients had not undergone upper and lower endoscopy prior to capsule endoscopy and 12 had abnormalities that were already known prior to capsule endoscopy.
The most common type of missed lesions were vascular
lesions (n = 47). Non-small-bowel abnormalities were
located in the stomach (n = 15), proximal small bowel
(n = 22), terminal ileum (n = 21), colon (n = 19) or at
other or multiple locations (n = 8). Ten patients with
abnormal findings in the terminal ileum had not undergone examination of the ileum during colonoscopy.
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CONCLUSION: A significant proportion of patients
undergoing small bowel capsule endoscopy had lesions
within reach of conventional endoscopes, indicating
that capsule endoscopy was unnecessarily performed.

Abstract
AIM: To investigate the incidence of non-small-bowel
abnormalities in patients referred for small bowel capsule endoscopy, this single center study was performed.

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

Key words: Capsule endoscopy; Small bowel; Findings;
Colon; Stomach

METHODS: Small bowel capsule endoscopy is an accepted technique to investigate obscure gastrointestinal bleeding. This is defined as bleeding from the digestive tract that persists or recurs without an obvious
etiology after a normal gastroduodenoscopy and colonoscopy. Nevertheless, capsule endoscopy sometimes
reveals findings outside the small bowel, i.e. , within
reach of conventional endoscopes. In this retrospective
single center study, 595 patients undergoing capsule
endoscopy between 2003 and 2009 were studied. The
incidence of non-small bowel abnormalities was defined as visible abnormalities detected by capsule endoscopy that are located within reach of conventional
endoscopes.

Core tip: Capsule endoscopy (CE) is a technique to detect small bowel pathology which sometimes reveals
non-small bowel abnormalities (NSBAs). There are no
data on the incidence of NSBAs in capsule endoscopy.
In this study, 595 capsule endoscopy procedures were
included. Abnormalities were found in 306 (51.4%) of
cases. Of these 306 patients, 85 (27.7%) had abnormalities within reach of conventional endoscopes. The
fact that a significant proportion of patients referred for
small bowel CE had lesions within the reach of conventional endoscopes indicates that CE was unnecessarily
performed and emphasizes the importance of critical
selection of patients for capsule endoscopy.

RESULTS: In 595 patients, referred for obscure gas-

WJG|www.wjgnet.com

4025

April 14, 2014|Volume 20|Issue 14|

Hoedemaker RA et al . Non-small bowel capsule endoscopy findings

data, including gastric and small bowel transit time, and
findings of the procedure. CE was considered complete
when the cecum was reached within recording time. NSBAs were defined as all abnormal findings found at capsule endoscopy located in the stomach, proximal small
bowel, terminal ileum, and colon. Data were retrieved
with respect to the extent and number of endoscopies
performed prior to CE and whether or not ileoscopy was
performed during colonoscopy. In case of missing data
from externally referred patients, the referring hospital
was contacted or visited.

Hoedemaker RA, Westerhof J, Weersma RK, Koornstra JJ. Nonsmall-bowel abnormalities identified during small bowel capsule
endoscopy. World J Gastroenterol 2014; 20(14): 4025-4029
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i14/4025.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i14.4025

INTRODUCTION
Small bowel capsule endoscopy (CE) has become an established method for visualization of the small bowel[1-4].
One of the main indications for CE is obscure gastrointestinal bleeding. Obscure gastrointestinal bleeding is
defined as bleeding from the digestive tract that persists
or recurs without an obvious etiology after a normal
esophagogastroduodenoscopy and colonoscopy[1]. It can
be categorized into overt and occult obscure gastrointestinal bleeding based on the presence or absence of
clinically evident bleeding. Approximately 5% of patients
presenting with gastrointestinal bleeding have no identified source on upper endoscopy and colonoscopy[1]. The
cause of obscure gastrointestinal bleeding is usually a lesion located in the small bowel, but also includes lesions
that were overlooked during conventional endoscopy,
either because of intermittent bleeding or truly missed
lesions. Another important indication for small bowel
capsule endoscopy is suspected Crohn’s disease (CD).
Usually, prior to the procedure, colonoscopy is being performed, preferably including endoscopic inspection of
the terminal ileum. So, most patients referred for small
bowel capsule endoscopy have undergone conventional
endoscopies prior to the procedure.
Another method to investigate the small bowel is
single- or double balloon enteroscopy[5,6]. As in capsule
endoscopy, most patients referred for balloon enteroscopy have undergone conventional upper and lower endoscopy before the procedure is conducted[7]. It is known
that balloon enteroscopy reveals abnormalities within
reach of conventional endoscopes in up to 15%-24%
of patients[8,9]. These findings are generally referred to
as non-small-bowel abnormalities (NSBAs)[8-10]. There
are no firm data on the incidence of NSBAs in capsule
endoscopy. The aim of this study was therefore to determine the incidence of findings within reach of conventional endoscopes in patients referred for CE.

CE procedure
All patients received the same bowel preparation during
the study period. The patients were given standardized
instructions before the procedure, and informed consent was obtained. The patients were asked to stop iron
supplements seven days before CE and to use a low-fiber
diet 3 d before CE. The patients started a fasting period
at midnight before the procedure. Bowel preparation
consisted of four liters of polyethylene glycol (PEG),
given as 3 L the evening before the procedure and 1 L
in the morning. The capsule (Pillcam; Given Imaging
Ltd, Yoqneam, Israel) was swallowed in the morning.
The patients were allowed to drink fluids after 3 h and to
consume a light meal after 5 h. Before capsule ingestion,
100 mL of antifoam and a prokinetic agent was given,
10 mg of domperidone (before July 1st 2008, n = 641)
or 250 mg of erythromycin (after July 1st 2008, n = 69).
All CE procedures were reviewed by two gastroenterologists, experienced with capsule endoscopy (Weersma R
and Koornstra JJ). Controversial findings were discussed,
and consensus was reached upon the final diagnosis. The
most relevant findings obtained from CE were documented and categorized according to standard terminology (10) as angiectasia(s); ulcer(s); active bleeding of
unknown origin; erosion(s); polyp(s)/tumor(s); incidental
abnormality of esophagus, stomach, or colon; no abnormality; or unable to make a diagnosis.
Statistical analysis
P values below 0.05 were considered significant. SPSS
14.0 for Windows software (SPSS Inc., Chicago, IL, United States) were used for statistical analyses.

RESULTS
During the study period, 710 capsule endoscopy procedures were performed in 674 patients. 389 patients were
female (54.8%) and the average age was 55 years (range
9-93, SD 18). Most of the patients were referred for capsule endoscopy for analysis of obscure-occult gastrointestinal bleeding (n = 392, 55.2%), obscure-overt gastrointestinal bleeding (n = 87, 12.3%) or suspected CD (n =
116, 16.3%). Given the aim of our study, further analysis
was limited to these 595 patients. 331 patients (55.6%)
were referred by physicians from other hospitals.

MATERIALS AND METHODS
Patients and techniques
Data from all consecutive CE studies performed at
the University Medical Centre Groningen, the Netherlands, between September 2003 and January 2009 were
prospectively collected. Our hospital is a tertiary-care
centre with a referral base drawing from the northern
part of the Netherlands. Data were collected on patient
demographics, indications for the procedure, procedural
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Table 1 Findings of capsule endoscopy procedures (595
procedures) n (%)

Table 2 Non-small-bowel abnormalities in capsule endoscopy

n (%)

Procedures

n = 595

Procedures

No abnormalities
Angiodysplasia(s)
Erosion(s)
Ulcer(s)
Polyp/tumor
Active bleeding
Other

289 (48.6)
115 (19.3)
68 (11.4)
34 (5.7)
31 (5.2)
28 (4.7)
30 (5.0)

Abnormalities
NSBA
NSBA known before CE
NSBA unknown before CE
sNSBA with incomplete previous examinations
Location of NSBA
Stomach
Duodenum
Proximal jejunum
Terminal ileum
Colon
Other
Type of NSBA
Angiodysplasia(s)
Erosion(s)
Active bleeding
Inflammation
Polyp/tumor
Other

Previous examinations and capsule endoscopy findings
Patients had undergone a mean number of 1.1 (range 0-5)
esophagogastroduodenoscopy procedures and 1.1 (range
0-9) colonoscopy procedures prior to capsule endoscopy.
During colonoscopy, the terminal ileum had been intubated in 41.2% of patients. In addition to conventional
endoscopy procedures, 20.6% of patients had undergone
a small-bowel-follow-through examination and 9.9% of
patients had undergone a push-enteroscopy prior to CE.
The coecum was reached within recording time in 487
(81.8%) of capsule endoscopy procedures. Findings of
capsule endoscopy are summarized in Table 1. In 291 CE
procedures, abnormalities were found. The most common abnormal findings were angiodysplasias (n = 115,
19.3%) and erosion(s) (n = 68, 11.4%).

15 (17.6)
12 (14.1)
10 (11.8)
21 (24.7)
19 (22.4)
8 (9.4)
32 (37.6)
16 (18.8)
15 (17.6)
12 (14.1)
6 (7.1)
4 (4.7)

NSBA: Non-small bowel abnormalitie; CE: Capsule endoscopy.

noscopy related to the indication for the procedure. We
included only patients who were referred for obscure or
occult bleeding and for suspected CD, because patients
with other indications for CE, such as suspicion of carcinoid do not generally undergo both esophagogastroduodenoscopy and ileocolonoscopy prior to CE.
Non-small-bowel abnormalities within reach of conventional endoscopes were found in 14.3% of all procedures and could be present in the upper and lower gastrointestinal tract. Vascular lesions were the abnormalities
most often found. It must be noted that two-thirds of
these patients had undergone conventional upper and
lower tract endoscopy with ileoscopy before the capsule
endoscopy procedure. One could assume that these lesions were truly overlooked at previous examinations. Alternatively, it may concern intermittently bleeding lesions.
Data on the incidence of non small bowel abnormalities in CE are limited. To the best of our knowledge, only
two studies investigated this subject. In a series of 140
capsule endoscopy procedures for obscure gastrointestinal bleeding, NSBA were found in 9 patients (6.4%)[7].
In another series of 317 CE procedures, NSBA were
found in 11 patients (3.5%), in which the investigators
differentiated between referred patients (6.3%) and nonreferred patients (1.2%). In this study, the terminal ileum
was not defined as a location for NSBA[11]. The incidence
of NSBA has also been investigated in double balloon
endoscopy (DBE) procedures[8,9]. In these studies, NSBAs were found in 14.3 % and 24 % of cases respectively. One could assume that the sensitivity of DBE is
slightly higher for small bowel abnormalities than that of
CE, although most studies indicate a similar diagnostic
yield[5,12-21].
In this study we investigated the incidence of NSBAs
in relation to prior examinations. A limitation of our

Non-small-bowel abnormalities
In 85 patients (14.3%), abnormalities were found within
reach of conventional endoscopes, summarized in Table
2. In most patients (n = 63, 10.6%), this concerned unknown abnormalities in patients that had undergone both
gastroduodenoscopy and colonoscopy prior to CE. In 10
patients (1.7%), NSBAs were found while patients had
not undergone esophagogastroduodenoscopy and ileocolonoscopy prior to CE and in 12 patients (2.0%), NSBAs
were found that were already known prior to capsule
endoscopy. NSBAs were located in: stomach (n = 15),
duodenum (n = 12), proximal jejunum (n = 10), terminal
ileum (n = 21), colon (n = 19) or at other or at multiple
locations (n = 8). The types of lesions encountered are
summarized in Table 2: angiodysplasias (n = 32, 37.6%),
erosion(s) (n = 16, 18.8%), active bleeding (n = 15,
17.6%) and inflammatory lesions (n = 12, 14.1%). 59 of
85 patients (69.4%) with NSBAs concerned patients referred from other hospitals. CD was suspected in 116 of
595 patients (19%). Abnormalities in the terminal ileum
were seen in 39 patients (33.6%). In only 12 of these 39
patients (30.8%), the terminal ileum had been inspected
during previous colonoscopy.

DISCUSSION
In this study, we found that in patients referred for capsule endoscopy it is not uncommon to find non-smallbowel abnormalities, so findings within the reach of
conventional esophagogastroduodenoscopy or ileocolo-
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Value
291 (48.9)
85 (14.3)
12 (2.0)
63 (10.6)
10 (1.7)
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study is that we do not have follow-up data on the patients in whom NSBAs were found. We therefore are not
informed of the results of repeat conventional endoscopies after CE. A strong point of our patient cohort is
that by selecting only patients who were referred for obscure of occult blood loss and for suspected CD, a group
of patients generally fully examined with conventional
endoscopies prior to CE.
In conclusion, a significant proportion of patients
referred for small bowel CE had lesions within the reach
of conventional endoscopes, indicating that CE was
unnecessarily performed. Before planning a CE procedure, careful upper and lower endoscopies should be
performed including ileoscopy. Repeating these investigations, if not properly performed before CE, should be
considered.

4

5

6

7

COMMENTS
COMMENTS
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Background

Capsule endoscopy (CE) is a very sensitive diagnostic technique to detect
small bowel pathology. Another method to investigate the small bowel is
single- or double-balloon enteroscopy. As in capsule endoscopy, most patients
referred for balloon enteroscopy have undergone conventional upper and lower
endoscopy before the procedure is conducted. It is known that balloon enteroscopy reveals abnormalities within reach of conventional endoscopes in up
to 15%-24% of patients. These findings are generally referred to as non-smallbowel abnormalities. There are no robust data on the incidence of NSBAs in
capsule endoscopy. This was the subject of this study.

9
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Research frontiers

This the first study that investigated the incidence of non-small-bowel abnormalities in small bowel capsule endoscopy.

Innovations and breakthroughs

11

In this study, 595 capsule endoscopy procedures were included. Patients were
referred for obscure gastrointestinal bleeding or for suspected Crohn’s disease.
Abnormalities were found in 306 (51.4%) of cases. Of these 306 patients, 85
(27.7%) had abnormalities within reach of conventional endoscopes; 63 had
abnormalities apparently overlooked at previous conventional endoscopies,
10 patients had not undergone upper and lower endoscopy prior to capsule
endoscopy and 12 had abnormalities that were already known prior to capsule
endoscopy. The most common type of missed lesions were vascular lesions
(n = 47). Non-small-bowel abnormalities were located in the stomach (n = 15),
proximal small bowel (n = 22), terminal ileum (n = 21), colon (n = 19) or at other
or multiple locations (n = 8). Ten patients with abnormal findings in the terminal
ileum had not undergone examination of the ileum during colonoscopy.
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Applications

What does this mean for clinical practice? The fact that a significant proportion
of patients referred for small bowel CE had lesions within the reach of conventional endoscopes indicates that CE was unnecessarily performed. Before
planning a CE procedure, careful upper and lower endoscopies should be
performed including ileoscopy. Repeating these investigations, if not properly
performed before CE, should be considered.
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This work emphasizes the importance of critical selection of patients for capsule
endoscopy.
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in all the three cases, and the spleen was preserved
along with its vessels. Mean operation time was 283
± 52 min and average blood loss was 133 ± 57 mL.
Residual pancreas weights were 33, 22 and 30 g, and
105.200, 40.390 and 94.790 islet equivalents were isolated, respectively. Surgical complications occurred in
one patient (grade A pancreatic fistula). Postoperative
stays were 6, 6 and 7 d, respectively. Histopathological
evaluation revealed mucinous cystic neoplasm in cases
1 and 3, and serous cystic neoplasm in patient 2. No
postoperative insulin administration was required. One
patient developed a transient partial portal thrombosis
2 mo after islet infusion. Patients are insulin independent at a mean follow up of 8 ± 2 mo.
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CONCLUSION: Combination of LSPDP and AIT is feasible and could be effective to minimize the surgical
impact for benign neoplasm of pancreatic body-neck.

Abstract

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

AIM: To evaluate the safety and feasibility of laparoscopic spleen-preserving distal pancreatectomy (LSPDP)
with autologous islet transplantation (AIT) for benign
tumors of the pancreatic body-neck.

Key words: Pancreas; Benign neoplasm; Laparoscopy;
Minimally invasive treatment; Spleen preservation; Pancreatogenic diabetes; Autologous islet transplantation

METHODS: Three non-diabetic, female patients (age
37, 44 and 35 years, respectively) were declared candidates for surgery, between May and September 2011,
because of pancreatic body/neck cystic lesions. The
planned operation was an LSPDP associated with AIT
from the normal pancreas distal to the neoplasm. Islets isolation was performed on the residual pancreatic
parenchyma after frozen section examination of the
margin. Purified autologous islets were infused into the
portal vein by a percutaneous transhepatic approach
the day after surgery.

Core tip: The article describes, for the first time, a
combination of techniques to reduce all possible consequences of pancreatic resection for benign/borderline
neoplasms located at the pancreatic body-neck. The
procedure combines laparoscopy, spleen preservation and islet autotransplantation. The laparoscopic
approach reduces the access trauma of an extensive
surgery. The spleen preservation avoids infectious and
hematological complications related to splenectomy.
Islet autotransplantation could reduce the incidence of
pancreatogenic diabetes after resection.

RESULTS: The procedure was performed successfully
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Patient 3
A 35-year-old woman underwent a CT-scan because of
left-sided renal colic. As a collateral finding, a pancreatic
cystic lesion was described. Abdominal magnetic resonance imaging (MRI) showed a 5 cm unilocular cyst of
the pancreatic neck suspected as being a mucinous cistadenoma, with a 1.5 cm intramural nodule (Figure 1C).
Plasma CEA level was normal, while the CA 19-9 was
elevated (421 UI/mL). A careful evaluation of the MR
images showed no involvement of the surrounding pancreatic parenchyma, with a well-demarcated capsule of
the cystic lesion and no dilation of the main pancreatic
duct.

Balzano G, Carvello M, Piemonti L, Nano R, Ariotti R, Mercalli A, Melzi R, Maffi P, Braga M, Staudacher C. Combined
laparoscopic spleen-preserving distal pancreatectomy and islet
autotransplantation for benign pancreatic neoplasm. World J
Gastroenterol 2014; 20(14): 4030-4036 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i14/4030.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i14.4030

INTRODUCTION
Distal pancreatectomy (DP) is the standard operation for
borderline pancreatic tumors located in the body-neck of
the pancreas[1,2]. Spleen preservation is indicated in such
cases to reduce immunological and hematological impairment[3].
Although there are no prospective randomized studies, there is agreement regarding the feasibility and efficacy of the laparoscopic approach compared with the
open procedure[3-10].
DP is associated with the risk of post-surgical diabetes, ranging from 5% to 42%, related with the amount of
resected parenchyma[11-15]. Autologous islet transplantation (AIT) is effective in the prevention of post-surgical
diabetes, by rescuing the endocrine component of the
non-neoplastic resected pancreas[16,17].
Minimizing the surgical damage is a challenging goal,
especially in patients with a long life expectancy. In the
setting of a benign neoplasm of the pancreatic bodyneck, this goal could be achieved completely by the combination of a laparoscopic technique, spleen preservation
and AIT; such an approach has not been reported yet. In
this report, we describe three patients affected by pancreatic cystic neoplasm of the body-neck, successfully
treated by laparoscopic spleen-preserving distal pancreatectomy (LSPDP) and AIT.

Surgical technique
The patient is placed in a supine split legs position with
the surgeon standing between the legs. Four trocars are
used. After establishing laparoscopic access, the gastrocolic omentum is divided, accessing the lesser sac. In
patient 2 (cyst diameter 10 cm) the cyst was emptied to
allow adequate exposition of the splenic vessels. A retropancreatic tunnel is accomplished anterior to the superior
mesenteric vein, exposing the splenic vein. The inferior
border of the pancreatic body is mobilized from right to
left. The splenic artery is identified close to its origin and
freed from its pancreatic adhesions. The gland is transacted (about two centimeters to the right of the neoplasm)
by a single application of a linear stapling device (ECHELON FLEXTM Powered ENDOPATH® Stapler). The
splenic vessels are then skeletonized, proceeding towards
the splenic hilum. The surgical specimen is extracted by
endocatch through Pfannenstiel incision. The specimen
is transected distal from the lesion with a 1 cm safety
margin (Figure 2). A frozen section examination of this
margin is performed. The spared pancreas is processed
for islet isolation if the margin is negative.
The described surgical procedure was performed for
all three patients.

MATERIALS AND METHODS
Patient 1
A 37-year-old woman underwent a computerized tomography (CT) scan because of persistent postprandial abdominal pain. The CT-scan revealed a 4 cm cystic lesion
in the body of the pancreas, suspected as being a mucinous cistadenoma (Figure 1A). Plasma carcinoembryonic
antigen (CEA) and carbohydrate antigen (CA) 19-9 levels
were within the normal range. Fine needle biopsy, performed by endoscopic ultrasound, detected the presence
of mucinous fluid associated with epithelial cells but
without signs of dysplasia.

Islets isolation
Islets isolation process is performed by an automated
method, as previously described[18,19]. Briefly, the pancreatic duct is perfused by a collagenase solution. After
parenchymal distension, the organ is digested and the
islets are freed from the exocrine tissue. Using a COBE
machine the islets are then purified.
Islets re-infusion
Under ultrasound guidance, using a percutaneous transhepatic approach, the islets are infused into the right
portal vein.

Patient 2
A 44-year-old woman presented with an abdominal epigastric mass associated with nausea and mild pain since 2
mo. A CT-scan showed a 10 cm cystic lesion of the pancreatic body (Figure 1B). There were no mural nodules or
contrast-enhancement of the cyst wall. Plasma CEA and
CA 19-9 values were normal.

WJG|www.wjgnet.com

Follow up of islets function and metabolic assessment
Capillary blood glucose was measured four times per day
during the postoperative hospital stay. A mixed meal tolerance test was performed 1 month after transplantation.
Fasting serum C-peptide, insulin and hemoglobin A1c
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B

C

Figure 1 Abdominal computed tomography scan. A: Abdominal computed tomography (CT) scan showing a 4 cm pancreatic cystic lesion of the neck in patient 1;
B: Abdominal CT scan showing a 10 cm pancreatic cystic lesion of the body in patient 2; C: Abdominal magnetic resonance imaging showing a 4.6 cm cystic lesion of
the neck in patient 3. Arrows mark the cystic lesion (A-C).

were measured at 15 d and at 1, 2, 3 and 6 mo after transplantation.

tive period. Patient 3 developed a grade A pancreatic fistula (ISGPF definition[20]); the surgical drain was removed
on postoperative day 36. Hospital stays were 6, 6 and 7 d,
respectively.
The weights of the processed pancreatic parenchymas
were 30, 22 and 33 g for patients 1-3, respectively. After
the isolation process, 94.790, 40.390 and 105.200 islet
equivalents (IEs) were obtained at the final count, while
absolute islet numbers were 268.000, 95.000 and 274.800,
respectively. IE per kilogram of body weight (IE/kg)
were 1528, 553 and 1696, respectively. Portal vein pressure remained stable after islet infusion. No bleeding
occurred after islet infusion, and regular portal system
patency was documented the day after reinfusion by
ultrasound assessment. No postoperative insulin administration was required. One month after surgery, patient
3 was diagnosed with partial portal vein thrombosis by

RESULTS
Operations were performed laparoscopically, with no
conversion; the spleen was preserved along with the
splenic vessels. The average blood loss was 133 ± 57 mL.
The mean operative time was 283 ± 52 min. Intraoperative frozen section examination of the pancreatic margin
was normal. In patient 3, because of the cyst’s characteristics and CA 19-9 elevation, an intraoperative frozen
section examination of the cyst wall was performed to
rule out malignancy. Pathological evaluation showed a
mucinous cystoadenoma for patients 1 and 3, and a serous cystodenoma for patient 2. No major complication
occurred during the operation or in the early postopera-
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Cyst

Figure 2 Specimen after distal pancreatic resection. A: An arrow marks the cystic lesion; the interrupted line marks the site of transection; B: Transection of the
pancreas distal from the lesion; C: Spared pancreatic parenchyma.
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Figure 3 Fasting C-peptide (A) and fasting glycemia (B) remained stable and comparable with respect to pretransplant value, respectively. The values are
expressed as mean plus the standard error of the mean. Preop: Preoperative value; Preinfu: C-peptide value after resection and before islet re-infusion; POD: Post
operative day.

Doppler ultrasound, and was treated with low-molecular
weight heparin. Metabolic assessment showed normal insulin production during follow-up. C-peptide values were
comparable to preoperative values and remained stable
during follow-up (Figure 3A). Fasting glucose remained
stable after transplantation compared with the pre-transplant level (Figure 3B). The three patients were insulin
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independent at a median follow-up of 8 ± 2 mo.

DISCUSSION
Traditionally, DP is associated with splenectomy, and it
is performed through a wide incision. For a borderline
neoplasm of the body-neck, the removal of a significant
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healthy portion of the gland is required, with consequent
risk of pancreatogenic diabetes.
LSPDP with AIT may be a paradigm of the surgical
evolution towards minimizing the operative short- and
long-term impact. The mainstays of this procedure are
the reduction of access trauma through laparoscopy, the
avoidance of immunological and hematological longterm consequences of splenectomy, and the improvement of postoperative glycemic control by AIT. The advantages of laparoscopy have not yet been proved by any
randomized trial comparing laparoscopic versus laparotomic DP. However, several studies showed the benefits
of the laparoscopic approach, and no difference between
the two procedures in terms of complications have been
reported[4-6,21-23].
In our case series, no conversion was required, the
mean surgical time was 266 ± 37 min, and, despite the
AIT procedure, hospital stay was 6-7 d. Grade A fistula
occurred in one of the three patients.
Splenectomy may result in long-term immunological
and hematological impairment[24-26]. Spleen-preservation
is therefore indicated for patients undergoing distal pancreatic resection for benign and low-grade malignant lesions[23]. Moreover, after spleen preservation, a reduction
in early postoperative complications, especially infective
morbidity, has been reported[27].
The incidence of new-onset diabetes after DP is
probably underestimated: a retrospective study on 125
non-diabetic patients reported a minimal rate of postoperative diabetes (7.5% when excluding patients with
chronic pancreatitis)[15]. Patients with chronic pancreatitis
have an increased risk (up to 42%) of developing diabetes after distal pancreatic resection, because the endocrine
function of the organ is already impaired[12]. However,
analysis of diabetes onset in hemipancreatectomized
living-donors for pancreas transplantation showed an unexpectedly high rate of glucose metabolism impairment:
25% of donors had overt diabetes or glucose intolerance[28] and 40% had abnormalities of glucose metabolism 3-10 years after donation[29].
To solve this problem, median pancreatectomy has
been proposed as a surgical strategy for the treatment
of benign neoplasms of the pancreatic body-neck[30-33].
However, with respect to DP, median pancreatectomy
has a higher risk of pancreatic fistula (50%)[32,34].
Islet autotransplantation is an alternative to median
pancreatectomy to preserve the endocrine function of distal pancreas, without increasing the fistula risk. Ris et al[17]
performed open DP and AIT successfully in 25 patients
within a 17-year period. At a median follow-up of 90 mo,
all the patients were insulin independent[17].
In our case series, we isolated pancreatic islets from
the resected pancreases and re-infused them, preserving
endocrine function and maintaining euglycemia in the
early and late post-operative period. The expected complications of the transhepatic islet infusion are low, mainly related to minor intra-and perihepatic bleeding and
transient portal thrombosis[35,36]. One of three patients
was diagnosed with partial intrahepatic thrombosis one
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month after islet infusion, which was successfully treated
by low molecular weight heparin therapy.
When a conservative operation is planned, accurate
consideration has to be made concerning the possibility
of unsuspected malignancy. Indeed, the reported rate
of malignancy in three large series of spleen-preserving
DP published in 2012, was < 1% (two out of 213 overall patients)[23,37,38]. In case of suspicion of malignancy,
endoscopic ultrasonography can provide a more accurate description of the lesion morphology, allowing fine
needle aspiration (FNA) to be performed for cytological
evaluation of the cyst fluid or of the solid component of
the cyst wall. The dissemination risk of endoscopic FNA
in presumed benign lesions was never reported, but even
in cases of pancreatic malignancy, endoscopic FNA is
considered not to increase the risk of peritoneal dissemination[39].
A further concern regards the possibility of occult
malignancy in the normal pancreas segment to be processed for AIT. Pre- and intra-operative work up is essential to select adequate cases for autotransplantation. In
our protocol, the presence of any multifocal pancreatic
neoplasm at preoperative imaging or intraoperative evaluation, including multifocal benign intraductal-papillary
mucinous neoplasm or a diagnosis (suspected or ascertained) of multiple endocrine neoplasm is an exclusion
criterion. In the retrospective study carried out by Ris et
al[17], 3 mm was considered a suitable safety margin, as
demonstrated by the postoperative follow up. In the 90
mo median follow-up, all the patients were disease free.
In our short series, pancreatic specimens were sent for
frozen section analysis of the margin, with a margin of 1
cm. Furthermore, in patient 3, because of the preoperative findings, a frozen section examination of the cyst
wall was performed to look for mural nodules and rule
out malignancy before islet infusion.
The ultimate goal of this technique is to reduce the
morbidity of extended pancreatic resection, required for
patients with benign pancreatic tumor, occurring at the
body-neck site. The minimally invasive treatment, with
the preservation of the spleen and the vessels in association with AIT, may provide an improvement in early and
late postoperative quality of life. However, while laparoscopic DP is increasingly performed, very few institutions
may offer an islet producing facility. Besides the referral
of patients to specific institutions, the creation of a network with neighboring hospitals should be considered to
provide access to AIT to a wider number of candidate
patients to this procedure[17].
To the best of our knowledge, this is the first study
demonstrating the feasibility and safety of the minimally
invasive spleen preserving left pancreatectomy combined
with AIT. A larger patient series is needed to confirm the
metabolic advantages of the technique.
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CONCLUSION: The incidence of acute appendicitis is
declining in Finland. We detected a clear seasonality in
the incidence of AA and NSAP.
© 2014 Baishideng Publishing Group Co., Limited. All rights
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AIM: To investigate whether seasonal changes had an
effect on the incidence of acute appendicitis (AA) or
nonspecific abdominal pain (NSAP).

Core tip: The incidence of acute appendicitis (AA) varies between countries and the etiology of the disease
is still unclear. The aim of this study was to investigate
whether seasonal changes had an effect on the incidence of AA or nonspecific abdominal pain (NSAP) in
Finland between 1987 and 2007. We found that the
incidence of AA, but not NSAP, was higher during the
warm period of the year. In comparison to AA, NSAP
was influenced by humidity and the incidence was lower during a period with lower levels of humidity.

METHODS: We carried out a national register study
of all patients with a hospital discharge diagnosis of AA
and acute NSAP in Finland. Data were analyzed for the
whole country and correlated to seasonal and weather
parameters (temperature, humidity). Moreover, additional sub-analyses were performed for five geographically different area of Finland.

Ilves I, Fagerström A, Herzig KH, Juvonen P, Miettinen P, Paajanen H. Seasonal variations of acute appendicitis and nonspecific abdominal pain in Finland. World J Gastroenterol 2014;
20(14): 4037-4042 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/4037.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.4037

Abstract

RESULTS: The observation period spanned 21 years,
with 186558 appendectomies, of which 137528 (74%)
cases were reported as AA. The incidence of AA declined for 32% over the study period. The average incidence of the NSAP was 34/10000 per year. The mean
annual temperature, but not relative humidity, showed
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INTRODUCTION
Acute appendicitis (AA) and nonspecific abdominal pain
(NSAP) remain the two most common surgical emergen-
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cies in acute care units[1-3]. NSAP has been evaluated in
the literature as a self-limited diagnosis of acute abdominal pain for which no serious or definite cause is established and thus is no useful surgical treatment available[3].
Although AA has been recognized as a clinical entity for
over 100 years[4], the differential diagnosis between AA
and NSAP can still be challenging. Moreover, the etiology
of the appendicitis still remains unclear and multifactorial. The disease has been attributed to a variety of possible
causes, including mechanical obstruction[5], inadequate
dietary fiber[6], smoking[7], air pollution[8] and familial susceptibility[9,10]. Population-based epidemiological studies
about the impact of seasonal variables on appendicitis
have been published, but so far there is no clear consensus about the connection between the seasonal variations
and AA or NSAP[11,12].
The main factor influencing Finland’s climate is the
country’s geographical position between the 60th and
70th northern parallels on the Eurasian continent, which
shows characteristics of both maritime and continental climate. The mean temperature in Finland is several
degrees (as much as 10 ℃ in winter) higher than that
of other areas at these latitudes, e.g., Siberia and south
Greenland. The mean daily temperature can vary in Finland from below -30 ℃ during winter months (November-March) to more than +25 ℃ in the summer months
(June-August). Moreover, because of the geographical
shape and location of Finland there are large disparities
in local temperatures inside the country. Finland has an
excellent health register and is divided into five, geographically different University Hospital Districts (UHD)
serving as a good base for comparing incidences and investigating various seasonal impacts on diseases. We have
previously reported a declining incidence trend of AA,
but not of NSAP[13]. The aim this study was to determine
whether those trends could be explained by possible seasonal changes in temperature and humidity.

month. Moreover, the temperature of the whole country
was calculated as mean temperature value of each of the
UHD. According to the measurement results, the period
from March to September was defined as “warm period”,
and from October to February as “cold period”.
Statistical analysis
Poisson regression analysis was used to assess association between temperature, humidity and incidences (AA
and NSAP) for monthly data. In the Poisson regression
model, incidences were as dependent variable per 10000
inhabitants. Temperature and humidity were explanatory
variables. For the statistical analysis we used SPSS for
Windows, release 18.0 (SPSS, Inc., Chicago, IL, United
States).

RESULTS
During the study period, the mean annual temperature
and relative humidity varied from 0.4 ℃-6.3 ℃ (mean
3.9 ℃) and 62%-76% (mean 69%), respectively (Figure 1).
We observed cyclical temperature changes over a period
of 4-5 years, but not in humidity. Lower levels of humidity were registered between 1996 and 2003. The mean
temperature over the 21-year study period was below
zero degrees from November to March (a cold period)
(-4.1; SD 1.44 ℃), and above zero degrees in the warm
period from April to October (10.6; SD 0.72 ℃) (Figure
2). Furthermore, a relative humidity showed higher values
during the cold months. There was a large geographical
disparity between temperatures of the different UHDs.
The biggest difference between the mean temperatures
was observed between the UHD of Oulu (Figure 3, area
Ⅳ) 2.4 ℃ (min, -0.8 ℃; max, 4.5 ℃) and the UHD of
Tampere (Figure 3, area Ⅲ) 5.0 ℃ (min, 1.6 ℃; max,
7.55 ℃), P = 0.006. During the study period, the annual temperature varied from +1.6 to +7.55 (median
1.7 ℃) and -0.75 to +4.5 (median 3.5 ℃) in the UHD
of Tampere and Oulu, respectively, with no statistically
significant difference in the incidence of AA between the
hospital districts.
The incidence of AA declined for 32%, from 14.5
to 9.8 per 10000 inhabitants. The average incidence of
NSAP was 34.0 per 10000 inhabitants. The incidence
rose between the years 1987 and 1998 (from 25.2 to
39.8/10000 per year), after which it fell to 27.1/10000
per year. There was a clear difference in the incidence of
AA between cold and warm months (Figures 2 and 4).
The AA incidence was higher during the warm months
throughout the study period. An increase of 10-Celsius
degrees in temperature increased the incidence of AA by
4%, 1.04 (95%CI: 1.019-1.061). The incidence of NSAP
did not change during the year, and the association between temperature and NSAP incidence was not statistically significant (Figure 4). Furthermore, humidity levels
had no effect on incidence of AA, but had an effect on
the incidence of NSAP. An increase of 10% in humidity decreased NSAP incidence by 0.8%, 0.992 (95%CI:

MATERIALS AND METHODS
A population-based register study was performed to assess the incidence of AA and NSAP in Finland between
the years 1987 and 2007. Diagnoses were classified according to the World Health Organization International
Classification of Diseases, version 9 and 10 (ICD-9 and
ICD-10). The study population was recruited from the
National Institute for Health and Welfare (NIHW) registry to retrieve the data on discharge diagnoses as well
as surgical procedures of the whole country. Population
data from 1987 to 2007 were retrieved from the Official
Statistics of Finland. More detailed data about the material and methods can be found in our previously published study[13].
Weather data for the years 1987 to 2007 were retrieved from the Finnish Meteorological Institute[14] for
each of the five UHD. Temperature and humidity levels
were obtained from the main measurement points in each
of the UHD, and were expressed as mean values for each

WJG|www.wjgnet.com

4038

April 14, 2014|Volume 20|Issue 14|

Ilves I et al . Seasonality of acute appendicitis in Finland
AA

45

NSAP

Temperature

Humidity

80

40

70

50

25

40

20

30

15

Humidity (%)

60

30

20

10

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

0
1990

0

1989

10

1988

5
1987

Incidence (x/10000);
temperature (Celsius)

35

Year

Figure 1 Temperature, humidity and incidences of acute appendicitis, and non-specific abdominal pain in 1987-2007 in Finland. AA: Acute appendicitis;
NSAP: Non-specific abdominal pain.
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Figure 2 Acute appendicitis, non-specific abdominal pain, temperature and humidity in Finland (as mean value over the 21 years). AA: Acute appendicitis;
NSAP: Non-specific abdominal pain.

0.984-0.999).

DISCUSSION
In our study we found a significant association between
temperature and the incidence of AA, but not for NSAP.
Previously we showed that both the incidence of appendicitis and the rate of appendectomies decreased in
Finland between 1987 and 2007[13]. In addition to an annual decline, there was also seasonal fluctuation in the
incidence of AA. During the 21-year study period, the diagnostic accuracy for appendicitis had steadily improved.
The incidence of NSAP also decreased during the last
study decade.
The seasonality of several infectious and respiratory
diseases is well known[15,16]. Cardiac and psychological diseases also have a seasonal behavior[17]. Furthermore, the
association between AA and viral diseases has been investigated[18]. Saps et al[19] described the effect of seasonality on NSAP in children. The predisposing factors of appendicitis are thought to be multifactorial. The influence
of seasonal variables on the incidence of AA has been
discussed in many studies[11,12,20-22]. The highest incidence

Ⅳ

Ⅴ
Ⅲ
Ⅱ
Ⅰ

Figure 3 University hospital districts of Finland. Areas: Ⅰ: UHD of Helsinki;
Ⅱ: UHD of Turku; Ⅲ: UHD of Tampere; Ⅳ: UHD of Oulu; Ⅴ: UHD of Kuopio.
UHD: University hospital districts of Finland.
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Figure 4 Incidences of acute appendicitis and non-specific abdominal pain during the warm compared to the cold periods of the year in Finland. AA: Acute
appendicitis; NSAP: Non-specific abdominal pain.

of AA was found in summer and the lowest levels in
winter. Moreover, the same trends in AA incidence have
been shown in Nigeria[23], where the annual temperature
is higher than in Finland or the United States. Unfortunately, those papers did not publish exact temperature
data[11,12,20-23]. The reasons for increased incidence of AA
during the warm period are not clear, although various
speculations have been proposed. Examples include the
effect of dehydration, lower bowel movements, infections or allergens on the reactivity of the lymphoid tissue in the appendix, and the effects of diet, humidity or
changes in atmospheric pressure. Furthermore, changes
in the temperature or other factors mentioned have been
shown in the geographical variation of AA in the United
States[20,22].
Our current study looked at a 21-year time period to
investigate the fluctuation of temperature and humidity in warm and cold months, and their effects on the
incidence of AA and NSAP (Figures 1, 2 and 4). Temperature had a statistically significant impaction on the
incidence of AA. Although, several studies have had the
same results[11,12,24,25], some additional considerations may
be important. In the summertime the effect of a higher
temperature on the human body is more straightforward
than in winter. In Finland, winter temperatures are below
zero degrees, however, people usually dress warmly. Furthermore, they spend more time inside. Therefore, the
true effect of a low temperature on the human body core
temperature is minor. Moreover, in a study from Nigeria,
the incidence of the AA was reported to be higher during the cooler and rainy season than during the warmer
season. However, the temperature in Nigeria has high
levels all year round. It is possible that humidity plays
a larger role in the incidence of AA in Nigeria, yet the
magnitude of humidity during the rainy season in Nigeria
is far greater than that in Finland[23]. Additional infections
cause might further contribute to the differences between
the two countries.
Another consideration is that patients with milder

WJG|www.wjgnet.com

forms of appendicitis might not seek medical attention during the winter period[26]. On the contray, in the
summer period young doctors may tend to operate on
patients with lower abdominal pain with less strong indications.
Humidity had a statistically significant impact on the
incidence of NSAP. The mechanism, however, continues
to be unclear. There are no studies to date about seasonal
variations of NSAP. It is possible that different extrinsic
factors such as allergens, viral and bacterial infections
might play a role during humidity changes and the etiology of NSAP. Clearly this issue needs further study.
The major strength of our study was the use of a
population-based register. Moreover, the Finnish Meteorological Institute provided high-quality observational
data. As a population-based retrospective study, however,
there are also weaknesses. We used a discharge diagnoses in our analyses without histological confirmation. A
6% overestimation of appendicitis by surgeons has been
reported[27]. In contrast, according to Kraemer et al[28],
there was no evidence to support the assumption that the
macroscopic diagnosis of appendicitis is unreliable. Furthermore, the small difference between the mean temperatures in the warm and cold period and the low mean
annual temperature could be considered as a possible bias
when generalizing our conclusions. However, in the reports from warmer countries (United States[22], Canada[11],
Iran[12], and South Africa[16]), a similar incidence peak of
AA during the warmer period was observed. Although
those studies did not report exact temperatures and respective differences between the warm and cold periods,
it seems reasonable to assume that higher temperatures
are associated with a higher risk of developing AA.
Whether temperature plays a minor or major role in the
development of AA when compared to other risk factors, or whether it is an independent risk factor at all,
remains to be solved in further studies.
In sum, our findings showed that AA occurs more
commonly in the warmer months of the year, indicating
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that the temperature may have an effect in the pathogenesis of appendicitis. No connection was seen between the
temperature and NSAP.
In summary, the incidence of appendicitis but not
NSAP was significantly higher during the warm time of
the year. This difference remained unchanged during the
whole 21-year study period. The humidity had effect on
the incidence of NSAP but not on AA.
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Acute right lower abdominal pain in women of reproductive
age: Clinical clues
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appendicitis and 37 (12.8%) had gynecological organ
pathologies. Of the latter, 21 (7.2%) had ovarian cyst
rupture, 12 (4.2%) had corpus hemorrhagicum cyst
rupture and 4 (1.4%) had adnexal torsion. Defense,
Rovsing’s sign, increased body temperature and increased leukocyte count were found to be statistically
significant in the differential diagnosis of acute appendicitis and gynecological organ pathologies.
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CONCLUSION: Gynecological pathologies in women
of reproductive age are misleading in the diagnosis of
acute appendicitis.
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Core tip: Gynecological organ pathologies require to
be taken into consideration when dealing with acute
right lower abdominal pain in patients of reproductive
age. We evaluated clinical and laboratory clues in the
differential diagnosis of gynecological pathologies and
acute appendicitis in patients of reproductive age. Defense, Rovsing’s sign, increased body temperature and
increased leukocyte count were statistically significant
in the differential diagnosis of acute appendicitis and
gynecological organ pathologies. In women of reproductive age with acute abdominal pain, we should also
consider the probability of gynecological pathologies,
therefore, gynecological anamnesis and examination
should be undertaken.

Abstract
AIM: To study possible gynecological organ pathologies in the differential diagnosis of acute right lower
abdominal pain in patients of reproductive age.
METHODS: Following Clinical Trials Ethical Committee
approval, the retrospective data consisting of physical
examination and laboratory findings in 290 patients
with sudden onset right lower abdominal pain who
used the emergency surgery service between April
2009 and September 2013, and underwent surgery
and general anesthesia with a diagnosis of acute appendicitis were collated.

Hatipoglu S, Hatipoglu F, Abdullayev R. Acute right lower
abdominal pain in women of reproductive age: Clinical clues.
World J Gastroenterol 2014; 20(14): 4043-4049 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i14/4043.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i14.4043

RESULTS: Total data on 290 patients were obtained.
Two hundred and twenty-four (77.2%) patients had
acute appendicitis, whereas 29 (10%) had perforated
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ness, defense, rebound, Dunphy’s sign, obturator sign,
psoas sign, and Rovsing’s sign for physical examination;
and body temperature, leukocyte count, urine microscopy
and abdominal X-ray for laboratory findings. Emergency
abdominal ultrasonography (USG) and computerized
tomography (CT) were not routinely performed in these
patients due to an insufficiency of radiological consultation out-of-shift.
The first examination and surgery in these patients
were performed by the same general surgeon. All patients
underwent routine preoperative gynecological consultation. Preoperatively, the patients received a prophylactic
dose of 2nd generation cephalosporin (1 g iv) and underwent an open approach appendectomy via a McBurney
incision under general anesthesia. A laparoscopic approach was not performed due to technical inadequacy.
Diagnosis of appendicitis and gynecological pathology
was made by perioperative macroscopic evaluation. Abdominal exploration was carried out in all patients with
normal appendix to exclude possible Meckel’s diverticulum. Perioperative gynecological consultation was
obtained for patients with gynecological pathology. Patients with previous abdominal or gynecological surgery,
patients without normal menstrual cycle and pregnant
patients were excluded from the study. Patients with gynecological pathologies were discharged and it was suggested that they attend a gynecology polyclinic.

INTRODUCTION
Abdominal pain constitutes 4%-8% of adult admissions
to the emergency service[1,2]. For the patient admitted
with right lower quadrant abdominal pain, acute appendicitis is the most frequently considered diagnosis. Appendicitis is a common cause of acute abdominal pain in
women of reproductive age (WORA) and appendectomy
is the most common of all emergency operations carried
out in these patients[3]. Moreover, suspected appendicitis
is one of the most common surgical consultations in the
outpatient or emergency room setting.
Appendicitis is an emergency situation with the highest rate of misdiagnosis, even though clear diagnosis and
treatment strategies have been established for more than
100 years[4]. The inconsistency between disease severity and physical findings is greater in older patients and
WORA relative to other groups. This inconsistency further increases in WORA due to gynecological pathologies mimicking acute appendicitis[5-10]. The diagnosis and
management of WORA with acute appendicitis remain
a difficult challenge for general surgeons and gynecologists. General surgeons may challenge gynecological
pathologies and may have to intervene in these circumstances in women undergoing laparotomy with the diagnosis of acute appendicitis.
A thorough understanding of the anatomy and physiology of the abdomen is essential to properly generate a
differential diagnosis and to formulate a treatment plan.
Acute appendicitis can lead to unwanted complications
if the diagnosis is confused or delayed. Although recent
advances in surgical and diagnostic technology can be
extremely helpful in certain situations, they cannot replace a surgeon’s clinical judgment based on good anamnesis and physical examination.
Today, with medicine becoming more dependent on
laboratory and radiological findings the merit of physical
examination has decreased. It is important to understand
that painstaking anamnesis and physical examination is
important and may be diagnostic for many diseases, especially appendicitis. In our study, we wanted to present
and emphasize how definitive anamnesis, physical examination and laboratory findings carry clues for the differential diagnosis of acute appendicitis and gynecological
obstetric pathologies in WORA.

Statistical analysis
All values were expressed as the mean ± standard deviation. Qualitative data were analyzed using the χ 2 test. P
values less than 0.05 were considered statistically significant. Data were analyzed using the SPSS (Statistical
Package for Social Sciences) 9.05 for Windows® statistical package.

RESULTS
The mean age of the patients was 21.4 ± 3.6 years (12-44
years). Total data for 290 patients were obtained. Two
hundred and twenty-four (77.2%) had acute appendicitis,
whereas 29 (10%) had perforated appendicitis and 37
(12.8%) had gynecological organ pathologies. Of the
latter, 21 (7.2%) had ovarian cyst rupture, 12 (4.2%) had
corpus hemorrhagicum cyst rupture and 4 (1.4%) had
adnexal torsion (Table 1).
All patients had abdominal pain with right lower abdominal region tenderness and rebound as the first signs on
physical examination (Figure 1). Defense, Rovsing’s sign,
increased body temperature (hyperpyrexia) and increased
leukocyte count (leukocytosis) were found to be statistically significant in the differential diagnosis of acute appendicitis and gynecological organ pathologies (Figure 1).
All patients underwent appendectomy. Patients with
normal appendix at exploration who were found to have
ovarian cyst rupture underwent cauterization, ovary primary suturation and cyst excision in 16 (76.2%), 4 (19%)
and 1 (4.8%) patients, respectively. Six (50%), 2 (16.7%)

MATERIALS AND METHODS
Following Clinical Trials Ethical Committee approval, the
retrospective data consisting of physical examination and
laboratory findings of 290 female patients with sudden
onset right lower abdominal pain who used the emergency surgery service of Adiyaman University Training and
Research Hospital between April 2009 and September
2013, and underwent surgery under general anesthesia
with a diagnosis of acute appendicitis were collated. The
data consisted of the first findings obtained at admission
and included the presence of abdominal pain, nausea,
vomiting, and anorexia for anamnesis; abdominal tender-
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be present at the same time. Physical findings suggesting
appendicitis are McBurney tenderness, rebound, Rovsing’s sign, Dunphy’s sign, psoas sign, obturator sign and
fullness and tenderness in the pelvis during digital rectal
examination[17-19].
We used Dunphy’s sign (increased right lower quadrant pain with coughing), obturator sign (increased pain
with flexion and internal rotation of the hip), psoas sign
(increased pain with passive extension of the right hip
which can be elicited with the patient lying on the left
side), and Rovsing’s sign (increased right lower quadrant
pain during palpation in the left lower quadrant) as the
most common physical examination findings of appendicitis in our study[21].
The main symptoms of acute appendicitis are frequently periumbilical pain preceded by anorexia and
nausea. Vomiting is generally seen later. The pain generally switches to the right lower abdominal quadrant 8 h
after the initial pain[22]. The Surgical Infection Society
and Infectious Diseases Society of America published
guidelines that recommend the establishment of local
pathways for the diagnosis and management of acute
appendicitis[21,23]. According to these guidelines, the combination of clinical and laboratory findings of characteristic acute abdominal pain, localized tenderness, and
laboratory evidence of inflammation will identify most
patients with suspected appendicitis[21]. Our findings are
shown in Figure 1.
Although the clinical presentation of periumbilical
pain migrating to the right lower abdominal quadrant is
classically associated with acute appendicitis, the presentation is rarely typical and the diagnosis cannot always be
based on medical history and physical examination alone.
Classical clinical findings of appendicitis are observed
in only 60% of patients with acute appendicitis, whereas
20%-33% display atypical clinical and laboratory findings[22]. Regardless of the technological advances in the
preoperative diagnosis of acute appendicitis, the correct
diagnosis can only be made in 76%-92% of cases[24,25]. On
the other hand, 6%-25% of operations for acute appendicitis reveal normal appendix and this number can reach
30%-40% in WORA[26-30]. Normal appendix was observed
in 12.8% of patients in the present study. Diagnostic errors are common, with over-diagnosis leading to negative
appendectomies and delays in diagnosis leading to perforations. Diagnostic strategies for evaluating patients with
acute abdominal pain and for identifying patients with
suspected appendicitis should start with a painstaking anamnesis and physical examination. All of our patients had
abdominal pain with right lower abdominal region tenderness and rebound as the first signs on physical examination (Figure 1). Defense, Rovsing’s sign, increased body
temperature and increased leukocyte count were found
to be statistically significant in the differential diagnosis
of appendicitis and gynecological organ pathologies
(Figure 1).
The accurate diagnosis of acute abdominal pain related to adnexal pathologies is very important for mor-

Table 1 Demographic data of the patients
Parentheses

Patients (n = 290),
n (%)

Age (yr)

224 (77.2)
29 (10)
21 (7.2)
12 (4.2)
4 (1.4)

21 (12-44)
22 (14-42)
24 (15-38)
21 (13-35)
24 (19-30)

Acute appendicitis
Perforated appendicitis
Ovarian cyst rupture
Corpus hemorrhagicum cyst rupture
Adnexal torsion

Data in parentheses for patients represent percentage of total number,
whereas that for age indicates range.

Table 2 Treatment of patients with gynecological organ pathologies n (%)
Adnexal
Ovarian cyst
Corpus
rupture
hemorrhagicum torsion
cyst rupture

Treatment

Cauterization
Primary suturation
Cyst excision
Detortion + oophoropexy
Oophorectomy + salpingectomy

16 (76.2)
4 (19.0)
1 (4.8)
0
0

6 (50.0)
2 (16.7)
4 (43.3)
0
0

0
0
0
3 (75)
1 (25)

and 4 (43.3%) patients with corpus hemorrhagicum cyst
rupture underwent cauterization, ovary primary suturation and cyst excision, respectively. Three patients with
adnexal torsion underwent detorsion and oophoropexy,
whereas 1 patient underwent oophorectomy and salpingectomy (Table 2). No postoperative mortality was
observed in these patients. Morbidity was observed in 11
patients (3.8%), 2 (18.2%) patients developed atelectasis
and 9 (81.8%) patients developed wound infection.

DISCUSSION
Acute appendicitis is an important cause of acute abdominal pain. The incidence of appendicitis in all age
groups is 7%[11,12]. The incidence of appendicitis in men
and women is 8.6% and 6.7%, respectively[13]. Appendicitis is most commonly seen in subjects aged 10-30
years[14]. The mean age of the patients in our study was
21.3 ± 3.7 years. The frequency of appendicitis in males
and females is equal in childhood, whereas the incidence
in males increases with age with a male/female ratio of
3:2 in adulthood[15,16].
The diagnosis of acute appendicitis is made by anamnesis and clinical findings. Although it can vary with
age and sex; correct diagnosis can be made in 70%-80%
of patients via anamnesis, physical examination and
laboratory findings[17-19]. Diagnostic accuracy decreases
in WORA, in children and the elderly [20]. Laboratory
findings and radiological examination can support the
diagnosis of appendicitis, but can never rule it out. The
symptoms of acute appendicitis generally follow a certain sequence and include periumbilical pain (visceral,
unlocalized), anorexia, nausea and/or vomiting, right
lower quadrant abdominal pain and tenderness, hyperpyrexia, and leukocytosis. These symptoms may not to
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Figure 1 Clinical and laboratory data of the patients. Hyperpyrexia indicates body temperature ≥ 37.8 ℃. Leukocytosis indicates leukocyte count > 9.000 mm3.
Defense, Rovsing’s sign, hyperpyrexia and leukocytosis were different in groups with acute and perforated appendicitis; and the differences were statistically significant.

bidity and mortality. It is also crucial to choose the right
treatment modality which can affect the hospitalization
period and patient satisfaction. Moreover, the cost of
the optimum treatment modality is important and should
not be neglected. The fertility of patients can be affected
when no intervention is performed for gynecological
pathologies in negative appendectomy cases[31]. We observed ovarian cyst rupture, corpus hemorrhagicum cyst
rupture and adnexal torsion in our study.
Pelvic pain during the ovulatory cycle may be observed due to a small amount of blood which drains
from the ruptured ovarian follicle to the peritoneal cavity
during ovulation. This pain is mild-to-moderate and limited, and hemoperitoneum is seldom observed with normal hemostatic parameters. Thus, there is generally no
need for surgical intervention in these circumstances[32].
It is crucial to make an early correct diagnosis and to
execute careful observation in patients thought to have
ovarian cyst rupture if exploratory surgical intervention
may result in future infertility. Adnexal masses in adolescents contain functional and physiologic cystic formations at one end of the spectrum, and serious malignant
tumors at the other end. The principal clinical approach
in these adnexal pathologies is to preserve organs and
fertility.
Ovarian cyst rupture occurs due to benign or malignant cystic lesions of the ovaries. Cyst excision is a convenient treatment choice in young patients. It is important not to remove the whole ovary. Oophorectomy can
be performed in older patients. It should be taken into
consideration, that young patients with ovarian germ cell
tumors may be associated with acute abdomen[5]. Hemodynamic parameters in patients with ovarian cyst rupture may be impaired due to blood loss[31,33]. Suturation,
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cauterization of the bleeding site or cyst excision can be
performed for ovarian cyst rupture[33]. Ovarian cyst rupture was observed in 7.2% of patients in our study (Table
2). Hemodynamic parameters in these patients were
stable and there was no need for blood transfusion.
Corpus hemorrhagicum cysts are one of the most
common ovarian cysts. They are formed as a result of
hemorrhage into the follicle cyst or corpus luteum cyst
in the ovaries during the ovulation period[34-38]. The clinical signs and symptoms are variable and include patients
who are asymptomatic or patients with symptoms of
acute abdomen[34]. These cysts are commonly seen in a
single ovary, and are rarely observed bilaterally. They are
more frequently seen in patients undergoing ovulation
therapy for pregnancy. They are also seen in patients
with bleeding disorders and coagulation problems or
those on anticoagulant treatment. They may require
surgery due to intraabdominal hemorrhage as a result
of rupture or torsion[36-38]. In general, bleeding can be
stopped by excision of the cyst, however, sometimes
the ovary needs to be removed. We observed corpus
hemorrhagicum cyst rupture in 4.2% of the patients in
our study (Table 1). All of these patients had stable hemodynamics and did not require blood transfusion. The
patients were in their 20s and in their active reproductive
period, which is in accordance with the literature[39].
Adnexal torsion is a well-known, but difficult to diagnose cause of acute abdomen due to variable clinical
causes and symptoms, and involves the tuba folding up
on itself. Clinical findings are similar to those of acute
appendicitis[40-42]. Ovarian torsion is observed in 2%-3%
of patients undergoing surgery with a diagnosis of acute
appendicitis[40,41,43,44]. Ovarian torsion was observed in
1.4% of patients in the present study (Table 1). It is
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observed 3-fold more frequently on the right compared
with the left side[40,41]. It is relatively easy to differentiate
ovarian torsion from other causes of acute abdomen via
ultrasonography during the early period[45,46]. Adnexal
torsions without symptoms are dangerous and caution
should be taken in these cases. Removal of the adnex
and eventual infertility risk is likely.
Excision of necrotic tissue is suggested before detorsion, due to the risk of pulmonary thromboembolism
(0.2%), if vividness of the ovary is lost and a gangrene
demarcation line has already formed[47,48]. In our study,
we observed one patient in whom the ovary had lost its
normal structure and had a necrotic appearance, and oophorectomy was performed before detorsion. Another
three patients with ovarian torsion underwent detorsion
and ovarian fixation (Table 2). Cohen et al[49] reported
that torsioned, ischemic and hemorrhagic adnexa can be
detorsioned laparoscopically with minimal morbidity and
complete recovery of ovarian function.
The diagnosis of ectopic pregnancy is generally quick
and easy following the measurement of β-hCG. We did
not encounter ectopic pregnancy rupture in our study,
which constitutes a significant proportion of gynecological emergencies. The reason for this may have been
due to painstaking anamnesis of the patients regarding
their marriage, chance of pregnancy, β-hCG values and
clinical differences between ectopic pregnancy and acute
appendicitis.
Abdominal ultrasonography (US) and CT are important in establishing the diagnosis of acute appendicitis
preoperatively [50-52]. CT must be used to support the
diagnosis and exclude other possible causes following
clinical and laboratory diagnosis. Nevertheless, the ratio
of negative appendectomies is higher than expected.
Abdominal US, which is easy applied, inexpensive and
noninvasive is the preferred method[50]. Abdominal CT
is more valuable than US in this respect; the accuracy of
US in the diagnosis of appendicitis is 71%-97% due to
dependence on the operator and patient factors such as
obesity, whereas that of CT is 93%-98%[20]. Emergency
abdominal US and CT were not routinely performed in
our patients due to an insufficiency of radiological consultation out-of-shift.
Leukocytosis is observed in 80%-90% of appendicitis cases, however, leukocyte number is below 18.000
mm3 unless perforation is present[53]. Yang et al[54] showed
a sensitivity of 85% and specificity of 31.9% for leukocyte count in appendicitis. In the present study, leukocyte
counts were high in patients with acute and perforated
appendicitis at 95% and 93%, respectively (Figure 1).
Currently, increased knowledge and experience, together with the development of imaging methods and
laboratory techniques to evaluate patients with a gynecological emergency have facilitated the necessary general
measures to minimize morbidity and mortality. When
tailoring management strategies, the development and
psychology of the reproductive women should be considered as well as preserving fertility which is the ultimate
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aim of treatment. Taking subsequent therapy into consideration, a multidisciplinary (general surgeon, gynecologist and radiologist) approach should be the basis of the
management of adnexal pathologies.
In conclusion, acute appendicitis is one of the most
frequent causes of acute abdomen and is also the most
frequent abdominal surgical procedure. Ensuring a detailed anamnesis and medical examination is very important in the diagnosis of acute appendicitis. Laboratory
findings and imaging techniques may be useful in the
diagnosis. However, the diagnosis of acute appendicitis
is made mainly by clinical history and clinical findings.
Laboratory findings and imaging techniques support
the diagnosis, but can never exclude acute appendicitis.
Before establishing the diagnosis of acute appendicitis
it should be remembered that gynecological pathologies may be present in WORA. Clinical findings are not
always enough for definitive diagnosis and negative laparotomy is sometimes inevitable in WORA. Moreover, in
view of the legal repercussions for general surgeons as
a result of erroneous diagnosis and treatment, we think
that adequate evaluation of the studies carried out by the
emergency surgery service is important and that radiological investigations (abdominal US and CT) need to be
used appropriately and sufficiently.
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Clinical study using novel endoscopic system for measuring
size of gastrointestinal lesion
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culated using the amount of laser light reflected from
the lesion through an optical probe inserted into the
instrument channel of the endoscope. The endoscopist
can thus measure the lesion size without contact by
comparing the lesion with the size of the grid scale on
the endoscopic image. (1) A basic test was performed
to verify the relationship between the measurement error e M and the tilt angle of the endoscope; and (2) The
sizes of three colon polyps were measured using our
system during endoscopy. These sizes were immediately measured by scale after their removal.
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RESULTS: There was no error at α = 0°. In addition,
the values of e M (mean ± SD) were 0.24 ± 0.11 mm
(α = 10°), 0.90 ± 0.58 mm (α = 20°) and 2.31 ± 1.41
mm (α = 30°). According to these results, our system
has been confirmed to measure accurately when the
tilt angle is less than 20°. The measurement error was
approximately 1 mm in the clinical study. Therefore, it
was concluded that our proposed measurement system
was also effective in clinical examinations.
CONCLUSION: By combining simple optical equipment
with a conventional endoscope, a quick and accurate
system for measuring lesion size was established.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To verify the performance of a lesion size measurement system through a clinical study.

Key words: Lesion size; Non-contact measurement; Endoscope; Grid scale; Low level laser

METHODS: Our proposed system, which consists of
a conventional endoscope, an optical device, an optical probe, and a personal computer, generates a grid
scale to measure the lesion size from an endoscopic
image. The width of the grid scale is constantly adjusted according to the distance between the tip of the
endoscope and lesion because the lesion size on an endoscopic image changes according to the distance. The
shape of the grid scale was corrected to match the distortion of the endoscopic image. The distance was cal-
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Core tip: Our suggested system, which combines a
conventional endoscope, several optical devices and a
personal computer, can measure a lesion size by superimposing a grid scale on an image of the lesion and adjusting the width adequately according to the distance
between the tip of the endoscope and the target lesion.
Endoscopists can measure lesions by comparing the
size of the grid scale with the size of the lesion on the
monitor. After a basic performance test, the first clinical
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endoscopic image, and to report the first clinical study
observing and measuring the polyp sizes in the colons of
several patients as a comprehensive evaluation.

study for 3 colon polyps was performed. In the clinical
study, we confirmed that our measurement system obtained a measurement accuracy of ± 1 mm when the
tilt angle of the endoscope was less than 20°.

MATERIALS AND METHODS
Oka K, Seki T, Akatsu T, Wakabayashi T, Inui K, Yoshino J.
Clinical study using novel endoscopic system for measuring
size of gastrointestinal lesion. World J Gastroenterol 2014;
20(14): 4050-4058 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/4050.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.4050

Our proposed system measures the size of target lesions
by displaying a grid scale (grid) on the endoscopic image.
The width of the grid is automatically adjusted in real
time, depending on the distance between the tip of the
endoscope and the target lesion (herein referred to as the
distance between objects: DBO). The shape of the grid is
distorted to match the aberration of the endoscopic image. The DBO is measured without contact between the
endoscope and the lesion using a laser.
This system consists of a conventional endoscope
with an instrument channel, an image processor, an optical device, an optical probe, a personal computer (PC), a
video mixer and a monitor (Figure 1). A laser Dopplertype blood flow meter (FLO-N1, OMEGAWAVE.INC,
Tokyo, Japan) was chosen as the optical device for our
system. The optical probe (diameter: φ1.8 mm) consists
of two optical fibers connected to the optical device and
inserted into the endoscope tip through the instrument
channel. The low level laser (wavelength: 780 nm, output:
3 mW) emitted from the optical device is illuminated on
a target lesion through an optical fiber inside the probe
(shown as a continuous line arrow in Figure 1). The light
reflected from the lesion is received by the optical device
through the other optical fiber in the probe (shown as
a dashed line arrow in Figure 1). The received light is
converted into an electric signal inside the optical device,
which is output to a PC as an analog voltage (herein referred to as REFLEX). Because the amount of received
light changes according to the DBO and the optical device outputs a REFLEX equivalent to the amount of received light, there is a relationship between the REFLEX
and DBO. Utilizing the characteristic that the REFLEX
changes in relation to the DBO, the PC calculates the
DBO on the basis of the REFLEX and then generates
an adequate grid width. The shape of the grid is simultaneously distorted, corresponding to the aberration of the
endoscope lens. The adjusted grid is superimposed on
an original image by a video mixer and displayed on the
monitor.
To assess the efficacy of our system, we examined (1)
the measurement accuracy of the DBO and the displayed
grid; (2) the distortion correction; (3) the size adjustment;
and (4) the measurement accuracy as basic verification
tests. Thereafter, a clinical test was performed in which
(5) the polyp sizes in the colons of several patients were
measured instead of lesion sizes.

INTRODUCTION
In recent years, the rapid progression of endoscopic
technology has enabled minimally invasive and precise
screening/treatments using endoscopes in various regions
of the body. Concurrently, many techniques for measuring the size of a lesion during endoscopy have been proposed. An endoscopic measurement method is strongly
expected to not only improve endoscopic technology but
to also assess the healing progress of lesions, to monitor organs in order to devise treatment strategies, and to
analyze pathophysiology[1-6]. However, there has been no
reliable measurement method used thus far. Thus, even
though a lesion is discovered using an endoscope, endoscopists use only their own eyes to estimate its size[7,8].
The research and development of measurement systems
has tended to focus on improving the accuracy, which increases the complexity and cost of the system. Therefore,
a measurement system has yet to appear on the market.
To solve these problems, we developed a novel system for measuring lesion size. We aimed to establish and
disseminate a technique based on the following five concepts: (1) simple and easy measurement; (2) inexpensive
installation; (3) retention of conventional endoscopic
operations; (4) accuracy on a practical level; and (5) disseminative system.
As mentioned above, we added a simplified function
for measurement to the endoscope, making our system’
s configuration as simple as possible. We also attempted
to reduce the cost of the entire system by using an inexpensive optical device that can be directly combined with
a conventional endoscope. Due to the simplicity of the
measuring method and low cost of apparatus installation,
our measuring system will be useful, improve current
technologies, and should spread widely. The measurement of polyps/lesions is an important process because
size changes constitute useful information for determining an endoscopic treatment indication. Using this simple
and easy method of measurement, the information mentioned above can be readily acquired.
The aim of this paper is to introduce our newly developed lesion size measurement system, which can be
combined with a conventional endoscope, to present
fundamental verification regarding the distortion of an
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Measurement accuracy of DBO
The endoscope was fixed at right angles with a sheet of
white paper as a target object. The DBO was adjusted
every 5 mm between 10 and 40 mm. The mean REFLEX
was obtained at each distance for 10 s (50 ms sampling
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Figure 1 Diagram of the lesion size measuring system. DBO: Distance between objects.

Size adjustment of the grid
Because the size of the lesion on the endoscopic image
changes in relation to the DBO, it is necessary to adjust
the width of the grid in real time during an endoscopic
examination. Therefore, relationships between the unit
pixel number corresponding to the width of the grid and
the DBO were derived by displaying 1 mm square patterns vertically on the digestive endoscope, adjusting the
DBO every 5 mm between 10 and 40 mm, and measuring each of the actual grid sizes on the endoscopic image.

Pattern (black line, size: 1 mm × 1 mm)
Upper

Left

Center

Right

Target area(size: 10 × 10 mm)
Down

Accuracy of grid measurement
The accuracy of the grid measurement was validated by
displaying 1 mm patterns on an endoscope, superimposing the displayed pattern on a grid that was adjusted according to the DBO, and measuring the differences. The
DBO was adjusted every 5 mm between 10 and 40 mm,
and the tilt angle of the endoscope was adjusted every
10° between 0° and 30°. The endoscopic image in Figure
2 shows a corrected 5 mm square grid of white lines superimposed on 1 mm square patterns (DBO: 10 mm, tilt
angle: 30°). The measurement error of the grid, ε M, was
obtained by comparing the target area (size: 10 mm × 10
mm, dashed yellow line) and four points (upper, lower,
right, left), each of which was 5 mm away from the center of the grid. Under these conditions, the measurement
errors between the grid and the pattern are shown as
white arrows.

Grid (white line, size: 5 mm × 5 mm)

Figure 2 Endoscopic image with a 5 mm wide grid (distance between objects: 10 mm, tilt angle: 30°). The pattern of a 1 mm square (black solid lines)
was observed endoscopically (DBO: 10-40 mm, tilt angle: 0°-30°), and the 5 mm
wide grid (white solid lines) was superimposed on the original image. The measurement errors (white arrows) were obtained by comparing the actual area (white
dashed square line, size: 10 mm square) and four spots 5 mm away from the
center of the grid (Upper, Lower, Right, Left). DBO: Distance between objects.

period) in air. Then, we assumed that the relationship
between the DBO value LDBO and the REFLEX value VR
could be represented by Eq. (1) The values of α, calculated using power approximations, were constants that
can be obtained from the data of the aforementioned
experiment. LDBO = αVRβ . Furthermore, the estimated
DBO error ε D was obtained from Eq. (2), where LT is
the actual DBO. ε D = |LT - LDBO|/LT × 100.

Clinical study
This study, which included a gastrointestinal clinical
study, was approved by the Investigational Review Board
of Fujita Health University (Aichi, Japan), and all patients
gave written informed consent prior to participation.
Before the clinical study, the 3 patients with colon polyps received magnesium citrate and sennoside for bowel
preparation. The colon conditions of the patients did
not affect the lesion size measurement because the bowel
preparation resulted in a good, cleansed condition of the

Distortion correction of grid shape
When an unbent grid was superimposed on the endoscopic image that was distorted by the objective lens, a
measurement error occurred. Therefore, the grid shape
was adjusted to match the distortion of the endoscopic
image. This adjustment was accomplished by displaying 1
mm square patterns vertically on the digestive endoscope
and adjusting the grid shape by superimposing the distorted patterns on the endoscopic image.
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sure the sizes of colon polyps. The endoscopists measured the polyp size, which they could observe from the
front using our system. After the clinical study, 3 colon
polyps were removed by hot snare and immediately measured on a scale.

10
9
8

RESULTS

7
REFLEX (V)

20

Figure 5 Comparison of the estimated distance between objects with the
actual distance between objects. When the tilt angle was 0°, the estimated
DBO error (mean ± SD) was 4.0% ± 2.3%. DBO: Distance between objects.

Figure 3 Image showing distance adjustment. The scale is used to measure
the distance from the endoscope tip to the inside of the lower lip directly. The
probe irradiates the laser on the surface of the inside of the lower lip for DBO
measurement. DBO: Distance between objects.

Measurement accuracy of the DBO
Figure 4 shows the mean REFLEX with the error range
(n = 3); the figure shows that the REFLEX decreased
exponentially with increasing DBO. Figure 5 shows the
ideal line as a solid line using the estimated DBO (circle
plots) derived from Eq. (1) (α = 47.3555, β = 0.7259)
and the estimated DBO error ε D (square plots) derived
from Eq. (2). The value of ε D (mean ± SD) was 4.0% ±
2.3%. Furthermore, the fact that the actual endoscopic
examinations and treatments were performed using a
sidelong view was taken into consideration. The results
of our error verification of the measurements when the
endoscope was tilted toward an object were as follows:
5.6% ± 1.6% at 5°, 16.6% ± 1.5% at 10°, and 48.4% ±
1.7% at 15°.

6
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Estimated DBO error (%)

Scale

30

Estimated DBO

10

15

20

25
DBO (mm)

30

35

40

Figure 4 Difference in the amount of reflected light according to the
distance between the endoscope tip and paper. The amount of reflected
light decreased exponentially in proportion to the distance between the tip and
paper. DBO: Distance between objects.

colon. The conventional endoscope (OLYMPUS) was
used, and the endoscope and the optical probe were sterilized after each use by the same method as that used for
a general endoscope.
The calibration of the measuring system was performed just before the clinical study as follows. The
optical probe, which can emit a laser for DBO measurements, was inserted into the instrument channel of the
endoscope. Then, the DBO was adjusted every 5 mm between 5 and 20 mm using a scale, and the REFLEX was
obtained at each distance to derive Eq. (1). The shape of
the grid was distorted to match the aberration of the endoscopic image. The inside of the lower lip was used as a
calibration target (Figure 3).
In the clinical study, endoscopy was conducted on 3
patients to validate whether this system was able to mea-
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Distortion correction of grid shape
Figure 6 shows a grid shape (white lines) that was distorted to match the pattern (black lines) of the 1 mm
square, as photographed by an endoscope. Images from
before and after the distortion correction are shown in
Figure 6A and B, respectively. The further away the grid
was from the center, the more gaps occurred before the
distortion correction. After performing the distortion
correction, even the grids far from the center matched
the distortion of the endoscopic image.
Size adjustment of the grid
Figure 7 shows the relationship between the DBO and
the pixel number, which defines the size of the grid. The
pixel number decreased exponentially with increasing
DBO. Accordingly, when the endoscope tip approached
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A

Pattern (black line, size: 1 mm × 1 mm)

B

Grid (white line, size: 5 mm × 5 mm)

Narrow gap

Wide gap

are shown in Figure 9. The left line represents the endoscopic image during the measurement using the grids
(thick line every 5 mm and thin line every 1 mm) in situ;
the center line is the original image, and the right line is
the polyp, which is removed after the measurement using a scale in vitro. The measurement errors in the clinical
study, ε C, were derived from the results measured using
the grid Dg and the results measured using the scale Ds
and are listed in Table 1. Regarding the results, ε C were all
within 1 mm. In conclusion, even if an endoscopic image
was distorted and the DBO value changed, the sizes of
the lesions were accurately measured using our system.

200
180

Pixel (mm/pixels)

160
140
120
100
80
60
40
10

Figure 6 Distortion adjustment of grid superimposed on the
original image. A: A gap occurred between the pattern (black
line) and the grid (white line) before distortion processing; B: A
narrow gap occurred because the grid was distorted to match the
pattern.

15

20

25
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30
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DISCUSSION

Figure 7 Relationship between the distance between objects and pixel
number. As shown in this figure, when the endoscope tip approached a target,
the width of the grid increased, and when the tip was retracted, the width of the
grid decreased. DBO: Distance between objects.

Various methods for measuring lesion size have been
proposed as endoscopic techniques have been developed.
These methods can be classified into the following five
categories: (1) comparative measurement; (2) image processing; (3) optical rules; (4) laser diffraction grating techniques; and (5) stereo endoscopy.
Method (1) is a comparison technique in which the
size of the lesion is compared to an object of known size
placed near the lesion as the measuring alternative[9-11]. It
is one of the simplest measuring techniques. However,
because it is necessary to place the object right next to
the target lesion, there is a possibility of perforation by
the object, such as biopsy forceps, of measurement instability if the object used is similar to a rubber disc, and of
an unnecessary prolongation of the examination time[12].
Method (2) is an image processing technique used to
correct the distortion on an endoscopic image caused by
wide-angled lenses for accurate measurement[13-16]. The
calibration for the measurement is easy, but this method
needs further refinement to correct for the tilt angles[17].
Method (3) is based on the enlargement ratio of the
image and uses the focusing mechanism of the endoscope[18]. Its operability on the endoscope is good, but the
variations in focus affect the measurement’s accuracy.
Method (4) is a technique that projects optical patterns toward the target using a diffraction grating or
a scanning mirror, and then, the size is measured by
processing the image on the basis of interferometry or
triangulation[19-23]. Forthright measurement is unneces-

the target lesion, the width of the grid increased, and
when the tip was retracted, the width of the grid decreased. These relationships made it possible to adjust
the grid width according to the DBO computed from the
REFLEX in real time.
Accuracy of grid measurement
The relationships between the tilt angle of the endoscope
and the ε M values were obtained at points left and right
(Figure 8A) and lower and upper (Figure 8B). There was
no error at the tilt angle of 0°; therefore, the results at
this angle were omitted. The value of ε M increased with
increasing tilt angle and DBO. These results also showed
that the ε M value for Upper were the largest.
For Upper, the values of ε M (mean ± SD) were 0.24
± 0.11 mm at 10°, 0.90 ± 0.58 mm at 20° and 2.31 ± 1.41
mm at 30°. If the tilt angle was 20° or less, the ε M accordingly became less than 1 mm, which suggests that our
system has sufficient accuracy. Therefore, in the clinical
study, lesions that could be seen from a frontal view were
chosen for size measurement.
Clinical study
The results of the polyp size measurements in the colon

WJG|www.wjgnet.com

4054

April 14, 2014|Volume 20|Issue 14|

Oka K et al . A lesion size measurement system

A

B

5
10 mm

5
10 mm
15 mm

4
Measurement error (mm)

20 mm
25 mm
30 mm
35 mm
40 mm

4

20 mm

Measurement error (mm)

15 mm

25 mm
3

30 mm
35 mm
40 mm

2

1

0
-30

-20

-10

3

2

1

0
0

10

Left

20

30

-30

Right

-20

-10

0

10

Lower

Angle of endoscope (degree)

20

30

Upper
Angle of endoscope (degree)

Figure 8 Evaluation results of the measurement error. A: Left and right; B: Lower and upper.
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Figure 9 Results of the clinical study. A: The monitor image that endoscopists actually see to measure the polyp size; B: Original image of endoscope; C: The polyps that were removed after measurement with the polyp size measuring system.
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the measurement error was small (ε C < 0.8 mm). The
measurement error increased in proportion to the increasing tilt angle, as shown in Figure 8. Therefore, when
observing small lesions at close range, it is desirable to
observe them from the front as directly as possible. It is
difficult to measure or observe small lesions with a large
tilt angle of the endoscope at close range in actual clinical
settings. Consequently, lesions are most often observed
under conditions that ensure a small measurement error.
Thus, the sizes of lesions are inevitably measured under
conditions that provide good accuracy. When the lesion
is in a narrow place, such as an esophagus, where the tilt
angle for grid measurement cannot be controlled, we plan
on attaining grid measurement by the image processing
of an endoscope image and the modification of the grid
form. Although the size of the removed lesion is not the
same as that of the lesion before removal, we considered
that there is almost no difference between the size of a
polyp that is immediately measured after removal and the
size of a polyp before removal. In addition, our measurement system provides useful information for determining
the lesion area and indications for endoscopic treatment,
such as colon polypectomy, endoscopic mucosal resection, and endoscopic submucosal dissection.
In conclusion, our proposed system requires no
special operation for the measurement of lesion size.
Therefore, endoscopists can easily obtain accurate results
by conventional endoscopic techniques. In addition, the
necessary equipment for these measurements includes
an optical device, a PC, and software, which reduces the
startup costs. A measurement error of less than 1 mm is
within a reasonable and permissible tolerance because the
error is equivalent to or less than the errors obtained in
previous studies[8,9,13,15,21,27].
In this study, the following results were obtained:
(1) Our novel system for measuring lesion sizes can be
combined with conventional endoscopes. Keeping the
configuration of the equipment simple reduces the initial
cost of the system. Although the laser Doppler bloodflow meter was used in this research, this arrangement
can apply to many simple/cheap pieces of equipment
in combination with an optical device; (2) Using a laser
light, the measurement accuracy of the DBO was confirmed to be 4.0% ± 2.3%; (3) To improve measurement
accuracy, the width of the grid had to be adjusted in real
time and associated with the change in the DBO while
the shape of the grid had to be distorted to match the
characteristic aberrations of the endoscopic images; (4)
From the verification test for the grid availability, measurement errors occurred in the range of a DBO between 10 and 40 mm and a tilt angle between 0° and 30°.
The mean measurement errors for the target area (10 mm
× 10 mm) were 0.24 ± 0.11 mm at a tilt angle of 10°, 0.90
± 0.58 mm at 20° and 2.31 ± 1.41 mm at 30°. There was
no error at a tilt angle of 0°. According to these results, it
was confirmed that our system was able to measure accurately when the tilt angle was less than 20°. Therefore, to
measure accurately, it is necessary to observe the lesions

Table 1 Measurement error for the sizes of colon polyps
Case No.

1
2
3

2

Measurement results (mm )
Using a grid in situ
Dg
13.0 × 16.0
14.0
4×4

Using a scale in vitro
Ds
14.0 × 16.0
13.0 × 15.0
3.2 × 4.5

Measurement
error (mm)

εc
1.0
1.0
0.8

sary, and this method has the advantage of diameter and
depth measurements. However, the measurement error
increases in cases when the ulcer diameter is smaller than
5 mm. There is also a concern about the initial cost of
this method.
Method (5) is a technique that applies the parallax
of stereo endoscope lenses and measures the threedimensional shape of the lesion with image processing by
triangulation[24,25]. This method enables the measurement
of the distance and the volume of lesions; however, the
initial costs and measurement times are high.
These complicated tasks slow image processing, and
the high costs of implementing the methods stated above
need to be improved. These problems inhibit the widespread use of these techniques in clinical practice.
However, the characteristics of our novel lesion measurement system are as follows: (1) The measurement error caused by a change in the DBO or by distortion in the
endoscopic image is small; (2) Non-contact measurement
is possible in real time; (3) The diameter of the probe is
only 1.8 mm, and all GI endoscopes except choledochoscopes have several channels greater than 2.0 mm in diameter. Therefore, the probe can be combined with most
conventional GI endoscopes[26]; (4) Special procedures
for measurement are not required; and (5) Our system is
feasible by simply attaching a laser for measurements to a
conventional endoscope. A basic test and a clinical study
were performed to verify the effectiveness of our system.
From the basic test, it was confirmed that an accurate
measurement on an endoscopic image was possible in
cases when the tilt angle of the endoscope tip was less
than 20°. Furthermore, the measurement error decreased
with decreasing tilt angle or increasing DBO.
From the clinical study, colon polyps were measured
with an error of less than 1 mm. As shown in Figure 9A
and B, our system worked accurately because the endoscope could be used to observe the front of a polyp that
protruded from the colon wall. Furthermore, it successfully controlled the increase in measurement error due
to the endoscopic tilt angle by increasing the DBO. As
shown in Figure 9B, the tilt angle of the endoscope might
be wider than in the case of Figure 9A. However, the
polyp size was obtained at the lower part of the grid with
a small error, as shown in Figure 8B. Therefore, a small
error was obtained in Figure 9A.
Small polyps and a polyp spread on tissue surfaces,
as shown in Figure 9C, were also measured. Because the
polyps were observed from the front with the endoscope,
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from the front as much as possible; (5) A clinical study
was performed to measure the sizes of 3 colon polyps
using the grid and to then compare them with the actual
sizes of the polyps after removal. The measurement error
was less than 1 mm. Therefore, it was concluded that our
proposed measurement system was also effective in clinical examinations; (6) This system is applicable in the following conditions: a lesion size of 16 mm (the maximum
size of the results of the clinical study in case 1) or less
and lesions observed from the front (tilt angle < 20°);
and (7) The future aim for this technology is to improve
the reliability of the measurement accuracy of our system
by implementing its use in various clinical examinations.
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Single hepatocellular carcinoma ≤ 3 cm in left lateral
segment: Liver resection or radiofrequency ablation?
Jong Man Kim, Tae Wook Kang, Choon Hyuck David Kwon, Jae-Won Joh, Justin Sangwook Ko,
Jae Berm Park, Hyunchul Rhim, Joon Hyeok Lee, Sung Joo Kim, Seung Woon Paik
METHODS: We retrospectively reviewed the data of
133 patients with single HCC (≤ 3 cm) in their left lateral segments who underwent curative LLS (n = 66) or
RFA (n = 67) between 2006 and 2010.
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RESULTS: The median follow-up period was 33.5
mo in the LLS group and 29 mo in the RFA group (P
= 0.060). Most patients had hepatitis B virus-related
HCC. The hospital stay was longer in the LLS group
than in the RFA group (8 d vs 2 d, P < 0.001). The 1-,
2-, and 3-year disease-free survival and overall survival
rates were 80.0%, 68.2%, and 60.0%, and 95.4%,
92.3%, and 92.3%, respectively, for the LLS group;
and 80.8%, 59.9%, and 39.6%, and 98.2%, 92.0%,
and 74.4%, respectively, for the RFA group. The disease-free survival curve and overall survival curve were
higher in the LLS group than in the RFA group (P =
0.012 and P = 0.013, respectively). Increased PIVKAⅡ levels and small tumor size were associated with
HCC recurrence in multivariate analysis.
CONCLUSION: Liver resection is suitable for single
HCC ≤ 3 cm in the left lateral segments.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Small hepatocellular carcinoma; Left lateral
segment; Radiofrequency ablation; Liver resection; Tumor recurrence; Survival
Core tip: Many papers have reported the relative outcomes between liver resection and radiofrequency
ablation, but here we selected patients with small and
single hepatocellular carcinoma (HCC) in the left lateral
segments. The present study showed that the diseasefree survival curve and the overall survival curve were
higher in the left lateral sectionectomy (LLS) group
than in the radiofrequency ablation (RFA) group for

Abstract
AIM: To evaluate the long-term results of radiofrequency ablation (RFA) compared to left lateral sectionectomy (LLS) in patients with Child-Pugh class A
disease for the treatment of single and small hepatocellular carcinoma (HCC) in the left lateral segments.
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HCC in their left lateral segments (S2 and/or S3) who
underwent curative LLS or percutaneous RFA at Samsung Medical Center between January 2006 and June
2010. All patients had a single tumor of 3 cm or less in
diameter without extrahepatic metastasis detected during pre-treatment imaging such as 3-phase computed
tomography (CT) and/or dynamic magnetic resonance
imaging (MRI). Enrolled patients had Child-Pugh class
A liver cirrhosis or non-cirrhotic livers and no previous
history of surgical resection or locoregional therapy for
HCC. The diagnosis of HCC was based on pathologic
confirmation, elevated serum α-fetoprotein (AFP) (≥
400 ng/mL) with radiologic findings, or at least two
coincidental radiologic findings compatible with HCC
in high-risk patients[8]. Patients younger than 18 years or
with tumor size more than 3 cm, tumor in segments other than the left lateral segments (S2 or S3), other pathological or radiological malignancy in liver, or those lost to
follow-up after hepatectomy or RFA were excluded from
this study. The demographic and preoperative laboratory
data of all patients were retrieved from electronic medical records (EMR) and were retrospectively reviewed.
None of the patients in either group received postoperative adjuvant therapy before recurrence was detected.

those patients. However, the hospital stay was longer
for the LLS group than for the RFA group. We conclude
that liver resection is suitable for single HCC ≤ 3 cm in
the left lateral segments.
Kim JM, Kang TW, Kwon CHD, Joh JW, Ko JS, Park JB, Rhim
H, Lee JH, Kim SJ, Paik SW. Single hepatocellular carcinoma
≤ 3 cm in left lateral segment: Liver resection or radiofrequency
ablation? World J Gastroenterol 2014; 20(14): 4059-4065
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i14/4059.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i14.4059

INTRODUCTION
Screening programs for patients with hepatitis B virus
(HBV) have led to increasingly earlier diagnoses of hepatocellular carcinoma (HCC)[1]. Recent progress in imaging modalities has also facilitated increased diagnosis
of small HCC in endemic areas, such as South Korea.
Following the Milan criteria (single HCC ≤ 5 cm or
up to 3 nodules < 3 cm), the best treatment for HCC is
liver transplantation, but this procedure is limited by the
scarcity of donors[2]. Surgical resection is thus considered
the first-choice treatment for patients with early stage
HCC, and offers a 5-year-survival rate of over 50%[3].
Percutaneous ablation is usually reserved for patients
who are not candidates for surgery owing to impaired
liver function or co-morbidity, or for those who refuse
surgery[4].
The American Association for the Study of Liver
Diseases (AASLD) recommends percutaneous radiofrequency ablation (RFA) for three or fewer 3 cm or
smaller early-stage HCCs, or 2 cm or smaller very-earlystage HCCs with complications such as portal hypertension[5]. Currently, RFA competes with liver resection and
liver transplantation as the primary treatment for small
HCC. RFA has attracted the greatest interest due to its
advantages over liver resection, including less destruction of normal liver tissue, lower cost, no necessity for
blood transfusion, lower complication rate, and shorter
hospital stay[6,7]. However, there is still debate with regard
to whether percutaneous RFA or liver resection is the
most suitable therapy for small HCC or certain tumor
locations. Several randomized controlled trials and many
non-randomized controlled trials have been published in
an attempt to address this question.
The purpose of this study was to retrospectively
evaluate the long-term results of percutaneous RFA compared with left lateral sectionectomy (LLS) in patients
with Child-Pugh class A liver cirrhosis for the treatment
of single and small HCC in the left lateral segment.

Radiofrequency ablation
Patients with small HCC in their left lateral segments
were screened by planning ultrasonography to determine
the feasibility of percutaneous RFA[9]. If the tumor was
located at risk locations for RFA, such as superficially
and adjacent to the hepatic vein, portal vein, and/or
heart, liver resection was preferentially recommended. All
RFA procedures were performed percutaneously under
real-time ultrasound guidance with conscious sedation.
Procedures were performed on an inpatient basis by one
of six radiologists, each of whom had at least 7 years of
experience performing this procedure by the end of the
study period. We used either internally cooled, multi-tined
expandable, or perfusion electrode systems according to
temporal availability or operator preference. When we
used internally cooled electrodes, we started at 50 W and
continuously increased the power during the initial 2 min
to minimize the popping phenomenon. All patients were
treated with 2% lidocaine hydrochloride at the puncture
site and intravenous drip infusion of 50 mg pethidine
hydrochloride mixed with 50 mL of 5% dextrose water.
Patient cardiovascular and respiratory systems were continuously monitored during the procedure. Our therapeutic strategy for RF ablation was to obtain at least 0.5 cm
of the normal liver surrounding the tumor as a tumorfree margin insofar possible[10].
Surgery
Before surgery, each patient underwent conventional
liver function tests and indocyanine green retention rate
measurements at 15 min (ICG-R15). Preoperative tests
of liver function included serum bilirubin, transaminases, alkaline phosphatase, albumin, and prothrombin
time. The levels of AFP and protein induced by vitamin

MATERIALS AND METHODS
Patients
We retrospectively reviewed the data of 133 patients with
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RESULTS

1.0

0.8

Patients
A total of 133 patients with HCC ≤ 3 cm in their lateral
segments (S2 and S3) were reviewed. Sixty-six patients
were initially treated with surgical resection, such as LLS,
while 67 patients were initially treated with percutaneous
RFA. The baseline characteristics of all patients are outlined in Table 1. The median follow-up period was 33.5
mo (range, 1-66 mo) for LLS and 29 mo (range, 1-73
mo) for percutaneous RFA (P = 0.060). Most patients
had HBV-related HCC, and the proportion of HCVrelated HCC was higher in the percutaneous RFA group
than in the LLS group (25.4% vs 6.2%). The age, serum
AST levels, and ICG-R15 were higher in the RFA group
than in the LLS group, but white blood cell counts, serum hemoglobin levels, platelet counts, serum albumin
levels, PIVKA-Ⅱ levels, and tumor size were higher in
the LLS group. General liver function was better in the
LLS than in the RFA group despite the Child-Pugh class
A status of patients. The median hospitalization of the
LLS group was 8 d (range, 3-68 d), as opposed to 2 d
(range, 2-26 d) for the RFA group. The hospital stay was
longer in the LLS group than in the RFA group (P <
0.001).

P = 0.012

0.6

0.4

0.2
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LLS-censored
RFA-censored
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48
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Figure 1 Disease-free survival. The 1-, 2-, and 3-year disease-free survival
rates were 80.0%, 68.2%, and 60.0%, respectively, in the LLS; and 80.8%,
59.9%, and 39.6%, respectively, in the RFA group. The disease-free survival
curve was better for the LLS group than for the RFA group (P = 0.012). LLS:
Left lateral sectionectomy; RFA: Radiofrequency ablation.

K absence/antagonism-Ⅱ (PIVKA-Ⅱ) were also measured in all patients. Selection criteria for the liver resection procedure in the left lateral segments depended on
bulging tumor in a superficial site and/or location close
to vessel and heart. Child-Pugh class C, severe comorbidity, and distant metastasis were considered contraindications for hepatectomy. Standard operative techniques
for hepatectomy were used[11].

Outcomes
At last assessment, 23 patients in the LLS group and 35
in the RFA group had developed tumor recurrence. The
1-, 2-, and 3-year disease-free survival and overall survival rates were 80.0%, 68.2%, and 60.0%, and 95.4%,
92.3%, and 92.3%, respectively, for the LLS group;
and 80.8%, 59.9%, and 39.6%, and 98.2%, 92.0%, and
74.4%, respectively, for the RFA group. The disease-free
survival curve and overall survival curve were higher in
the LLS group than the RFA group (P = 0.012 and P =
0.013, respectively) (Figures 1 and 2). Eleven patients
in the RFA group developed local tumor progression.
The 1-, 2-, and 3-year local tumor progression rates in
the RFA group were 90.9%, 85.1%, and 82.3%, respectively. For HCC less than or equal to 2 cm, the 1-, 2-,
and 3-year disease-free survival and overall survival rates
were 75.8%, 69.7%, and 50.3%, and 97.0%, 88.2%, and
88.2%, respectively, in the LLS group; and 78.6%, 60.5%,
and 35.3%, and 97.4%, 94.3%, and 80.9%, respectively,
in the RFA group (P = 0.183 and P = 0.074, respectively). There were no statistically significant differences
in disease-free survival and overall survival between the
RFA group and the LLS group in patients with HCC ≤
2 cm.

Surveillance after treatments
Patients were followed every 2-3 mo postoperatively.
Follow-up included physical examination, serum AFP,
PIVKA-Ⅱ, liver function tests, and chest X-ray. Helical dynamic triple phase CT was performed every 3 mo
for the detection of local tumor progression, new intrahepatic recurrence, and extrahepatic metastasis or when
recurrence was suspected. MRI and/or positron emission tomography (PET) scan were performed when CT
was not definitive. Diagnoses of HCC recurrence were
based on CT and/or MRI. Needle biopsies of recurrent
tumors were not performed.
Statistical analysis
Continuous variables were presented as median and range
and were compared by the Mann-Whitney U test. Categorical variables were compared by Fisher’s exact test, as
appropriate. Disease-free survival rates and overall survival rates were calculated by the Kaplan-Meier method.
Differences between the curves were assessed using the
log-rank test. Variables that showed statistical significance in univariate analyses were included in multivariate
analyses using Cox proportional hazard models. A value
of P < 0.05 was considered statistically significant. All
data were analyzed using SPSS statistical software (Ver
21.0; SPSS Inc., Chicago, IL, United States).
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Tumor recurrence and treatment
In the RFA group, 35 patients had intrahepatic recurrence and 10 patients showed concurrent intrahepatic
and systemic recurrence. None developed only extrahepatic recurrence. Of these 35 patients, 12 were treated
with a second percutaneous RFA and 15 with transarterial chemoembolization (TACE). Six patients were treated
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Table 1 Baseline characteristics of patients
LLS (n = 66)

Characteristics
Gender-male
Age (yr)
BMI
Etiology
HBV
HCV
Alcoholic
NBNC
Others
WBC (/μL)
Hemoglobin (g/dL)
Platelet (/μL)
INR
Albumin (g/dL)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
Creatinine (mg/dL)
ICG-R15
AFP (ng/mL)
PIVKA-Ⅱ (mAU/mL)
Tumor size (cm)

RFA (n = 67)

48 (72.7)
55 (27-76)
23.5 (17.8-33.4)

52 (77.6)
59 (39-85)
23.6 (18.5-32.0)

51 (78.5)
4 (6.2)
2 (3.1)
4 (6.2)
4 (6.2)
5345 (2600-8950)
14.2 (10.8-17.7)
149500 (51000-276000)
1.1 (0.9-1.3)
4.3 (3.5-4.9)
0.7 (0.2-1.7)
33 (16-95)
30 (10-162)
78 (35-176)
0.91 (0.50-1.27)
10.5% (2.3%-24.9%)
28.5 (1-7102)
25 (3-500)
2.1 (0.8-3.0)

44 (65.7)
17 (25.4)
2 (3.0)
4 (6.0)
0 (0)
4000 (2000-11000)
14.0 (8.0-17.0)
103000 (50000-257000)
1.00 (1.0-2.0)
4.0 (3.0-5.0)
1.0 (0.2-2.0)
38 (12-124)
35 (8-138)
83 (45-189)
0.88 (0.46-2.64)
16.8% (3.3%-45.2%)
20.0 (2-5652)
18 (9-500)
1.8 (1.0-2.9)

P value
0.514
0.002
0.374
0.014

0.007
0.001
0.000
0.000
0.000
0.538
0.007
0.477
0.392
0.507
0.000
0.323
0.011
0.035

Data are presented as “n (%)” or “median (range)”. LLS: Left lateral sectionectomy; RFA: Radiofrequency ablation; BMI: Body mass index; HBV: Hepatitis B
virus; HCV: Hepatitis C virus; NBNC: Non-B, non-C; WBC: White blood cells; INR: International normalized ratio; AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase; ICG-R15: Indocyanine green retention rate at 15 min; APF: Alpha-fetoprotein; PIVKA-Ⅱ: Protein induced
by vitamin K absence/antagonism-Ⅱ.

with simultaneous TACE and RFA, while four patients
received no treatment, and two patients were treated
with a second liver resection. The 3-year overall survival
rate was 93.3% in the LLS group and 74.4% in the RFA
group (P = 0.018). The overall survival curve was higher
for the LLS group than for the RFA group (Figure 2, P
= 0.013).

Cumulative overall survival rate (%)

1.0

0.8

0.6

0.4

Risk factors for tumor recurrence
Among all the variables, treatment allocation (such as
RFA), platelet counts, serum albumin, ICG-R15, PIVKAⅡ levels, and tumor size were found to be significant
risk factors of disease-free survival by univariate analysis
(Table 2). Multivariate Cox regression hazard regression
analyses showed that PIVKA-Ⅱ levels (OR = 1.005;
95%CI: 1.001-1.009, P = 0.010) and tumor size (OR =
0.915; 95%CI: 0.853-0.981, P = 0.012) were significant
prognostic factors for disease-free survival.

P = 0.013
0.2
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LLS-censored
RFA-censored

0.0
0
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24
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48
60
72
Time from hepatectomy (mo)

84

Figure 2 Overall survival. The 1-, 2-, and 3-year overall survival rates were
95.4%, 92.3%, and 92.3%, respectively, in the LLS group; and 98.2%, 92.0%,
and 74.4%, respectively, in the RFA group. The survival curve for the LLS group
was higher than for the RFA group (P = 0.013). LLS: Left lateral sectionectomy;
RFA: Radiofrequency ablation.

DISCUSSION
Many studies have reported that surgical resection reduces the risk of recurrence of HCC, but failed to demonstrate any difference in the overall survival following
resection versus RFA in patients with small HCC[4,12-14].
Our study showed that liver resection was associated
with a significantly lower risk of both death and recurrence than was RFA in patients with small HCC in the
left lateral segments. This difference is particularly evident in the long term. The curves of disease-free survival and overall survival in the LLS group were higher

with simultaneous RFA and TACE. Two patients were
treated with surgical resection because HCC recurred
in segment 6 in one patient and segment 8 in the other
patient with good liver function. Of the 23 patients with
recurrence in the LLS group, 17 patients had intrahepatic recurrence and two had systemic recurrence, while
four patients had concurrent intrahepatic and systemic
recurrence. Of the recurrent patients in the LLS group,
eight were treated with TACE, four with RFA, and five
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cause it is easily practicable from a technical standpoint, as
well as due to ease of accessibility. Recently, laparoscopic
LLS has been established as a safe and feasible standard
treatment option for malignant liver tumors at some
specialized centers[18]. In the present study, some patients
were treated with laparoscopic LLS. However, the followup period of those patients was too short, and we did not
compare the laparoscopic LLS group with the RFA group.
We will continue to collect data on laparoscopic LLS.
The RFA procedure can be performed under conscious sedation and most patients only require a short
hospitalization after the procedure. There is general
consensus that complete response to percutaneous RFA
therapy in patients with tumors of less than or equal to 3
cm is associated with improved outcome[13,14,19]. Whether
RFA or surgical resection is the better treatment option
for small HCC has been debated since RFA was recommended as a treatment option in the 2005 practice guidelines issued by the AASLD[20]. Two recent meta-analyses
reached significantly different conclusions, mainly because the majority of the data were obtained from nonrandomized controlled trials and the overall level of
clinical evidence was low[14,19]. The conclusions reported
from two randomized-controlled trials were also contradictory[16,21]. Another recent randomized controlled study
showed that percutaneous RFA may provide therapeutic
effects similar to those of liver resection in patients with
small HCC[13]. However, outcomes of RFA and resection have not been compared for left lateral segments. In
this study, we therefore limited our objectives to patients
with HCC ≤ 3 cm in left lateral segments.
Compared to surgical resection, percutaneous RFA is
more likely to be incomplete for the treatment of small
HCCs located at specific sites of the liver, such as those
with bulging tumor, as well as the adjacent regions of the
heart and diaphragm, and major vessels. Open or laparoscopic surgery may be the better choice in these patients.
HCC mainly disseminates through the portal and hepatic
veins. The tumor dissemination can invade the tributaries of the portal branches and shed tumor emboli in the
neighboring branches of the same liver segment[22]. Liver
resection has the advantage of complete excision of
tumor tissue and hepatic parenchyma around the tumor,
which might contain undetectable intrahepatic metastases and microvascular invasion[23]. Therefore, liver resection with safe tumor-free margins has better results than
RFA with respect to tumor recurrence.
In this study, local recurrence was found to be more
frequent after RFA than LLS, as eleven patients in the
RFA group developed local tumor progression, whereas
none developed it in the LLS group. This may be a result of the safety margin of RFA being narrower than
that of LLS. LLS removes the entire left lateral segment
containing the primary tumor and venous tumor thrombus[24,25], and the clearance of tumors and any potential
sites of microscopic disease will be more complete in
these patients. Local recurrences after RFA may be attributed to insufficient ablation of the primary tumor

Table 2 Risk factors for hepatocellular carcinoma recurrence
by univariate analysis
Risk factors
Group-RFA
Gender-female
Age
BMI
WBC
Hemoglobin
Platelet
INR
Albumin
Total bilirubin
AST
ALT
ALP
Creatinine
ICG-R15
AFP
PIVKA-Ⅱ
Tumor size

OR

95%CI

P value

1.934
0.536
1.015
1.066
0.924
0.900
0.993
0.730
0.407
0.970
1.008
1.002
1.001
1.511
1.048
1.000
1.004
0.952

1.141-3.277
0.264-1.090
0.991-1.040
0.972-1.169
0.781-1.093
0.773-1.047
0.988-0.998
0.019-27.673
0.255-0.650
0.539-1.746
0.996-1.019
0.992-1.011
0.993-1.009
0.490-4.655
1.015-1.082
1.000-1.000
1.001-1.007
0.907-1.000

0.014
0.085
0.217
0.177
0.354
0.171
0.008
0.865
0.000
0.920
0.196
0.736
0.816
0.473
0.004
0.980
0.017
0.050

OR: Odds ratio; CI: Confidence interval; RFA: Radiofrequency ablation;
BMI: Body mass index; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
NBNC: Non-B, non-C; WBC: White blood cells; INR: International normalized ratio; AST: Aspartate transaminase; ALT: Alanine transaminase;
ALP: Alkaline phosphatase; ICG-R15: Indocyanine green retention rate at
15 min; APF: Alpha-fetoprotein; PIVKA-Ⅱ: Protein induced by vitamin K
absence/antagonism-Ⅱ.

than in the RFA group, despite the RFA group showing
low liver function via such metrics as high ICG-R15, low
platelet count, and low serum albumin levels. However,
all RFA patients were treatable with liver resection. This
study reconfirmed that liver resection is associated with
a reduced recurrence rate in HCC located in the left lateral segments and revealed that resection yielded longer
overall survival than did RFA.
Treating hepatocellular carcinoma in patients with
chronic liver disease has always presented a challenge
because of the clinical complexity of managing these patients and the potential risks associated with postoperative
complications. The risk factors for tumor recurrence after
treatment include tumor size, insufficient safety margin,
multi-nodular tumor, and tumor location[15]. Liver resection in patients with resectable HCC who have normal
liver function and are in good general condition is still
considered the gold standard therapy for delivering curability[12,16]. However, patients with central HCC are not
usually good candidates for surgical resection because
of the risk of additional injury to normal liver tissue and
blood loss, which may induce further complications and
negatively impact treatment outcome. RFA, however, preserves the liver parenchyma, and has a low risk of blood
loss. In recent years, it has been possible to reduce perioperative mortality to less than 0.5% depending on the
extent of resection and hepatic reserve[11]. The improved
outcome is primarily due to advances in surgical and radiologic techniques, perioperative care and more cautious
patient selection[17]. Surgical resection of tumors located in
the left lateral segments is considered a safe procedure be-
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and/or the presence of tumor venous invasion in the
adjacent regions of the liver. However, our study showed
that the LLS group may have poor prognostic factors,
such as microvascular invasion because patients with
vessel-adjacent tumors were treated by surgical resection.
This study suggests that disease-free and overall survival rates following liver resection were superior to
those following RFA. We therefore consider RFA to be
significantly worse than LLS in the long-term. Percutaneous RFA was demonstrated to have an advantage over
liver resection in terms of shorter hospitalization length.
We suspected that some factors were correlated with
early tumor recurrence after treatment, independent of
the treatment strategy, and such factors of early recurrence were identified in this study.
In our study, patients who chose RFA as the first
treatment modality were significantly older than those
who underwent liver resection. Older patients may
choose RFA because they more commonly have comorbidities that make liver resection unfeasible. In addition,
RFA is less invasive and has lower rates of complications
and lower costs, and higher repeatability when recurrence occurs[7]. The choice of RFA by older patients is
consistent with data from a large, nationwide cohort
study from Japan[26].
Our study had several limitations. First, it was a retrospective study. Thus, the present study was inherently
flawed by a selection bias evident in the differences in
tumor, etiology, and liver functions. Second, we did not
assess the histopathologic diagnosis of HCC in the RFA
group. Patients with poorly differentiated HCC have a
poorer outcome than patients with well to moderately differentiated HCC after percutaneous RFA[27], and our study
showed that a small tumor size was associated with risk
factors for tumor recurrence. It is possible that HCC in
the RFA group was associated with benign liver diseases,
such as nodular liver cirrhosis or inflammatory pseudotumors, which may have influenced the overall survival
and recurrence rates found in this study. Third, data on
liver function during the follow-up was absent, which precluded assessment of the relationship between liver function and the choice of treatment at recurrence. For HCC,
the influence of the first treatment is considered to be
smaller than for other primary malignant diseases, because
liver function significantly affects recurrence rate. Fourth,
the absence of recurrence was not verified by pathologic
examination, which suggests that the reported local recurrence rates for RFA may have been underestimated.
We created groups with three uniform criteria: tumor
size ≤ 3 cm, Child-Pugh class A, and tumor located in
left lateral segments, with the aim of producing a focused study and contributing to the current discussion
on the management of HCC. We believe that despite
the inherent drawbacks of our study design, our results
are useful given the current lack of reliable data derived
from well-designed randomized controlled trials.
In conclusion, liver resection is suitable in single
HCC ≤ 3 cm in the left lateral segments. A future prospective multi-center study of the local recurrence rates
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of small HCC stratified according to tumor location is
needed to provide clinically useful data on this issue.
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vs 17.2 ± 38.0, P = 0.007) and number of views (756.3
± 701.0 vs 8910.7 ± 17094.7, P = 0.001) were both

significantly lower in the very useful group compared
with the misleading group. All three very useful videos
were PH videos. Among the 74 misleading videos, 64
(86.5%) were uploaded by a CW. There was no correlation between usefulness and the number of views,
the number of likes, or the length. The “gallstone flush”
was the method advocated most frequently by misleading videos (25.7%).
CONCLUSION: More than half of the YouTube videos
on gallstone disease are misleading. Credible videos
uploaded by medical professionals and filtering by the
staff of YouTube appear to be necessary.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: YouTube; Gallstone disease; Gallstone;
Gallbladder; Cholecystitis

AIM: To investigate the quality of YouTube videos on
gallstone disease and to assess viewer response according to quality.

Core tip: Many people now use the Internet for medical
information. There have been many studies evaluating
the available information on YouTube, which is one of
the most popular sources of medical information. In
this paper, we present the first report of an evaluation
of YouTube videos on gallstone disease. More than half
of the videos were misleading, and there was no correlation between video quality and the number of views
or number of likes. Credible videos uploaded by medical professionals, and a filtering process appear to be
necessary.

METHODS: A YouTube search was performed on September 18, 2013, using the keywords ‘‘gallbladder disease’’, ‘‘gallstone disease’’, and ‘‘gallstone treatment’’.
Three researchers assessed the source, length, number
of views, number of likes, and days since upload. The
upload source was categorised as physician or hospital
(PH), medical website or TV channel, commercial website (CW), or civilian. A usefulness score was devised to
assess video quality and to categorise the videos into
‘‘very useful’’, ‘‘useful’’, ‘‘slightly useful’’, or ‘‘not useful’’.
Videos with misleading content were categorised as
‘‘misleading’’.

Lee JS, Seo HS, Hong TH. YouTube as a source of patient information on gallstone disease. World J Gastroenterol 2014;
20(14): 4066-4070 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/4066.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.4066

RESULTS: One hundred and thirty-one videos were
analysed. Seventy-four videos (56.5%) were misleading, 36 (27.5%) were slightly useful, 15 (11.5%) were
useful, three (2.3%) were very useful, and three (2.3%)
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INTRODUCTION

Table 1 Usefulness score criteria

In the past, most people sought medical information by
consulting medical professionals; however, due to the development and spread of the Internet, many people now
use online resources to access medical information[1].
One of the most popular sources of Internet-based
medical information is YouTube (www.youtube.com). As
opposed to search engines where a keyword brings up
websites and images as well as videos, the search results
of YouTube contain only video content. Unregistered
users can watch videos, and registered users can upload
an unlimited number of videos. The only limitation for
viewers is that the videos considered offensive are available only to registered users 18 years or older[2]. Since
Keelan et al. reported on the quality of YouTube videos
regarding immunisation in 2007[3], many authors have
analysed videos on topics such as prostate cancer, burns,
and tonsillectomy[1,4-8]. As more medical professionals
recognise the importance of YouTube as a source of
medical information for the general public, the number
of studies evaluating the quality of information found on
YouTube is increasing[9].
Calculous gallbladder disease, or gallstone disease, is
common. When asymptomatic gallstones are discovered,
follow up is recommended, except in special circumstances such as porcelain gallbladder or large gallstones[10].
Symptomatic gallstone disease should be treated with
cholecystectomy, preferably via laparoscopy[11]. The only
medication known to dissolute gallstones in carefully selected patients is ursodeoxycholic acid[10]. When treated
inappropriately, serious complications may occur. In
this study, the authors aimed to evaluate the accuracy of
medical information about gallstone disease available on
YouTube. The second goal was to evaluate the response
of the general population to the quality of videos. To the
best of our knowledge, this is the first study to evaluate
the quality of YouTube videos about gallstone disease.

Score criteria
Cause
Symptoms
Diagnosis
Treatment
Recovery
Not mentioned: 0; Mentioned briefly: 1; Mentioned in detail: 2. Total score:
not useful (0), slightly useful (1-3), useful (4-7), very useful (8-10).

TV channel, commercial website (CW), or civilian (CI).
Videos with a primary content of ‘‘gallstone disease’’
were analysed. Videos not in English, videos with no
audio, surgical videos, and videos aimed at professional
medical personnel (such as medical school lectures) were
excluded. A usefulness score was devised to assess the
information in each video (Table 1). This score was used
to categorise videos as very useful, useful, slightly useful,
or not useful. Regardless of the usefulness score, videos
with misleading content were categorised as ‘‘misleading’’ and were further categorised according to which
treatment modality was advocated in the video. Disagreements between the researchers regarding the categorisation of a particular video were resolved by discussing the
issue until a consensus was reached.
Differences between groups were compared with
ANOVA, and Tukey’s test was used for post hoc comparisons. Spearman’s rank coefficient was used to analyse
correlations. A weighted kappa score was calculated pairwise to evaluate the interobserver variability. Statistical
analyses were performed with SPSS version 18 (SPSS
Inc., Chicago, IL).

RESULTS
One hundred videos were analysed for each of the three
keywords (gallbladder disease, gallstone disease, and gallstone treatment), and 135 duplicates were excluded. Of
the remaining 165 videos, 34 were excluded based on the
aforementioned exclusion criteria. A total of 131 videos
were analysed. The mean length of the videos was 257 s,
and each video was viewed an average of 14620 times.
Video demographics according to usefulness are
shown in Table 2. More than half of the videos were
misleading (74, 56.5%), while 36 of the videos (27.5%)
were slightly useful, 15 (11.5%) were useful, and only
three (2.3%) were deemed very useful. Three videos
(2.3%) were categorised as not useful. The number of
mean likes in the very useful group was 1.3 ± 1.5, which
was significantly lower than the misleading group (17.2
± 38.0, P = 0.007). The number of mean views in the
very useful group was 756.3 ± 701.0, which was also significantly lower than in the misleading group (8910.7 ±
17094.7, P = 0.001). There were no other significant differences between groups regarding either the number of
likes or the number of views. All three very useful videos
were uploaded by a PH source. Among the 74 misleading

MATERIALS AND METHODS
A YouTube search was performed on September 18,
2013. Keywords used in the search were gallbladder disease, gallstone disease, and gallstone treatment. One hundred videos were analysed for each keyword under the assumption that the user would not go beyond the first five
pages of search results. The videos were sorted in order
of relevance, which is the current YouTube default. Approval of the Institutional Review Board of the study institution was not required for this study. Three researchers (Lee JS, Seo HS, and an additional researcher, Kim
KM) independently assessed the videos. All researchers
had finished their respective residencies at tertiary centres
and had sufficient experience in the diagnosis and management of calculous gallbladder disease. Characteristics
such as name of video, source, length, number of views,
number of ‘‘likes’’ and ‘‘dislikes’’, and days since upload
were recorded. The upload source was categorised as
physician or hospital (PH), medical website (MW) or
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Table 2 Video demographics according to usefulness category
Video demographics
Videos, n (%)
Total length (h:min:s)
Mean length (h:min:s)
Mean ''likes'' (n)
Mean ''dislikes'' (n)
Total views (n)
Mean views (n)
Days since upload
Upload source, n (%)
Physician
Website
Commercial
Civilian

Usefulness of information
Very useful

Useful

Slightly useful

3 (2.3)
0:11:07
00:03:42 ±
00:01:17
1.3 ± 1.5
0.3 ± 0.6
2269
756.3 ± 701.0
518.7 ± 430.9

15 (11.5)
1:00:18
00:04:05 ± 00:03:33

3 (100)
0
0
0

3 (20.0)
12 (80.0)
0
0

36 (27.5)
1:52:26
00:03:07 ±
00:03:20
42.8 ± 145.8
10.6 ± 22.4
3.3 ± 11.6
0.9 ± 1.7
1030071
205081
68671.4 ± 248999.6 5696.7 ± 11330.7
737.3 ± 480.4
706.2 ± 487.7
12 (33.3)
18 (50.0)
0
6 (16.7)

Total
Not useful

P value

Misleading

3 (2.3)
0:09:10
00:03:03 ±
00:01:50
10.7 ± 18.5
1.3 ± 2.3
18476
6158.7 ± 10231.0
426.7 ± 331.9

74 (56.5)
131
6:06:14
9:20:15
00:04:57 ±
00:04:17 ±
00:05:10
00:04:29
17.2 ± 38.0
17.8 ± 57.7
2.9 ± 6.8
2.3 ± 6.5
659392
1915289
8910.7 ± 17094.7 14620.5 ± 85212.0
518.3 ± 368.3
592.9 ± 423.7

1 (33.3)
1 (33.3)
0
1 (33.3)

2 (2.7)
0
64 (86.5)
8 (10.8)

21 (16.0)
31 (23.7)
64 (48.9)
15 (11.5)

0.364
0.0071
0.158
0.0011
0.126
-

1

Comparison of very useful and misleading.

Table 3 Video demographics according to upload source
Video demographics
Physician or hospital
Videos, n (%)
Total length (h:min:s)
Mean length (h:min:s)
Mean ‘likes’ (n)
Mean ‘dislikes’ (n)
Total views (n)
Mean views (n)
Usefulness information n (%)
Very useful
Useful
Slightly useful
Not useful
Misleading

Upload source
Medical website or Commercial website
TV channel

Total

P value

Civilian

21 (16.0)
0:59:29
00:02:50 ± 00:01:31
10.9 ± 25.4
0.5 ± 1.8
74549
3550.0 ± 7036.5

31 (23.7)
1:24:08
00:02:43 ± 00:02:43
25.4 ± 101.9
2.1 ± 8.1
1162278
37492.8 ± 173179.9

64 (48.9)
4:57:10
00:04:39 ± 00:05:06
17.6 ±40.3
3.0 ± 7.2
581839
9091.2 ± 18010.5

15 (11.5)
1:59:28
00:07:58 ± 00:05:09
12.7 ±15.1
2.3 ± 2.7
96623
6441.5 ± 8558.2

131
9:20:15
00:04:17 ± 00:04:29
17.8 ± 57.7
2.3 ± 6.5
1915289
14620.5 ± 85212.0

0.0091, 0.0102
0.254
0.083
0.168

3 (14.3)
3 (14.3)
12 (57.1)
1 (4.8)
2 (9.5)

0
12 (38.7)
18 (58.1)
1 (3.2)
0

0
0
0
0
64 (100)

0
0
6 (40.0)
1 (6.7)
8 (53.3)

3 (2.3)
15 (11.5)
36 (27.5)
3 (2.3)
74 (56.5)

-

1

Civilian vs website; 2Civilian vs physician.

videos, 64 (86.5%) were uploaded by CW, eight (10.8%)
were uploaded by CI, and two (2.7%) were uploaded by
PH. A Spearman’s rank correlation analysis showed no
correlation between the usefulness category and number
of views (r = 0.065, P = 0.464), number of likes (r =
-0.038, P = 0.663), or video length (r = -0.151, P = 0.086).
Video demographics according to the upload source
are shown in Table 3. The highest number of videos was
uploaded by a CW (64, 48.9%). Thirty-one videos (23.7%)
were uploaded by MW, 21 videos (16.0%) were uploaded
by PH, and 15 (11.5%) were uploaded by CI. The mean
length of the CI videos was significantly longer (7.58 ±
5.09) compared with the PH videos (2.50 ± 1.31, P = 0.01)
and the MW videos (2.43 ± 2.43, P = 0.009). There were
no significant differences in the mean length between
the other groups. There were no differences in the mean
number of likes received or the mean number of views.
Table 4 shows various treatment methods advocated
by misleading videos. The highest number of these videos advocated the ‘‘gallstone flush’’ (39, 25.7%). Twentyfour videos (32.4%) advocated medication that can dis-
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solve gallstones, and six videos (8.1%) advocated herbal
treatment.
The interobserver variability was calculated as a
weighted kappa score of 0.94 between Lee JL and Seo
HS, 0.84 between Seo HS and Kim KM, and 0.80 between Lee JL and Kim KM.

DISCUSSION
This study evaluated the content quality of YouTube
videos regarding gallstone disease. Out of 131 videos,
74 (56.5%) videos were misleading. This percentage is
disturbingly high compared with that of previous studies evaluating video content in other fields[1,4,6]. Recent
advances in imaging technologies have led to an increase
in the diagnosis of asymptomatic gallstones. In contrast
to appendicitis patients or hernia patients, patients with
asymptomatic gallstones have more time to seek medical
information about their condition. In turn, many people
appear to be targeting these patients with the aim of
profiting.
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keywords used in the search. This study used ‘‘gallbladder
disease’’, ‘‘gallstone disease’’, and ‘‘gallstone treatment’’
under the assumption that these are the keywords a layperson would choose rather than ‘‘cholecystitis’’ or ‘‘cholelithiasis’’. This may not always be the case. Third, the
evaluated videos were sorted by relevance, which is the
YouTube default. This relevance may have been affected
by advertisements, and the results may be different when
sorted with another standard. Lastly, these results demonstrate the quality of information at one point in time,
and results may change with time as videos are added or
removed.
In summary, more than half of the YouTube videos
regarding gallstone disease are misleading and present a
risk of harmful consequences. Credible videos with accurate information need to be uploaded by medical professionals and medical institutions. Active filtering by the
managing staff of YouTube may also be necessary.

Table 4 Methods advocated by misleading videos
Misleading videos

n (%)

Gallstone flush
Medication
Herbal treatment
Other
Total

39 (52.7)
24 (32.4)
6 (8.1)
5 (6.8)
74 (100)

Notably, videos uploaded by commercial websites
were even less credible than videos uploaded by civilians.
It appears that commercial entities did not perform any
research before uploading these videos. The high percentage of misleading videos reflects the abundance of
commercial products advertising treatment of gallstones
without surgery. The ‘‘gallstone flush’’ is by far the most
popular method[12]. Many commercial websites advertise
books that carry specific guidelines for the gallstone
flush. In this method, a patient with gallstones drinks
olive oil and lemon juice following a specific protocol.
Three to five days later, the patient passes several ‘‘gallstones’’. These ‘‘stones’’ have been found to be simply
the product of the mixture of oil and lemon juice[13].
There are also various medications that allegedly detoxify
the gallbladder and remove the gallstones[14,15].
Not only are these videos misleading, they are potentially fatal. Even more concerning than these commercial
websites are the two videos uploaded by physicians with
misleading content. In one video, a medical doctor states
that the treatment of choice for symptomatic gallstones
is a low fat diet[16]. In the other video, a medical doctor
claims that drinking herbal tea can dissolve gallstones[17].
These two videos may do even more harm than the commercial videos.
With these facts in mind, the most important issue is
that the general population tends to view the misleading
videos more than the credible videos. Biggs et al[1] suggest that this is because useful videos tended to be longer
than misleading videos. In the present study, all of the
videos were approximately the same length, yet the videos that were deemed very useful had significantly fewer
views and likes than the misleading videos. In a study
performed by Butler et al[4], the usefulness score and the
number of views were only weakly correlated. The present study found no correlation between the usefulness
and the number of views or number of likes.
Interestingly, while the weighted kappa score was
0.94 between the two researchers who received training
at the same centre, the score was 0.84 and 0.80 between
these two researchers and another researcher who had
received training at a different centre. Although the range
of kappa scores demonstrates significant interobserver
agreement, it also demonstrates that the training of the
researcher influenced their assessment of the videos.
This study has several limitations. First, a subjective
score criteria was used to evaluate the videos, as there
are as of yet no validated tools for assessing video data.
Second, the study results may change according to the
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83.3% and 91.7%, respectively. One patient withdrew
from treatment due to an adverse event (leukopenia).
The drop-out rate was 8.3% in this group. In Group 2,
5 of the 7 patients completed the treatment with an
EVR and SVR of 85.7% and 71.4%, respectively. Two
patients withdrew due to treatment-related adverse
events (nausea and depression). In this group, the
drop-out rate was 28.6%. In total, 16 of the patients
attained EVR, and 15 of them completed the treatment.
The SVR rate for the patients who attained EVR was
93.7%. Anemia was the most frequent side effect and
was observed in 10/19 patients (55.5%), but could be
effectively managed with erythropoietin.

Abstract

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

AIM: To evaluate the efficacy and tolerability of lowdose standard or pegylated interferon (PEG-IFN) in
hepatitis C virus (HCV)-positive hemodialysis patients.

Key words: Chronic hepatitis C; End-stage renal disease; Hemodialysis; Hepatitis C virus; Peginterferon

CONCLUSION: Low-dose interferon monotherapy, either with PEG-IFNα-2a or standard interferon α-2b, is
an effective treatment option for hemodialysis patients
with chronic hepatitis C.

METHODS: In total, 19 patients were enrolled in this
study, of which 12 received PEG-IFNα-2a 67.5 µg 1
time/wk (Group 1) and 7 received standard interferon
6
α-2b subcutaneously 1.5 × 10 U 3 times/wk (Group
2). The treatment durations were 48 wk for patients
infected with HCV genotype 1 and 24 wk for patients
infected with HCV genotype 2/3. All patients were prospectively followed after the completion of therapy. The
efficacy and tolerability of the treatment were evaluated based on the sustained virological response (SVR)
and treatment-related drop-out rate.

Core tip: The most appropriate treatment for hepatitis C
virus (HCV)-positive hemodialysis patients is unknown,
and the available treatments have only been assessed
in a limited manner. Therefore, this study evaluated
the efficacy and tolerability of treatment with low-dose
standard or pegylated interferon (PEG-IFN) in HCVpositive hemodialysis patients. The results of the study
indicated that low-dose interferon monotherapy, either
PEG-IFNα-2a or standard interferon α-2b, is an effective treatment option for HCV-positive hemodialysis
patients. Anemia was the most frequently encountered
adverse event, but this could be managed with erythropoietin. These results provide important information for
clinicians faced with these treatment decisions.

RESULTS: In Group 1, 11 of the 12 patients completed the treatment. Early virological response (EVR)
and sustained virological response (SVR) rates were
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Treatment and follow-up
All patients were recommended to receive intramuscular
injections of 67.5 µg PEG-IFNα-2a once/wk after their
HD session. For economic reasons, only 12 patients (8
male and 4 female; mean age: 39.4 ± 9.4 years) received
this treatment (Group 1). The other 7 patients (3 male
and 4 female; mean age: 34.7 ± 6.5 years) received subcutaneous injections of standard interferon α-2b, 1.5×
106 U 3 times/wk, which was also administered after each
HD session (Group 2). The treatment durations were 48
wk for patients infected with HCV genotype 1 and 24
wks for patients infected with HCV genotypes 2/3/6.
All treated patients were prospectively followed until
week 96, which corresponded to 48 wk after the completion of the treatment, to assess the long-term efficacy and
tolerability of the lower-dose interferon monotherapy.
Blood samples were collected weekly to determine blood
cell counts, and monthly to determine liver function. The
presence of HCV RNA was assessed prior to treatment
and then every 3 mo after treatment. Early virological
response (EVR), defined as a ≥ 2 log-fold decrease in
HCV RNA from baseline, was evaluated after 12 wk of
treatment. The efficacy of the treatment was determined
by the achieved end treatment virological response (ETR),
defined as the absence of detectable serum levels of
HCV RNA at week 48, and sustained virological response
(SVR), defined as the absence of detectable serum levels
of HCV RNA at week 72. Tolerability was evaluated by
assessing the drop-out rates and serious adverse events.

INTRODUCTION
End-stage renal disease (ESRD) is a significant problem
worldwide. In China, more than 65000 ESRD patients
have received maintenance hemodialysis (HD)[1]. These
patients have a higher rate of chronic hepatitis C virus
(HCV) infection compared with the overall population[2],
with an estimated prevalence and incidence of 3%-80%
and 0.33%-2.59%, respectively[2-5]. Moreover, chronic
HCV infection might ultimately lead to severe liver lesions, cirrhosis, and hepatocellular cancer, further increasing the morbidity and mortality of ESRD patients[6,7].
Interferon combined with oral ribavirin is the standard treatment for chronic HCV[8]. However, the use
of ribavirin is currently contraindicated in dialysis patients[9,10], as the drug is not removed during conventional
dialysis and its accumulation causes dose-dependent hemolytic anemia[11,12]. Interferon monotherapy is therefore
recommended for the treatment of dialysis patients with
chronic hepatitis C[13]. However, experience with monotherapy in ESRD patients is still limited.
The available data suggest that the rate of adverse
events and drop-outs in this patient population is high[14-16].
We hypothesized that a lower dose of interferon monotherapy may decrease the incidence of adverse events and
drop-outs, thus improving the likelihood of completing
treatment. Therefore, the objective of this study was to
evaluate the relative efficacy and tolerability of treatments
consisting of either 1.5 × 106 U 3 times/wk of standard
interferon or 67.5 µg/wk of pegylated interferon (PEGIFN) α-2a (40 kDa). The treatments lasted for 48 wk in
ESRD patients infected with HCV genotype 1 and for 24
wk in ESRD patients infected with HCV genotype 2/3.

Statistical analysis
The data were analyzed using SPSS software (Windows
version 15.0; SPSS, Chicago, IL, United States) and are
presented as the means ± SD for parameter variables.

RESULTS
The baseline values of the patients are shown in Table 1,
and the outcomes are presented in Table 2.
Efficacy
In Group 1, 11 of the 12 patients completed the treatment, with 1 patient withdrawing from treatment due to
an adverse event. In this group, EVR was observed in 10
patients at week 12, and ETR was achieved in 11 patients.
The 11 patients who attained ETR also achieved a SVR.
In Group 2, EVR was observed in 6 patients. In total,
5 patients completed the treatment, and ETR and SVR
were recorded in all of these patients. In Group 2, 2 patients withdrew from treatment.
The HCV genotype was type 1 in 16 patients, with 13
patients achieving a SVR, yielding a genotype 1 SVR of
81.3%. The 3 patients with HCV genotype 2 all attained
a SVR. In total, 16 of the patients attained EVR, and 15
of them completed the treatment. The SVR rate for the
patients who attained EVR was 93.7%.

MATERIALS AND METHODS
Patients
A total of 19 patients (11 male and 8 female) with a mean
age of 37.7 years (range: 27-58 years) were enrolled in
this study. The subjects had been undergoing dialysis for
an average of 7.3 ± 4.5 (range: 2-16) years. All patients
were on a maintenance HD program for ESRD, with 4-h
dialysis sessions, 3 times/wk, using high-flux synthetic
membranes, and bicarbonate dialysate. All patients were
positive for HCV antibodies and had demonstrated detectable HCV RNA by polymerase chain reaction for at
least 3 mo. The patients’ HCV genotypes were confirmed
before treatment. All the treated patients met the criteria
for treatment with PEG-IFNα-2a or standard interferon
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Table 1 Patient baseline characteristics
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Sex

Age (yr)

Weight (kg)

HD duration (yr)

Cirrhosis

Genotype

HCV RNA (IU/mL)

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

52
28
28
38
38
36
47
40
39
41
58
28
41
33
32
36
27
29
45

62
40
69
52
54
47
48
59
63
67
50
55
63
59
52
67
51
49
62

5
10
14
6
16
2
14
9
13
2
6
2
3
6
7
6
4
4
11

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
Y

1b
1b
1b
1b
1b
1b
1b
1b
1b
2a
2a
1b
1b
1b
2a
1b
1b
1b
1b

4805000
3150000
15840
3600000
3786000
167000
663000
356000
156000
15580
9590
209200
39460
143000
446400
456000
14500
12200
266000

HCV: Hepatitis C virus; HD: Hemodialysis; F: Female; M: Male.

Table 2 Patient treatment results
Case
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

IFN-a type
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
PegIFNa-2a
IFNa-2b
IFNa-2b
IFNa-2b
IFNa-2b
IFNa-2b
IFNa-2b
IFNa-2b

HCV RNA (IU/mL)
12 wk

48 wk

72 wk

96 wk

144 wk

405100
Negative
Negative
Negative
Negative
Negative
2380
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
256000
Negative
Negative
Negative

Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Positive

Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Positive

Positive

Positive

Negative
Negative
Negative
Negative
Negative
Negative

Negative
Negative

Negative
Negative
Negative
Negative
Negative

IFN: Interferon; PEG-IFN: Pegylated interferon; HCV: Hepatitis C virus.

All patients were followed post-treatment, and those
who achieved a SVR had undetectable HCV RNA levels
at week 96. Notably, 2 patients continued to have undetectable levels of HCV RNA at 144 wk, which was the
last follow-up prior to the writing of this manuscript.

drew from treatment at week 20 because of depression
(28.6% drop-out rate).
Anemia was one of the treatment-related adverse
events observed in both groups. This adverse event was
observed in 3 of the 7 (42.8%) patients in the standard
interferon group and in 7 of the 12 (58.3%) patients
treated with PEG-IFN. In these patients, the erythropoietin dose had to be increased to improve hemoglobin
levels. However, the treatment protocol did not have to
be discontinued in any patients due to anemia.
Other adverse events included influenza-like symptoms, nausea, poor appetite, leucopenia, and thrombocytopenia, as has been reported in other studies.

Tolerability
In Group 1, 1 patient withdrew from treatment due to
significant leukopenia (8.2% drop-out rate). Two patients
discontinued the standard interferon α-2b treatment
(Group 2) due to treatment-related adverse events; one
patient developed nausea (which required treatment cessation after 4 wk of therapy) and the other patient with-
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etin. The other adverse events observed included fatigue,
headache, body ache, fever, nausea, reduced appetite,
leucopenia, and thrombocytopenia. Regardless, low-dose
interferon monotherapy did not result in a drop-out rate
similar to what was expected for standard interferon
monotherapy based on the results from non-HD patients.
This study has 2 major limitations: a small sample size
and a lack of randomization for the 2 treatment groups,
with the latter resulting in the lack of standard controls.
Thus, these results may not be broadly extrapolated to
the wider HD population.
In conclusion, either PEG-IFN α -2a or standard
interferon α-2b monotherapy is an effective treatment
option for HD patients with chronic hepatitis C. Anemia
was the most frequently encountered adverse event in
most cases and was effectively managed with erythropoietin. However, because of the small number of patients
in this study, the conclusions of this study cannot be
broadly generalized. Studies with low-dose interferon
monotherapy are ongoing, and further long-term, large,
randomized multicenter studies with larger patients and
control populations are needed.

DISCUSSION
Interferon monotherapy trials involving small numbers of
dialysis patients infected with chronic hepatitis C have previously been reported. In addition, 3 meta-analysis studies
have shown that the SVR of ESRD patients infected with
chronic hepatitis C and treated with standard IFN monotherapy was approximately 31%-41%[17-19]. However, the
corresponding treatment-related withdrawal rate ranged
from 20% to 30%[16,17,20]. Similarly, studies have also shown
that the SVR and treatment-related withdrawal rates in patients receiving PEG-IFN were 31%-37% and 23%-28%,
respectively[17,20,21]. Based on these studies, treatment of
patients with either standard interferon or PEG-IFN had
similar efficacy and tolerability.
In our study, 7 hemodialysis patients were treated with
standard interferon α-2b for 48 wk. Six patients (85.7%)
achieved EVR by week 12. In total, 2 patients discontinued treatment because of adverse events (1 due to nausea
at week 4 and 1 due to depression at week 20), with both
having a high viral load at baseline. At the end of week
72, the SVR rate was 71.4% (5/7 patients), with a dropout rate of 28.6%. The drop-out rate was similar to that
previously described in the meta-analyses. The 11 patients
treated with PEG-IFNα-2a completed the treatment, and
the EVR and SVR were 83.3% and 91.7%, respectively.
For the patients who achieved a SVR, this subsequently
remained stable.
Contrary to the concept that HCV genotype 1 is associated with a poor SVR rate in response to interferon
monotherapy in HCV patients with normal renal function[22,23] our results showed a good SVR rate in HD
patients. Although the 3 patients who dropped out all
had genotype 1, the SVR rate for the remaining 16 patients with genotype 1 HCV was 81.3%, higher than that
reported for HCV patients with normal renal function.
Notably, all of the patients who dropped out had a very
high HCV RNA load, which is considered as a negative
predictor of a SVR[22,23].
In our study, 16 patients achieved an EVR, and 15 of
them achieved a SVR. Therefore, patients with an EVR
might be encouraged to continue therapy, as EVR appears to be a good predictor of a SVR. In this respect,
our study is in agreement with the current literature.
The overall SVR for the 19 patients in this study was
84.2%, higher than that for interferon therapy in HCV
patients with normal renal function. This result may be
explained by the fact that the patients in the present study
were younger (mean age 37.7 years), had a lower mean
weight (55.5 ± 8.7; range 47-67 kg), and had a lower
prevalence of cirrhosis (1/19). Being of Asian descent
has also been reported to be an independent predictor of
SVR in some studies[24]. Some studies have also suggested
that hepatitis C dialysis patients usually have a lower viral
load[25] and increased endogenous interferon release from
circulating white blood cells[26].
Anemia was the most frequently encountered adverse
event in both of the present study groups. However, in
most cases, it was adequately managed with erythropoi-

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Hepatitis C virus (HCV) infection remains frequent in hemodialysis patients
worldwide. However, the most appropriate treatment for HCV-positive hemodialysis patients is unknown.

Research frontiers

The present study was carried out in hemodialysis patients with chronic hepatitis C. Nineteen hemodialysis patients were included in this study.

Innovations and breakthroughs

The overall sustained virological response (SVR) for the 19 patients in this
study was 84.2%, higher than that for interferon therapy in HCV patients with
normal renal function.

Applications

This study showed that low-dose interferon monotherapy, either with pegylated
interferon α-2a or standard interferon α-2b, is an effective treatment for hemodialysis patients with chronic hepatitis C.

Terminology

SVR indicates sustained virological response, which means sustained (more
than 24 wk after treatment) viral clearance from the infected host.

Peer review

The authors investigated the effects and tolerability of low-dose interferon
monotherapy for treatment of HCV-positive hemodialysis. The result showed
either PEG-IFNα-2a or standard interferon α-2b monotherapy as an effective
treatment option for HD patients with chronic hepatitis C.

REFERENCES
1
2
3

4

4074

Zuo L, Wang M. Current burden and probable increasing
incidence of ESRD in China. Clin Nephrol 2010; 74 Suppl 1:
S20-S22 [PMID: 20979958 DOI: 10.5414/CNP74S020]
Fabrizi F, Poordad FF, Martin P. Hepatitis C infection and
the patient with end-stage renal disease. Hepatology 2002; 36:
3-10 [PMID: 12085342 DOI: 10.1053/jhep.2002.34613]
Butt AA, Skanderson M, McGinnis KA, Ahuja T, Bryce CL,
Barnato AE, Chang CC. Impact of hepatitis C virus infection
and other comorbidities on survival in patients on dialysis. J
Viral Hepat 2007; 14: 688-696 [PMID: 17875003 DOI: 10.1111/
j.1365-2893.2007.00853.x]
Fabrizi F, Martin P, Dixit V, Bunnapradist S, Dulai G. Meta-

April 14, 2014|Volume 20|Issue 14|

Wang KL et al . Low-dose IFN-α in ESRD with HCV

5

6

7

8

9

10

11

12
13

14
15
16

analysis: Effect of hepatitis C virus infection on mortality in
dialysis. Aliment Pharmacol Ther 2004; 20: 1271-1277 [PMID:
15606388 DOI: 10.1111/j.1365-2036.2004.02290.x]
Kao JH, Huang CH, Chen W, Tsai TJ, Lee SH, Hung KY,
Chen DS. GB virus C infection in hemodialysis patients:
molecular evidence for nosocomial transmission. J Infect Dis
1999; 180: 191-194 [PMID: 10353878 DOI: 10.1086/314850]
Hou CH, Chen WY, Kao JH, Chen DS, Yang Y, Chen JJ, Lee
SH, Wu DJ, Yang SC. Intrafamilial transmission of hepatitis C virus in hemodialysis patients. J Med Virol 1995; 45:
381-385 [PMID: 7545208 DOI: 10.1002/jmv.1890450405]
Furusyo N, Hayashi J, Kakuda K, Ariyama I, Kanamoto-Tanaka Y, Shimizu C, Etoh Y, Shigematsu M, Kashiwagi S. Acute
hepatitis C among Japanese hemodialysis patients: a prospective 9-year study. Am J Gastroenterol 2001; 96: 1592-1600 [PMID:
11374705 DOI: 10.1111/j.1572-0241.2001.03701.x]
Ghany MG, Strader DB, Thomas DL, Seeff LB, American
Association for the Study of Liver Diseases. Diagnosis,
management, and treatment of hepatitis C: an update. Hepatology 2009; 49: 1335-1374 [PMID: 19330875 DOI: 10.1002/
hep.22759]
Dienstag JL, McHutchison JG. American Gastroenterological Association medical position statement on the management of hepatitis C. Gastroenterology 2006; 130: 225-230
[PMID: 16401485 DOI: 10.1053/j.gastro.2005.11.011]
Yee HS, Currie SL, Darling JM, Wright TL. Management
and treatment of hepatitis C viral infection: recommendations from the Department of Veterans Affairs Hepatitis C
Resource Center program and the National Hepatitis C Program office. Am J Gastroenterol 2006; 101: 2360-2378 [PMID:
17032203 DOI: 10.1111/j.1572-0241.2006.00754.x]
Strader DB, Wright T, Thomas DL, Seeff LB, American Association for the Study of Liver Diseases. Diagnosis, management, and treatment of hepatitis C. Hepatology 2004; 39:
1147-1171 [PMID: 15057920 DOI: 10.1002/hep.23077]
Heathcote J, Main J. Treatment of hepatitis C. J Viral Hepat 2005; 12:
223-235 [PMID: 15850462 DOI: 10.1111/j.1365-2893.2005.00600.x]
Asian Pacific Association for the Study of the Liver (APASL)
Hepatitis C Working Party, McCaughan GW, Omata M,
Amarapurkar D, Bowden S, Chow WC, Chutaputti A, Dore
G, Gane E, Guan R, Hamid SS, Hardikar W, Hui CK, Jafri
W, Jia JD, Lai MY, Wei L, Leung N, Piratvisuth T, Sarin
S, Sollano J, Tateishi R. Asian Pacific Association for the
Study of the Liver consensus statements on the diagnosis,
management and treatment of hepatitis C virus infection. J
Gastroenterol Hepatol 2007; 22: 615-633 [PMID: 17444847 DOI:
10.1111/j.1440-1746.2007.04883.x]
Berenguer M. Treatment of chronic hepatitis C in hemodialysis patients. Hepatology 2008; 48: 1690-1699 [PMID:
18972442 DOI: 10.1002/hep.22545]
Perico N, Cattaneo D, Bikbov B, Remuzzi G. Hepatitis C infection and chronic renal diseases. Clin J Am Soc Nephrol 2009;
4: 207-220 [PMID: 19129320 DOI: 10.2215/CJN.03710708]
Fabrizi F, Dulai G, Dixit V, Bunnapradist S, Martin P. Metaanalysis: interferon for the treatment of chronic hepatitis C in
dialysis patients. Aliment Pharmacol Ther 2003; 18: 1071-1081

17

18

19

20

21

22

23

24

25

26

[PMID: 14653826 DOI: 10.1046/j.1365-2036.2003.01780.x]
Fabrizi F, Dixit V, Messa P, Martin P. Interferon monotherapy of chronic hepatitis C in dialysis patients: metaanalysis of clinical trials. J Viral Hepat 2008; 15: 79-88 [PMID:
18184190 DOI: 10.1111/j.1365-2893.2007.00907.x]
Gordon CE, Uhlig K, Lau J, Schmid CH, Levey AS, Wong
JB. Interferon treatment in hemodialysis patients with
chronic hepatitis C virus infection: a systematic review of
the literature and meta-analysis of treatment efficacy and
harms. Am J Kidney Dis 2008; 51: 263-277 [PMID: 18215704
DOI: 10.1053/j.ajkd.2007.11.003]
Fabrizi F, Martin P, Dixit V, Bunnapradist S, Dulai G. Hepatitis C virus antibody status and survival after renal transplantation: meta-analysis of observational studies. Am J
Transplant 2005; 5: 1452-1461 [PMID: 15888054 DOI: 10.1111/
j.1600-6143.2005.00864.x]
Russo MW, Goldsweig CD, Jacobson IM, Brown RS. Interferon monotherapy for dialysis patients with chronic hepatitis C: an analysis of the literature on efficacy and safety.
Am J Gastroenterol 2003; 98: 1610-1615 [PMID: 12873587 DOI:
10.1111/j.1572-0241.2003.07526.x]
Zeuzem S, Feinman SV, Rasenack J, Heathcote EJ, Lai MY,
Gane E, O’Grady J, Reichen J, Diago M, Lin A, Hoffman J,
Brunda MJ. Peginterferon alfa-2a in patients with chronic
hepatitis C. N Engl J Med 2000; 343: 1666-1672 [PMID:
11106715 DOI: 10.1056/NEJM200012073432301]
Heathcote EJ, Shiffman ML, Cooksley WG, Dusheiko GM,
Lee SS, Balart L, Reindollar R, Reddy RK, Wright TL, Lin
A, Hoffman J, De Pamphilis J. Peginterferon alfa-2a in
patients with chronic hepatitis C and cirrhosis. N Engl J
Med 2000; 343: 1673-1680 [PMID: 11106716 DOI: 10.1056/
NEJM200012073432302]
Yu ML, Dai CY, Huang JF, Chiu CF, Yang YH, Hou NJ,
Lee LP, Hsieh MY, Lin ZY, Chen SC, Hsieh MY, Wang LY,
Chang WY, Chuang WL. Rapid virological response and
treatment duration for chronic hepatitis C genotype 1 patients: a randomized trial. Hepatology 2008; 47: 1884-1893
[PMID: 18508296 DOI: 10.1002/hep.22319]
Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban
TJ, Heinzen EL, Qiu P, Bertelsen AH, Muir AJ, Sulkowski M,
McHutchison JG, Goldstein DB. Genetic variation in IL28B
predicts hepatitis C treatment-induced viral clearance. Nature 2009; 461: 399-401 [PMID: 19684573 DOI: 10.1038/nature08309]
Liao XW, Ling Y, Li XH, Han Y, Zhang SY, Gu LL, Yu DM,
Yao BL, Zhang DH, Jin GD, Lu ZM, Gong QM, Zhang XX.
Association of genetic variation in IL28B with hepatitis C
treatment-induced viral clearance in the Chinese Han population. Antivir Ther 2011; 16: 141-147 [PMID: 21447862 DOI:
10.3851/IMP1703]
Badalamenti S, Catania A, Lunghi G, Covini G, Bredi E,
Brancaccio D, Salvadori M, Como G, Ponticelli C, Graziani
G. Changes in viremia and circulating interferon-alpha during hemodialysis in hepatitis C virus-positive patients: only
coincidental phenomena? Am J Kidney Dis 2003; 42: 143-150
[PMID: 12830466 DOI: 10.1016/S0272-6386(03)00417-7]

P- Reviewers: Coffin CS, Forns X, Kato M S- Editor: Wang JL
L- Editor: Rutherford A E- Editor: Ma S

WJG|www.wjgnet.com

4075

April 14, 2014|Volume 20|Issue 14|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i14.4076

World J Gastroenterol 2014 April 14; 20(14): 4076-4084
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

EVIDENCE-BASED MEDICINE

Clinical significance of nerve growth factor and
tropomyosin-receptor-kinase signaling pathway in
intrahepatic cholangiocarcinoma
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with recombinant NGF-β stimulation.
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RESULTS: We found that NGF and TrkA expression was
significantly related with differentiation (P = 0.024) and
intraneural invasion (P = 0.003), respectively. Additionally, double higher expression of NGF and TrkA was
identified as an independent prognostic factor in IHCC
(P = 0.003). Moreover, we demonstrated that NGF-TrkA
signaling pathway can promote IHCC proliferation and
invasion.
CONCLUSION: NGF-TrkA double higher expression is
an independent prognostic factor in IHCC. NGF-TrkA
pathway can promote IHCC progression, indicating that
NGF-TrkA may become a potential drug target.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Nerve growth factor; tropomyosin-receptorkinase; Prognosis; Intrahepatic cholangiocarcinoma;
Progression
Core tip: For the first time, we systemically investigated nerve growth factor (NGF) and tropomyosinreceptor-kinase (TrkA) expression in 83 intrahepatic
cholangiocarcinoma(IHCC) samples by immunohistochemistry, and then analyzed the expression relationship with clinicopathological features, which resulted in
finding that NGF and TrkA were significantly associated
with differentiation (P = 0.024) and intraneural invasion
(P = 0.003) respectively. Moreover, we found that NGF
and TrkA double higher expression had poorer prognosis than others. NGF-TrkA double higher expression
was further confirmed as an independent prognostic
factor by multivariate analysis. With function assays we
demonstrated that NGF-TrkA signaling pathway played a
crucial role in cholangiocarcinoma proliferation and invasion, indicating NGF-TrkA pathway could be a promising
potential drug target of intrahepatic cholangiocarcinoma.

Abstract
AIM: to investigate the correlation between nerve
growth factor-tropomyosin-receptor-kinase (NGF-TrkA)
signaling pathway and prognosis in intrahepatic cholangiocarcinoma (IHCC).
METHODS: NGF and TrkA expression in 83 samples of
IHCC was assessed by immunohistochemistry. Correlations between NGF-TrkA expression and clinicopatho2
logical features were analyzed by χ test. Moreover, we
evaluated the association between NGF-TrkA and overall survival by univariate and multivariate analysis. With
experiments in vitro , we investigated the crucial role
of NGF-TrkA on proliferation and invasion of IHCC cells
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CCA, NGF itself was indicated to promote CCA cell line
progression in study in vitro[21]. In perihilar CCA, NGF-β
was proved to be associated with lymph node metastasis
and nerve infiltration[22]. However, the relation between
NGF and IHCC has not been reported in clinical study,
and no article has proved the role of NGF-tropomyosinreceptor-kinase (NGF-TrkA) signaling in IHCC.
In our study, we investigated expression of NGF
and TrkA in 83 samples of IHCC by IHC, and further
explored the relationship of NGF/TrkA expression with
clinicopathologic parameters and overall survival rates.
To explain why NGF-TrkA signaling pathway was associated with poor prognosis of IHCC, we used two IHCC
cell lines and performed tumor function assays in vitro,
including proliferation and invasion assay.

Yang XQ, Xu YF, Guo S, Liu Y, Ning SL, Lu XF, Yang H, Chen
YX. Clinical significance of nerve growth factor and tropomyosin-receptor-kinase signaling pathway in intrahepatic cholangiocarcinoma. World J Gastroenterol 2014; 20(14): 4076-4084
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i14/4076.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i14.4076

INTRODUCTION
Cholangiocarcinoma (CCA) is highly malignant tumor
that arises from biliary tract. The 7th union for international cancer control/american joint committee on cancer
(UICC/AJCC) divided CCA into the intrahepatic, perihilar and distant cholangiocarcinoma according to their
location and different clinical features. Incidence of CCA
just accounts for 3% of gastrointestinal cancer[1,2], but the
morbidity and mortality of cholangiocarcinoma, especially intrahepatic cholangiocarcinoma (IHCC), are increasing worldwide[3]. The IHCC is featured of silent clinical
signatures, early regional invasiveness, distant metastasis
and poor prognosis[4-6]. Currently, radical resection of tumor and involved liver is the only curative treatment for
IHCC. However, when patients are hospitalized because
of jaundice or pain, it is usually too late for surgery owing to the early invasiveness and metastasis, which make
the resectability rate quite low and variable (18%-70%)[7].
Hence, both effective pre- and post-operational biomarkers are urgently needed for early and individualized treatment. Unfortunately, the process of researching mechanisms and biomarkers of IHCC was very slow, though
some breakthroughs were realized in molecular analysis
and classification[8,9].
Nerve growth factor (NGF) was the first discovered
critical member in the neurotrophin polypeptide family[10], which is comprised of brain-derived neurotrophic
factor, neurotrophins NT-3, NT-4/5, NT-6, and NT-7[11].
NGF functions as a signaling molecule by binding with
two known receptor: the common p75 neurotrophin receptor (p75NTR) which binds all of the neurotrophins
with almost equal affinity, and specific tyrosine kinase
receptors called tropomyosin related kinases (Trks) which
binds neurotrophin specially[12,13]. Dysregulation of NGF
was found in many kinds of tumors including neuronal
tumors and non-neuronal tumors like prostate, lung, and
breast cancers[14]. Moreover, rearrangements or aberrant
expression of Trk genes were found in a variety of other
cancers such as papillary thyroid carcinomas, secretory
breast cancers, pediatric sarcomas and leukemias[15]. For
example, tropomyosin-receptor-kinase receptor, the only
Trk receptor which can bind with NGF, is demonstrated
to be correlated with breast cancers, thyroid carcinomas
and neuroblastomas[16-19]. NGF has been proved to activate Raf-MAPK signaling pathway, which is well acknowledged to be related with carcinogenesis[20]. For a long
period of time, NGF and its receptors are considered as
a potential molecular target of tumorgenesis. In regard to

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and follow-up
All the 83 IHCC samples were obtained from the tumor resection between 2002 and 2010. All the samples
were obtained from the Department of Pathology of
Qilu Hospital and Yishui Central Hospital, Shandong
Province. The diagnosis was confirmed by the routine
pathology and histopathological samples were reviewed
by a senior pathologist to select suitable areas for immunohistochemical detection. The overall survival time
was calculated from the operation to the date of death or
censored at the date of the last follow-up examination.
Clinical data, including age, gender and other clinicopahtologic features were abstracted from the patients’ medical records. Pathologic tumor-node-metastasis (pTNM)
staging was based on the 7th staging classification of International Union Against Cancer (2009).
This study was approved of the Institutional Clinical
Ethics Review Board with prior patient consents. The
clinical follow-up was at least 3 mo after surgery, with
the median follow-up time 25.1 mo (from 3 to 96 mo).
Criteria of the validation cohort included: (1) available
formalin-fixed tumor tissues; (2) available clinical followup data and complete medical records; and (3) no history
of previous anticancer therapy and other malignancies.
Cell culture and reagents
Human intrahepatic cholangiocarcinoma cell lines RBE
and QBC939 were bought from Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cell
line HUCCT-1 was purchased from RIKEN Bioresourse
Center (Saitama, Japan). All the cells were cultured in the
RPMI-1640 medium supplemented with 10% fetal bovine serum (Gibco) and 1% ampicillin/streptomycin in
5% CO2 resuscitation.
Recombinant human β-NGF was obtained from Sino
Biological Inc. (Beijing, China). Matrigel pre-coated transwell was from BD Biosciences. All other reagents were
bought from Sigma Company. TrkA antibody was purchased from Santa Cruz (Cat No. sc-118), NGF antibody
was from Abcam Company (Cat No. ab52918), phos-
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phor-TrkA-Y490, phosphor-AKT-S473 and phosphorERK-T202/204 antibodies were obtained from Cellsignaling Technology.

plate with density at 5000 cells per well and then starved
in serum-free medium overnight before stimulation. 100
ng/ml NGF-β was used to stimulate cells for 48 h. After
stimulation, 10 ul MTT at 10 mg/ml concentration was
added into medium and incubated for 4-6 h. Subsequently, medium was decanted and crystals were dissolved by
100 μL DMSO and incubated for 15 min for complete
solution. Absorbance at 490 nm was read by a microplate
reader and all data were standardized by compare with
base line, and three independent experiments were performed to confirm results.

Immunohistochemistry and evaluation
Streptavidin peroxidase complex method was used for immunohistochemical (IHC) staining referring to previous
study[14,23,24]. Adhesive-coated slide was used to transfer
tissue microarray sections, and then samples were de-paraffinized and rehydrated with xylene and graded alcohol.
Slides were then incubated in 3% hydrogen peroxide for
60 min to quench endogenous activity, and then immersed
in citrate buffer (pH = 6.0) for antigen retrieval. Microwave oven was used to heat the buffer for 15 min for
satisfied antigen retrieval. The sections were then blocked
with 1% BSA in PBS containing 10% normal serum for
30 min at 37 ℃. Slides were incubated in the corresponding primary antibodies (at the dilution of 1:50) overnight
at 4 ℃. Secondary antibodies labeled with streptoavidinbiotin-peroxidase reagent were used after removal of primary antibody and PBS washing. For visualization, slides
were incubated in the 3,3’-diaminobenzidine solution until
desired staining was approached. Lastly, slides were counterstained with hematoxylin and mounted.
The score of IHC staining was based on the multiply
of staining intensity and area. The staining intensity of
all tested proteins was scored as negative (0), weak (1),
moderate (2) and strong (3), and scores of stained area
was defined as follows: 1, < 10% of cells were positive; 2,
10%-50% of cells were positive; 3, > 50% of cells were
positive. The mean score of NGF and TrkA was 3.4 and
2.5 respectively. The samples were divided into higher
and lower groups according to the average score, namely
the cut-off.

Invasion assay
Cell invasive activity was evaluated by transwell assay with
matrigel-precoated transwell chambers (BD Company,
United States). RBE cells were split into the chambers
and incubated in serum-free medium for 6 h before 100
ng/ml NGF stimulation. After starvation, medium was
changed to RPMI1640 with 1% fetal bovine serum, and
NGF was added into lower filter. After 24 h, cells on upper filter surface were removed using a cotton swab and
invasive cells were stained by crystal violet. Cell numbers
were counted at × 200 magnification of at least five
random visual fields and three independent experiments
were performed to confirm results.
siRNA transfections
Both of the oligo siRNA and scramble RNA of NGF
(sc-43970) and TrkA (sc-36726) were purchased from
Santa Cruz Biotechnology. Growing cells were transiently
transfected with either 50 μmol/L of siRNA or the
scrambled siRNA control with Lipofectamine 2000™
(Invitrogen) according to the manual. Forty-eight hours
following transfection, transfected cells were scraped
and immunoblotting was used to confirm the successful
knock down.

Immunoblotting
Cells were lysed first after treatment on ice with the lysis
buffer(1% NP-40, 10 mmol/L Tris-HCl, pH 7.4, 150
mmol/L NaCl, 5 mmol/L EDTA, 1 mmol/L sodium
vanadate, 10 μg of leupeptin, 1 μg of aprotinin, 1 μg of
pepstatin, 1 μg of antipain, and 30 μg of phenylmethylsulfonyl fluoride per mL). Cells were centrifuged at 10000 g at
4 ℃ for 15 min after scraping and the superior was added
with loading buffer with equal volume. Protein concentration was tested by a BCA kit（Merck Company) and
equal quality of protein was added to run SDS-PAGE
gel. Protein in the gel was subsequently transferred into a
PVDF membrane(PALL, United States) and incubated in
5% skimmed milk to block unspecific binding and then
incubated in primary antibody with dilution at 1:1000 in
4 ℃ overnight. Corresponding secondary antibody was
added after washing the membrane 3 times and protein
was visualized by adding ECL (Millipore Company, United States).

Statistical analysis
All the statistical analyses were carried out with SPSS 17.0
software (IBM company, United States). The association
between protein expression and clinicopathologic parameters was evaluated by χ 2 test. Kaplan-Meier method
was used to analyze correlation between survival rate and
NGF-TrkA expression, and Cox Regression Model was
used for multivariate analysis to determine the independent prognostic factors. P values < 0.05 was considered
to be significant. The statistical comparisons between
control and tested group were made with the Student t
tests (The software Graph Pad Prism 5 was also used for
statistical analysis).

RESULTS
NGF and TrkA expression in IHCC
As a secreted growth factor, NGF was mostly found in
cytoplasm (Figure 1A and B), and TrkA was found on
membrane or in cytoplasm (Figure 1C and D). According to the criteria described before, expressions of NGF

Proliferation assay
MTT assay was used to measure the proliferative activity
of CCA cells. In brief, RBE cells were split into a 96-well
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Figure 1 Nerve growth factor and tropomyosin-receptor-kinase expression in intrahepatic cholangiocarcinoma. Representative figures showing lower NGF
expression (A), higher NGF expression (B), lower TrkA expression (C), higher TrkA expression (D), intraneural invasion by CCA cells (E). NGF: Nerve growth factor;
CCA: Cholangiocarcinoma; TrkA: Tropomyosin-receptor-kinase.

to intraneural invasion (P = 0.003) (Figure 1E), which indicated that intraneural invasion may be resulted from the
TrkA signaling pathway ectopic activation. This kind of
TrkA activation may be caused by TrkA overexpression
and consistent NGF stimulation, which probably come
from the neuron or cancer cell autocrine.

and TrkA were divided into higher and lower expressive
groups by the average cut-off. NGF was observed higher
expressed in 27.7% (23/83) IHCC samples while TrkA
was overexpressed in 20.5% (17/83) samples. Double
NGF and TrkA higher expression was defined as both
NGF and TrkA had higher score than corresponding
cut-off. The percent of double NGF and TrkA higher
expression was 15.6% (13/83).

Correlation between NGF, TrkA and overall survival rates
In univariate analysis, T stage (P = 0.002), N stage (P =
0.004) and TNM stage (P = 0.004) were significantly associated with the 5-year overall survival rate (Table 2).
Unexpectedly, expression of NGF and TrkA alone had
no significant influence on survival rate (P = 0.201 and
0.483 respectively) (Figure 2A and B). However, considering that NGF and TrkA may affect cell survival as a
network, we further divided IHCC into group of NGF/
TrkA higher-expression (both NGF and TrkA have higher score than the cut-off) and group of others (including

Correlation between NGF, TrkA and clinicopathologic
parameters
To further investigate the clinical and pathological importance of NGF and TrkA receptor, correlations between
NGF, TrkA and clinicopathologic features were analyzed
by Chi-Square method (Table 1). Well differentiation has
more cases with higher NGF expression and poor differentiation has less cases with higher expression (P = 0.024)
(Table 1). Moreover, TrkA expression was closely related
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Table 1 Correlations between nerve growth factor/tropomyosin-receptor-kinase expression and clinicopathologic parameters
Clinicopathologic parameters

n

Age

62
21
44
39
37
46
19
39
25
40
20
23
0
57
26
79
4
31
10
16
22
4
63
20
80
3
67
16
73
10
73
10
67
16

Gender
Tumor size
Differentiation

T stage

N stage
M stage
TNM stage

Satellites
Macrovascular
invasion
Microvascular
invasion
Intraneural invasion
HBV
Cirrhosis

< 65 yr
≥ 65 yr
Male
Female
< 5 cm
≥ 5 cm
Well
Moderately
Poorly
T1
T2
T3
T4
N0
N1
M0
M1
Ⅰ
Ⅱ
Ⅲ
Ⅳa
Ⅳb
N
P
N
P
N
P
N
P
N
P
N
P

P value1

NGF
low

high

44
16
30
30
24
36
9
32
19
29
17
14
0
40
20
57
3
22
9
9
17
3
45
15
57
3
48
12
53
7
51
9
48
12

18
5
14
9
13
10
10
7
6
11
3
9
0
17
6
22
1
9
1
7
5
1
18
5
23
0
19
4
20
3
22
1
19
4

0.640
0.373
0.220
0.024

0.200

0.520
0.900
0.948

0.754
0.158
0.786
0.864
0.146
0.786

P value1

TrkA
low

high

49
13
32
34
28
38
20
34
12
33
16
17
0
46
20
63
3
26
8
12
17
3
51
15
63
3
52
14
62
4
57
9
53
13

13
4
12
5
9
8
5
5
7
7
4
6
0
11
6
16
1
5
2
4
5
1
12
5
17
0
15
2
11
6
16
1
14
3

0.850
0.099
0.438
0.228

0.428

0.695
0.823
0.470

0.572
0.236
0.357
0.003
0.347
0.847

1 2

χ test. NGF: Nerve growth factor; TrkA: Tropomyosin-receptor-kinase; HBV: Hepatitis B virus; N: Negative; P: Positive.

CCA cell line QBC939[21], but TrkA role in the progression was not involved. To further explore the insight into
the molecular mechanism and confirm the phenomenon
found in our clinical study, we investigated NGF-TrkA
signaling pathway in CCA cell lines with experiments in
vitro. First of all, the levels of NGF and TrkA expressions were detected in three cell lines: HUCCT-1, RBE
and HCCC9810 by immunoblotting (Figure 3A). Both
NGF and TrkA can be detected in these three cell lines
although the abundance was different. Interestingly,
HUCCT-1 had the most NGF expression but the least
TrkA expression. To activate TrkA receptor and detect
downstream targeted molecules; we used 100 ng/mL
recombinant NGF-β for stimulation. After starved in
serum-free medium for 12 h and then stimulated for 5
or 15 min, phosphorylation levels of TrkA, AKT and
ERK were detected by immunoblotting. Consistent with
previous study, NGF can significantly activate the PI3KAKT pathway and Ras-MAPK pathway in a time-related
pattern (Figure 3B). The phosphorylated level of TrkApY490, AKT-pS473 and ERK-pT202/pY204 markedly
increased with 5 min NGF stimulation, and 15 min
stimulation had a more significant change, indicating that

both lower expression, only NGF higher and only TrkA
higher), subsequently investigated the correlation between these two groups. When expressions of NGF and
TrkA were both higher, they had a significant relation
with survival rate (P = 0.030), indicating that the NGFTrkA pathway may be involved in the CCA progression
in an autocrine loop way, as previously reported in breast
cancer[14].
All the suspicious prognostic factors were enrolled
in the Cox regression model to identify the independent
prognostic factors, including tumor size, differentiation,
T, N, M stage, satellites, macrovascular invasion, microvascualr invasion, intraneural invasion and NGF-TrkA
double higher expression (Table 3). In IHCC, NGF and
TrkA double higher expression was a significant prognostic factor (P = 0.010), meanwhile N stage was also
defined as a prognostic parameter (P = 0.015). Other
clinicopathologic parameters were not proved to be significantly related with prognosis in our experiments.
NGF-TrkA signaling pathway in CCA cell lines
It was previously indicated that overexpression of NGF-β
may play an important role in progression of the perihilar
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Figure 2 Correlations between overall survival rate and detected proteins. Expressions of NGF (A) and TrkA (B) have no significant association with prognosis of
IHCC (P = 0.201 and 0.483, respectively). The group with NGF and TrkA double higher expression had poorer prognosis than the non-NGF/TrkA double higher group
(C) (including both lower expression, only NGF higher and only TrkA higher, P = 0.003). NGF: Nerve growth factor; IHCC: Intrahepatic cholangiocarcinoma; TrkA:
Tropomyosin-receptor-kinase.

NGF can trigger the PI3K-AKT and Ras-MAPK pathway by inducing TrkA phosphorylation. Furthermore, we
knocked down TrkA by siRNA and evaluated the influence on cellular signaling and tumor progression. As expected, TrkA expression was knocked down successfully
(Figure 3C), and the down-regulation of TrkA resulted
in reduction of AKT-pS473 and ERK-pT202/pY204
phosphorylation, which suggested the crucial role of
TrkA in NGF-induced MAPK and PI3K/AKT activation. Function assays including proliferation and invasion were carried out to identify NGF and TrkA role in
CCA progression. RBE cells were starved in serum-free
medium and then incubated with or without 100 ng/mL
NGF-β for 48 h. The proliferation rate of control group
without NGF stimulation was set as baseline and proliferation rate of other groups was evaluated by comparing
with the ratio to baseline (Figure 3D). It was obvious
that NGF could accelerate IHCC cells proliferation while
TrkA knockdown significantly decreased this tendency,
which demonstrating NGF/TrkA signaling pathway was
required in IHCC proliferation.
Based on the founding that TrkA expression was associated with intraneural filtration, we speculated that TrkA
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was essential on invasion, so we performed transwell assay to evaluate the invasive ability of CCA cells. After split
into matrigel-precoated well, RBE cells were then starved
for 6 h and then activated by 100 ng/mL NGF-β, cell
numbers were counted randomly in 8 visual fields and
the number of control group without NGF-β was set
as baseline. Similarly with proliferation, we can see that
NGF-β markedly increased the invasive ability of RBE
and TrkA knockdown reversed this increase significantly,
which indicated that TrkA played crucial role in NGFinduced CCA invasion (Figure 3E).

DISCUSSION
The study on oncogenic role of NGF and its receptor
was mostly focused in neural tumor such as neuroblastoma and sporadically reported in oral cancer, pancreatic
cancer, colon cancer and breast cancer[25-28]. NGF was
identified as a prognostic biomarker and mostly reported
to be related with intraneural invasion, which is consistent with our study. Moreover, it is a breakthrough of
CCA that NGF-β was identified to be associated with
lymph and nerve invasion in perihilar cholangiocarcino-
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Table 2 Univariate analysis of clinicopathologic features for
overall survival

Table 3 Multivariate analysis of clinicopathologic features
Factor

Clinicopathologic parameters
Age

< 65 yr
≥ 65 yr
gender
male
female
Tumor size
< 5 cm
≥ 5 cm
Differentiation
Well
Moderately
Poorly
T stage
T1
T2
T3
T4
N stage
N0
N1
M stage
M0
M1
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Satellites
Negative
Positive
Macrovascular
Negative
Positive
invasion
Microvascular
Negative
Positive
invasion
Intraneural invasion Negative
Positive
NGF
Negative
Positive
TrkA
Negative
Positive
NGF + TrkA
Negative
Positive

Median

Survival

P value

46.2
59.9
46.7
51.5
57.4
40.6
54.5
47.8
43.6
52.7
58.9
33.0
0.0
58.7
17.6
51.8
7.8
62.4
73.0
46.6
17.2
50.0
31.3
49.7
24.3
49.5
44.7
47.2
55.7
54.2
36.4
48.9
44.6
53.1
18.0

39.5%
60.3%
42.6%
43.5%
50.2%
36.1%
49.9%
40.4%
40.7%
49.0%
60.0%
23.4%
0.0%
53.3%
14.0%
45.5%
0.0%
60.4%
77.8%
36.8%
13.6%
47.1%
31.4%
42.9%
33.3%
43.9%
41.8%
41.5%
52.5%
49.4%
29.6%
42.7%
41.6%
46.5%
24.6%

0.776

1

Tumor size
Differentiation

0.364
0.029

T stage

0.587

N stage
M stage

0.411

Satellites
Macrovascular
invasion
Microvascualr
invasion
Intraneural invasion

0.002
0.004
0.004

NGF + TrkA

HR

< 5 cm
≥ 5 cm
Well
Moderately
Poorly
T1 + T2
T3 + T4
N0
N1
M0
M1
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive

1.00
2.00
1.00
0.74
1.65
1.00
1.25
1.00
3.15
1.00
2.18
1.00
0.76
1.00
2.61
1.00
2.15
1.00
0.95
1.00
2.87

95%CI

P value1

0.8-3.9

0.157

0.3-2.1
0.6-4.3

0.578
0.335
0.550

0.6-2.6
0.015
1.3-7.9
0.200
0.7-7.2
0.533
0.3-1.8
0.245
0.5-13.2
0.092
0.9-5.2
0.927
0.3-2.9
0.010
1.3-6.4

1

0.132

Cox proportional hazards regression. NGF: Nerve growth factor; TrkA:
Tropomyosin-receptor-kinase.

0.290

vide new insight to CCA biomarker and progression, and
help find a new molecular drug target for CCA.
Based on our clinical and experimental finding, we
highly speculated that NGF and TrkA affected the progression of IHCC in an autocrine or paracrine way. The
NGF which stimulated TrkA receptor of CCA cells
could be secreted by neurocytes or by CCA cells themselves. Up-regulation of NGF in matrix could enhance
invasive activity of CCA cells and promote the intraneural filtration, which can explain that TrkA expression
was associated with intraneural invasion. NGF and TrkA
network as paracrine loop could promote IHCC cells
progression and finally lead to poor prognosis. In addition, more molecular insights into CCA tumorigenesis
could be performed surrounding NGF and its receptors,
and more experiments including animal model should be
performed in the future.
The molecular significance of this signaling pathway
was gradually revealed, which provides us a new inspiration for finding new chemical therapy. There are several
potent small-molecular inhibitors of NGF and TrkA
now, such as GW441756 or GNF-5837. More interestingly, the anti-NGF antibody tanezumab, which acts by
sequestering NGF and preventing its binding to either
of TrkA and p75, is in clinical trial for osteoarthritis and
inflammation pain now. We hope our finding can increase
the interest of NGF/TrkA signaling inhibitor as a potential chemical drug for CCA treatment.
In summary, for the first time, we demonstrated that
NGF-TrkA double higher expression was associated
with poor prognosis in IHCC and NGF-TrkA signaling
pathway could promote IHCC cell line progression. This
might provide a new insight into the molecular mechanism of IHCC progression. We hope our study could

0.445
0.678
0.201
0.483
0.030

1

Log-rank test. NGF: Nerve growth factor; TrkA: Tropomyosin-receptorkinase.

ma, though the cases number was small and no prognostic data available[22]. However, more underlying molecular
mechanism of why NGF related to poor prognosis of
cancer need further investigation. NGF functioned mostly by interacting with its two receptors: p75NTR and Trk
receptor. TrkA is distinguishing in the Trk receptors because it functions by autophosphorylating and activating
of various signaling cascades. Proteins interacting directly
with the TrkA include SHC, PLC 1, SH2B and IAPs,
which can activate downstream signaling pathway, including RAS-MEKK-MAPK, and PI3K-PDK-AKT pathway.
Activation of both MAPK and PI3K-AKT pathway can
promote survival by affecting apoptosis-related protein
BAD and BCL-2[29]. Moreover, NGF can promote intraneural invasion through activating STAT3 signaling[30].
Besides proliferation and invasion, NGF signaling pathway was proved to promote other oncogenic process like
angiogenesis[31], which also need further investigation in
CCA. In our study, we first found that NGF/TrkA signaling pathway can relate to poor prognosis in CCA and
demonstrated that NGF/TrkA signaling pathway can
promote CCA proliferation and invasion, which can pro-
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Figure 3 Nerve growth factor-tropomyosin-receptor-kinase signaling pathway can promote cholangiocarcinoma proliferation and invasion. A: NGF and
TrkA expression in IHCC cell line HCCC9810, RBE and HUCCT-1; B: Phosphorylation level of TrkA, AKT and ERK notably elevated with NGF stimulation for different
time (0, 5 or 15 min); C: After TrkA knocked down, phosphorylation level of TrkA, AKT and ERK decreases significantly; D: Proliferation of RBE was tested by MTT
48 h after siRNA transfection. NGF-β can promote RBE proliferation and TrkA knockdown reduces this tendency. Data were from three independent experiments and
statistical analysis was performed by student t test, bP < 0.01 between control and HCCC9810; dP < 0.01 vs RBE and HUCCT-1; E: Invasive activity of RBE cells. RBE
invasion is accelerated by NGF-β stimulation and reversed by TrkA knockdown. Cell numbers were counted under 200 × magnification. Data were from at least three
independent experiments and statistical significance was measured by student t test, fP < 0.01 between control and HCCC9810; kP < 0.01 vs RBE and HUCCT-1.
NGF: Nerve growth factor; IHCC: Intrahepatic cholangiocarcinoma; TrkA: Tropomyosin-receptor-kinase.
new potential drugs for chemical therapy of IHCC.

trigger the interest of NGF or TrkA as a potential drug
target and help find new therapy of IHCC.

Peer review
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relation to other types of cancers, cholangiocarcinoma data is sparse.
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Combined detection tumor markers for diagnosis and
prognosis of gallbladder cancer
Yun-Feng Wang, Fei-Ling Feng, Xu-Hong Zhao, Zhen-Xiong Ye, He-Ping Zeng, Zhen Li, Xiao-Qing Jiang,
Zhi-Hai Peng
operatively. Receiver operator characteristic curves
were used to determine diagnostic sensitivity and
specificity of GBC. Survival time analysis, including survival curves, and multivariate survival analysis of a Cox
proportional hazards model was performed to evaluate
independent prognostic factors.
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RESULTS: Serum CA242, CA125, and CA199 levels in
the GBC group were significantly higher when compared with those in the benign gallbladder disease and
healthy control groups (P < 0.01). With a single tumor
marker for GBC diagnosis, the sensitivity of CA199 was
the highest (71.7%), with the highest specificity being in CA242 (98.7%). Diagnostic accuracy was highest with a combination of CA199, CA242, and CA125
(69.2%). CA242 could be regarded as a tumor marker
of GBC infiltration in the early stage. The sensitivity of
CA199 and CA242 increased with progression of GBC
and advanced lymph node metastasis (P < 0.05). The
78 GBC patients were followed up for 6-12 mo (mean:
8 mo), during which time serum CA199, CA125, and
CA242 levels in the recurrence group were significantly
higher than in patients without recurrence (P < 0.01).
The post-operative serum CA199, CA125, and CA242
levels in the non-recurrence group were significantly
lower than those in the GBC group (P < 0.01). Multivariate survival analysis using a Cox proportional hazards
model showed that cancer of the gallbladder neck and
CA199 expression level were independent prognostic
factors.

Abstract
AIM: To clarify the value of combined use of markers
for the diagnosis of gallbladder cancer and prediction of
its prognosis.

CONCLUSION: CA242 is a marker of GBC infiltration
in the early stage. CA199 and cancer of the gallbladder
neck are therapeutic and prognostic markers.

METHODS: Serum cancer antigens (CA)199, CA242,
carcinoembryonic antigen (CEA), and CA125 levels
were measured in 78 patients with gallbladder cancer
(GBC), 78 patients with benign gallbladder diseases,
and 78 healthy controls using electrochemiluminescence. CA199, CA242, CEA, and CA125 levels and positive rates were analyzed and evaluated pre- and post-
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MATERIALS AND METHODS

Core tip: Detection of serum tumor markers is simple,
and has become a common clinical method for tumor
screening. However, when these markers are used individually for the diagnosis of gallbladder cancer, inconsistent results have been obtained. The results of the
present study suggest that combined detection of serum cancer antigens cancer antigens (CA)125, CA199,
and CA242 can increase the specificity of gallbladder
cancer (GBC) diagnosis. CA242 could be regarded as
a tumor marker of GBC infiltration in the early stage.
Multivariate survival analysis showed that cancer of the
gallbladder neck and CA199 expression levels were independent prognostic factors.

Ethics
This study was performed in compliance with the Helsinki Declaration and according to the protocol approved by
the Medical Ethics Committee of the authors’ hospitals.
All patients and participants were informed of the study
and gave voluntary, signed informed consent.
Study subjects
A total of 234 subjects were enrolled in this study: 78
patients with GBC (30 male and 48 female), 78 patients
with benign gallbladder diseases (cholecystitis, gallbladder
polyps, and gallbladder stones) admitted to Yangpu District Central Hospital and Eastern Hepatobiliary Surgery
Hospital (Shanghai, China), and 78 healthy individuals
who underwent physical examinations in the same hospitals between January 2010 and September 2012. The
78 GBC patients ranged in age from 45 to 73 years, with
an average of 58.7 years. Their body mass index ranged
from 19 to 24 kg/m2, with an average of 22. Cancer
staging was performed according to the American Joint
Committee on Cancer TNM staging system (7th Edition)/
classification system for patients with gallbladder cancer
(2010), which showed seven cases of phase Ⅱ GBC, 10
phase ⅢA, 33 phase ⅢB, 6 phase ⅣA, and 22 phase ⅣB.
Of the 78 GBC cases, 73 were adenocarcinomas, including 8 highly differentiated adenocarcinomas, 11 poorly
differentiated adenocarcinomas, and 54 moderately differentiated adenocarcinomas. The remaining five cases were
carcinoid GBC in two, squamous cell carcinoma in two,
and squamous Signet ring cell carcinoma in one. Of the
78 GBC cases, 37 occurred in the gallbladder neck, 23 in
the body, 5 in the bottom, and 13 in the duct of gallbladder[12]. All GBC diagnoses were confirmed pathologically.
None of the GBC patients had received radiotherapy,
chemotherapy, or endocrine therapy before surgery. Metastasis occurred in 53 out of the 78 GBC cases, including 36 cases with adjacent lymph node (LN) metastasis,
17 with distal LN metastasis, and 25 without observable
metastasis. The 78 patients in the benign gallbladder
disease group included 35 men and 43 women, with a
mean age of 55 ± 6.4 years (range: 48-70 years). The 78
healthy controls included 37 men and 41 women, with a
mean age of 61.6 ± 6.7 years (range: 40-75 years). Serum
CA199, CA242, CEA, and CA125 were detected before
and after operation. Surgical modalities for the GBC
group are shown in Table 1. Fasting cubital venous blood
(5 mL) was drawn in the morning from each of the three
groups and centrifuged at 4000 r/min. The supernatant
was collected and preserved at -80 ℃ before use.

Wang YF, Feng FL, Zhao XH, Ye ZX, Zeng HP, Li Z, Jiang XQ,
Peng ZH. Combined detection tumor markers for diagnosis and
prognosis of gallbladder cancer. World J Gastroenterol 2014;
20(14): 4085-4092 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/4085.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.4085

INTRODUCTION
Gallbladder cancer (GBC) is one of the most common
and aggressive malignant neoplasms of the biliary system. Early-stage GBC lacks typical clinical manifestations,
leading to a poor 5-year survival[1-3]. Most patients are at
the advanced stage at the time of diagnosis, and thus lose
the chance of radical cure. It is therefore important to
diagnose GBC earlier. Currently, the diagnosis of GBC
mainly depends on non-invasive auxiliary imaging and
invasive examination such as laparoscopy and biopsy.
However, there is no ideal single tumor marker for the
diagnosis and prognosis of GBC[4-6].
Tumor markers such as CEA, cancer antigens (CA)
CA125, CA242, and CA199 have been widely used for
the diagnosis of different types of cancer (e.g., liver, gastric, colorectal, and pancreatic). However, when these
markers are used individually for the diagnosis of GBC,
inconsistent results have been obtained[7-10]. A recent
study reported that S1P1 overexpression or ERp29 absence is related to carcinogenesis and progression, and
are thus potential biomarkers for the early detection of
gallbladder adenocarcinoma[11]. We therefore hypothesized as whether the combined use of tumor markers
could avoid inconsistent results and increase the diagnostic sensitivity for GBC.
In this study, we detected serum levels of tumor
markers CEA, CA125, CA242, and CA199 in 78 patients
with GBC, 78 patients with benign gallbladder diseases,
and 78 healthy controls. Our results showed that combined detection of these markers could increase the sensitivity for diagnosis and prognosis of GBC.
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Table 1 Surgical modalities and their relationship with tumor
stage in the gallbladder cancer group
Surgical modality
C+N
C + WR + N
C + S4aS5 + N
C + ELH + N
C + ERH + N
C + BD + N
C + WR + BD + N
C + S4As5 + BD + N
C + CH + BD + N
C + S4aS5 + other + N
C + S4aS5 + other + N
C + ERH + BD + other + N
HPD + N
Palliative resection
Simple drainage
Pure exploration

Table 2 Comparison of serum cancer antigen 199, cancer
antigen 125, cancer antigen 242, and carcinoembryonic
antigen levels

TNM stage
Ⅱ

ⅢA

ⅢB

6
1

8

2
6
7

1

ⅣA

ⅣB

Group

n MFI (CEA) MFI (CA199) MFI (CA125) MFI (CA242)

4
3
1

Control
group
Benign
disease
GBC

78 3.93 ± 2.04

14.97 ± 8.91b

10.48 ± 6.38b

9.48 ± 3.43b

78 3.83 ± 1.85

15.17 ± 7.82c

12.99 ± 6.99c

10.19 ± 3.08c

78 9.36 ± 3.58

238.17 ±
346.36b,c

1
1

6
4
3
1

2
2
1
1

Results are mean ± SD. bP < 0.01 vs control group; cP < 0.05 vs benign disease group. MFI: Mean fluorescence intensity; CA: Cancer antigen; CEA:
Carcinoembryonic antigen; GBC: Gallbladder cancer.

5
1
1
1
1

1

Table 3 Positive rates of carcinoembryonic antigen, cancer antigen 125, cancer antigen 242, and cancer antigen 199 n (%)

2
3
2

BD: Bile duct resection; C: Cholecystectomy; CH: Central hepatectomy;
ELH: Extended left hepatectomy; ERH: Extended right hepatectomy; HPD:
Hepato-pancreaticoduodenectomy; N: Lymphadenectomy; Other: Other
organ tissue resection; S4aS5: Liver resection of segments Ⅳa and Ⅴ; WR:
Wedge resection of the gallbladder fossae.

CEA Pc
CA242 Pc
CA125 Pc
CA199 Pc
Combination Pc

(Cobas; Roche Diagnostics, Germany) at the Department
of Biliary Surgery of the Eastern Hepatobiliary Surgery
Hospital affiliated to the Second Military Medical University, Shanghai, China. The normal reference values
were as follows: CEA ≤ 10 μg/L, CA125 ≤ 35 U/mL,
CA242 ≤ 15 U/mL, and CA199 ≤ 39 U/mL.

GBC
(n = 78)

Benign gallbladder
disease (n = 78)

Healthy controls
(n = 78)

9 (11.5)
50 (64.1)b
35 (44.8)b
56 (71.7)b
7 (8.9)

1 (1.2)
2 (2.5)
2 (2.5)
4 (5.0)
0 (0.0)

2 (2.5)
1 (1.2)
2 (2.5)
3 (3.8)
0 (0.0)

b

P < 0.01 vs benign gallbladder disease and healthy control group. Combination = Carcinoembryonic antigen (CEA) + cancer antigen CA242 +
CA125 + CA199. Pc: Positive cases; GBC: Gallbladder cancer.

Serum tumor markers in GBC patients with different
clinicopathological features
According to the stage, location, and histological differentiation, the GBC group was subclassified by tumor
location, stage, size, and pathological type for calculation
of the positive rate of the four serum tumor markers using combined qualitative detection by a pathologist. The
results showed that CA125, CA199, and CA242 levels in
patients with gallbladder neck cancer were significantly
higher than in those with cancer in the bottom portion.
In addition, there were significant differences in serum
CA125, CA199, and CA242 levels between GBC cases at
different stages, tumor size, and differentiation (Table 4).
Analysis of the sensitivity of the four serum tumor markers at different stages of GBC showed that the sensitivity
of CA125, CA199, and CA242 strengthened gradually
with the progression of clinical stages. There were significant differences between stages ⅣA, ⅣB, and Ⅱ (P
< 0.05). The sensitivity of CA242 in stage Ⅱ GBC was
significantly better than that of CA125 and CA199 (P <
0.05) (Table 5), and therefore, CA242 could be regarded
as a tumor marker of GBC infiltration in the early stage.

Statistical analysis
The data were expressed as mean ± SD. Measurement
data between groups were compared with the t test, while
enumerative data were compared with the χ 2 test. The
prediction value was calculated by receiver operating
characteristic (ROC) curve analysis. Survival was analyzed by the Cox proportional hazards model. Statistical
analysis was performed using SPSS version 17.0 statistical
software (SPSS Inc., Chicago, IL, United States). All tests
were two-tailed and P < 0.05 was considered statistically
significant.

RESULTS
Serum levels of CEA, CA125, CA199, and CA242
There were significant differences in the mean serum
level and positive rate of CA125, CA199, and CA242
between the GBC and the other two groups (P < 0.01).
There was no significant difference between the healthy
control and benign gallbladder disease groups (P >
0.05). There was no significant difference in serum CEA,
CA125, CA199, and CA242 levels with respect to age and
sex in the GBC group (P > 0.05). The results are shown
in Tables 2-4.
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55.34 ± 81.78b,c 39.92 ± 45.9b,c

GBC diagnostic value of a single vs three tumor markers
CA199 alone had the highest sensitivity of 71.7%, and
CA242 alone had the highest specificity of 98.7% for the
diagnosis of GBC. CA199 and CA242 had the most ex-
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Table 4 Correlations between gallbladder cancer markers, tumor size, location, and staging
Group
Age (yr)
≥ 50
< 50
Sex
Male
Female
Tumor position
Neck
Body
Bottom
Cystic duct
Staging
Ⅱ
ⅢA
ⅢB
ⅣA
ⅣB
Tumor size
> 5 cm
≤ 5 cm
Pathological type
Highly differentiated
Moderately differentiated
Poorly differentiated
Carcinoid
Squamous cell carcinoma
Signet ring cell carcinoma

n

MFI (CEA)

MFI (CA199)

MFI (CA125)

MFI (CA242)

45
33

9.5 ± 4.3
9.2 ± 2.7

239.1 ± 324.6
236.9 ± 319.4

55.9 ± 86.6
54.6 ± 78.9

39.9 ± 42.9
39.9 ± 47.3

30
48

9.3 ± 6.6
9.4 ± 3.8

234.6 ± 356.9
240.4 ± 298.7

54.8 ± 81.7
55.7 ± 89.5

38.5 ± 47.1
40.8 ± 49.9

37
23
5
13

8.5 ± 3.9
5.2 ± 4.2
3.3 ± 2.6
21.5 ± 25.1

262.2 ± 177.8b
28.3 ± 20.7
27.6 ± 2.4b
622 ± 196.9

62.1 ± 47.0b
56.9 ± 99.7
14.5 ± 6.5b
49.0 ± 32.9

42.5 ± 45.9b
19.0 ± 21.6
8.5 ± 2.9b
81.7 ± 56.7

7
10
33
6
22

3.2 ± 2.2
2.0 ± 0.9
6.9 ± 6.4
3.5 ± 3.3
19.9 ± 9.1

66.1 ± 6.3a
89.5 ± 8.2
205.5 ± 33.9a
383.6 ± 55.5a
418.7 ± 316.5a

17.7 ± 7.7a
47.3 ± 38.2
59.6 ± 114.1a
58.1 ± 25.5a
64.1 ± 50.5a

8.4 ± 3.3a
10.2 ± 9.9
22 ± 22.6a
55.2 ± 25.3a
86.2 ± 56.9a

20
58

9.6 ± 2.2
9.3 ± 1.2

768.1 ± 272.9a
55.4 ± 68.7a

82.9 ± 21.9a
45.8 ± 10.1a

81.8 ± 53.1a
25.5 ± 32.9a

8
54
11
2
2
1

3.0 ± 2.0
6.9 ± 5.9
3.5 ± 2.5
20.9 ± 14.6
107.5 ± 69.1
31

68.9 ± 5.9a
142.3 ± 200.4
649.1 ± 209.1a
766.3 ± 330.5a
334.4 ± 14.9a
1000a

16.7 ± 7.7a
49.9 ± 9.9
84.0 ± 29.4a
121.3 ± 45.2a
116.0 ± 103.1a
89.3a

8.7 ± 3.1a
33.8 ± 41.3
73.4 ± 58.9a
62.7 ± 9.4a
108.5 ± 58.7a
69.3a

Results are mean ± SD. aP < 0.05, bP < 0.01 vs control group. MFI: Mean fluorescence intensity; CA: Cancer antigen; CEA: Carcinoembryonic antigen.

Table 5 Analyses of the sensitivity of tumor markers in
different stages of gallbladder cancer n (%)
Clinical stages
Ⅱ
ⅢA
ⅢB
ⅣA
ⅣB

Cases (n )

CEA

CA199

CA242

7
10
33
6
22

1 (14.2)
1 (10)
2 (6)
2 (33.3)
3 (13.6)

3 (42.8)a
5 (50)
18 (54.5)
4 (66.6)
16 (72.7)

4 (57.1)a,c
6 (60)
20 (60.6)
4 (66.6)
16 (72.7)

Table 7 Analyses of different combinations of markers in
gallbladder cancer diagnosis

CA125

Group

n

2 (28.5)a
3 (30)
14 (42.4)
3 (50)
13 (59)

Normal
Gallbladder
cancer (GBC)
Positive likelihood rate

78
78

P < 0.05 vs sensitivity of stage IVA, B; cP < 0.05 vs sensitivity of CA125 and
CA199. CA: Cancer antigen; CEA: Carcinoembryonic antigen.

1 item (+) 2 item (+) 3 item (+) 4 item (+)
4 (5.1)
71 (91.0)

3 (3.8)
67 (85.9)

17.8%

22.6%

0 (0)
54 (69.2)

0 (0)
7 (8.9)

100%

100%

a

of the three markers exceeded the critical value; 85.9%,
96.2%, and 22.6%, respectively, when any two of the
three markers exceeded the critical values; and 69.2%,
100%, and 100%, respectively, when all three markers exceeded the critical values. The sensitivity was 8.9% when
all four markers exceeded the critical values. These results
suggested that diagnosis of GBC based on combined detection of the tumor markers could increase the specificity, but not sensitivity, of diagnoses (Table 7).

Table 6 Evaluation of diagnostic value of a single tumor
marker in 78 gallbladder cancer cases
Diagnostic
value

n

CEA
CA199
CA242
CA125

9
56
50
35

Sensitivity Specificity
11.5%
71.7%
64.1%
44.8%

Positive
Negative
likelihood ratio likelihood ratio

97.4%
96.1%
98.7%
96.2%

4.42
18.4
49.5
11.79

0.91
0.29
0.36
0.57

Correlations of CEA, CA125, CA199, and CA242
expression with LN metastasis in GBC
Serum CEA, CA125, CA199, and CA242 expression
in GBC patients with and without LN metastasis was
compared. Serum CA125, CA199, and CA242 levels in
patients with LN metastasis were significantly higher than
those in patients without LN metastasis (P < 0.01). Serum
CA125, CA199, and CA242 levels in patients with distal
LN metastasis were significantly higher than those in pa-

Sensitivity = true positive/patients × 100%; Specificity = true negative/
normal × 100%; Positive likelihood ratio = sensitivity/(1 - specificity);
Negative likelihood ratio = (1 - sensitivity)/specificity. CA: Cancer antigen; CEA: Carcinoembryonic antigen.

act validity (Table 6). ROC curves are shown in Figure 1.
The sensitivity, specificity, and positive predictive values
were: 91.0%, 94.9%, and 17.8%, respectively, when any
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1.0

1.0

Cumulative survival function

0.8

Sensitivity

0.6
CEA
CA199
CA125
CA242

0.4

0.2

0.0

0.0

0.2

0.4
0.6
Specificity

0.8

0.8

0.6

0.4

0

1.0

5

10
15
Survival time/0.5 mo

20

25

Figure 1 Receiver operating characteristic curve. Receiver operating
characteristic curves showing diagnostic performance of cancer antigens (CA)
CA199, CA125, CA242, and carcinoembryonic antigen (CEA). The sensitivity
of CA199 was the highest (71.7%) and the specificity of CA242 was the highest
(98.7%).

Figure 2 Analysis of overall survival curves. Overall survival curves for 78
patients with gallbladder cancer (GBC). Kaplan-Meier survival curves in GBC
patients with a Cox proportional hazards model for multivariate regression
analysis.

Table 8 Correlations between carcinoembryonic antigen,
cancer antigen 125, cancer antigen 242, and cancer antigen
199 expression and lymph node metastasis

Table 10 Results of Cox proportional hazards model for
multivariate regression analysis

Indicators

CEA, μg/L
CA199, U/mL
CA242, U/mL
CA125 U/mL

No LN metastasis
(n = 25)

Adjacent LN
metastasis
(n = 36)

Distal LN
metastasis
(n = 17)

7.5 ± 3.4
122.2 ± 117.2
9.5 ± 2.9
13.5 ± 16.5

9.5 ± 5.9
237.4 ± 189.5b
38.5 ± 15.7b
43.6 ± 37.9b

9.8 ± 3.6
491.2 ± 222.5a,b
58.7 ± 29.6a,b
61.8 ± 67.8a,b

Prognostic factor Parameter
estimate
CEA
CA199
CA242
CA125
Surgical
modality
LN metastasis
Position (neck)
Age
Sex

Results are mean ± SD. aP < 0.05, bP < 0.01 vs patients without lymph node
(LN) metastasis. CA: Cancer antigen; CEA: Carcinoembryonic antigen.

n

Nonrecurrence
group
Recurrence
group

22 7.34 ± 2.14

CEA

CA199

CA242

CA125

P value

HR

95%CI

-0.043
0.005
-0.007
0.003
0.569

0.498
12.076
0.386
0.714
2.450

0.48
0.001
0.535
0.398
0.118

0.957
1.005
0.993
1.003
1.766

0.849-1.080
1.002-1.009
0.972-1.015
0.996-1.009
0.866-3.599

1.191
-1.578
-0.010
0.796

3.276
6.358
0.073
2.508

0.07
0.012
0.787
0.113

3.291
0.206
0.990
2.216

0.906-11.957
0.061-0.704
0.922-1.063
0.828-5.932

recurrence. Serum CA125, CA199, and CA242 levels in
the recurrence group were significantly higher than those
in the non-recurrence group 6 mo post-operatively (P <
0.01). Serum CA125, CA199, and CA242 levels in the
non-recurrence group were significantly lower than those
in the GBC group pre-operatively (P < 0.01) (Table 9).
Multivariate survival analysis using the Cox proportional
hazards model showed that cancer of the gallbladder
neck and CA199 expression level were independent prognostic factors (Table 10). Survival curves are shown in
Figure 2.

78.65 ± 86.43d 12.41 ± 1.25d 11.96 ± 2.37d

8 9.34 ± 3.04 219.74 ± 321.63b 34.54 ± 8.38b 53.88 ± 8.2b

Results are mean ± SD. bP < 0.01 vs non-recurrence group; dP < 0.01 vs gallbladder cancer (GBC) group. CA: Cancer antigen; CEA: Carcinoembryonic
antigen.

tients with adjacent LN metastasis (P < 0.05) (Table 8).
Follow-up results
During the follow-up period from 6 mo to 1 year, 17
patients died, and contact was lost with 31 for various
reasons. The survival time in each patient was defined as
the interval between the date of definitive resection and
the date of last follow-up or death. In the 30 patients
who completed the follow-up study, six experienced
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2

Multivariate survival analysis using the Cox proportional hazards model
for independent prognostic factors of gallbladder cancer (GBC). P < 0.05
was considered statistically significant. CA: Cancer antigen; CEA: Carcinoembryonic antigen; LN: Lymph node.

Table 9 Carcinoembryonic antigen, cancer antigen 125,
cancer antigen 242, and cancer antigen 199 expressions
during follow-up
Groups

Wald χ

DISCUSSION
The incidence of GBC has increased in recent years
worldwide. How to treat GBC, assess therapeutic effect,
evaluate prognosis, and predict post-operative recurrence
in the early stage has aroused increasing attention in both
clinical studies and practice[13,14]. In this study, we analyzed
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the diagnostic value of the four common clinical serum
tumor markers, CA242, CEA, CA125, and CA199 for
GBC, and compared serum levels of these markers in patients with GBC, patients with benign gallbladder disease,
and healthy controls. Serum levels of CA242, CA125,
and CA199 were significantly higher in the GBC than the
benign gallbladder disease and healthy control groups.
Serum levels of the four markers were not significantly
different between the benign disease and healthy control
groups (P = 0.592-0.953). Although we also analyzed the
effect of age and sex on serum levels of the four markers in GBC diagnosis, these factors did not change the
GBC diagnostic value of the markers. In addition, we
investigated correlations of the four markers with the
clinicopathological features of GBC. CA242, CA125,
and CA199 levels in cancer of the gallbladder neck were
significantly higher than in cancer located in the bottom
portion. In addition, there were significant differences in
the serum level of CA242, CA125, and CA199 between
GBC with different differentiation. CA242, CA125, and
CA199 increased with the progression of the GBC stage.
There was a significant difference in the sensitivity of
the four markers between stages ⅣA, ⅣB, and Ⅱ. The
results showed that the sensitivity of CA242, CA125,
and CA199 (but not CEA) increased gradually with the
progression of the clinical stages. The sensitivity of
CA199 was the highest, reaching 71.7%, with the highest
specificity being that of CA242 at 98.7%. When CA242,
CA125, and CA199 exceeded the critical values, the sensitivity was 69.2%, the specificity was 100%, and the positive predictive rate was also 100%. When all four markers
exceeded the critical values, the sensitivity was 8.9%.
Diagnostic accuracy was highest with a combination of
CA242, CA125, and CA199. These findings suggest that
the combined use of these markers for the diagnosis of
GBC could increase the specificity of diagnosis, but not
the sensitivity. The optimal cut-off values of the markers
determined by ROC curve analysis could improve the diagnosis of GBC when used together with these markers,
resulting in their optimal application and promoting the
clinical screening and diagnosis of GBC[15].
We found that serum CA242, CA125, and CA199
levels were significantly higher in patients with LN metastasis than in those without. Serum CA242, CA125, and
CA199 levels in patients with distal LN metastasis were
significantly higher than in those with adjacent LN metastasis. Most researchers believe that CA199 is a better
marker of malignant tumors. Serum CA199 is elevated
most obviously in tumors of the digestive system, pancreas, and biliary tract[16]. CA199 is not only a diagnostic
indicator, but also a predictor of the therapeutic effect
and prognosis of GBC. However, CA199 is not specific
for GBC. Therefore, CA199 should be combined with
other imaging tests to diagnose GBC[17]. CA125 is a good
marker for the diagnosis of cholangiocarcinoma. Qu et
al[18], Wu et al[19] and Shukla et al[20] showed that CA125 has
a relatively high specificity because it is rarely affected by
serological levels of inflammation and liver stones. Our
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research was not exactly consistent with that of Shukla
et al[20]. Combined use of CEA and CA199 or CA125
can improve the diagnosis of cholangiocarcinoma[15,21-26],
which is consistent with our study. The positive rate
of serum CA242 was high in GBC patients but not in
patients with benign gallbladder diseases or the normal
control group. Tao et al[27] have suggested that combined
detection of α-fetoprotein (AFP) and CA242 could improve the sensitivity and specificity of the diagnosis of
cholangiocarcinoma. Rana et al[28] reported that CA242
was better than CEA and CA199 as a tumor marker for
the diagnosis of GBC. The expression of CEA is high
in most gastrointestinal tumors[29,30]. Stefanović et al[31]
found that CEA expression was significantly increased
in GBC. However, Vij et al[32] suggested that CEA and
AFP had little value for the diagnosis and prognosis
of GBC. Our study also showed that CEA had limited value for the diagnosis and prognosis of GBC.
In terms of a single marker for the diagnosis of GBC,
CA199 has the highest sensitivity with relatively low
specificity, but cannot be used alone as an effective tumor
marker to identify GBC. CA242 has the highest specificity, probably because it is rarely affected by the serological
level of liver inflammation and stone disease, nor is it affected by the low expression in the pancreatic duct system and pancreatic juice siltation. However, the expression of CA242 is high in almost all malignant tumors,
and therefore cannot be used to differentiate between
GBC and pancreas cancer[33].
The follow-up study in 30 cases showed that serum
CA242, CA125, and CA199 levels in the recurrence
group were significantly higher than those in the nonrecurrence group. Pre-operation, these levels in the nonrecurrence group were lower than those in GBC group
as a whole. Multivariate survival analysis using the Cox
proportional hazards model showed that cancer of the
gallbladder neck and CA199 expression level were independent prognostic factors[34-36].
Post-operative tumor recurrence and metastasis are
major causes of death in GBC patients. To achieve a
comprehensive and accurate understanding about the
probability of post-operative recurrence and metastasis
of GBC, efforts have been made to explore more effective clinical predictors. The tumor-related indicators in all
individuals cannot be detected systemically and comprehensively due to limited economics and techniques[37], and
therefore joint detection of specific tumor markers is of
great significance[38].
In summary, the expression of CA242, CA125, and
CA199 has an important application in assessing LN metastasis, monitoring recurrence, and clinical staging of tumors. Joint detection of CA242, CA125, and CA199 may
prove to be useful for the diagnosis of GBC, assessing
therapeutic effects, and predicting a prognosis. CA242
could be a marker of GBC infiltration in the early stage.
Cancer of the gallbladder neck and CA199 expression
level were independent prognostic factors.
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these markers are used individually for the diagnosis of GBC, inconsistent results have been obtained. The aims of this study were to determine whether the
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of GBC, as well as to determine the clinicopathological prognostic factors affecting survival and recurrence.
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combination of CA242, CA125, and CA199. CA242 can be regarded as a tumor marker of GBC infiltration in the early stage. The sensitivity of CA199 and
CA242 increased with the progression of GBC stage, advanced lymph node
metastasis, and recurrence. A Cox proportional hazards model for multivariate
survival analysis showed that cancer of the gallbladder neck and CA199 expression level were independent prognostic factors.
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The results suggest that combined detection of tumor markers can increase
the specificity of GBC diagnosis. CA242 can be regarded as a tumor marker of
GBC infiltration in the early stage. CA199 or cancer of the gallbladder neck is a
valuable marker for assessing therapeutic effect and predicting prognosis．
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META-ANALYSIS

Effect of precut sphincterotomy on post-endoscopic
retrograde cholangiopancreatography pancreatitis: A
systematic review and meta-analysis
Abhishek Choudhary, Jessica Winn, Sameer Siddique, Murtaza Arif, Zainab Arif, Ghassan M Hammoud,
Srinivas R Puli, Jamal A Ibdah, Matthew L Bechtold
doscopic retrograde cholangiopancreatography (ERCP)
pancreatitis (PEP), cannulation and adverse events
were analyzed by using odds ratio (OR). Random and
fixed effects models were used as appropriate. Publication bias was assessed by funnel plots. Heterogeneity
2
among studies was assessed by calculating I measure
of inconsistency.
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RESULTS: Seven randomized and seven non-randomized trials met inclusion criteria. Meta-analysis of RCTs
showed a decrease trend for PEP with early precut
sphincterotomy but was not statistically significant (OR
= 0.58; 95%CI: 0.32-1.05; P = 0.07). No heterogene2
ity was noted among the studies with I of 0%.
CONCLUSION: Early precut technique for common
bile duct cannulation decreases the trend of post-ERCP
pancreatitis.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Early precut; Endoscopic retrograde cholangiopancreatography cannulation; Post-endoscopic
retrograde cholangiopancreatography pancreatitis;
Randomized controlled trials; Meta-analysis

Abstract

Core tip: Multiple trials are available in literature, but
still the optimal timing of precut sphincterotomy is
debatable. We conducted systemic review and metaanalysis to explore the effect of early precut sphincterotomy on post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis with emphasis on
analysis of optimal timing of precut sphincterotomy.
Our meta-analysis showed that early precut sphincterotomy decreases the odds of post-ERCP pancreatitis,
particularly if done within 5-10 min of failed cannulation without compromising cannulation rates or increasing other complications.

AIM: To conduct a systemic review and meta-analysis
to investigate the role of early precut technique. Multiple randomized controlled trails (RCTs) have reported
conflicting results of the early precut sphincterotomy.
METHODS: MEDLINE/PubMed, EMBASE, Cochrane
Central Register of Controlled Trials and Database of
Systematic Reviews, and recent abstracts from major
conference proceedings were searched (June 2013).
Randomized and non-randomized studies comparing early precut technique with prolonged standard
methods were included. Pooled estimates of post-en-
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case series were excluded. The literature search was restricted to adult patients. There were no language restrictions. Both full length and abstract publications were
selected.

Choudhary A, Winn J, Siddique S, Arif M, Arif Z, Hammoud GM,
Puli SR, Ibdah JA, Bechtold ML. Effect of precut sphincterotomy
on post-endoscopic retrograde cholangiopancreatography
pancreatitis: A systematic review and meta-analysis. World J
Gastroenterol 2014; 20(14): 4093-4101 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i14/4093.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i14.4093

Literature search and identification of primary studies
All articles comparing early precut sphincterotomy with
standard approach for CBD cannulation were searched
irrespective of language, publication status (articles or
abstracts), or results. A three-stage search strategy was
adopted and implemented. First, a search of MEDLINE, EMBASE, and Cochrane Central Register of
Controlled Trials using PubMed and Ovid as search engines (1966-June 2013). The search terms used were precut for CBD cannulation, precut sphincterotomy, precut
papillotomy, precut endoscopic retrograde cholangiopancreatography, post-ERCP pancreatitis, post-ERCP pancreatitis and prevention, and/or post-ERCP pancreatitis
risk factors. Second, reference lists of retrieved articles,
reviews, and meta-analyses were scanned for additional
articles. Third, a manual search of abstracts submitted to
the Digestive Disease Week, American College of Gastroenterology, and United European Gastroenterology
Week (2005-2013) was performed.

INTRODUCTION
Common bile duct (CBD) cannulation is a prerequisite
for any biliary therapeutic intervention in endoscopic
retrograde cholangiopancreatography (ERCP). Even
in experienced hands, cannulation may be difficult in
10%-20% of cases based on patient and procedure related factors[1]. Precut sphincterotomy is one of the rescue techniques in these difficult cannulations. The term
“precut” refers to action of performing sphincterotomy
before CBD access is achieved. In this technique, a cut
is made at orifice and extended cephalad for a variable
distance to expose CBD opening, commonly referred
to as papillotomy. However, another technique has been
described in which a cut is made few millimeters above
papillary orifice and extended downwards, commonly
referred to as fistulotomy. Both these techniques help in
facilitating CBD access in difficult cannulation.
Although precut is a rescue step in difficult cannulation, it is considered a risk factor for ERCP adverse
events, particularly pancreatitis. Several large prospective
studies[2-6] and a meta-analysis[7] have identified precut
sphincterotomy as an independent risk factor for postERCP pancreatitis (PEP), irrespective of the number of
attempts. Therefore, the current practice is that precut
sphincterotomy is used as a salvage measure when multiple attempts of cannulation have failed via standard
methods. However, recent larger studies have identified
repeated cannulation attempts with standard approach as
a risk factor for PEP, rather than precut sphincterotomy
itself[8,9]. Several randomized[10-16] and non-randomized
studies[17-23] of small sample sizes have evaluated the role
of early precut sphincterotomy vs repeated attempts at
cannulation with or without guidewire for the prevention of PEP with varying results. Because of the varied
results and small sample sizes of the studies, we performed a systematic review and meta-analysis to compare adverse events and cannulation rates in early precut
vs standard conventional methods in CBD cannulation.

Data extraction
Data extraction was independently performed by two investigators (Choudhary A and Winn J) and reviewed by a
third investigator (Bechtold ML) for agreement. The two
independent investigators extracted data from each study
using a common data extraction form. Details of study
design (randomization/blinding/concealment), number
of subjects and dropouts, methods of precut, timing of
precut in precut group, total duration and attempts in
conventional group, use of guidewire and stents, inclusion and exclusion criteria, other adverse events, cannulation rate, and PEP were evaluated. All studies were
assigned a quality score based upon the Jadad scale, with
five being of high quality and zero being of poor quality[24]. Disagreements were discussed and resolved by
consensus.
Statistical analysis
Statistical pooling of the data was done for randomized
controlled trials (RCTs). Data from non-randomized
studies were excluded from the statistical pooling. Primary outcome was the incidence of PEP. Secondary
outcomes were the cannulation rates and overall adverse
events. All data was analyzed according to both perprotocol and intention-to-treat analysis. The effects of
early precut application were analyzed by calculating
pooled estimates of PEP, cannulation rates, and other
adverse events. Separate analyses were performed for
each outcome by using odds ratio (OR) or weighted
mean difference (WMD). Random or fixed effects models were used as appropriate. A statistically significant
result was indicated by 95%CI not including 1 and a
P-value of < 0.05. Whenever statistical significance was

MATERIALS AND METHODS
Study selection
Articles and abstracts comparing early institution of precut sphincterotomy vs standard methods of cannulation
with sphincterotome with or without guidewire for CBD
cannulation and PEP were selected. Studies comparing
two different modalities for CBD cannulation with using
precut sphincterotomy as a rescue mechanism and/or
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7 RCT/7 nonrandomized
included

1151 articles
excluded
58 relevant
articles selected
and reviewed

Initial search
1209 articles

44 articles
excluded

Comparing
early precut vs
conventional
method
Involving post
ERCP pancreatitis
as outcome
Comparing 2
different methods
with precut as
rescue

Figure 1 Article identification and selection algorithm. RCT: Randomized controlled trial; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 1 Quality analysis of included randomized trials
Study

Year

Center

Country

Type of RCT

Allocation concealment

Intention to-treat

Jadad score

Cennamo et al[13]
Tang et al[15]
Khatibian et al[14]
de Weerth et al[12]
Zhou et al[11]
Manes et al[10]
Swan et al[16]

2009
2005
2008
2006
2006
2009
2013

Single
Single
Single
Single
Single
Multi
Single

Italy
Canada
Iran
Germany
China
Italy
Australia

Non blinded
Non blinded
Non blinded
Non blinded
Non blinded
Non blinded
Non blinded

A
A
B
B
B
A
A

Yes
Yes
Yes
Yes
N/A
Yes
N/A

3
3
3
3
2
3
2

Allocation concealment: A: Adequate; B: Unclear; N/A: Data not available; RCT: Randomized controlled trail.

(5 = excellent quality, 0 = poor quality). All studies were
of adequate quality (Jadad scores ≥ 2). Included studies
were conducted in different parts of the world, including three studies in Europe, two in Asia, and one each in
Canada and Australia respectively. All studies except one
were single-center studies. Table 2 represents baseline
characteristics of subjects in the included randomized
studies[10-16]. Mean age of subject ranged from 55.9-71
years. The majority of studies had a predominant female
subject population. Indications for ERCP varied in all
trials with CBD stone as predominant indication in majority of trials ranging from 10.3% to 74.5%. Four trials
included subjects with sphincter of Oddi dysfunction
(SOD)[10,14-16] with one trial having 21.2% of subjects
with a possible SOD diagnosis[14]. Five trials included
subjects with malignancy leading to obstructive jaundice[10-13,15]. All studies excluded patient who had previous
sphincterotomy, history of acute pancreatitis at the time
of procedure, and patients with altered anatomy. Table 3
showed interventions done in various trials. Timing for
precut sphincterotomy varied among the studies. Two
studies[12,14] used precut as initial method of cannulation
in early precut group, whereas two trials[13,16] used five
minutes of failed cannulation as a marker for difficult
cannulation before precut sphincterotomy. The other
three trials used 10 min or multiple attempts of failed
cannulation[10,11,15] before precut sphincterotomy. In standard cannulation group, additional time of 10-20 min are
allowed in different trials before proceeding to precut as
one of the rescue methods or aborting the procedure.
Methods of precut sphincterotomy varied among differ-

detected, an absolute risk reduction with 95%CI and the
number needed-to-treat (NNT) with 95%CI were calculated. Rev Man 5.2 software was utilized for statistical
analysis of the data. Subgroup and cumulative analysis
were performed to the evaluate the effect of timing of
precut sphincterotomy, study size, study quality, different methods of precut, fellows’ participation and role
of pancreatic duct stent in precut application, and PEP.
Publication bias was assessed by funnel plot. Heterogeneity among studies was assessed by calculating I2 measure of inconsistency with P < 0.05 being considered
statistically significant.
Non-randomized studies: Data from the non-randomized studies were also extracted as described above. Retrospective or prospective non-randomized studies were
included. Case series were excluded from the analysis.
Primary and secondary outcomes analyzed were similar
as stated above.

RESULTS
Initial search resulted in 1209 relevant articles. Out of
these, 58 were selected for final review as shown in Figure 1. All articles were independently reviewed by two
authors (AC and JW). Seven randomized controlled (n
= 1032) (Figure 1) and seven non-randomized studies
(n = 3548) met the inclusion criteria and were selected
for final review and analysis. Both randomized and nonrandomized studies were analyzed separately. Table 1
shows the details and Jadad scores for the selected RCTs
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Table 2 Baseline patient characteristics of included trials
Patients (n )

Study
Cennamo et al[13]
Tang et al[15]
Khatibian et al[14]
de Weerth et al[12]
Zhou et al[11]
Manes et al[10]
Swan et al[16]

Age (year in mean)

E

Std

E

Std

36
32
106
145
43
77
39

110
30
112
146
48
74
34

681
64.6
56.6
66
62.7
66
59

711
67.2
55.9
64
64.3
65
57

Female
E

Malignant jaundice
Std

55.5%
53.1%
53.8%
66%
39.5%
35%
72%

53.6%
53.3%
67%
66%
39.5%
35.1%
66%

CBD stone

SOD

E

Std

E

Std

E

Std

33.3%
34.3%
N/A
40%
30.2%
33.7%
N/A

25.4%
33.3%
N/A
23%
25%
40.5%
N/A

66.6%
21.9%
51.9%
46.8%
20.9%
53.2%
10.3%

74.5%
13.3%
68.8%
59.5%
22.9%
41.9%
17.6%

0
3.1%
21.2%
N/A
N/A
0
5.1%

0
6.7%
12.8%
N/A
N/A
2.7%
8.8%

1

Age in median year. E: Early pre cut; Std: Standard method of cannulation; N/A: Data not available; CBD: Common bile duct; SOD: Sphincter of oddi dysfunction.

Table 3 Interventions in various trials and pancreatitis definitions
Study

Precut timing

Cennamo et al[13]
Tang et al[15]
Khatibian et al[14]

Immediate precut

de Weerth et al[12]

Immediate precut

Zhou et al[11]
Manes et al[10]
Swan et al[16]

Timing for std cannulation

5 min of failed cannulation or 20 min post randomization
3 pancreatic duct cannulation
12 min of failed cannulation 15 min post randomization
15 min post randomization

Type of pre cut

Use of GW PD stent/PP PEP criteria Fellow involvement

Papillotomy

Yes

No

Papillotomy

No

No

Fistulotomy

Yes

No

Yes

N/A

Yes

N/A

Yes

No

Yes

Yes1

20 min post randomization Papillotomy
or 3 pancreatic cannulation
10 min of failed cannulation or
N/A
Papillotomy
3 pancreatic duct cannulation
and fistulotomy
10 min of failed cannulation or 10 min post randomization Fistulotomy
5 pancreatic duct cannulation
5 min of failed cannulation or 10 min post randomization Papillotomy
2 pancreatic duct cannulation

Consensus
Criteria
Consensus
Criteria
Consensus
Criteria
Consensus
Criteria
N/A
Consensus
Criteria
Consensus
Criteria

No
Yes
No
No
N/A
N/A
Yes

1

Subjects with inadvertent PD cannulation. GW: Guidewire; PP: Pharmacological prophylaxis for post ERCP pancreatitis; N/A: Data not available; PD: Pancreatic duct; PEP: Post ERCP pancreatitis; ERCP: Endoscopic retrograde cholangiopancreatography.

ventional group. In two trials[15,16] fellows participated in
the procedure (Table 4).
Publication bias was evaluated by funnel plot with no
significant publication bias identified (Figure 2).

0

SE (log[OR])

0.5

Post-ERCP pancreatitis
All trials, except one trial[11] used the consensus definition[25] for defining PEP. In this trial, no information
was provided about definition of PEP. All seven trials
provided data regarding PEP. PEP was documented
in 19 of 478 (3.9%) patients with early precut group vs
34 of 554 (6.1%) patients in the standard cannulation
group. On pooled analysis, a trend toward decreased
PEP was noticed with early precut sphincterotomy but
did not reach statistical significance (OR = 0.58; 95%CI:
0.32-1.05, P = 0.07, Figure 3). No heterogeneity was
noted among the studies with I2 of 0%.
Subgroup and cumulative analyses were performed to
evaluate the effect of various factors on PEP. Subgroup
analysis was performed based on timing and methods of
precut application, quality of study, use of PD stent, and
fellows’ participation during the procedure. Cumulative
analysis was performed based on the timing of precut
application, year of studies, size, and quality of studies.

1

1.5

2
0.01

0.1

1

10

100

OR

Figure 2 Funnel plot for publication bias.

ent studies. Four studies[10,13,15,16] used papillotomy, two
studies used fistulotomy[10,14], and one study used both
fistulotomy and papillotomy[11]. All trials except one[15]
used guidewire for cannulation. Only one trial used pancreatic duct (PD) stent for PEP[16] prevention in subjects
with inadvertent PD cannulation. Additionally, only one
trial[13] provided separate data about adverse events when
precut was applied as one of the rescue methods in con-
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33/36
24/32
88/106
145/145
39/43
63/77
34/39

E

104/110
22/30
100/112
145/146
36/48
66/74
29/34

Std

Primary cannulation rates

36/36
31/32
105/106
145/145
N/A
71/77
N/A

E

ITT
110/110
28/30
111/112
146/146
N/A
71/74
N/A

Std
3/36
4/32
3/106
3/145
4/43
11/77
9/39

E
7/110
3/30
3/112
5/146
7/48
16/74
8/34

Std

Overall complication
1/36
2/32
2/106
3/145
1/43
2/77
8/39

6/110
2/30
3/112
4/146
2/48
11/74
6/34

Std

Pancreatitis
E
N/A
1/32
0/106
N/A
0/43
N/A
N/A

N/A
0/30
0/112
N/A
2/48
N/A
N/A

Std

Cholangitis
E
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1/36
0/32
1/106
0/145
0/43
0/74
0/39

0/110
0/30
0/112
0/146
0/48
1/77
0/34

Std

Perforation
E
3/36
0/32
18/106
0/145
N/A
14/77
N/A

E
6/110
1/30
12/112
1/146
N/A
8/74
N/A

Std

Need for second ERCP

4097

Quality of study
Subgroup analysis of studies with Jadad score of 3 or more[10,12-15] showed significant less odds of pancreatitis with early precut sphincterotomy in comparison to standard
cannulation group (OR = 0.44, 95%CI: 0.21-0.93, P = 0.03) with no heterogeneity.

Fellow participation
In two trials[15,16], fellows participated in the study and initiated the procedure. Sub-group analysis on exclusion of these two trials showed significant odds reduction of PEP
with early precut sphincterotomy (OR = 0.40, 95%CI: 0.19-0.88, P = 0.02) with no heterogeneity.

Use of stent for PEP prophylaxis
One study[16] used pancreatic duct stent as PEP prophylaxis, but only in cases where pancreatic duct was inadvertently cannulated. On pooled analysis, after excluding this
study, a significant reduction in odds of pancreatitis in early precut group in comparison to standard cannulation group was noted (OR = 0.45, 95%CI: 0.22-0.91, P = 0.03).

Methods of precut
Four studies[12,13,15,16] used papillotomy, whereas two studies[10,14] used fistulotomy. One trial[11] used both fistulotomy and papillotomy, hence was excluded from this subgroup
analysis. On pooled analysis, fistulotomy significantly decreases the odds of PEP (OR = 0.27, 95%CI: 0.09-0.82, P = 0.02). The absolute risk difference was 5% (95%CI:
1%-10%) and the NNT was 20. On the other hand, papillotomy failed to show significant odds reduction for PEP (OR = 0.89, 95%CI: 0.41-1.92, P = 0.77, Table 6).

Timing of precut
On sub-group analysis, no significant effect was noticed with immediate precut sphincterotomy[12,14] (OR = 0.73, 95%CI: 0.23-2.33, P = 0.59) but a trend toward decreased
PEP was noticed with pooled analysis of trials with precut sphincterotomy after 5-12 min[10,11,13,15,16] of failed cannulation (OR = 0.53, 95%CI: 0.26-1.07, P = 0.08). Similarly, a
trend for PEP reduction was noticed on analysis of trials with precut sphincterotomy within 5-10 min (OR = 0.49, 95%CI: 0.23-1.04, P = 0.07)[10,11,13,16].
On cumulative analysis based on timing of precut sphincterotomy, no significant effect was noticed with immediate[12,14] (OR = 0.73, 95%CI: 0.23-2.33, P = 0.59) or immediate and within 5 min of failed cannulation[12-14,16] (OR = 0.85, 95%CI: 0.40-1.80, P = 0.67); however, a definite trend toward decreased PEP was noted with immediate
and within 10 min of failed cannulation[10-14,16] (OR = 0.55, 95%CI: 0.29-1.03, P = 0.06, Table 5).

1/110
0/30
0/112
1/146
0/48
2/74
2/34

Std

Bleeding
1/36
1/32
0/106
0/145
1/43
5/77
1/39

E

E: Early pre cut; Std: Standard method of cannulation; N/A: Data not available; ITT: Intention to treat; ERCP: Endoscopic retrograde cholangiopancreatography.

Cennamo et al[13]
Tang et al[15]
Khatibian et al[14]
de Weerth et al[12]
Zhou et al[11]
Manes et al[10]
Swan et al[16]

Study

Table 4 Outcome of various studies
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Early precut
Standard
Study or subgroup
Events
Total
Events Total
Cennamo et al
1
36
6
110
de Weerth et al
3
145
4
146
Khatibian et al
2
106
3
112
Manes et al
2
77
11
74
Swan et al
8
39
6
34
Tang et al
2
32
2
30
Zhou et al
1
43
2
48
Total (95%CI)
478
554
Total events
19
34
2
2
Heterogeneity: χ = 4.75, df = 6 (P = 0.58); I = 0%
Test for overall effect: Z = 1.81 (P = 0.07)

Odds ratio
Weight M-H, fixed, 95%CI
9.8% 0.50 [0.06, 4.26]
13.3% 0.75 [0.16, 3.41]
9.7% 0.70 [0.11, 4.27]
37.1% 0.15 [0.03, 0.71]
17.3% 1.20 [0.37, 3.90]
6.6% 0.93 [0.12, 7.08]
6.3% 0.55 [0.05, 6.26]
100% 0.58 [0.32, 1.05]

Odds ratio
M-H, fixed, 95%CI

0.01
0.1
1
Favours early precut

1.0
10
Favours standard

Figure 3 Forrest plot demonstrating post endoscopic retrograde cholangiopancreatography pancreatitis.

Overall adverse events
The adverse events provided in all trials were PEP, perforation, cholangitis, and bleeding. On pooled analysis,
trend towards lower overall adverse events was noted
in early precut group (7.7%) in comparison to standard
cannulation group (8.8%) but this did not reach statistical significance (OR = 0.80; 95%CI: 0.50-1.27, P = 0.34).
Only three perforations were noted in all trials involving
1032 patients, two of which occurred in precut group.
On pooled analysis, no significant difference was noticed
between both groups (OR = 1.96; 95%CI: 0.40-9.56, P
= 0.40) with no significant heterogeneity. Similar results
were noted for bleeding and cholangitis (OR = 1.54;
95%CI: 0.59-3.99, P = 0.38; OR = 0.68; 95%CI: 0.11-4.25,
P = 0.68) respectively, with no significant heterogeneity.

Table 5 Subgroup and cumulative analysis for timing of precut sphincterotomy
OR

P value

0.73; 95%CI: 0.23-2.33
0.49; 95%CI: 0.23-1.04
0.53; 95%CI: 0.26-1.07

0.59
0.07
0.08

0.73; 95%CI: 0.23-2.33
0.85; 95%CI: 0.40-1.80
0.55; 95%CI: 0.29-1.03

0.59
0.67
0.06

Timing of precut
Subgroup analysis
Immediate
5-10 min
5-12 min
Cumulative analysis
Immediate
Immediate and within 5 min
Immediate and within 10 min

Table 6 Odd’s ratio for outcomes
Outcomes
Methods of precut
Fistulotomy
Papillotomy
Study quality
High quality study
Sample size > 100

OR

P value

0.27; 95%CI: 0.09-0.82
0.89; 95%CI: 0.41-1.92

0.02
0.77

0.44; 95%CI: 0.21-0.93
0.39; 95%CI: 0.17-0.89

0.03
0.02

Systemic review of non-randomized studies
We also analyzed the data from non-randomized studies
(Table 7). Seven studies met the inclusion criteria (n =
3548). Three studies were published as manuscripts and
four as abstracts. All studies were done recently. Sample
size varied from 57 to 2004 patients. In two studies[21,22],
precut was applied immediately, in three other studies[17,18,23], precut was applied after 10 failed attempts at
biliary cannulation, and in one study[20], it was applied
after 10 min of failed cannulation or five inadvertent
pancreatic duct cannulations. A statistically significant reduction of PEP with early precut application was noted
in two studies[20,23]. In the other five studies, a low incidence of PEP was noted with early precut but did not
reach statistical significance. The range of PEP varied
from 0%-10.3% in early precut group vs 5.8%-42.8% in
standard group.

Year and size of study
No difference in results were noted on cumulative analysis based on year of study, but a significant odds reduction for PEP was observed on analysis of studies with
Jadad score of 3 or more with study size more than 100
subjects[10,12-14] (OR = 0.39; 95%CI: 0.17-0.89, P = 0.02).
No heterogeneity was noted.
Cannulation rate
All seven trials provided data regarding primary cannulation rates. Pooled per-protocol and intention-to-treat
analysis of cannulation rates showed no difference between both groups (OR = 0.90; 95%CI: 0.59-1.37, P =
0.62, Figure 4). No significant heterogeneity was noted.

DISCUSSION
Successful bile duct cannulation remains the cornerstone
for therapeutic ERCP. Multiple innovative techniques
and tools have been developed for safe and successful
cannulation. However, despite these techniques, cannulation may be unsuccessful in 10%-20% of cases based
on experience of endoscopist and multiple procedural
and patient related factors[1]. In these difficult cannulations, PEP is considered one of the most feared adverse

Need for second ERCP
All except two trials[11,16] provided data on need for second ERCP. Pooled analysis was performed and showed
no difference for the need for second ERCP for cannulation (OR = 1.54; 95%CI: 0.91-2.61, P = 0.11). No
heterogeneity was noted.
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Early precut
Standard
Study or subgroup
Events
Total
Events Total
Cennamo et al
33
36
104
110
de Weerth et al
145
145
145
146
Khatibian et al
88
106
100
112
Manes et al
63
77
66
74
Swan et al
34
39
29
34
Tang et al
24
32
22
30
Zhou et al
39
43
36
48
Total (95%CI)
478
554
Total events
426
502
2
2
Heterogeneity: χ = 7.54, df = 6 (P = 0.27); I = 20%
Test for overall effect: Z = 0.49 (P = 0.62)

Odds ratio
Weight M-H, fixed, 95%CI
9.2% 0.63 [0.15, 2.68]
1.1% 3.00 [0.12, 74.25]
35.6% 0.59 [0.27, 1.29]
26.4% 0.55 [0.21, 1.39]
8.6% 1.17 [0.31, 4.45]
12.3% 1.09 [0.35, 3.40]
6.8% 3.25 [0.96, 11.00]
100% 0.90 [0.59, 1.37]

Odds ratio
M-H, fixed, 95%CI

0.01
0.1
1
Favours early precut

1.0
10
Favours standard

Figure 4 Forrest plot demonstrating cannulation rates.

Table 7 Summary of non-randomized studies
Study (lead author/year)

Country Publication type Mean age

Females

Pre cut application

n

Pancreatitis

P

EP Std methods
Giussani et al[17], 2008
Testoni et al[18], 2010
Xinopoulos et al[19], 2009
Madacsy et al[20], 2009
Ayoubi et al[21], 2009
De La Mora-Levy et al[22], 2011
Testoni et al[23], 2011

Italy
Italy
N/A
Hungary

Abstract
Article
Abstract
Article

N/A
N/A
N/A
57

Italy

Abstract

Mexico
Italy

Abstract
Article

68.6
(median)
N/A
N/A

N/A
< 10 cannulation attempts
50.20%
< 10 cannulation attempts
N/A
N/A
91%
10 min of failed cannulation or
5 pancreatic duct cannulation
58.9%
Immediate precut
N/A
49.7%

Immediate precut
< 10 cannulation attempts

804
308
134
57

8.3%
7.6%
8.3%
0%

11.6%
15.4%
8.5%
42.8%

NS
NS
NS
< 0.05

173

1.1%

5.8%

NS

68
2004

10.3%
3.3%

10.2%
14.3%

NS
< 0.05

N/A: Data not available; NS: Non significant; EP: Early pre cut; Std: Standard method of cannulation.

events with varied incidence. Precut sphincterotomy
is considered as a last resort and is one of the rescue
techniques, given its implication as an independent risk
factor for PEP irrespective of number of attempts[7].
Contrary to this, a few recent trials have suggested that
increasing number of attempts at biliary cannulation is
a risk factor for PEP rather than precut itself[8,9]. In one
of the trials, risk of PEP has already increased to 14%
as a result of multiple failed cannulation attempts at the
time of precut sphincterotomy[26]. Recently, Bailey et al[27]
demonstrated incremental increase in the incidence of
PEP with increasing cannulation attempts; 11.5% with
10 to 14 attempts and 15% with > 15 attempts.
In our meta-analysis, a trend toward decreased PEP
and other adverse events with similar cannulation rates
with early precut sphincterotomy was observed. Although the overall pooled analysis did not reach statistical significance, on subgroup analysis of high quality
studies, a significant odds reduction for PEP was observed with early precut sphincterotomy in comparison
to standard approach. Similar results were observed on
subgroup and cumulative analyses based on size of study
as well as study quality. These results should be interpreted with caution, as studies used different time periods
before considering precut sphincterotomy, with timing
varying from immediate precut[12,14] to after 12 min of
failed cannulation[15]. Though, above result of decrease
trend in PEP is similar to previous meta-analysis[28] but
in this current meta-analysis, an attempt was made by

WJG|www.wjgnet.com

conducting cumulative and subgroup analysis to find
the optimal timing before considering the cannulation
as difficult and attempting precut sphincterotomy. In
subgroup analysis, no difference was observed between
immediate precut sphincterotomy and standard method
of cannulation, but a trend toward decreased PEP was
observed in subgroup analysis if precut sphincterotomy
was performed within 5-10 min[10,11,13,16] of failed cannulation (P < 0.06). Similar results were observed on
cumulative analysis. No difference was observed on immediate precut sphincterotomy (P = 0.59) and 5 min of
failed cannulation (P = 0.67), but trend toward decreased
PEP was observed with 10 min of failed cannulation
(P = 0.06), similar to the subgroup analysis (Table 5).
Interestingly, in contrast to popular belief, immediate
precut application did not increase the risk of PEP on
subgroup and cumulative analyses. PEP was noted in
1.9% in immediate pre-cut group in comparison to 2.7%
in the standard group (P = 0.59).
Although in the present meta-analysis, a significant
odds reduction of PEP with early precut sphincterotomy
was noted on subgroup analysis of trials without fellow
participation and fistulotomy, these results are based
on exclusion of trials with smaller number of subjects
(for fellow participation)[15,16] and analysis of only two
trials (for fistulotomy)[10,14]. Overall incidences of other
adverse events reported were very low in all the trials for
both the groups and no difference was noted on pooled
analysis. Similarly, cannulation rates were similar in both
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groups but not all the trials presented the data about the
time required for cannulation.
In our analysis, we did not include data from nonrandomized studies, however, similar results were observed on review of non-randomized studies with decreasing trend in PEP with early precut sphincterotomy,
except in two trials in which a significant reduction of
PEP was observed with early precut sphincterotomy.
Strengths of the present meta-analysis include inclusion of both randomized and non-randomized trials to
explore literature, no significant heterogeneity for any of
the analyzed outcomes was noted, and inclusion of good
quality trials conducted in different parts of the world.
Additionally, for the first time, an attempt was made
to explore optimal timing of precut sphincterotomy.
There are several limitations of the present study which
include the following. First, relatively few numbers of
studies were available to adequately conduct subgroup
analysis to determine optimal timing and techniques of
precut sphincterotomy. Second, no recommendations
can be made about the role of precut sphincterotomy
in the high-risk population as trials have heterogeneous
subject population undergoing ERCP with only a few
trials including subjects with SOD. Finally, the role of
PD stenting and other pharmacologic interventions
for PEP prophylaxis, which are considered as routine
and standard of care in difficult cannulation as shown
in previous meta-analysis and randomized trial[29,30], is
unclear with early precut sphincterotomy. Future multicenter randomized controlled trials are needed not only
to determine the optimal timing and technique of precut
sphincterotomy, but also to explore the role of prophylactic PD stenting and other pharmacological interventions in combinations with precut sphincterotomy in
difficult cannulations.
In conclusion, early precut sphincterotomy decreases
the trend of PEP, particularly if done within 5-10 min
of failed cannulation without compromising cannulation
rates or increasing other adverse events.

Early precut sphincterotomy decreases the trend of PEP in comparison to
conventional methods of cannulation, especially if done within 5-10 min of
failed cannulation without compromising cannulation rates or increasing other
adverse effects.

Applications

Precut sphincterotomy can be safely performed within 5-10 min of failed conventional cannulation methods.

Terminology

Early precut sphincterotomy decreases the trend of PEP without increasing any
other adverse effects or compromising cannulation rates.

Peer review

This is a well conducted meta-analysis on the outcomes and risk of PEP with
early precut sphincterotomy.
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Core tip: Cystic hepatic neoplasms are rare tumors,
and are classified as mucinous cystic neoplasms (MCN)
characterized by intracystic septae, ovarian-like stroma,
and no communication with bile ducts; and intraductal
papillary mucinous neoplasms of the bile duct (IPMN-B)
characterized by intraductal growth, dilated bile ducts,
and papillary projections. We report a 56-year-old
woman diagnosed with a large multilocular cystic tumor
in the liver and in dilated extrahepatic bile ducts that
were two histologically distinct cystic tumors. This is
the first report of the simultaneous occurrence of MCN
and IPMN-B. We present diagnostic considerations,
therapeutic approaches, and the prognosis of cystic tumors of the liver.
Budzynska A, Hartleb M, Nowakowska-Dulawa E, Krol R, Remiszewski P, Mazurkiewicz M. Simultaneous liver mucinous cystic and intraductal papillary mucinous neoplasms of the bile duct:
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Abstract
Cystic hepatic neoplasms are rare tumors, and are
classified into two separate entities: mucinous cystic
neoplasms (MCNs) and intraductal papillary mucinous
neoplasms of the bile duct (IPMN-B). We report the
case of a 56-year-old woman who presented with abdominal pain and jaundice due to the presence of a
large hepatic multilocular cystic tumor associated with
an intraductal tumor. Partial hepatectomy with resection
of extrahepatic bile ducts demonstrated an intrahepatic
MCN and an intraductal IPMN-B. This is the first report
of the simultaneous occurrence of these two histologically distinct entities in the liver.
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INTRODUCTION
Cystic hepatic neoplasms are categorized into two separate entities: hepatic mucinous cystic neoplasms (MCN)
and intraductal papillary mucinous neoplasms of the bile
duct (IPMN-B)[1]. MCNs are rare tumors that account for
less than 5% of all cystic liver lesions. MCNs are mucincontaining septate cystic tumors, covered with cuboidal
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Figure 1 Computed tomography scan and T1-weighted magnetic resonance imaging. A: Computed tomography scan (portal phase) shows a hepatic cystic
tumor with thin contrast-enhanced septum and dilated intrahepatic bile ducts; B: T1-weighted magnetic resonance imaging of the tumor presents a hyperintense, multiseptal cystic lesion that does not communicate with the bile ducts.

or columnar epithelium that present with ovarian-like
stroma between the inner epithelial lining and the outer
connective tissue capsule. This type of tumor has no
communication with the biliary tree. IPMN-Bs are a newly described pathologic entity characterized by intraductal
microscopic or macroscopic papillary growth, forming a
cystic tumor that communicates with the bile ducts and
shows no ovarian-like stroma. IPMN-Bs may produce a
large amount of mucin, resulting in extensive dilatation
of the bile ducts[2,3]. These two types of cystic neoplasms
may present variable stages of dysplasia, at times progressing via carcinoma in situ to invasive cholangiocarcinoma. We present a unique case of the simultaneous
occurrence of both types of hepatic cystic neoplasms.

eral biliary ducts in the left lobe of the liver and cysticlike dilation of the proximal part of the extrahepatic
biliary duct with a sharp change in the lumen diameter at
the midportion of the common bile duct (Figure 2A).
Based on suspected malignancy, surgical resection
was selected. Preoperative endoscopic retrograde cholangiopancreatography revealed a large oval tumor within
the hepatic bile duct, presenting as a bulky filling defect
(Figure 2B). On intraoperative inspection, we observed
a large intrahepatic cystic tumor in the median part of
the left hepatic lobe and a palpable floating soft mass in
the main biliary duct that almost completely obstructed
biliary flow. After incising the confluence of the hepatic
ducts, the cystic tumor entering the left hepatic duct was
visualized. The bile was thick, suggesting mucinous content. The two tumors were resected by left hemihepatectomy, excluding segment I, with concomitant resection of
the extrahepatic bile ducts, followed by anastomosis of
the right hepatic duct with Roux-Y intestinal loop. The
postoperative course was uneventful. Neither tumor had
recurred after 7 mo of postoperative follow-up.
The tumors were grossly and microscopically separate.
Microscopically, the intrahepatic tumor was a MCN composed of a single-layered mucin-producing epithelium that
showed low-grade dysplasia without signs of malignancy
(Figure 3A and B). The presence of ovarian-like stroma
was confirmed by positive immunostaining for progesterone and estrogen receptors (Figure 3C). The tumor originating from the main hepatic duct was composed of epithelial papillary proliferations with focal ulcerations (Figure
4). None of the histologic features suggested a malignant
change. The fibrous intratumoral interstitium lacked any
mesenchymal or ovarian-like stroma.

CASE REPORT
A 56-year-old woman presented at the outpatient clinic
complaining of upper abdominal discomfort. Upper
digestive tract endoscopy revealed Helicobacter pylori (H.
pylori)-positive duodenitis. The patient was given H. pylori
eradication therapy, but showed no remarkable improvement. After two months she developed jaundice and mild
itching. Ultrasonography showed a large multilocular cystic tumor located in the median part of the left hepatic
lobe (segment IVB).
The liver function tests demonstrated significantly
increased serum liver enzyme levels: γ-glutamyl transpeptidase, 776 IU/L; alkaline phosphatase, 281 IU/L; alanine
transaminase, 198 IU/L; aspartate transaminase, 125 IU/
L; and serum bilirubin, 6.4 mg/dL. Carcinoembryonic
antigen 19-9 and alfa-fetoprotein were normal. Hydatid
cystic disease was excluded by negative serologic tests.
Computed tomography and magnetic resonance imaging revealed an 8-cm cystic tumor occupying hepatic
segments IVB (Figure 1). The tumor had a thin capsule
and septations that showed enhancement with intravenous contrast medium. The intrahepatic bile ducts were
dilated, especially within the left hepatic lobe. The hepatic
duct and proximal part of the common bile duct were
dilated to 25 mm. Magnetic resonance cholangiopancreatography demonstrated significant dilation of the periph-
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DISCUSSION
The term IPMN-B refers to a recently classified subtype
of biliary neoplasm, which is considered the biliary counterpart of pancreatic IPMN because they share several
clinicopathologic features. It is a slow-growing tumor
with relatively indolent clinical behavior and a lower malignant potential than ductal cell carcinoma and mucinous

4103

April 14, 2014|Volume 20|Issue 14|

Budzynska A et al . Simultaneous liver MCN and IPMN-B

A

B

4.9 mm

Figure 2 Magnetic resonance and preoperative endoscopic retrograde cholangiopancreatography. A: Magnetic resonance cholangiopancreatography shows
dilated main hepatic and common bile duct with a sharp change in diameter from 25 to 5 mm; B: Preoperative endoscopic retrograde cholangiopancreatography
shows marked dilation of the extrahepatic biliary ducts with a contrast-filling defect caused by an oval intraductal tumor.
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Figure 3 Histology of the intrahepatic tumor. A: The cyst is covered with a single layer of cuboidal epithelial cells showing low grade dysplasia (hematoxylin-eosin
stain, × 100 magnification); B: The tumor produces mucin; C: Ovarian-like stroma staining positively for estrogen receptor.

cystadenocarcinoma[4,5]. IPMN-B has been reported with
several different names, such as mucin-producing intrahepatic cholangiocarcinoma, biliary papillary tumor, mucinproducing bile duct tumor, and biliary intraductal papillary mucinous neoplasia. An excellent prognosis with a
5-year survival rate higher than 80% can be expected after
complete resection of the tumor with negative margins[6].
IPMN-B is associated with other malignancies (5.6%
of cases), including hepatocellular carcinoma, gallbladder cancer, cervical cancer, and salivary gland cancer[4].
Several reports on the coincidence of IMPN-B with its
pancreatic counterpart have been published[7,8]. To the
best of our knowledge, this is the first case in the Eng-
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lish-language literature of the simultaneous occurrence
of IPMN-B and MCN in the liver. In contrast to MCNs,
which are more frequently detected in women, IPMNBs occur in both sexes and are usually located in the left
hepatic duct or perihilar region presenting as a multicystic tumor with a grape-like appearance[3,9]. Ovarian-like
stroma is considered essential for the diagnosis of MCN,
whereas papillary-like projections and intraductal growth
are necessary for the diagnosis of IPMN-B. Missed diagnosis of IPMN-B may be common. In our patient,
preoperative endoscopic retrograde cholangiopancreatography was more useful in the diagnosis of the intraductal
tumor than routine computed tomography and magnetic
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Figure 4 Histology of the intraductal papillary mucinous neoplasm of the
bile duct showing papillary proliferation.

5

resonance imaging, possibly due to its cystic nature. In
IPMN-Bs, the bile ducts are frequently dilated due to
mucin hypersecretion and accumulation. In our case,
the hepatic and common bile ducts were dilated mainly
due to the large size of the neoplasm obstructing biliary
outflow. Dilated peripheral bile ducts in IPMN-B may be
mistaken for other biliary duct diseases, including Caroli
disease. The tumors were symptomatic in our patient, as
she complained of abdominal pain, itching, and jaundice.
Although the size of the tumors suggested malignant
transformation, the histologic features did not suggest
malignancy.
In conclusion, we present a unique case of the simultaneous occurrence of a MCN and an IPMN-B in the
liver that could be radically resected.
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Core tip: Primary squamous cell carcinoma of the rectum is a rare malignancy, and the discrete dual lesions
of rectum are even rarer. Our patient is still alive after
surgery as the primary treatment followed by concomitant radiotherapy. It was suggested that surgery
combined with radiotherapy may be an effective treatment strategy for patients with rectal squamous cell
carcinoma, especially for elderly patients who cannot
tolerate chemotherapy.
Wang JF, Wang ZX, Xu XX, Wang C, Liu JZ. Primary rectal
squamous cell carcinoma treated with surgery and radiotherapy.
World J Gastroenterol 2014; 20(14): 4106-4109 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i14/4106.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i14.4106

INTRODUCTION
Colorectal squamous cell carcinoma (SCC) is an extremely
rare malignancy of the gastrointestinal tract. Since more
than 90% of colorectal diseases are adenocarcinomas,
very little information is available in the literature about
the etiology, prognosis and optimal treatment of this malignancy. It was reported that the survival rate of rectal
SCC is by far lower than that of adenocarcinoma[1]. A
multidisciplinary approach has been recommended, and
surgical resection should be performed in patients with localized disease if possible. Neoadjuvant/adjuvant therapy
of rectal cancer can reduce the high risk of locoregional
recurrence. In the present study, we report a case of a primary SCC involving two parts of the rectum, which was
treated surgically followed by adjuvant radiation.

Abstract
Primary squamous cell carcinoma of the rectum is a
rare malignancy, and the discrete dual lesions of rectum are even rarer. There is currently no effective and
satisfactory treatment for this disease. Here we report
a case of an elderly female with bi-primary squamous
cell carcinoma of the rectum treated with radical resection and radiotherapy. The patient is still alive 43
mo after the initial curative resection of the tumor.
We suggest that surgery as the primary treatment followed by concomitant radiotherapy may be an effective protocol for elderly patients with rectal squamous
cell carcinoma.
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Figure 1 Colonoscopy showing an squamous cell carcinoma of the rectum. The tumors are located about 2 cm (A) and 7 cm (B) from the anal verge, respectively.
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Figure 2 Pathologic examination found a moderately-poorly differentiated squamous cell carcinoma of the rectum. A, B: A high power view of the squamous
cell carcinoma of the rectum, showing keratin formation (HE stain, × 100); C: Immunohistochemical analysis of the biopsy of the squamous cell carcinoma of the rectum showing positive CK stain.

at the L4/L5 junctions; and the inferior border was at
the lower edge of ischial tuberosity including the surgical scar. The left border and the right border included
a 1.5-cm margin on the pelvic brim. The radiotherapy
doses were specified at the intersection of the central
axis of the beams in the pelvis. The dose of 45 Gy was
delivered to the pelvis in 25 fractions over 5 wk. A daily
dose of 1.8 Gy was given through the AP-PA fields. After the treatment, the patient achieved complete remission confirmed by colonoscopy and computed CT scan
of the chest, abdomen and pelvis during the follow-up.
At the time of writing this report, the patient had survived 43 mo after treatment, with no clinical evidence of
recurrence.

CASE REPORT
A 75-year-old female patient was admitted to the surgical department of our center in March 2010 because
of perianal discomfort and tenesmus for one and half
month. She experienced 2.5 kg weight loss during the
past three months. She is a nonsmoker and does not
drink. Rectal examination revealed a mass of of 1.5 cm
arising 3 cm from the anal edge and another 3.5 cm mass
arising 7 cm from the anal edge (Figure 1). Computed
tomography (CT) scan of the chest, abdomen and pelvis
was negative for distal metastases. The rectal examination was performed using colonoscopy, and biopsies
revealed squamous cell carcinoma of the rectum. She
then underwent combined abdominal perineal resection
of the rectum (Miles operation), and pathologic examination found a moderately-poorly differentiated SCC
of the rectum (Figure 2) infiltrating the serosa into the
soft tissue of the right pelvic cavity. The margins of the
excised tissue were tumor free. Multiple regional lymph
nodes seen in the full-thickness excision of the lesion
revealed no evidence of invasion. The tumor was found
to be T4N0M0 in stage. Postoperatively, the patient was
treated with a megavoltage linear accelerator (6 MV) in
prone position; and a 2-fields technique (AP-PA fields)
was used. The upper border of the radiation field was
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DISCUSSION
Squamous cell carcinoma of the rectum is a relatively
rare tumor with a reported incidence of only 0.1%-0.2%
of all rectal tumors[2]. This kind of cancer is definitely
more common in the anus than in the rectum. The
border-line of the two carcinoma types is marked by
the 10-12 mm thin transitional layer of the anus, where
the cylindrical epithelium changes over to the squamous
epithelium[3]. Our case is extremely rare, for the patient
presented two lesions in the rectum, both of which were
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located > 2 cm from the anal edge.
The pathogenesis of these tumors is still unclear.
The most possible assumption is that multipotent basal
cells proliferate to squamous cells, and the presence of
these undifferentiated basal cells at the base of normal
mucosal crypts has been previously demonstrated by
Lorenzsonn et al[4]. Another possible explanation postulates that ectodermal cells may migrate to the rectum
during the embryonic phase and aberrantly proliferate
in response to stimuli[5]. Both theories are based on the
theory of chronic irritation, e.g., by ulcerative colitis[6],
and infection of human papillomavirus (HPV)[7,8], or
other viruses such as human immunodeficiency virus[7,9].
The established criteria for a diagnosis of primary
SCC of the rectum are as follows[5]: (1) metastases from
other sites (e.g., lung SCC) must be ruled out; (2) a squamous cell-lined fistula must not involve the affected
bowel; and (3) an SCC of the anus extending to the rectum must be excluded. Immunochemistry is helpful in
diagnosing SCC using the markers, including cytokeratins AE1/AE3, 34BE12, CK5 and involucrin in order
to differentiate it from other undifferentiated small cell
tumors[10].
The optimal treatment for rectal SCC has not been
well established due to the rarity of the disease. Traditionally, surgical resection of the affected rectum was
considered to be the standard treatment. Local excision
is appropriate in selected cases of stage T1 (invasion to
the mucosa or submucosa) cancers or possibly stage T2
(invasion to the muscularis propria) lesions. It was reported that T2 lesions particularly require close followup, as recurrence after local excision can be as high as
20%[11]. More recently, neoadjuvant radiotherapy (local
control of the disease and downstaging) or adjuvant
chemo- and/or radio-therapy has been advocated as an
alternative primary treatment for SCC with acceptable
local control in about 60% of patients[12-16]. Surgery was
relegated to the role of salvage therapy for cases that
do not respond to radiotherapy[2,3]. However, considering the limited number, the rarity of this condition and
the retrospective nature of the series, large randomized
prospective trials are needed to identify the role of only
chemoradiotherapy. Above all, it is recommended that
surgical resection is the treatment of choice, although
radiation and chemotherapy can be useful in treating
node-positive patients, poorly differentiated cancers
and advanced disease. Due to the relatively high risk of
locoregional recurrence of rectal cancer of T4N0M0
patients, combined adjuvant therapy after surgery was
recommended. However, considering patient’s rejection
of chemotherapy and the poor toleration of the old age
to chemotherapy, we proposed the individualized treatment of radiotherapy after local excision, which yielded
a complete response. The patient remained disease-free
for 43 mo after treatment. The therapeutic approach
with surgery as the primary treatment followed by combined radiotherapy, may be necessary in order to improve the survival and prognosis of patients with local
lesions, especially for those of old age.
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Case characteristics

A 75-year-old female with one and a half month history of perianal discomfort
and tenesmus.

Clinical diagnosis

A 2.5 kg weight loss occurred during the past three months and a tumor was
found in digital rectal examination.

Differential diagnosis

Colon cancer, rectum adenocarcinoma, colorectal polyps.

Laboratory diagnosis

Carcinoembryonic antigen 2.67 μg/L; squamous cell carcinoma (SCC) 13.9
μg/L; blood routine, liver and kidney function tests were within normal limits.

Imaging diagnosis

Rectal examination revealed a mass of 1.5 cm arising 3 cm from the anal edge
and another 3.5 cm mass arising 7 cm from the anal edge.

Pathological diagnosis

Pathology of the surgically resected tissues revealed a squamous cell carcinoma.

Treatment

The patient was treated with combined abdominal-perineal resection of the rectum followed by radiotherapy of totally 4500 cGy in fractions to pelvis.

Related reports

Colorectal SCC is an extremely rare malignancy of the gastrointestinal tract,
and very little information is available in the literature about the etiology, prognosis and optimal treatment of this malignancy.

Experience and lessons

Colorectal SCC is a very rare disease and selection of proper treatment is a
complex process. However, surgical resection and adjuvant radiotherapy can
be considered as a better treatment strategy for patients with early colorectal
SCC, especially for those of old age who cannot tolerate the side effect of chemotherapy.

Peer review

In this work, authors reported a case of a 75-year old female patient with bi-primary squamous cell carcinoma. The patient was treated with a curative surgery,
followed by radiotherapy with a radiation dose of 45 Gy. The study reported
that the patient is no-evidence-disease at the time of writing, 43 months after
treatment. Generally, the work presents an interesting case. However, there are
several weaknesses to be addressed.
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CASE REPORT

Prolonged small vessel vasculitis with colon mucosal
inflammation as first manifestations of Behçet’s disease
Xiao-Ning Yang, Zhen-Shi Ye, Yan-Yun Fan, Yi-Qun Hu
serum markers or pathological features are available.
However, in clinical practice, it is often challenging to
make a prompt and correct diagnosis when gastroenteropathy is presented as the initial or predominant
manifestation in Behçet’s disease patients. The disease
is sometimes misdiagnosed as inflammatory bowel
disease or other disorders. We present a case of atypical Behçet’s disease with a complicated medical history
and multisystem damage, for the purpose of better
management of this disease.
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Abstract
Behçet’s disease is a chronic, relapsing, systemic vasculitis of unknown aetiology. Patients present manifestations of gastrointestinal complications, including mouth
lesions, small and large intestinal lesions, and vascular
lesions in the abdomen. In some cases, the intestinal
ulcers of patients with Behçet’s disease are indistinguishable from those of Crohn’s disease, tuberculosis,
vasculitis and other diseases. In this article, we present
a case of atypical Behçet’s disease with a complicated
medical history and multisystem damage, for the purpose of better management of this disease.

INTRODUCTION
Behçet’s disease is systemic inflammatory vasculitis of
unknown aetiology, characterized by a relapsing episode
of oral aphthous ulcers, genital ulcers, cutaneous and ocular lesions, and other manifestations, including vascular,
neurological, and gastrointestinal involvement[1].
The clinical manifestation of gastrointestinal complications also varies greatly, from mild symptoms to
life-threatening complications, including perforation,
infarction and massive bleeding resulting from vasculitis
and/or thrombosis[2]. Prompt treatment with corticosteroids plus immunosuppressive agents, rather than surgery, can alleviate the clinical symptoms and improve the
prognosis of Behçet’s disease patients. The diagnosis of
Behçet’s disease is mainly based on typical clinical findings: no specific serum markers or pathological features
are available. However, in clinical practice, it is often challenging to make a prompt and correct diagnosis when
gastroenteropathy is presented as the initial or predomi-

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Behçet’s disease is systemic inflammatory vasculitis of unknown aetiology. Its clinical manifestation of
gastrointestinal complications varies greatly. Diagnosis
is mainly based on typical clinical findings: no specific
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A

Figure 1 Magnetic resonance imaging of the abdomen and
pelvic showed a stenosis of the mesenteric inferior artery
branch (A) and thickening of the mesenteric inferior artery
branch walls (B). The image shows a diffuse lesion of the left
colon suggesting ischaemic injury.

B

A

B

C

D

Figure 2 Colonoscopy showed a deep
ulcer lesion and granulated tissue of the
sigmoid colon and rectum. Lumenal stenosis is obvious.

nant manifestation of Behçet’s disease. The disease is
sometimes misdiagnosed as inflammatory bowel disease
(IBD) or other disorders. In this paper, we present a case
of atypical Behçet’s disease with a complicated medical
history and multisystem damage, for the purpose of better management of this disease.

were as follows: increased erythrocyte sedimentation rate
(22 mm/h); C-reactive protein (132 mg/dL); D-dimer
(1972 mg/L); and CA19-9 (130.7 U/mL). Abnormal
protein patterns in blood serum were found by serum
protein electrophoresis (albumin 58%, α-globulin 3.6%,
β-globulin 18.7%). Additional tests, including anti-nuclear
antibodies (ANA), tuberculosis antibody and antineutrophil cytoplasmic antibodies (ANCA), were within normal
limits and the stool bacterial culture was negative. Abdominal magnetic resonance imaging revealed stenosis of
the mesenteric inferior artery branch and thickening of
the mesenteric inferior artery branch walls (Figure 1). A
diffuse lesion of the left colon associated with inflammatory changes was also observed. A diagnosis of ischaemic
bowel disease was made. He went to another hospital
where colonoscopy was performed, which was suggestive
of stenosis and stiffness of the left colon (Figure 2). Digital subtraction angiography of the superior mesenteric
artery confirmed vascular malformation (Figure 3). An
ultrasound scan of the scrotal sac showed changes con-

CASE REPORT
A 56-year-old Asian male presented to the department of
gastroenterology complaining of acute-onset bloody diarrhoea for 2 h and generally feeling unwell, with abdominal pain accompanied by mushy stool for the last 3 mo.
He described symptoms including pressure in the belly or
abdominal pain, stool with mucous (over 10 times each
day), progressive fatigue and dizziness. He had no fever,
sweating, nausea, vomiting, rash, mucosal lesions, musculoskeletal problem or oral ulcer. Approximately 2 mo
before admission, when the abdominal mass appeared,
he was evaluated at the hospital. Laboratory findings
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A

A

Figure 3 Digital subtraction angiography showed abnormalities
in the architecture of the superior mesenteric artery including
chaotic distribution (A) and pooling of contrast material (B).

B

no lymph node enlargement and no oral, respiratory, cardiovascular, abdominal, neurological, musculoskeletal or
genital abnormalities. The remainder of the examination
was normal.
Initial studies included a general laboratory investigation, chest X-ray and electrocardiography (ECG). A
blood test was normal except for platelet counts (57 ×
109/L). Urinalysis showed a positive occult blood test
and positive urobilinogen. Routine stool analysis found
pus cells (0-1/Hp), red blood cells (1/Hp), and a defecate
occult blood test was positive. Serological tests were performed and showed an increased erythrocyte sedimentation rate (48 mm/h), C-reactive protein (12.2 mg/dL),
and hyperbilirubinemia (TBIL: 23.4 µmol/L, DBIL: 7.2
µmol/L, IBIL: 16.2 µmol/L). Additional tests, including
ANA, ENA, and ANCA antibodies, complement levels,
human immunodeficiency virus antibodies, and hepatitis
B and C serology, were within normal limits. The results
of radiography of the chest and ECG were normal.
His bloody diarrhoea had diminished the following
day, whereas his abdominal pain remained. Considering
the history of recurrence of bloody diarrhoea, the colonoscopy was repeated. The endoscopic features, such as
deep ulcer lesion, granulated tissue and lumenal stenosis
in the sigmoid colon and rectum, raised suspicion of
IBD. At this point, a differential diagnosis of intestinal
ulcerations including infectious causes such as herpes
simplex virus (HSV), tuberculosis, and acute HIV infection and non-infectious causes such as lymphoma, IBD,
chronic deep tissue infection, occult solid organ malignancy, vasculitis, developing connective tissue disease,
and Behçet’s disease was considered. Further investigation included ultrasound colonoscopy (Figure 4), which
did not reveal any focal uptake. Sigmoid colon mucosal
punch biopsy was performed, which demonstrated formation of granulated tissue, lymphoid hyperplasia, and
infiltration of plasma cells, neutrophils, and monocytes
into the mucosa. Increased blood vessels with hyaline
degeneration and thickening vessel walls were observed.
Lymphocytes surrounded the wall of the submucosal
venules, especially in the deeper parts. Surgical pathological section of the partial resection of the ileum and anastomosis 6 years ago was studied again and the findings
were similar to the present ones, which indicated vascular
disruption and damage by neutrophil infiltration. These
findings were consistent with vasculitis (Figure 5).

B

Figure 4 Endoscopic ultrasonography showed ulcers and necrosis in the
depth of the mucosa or submucosa (A) and circumscribed mucosal thickening (B). The image shows a characteristic change of chronic nonspecific
inflammation, but not malignant lymphoma.

sistent with hydrocele of the tunica vaginalis and epididymo-orchitis. He was given various diagnoses including
congenital mesenteric vascular malformation, ischaemic
bowel disease and herpes zoster. The patient was treated
empirically to improve his circulation and with antivirus
therapy, followed by treatment for nutritional support,
which achieved remission of his symptoms. Two hours
before admission, with acute-onset bloody diarrhoea, the
patient came to our hospital and was admitted.
The patient had a history of surgery 6 years previously. On that occasion, he had complained of abdominal pain and haemafaecia. Acute intestinal obstruction
was diagnosed; therefore, a partial resection of the ileum
and anastomosis were performed. He had also received
surgery for an ankle cyst and wrist tenosynovitis a few
years ago. There was a family history of immune system
diseases. His daughter has Mediterranean anaemia and
Hashimoto’s thyroiditis.
Physical examination revealed a male in mild distress.
Vital signs were normal and the lungs were clear to auscultation. A cardiac examination revealed normal heart
sounds and no murmurs. The abdomen was soft. Other
significant physical examination findings included a
healed surgical scar at the site of previous abdominal operation on the midline, and on the left wrist and ankle for
operations for ankle cyst and wrist tenosynovitis, respectively. There was a mass (3 cm × 4 cm) on deep palpation
in the right lower quadrant of the abdomen. There was
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A

Figure 5 Sigmoid colon mucosal biopsy revealed chronic
nonspecific colitis (A, B: HE stain, 100 ×; C, D: HE stain,
200 ×). The image shows formation of granulation tissue, lymphoid hyperplasia, and infiltration of plasma cells, neutrophils,
and monocytes into the mucosa. Increased blood vessels with
hyaline degeneration and thickening vessel wall are seen.
Lymphocytes surround the wall of the submucosal venules,
especially in the deeper parts.

Figure 6 Surgical scar on the left wrist from surgery for tenosynovitis (A) and left ankle cyst (B).

B

Until this point, progression of the patient’s symptoms was consistent with prolonged intestinal ischaemia
and vascular damage. Biopsies confirmed the presence
of vasculitis and, given the clinical context, he was diagnosed with Behçet’s disease, albeit without some typical
features, such as oral and genital ulcers. We considered
vascular inflammation to be related to vascular immune
complex deposits, though small-vessel vasculitis could not
be completely ruled out. Asking for the patient’s medical
history, the wrist and ankle surgery also hinted at the patient having rheumatoid immune disease (Figure 6). The
patient was given peroral methylprednisolone 40 mg and
leflunomide 10 mg once daily, with quick resolution of his
symptoms and disappearance of his abdominal mass.
Two months later, he was hospitalised with acute
abdominal pain. A spontaneous sigmoid perforation was
diagnosed and sigmoid resection with proximal colostomy was performed. When the use of glucocorticoids
was discontinued, recurrent genital ulceration appeared.
The patient was finally diagnosed with atypical Behçet’s

WJG|www.wjgnet.com

disease and is now being treated with intravenous methylprednisolone at a dose of 20 mg and small doses of
gamma globulin. The patient had a complicated hospital
stay but responded well to intravenous glucocorticoids
and was discharged in a stable condition.

DISCUSSION
Behçet’s disease is an inflammatory disorder of unknown
cause, characterised by recurrent oral aphthous ulcers,
genital ulcers, uveitis and skin lesions. All these common
manifestations are self-limiting, except for the ocular attacks. Repeated attacks of uveitis can cause blindness.
Behçet’s disease is not a chronic, persistent inflammatory
disease, but rather comprises recurrent attacks of acute
inflammation. Involvement of the gastrointestinal tract,
central nervous system and large vessels is less frequent,
although it can be life-threatening[3]. Susceptibility to
Behçet’s disease is strongly associated with the presence
of the HLA-B51 allele[3]. Environmental factors, such as
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infectious agents, have also been implicated in its pathogenesis.
Vascular injuries, hyperfunction of neutrophils and
autoimmune responses are characteristic of Behçet’s
disease. There are two forms of intestinal involvement:
small vessel disease with mucosal inflammation causing ulcers; and large vessel disease resulting in intestinal
ischaemia and infarction[4]. Mucosal ulceration is most
commonly seen in the ileocaecal region, and was found in
about 88% of patients in a recent study[4], usually on the
antimesenteric side, followed by involvement of other
parts of the colon, but rarely the rectum or anus. The
ulcers may be aphthous or, alternatively, deep and round
with a punched-out appearance. Longitudinal ulcers are
rare.
Behçet’s disease does not have any pathognomonic
symptoms or laboratory findings; therefore, diagnosis is
made on the basis of the criteria proposed by the International Study Group for Behçet’s Disease in 2013[5]. According to the criteria, recurrent oral ulceration must be
present, as well as at least two of the following: recurrent
genital ulceration, eye lesions, skin lesions, and a positive
pathergy test. The lesions recur and usually leave scars.
The joints most frequently affected are the knees, followed by the wrists, ankles and elbows. Crohn’s disease
(CD), tuberculosis, vasculitis and other diseases should be
excluded before a diagnosis of Behçet’s disease is established[6]. Like CD, Behçet’s disease manifests as discrete
ulcers and discontinuous bowel involvement with relative
sparing of the rectum. The two diseases share extraintestinal manifestations, such as uveitis and arthritis. Unlike
CD, Behçet’s disease is characterised by vasculitis of the
small veins and venules, with deep ulcerations, generally
without granulomas or cobblestoning. However, both
diseases may have chronic nonspecific inflammation with
normal intervening mucosa. Perforation is more common
in Behçet’s disease than in CD, as the latter is characterised by intense fibrosis[7]. Scalloping, ulceronodular patterns and abscess formation are not observed in Behçet’s
disease[7]. HLA typing may also be helpful in the differential diagnosis.
The choice of treatment depends on the patient’s
clinical manifestations. Treatment is largely empirical because the heterogeneity of the disease and the unpredictable course with exacerbation and remission make wellcontrolled studies difficult to conduct. Therefore, there is
a lack of evidence-based treatment recommended for the
management of Behçet’s disease. Agents such as corticosteroids, sulphasalazine, azathioprine, cyclophosphamide,
tumour necrosis factor α antagonist, or thalidomide should
be tried first before surgery, except in an emergency[8,9].
In conclusion, we describe a patient with gastrointestinal
symptoms as primary manifestations of Behçet’s disease.
Our case highlights the need for clinicians to broaden
consideration of differential diagnoses, with particular at-

tention to atypical features of Behçet’s disease.
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correct; (3) Only homogeneous data can be averaged. Standard
deviations are preferred to standard errors. Give the number of
observations and subjects (n). Losses in observations, such as
drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits
calculated and compared by weighted probit analysis (Bliss and
Finney); and (5) The word “significantly” should be replaced
by its synonyms (if it indicates extent) or the P value (if it indicates statistical significance).
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.
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PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and
end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
USD per article. All invited articles are published free of charge.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
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Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
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Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most common tumor worldwide. Multiple treatment options are
available for HCC including curative resection, liver
transplantation, radiofrequency ablation, trans-arterial
chemoembolization, radioembolization and systemic
targeted agent like sorafenib. The treatment of HCC
depends on the tumor stage, patient performance status and liver function reserve and requires a multidisciplinary approach. In the past few years with significant advances in surgical treatments and locoregional
therapies, the short-term survival of HCC has improved
but the recurrent disease remains a big problem. The
pathogenesis of HCC is a multistep and complex process, wherein angiogenesis plays an important role.
For patients with advanced disease, sorafenib is the
only approved therapy, but novel systemic molecular
targeted agents and their combinations are emerging.
This article provides an overview of treatment of early
and advanced stage HCC based on our extensive re-
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common form of cancer worldwide and the third most common cause of cancer-related deaths. HCC often occurs
in the background of a cirrhotic liver[1]. Orthotopic liver
transplantation (OLT) is an effective treatment for both
HCC and underlying cirrhosis, and is considered the best
therapeutic option. Unfortunately, most cases of HCC
present in an advanced stage and are not suitable candidates for OLT[2]. In recent years surveillance strategies in
patients at a higher risk of HCC have led to the diagnosis of the disease at much earlier stages. Patients in early
stages have a much higher chance of curative response
with different treatment options[2,3]. Tumor staging plays
an essential role in guiding the treatment decisions, but
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clinical practice[11,12]. Evidence for listing the patients for
LT with tumor burden beyond Milan criteria is poor. Yet,
it is clear that some patients with tumor burden beyond
Milan criteria may benefit from transplantation. Similarly,
studies looking at the LT outcomes in the patients with
HCC after downstaging are very heterogeneous and no
evidence-based recommendations can be made at this
point. Few studies have shown that successful downstaging of HCC can be achieved in carefully selected patients
and is associated with excellent post-transplantation outcomes[13]. Success in downstaging has been reported in
many studies, although most of these are uncontrolled
observational studies[9,14,15]. Multiple modalities including
resection, RFA and TACE have been used for downsizing. The largest experience is with TACE and RFA. The
two prospective studies showed that survival after liver
transplantation in patients with large tumor burden successfully treated by downstaging was similar to survival
in patients who initially met the criteria for LT[16,17]. It is
essential to consider how expansion of criteria beyond
the Milan criteria might affect the survival of candidates
for liver transplantation who do not have HCC. In the
European Liver Transplant Registry, Organ Procurement
and Transplantation Network, and Australia and New
Zealand Liver Transplant Registry, 5-year survival for
non-HCC was 65%-87%[18]. According to studies based
on Markov models using data from the United States,
patients outside the Milan criteria would need to achieve
5-year survival of 60% or higher to prevent a substantial
decrement to the life-years available to the entire population of candidates for liver transplantation[19,20]. International consensus conference on recommendations for
liver transplantation in 2010 recommended that modest
expansion of Milan criteria should be considered [18].
Among many proposals, only the University of California San Francisco criteria (one tumor ≤ 6.5 cm, three
nodules at most with the largest ≤ 4.5 cm, and total tumor diameter ≤ 8 cm) have been prospectively validated
by the proponent group, with outcome data comparable
to those from other retrospective studies[17,21].
A minimum observational period of 3-6 mo after
downstaging was required before the LT[17]. It has been
recognized that tumor size and number are crude measures of prognosis. In future, studies with molecular
markers or gene signatures will define tumor biology and
these will be incorporated in the eligibility criteria for the
transplant listing[22].

prognosis is affected by the severity of underlying liver
dysfunction. A number of staging systems are available
for use in HCC, and there is no worldwide consensus on
a preferred system. The Child- Pugh classification system and the model for end-stage liver disease (MELD)
score only assess the severity of liver disease and do not
include the patient’s performance status (PS) or cancerrelated symptoms. The only staging system currently in
use that addresses each of these concerns is the Barcelona Clinic Liver Cancer (BCLC) classification. This
classification links HCC staging with patient’s PS and
co-morbidities. This allows for an appropriate treatment
strategy and defines the standard of care for each tumor
stage. The major advantage of the BCLC system is that
it can be used to identify the patients with early-stage
HCC, who may benefit from curative therapies. This differentiates them from the patients with advanced-stage
disease who would benefit more from palliative treatment. American Association for the Study of Liver Diseases (AASLD) and European Association for the Study
of the Liver (EASL) have endorsed the BCLC system[4,5].
Several therapies have been proposed for these patients
with proven survival benefits in the early-stage of HCC.
These therapies comprise the surgical resection, various
locoregional treatments including percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), transarterial chemoembolization (TACE) and radioembolization[4-6].

LIVER TRANSPLANTATION
Liver transplantation (LT) is a potentially curative treatment and the best treatment option for the patients with
decompensated cirrhosis. Currently LT is recommended
for the patients with HCC, whose tumor is within the
Milan criteria for HCC (one lesion not larger than 5 cm,
or up to 3 lesions with each 3 cm or smaller). This selection criterion results in a 5-year overall survival rate of
75% and a tumor recurrence rate of less than 15%[7-9].
This tumor burden is compatible with early-stage HCC
in the BCLC staging system. Priority for assignment to
the LT waiting list is based upon the MELD score, which
is a good predictor of early mortality in patients with
cirrhosis. However, MELD score is not able to predict
mortality in the patient with HCC, therefore, a “MELD
exception” has been developed to assign extra points to
the HCC patients on the basis of the tumor burden. The
exception criteria have resulted in an increased number
of LTs being performed in the HCC patients; currently
30%-40% of the LTs are performed for HCC[10]. Some
centers also consider the patients for LT who exceed
the Milan criteria. Transplanting the patients with HCC
beyond the established criteria falls into two categories;
those whose tumors exceed the Milan criteria at presentation without any prior treatment (expanded criteria),
and those who fulfill the Milan criteria after locoregional
treatments (downstaging). Currently, however, there is
no international consensus regarding these approaches in
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SURGICAL RESECTION
Surgical resection is the treatment option for a small
number of patients with single nodules, good liver function and no underlying cirrhosis. Surgical resection has an
increased risk of hepatic decompensation in the patients
with cirrhosis[23,24]. Thus, only patients with well-compensated cirrhosis, Child-Pugh class A, are considered the
ideal candidates for surgical resection. Portal hypertension
in cirrhotic patients is considered a relative contraindica-
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tion for surgical resection according to EASL/AASLD
guidelines. In earlier studies Bruix et al[4,25] reported that
in Child-Pugh A cirrhotic patients undergoing hepatic
resection, the presence of portal hypertension based on
hepatic venous pressure gradient (HVPG) ≥ 10 mmHg,
to be the best predictor of post-operative liver decompensation and poor long-term outcomes. However, measurement of HVPG is an invasive procedure and requires
technical expertise. Some studies have used other surrogate markers of portal hypertension like the presence of
esophageal varices or splenomegaly (major diameter > 12
cm) with a platelet count of < 100000/mm3. Few recent
studies have reported comparable postoperative and
long-term outcome in patients with and without portal
hypertension using these surrogate markers of portal
hypertension. These studies demonstrated that cirrhotic
patients with both clinically significant portal hypertension and well-preserved liver function have similar
short- and long-term outcomes compared with patients
without portal hypertension. Overall surgical results depend not only on the presence of portal hypertension
but also on the residual liver function, size of segmental
resection and the remnant liver volume[26,27]. Moreover
with improvement in anesthesia and surgical techniques,
specifically laparoscopic resection, results of surgery are
much superior[28]. Therefore, the prognostic relevance
of clinically significant portal hypertension after hepatic
resection in patients with HCC is still a matter for debate. The recent study by Santambrogio et al[29] reported
that the presence of clinical portal hypertension alone
does not influence the post-operative course of cirrhotic
patients submitted to hepatic resection. If stringent preoperative selection criteria are met (i.e., Child-Pugh class
A patients undergoing resection with a laparoscopic
approach and limited segmental hepatic resection) the
post-operative mortality rate is very low.
Patients without portal hypertension or with clinically
significant portal hypertension and preserved liver function (Child-Pugh A5 class) can undergo hepatic resection
without hepatic decompensation and good long-term
survival, if limited hepatic resection with enough remnant liver volume is done with laparoscopic approach.
The patients who undergo surgical resection have
nearly 70% five-year survival but have a high risk of
recurrence. Recurrence rate correlates with the presence
of microscopic vascular invasion, which is present in
more than 30% of HCC patients without any evidence
of macroscopic vascular invasion[30,31]. Early tumor recurrence within two years of surgery is mainly related
to local invasion and intrahepatic metastasis. Late recurrence, occurring after two years of surgery, is mainly
related to de novo tumor formation. Some studies have
shown benefit of adjuvant therapies in decreasing the
postoperative recurrence rate[32-34].
Though the hepatic resection is not often considered
as an option in patients with multiple tumors, some centers have reported optimal results with hepatic resections
even in patients with multiple tumors.
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Some of the biomarkers (gene signatures or molecular biomarkers) are promising in predicting the late recurrence[35]. These biomarkers are likely to improve selection
of candidates for surgical resection with lower risk of
recurrence.
At present, surgical resection is recommended in the
patients with early-stage disease and preserved liver function. But the surgical option should be weighed against
the availability and the response rate of other local ablative therapies like radiofrequency ablation.

RFA
Surgical resection is currently considered the most curative strategy, but in the last decade highly satisfactory results have been obtained with local ablative therapies[36].
RFA is currently considered the most effective local
ablative therapy. There has been considerable improvement in the RFA technique like the use of expandabletipped or cool-tip electrodes. A single electrode insertion
can produce a necrotic area of up to 3.0 cm in diameter,
thus allowing complete ablation of a 2 cm with necrosis
of adjacent 0.5 cm to 1.0 cm margins, achieving tumor
free margins like surgical resection.
Local ablation with RFA is considered a standard of
care for the patients with very early and early stage (BCLC
0-A) tumors not suitable for surgery. The best results
were reported for RFA-treated patients with tumors <
2 cm in diameter who had 5-year survival rates ranging
from 40% to 70%. A cohort study of RFA demonstrated that complete ablation of lesions smaller than 2 cm is
possible in more than 90% of cases, with a local recurrence rate of less than 1%[37].
RFA has replaced percutaneous ethanol ablation as
the locoregional therapy of choice. Three independent
meta-analyses, including five randomized controlled
trials, have provided evidence for better local control
and increased survival benefits in patients treated with
RFA compared to ablation with PEI. RFA has also been
shown to provide a survival benefit in patients with
tumors > 2 cm but < 5 cm, as compared to PEI[38-40].
Consequently, RFA has progressively replaced PEI for
patients with small HCC who are not candidates for surgery.
There is no consensus so far whether percutaneous
RFA can replace surgical resection as first-line treatment for small tumors. Two RCTs provided conflicting
evidence regarding the benefits of RFA vs surgical resection. The results from one RCT suggest a benefit for
surgery over RFA in patients who met the Milan criteria
followed for up to 5 years[41]. Another RCT did not identify a significant difference in survival between RFA and
surgery in patients with solitary HCC and a diameter up
to 4 cm[42]. At present strong evidence of the superiority
or equality of RFA in comparison with surgical resection
is lacking, but it is also true that there is no solid evidence that surgical resection is better than RFA for the
treatment of small HCC. Studies addressing this issue
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N/A
RFA: 28%
N/A
SR: 51.3%
RFA: 28.6%
N/A
N/A
N/A
N/A

SR: 34%

5-yr recurrence free survival

SR: 71.1% RFA: 61.1%
SR: 47% RFA: 35%
N/A
SR: 75.6% RFA: 54.7%
N/A
N/A
N/A
N/A

5-yr overall survival
N/A
SR: 66%
RFA: 68%
SR: 90.6%
RFA: 86.2%
SR: 85.2%
RFA: 81.7%
N/A
SR: 86.6%
RFA: 85.9%
SR: 82.4%
RFA: 78.5%
N/A

1-yr recurrence-free survival

Tumor
number
1 (83, 73)
1 (78, 78)
1 (62, 57)
1 (77, 73)
1 (84, 72)

n (SR, RFA)

N/A
2 (13%, 20%) 3 (3%, 7%)
SR: 88% RFA: 86%
2 (20%, 18%) 3 (2%, 3%)
SR: 96% RFA: 93.1%
2 (38%, 43%)
SR: 98.2% RFA: 86.9%
2 (20%, 26%) 3 (3%, 1%)
SR: 98.3% RFA: 98.5%
2 (12%, 21%) 3 (3%, 7%)
SR: 93.3% RFA: 95.8%
1 (100%, 100%)
SR: 91.3% RFA: 93.5% 1 (96, 4) > 1 (88%, 12%)
SR: 93.2% RFA: 92.8%
1 (100%, 100%)

1-yr overall survival
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SR: 2.3
SR: 3.07
SR:
≤5
SR: 2.2
≤5
3.2
≤5

Patients (n )

Study design Year

RFA: 2.0 SR: 5361 RFA: 5548 Cohort study 2013
RFA: 2.36 SR: 50
RFA: 60 Cohort study 2013
_
SR: 84
RFA: 84
RCT
2012
_
SR: 115 RFA: 115
RCT
2010
RFA: 2.0 SR: 2857 RFA: 3022 Cohort study 2008
_
SR: 90
RFA: 71
RCT
2006
_
SR: 54
RFA: 51
RCT
2006
_
SR: 65
RFA: 47
RCT
2005

Mean tumor size (cm)
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TACE is currently considered a standard treatment for the patients with intermediate-stage HCC. Patients with compensated liver function (Child B up to 8 points), with
large single nodule (< 5 cm) or multifocal HCC without evidence of vascular invasion or extra hepatic spread are considered candidates for TACE. The recommendation
for TACE as the standard of care for intermediate-stage HCC is based on the demonstration of improved survival, as compared with the best supportive care or suboptimal
therapies[51]. Llovet et al[52] reported a meta-analysis of six randomized controlled trials, comparing TACE with the best supportive care or suboptimal therapies. There was
considerable heterogeneity between the individual study designs (including patient populations and TACE technique), as well as the study results, with only two of the six
individual studies reporting 2-year survival with a statistically significant improvement[53,54]. TACE has been reported to achieve a partial response in 15%-62% patients, with
significantly delayed tumor progression and improvement in median survival from 16-20 mo[52].
Intermediate-stage HCC includes a heterogeneous population of the patients with variable tumor burden and liver function (Child-Pugh class A or B). The risk of TACEassociated complications may be greater in patients with more extensive disease requiring non-selective embolization, with portal vein thrombosis and with poor residual liver
function. The patients with Child-Pugh class C and some with Child-Pugh class B should be excluded from TACE. In the studies reported in literature, MELD score has not
been used to select patients. Patients with total bilirubin > 3 mg/dL were excluded. TACE benefits should be balanced with risk of treatment-induced liver failure.
There is lack of standardized therapy regimen for TACE. The optimal schedule, choice of antineoplastic agents (e.g., mitomycin, cisplatin, and doxorubicin alone or in
combination), embolizing agent (e.g., gelatin sponge particles or polyvinyl alcohol particles) use of iodized oil, or bland embolization vs chemoembolization, has not been fully
established. From a technical point of view, while there is a general consensus about the fact that TACE should be as selective as possible, more standardization of TACE

TACE

have been shown in Table 1[41-48].
It is unlikely that any future RCT will address this issue, because it will require very large sample size to show significant differences between two modalities. RFA is less
expensive, less invasive, with lower complication rates and shorter hospital stay than surgical resection. In patients with tumor > 3 cm but < 5 cm in size, the success rate of
RFA alone is decreased. In these cases combination with TACE could be considered. Recently, the results of an RCT[49] aimed at evaluating the therapeutic efficacy of combining RFA with TACE for treating intermediate-size (3.1-5.0 cm) HCCs have been published. Local tumor progression rate was significantly lower in the TACE and RFAtreated group than in the RFA-only group (6% vs 39%).
RFA should be considered the first option for the treatment of small HCC. However, RFA is size-dependent. RFA can produce a necrotic area of about 4 cm, so it can
be effective in HCC measuring up to 3 cm or smaller. In future technical developments allowing achieving ablation areas of 5 cm or more in diameter will make percutaneous
thermal ablation an effective alternative to surgery even for tumors measuring 3 cm or more[50].

N/A: Not applicable; RCT: Randomized controlled trial; RFA: Radiofrequency ablation; SR: Surgical resection.

Hasegawa et al[43]
Tohme et al[44]
Feng et al[42]
Huang et al[41]
Hasegawa et al[45]
Chen et al[46]
Lü et al[47]
Chen et al[48]

Ref.

Table 1 Surgical resection vs radiofrequency ablation
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protocols is still needed. Selective TACE comprises the
injection of chemotherapeutic agents into the segmental
or sub segmental branches feeding the tumors. Golfieri
et al[55] compared the effectiveness of selective or superselective TACE vs standard TACE in determining tumor
necrosis in a prospective study of 67 consecutive patients (122 nodules, all < 5 cm). When compared with
the standard TACE, selective/super-selective TACE was
associated with higher mean levels of necrosis. A direct
relationship was reported between the tumor diameter
and the mean tumor necrosis level (59.6% for lesions <
2 cm, 68.4% for lesions 2.1-3 cm and 76.2% for lesions
> 3 cm). These findings suggest that selective/super
selective TACE may determine a higher rate of tumor
necrosis than the standard TACE; however, very small
nodules (< 2 cm) may not respond as 3-4 cm nodules[56].
The ideal TACE procedure should allow maximum
and sustained concentration of chemotherapeutic drug
in the tumor, with minimal systemic exposure combined
with calibrated tumor vessel obstruction. Lipiodol has
been widely adopted in TACE protocols because HCC
tumors have great avidity to lipiodol. However there is
no data showing that lipiodol allows slow release of chemotherapeutic agents and achieves higher or sustained
concentration of chemotherapeutic agents in tumor.
One recent survey from multiple eastern and western
centers in Europe showed that surgical resection is widely in practice among patients with multinodular, large,
and macro-vascular invasive HCC, and provides acceptable short- and long-term results[57,58].

or DEB-TACE. In these patients bland embolization
can be performed. Trans-arterial bland embolization
achieves tumor necrosis, but much less compared to
DEB-TACE[61].
At present TACE is the standard of care for treating
patients with intermediate-stage HCC, but due to heterogeneity of the patient population in this stage, all patients do not achieve the same response. DEB-TACE is
preferred over conventional TACE. Repetition of TACE
with aggressive schedule increases the adverse events.
Repeat TACE should be considered based on objective
evidence of tumor progression. Patient at risk of adverse
outcome should be identified based on response to first
TACE and effect on underlying liver disease. Recently
describe ART score may help in identifying patients at
high risk for poor outcome after repeated TACE[62,63].

RADIOEMBOLIZATION
Radioembolization or selective internal radiation therapy
(SIRT) has recently emerged as a therapeutic option for
intermediate-stage HCC and its role in unresectable liver
disease is still being refined[56,64-66]. In radioembolization,
implantable radioactive microspheres are delivered into
the arteries that feed the tumor so that tumor nodules
are treated irrespective of their number, size or location. Radioembolization is different from the TACE. In
TACE, the embolizing particles or drug eluting particles
are usually 100-500 μm in size, which cause ischemia of
tumor; but in radioembolization the microspheres are
usually smaller (35 μm) in diameter and deliver radiation to tumor without ischemia to the tumor or liver
tissue. Currently, the most popular radioembolization
technique uses microspheres coated with Y90 b-emitting
isotope (TheraSphere and SIR Sphere). The safety of Y90
radioembolization has been documented in phase Ⅰ and
phase Ⅱ clinical investigations[67]. A few observational
studies and retrospective analyses have reported the efficacy of radioembolization in the treatment of HCC[68,69].
Median survivals for intermediate stage HCC, however,
vary widely (between 7 and 27 mo) between phase Ⅱ
studies, depending on the PS, extent of the disease and
the degree of hepatic functional reserve. Salem et al[70]
reported a large prospective study in 291 patients treated
with glass-based Y90 microspheres (TheraSphere) showing that liver function and portal vein thrombosis were
main predictors of survival. Recently, a comparative
analysis of radioembolization or TACE reported fewer
side effects, better response rate and longer time to progression (13.3 mo vs 8.4 mo) in radioembolization group,
but median survival time was not different (20.5 mo vs
17.5 mo)[68]. In another similar study by European Network on radioembolization with Y90 resin microspheres.
Sangro et al[69] reported similar safety profile and response rates. Results of RCTs would provide the highest
level of evidence, but based on these studies, it has been
estimated that more than 1000 patients would be required to confirm the statistical equivalence or superior-

TACE with drug-eluting beads
The recent introduction of embolic microspheres that
have the ability to actively sequester doxorubicin hydrochloride from solution and release it in a controlled fashion has been shown to substantially diminish the amount
of chemotherapeutic agent that reaches the systemic
circulation, as compared with ethiodized oil-based regimens. This significantly increases the local concentration
of the drug and the antitumor efficacy[59].
Recently published results from the PRECISION
V trial indicate that TACE with drug-eluting beads is a
valuable alternative to ethiodized oil-based conventional
TACE. Compared with conventional TACE, the TACE
with drug-eluting beads (DEB-TACE) with doxorubicineluted beads was associated with improved outcomes[60].
At 6 mo, the DEB-TACE group showed higher rates
of complete response, objective response and disease
control compared with the conventional TACE group.
Although the predefined hypothesis of superiority was
not met in the overall population, patients with ChildPugh B, bi-lobar disease and recurrent disease showed
a significant increase in objective response. In addition,
DEB-TACE was associated with a reduction in serious
liver toxicity and lower rate of doxorubicin-related side
effects when compared with the standard TACE[60].
In some patients, there is a risk of systemic toxicity
of chemotherapeutic agents used in conventional TACE
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ity of one treatment over other. Moreover, the relevant
cost associated with radioembolization may limit a wide
use of this technique. At present radioembolization appears to be safer in more advanced stage HCC including
portal vein thrombosis and large tumor burden[69,71,72].

uncontrolled growth of the hepatocytes. Systemic targeted therapies focus on the critical steps of the carcinogenic pathways, limiting widespread systemic toxicity.
No single dominant or pathognomic pathway exists in
the hepatocarcinogenesis. Overexpression of multiple
signaling pathways have been implicated in the pathogenesis of HCC including Vascular endothelial growth
factor (VEGF), epidermal growth factor, Ras mitogenactivated protein kinase (MAPK), insulin-like growth
factor receptor, hepatocyte growth factor/c-MET, PI3K/
PTEN/Akt/mammalian target of rapamycin (mTOR)
and Wnt/β-Catenin pathways[74-79]. Targeted molecular
agents may block one or more steps in a targeted pathway or potentially more than one pathway to provide
suitable results. Currently, sorafenib is approved for the
treatment of HCC and represents a paradigm shift in the
systemic treatment of HCC, and many new molecular
therapies are under investigation.

HCC TREATMENT AS A BRIDGE TO
TRANSPLANT
Patients with HCC receiving LT within Milan Criteria
have a low rate of recurrence and excellent long-term
survival.
In recent years, waiting time for LT has progressively
increased and despite priority for HCC within the Milan
criteria, a significant rate of dropout from the waiting
list occurs due to tumor progression. Hence treatment
of HCC in patients awaiting LT has become routine, primarily in an effort to prevent tumor progression, reduce
dropout rate and to decrease the post-transplant HCC
recurrence.
The risk of dropout for HCC within the Milan criteria correlates with the length of waiting time and initial
tumor characteristics. In patients initially presenting with
solitary HCC < 2 cm, risk of progression is low and only
tumors > 2 cm receive priority on waiting list. Hence
most transplant centers observe rather than treat these
lesions until they grow to 2 cm. The cumulative dropout
rates at 6 and 12 mo for patients with single HCC > 3
cm or with 2-3 nodules have been reported 12% and
56% vs 0% and 10% with solitary HCC ≤ 3 cm. These
patients are often considered for treatment while awaiting LT.
Chemoembolization, radiofrequency ablation and
ethanol injection all are effective in controlling tumor
growth; however, there is no high level evidence that
these modalities are effective in stopping tumor progression in patients on the waiting list, reducing dropout
rate or decreasing post-transplant recurrence. TACE has
been widely used, as a bridge to transplant but there is
no evidence-based data to support this practice. TACE
has not been shown to decrease the dropout rates on
waiting list[14,73], but most of the studies addressing this
issue were heterogeneous in patient selection, TACE-related protocols and had variable waiting time on LT list.
It is unlikely that well-designed RCTs will address this issue in the future. Nevertheless, particularly in the United
States, where continued waiting list priority depends on
maintaining HCC within Milan criteria, use of nonsurgical HCC treatment will likely continue in an effort to
prevent tumor progression and waiting list dropout.
TACE alone or combination with other treatments
is recommended to bridge patients to transplant specifically when the waiting list time is more than six mo.

Sorafenib
Multiple cellular kinases are involved in the development
and progression of the HCC by promoting angiogenesis, cellular differentiation, proliferation and survival.
Sorafenib is an oral bi-aryl urea, which inhibits multiple
cell surface and downstream kinases involved in tumor
progression. Cell surface tyrosine kinases inhibited by
Sorafenib include VEGF receptor- (VEGFR-) 1, VEGFR-2, VEGFR-3, platelet-derived growth factor receptor- (PDGFR-) β, RET, c-KIT and FMS-like tyrosine
kinase-3. Sorafenib also inhibits Ras/MAPK pathway,
this pathway involves extracellular signal-regulated kinases and multiple intracellular serine/ threonine kinases
including Raf-1 (C-Raf) and B-Raf (wild and mutanttypes). Ras/MAPK pathway activation could be due
to the mutational activation of Ras oncogene or over
expression of surface tyrosine kinases. Overexpression
of these kinases is important in HCC proliferation and
angiogenesis[80,81]. Two phase Ⅲ randomized placebocontrolled trials, the SHARP trial conducted mainly in
America and Europe[82] and a similar trial conducted in
Asia[83] reported improved overall survival with sorafenib.
In the SHARP trial, the median overall survival was
10.7 mo with sorafenib and 7.9 mo with placebo. In the
Asian study, the median overall survival was 6.5 mo with
sorafenib and 4.2 mo with placebo. Sorafenib was generally well tolerated; toxicities were mild to moderate in
severity, predominantly including diarrhea, fatigue, and
hand-foot skin reaction.
These two, phase Ⅲ trials have established sorafenib
as the preferred systemic therapy for advanced HCC although the role of sorafenib in intermediate HCC is less
clear. Moreover, only small numbers of patients with
Child-Pugh B have been included in clinical trials, so it
is not possible to assess efficacy and safety of sorafenib
in this group of patients. Various phase Ⅲ trials reporting the overall survival in patients with advanced HCC
treated with sorafenib, sunitinib, erlotinib, linifanib and
brivanib are shown in Table 2.

TARGETED SYSTEMIC CHEMOTHERAPY
Hepatocarcinogenesis is the result of genetic alterations affecting multiple signaling cascades resulting in
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= 0.33)[94]. Another phase Ⅲ trial, BRISK-FL, compared
brivanib with sorafenib as first line treatment agent for
HCC [95]. Median survival was 9.5 mo in the brivanib
group compared with 9.9 mo in the sorafenib group,
which was not statistically significant. Sorafenib was better tolerated than brivanib leading to lesser discontinuation rate (33% vs 43% respectively).

Table 2 Phase Ⅲ clinical trials of systemic targeted agents
Ref.

Year

Patients (n )

Overall survival (mo)

Llovet et al[82]
(SHARP trial)
Cheng et al[83]
(NCT00492752)
Zhu et al[100]
(SEARCH trial)

2008

Cheng et al[99]
(SUN1170 trial)
Cainap et al[101]
(LIGHT trial)
Johnson et al[95]
(BRISK-FL trial)
Llovet et al[94]
(BRISK-PS trial)

2013

Sorafenib: 299
Placebo: 303
Sorafenib: 150
Placebo: 76
Sorafenib: 358
Sorafenib +
Erlotinib: 362
Sorafenib: 544
Sunitinib: 530
Sorafenib: N/A
Linifanib: N/A
Sorafenib: 578
Brivanib: 577
Brivanib: 263
Placebo: 132

Sorafenib: 10.7
Placebo: 7.9
Sorafenib: 6.5
Placebo: 4.2
Sorafenib: 8.5
Sorafenib +
Erlotinib: 9.5
Sorafenib: 10.2
Sunitinib: 7.9
Sorafenib: 9.8
Linifanib: 9.1
Sorafenib: 9.9
Brivanib: 9.5
Brivanib: 9.4
Placebo: 8.3

2009
2012

2013
2013
2013

Tivantinib: Tivantinib is an oral MET receptor tyrosine
kinase inhibitor. When added to sorafenib, it had synergistic effect against HCC as noted in a phase Ⅰ clinical
trial[96]. In a randomized, placebo-controlled, doubleblind, phase Ⅱ trial, tivantinib was used as a second line
agent for the treatment of HCC in previously unresectable HCC who progressed or could not tolerate the first
line systemic therapy[97]. The patients were randomly assigned to receive tivantinib (n = 71) or placebo (n = 36).
Time to progression of HCC was longer in tivantinib
group (1.6 mo) than the placebo group (1.4 mo) (HR =
0.64; P = 0.04). The subgroup of patients who received
tivantinib and expressed high tissue MET levels (n = 22)
had even longer median time to progression of HCC (2.7
mo). A randomized, double-blinded, controlled phase Ⅲ
study (METIV-HCC trial) is currently underway to determine the efficacy and safety of tivantinib plus sorafenib
vs sorafenib alone in the patients with previously unresectable cancer as a first line treatment agent.

Sorafenib has also been used in combination with other
systemic chemotherapeutic agents with a goal to improve
efficacy. Sorafenib in combination with doxorubicin[84],
octreotide[85] and oxaliplatin[86], tegafur/uracil[87], cisplatin
and gemcitabine[88] and AVE 1642 (a human monoclonal antibody inhibiting the insulin-like growth factor-1
receptor)[89] has been used. All of these studies report
some survival advantage over sorafenib alone. But most
of the studies looking at the combination of sorafenib
with other systemic therapies have small sample size.
Large randomized double-blind studies are needed to establish the role and toxicity profile of these combination
regimens.

Everolimus: Everolimus is an inhibitor of mTOR. A
phase Ⅰ/Ⅱ single arm trial using everolimus in advanced HCC patients (unresectable) with and without
prior systemic therapy for HCC showed that the median progression free survival of 28 patients was 3.8
mo (95%CI: 2.1-4.6) and overall survival was 8.4 mo
(95%CI: 3.9-21.1)[98]. And phase Ⅲ clinical trials of systemic targeted agents is shown in Table 2[82,83,94,95,99-101]. A
randomized, double blind, placebo control phase Ⅲ trial
(EVOLVE-1) is underway to assess the role of everolimus in unresectable HCC patients who failed prior treatment with sorafenib.

Other chemotherapeutic agents
Sunitinib: Sunitinib is a multi-kinase blocker that targets
VEGFR and PDGFR. Sunitinib was used in phase Ⅱ
clinical trials for HCC treatment, which led to an openlabel phase Ⅲ trial comparing it with sorafenib[90]. A
total of 1073 patients were randomized to receive either
sorafenib (544) or sunitinib (529). This trial was terminated early due to increased side effects and futility concerns.

Sorafenib and TACE combination
As previously discussed, TACE works by blocking the
hyper-vascular arterial blood supply of the tumor with
the help of an embolic agent and injecting the chemotherapeutic drug. As a result of TACE, a hypoxic environment is created around the surviving tumor cells.
Hypoxia stimulates the expression of VEGF and hence
the neovascularization of the surviving cells. Sorafenib
appears to be a good choice to block the neovascularization at that stage. A phase Ⅲ trial comparing linifanib to
sorafenib as a first line targeted agent has recently been
reported[101]. Recently Gadani et al[102] presented their
results of a retrospective analysis of 19 patients with
Child-Pugh class A and B patients with HCC. Most of
the patients were Child-Pugh class A (n = 16) and BCLC
stage C (n = 13).
Various studies have looked at the combination of

Linifanib: Linifanib is a multi-kinase inhibitor targeting VEGFR and PDGFR along with other kinases. It
was found to be effective in the treatment of the HCC
with an acceptable safety profile in a single arm phase Ⅱ
clinical trial[91].
Brivanib: Brivanib is a selective inhibitor of fibroblastic
growth factor receptor and VEGFR. It showed somewhat promising results in the phase Ⅱ trials as first line
(median overall survival: 10 mo) and second line (median
overall survival: 9.5 mo) treatment agent for HCC[92,93].
Brivanib was tried in a phase Ⅲ BRISK-PS trial as a secondary treatment agent (failed prior systemic treatment
due to side effects or progression of the disease) for the
treatment of HCC. The median length of overall survival was 9.4 mo for brivanib recipients vs 8.2 mo in the
placebo group, which was not statistically significant (P

WJG|www.wjgnet.com

4121

April 21, 2014|Volume 20|Issue 15|

Raza A et al . HCC: Treatment and evidence-based medicine

TACE with sorafenib, where sorafenib was introduced
few days to weeks after the first TACE (sequential introduction) or it was started prior to the planned TACE
and only interrupted for few days around the procedure
(interrupted scheduling). There has been reluctance to
use combination of TACE and sorafenib due to fear of
increased toxicity. In a prospective study patients with
unresectable HCC received a combination of sorafenib
(started 2-4 wk prior to TACE) and TACE with LC
beads[103]. The authors reported safety of concurrent
sorafenib and transarterial therapy but without clear benefit of survival.
The efficacy of combination treatment has been assessed in few prospective studies. In a prospective, placebo controlled, randomized, double-blind study Sansonno
et al[104] randomized 31 patients with Child-Pugh class
A and BCLC-B HCC to receive conventional TACE
plus sorafenib and similar number of patients to receive
TACE plus placebo. Sorafenib was added 30 d after the
first TACE procedure and the patients received more
than one TACE procedures. The median time to progression was 9.2 and 4.9 mo in the TACE plus sorafenib
and the TACE plus placebo groups respectively.
In another study Kudo et al[105] did not find a difference in overall survival or time to progression benefit
with TACE plus sorafenib combination compared with
TACE plus placebo. But this effect was likely due to
the fact that sorafenib was started late after the first
TACE procedure (> 50% of the patients starting it
more than 9 wk post-TACE) and there were significant
dose reductions and multiple dose interruptions. The
START trial[106] was conducted to assess the combination of sorafenib with conventional TACE procedure.
One subgroup analysis of the Chinese patients (n = 62)
in the START trial was recently published[107]. Patients
with unresectable HCC were enrolled and they received
conventional TACE and sorafenib 400 mg twice a day.
Sorafenib was continued until 4 d prior to the next
TACE and was resumed 4 d after TACE procedure for
safety reasons. The preliminary results of START indicate concurrent sorafenib and TACE therapy is safe and
effective with no unexpected side effects. Similar results
were produced in another subgroup analysis of the
START trial in Asia-Pacific region, without any un-expected side effects[108]. Currently DEB-TACE has shown
superiority over conventional TACE. DEB-TACE in
combination with sorafenib has been studied in clinical
trails (SPACE, and TACE-2 trials)[109,110]. Recently reported data from the randomized phase Ⅱ SPACE trial
suggest that DEB-TACE in combination with sorafenib
met the predefined primary endpoint of improving time
to radiologic progression compared with DEB-TACE
in combination with placebo[109]. The results of ongoing
phase Ⅲ trials will determine whether there is a role to
implement this combination in clinical practice.
The results of concurrent TACE and sorafenib in
intermediate stage appear promising but at present it is
difficult to recommend combination therapy. There are
uncertainties regarding dose, frequency and duration of
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sorafenib when used in combination with TACE.
Sorafenib and radio-embolization
Several on-going clinical trials are looking at the combination of radio-embolization and sorafenib in patients
with HCC. Recently Gadani et al[102] presented their results of a retrospective analysis of patients with ChildPugh class A and B patients with HCC. The patients
were on sorafenib prior to yttrium-90 treatment, which
was resumed post- treatment. The overall survival of the
patients was higher than the previously reported studies
that only used sorafenib. Further prospective studies are
being conducted to evaluate the combination of radiation therapy and sorafenib.

CONCLUSION
Management of HCC depends on the tumor stage, liver
function reserve, and patient performance status (BCLC
stage), and requires a multidisciplinary approach for optimal treatment. LT and hepatic resection are the only
curative options in early stage of disease. There have
been significant advances in local ablative and transarterial therapies. In the early stage HCC, RFA is equivalent to surgical resection in well-selected patients. Drugeluting beads have improved the efficacy and safety of
conventional TACE. Radioembolization with use of
resin or glass sphere appear promising. Molecular studies
of HCC have identified aberrant activation of different
signaling pathways, which represent key targets for novel
molecular therapies. For patients with advanced disease,
sorafenib is the only approved therapy, but novel targeted agents and their combinations are emerging.
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Core tip: We discuss a new hypothesis for therapeutic
approaches in hepatocellular carcinoma (HCC). This
novel idea is to regard the entire liver as responsible
for the onset, growth and progression of HCC. In this
scenario, we focus on the tissue microenvironment
components as an ideal target for systemic therapies,
taking into account the tumor/host interactions.
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Abstract

INTRODUCTION

Hepatocellular carcinoma is difficult to treat, primarily
because the underlying molecular mechanisms driving
clinical outcome are still poorly understood. Growing
evidence suggests that the tissue microenvironment
has a role in the biological behavior of the tumor. The
main clinical issue is to identify the best target for
therapeutic approaches. Here, we discuss the hypothesis that the entire tissue microenvironment might be
considered as a biological target. However, the tissue
microenvironment consists of several cellular and biochemical components, each of which displays a distinct
biological activity. We discuss the major components of
this environment and consider how they may interact
to promote tumor/host crosstalk.

The tissue microenvironment consists of a dynamic population of cellular and non-cellular components which form
a multifaceted regulatory network that helps to maintain
the homeostasis of an organ. The liver microenvironment
consists of a heterogeneous multitude of several components including extracellular matrix (ECM) components
(laminin, fibronectin, collagen and proteoglycans), immune cells, Kupffer cells, endothelial cells, cytokines,
fibroblasts and various growth factors[1]. These normal
cellular and non-cellular microenvironment components
are not only essential for the normal physiological and
biological behavior of an organ, but are critical in opposing resistance to malignant cell growth[2] (Figure 1A).
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Fundamentally, a tumor and its microenvironment have
a mutual influence on each other’s fate. Accumulations
of mutations in normal cells bring them to a benign
tumor state, where they stay dormant because they lack
the main hallmark of cancer, namely the ability to invade, metastasize and form vasculature (angiogenesis)[3,4].
These mutual interactions between the mutated cells
and the microenvironment modulate the ECM composition; they activate fibroblasts, recruit immune or inflammatory cells and pericytes, and stimulate endothelial
cells to invoke angiogenesis, stirring the cascade of various cytokines, chemokines and growth factors[5,6]. This
interactive, complex communication between the tumor
and its microenvironment components favors cancer
progression.
During hepatocellular carcinoma (HCC) progression,
as the microenvironment components continue to interact with each other as well as with HCC cells, they acquire an abnormal phenotype due to tissue remodeling,
which contributes to modulate the biological behavior
of the tumor and thus facilitates cancer progression and
metastasis.
The abrupt annual increase in HCC incidence in
recent years of more than 750000 cases worldwide has
constantly driven efforts to find new potential therapies
for HCC[7,8]. Although surgical resection and liver transplantation are the so-called “curative treatments”, the
limiting factors are a shortage of healthy donor livers as
compared to the emerging cases of HCC, and the fact
that in advanced stages of HCC, surgery is not possible.
Therefore, many studies have been focused on tumordestructive approaches. The neovascularized nature
of HCC is a potential target for the use of systemic
therapies that can impede aberrant molecular pathways.
The use of small molecule multi-kinase inhibitors such
as Sorafenib has resulted in a significant improvement
in overall survival of patients with advanced HCC[9,10].
Sorafenib targets the vascular endothelial growth factor receptor (VEGFR), and various other multi-kinase
inhibitors targeting VEGFR are undergoing clinical trial
for the treatment of HCC, such as sunitinib, axitinib,
linifanib, pazopanib, vandetanib, cediranib and regorafenib, as well as monoclonal antibodies such as bevacizumab[11]. Another approach, namely transarterial chemoembolization (TACE), induces tumor hypoxia and
this upregulates angiogenic factors such as VEGF[12,13].
TACE does not induce complete necrosis and after
treatment the peripheral area of the tumor becomes
viable again due to re-vascularization[14]. Combination
therapy has been tried, but several studies failed to observe any survival benefits after the use of TACE with
anti-angiogenic agents such as Sorafenib[15]. Cetuximab,
a monoclonal antibody against the epidermal growth
factor (EGFR), failed to show any significant activity
against HCC in a phase Ⅱ study[16]. Clinical trials using small molecules targeting EGFR, such as erlotinib,
gefitinib and lapatinib, were also ineffective against
HCC[17-19]. A phase Ⅱ clinical trial of a multi-targeted
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agent, namely Dovitinib, which targets VEGFR, platelet-derived growth factor receptor and fibroblast growth
factor receptor, is now under way[20]. Apart from genetic
defects, epigenetics also play a pivotal role in hepatocarcinogenesis. In vitro and in vivo data have shown that the
use of a histone deacetylase (HDAC) inhibitor (HDACi),
along with dihydroartemisinin (DHA), elicited antitumor activity in liver cancer[21]. Recently, a phase Ⅰ dose
escalation trial of an HDACi, CHR2845, against cancerassociated inflammation in HCC was started in the
United Kingdom. A pre-clinical Phase Ⅰ/Ⅱ study of
the HDACi, PXD101 (belinostat), has also been conducted and showed a good safety profile in HCC patients[22].
Due to the lack of early stage HCC diagnostic markers and efficient chemo-preventive strategies to limit
HCC progression once cirrhosis is established, the survival rate of HCC patients is still poor and they mainly
die of tumor progression and metastasis. Tumor heterogeneity is also a crucial barrier to HCC treatment, as tumor cells become resistant to chemotherapies[23]. In this
scenario, it seems interesting to analyze the results of
a potential therapeutic approach to HCC consisting of
targeting the tumor tissue microenvironment. Tissue microenvironment components are genetically stable and
are less likely to evolve into a drug-resistant phenotype,
therefore it would be easier to target these components
than tumor cells, which are genetically unstable and chemotherapy-resistant[24]. Additionally, tumor stroma exerts
tumor-suppressing as well as tumor-promoting signals. A
pancreatic cancer mouse model showed that inhibition
of the Hedgehog signaling pathway reduced the level of
tumor-associated stroma and improved the vascular delivery of gemcitabine[25]. Nevertheless, although several
theories have been proposed to explain the role of stroma in carcinogen-induced tumors, the actual relationships are not yet proven. In addition, stromal cells may
be a target for carcinogens, inducing either new cancers,
or metastatic growth[26].
A better understanding of the complex network of
interactions between tumor cells and their milieu could
offer new insight into novel targets for HCC treatment.
In this review, we have updated the literature and discussed the various issues with the aim of shedding further light on the role of the tissue microenvironment as
a therapeutic target in HCC.

CELLULAR COMPONENTS OF THE
TISSUE MICROENVIRONMENT
Cancer-associated fibroblasts
Cancer-associated fibroblasts (CAFs) are the major component of the tumor microenvironment and play a crucial
role in tumor-stromal interactions[27-29]. CAFs promote tumor progression, invasion and chemoresistance to clinical
therapies[28,30,31]. The origin of CAFs in HCC is controversial and various studies have revealed multiple origins,
including the trans-differentiation of hepatic stellate cells
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Figure 1 Progression of hepatocellular carcinoma: Crosstalk between hepatocellular carcinoma and its milieu. A: Healthy liver cell population. The normal
liver cell population consists of quiescent hepatic stellate cell (HSC), Kupffer cells, and fenestrated endothelial cells which allow the exchange of blood and substrates
between the space of Disse and hepatocytes; B: Fibrotic liver and its microenvironment. Fibrotic liver features cancer-injured hepatocytes, which trigger the release
of transforming growth factor-β (TGF-β), defenestration of endothelial cells and recruitment of regulatory T-cells. Binding of TGF-β to its receptor on HSC triggers
phosphorylation of SMAD2/3 signaling, which activates HSC to secrete extracellular matrix (ECM) components such as vimentin, CTGF, cytokeratin and muscle actin; C: Progression of liver cancer and its interaction with the milieu. Malignant hepatocytes proliferate in an uncontrolled manner. Infiltration of immune cells causes
inflammation. Malignant hepatocytes secrete TGF-β which binds to, and activates, HSC. Activated HSC deposit more ECM. Recruitment of immune cells and cancerassociated cells elicits a signaling cascade. Compressed air foam system (CAFs) secrete vascular endothelial growth factor (VEGF) to stimulate endothelial cells to
induce angiogenesis. In turn, endothelial cells secrete VEGF and platelet-derived growth factor (PDGF), which triggers the release of hepatocyte growth factor (HGF)
from HSC. HGF secreted by HSC promotes malignant hepatocyte proliferation. Also, PDGF induces the differentiation of HSC into myofibroblasts, which cause fibrosis and the development of HCC. Activated CAFs also secrete EGF, HGF, TGF-β and interleukin-6 (IL-6) to aid cancer cell proliferation. CAFs produce cyclo-oxygenase-2 (COX-2) and IL-6 to induce tumor-associated macrophages (TAMs) production. Activated TAMs release TNF-α and PDGF to reinforce CAFs activation. Stromal
cell-derived factor-1α (SDF-1/CXCL12) and its receptor CXCR4 are crucial in cancer stem cell (CSC) interactions with their surroundings. TGF-β upregulates CXCR4
expression in liver cancer cells and allows them to migrate to SDF-1α enriched niches. D: Progression and growth of liver carcinoma. Angiogenesis, Invasion and Metastasis are the crucial hallmarks of cancer. In HCC, HSC secrete VEGF to promote angiogenesis. CAFs and TAMs secrete various uPAs and matrix metalloproteinases (MMPs) to induce metastasis. Cancer cells secrete E- selectin to induce metastasis. Cancer stem cells activate the Wnt, Notch, phosphoinositide 3-kinase/Protein
Kinase B/mammalian target of rapamycin (PI3K/AKT/mTOR) pathway and thus contribute to the molecular heterogeneity of liver cancer. CAFs secrete SDF/CXCL12
to induce proliferation and invasion of liver tumor cells. Cytokines such as IL-6, IL-5, IL-22 and IL-17, produced by T regs or other immune cells, aid in liver cancer
proliferation, angiogenesis and metastasis.
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(HSC) during liver injury, activation of resting fibroblasts and a direct contribution of hepatocytes through
the epithelial to mesenchymal transition (EMT)[32]. CAFs
modulate the biological activity of HCC cells, as documented by the demonstration that lysophosphatidic acid
induces HCC progression by recruiting peri-tumoral
fibroblasts and promoting their trans-differentiation into
myofibroblasts. In addition, activated CAFs create a favorable tumor environment by modulating immune cells
such as NK cells. NK cells have anti-tumor activity, but
this is significantly reduced in HCC[33]. Thus, activated
CAFs remodel the ECM, which facilitates the release
of various cytokines and growth factors and as a result
magnifies HCC growth. Transforming growth factor-β
(TGF-β) activates CAFs, which display α-smooth muscle
actin (α-SMA), fibroblast activation protein, fibroblast
surface protein, and vimentin[27,29] expression. Because
CAFs also enhance the metastatic potential of HCC
cells, targeting TGF-β receptor type Ⅰ using LY2109761
can down-regulate CTGF production, which in turn interferes with the crosstalk between CAFS and HCC cells,
and hence inhibits stromal growth and metastasis[34] (Figure 1B). These findings clearly demonstrate that CAFs
have an important role in overall cancer progression and
hence are the significant modifiers of cancer evolution.
In certain types of cancers, CAFs regulate cancer stem
cells (CSCs), and since CSCs are resistant to chemotherapies it seems possible that this is one reason why
HCC is difficult to treat, also due to its high recurrence
rate, CAFs may regulate the stemness of HCC. Further
exploration of the interactions between CAFs and HCC
cells may help to identify novel HCC targets.

Apart from their active contribution in liver cirrhosis,
these activated HSCs or myofibroblasts also infiltrate the
stroma of liver tumors, and when confined around the
tumor sinusoids, fibrous septa and capsule, they assist in
HCC progression[42] (Figure 1C). In vivo studies further
support these data and showed that HSCs and HCC
cells implanted into nude mice promote tumor growth
and invasiveness by activating nuclear factor-κB and extracellular regulated kinase (ERK) in HCC cells[42]. HSCs
produce and secrete laminin-5 (Ln-5), which induces
HCC migration by activating the mitogen-activated protein kinase (MEK/MAPK)/extracellular-signal-regulated
kinase (ERK) pathway, but not the phosphoinositide
3-kinase (PI3K/Akt) pathway[43].
Being multifunctional in nature, HSCs also act as
liver-specific pericytes and promote tumor vascularity[44].
Pericytes are characterized by the expression of PGDF
receptors; similarly, HSC cells produce PGDF and express
PGDF receptors during liver injury[45,46]. Tumors and endothelial cells secrete PGDF to stimulate and recruit pericytes and so induce angiogenesis; pericytes secrete VEGF
to support neovascularization[47]. These multifunctional
phenotypes of HSC display a pivotal role, suggesting that
they may be a valid therapeutic target in HCC treatment.
Tumor-associated macrophages
Macrophages are circulatory immature monocytes released from bone marrow which travel through the
blood circulation to reach their destined tissue, where
they mature and undergo differentiation into resident
macrophages, such as Kupffer cells in the liver. Tumorassociated macrophages (TAMs) are the major inflammatory cells that infiltrate tumors. Tumor-derived
signals such as macrophage-colony stimulating factor
(M-CSF or CSF-1), VEGF, macrophage inflammatory
protein 1a (MIP-1a), CCL3, CCL4, CCL5, CCL8, and
angiopoietin-2, attract TAMs into the tumor microenvironment [48]. Different microenvironment signals
determine distinct polarized activation states of macrophages, namely the classically activated (M1) and the
alternatively activated (M2) phenotypes. Lipopolysaccharides (LPS) and Th-1 cytokine interferon-γ (IFN-γ)
exposure polarizes macrophages to the M1 phenotype,
whereas Th-2 cytokines interleukin-4 (IL-4), IL-10, and
IL-13 exposure polarizes macrophages to the M2 phenotype[48,49]. The M1 phenotype displays high levels of
antigen-presenting cells with an increased expression
of IL-12, whereas the M2 phenotype shows low levels
of antigen-presenting cells with a distinctive expression
of various cytokines such as IL-10 and TGF-β[50]. In
the tumor microenvironment, TAMs are mostly polarized towards the M2 phenotype, with a high expression
of IL-10, arginase I, IL-6 and low expression of IL-12,
tumor necrosis factor (TNF) and proinflammatory cytokines such as nitric oxide (NO) and reactive oxygen
species (ROS)[50-52]. An increased number of TAMs is
correlated with tumor cell proliferation, angiogenesis,
metastasis and a poor prognosis[53]. Indeed, depletion

HSC
HSC, also known as lipocytes or Ito cells, are multifunctional cells that perform several vital functions, including
Vitamin A storage to maintain retinoid homeostasis[35],
the production of matrix metalloproteinases (MMPs)
and ECM components such as collagen to remodel the
ECM[36], the production of various cytokines[37] (interleukin-6 (IL-6), interleukin-1β (IL-1β), chemotactic peptide-1, chemokines[38] (chemokine (C-C motif) ligands
5 and 21 (CCL5), (CCL21) and growth factors (such as
TGF-α, TGF-β), epidermal growth factor (EGF), platelet derived growth factor and basic fibroblast growth
factor[39]. HSCs display different phenotypes according
to their morphology, functions and gene expression.
The normal healthy liver stores the quiescent phenotypic
state of HSCs, however, massive liver injury activates
HSCs, leading to a cascade of various cytokines, ECM
components and the up-regulation of cytoskeletal proteins such as α-SMA[40]. Activated HSCs can proliferate
through the action of potent inducers such as cathepsins B and D, hepatitis virus B and C, PDGF, TGF-β1,
MMP-9, JNK, insulin-like growth factor binding protein
5, non-structural proteins that induce liver fibrosis and
hepatocarcinogenesis, while adiponectin, for instance,
suppresses HSC activation[41].
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HCC[64] (Figure 1D).

of macrophages by sorafenib significantly inhibits tumor progression, angiogenesis and metastasis[54]. Hence,
TAMs are clearly essential for tumor growth. In human
HCC, activated TAMs are localized within the peritumoral stroma and display strong expression of human
leukocyte antigen (HLA-DR), IL-6, IL-1β and IL-23,
whereas within the cancer niche, TAMs exhibit low expression of HLA-DR and IL-10[55]. Additionally, HCC
cells recruit TAMs by secreting VEGF, TGF-β, PDGF,
CCL2 and M-CSF and by expressing glypican-3[29,56,57].
TAMs secrete various cytokines, which contribute to
the pathogenesis of HCC. For instance, in a diethylnitrosamine (DEN)-induced HCC mouse model system,
DEN exposure promoted the release of IL-6 from
Kupffer cells in response to IL-1β from damaged hepatocytes. Then, IL-6 promoted abnormal proliferation of
the surviving hepatocytes by triggering the Signal Transducer and Activator of Transcription 3 (STAT-3) and
Extracellular-signal-Regulated Kinases (ERK) pathways,
which in turn control target genes involved in both cell
proliferation and survival, thus contributing to HCC
progression[58]. Moreover, TAMs-derived cytokines and
growth factors induce immune suppression and contribute to tumor growth. IL-10 and TNF-α, secreted by
TAMs in an autocrine manner, stimulate B7-H1 expression on macrophages and impair CD8+ T-cell activity,
which allows immune escape of tumor cells[59]. Since
TAMs are the main infiltrating cells in the tumor microenvironment, therefore, they may be a potential target
for clinical therapy. A macrophage activation state within peritumoral and tumoral tissue is a potent prognostic
factor. TAMs secrete numerous cytokines, chemokines
and growth factors, which support HCC progression
as these TAMs-derived signals modulate the interaction
with tumor cells. Moreover, TAMs support angiogenesis, metastasis, and cancer progression. Therefore, the
complex network of tumor-stroma crosstalk could be a
promising target of therapy for HCC.

NON-CELLULAR COMPONENTS IN THE
TISSUE MICROENVIRONMENT
TGF-β structure and receptor
TGF-β is a cytokine and belongs to the TGF-β cytokines
superfamily, which also includes activins, inhibins, Mullerian inhibitor substance (Mis) and bone morpho-genetic
proteins (BMPs). TGF-β is a multifunctional cytokine
that can control proliferation, cellular differentiation, adhesion, migration, apoptosis and other functions in most
cells[65,66]. In mammals, TGF-β exists in three isoforms,
TGF-β1, TGF-β2 and TGF-β3. TGF-β1 is the most
abundant, showing the highest expression [65]. TGF-β
can inhibit the proliferation of most cell types, especially
epithelial cells. Furthermore, it enhances the proliferation of mesenchymal cells, producing the ECM, as well
as inducing fibrosis[67]. There are two main receptors for
TGF-β, namely TGF-β receptor Ⅰ or activin receptorlike kinase (ALK), and TGF-β receptor Ⅱ. In mammals,
7 types of receptor Ⅰ and 5 types of receptor Ⅱ have
been found[68].
ECM
ECM contains various proteoglycans, glycoproteins, polysaccharides and water[69]. Chemotaxis induces cell adhesion
to the ECM, which is mediated by ECM receptors such
as integrins, discoidin domain receptors and syndecans,
as well as to various ECM components including fibronectin, laminin, collagens and elastin[70]. Ln-5 is a cell
adhesion glycoprotein belonging to the Laminin family
which forms a mesh-like structure to resist the tensile
forces in the basal lamina. Each laminin is a heterodimer
and consists of α3, β3 and γ2 chains encoded by three
different genes, LAMA3, LAMB3 and LAMC2, respectively[71]. Ln-5 with the γ2 chain is a marker of invasiveness in several carcinomas, suggesting its role in tumor
cell spread[72-74]. Ln-5 is not detected in normal liver, but
shows high expression in HCC nodules, associated with
a more proliferative and metastatic phenotype. The presence of the Ln-5 γ2 chain in metastatic HCC is correlated
with poor prognosis and survival[75,76]. In HCC, invasive
tumor cells secrete TGF-β1, which triggers invasiveness
and motility in Ln-5 by inducing the expression of the
transmembrane integrin receptor α3β1. Ln-5 also plays
a crucial role in the epithelial to EMT, which is crucial in
tumorigenesis. In HCC, Ln-5 upregulates the expression
of the transcriptional repressors Snail and Slug, which
induce the EMT[77,78]. Ln-5, together with TGF-β1, promotes the EMT in HCC by over-expressing Snail and
Slug and downregulating E-cadherin, followed by translocation of β-catenin to the nucleus[78]. Gefitinib, a specific
inhibitor of EGFR, suppresses HCC growth by inhibiting phosphorylation of the receptor and subsequently the
Akt and Erk1/2 pathways in HCC cells in vitro. However,
the presence of Ln-5 in HCC antagonises gefitinib’s efficacy in a dose-dependent manner, suggesting a potential

Tumor-associated endothelial cells
The morphology of tumor vasculature is different from
that of normal vessels. Tumor vessels are irregular, incomplete and fenestrated blood vessels with an irregular
blood flow and increased permeability; this is possibly
due to the molecular and functional differences between tumoral and normal endothelial cells[60,61]. Tumorassociated endothelial cells (TAECs) are cytogenetically
abnormal[62] with a rapid turnover rate, enhanced mobility, migration and high expression of the endoglin
marker (also known as CD 105 or TGF-β receptor)[57].
TAECs also contain several secretory organelles such as
Weibel-Palade bodies, tissue plasminogen activator (tPA)
organelles and type-2 chemokine containing organelles.
These organelles secrete tPA, cytokines IL-8 and IL-6,
monocyte chemoattractant protein-1 (MCP-1), and growthregulated oncogene-α (GRO-α)[57,63]. Insufficient radiofrequency ablation (RFA) enhances TAEC migration and
angiogenesis and promotes invasiveness of the residual
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drug (gefitinib) failure in Ln-5 positive HCC cases[79].

function and inhibition by I-SMADs. Positive regulation plays a key role in amplifying signaling through the
TGF- β superfamily [87]. Negative regulation could be
critical for the restriction and termination of signaling.
In order to prevent the type Ⅰ receptor from becoming
activated, BAMBI binds to it and serves as a negative
regulator of the TGF-β signaling pathway. Similarly,
FKBP12 can prevent phosphorylation by binding to
the GS domain of type Ⅰ receptors. The most important negative regulation in the signaling pathway
is inhibition by I-SMAD, which plays a critical role in
transduction of the TGF-β signaling pathway. I-SMAD
has different ways of regulating signaling both in the
cytoplasm and nucleus. SMAD7 has been proved to
form a complex with the type Ⅰ receptor to inhibit
R-SMADs binding to the receptor and prevent their
phosphorylation[88]. In the nucleus, SMAD6 binds to
the transcription factor Hoxc-8 and acts as an antagonist of transduction. SMAD6 can also bind to DNA
directly and recruit HDAC to inhibit transduction[89].

CANCER STEM CELL NICHE AS
A NEW PLAYER IN THE HCC
MICROENVIRONMENT
Cancer stem cells in liver tumors
Constant proliferation of stem cells occurs in renewing
liver tissues, where mutations expand the altered stem
cells, perpetuating and increasing the likelihood of additional mutations and tumor progression. Overall, many
data indicate that liver stem/progenitor cells follow their
own rules and regulations. The same signals that are essential for their activation, expansion and differentiation
are good candidates for the role of contributing, under
suitable conditions, to the paradigm of transformation
from a pro-regenerative to a pro-tumorigenic role[80] (Figure 2A, B). The fact that about 40% of HCCs are clonal
suggests that these tumors may originate from stem celllike precursors. Recent evidence supports the existence
of CSCs in HCC[81], which can be identified by several
cell markers, including CD133, the epithelial cell-adhesion molecule EpCAM, as well as CD90, CD44, CD13,
OV6, ALDH enzymatic activity, and the side population
of cells (SP) revealed by Hoechst dye staining[82]. Indeed,
the presence of EpCAM+ cells has been associated
with a poorly differentiated morphology and high serum
alpha-fetoprotein levels in HCC, whereas the presence
of CD90+ cells was associated with a high incidence of
distant organ metastasis[83]. Furthermore, circulating stem
cell-like EpCAM+ tumor cells indicate a poor prognosis
in HCC patients after curative resection. High CD44
standard isoform (CD44s) expression is associated with
the EMT profile and with intrahepatic dissemination of
HCC after local ablation therapy[84]. The expression of
CD133 confers a malignant potential by regulating metalloproteinases in HCC cells. Importantly, CD13 is a marker for semiquiescent CSCs in human liver tumor cell lines
and clinical samples. CD13+ cells predominate in the G0
phase of the cell cycle and typically form cellular clusters
in cancer foci. Following treatment, these cells survived
and were particularly abundant along the fibrous capsule
where liver cancers usually relapse[85]. From the mechanistic standpoint, CD13 reduced reactive oxygen species
(ROS)-induced DNA damage after genotoxic chemo/radiation stress and protected cells from apoptosis. In any
case, these cells are likely resistant to targeted therapies
such as sorafenib[86].

Non-SMAD signaling pathway
Besides the SMAD pathway, TGF-β also activates other
signaling cascades. For example, TGF-β can activate
TGF-β-kinase 1 (TAK 1), (ErK), p38, mitogen-activated
protein kinase (MAPK) and Akt[90]. These non-canonical
or non-SMAD dependent means of activating the TGF-β
pathway appear to involve signaling via jun N-terminal kinase (JNK), p38 MAPK, ERK or MEKK. The TGF-β inhibitor, LY2109761, a surrogate compound of LY2157299,
has also shown inhibitory activity towards the non-canonical pathway that includes FAK, β1 integrin, MEK, Erk,
Akt, mTOR and PTEN, but not p-38-MAK-kinase[91]. In
rat intestine or mink lung epithelial cells, rapid activation
of p21 (Ras) occurred after TGF-β treatment, which
indicated that TGF- β could activate the Erk-MAPK
signaling pathway [92,93]. In this case, TGF- β induced
Erk activation and tyrosine phosphorylation. Similarly,
TGF-β can rapidly activate JNK through MKK4 and p38
MAPK through MKK3/6 in several cell lines[94]. In human prostate cancer cells, SMAD7 triggers apoptosis by
an association with TAK1, MKK3 and p38 MAPK, to
help activate the TAK1-p38 MAPK signaling pathway[90].
It is known that TGF-β is involved in activation of the
phosphoinositide 3-kinase (PI3K)-Akt signaling pathway,
and recent studies also indicate that TGF-β utilizes the
mTOR pathway to regulate cell survival, metabolism,
migration, and invasion[95,96]. Moreover, TGF-β induced
the activation or inactivation of small GTPases and the
phosphorylation of Par6, which may be critical events
leading to the EMT[97]. Both the SMAD and non-SMAD
signaling pathways determine the end results of the cellular response to TGF-β.

MECHANISM OF THE TGF-α SIGNALING
PATHWAY
The TGF-β superfamily plays a key role in a wide range
of cellular processes and is therefore tightly regulated.
The pathway is both positively and negatively modulated, for example, by extracellular antagonists, ligandbinding antagonists, and the regulation of receptor
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ROLE OF TGF-α IN THE HCC
MICROENVIRONMENT
In human HCC, cells with stem cell markers show a
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Figure 2 Role of the stem cell niche in liver tumors. A: A hepatic lobule consists of one central vein and six surrounding portal triads, each of which has bile ducts,
a hepatic artery and portal vein. BrdU-retaining cells (with black nuclei) represent putative stem cells (NSC) and are located in cholangiocytes of the intralobular bile
duct, together with less-characterized null cells, small hepatocytes at the interface of cholangiocytes, and hepatocytes in the canals of Hering; B: A series of genetic
and epigenetic changes in NSC (or committed progenitor cells) leads to the generation of cancer stem cell (CSC) and then to expansion of cells within the stem cell
niche. The niche adapts to the presence of CSCs by recruiting cells that would not normally be present; C: The signaling pathways for the activation, expansion and
differentiation of stem/progenitor cells are good candidates for contributing, under suitable conditions, to a pro-tumorigenic role. Migration and metastasis of CSCs is a
multistep process, in which SDF-1 plays a crucial role by chemoattracting CXCR4+ tumor cells; D: Transforming growth factor-β (TGF-β)-induced transdifferentiation
of hepatocytes and liver tumor cells from an epithelial to a mesenchymal phenotype (EMT) increases a population of cells with putative liver progenitor properties. The
EMT plays a fundamental role in tumor progression and metastasis and the TGF-β-induced EMT can guide cancer cells to delaminate from primary tumors, migrate
along the extracellular matrix network, and arrive at the site of metastasis via the peripheral blood. HSC: Hepatic stellate cell; TAM: Tumor-associated macrophage;
CAFs: Compressed air foam system; EGF: Endothelial growth factor; HGF: Hepatocyte growth factor; IL: Interleukin.

loss of TGF-β receptor Ⅱ and ELF (a β-spectrin that
propagates TGF-β signal), and a marked activation of
the IL-6 pathway, which is the major stem cell signaling pathway[98,99]. These data support the concept that
the absence of TGF-β-driven epithelial differentiation
favours carcinogenesis. Indeed, in addition to the wellknown transcriptional responses predominantly addressing tumor suppressor actions, TGF- β induces other
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Smad-dependent or independent effects that contribute
to tumor progression[100] (Figure 2C).
TGF-β induces trans-differentiation of hepatocytes
and liver tumor cells from an epithelial to a mesenchymal
phenotype, which results in a population of cells with
putative liver progenitor properties[101,102]. Additionally,
the TGF-β-induced EMT not only endows cells with
migratory and invasive properties, but can also induce
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cancer cells to dedifferentiate and gain cancer stem-celllike properties[103]. Snail1 Snail2 and Twist may actively
participate in this process[100,102,104] (Figure 2D). Furthermore, other studies have demonstrated the capacity of
TGF-β to induce/maintain a stemness phenotype in
other tumors[105].

7
8

CONCLUSION

9

In conclusion, several components of the tissue microenvironment have been shown to participate in modulating the biological behavior of HCC. Biological redundancy complicates the understanding of the tumor/host
crosstalk. Nevertheless, we hypothesize that HCC should
be considered as a tumor of the whole liver, rather than
just of few hepatocytes that grow in nodules. Taking
into account this scenario, new therapeutic approaches
targeting the TGF-β pathway seem promising. Directed
against the microenvironment, they might have the effect of making this microenvironment more hostile to
HCC progression. Up to now, targeting TGF-β in HCC
has been considered a questionable approach in view of
the tumor suppressor role that TGF-β exerts on cells.
This apparent controversy has been addressed by examining the differences between the early and late TGF-β
signature in patients with HCC[106]. The clinical role of
the late signature has been further confirmed in a wider
HCC molecular classification, suggesting a potential role
for TGF-β as a possible therapeutic target[107]. Currently,
a multicenter clinical trial is ongoing, evaluating the efficacy and effectiveness of a TGF-β receptor Ⅰ kinase
inhibitor (LY2157299) in patients with HCC. However,
it is not yet possible to predict at which stage of the
disease such a drug would display the best therapeutic
effect, as all the clinical trials so far have been restricted
to patients with a more advanced disease stage of HCC,
for ethical reasons. Nor is it yet possible to predict which
patients might benefit from such treatment, according to
the etiology, and how the underlying liver disease might
interfere in the tumor/stroma crosstalk.
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Abstract
Hepatocellular carcinoma (HCC) is a major health problem with a high incidence and mortality all over the
world. Natural history of HCC is severe and extremely
variable, and prognostic factors influencing outcomes
are incompletely defined. Over time, many staging and
scoring systems have been proposed for the classification and prognosis of patients with HCC. Currently, the
non-ideal predictive performance of existing prognostic
systems is secondary to their inherent limitations, as
well as to a non-universal reproducibility and transportability of the results in different populations. New
serological and histological markers are still under
evaluation with promising results, but they require further evaluation and external validation. The aim of this
review is to highlight the main tools for assessing the
prognosis of HCC and the main concerns, pitfalls and
warnings regarding its staging systems currently in use.

INTRODUCTION
Hepatocellular carcinoma (HCC) has an increasing incidence worldwide, and it is the leading cause of death in
patients with cirrhosis[1]. It is the fifth most common cancer and the third most common cause of cancer-related
death[2].
Despite intensive surveillance programs, considerable
recent therapeutic advances and use of potentially radical
treatments, prognosis and life expectancy remain poor
in this setting[3]. Curative treatments are applicable for
early stage tumors only, and include resection, liver transplantation and percutaneous ablation, while transarterial
chemoembolization (TACE) and sorafenib are regarded
as non-curative treatments able to improve survival in
intermediate and advanced stages, respectively[4].

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

NATURAL HISTORY OF HCC
According to the definition by Sackett et al[5], natural history is the course of a disease from its biological onset to
its recovery or permanent disability or death.

Key words: Hepatocellular carcinoma; Natural history;
Prognosis; Staging; Barcelona clinic liver cancer
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The natural history of HCC is extremely severe, as
confirmed by mortality rates overlapping the incidence
of the tumor[6]. In addition, it is extremely heterogeneous,
due to the complex interplay between the biological characteristics of the tumor and the frequent presence of an
underlying chronic liver disease, as showed by a recent
meta-analysis which analyzed the survival rates of the
placebo and untreated arms of several randomized controlled trials (RCTs) on HCC patients[7].
According to this study, the survival rates were 17.5%
at 1 year and 7.3% at 2 years, with a significant heterogeneity among all studies (P < 0.0001) both for 1-year
and 2-year survival. By meta-regression analysis, impaired
performance status (PS), B and C Child-Pugh classes, and
presence of portal vein thrombosis (PVT) were independently associated with a poor survival.
The natural history of early HCC can not be evaluated by RCTs for ethical reasons, although a milestone
paper published in 1989 showed that overall survival (OS)
of asymptomatic patients with HCC and cirrhosis was
96% and 50% at 1- and 2-year, respectively[8].
A recent study analyzed a cohort of 320 patients affected by HCC and not suitable for curative or palliative
treatments, confirming the heterogeneous behaviour of
untreated HCC[9]. The overall median survival was 6.8
mo, and the 1-year survival was 32%. The 1-year survival
according to barcelona clinic liver cancer (BCLC) classes
was 100%, 79%, 12% and 0%, for BCLC A, B, C and
D, respectively, with a significant difference in survival
among each BCLC class.

to the patient population from which it was derived”.
Using survival time as an outcome measure, important criteria for assessing the internal validation of
a prognostic system are homogeneity, discrimination
and monotonicity[10]. Homogeneity is the characteristic
whereby the difference in survival time is small among
patients classified into the same staging group, while discriminatory ability is the feature by which there are much
greater differences in the survival times among patients
classified into different groups. Finally, monotonicity is
defined as the property of a staging system by which the
mean survival time for a group classified as favourable by
that system is always longer than the mean survival times
experienced in less favourable groups (monotonicity of
gradients). Besides, external validation is an estimate of
transportability of the results, and answers the question
asking if “It is possible to apply the results of a prognostic study to any single patient”. It is assessed by validation
studies that are performed on populations other than, but
related to the one from which the prognostic score was
originally derived.

STAGING OF HCC
Generally, the extension of the tumour burden in the
original primary organ and its spread throughout the
body, is per se exhaustive for the staging of most solid
tumors. Nevertheless, unlike other tumors, HCC usually
occurs on a background of a liver disease, making the
level of management complexity unique among all malignancies.
It is well known that the functional impairment of
the underlying liver disease has a significant impact on
prognosis, irrespective of the tumour stage[4]. For this
reason, systems that include the anatomical characteristics
of the tumor only, such as the American Joint Committee
on Cancer (AJCC)/International Union Against Cancer
(UICC) staging system that stratifies patients using a Tumor-Node-Metastasis (TNM) classification, do not have
per se a good predictive capability[11,12] (Table 1). Thus the
TNM, along with all other systems that enclose it, represents a group of models useful for assessment of tumor
extension only, but inadequate as prediction models.
Therefore, many staging and scoring systems for the
classification and prognosis of patients with HCC have
been proposed over time (Figure 1).

STAGING SYSTEMS AND PROGNOSTIC
SCORES IN ONCOLOGY
Staging systems assess and describe the extent of tumor
burden in the originally primary organ and its spread
throughout the body.
They have a key role in the management of all cancers, allowing an accurate prognostic stratification of the
tumor and the choice of the best therapeutic approach
according to the stage. Furthermore, they are useful for
grouping patients homogeneously in clinical trials and
scientific research, and to make comparable patients of
different clinical studies.
Correct tools for the prognostic stratification of cancers
An ideal staging system should be simple, easy and quick
to be determined as soon as possible after diagnosis; it
should provide information on prognosis and guide therapeutic decisions. In contrast to classical staging systems,
which consider only the inherent characteristics of the
tumor, prognostic scores include also all the variables that
influence the patient’s prognosis, over the tumor extension. Each staging system and prognostic score must be
reproducible and externally validated, in order to be recommended and used on a large scale. Internal validation
is an estimate of the internal reproducibility and answers
the question asking if “The score can be properly applied

WJG|www.wjgnet.com

Okuda staging system
The staging system proposed by Okuda et al[13] in 1984
(Table 1) is the first attempt to successfully combine the
anatomical features of the tumor to the degree of the
underlining liver disease. A distinction is made by three
stages, considering the volume of the tumor (occupancy
extended to ≤ or > 50% of the liver) together with the
main indices of liver function (albumin, bilirubin, presence of ascites). This system has been widely adopted
and used throughout the world for over two decades.
However, the development of more advanced diagnostic
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Table 1 Comparison of classifications
Okuda staging system[13]
Score
0
≤ 50% of the liver
≥3
<3
Absent

Tumor size
Albumin (g/dL)
Bilirubin (mg/dL)
Ascites

1
> 50% of the liver
<3
≥3
Present

CLIP score[14]
Tumour morphology
Child–Pugh score
Alpha-fetoprotein (ng ⁄ mL)
Portal vein thrombosis

0
Uninodular and extension ≤ 50%
A
< 400
Absent

Score
1
Multinodular and extension ≤ 50%
B
≥ 400
Present

2
Massive or extension > 50%
C
-

GRETCH score[21]
Score
Karnofsky index
Bilirubin (μmol ⁄ L)
Alkaline phosphatase
Alpha-fetoprotein (μg⁄L)
Portal vein thrombosis

0
≥ 80%
< 50
< 2 X ULN
< 35
Absent

1

2

3
< 80%
≥ 50

≥ 2 X ULN
≥ 35

Present

BCLC[16]
ECOG Performance Status
Liver function
Tumor stage

0 (very early)
0
Child-Pugh A-B
Single

A (early)
0
Child-Pugh A-B
Single or 3 nodules < 3 cm

Stage
B (intermediate)
0
Child-Pugh A-B
Multinodular

C (advanced)
1-2
Child-Pugh A-B
Vascular invasion or
extrahepatic spread

D (end stage)
3-4
Child-Pugh C
Any

CUPI[23]
VARIABLE
TNM stage

Weight
-3
-1
0
0
3
4
3
2
3
-4

Ⅰ and Ⅱ
Ⅲ
Ⅳ

Total Bilirubin (μmol ⁄ L)

< 34
34-51
≥ 52

Ascites
Alpha-fetoprotein > 500 ng/mL
Alkaline phosphatase > 200 IU/L
Asymptomatic disease on presentation

JIS[24]
Score
Child-Pugh score
TNM stage by LCSGJ

0
A

1
B

2
C

3

Ⅰ

Ⅱ

Ⅲ

Ⅳ

0
> 3.5
<1
<2
≤3

Score
1
2.8-3.5
1-2
2-5
-

2
< 2.8
>2
>5
>3

Tokyo[22]
Albumin (g/dL)
Bilirubin (mg/dL)
Tumor size (cm)
Numbers of nodules

AJCC/UICC TNM staging system 7th ed[12]
Group
T1
T2
T3a
T3b

Description
Single tumor without vascular invasion
Single tumor with vascular invasion or multiple
tumors, none > 5 cm
Multiple tumors, any > 5 cm
Single tumor or multiple tumors of any size involving
a major branch of portal or hepatic vein(s)

WJG|www.wjgnet.com
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STAGE Ⅰ
STAGE Ⅱ
STAGE ⅢA
STAGE ⅢB

Stage grouping
T1
N0
T2
N0

M0
M0

T3a
T3b

M0
M0

N0
N0
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T4

Tumors with direct invasion of adjacent organs
other than the gallbladder, or perforation of visceral
peritoneum
Regional lymph node metastasis
Distant metastasis

N1
M1

STAGE ⅢC

T4

N0

M0

STAGE ⅣA
STAGE ⅣB

Any T
Any T

N1
Any N

M0
M1

AJCC: American Joint Committee on Cancer; UICC: International Union Against Cancer; CLIP: Cancer of the Liver Italian Program; GRETCH: Groupe d’
Etude et de Traitement du Carcinome Hépatocellulaire; BCLC: Barcelona clinic liver cancer; CUPI: Chinese University Prognostic Index for hepatocellular
carcinoma; JIS: Japan Integrated Staging Score; TNM: Tumor Node Metastasis; ECOG: Eastern Cooperative Oncology Group; LCSGJ: Liver Cancer Study
Group of Japan.

1984

1998

1999

2002

2003

Okuda

CLIP

GRETCH
BCLC

CUPI
sTNM

JIS

2005

Tokyo

2010

th

AJCC/UICC 7 ed

Figure 1 Timeline of hepatocellular carcinoma staging system. AJCC: American Joint Committee on Cancer; UICC: International Union Against Cancer; CLIP:
Cancer of the Liver Italian Program; GRETCH: Groupe d'Etude et de Traitement du Carcinome Hépatocellulaire; BCLC: Barcelona Clinic Liver Cancer; CUPI: Chinese
University Prognostic Index; JIS: Japan Integrated Staging Score; TNM: Tumor Node Metastasis.

techniques over the years has permitted an increasing
detection of small tumors, with an occupancy of the entire liver well below 50%, which are poorly discriminable
within the two dimensional groups proposed by Okuda.
In addition other prognostic variables not included in
that model were identified, leading to the development
of more accurate staging systems (Table 2).

Stage 0 is defined as very early stage disease, and is featured by a single nodule ≤ 2 cm without tumor invasion
into surrounding tissues, in asymptomatic patients with
preserved liver function. Stage A, or early disease, is classified as a solitary HCC of any size, or in maximum 3
nodules, each of them ≤ 3 cm, in asymptomatic patients
with Child-Pugh A or B. Stage 0 and A can be effectively
treated with curative therapies, such as surgical resection,
liver transplantation, or by percutaneous ablation methods, including percutaneous ethanol injection (PEI) and
radiofrequency ablation (RFA). These treatments allow
to reach a complete response[17], with potential long-term
curative effect and a 5-year survival better than 40%-70%.
It must be emphasized that tumor size (< 5 cm) has been
recently removed as a contraindication for radical therapy
in single nodule HCC. However, in this particular case,
the choice of the surgeon is finally decisive in defining
a tumor as resectable. Stage B, or intermediate disease,
consists of multinodular tumor, without macrovascular
invasion or extrahepatic spread (ES), in asymptomatic
patients with well-preserved liver function, and PS lower
than 2. This subset of patients may be treated with
TACE, which has proven a significant increase in survival
compared with best supportive care (median survival, 20
mo vs 16 mo)[18].
Patients with mild related symptoms and/or macrovascular invasion or ES are classified as stage C (advanced
stage). According to two pivotal RCTs[19,20], the standard
of care in this group is Sorafenib, an inhibitor of Raf
kinase and vascular endothelial growth factor receptor.
Patients with cancer symptoms related to advanced liver
failure, tumor growth with vascular involvement, ES, or
physical impairment (PS > 2), are classified as stage D
(end stage disease). They can not benefit from any specific cancer therapy and could only receive the best available
supportive care. Although it is not an ideal staging system
and has several gaps, the BCLC has been endorsed by
EASL and AASLD as the standard staging system for

Cancer of the Liver Italian Program score
Cancer of the Liver Italian Program (CLIP) is a simple
scoring system designed by an Italian group with the aim
of overcoming the main limitations of the TNM and
Okuda.
It has been derived from a retrospective cohort study
of 435 patients[14] and then externally validated comparing its discriminatory ability and predictive power with
the one of the Okuda staging system by a randomized
trial that prospectively enrolled 196 patients with cirrhosis and HCC[15]. The CLIP includes the liver function
according to Child-Pugh score, the morphology of the
tumor (uninodular, multinodular, massive), its extension
in the liver, the levels of Alpha-fetoprotein and the eventual presence of PVT. The combination of the different
variables places all patients into 6 categories (Table 1).
Although it was built with a correct methodology and externally validated, this score presents some limits, including the absence of general well-being assessment of the
patient, and the inability to identify the early stages, which
are susceptible to percutaneous or surgical therapies.
BCLC staging classification
The BCLC staging classification for HCC is currently
the only staging system that includes an integrated assessment of liver disease, tumor extension, and presence
of constitutional symptoms, providing in the meantime
an indication of the first-line treatment. It classify stages
of disease into five subgroups, from 0 to D, each associated with a specific therapy and prognosis (Table 1)[16].

WJG|www.wjgnet.com

4144

April 21, 2014|Volume 20|Issue 15|

Maida M et al . Staging systems and prognosis of HCC
Table 2 Variables included in the main prognostic systems
Variables

Prognostic scores
Okuda

Child-Pugh score
Ascites
Albumin
Total Bilirubin
Alkaline phosphatase
Alpha-fetoprotein
Tumor size
Numbers of nodules
TNM stage
Portal vein thrombosis
Metastasis
Portal hypertension
Presence of symptoms and/or General Status

[13]

[14]

CLIP

GRETCH

X

BCLC

[16]

CUPI

X

X
X
X

X

[21]

[23]

[24]

JIS

Tokyo

[22]

X
X

X
X
X

X
X
X

X
X

X
X
X
X
X

X
X
X

X

X

X

X
X
X
X

X

X

CLIP: Cancer of the Liver Italian Program; GRETCH: Groupe d’Etude et de Traitement du Carcinome Hépatocellulaire; BCLC: Barcelona Clinic Liver
Cancer; CUPI: Chinese University Prognostic Index; JIS: Japan Integrated Staging Score; TNM: Tumor Node Metastasis.

patients with HCC, and it is currently the most used in
Western countries.

atic disease on presentation) to the TNM, in order to set
up 3 classes of risk with highly significant differences in
survival (Table 1). This score was obtained from a monocentric and mono-ethnic cohort of patients, and most of
the patients had a liver disease secondary to HBV infection. Therefore, the transportability of data of this score
could be limited to this specific subset of patients. Finally, the JIS (Japan Integrated Staging Score)[24] is a score
system that combines two existing classifications, named
TNM and Child-Pugh (Table 1). It is widely used in Japan
but it lacks external validation in Western countries.

Other staging systems in western countries
The GRETCH (Groupe d’Etude et de Traitement du
Carcinome Hépatocellulaire) score was derived by a
prospective cohort of 761 patients with hepatocellular
carcinoma from 24 medical centers in France, Belgium
and Canada enrolled during a period of 30 mo (Table
1)[21]. Five prognostic factors were selected: Karnofsky
index, serum bilirubin, serum alkaline phosphatase, serum alpha-fetoprotein > 35 pg/L, and ultrasonographic
evidence of portal obstruction. Three risk groups with
different 1-year survival rates were derived, and then independently validated in the test sample. However, it is
not a well validated or a widely used staging system.

New prognostic markers
To date, a growing attention is focused on the lookout
for new prognostic markers able to increase the power of
predictor models for HCC.
Several years ago, the role of Estrogen Receptor (ER),
defined as wild-type (wtER) or variant (vER)[25], has been
described for the biologic characterization of the tumor.
A study by Villa et al[26] showed that the presence of wtER
is directly related with a good prognosis, and the survival
is five-fold better in patients with HCC presenting with
wtER compared with the ones presenting with vER.
Similarly to what happens in breast cancer, the presence
of variant forms of ER seems to correlate with lack of
hormonal control on the tumor growth, elevated proliferation rate and tumor aggressiveness. Thus, although
ER characterization requires an invasive procedure - liver
biopsy - it can be useful for an accurate prognosis and as
a reliable assessment of sensitivity to treatment also for
clinical decision making. More recently, some studies have
focused on the impact of new serological markers in
predicting prognosis of patients with HCC. For example,
low serum vascular endothelial growth factor (VEGF)
levels seems to be associated with a longer survival at
each stage according to CLIP or BCLC, and the inclusion
of baseline plasma VEGF levels increases the precision
of the CLIP scoring system for predicting HCC prognosis (“V-CLIP” staging)[27,28]. Likewise, high Insulin-like

Other staging systems in eastern countries
The lower survival of Asian patients with HCC seems
to be due not only to the different ethnic origin, but also
to a different etiologic distribution and to a different
and more severe natural history of liver disease. On this
background, many prognostic scores have been built on
Asian cohorts. The Tokyo score[22] was developed from
a cohort of 403 consecutive Japanese patients with HCC
treated by percutaneous ablation, and it is composed by
four factors including serum albumin, bilirubin, size and
number of tumors (Table 1). In the testing sample, the
predictive power of this score resulted equal to CLIP
and better than BCLC staging. Unfortunately, the score
has been derived on a cohort of patients with early HCC,
therefore its predictive ability can be transferred only
to patients susceptible to radical therapies, whereas it
poorly fits to patients with advanced HCC. The CUPI
(Chinese University Prognostic Index for hepatocellular
carcinoma)[23] was designed in 2002 by the analysis of a
cohort of 926 Chinese patients with HCC, adding five
prognostic factors (total bilirubin, presence of ascites,
alkaline phosphatase, alpha fetoprotein, and asymptom-
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Table 3 Comparison of different hepatocellular carcinoma staging system in the literature
Ref.
Levy et al[58]
Kudo et al[59]
Cillo et al[41]
Grieco et al[39]
Marrero et al[34]
Nanashima et al[60]
Huang et al[61]
Toyoda et al[62]
Pascual et al[63]
Georgiades et al[42]
Cillo et al[64]
Nanashima et al[65]
Kondo et al[66]
Seong et al[67]
Chen et al[40]
Huo et al[68]
Cammà et al[37]
Guglielmi et al[69]
Collette et al[70]
Lu et al[71]
Chung et al[72]
Lin et al[38]
Hsu et al[36]
Op den Winkel et al[73]
Kim et al[35]

Country

Year

Case number

Patient population

The best

Canada
Japan
Italy
Italy
United States
Japan
Taiwan
Japan
Spain
United States
Italy
Japan
Japan
South Korea
Taiwan
Taiwan
Italy
Italy
French
China
Japan
Taiwan
Taiwan
German
South Korea

2002
2004
2004
2005
2005
2005
2005
2005
2006
2006
2006
2006
2007
2007
2007
2007
2008
2008
2008
2008
2008
2009
2010
2012
2012

257
4525
187
268
244
210
599
1508
115
172
195
230
235
305
382
430
406
112
538
234
290
3668
1713
405
1717

All
All
All
Early to intermediate
All
Surgery
Surgery
All
All
TACE
All
Surgery
Surgery
Radiotherapy
Surgery
All
All
RFA
Advanced
Surgery
All
All
All
Non-surgical
All

CLIP
JIS
BCLC
BCLC
BCLC
CLIP
TNM
JIS
BCLC
Child-Pugh
BCLC
Modified JIS
JIS
TNM
CLIP
CLIP
CLIP
BCLC
CLIP
TNM
JIS
CLIP
CLIP
CLIP
BCLC

CLIP: Cancer of the Liver Italian Program; GRETCH: Groupe d’Etude et de Traitement du Carcinome Hépatocellulaire; BCLC: Barcelona Clinic Liver Cancer; CUPI: Chinese University Prognostic Index; JIS: Japan Integrated Staging Score; TNM: Tumor Node Metastasis.

growth factor-1 (IGF-1) plasma levels seems to reflect
time-to-recurrence, as well as overall survival[29], and the
addition of plasma IGF-1 levels to CLIP (“I-CLIP” staging) significantly improves prognostic stratification of
patients with advanced HCC[30]. Finally, overexpression
of the Forkhead box M1 (FOXM1) gene is associated
with a poor outcome after OLT[31], and expression of the
AKR1B10 (aldo-keto reductase enzyme) gene reflects a
less aggressive tumour behaviour[32]. All these new markers have shown promising results, but require further
evaluation and external validation.

on 1717 treatment-naïve HCC patients, showing as
BCLC was the best prognostic model if compared with
other 5 systems (CLIP, CUPI, JIS, GRETCH and Tokyo
score)[35]. Conversely, a study by Hsu et al[36] investigating
the prognostic ability of the 5 staging systems (BCLC,
CLIP, JIS, TNM and Tokyo score), showed the CLIP
was the best long-term prognostic model in a cohort of
patient with early to advanced stage HCC. Similarly, a recent study comparing the performance of BCLC, CLIP
and GRETCH in a cohort of 406 consecutive patients
with cirrhosis and HCC[37], showed the CLIP had the best
discriminative capacity in the entire HCC cohort and in
the advanced untreatable cases, while BCLC proved to be
the best in predicting survival in treated patients. Finally,
a subsequent study on a larger cohort of 3868 treated patients confirmed a modest discriminatory ability of CLIP
for early HCC[38].
In addition, several studies have been also performed
over time in order to weigh the performance of staging
and prognostic systems in specific subsets of patients receiving different class of treatments (Table 3).
An Italian retrospective study compared the performance of Okuda, CLIP and BCLC in a cohort of 268
patients treated with non-surgical therapy[39]. Both CLIP
and BCLC scores were more effective than the Okuda
score in stratifying patients into different risk groups of
patients with early-intermediate HCC, even if BCLC
showed a better prediction of prognosis in patients with
very early stage HCC. Furthermore, a subsequent study
compared Okuda, TNM, CLIP, BCLC, CUPI, JIS and

STAGING SYSTEMS FOR HCC: WHICH IS
THE BEST ONE?
To date several staging systems for HCC have been proposed, but currently none of these has been universally
accepted, as pointed out by AASLD guidelines, which
emphasize how there is not a worldwide consensus on
the use of any given model for stadiation of HCC[33].
Several studies comparing the predictive power of
different models have shown conflicting results, both in
the general population and in the different subgroups of
treatment (Table 3).
According to the analysis performed by Marrero et al[34]
on a cohort of 244 United States patients of any stage,
the BCLC showed the best independent predictive power
for survival when compared with the other 6 prognostic
systems (TNM, CLIP, CUPI, JIS, GRETCH and Okuda).
Similar results were found by an Asian study performed
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MELD in the prediction of survival among patients
with HCC treated with major or minor hepatectomy[40].
Among all the seven staging systems, CLIP and JIS
showed the best results. In particular, CLIP had a better
discriminatory ability in the subset of patients treated
with major hepatectomy, while JIS proved to be the most
accurate in the minor hepatectomy group.
Conversely, another retrospective analysis of 187
HCC Italian patients mainly treated with radical therapies
(resection and percutaneous ablation) showed that BCLC
had the greatest prognostic power among five systems
(BCLC, CLIP, GRETCH, CUPI and Okuda) both for the
whole study group and for the 2 subgroups of surgical
and non-surgical patients[41].
These results do not seem to be confirmed in the
group of patients treated with “non-curative” therapies.
In this regard, the prognostic accuracy of 12 liver staging systems (nominal and categoric Child-Pugh, Okuda,
CLIP, BCLC, MELD, CUPI, JIS, TNM, GRETCH, Liver
Cancer Study Group of Japan, and Tokyo score) has been
assessed in a cohort of 172 consecutive patients with unresectable HCC treated with TACE[42]. According to the
results of this study, nominal Child-Pugh, CUPI, and Tokyo score provided the best prognostic accuracy, and the
nominal Child-Pugh was the most accurate among them
in predicting survival of patients with unresectable HCC
treated with TACE.
As already mentioned, currently there is not an ideal
staging and prognostic system for HCC. Anyway, the
BCLC seems to be the most comprehensive, since it
integrates information about tumor extension, liver function and the presence of constitutional symptoms. It also
provides prognostic information and guidance to the
therapeutic choices, and it has been endorsed by EASL
and AASLD as standard for patients with HCC.
Since survival outcomes can be inevitably confounded
by treatment strategies that may be quite different from
one center to another[43], It must be noted that the external validation which uses the natural history of untreated
HCC cohorts might be the most useful way to compare
the prognostic value of each staging system[44,45]. In this
regard, the previously mentioned meta-analysis by Cabibbo et al[7] which analyzed the survival rates of the untreated and placebo arms of several RCTs on HCC patients,
confirmed that many of the prognostic variables of the
BCLC (PS, Child-Pugh B-C class, and presence of PVT)
are also robust predictors of death in untreated patients.
This provides further evidence that the BCLC has a good
discriminative capacity as prognostic score, regardless of
the treatment strategy applied.
Anyway, it does not represent a perfect model and
still it has several unmet points. First, unlike CLIP[14],
GRETCH[21] and CUPI[23], the BCLC was not derived
from a cohort of HCC patients by a multivariate analysis,
and therefore it is not a prognostic model able to predict
the mortality of HCC patients, being internally and externally validated just as a staging system. Second, acting
as classification model, it presents itself some inherent
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drawbacks. For example, the intermediate stage (BCLC
B) includes an extremely heterogeneous population in
terms of both liver function and tumor characteristics. In
addition, according to the BCLC, any patient with a PS
equal to 1 automatically falls in the advanced stage (BCLC
C), even if this condition identifies a “subject capable of
performing all the normal daily activities” according the
original ECOG (Eastern Cooperative Oncology Group)
definition.
In addition, acting as treatment algorithm, the main
limitation of the BCLC is represented by its rigidity.
First, some prognostic factors, such as the presence of
clinically significant portal hypertension, are outlined as
contraindications that preclude a therapy, whereas evidences suggest that hepatic resection can be performed
successfully, in highly selected cases, even in patients with
portal hypertension and multiple hepatic lesions[46,47].
Second, it should be noted that not all patients defined
by each stage of BCLC are ultimately candidates for the
suggested treatment modality. For instance, TACE can
be performed at earlier stages in patients not eligible to
RFA or PEI because of tumor location (proximity to
the gallbladder, biliary tree, or blood vessel), or failure of
previous curative treatments and/or presence of medical comorbidities. Moreover, BCLC algorithm does not
provide indications concerning second-line therapies, retreatment choices or combined treatments[48,49].
An important management problem is still represented by the indications for transplantation suggested by
BCLC. For example, several lines of evidence show that
transplant can get similar results in patients exceeding the
Milan criteria, but conform to the “up-to-seven”[50] or
the “San Francisco” criteria[51]. Furthermore, transplant
is not indicated for end stage disease (BCLC D), which
includes, among others, also patients with early tumor
but with severe hepatic decompensation (Child-Pugh C).
Despite the recommendations of the BCLC suggesting
supportive care as the only available therapy, this subset
of patients gets anyway the best benefit after transplantation[52,53]. As a result of its rigidity and unmet points, the
BCLC is frequently difficult to apply, and its adherence in
clinical practice is low[54]. Finally, to date, none of these
staging systems have been analyzed or validated taking
into account the prognosis of OLT, and therefore can
not be recommended in the setting of liver transplantation[55].

CONCLUSION
Currently, the non-ideal predictive performance of existing prognostic systems is secondary to their inherent
limitations, as well as to a non-universal reproducibility
and transportability of the results in different populations. In addition, other key factors must be considered.
First, most of prognostic models are derived by a multiple regression analysis using time-fixed Cox model in
order to identify independent factors for mortality. It is
already well known as this kind of models may be unreli-
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able because of the potential interaction of time-varying
predictors. In this context, compared with the time-fixed
models, a time-dependent Cox model could have a better potential to estimate prognosis in HCC patients, as
already demonstrated by a recent study[56]. Second, as already mentioned, the natural history of HCC is extremely
heterogeneous. This is probably secondary to the existence of specific factors not accounted in the prognostic
models that can have some impact on patient outcomes.
In this regard, the evaluation of gene expression profiling
may have an important role in the future to better understand the tumor biology and to improve the predictive
power of the models.
In conclusion, due to a non-perfect homogeneity
and discrimination (internal validity) and a not absolute
transportability of prognostic models in different populations (external validity), currently they are still far away
from getting a good confidence in predicting outcome
in the individual patient[57]. For these reasons, prognostic
models should be used with caution, and staging systems
that include integrated therapeutic algorithms should be
considered as a general guide only.
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Chemotherapy for advanced hepatocellular carcinoma in
the sorafenib age
Koji Miyahara, Kazuhiro Nouso, Kazuhide Yamamoto
versial, although a few studies have shed some light
on combinational treatment with sorafenib for intermediate-stage HCC. Recently, over 50 relevant drugs have
been developed and are currently under investigation.
The efficacy of some of these drugs has been extensively examined, but none have demonstrated any
superiority over sorafenib, so far. However, there are
several drugs that have shown efficacy for treatment
after sorafenib failure, and these are proceeding to
further studies. To address these issues and questions,
we have done extensive literature review and summarize the most current status of therapeutic application
of sorafenib.
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Abstract

Core tip: Sorafenib is the only systemic therapy proven
to have a positive effect on survival and to be well tolerated in patients with advanced hepatocellular carcinoma (HCC). We summarize the most current status of
sorafenib therapy, focusing on (1) safety and efficacy of
sorafenib for advanced HCC; (2) biomarkers predicting
efficacy of sorafenib; (3) expanded application for the
treatment of non-advanced HCC; (4) sorafenib efficacy
beyond radiological progression; and (5) novel therapeutics and hepatic arterial infusion chemotherapy.

The kinase inhibitor sorafenib is the only systemic
therapy proven to have a positive effect on survival of
patients with advanced hepatocellular carcinoma (HCC).
After development of sorafenib and its introduction as
a therapeutic agent used in the clinic, several critical
questions have been raised. Clinical parameters and
biomarkers predicting sorafenib efficacy are the most
important issues that need to be elucidated. Although
it is difficult to know the responders in advance using conventional characteristics of patients, there are
specific serum cytokines and/or gene amplification in
tumor tissues that have been reported to predict efficacy of sorafenib. Risk and benefits of continuation of
sorafenib beyond radiological progression is another issue to consider because no other standard therapy for
advanced HCC as yet exists. In addition, effectiveness
of the expanded application of sorafenib is still contro-
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has been presented on safety of sorafenib in CP-B patients.
The recent report in Global investigation of therapeutic decisions in HCC and of its treatment with sorafenib
(GIDEON), which is a global, non-interventional, surveillance study, has presented data from sorafenib treatment of patients with liver dysfunction[12]. In the study,
CP subgroups showed similar incidence of all grade of
adverse events (AEs) [84.0% (CP-A) vs 88.6% (CP-B)]
and time to progression (TTP) [4.7 mo (CP-A) vs 4.4 mo
(CP-B)]. In contrast, serious AEs were more common in
CP-B (60.4%) than CP-A (36.0%) patients. The finding
that severity of AEs is associated with poor liver function
provides a certain warning to the use of sorafenib for the
CP-B patient, even if the treatment efficacy is consistent
irrespective of liver function.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related deaths worldwide and is associated with the second lowest 5-year survival rate of all
tumor types[1]. For patients diagnosed at early stages, potentially curative treatments are available, such as radiofrequency ablation, resection, and liver transplantation;
and patients at intermediate stages may be treated with
transcatheter arterial chemoembolization (TACE). However, for disease that is diagnosed at an advanced stage
or progresses after locoregional therapies, sorafenib is
the choice of treatment.
Sorafenib, which is an oral multi-kinase inhibitor, suppresses tumor angiogenesis and proliferation by inhibiting the activity of such targets as vascular endothelial
growth factor (VEGF) receptor, platelet-derived growth
factor (PDGF) receptor, mast/stem cell growth factor receptor (c-KIT), rearranged during transfection, Fms-like
tyrosine kinase 3, and the proto-oncoprotein, c-RAF[2,3].
In addition, sorafenib also has been shown to induce
apoptosis as direct effects on tumor cell[4]. The safety and
efficacy of sorafenib in patients with advanced HCC was
demonstrated in two phase Ⅲ randomized, double-blind,
placebo-controlled trials, the Sorafenib HCC Assessment
Randomized Protocol (SHARP) and Asia-Pacific (AP)
trials[5,6], thereby establishing sorafenib as the standard
systemic therapy for advanced HCC[7,8].
HCC is often resistant to chemotherapy, and the potential for liver failure accompanying this disease has complicated the therapies that are employed. However, there
is currently no systemic therapy other than sorafenib,
although many clinical trials are on-going. The aim of the
present review is to summarize recent clinical evidence
and present a current status of sorafenib in therapeutic
treatment of HCC.

CLINICAL CHARACTERISTICS AND
EFFICACY OF SORAFENIB
Clinical characteristics at baseline that might affect responses to therapy have been examined. Subgroup analyses of SHARP and AP trials, in which patients with wellpreserved liver function had been enrolled, demonstrated
the baseline status related to outcomes during sorafenib
treatment[13-15]. In both analyses, the patients with Eastern
Cooperative Oncology Group performance status (ECOG
PS) 1 or 2, aspartate/alanine transaminase (AST/ALT)
elevation, or macroscopic vascular invasion (MVI) had
similar hazard ratios with the total population [hazard ratio (HR) of 0.69 in SHARP; 0.68 in AP]. These findings
provide an opportunity for patients with these statuses to
be treated with sorafenib, but it should be noted that high
ECOG PS, AST/ALT elevation, or presence of MVI
themselves were associated with short OS. Sorafenib treatment for patients with prior local therapy, prior TACE, or
extrahepatic spread (EHS) also resulted in longer median
OS than placebo, except for those with prior hepatectomy
in the AP trial. However, careful interpretation of these
results is needed because the studies did not aim to show
the differences between these subgroups, and statistical
confirmation had not yet been performed.

STATUS OF SORAFENIB IN CLINICAL
GUIDELINES
Sorafenib is recommended as a treatment in patients
with (1) extrahepatic lesions; (2) macrovascular invasion;
or (3) those who do not response to TACE/arterial injection chemotherapy, when the liver function is ChildPugh (CP)-A, in a consensus-based treatment algorithm
for HCC (JSH Consensus 2010)[9]. The recommendation
was based on the results demonstrated in SHARP and
AP trials (Table 1). Patients recommended for sorafenib
in this algorithm overlap with those recommended according to the European Association for the Study
of the Liver (EASL), the European Organization for
Research and Treatment of Cancer (EORTC) [10], the
American Association for the Study of Liver Diseases
(AASLD)[8], and the National Comprehensive Cancer
Network (NCCN) Clinical Practice Guideline[11]. The
EASL-EOTC, AASLD, and NCCN guidelines indicate
sorafenib as an option for CP-B patients; whereas, no
clear evidence, based on randomized controlled trials,
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BIOMARKERS FOR PREDICTING
OUTCOMES OF SORAFENIB TREATMENT
Predictive biomarkers are expected to advance the potential
of personalized medicine in cancer treatment. Biomarker
research for predicting the efficacy of sorafenib is a growing field, and a few candidate markers in plasma, serum, and
tissue have been reported (Table 2). Llovet et al[16] reported
results of sub-analysis in the SHARP trial, examining
expression of 10 molecules in plasma of HCC patients.
Plasma c-KIT and hepatocyte growth factor were suggested as possible predictors of response to sorafenib, although the association was not statistically significant. In
other preliminary studies, angiogenesis-related cytokines
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Table 1 Overall survivals in sorafenib treatment
Clinical trial
SHARP[5]
AP[6]

Sorafenib

P value

Placebo

n

Median OS (mo)

95%CI

n

Median OS (mo)

95%CI

299
150

10.7
6.5

9.4–13.3
5.56–7.56

303
76

7.9
4.2

6.8–9.1
3.75–5.46

< 0.001
0.014

OS: Overall survival; AP: Asia-Pacific.

Table 2 Biomarkers for predicting outcomes with sorafenib
Ref.

Year

Obtained from

Biomarker

Llovet et al[16]
Miyahara et al[17]
Arao et al[18]
Huang et al[19]
Hagiwara et al[20]
Abou-Alfa et al[21]
Shan et al[25]
Blivet-Van Eggelpoël et al[26]
Chen et al[27]
Tai et al[28]
Liu et al[4]

2012
2011
2013
2013
2012
2006
2012
2012
2012
2011
2006

Plasma
Serum
Tissue
Tissue
Tissue
Tissue
Cell line
Cell line
Cell line
Cell line
Cell line

HGF, c-KIT
Angiogenesis-related cytokines1
FGF3/FGF4
αB-Crystallin
JNK
pERK
Nanog
EGFR, HER-3
SIRT1
STAT3
Mcl-1, eIF4E

1

These include angiopoietin-2, follistatin, granulocyte colony-stimulating factor, hepatocyte growth factor, leptin, platelet-derived growth factor-BB, platelet
endothelial cell adhesion molecule-1, and vascular endothelial growth factor. HGF: hepatocyte growth factor; c-KIT: Also known as SCFR (mast/stem cell
growth factor receptor); FGF: fibroblast growth factors; JNK: c-Jun N-terminal kinase; pERK: phosphorylated extracellular signal regulated kinase; EGFR:
epidermal growth factor receptor; HER-3: Also known as ErbB3; STAT3: signal transducer and activator of transcription 3; Mcl-1: myeloid cell leukemia-1;
eIF4E: eukaryotic translation initiation factor 4E.

DCP[34], is associated with a highly therapeutic effect of
sorafenib. These markers are expected to be used for
monitoring HCC patients undergoing treatment, rather
than as predictive biomarkers.

in serum, including angiopoietin-2, were reported to correlate with treatment response[17]. Several candidates for
tissue markers, such as FGF3/FGF4[18], αB-crystallin[19],
JNK[20], and pERK[21], have been proposed. Amplification
of FGF3/FGF4 was observed only in objective responders, but not in patients with stable or progressive disease.
Frequency of FGF3/FGF4 amplification remains below a few percent in HCC[22-24]; however, FGF3/FGF4
amplification might represent a promising therapeutic
target, and it provides a novel insight for molecular-based
therapy in HCC. Various molecules thought to have potential to be novel markers or therapeutic targets have
been identified on the basis of basic research observations[4,25-28] (Table 2), but none of them has been verified
in clinical studies. Candidate biomarkers should be validated in prospective clinical trials, in order to assess their
potential to lead to personalized therapy.

ADVERSE EVENTS AND EFFICACY OF
SORAFENIB
Various adverse events were frequently observed during
sorafenib therapy (Table 3). Adverse events of moleculartargeted agents sometimes associate with a favorable
effect on prognosis[35-46]. Regarding sorafenib therapy,
development of skin toxicities[47,48] and arterial hypertension[49] in some trials correlated with longer time to disease progression or longer survival in patients with HCC,
and similar correlations were seen in those with renal cell
carcinoma[50,51]. However, this correlation has not been
identified in randomized controlled trials, and validation
might be difficult if there are agents for preventive care
being administrated, such as preventive and therapeutic
skin care, systemic analgesics for pain, vitamin B6, etc.,
for hand-foot skin reaction[52]. Furthermore, haphazard
continuation of chemotherapies with side effects requires
careful management, as these may sometimes lead to
dangerous conditions.

CONVENTIONAL TUMOR MARKERS
DURING TREATMENT WITH SORAFENIB
Conventional tumor markers for the diagnosis of HCC,
i.e., α-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP), have been reported to show contrasting
behavior after administration of sorafenib. Early AFP
decrease correlates with beneficial efficacy of sorafenib
in patients with HCC[29-31], as observed in other therapies.
However, DCP increases with sorafenib administration,
regardless of the treatment response[29]. Interestingly, a
few reports have shown that elevation of DCP[32,33] and
NX-DCP, which is a vitamin K-specific phenotype of
WJG|www.wjgnet.com

EFFICACY OF SORAFENIB IN NONADVANCED HCC
Sorafenib is recommended for treatment of advanced
HCC in clinical algorithms, as described above, but the util4153
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therapy being employed, and it is thus a motivation to
change therapy regimen. However, in contrast to typical
cytotoxic agents, sorafenib seldom induces an objective
response (2%-3%)[5,6]; this modest response would make
it difficult for physicians to decide whether to continue
or discontinue sorafenib treatment. Several reports
speculate about sorafenib efficacy beyond radiological
progression. Sorafenib administration beyond first radiological progression was seen to continuously suppress
tumor growth[60], and long-term treatment was associated with prolonged survival regardless of therapeutic
effect[61]. Interestingly, the SHARP trial was designed
to continue sorafenib after radiological progression, if
symptomatic progression was absent[5]. Hence, it is reasonable to consider continuing sorafenib at the time of
radiological progression when patients will tolerate the
therapy and have no symptomatic disease progression or
liver dysfunction in the present status, with no other effective therapy.

Table 3 Incidence of drug-related adverse events of sorafenib
treatment
Adverse event, %

Any adverse event
Diarrhea
Hand-foot skin reaction
Fatigue
Rash⁄desquamation
Anorexia
Hypertension
Alopecia
Nausea
Weight loss

SHARP

[5]

[6]

AP

(n = 297) (n = 149)
80
82
39
26
21
45
22
20
16
20
14
13
5
19
14
25
11
11
9
NA1

GIDEON (second
[89]
interim analysis)
(n = 1571)
64
25
24
14
12
9
7
7
6
5

1

NA: Not available; this adverse event was observed in < 10% of patients
in AP trial. Incidence of all grades of adverse events was shown. Adverse
events in ≥ 5% of the total population in GIDEON study were listed.

ity for early or intermediate stages of HCC remain unclear.
Intermediate-stage HCC with multiple nodules and without
major vascular invasion or EHS is commonly treated by
TACE. Ischemic injury after TACE induces up-regulation
of VEGF[53], which is associated with poor prognosis[54,55].
However, combination with sorafenib, which inhibits angiogenic factors, including VEGF receptor, could theoretically
reinforce the efficacy of TACE.
Several clinical trials evaluating effects of TACE with
sorafenib in treatment of intermediate-stage HCC are being
conducted (Table 4). Two single-arm phase Ⅱ trials have
shown promising efficacy[56,57]. A randomized placebo-controlled study of sorafenib or placebo in combination with
TACE for intermediate-stage HCC (SPACE) successfully
demonstrated that sorafenib prolongs TTP after TACE,
although improvement of OS or time to untreatable progression (TTUP) was not observed[58]. In a randomized
phase Ⅲ trial in patients who responded to TACE (post
TACE study), sorafenib did not significantly prolong TTP
after TACE, compared to placebo[59]. In this study, a long
lag time of > 9 wk prior to administration of sorafenib
may also have contributed to the absence of a positive effect of sorafenib. In response, a trial titled Transcatheter
Arterial Chemoembolization Therapy in Combination with
Sorafenib (TACTICS, NCT01217034) is currently being
conducted, with a stipulated lag time (3-21 d).
Furthermore, sorafenib is under evaluation as an
adjuvant therapy for the prevention of recurrence following surgery or local ablation. The trial is a phase Ⅲ,
randomized, double-blind, and placebo-controlled study,
titled Sorafenib as Adjuvant Treatment in the Prevention
of Recurrence of HCC (STORM trial; NCT00692770).
The results from this study will provide more information about whether sorafenib has efficacy for HCC at
early stages and reduces the risk of recurrence.

HEPATIC ARTERIAL INFUSION
CHEMOTHERAPY
Before the development of molecular targeted therapies
based on evidence from randomized controlled trials,
hepatic arterial infusion chemotherapy (HAIC) had been
used to treat advanced HCC with vascular invasion and/
or multiple intrahepatic lesions. The protocol of HAIC
is not standardized. The most frequently used regimens
in Japan are (1) continuous infusion of 5-fluorouracil
plus low-dose cisplatin combination therapy (termed
low-dose FP, for fluorouracil and platinum); (2) continuous intra-arterial infusion of 5-fluorouracil plus systemic
interferon therapy (5-FU plus IFN), or one-shot infusion of cisplatin (one-shot CDDP). The response rates
of HAIC were reported to be 24.5%-38.5% in low-dose
FP[62-68]; 21.5%-63% in 5-FU plus IFN[69-77]; 3.6%-33.8%
in one-shot CDDP[78-81], which were higher than that of
sorafenib; but the survival benefit of these therapies are
controversial. The lack of evidence based on randomized controlled trials in most of the regimens is a serious
criticism of the importance of HAIC in HCC treatment.
Trials evaluating the efficacy of HAIC in combination
with sorafenib are currently on-going: Comparing Efficacy of Sorafenib vs Sorafenib in Combination with
Low-dose FP in Patients with Advanced HCC (SILIUS
Phase Ⅲ trial; NCT01214343); and Randomized Phase
Ⅱ Study of Sorafenib and Hepatic Arterial Infusion
Chemotherapy with Cisplatin vs Sorafenib for Advanced
HCC (UMIN000005703).

NOVEL THERAPEUTICS FOR ADVANCED
HCC

CONTINUATION OF SORAFENIB AFTER
RADIOLOGICAL PROGRESSION

After the successful result of sorafenib in the SHARP
and AP trials, more than 50 reagents are currently under
evaluation in phase Ⅰ to Ⅳ trials (www.clinicaltrials.gov.).
Recently, phase Ⅲ studies have been reported to evalu-

In general, tumor progression implies resistance to the
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Table 4 Clinical trials for evaluating the effect of transcatheter arterial chemoembolization with sorafenib in intermediate stage of
hepatocellular carcinoma
Ref.

Acronym
(NCT number)

Reported year

Trial phase

Study design

Pawlik et al[56]

-

2011

Ⅱ

Single-arm (TACE plus
sorafenib)

Park et al[57]

-

2012

Ⅱ

Kudo et al[59]

Post TACE
study

2011

Ⅲ

Single-arm (TACE plus
sorafenib)
TACE plus sorafenib vs
TACE plus placebo

SPACE

2012

Ⅱ

TACE plus sorafenib vs
TACE plus placebo

TACTICS
(NCT01217034)
CRUK-TACE-2
(NCT01324076)
(NCT01004978)

Currently recruiting participants
Currently recruiting participants
Currently recruiting participants

Ⅱ

TACE plus sorafenib vs
TACE alone
TACE plus sorafenib vs
TACE plus placebo
TACE plus sorafenib vs
TACE plus placebo

Lencioni et al[58]

Kudo et al2
Meyer et al2
Kauh et al2

Ⅲ
Ⅲ

n

TACE

33

DEB/scheduled

4003

Conventional1 or
DEB/scheduled

Outcomes

Disease control rate = 100%,
per lesion. Objective response =
58%, per lesion
50 Conventional1/on
Median TTP = 7.1 mo
6-mo PFS rate = 52%
demand
458 Conventional1/1 or
Median TTP = 5.4
2 sessions
(sorafenib)/3.7 (placebo) mo.
HR [sorafenib] = 0.87; 95%CI:
0.70-1.09; P = 0.252
307
DEB/scheduled
Median TTP = 169
(sorafenib)/166 (placebo) d.
HR [sorafenib] = 0.79; 95%CI:
0.588-1.080; P = 0.072
2283 Conventional1/on
Time to untreatable progresdemand
sion4
4123
DEB/1 session
PFS4
PFS4

1

Conventional TACE indicated transcatheter arterial chemoembolization with gelatin foam and lipiodol; 2The information of the trial can be accessed at
ClinicalTrials.gov; 3Estimated Enrollment; 4Primary Outcome Measures. DBE: Drug-eluting beads; NCT: National clinical trial; PFS: Progression-free survival; TACE: Transcatheter arterial chemoembolization; TTP: Time to progression.

ate the survival benefit of sunitinib, brivanib, linifanib,
and the combination of sorafenib plus erlotinib over
sorafenib monotherapy; however, there have so far been
no agents showing survival improvement or alleviation
of AEs[5,6,82-86]. Linifanib shows longer TTP and similar
OS compared to sorafenib, but linifanib is inferior to
sorafenib in safety[86]. Brivanib, as a second-line therapy
after failure by, or intolerance to, sorafenib, shows longer
TTP but similar OS relative to placebo[85]. The failures in
these trials point to the difficulty of both improving the
OS and alleviation of the AEs concurrently in advanced
HCC.
For effective use of molecular-targeted agents, clinical trials to investigate new agents in combination with
predictive markers are on-going. These include c-MET
inhibitor (tivantinib; ARQ 197) and monoclonal antibody
against glypican-3 (GC33). For patients with c-METhigh tumors, TTP was found to be longer with tivantinib
than for those with placebo in a randomized phase Ⅱ
trial (2.7 vs 1.4 mo, p = 0.03)[87]. For patients treated
with GC33, TTP was longer in patients with GPC3high tumors than in those with GPC3-low tumors in a
phase Ⅰ trial (26.0 vs 7.1 wk, p = 0.033)[88]. The efficacy
of these surrogate markers are being evaluated in randomized, placebo-controlled phase Ⅲ (NCT01755767)
and Ⅱ (NCT01507168) trials.

response. To compensate for the modest effect on tumor regression, new molecular-targeted drugs and their
biomarkers for prediction of treatment efficacy are being investigated. In addition, several novel therapeutics
in combination with HAIC are being evaluated in clinical
trials. The development of these markers and therapeutics in the near future will improve prognosis of advanced HCC and provide novel insights into molecularbased therapy for HCC.
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Therapeutic response assessment of RFA for HCC:
Contrast-enhanced US, CT and MRI
Yasunori Minami, Naoshi Nishida, Masatoshi Kudo
playing an important role on assessing the therapeutic effects of RFA. The local recurrence rate tends
to be low in HCC patients who were proven to have
adequate ablation margin after RFA; namely, not only
disappearance of vascular enhancement of main tumor, but also an adequate ablation margin. Therefore,
contrast enhancement gives important findings for the
diagnosis of recurrent HCCs on each imaging. However, hyperemia of non-tumorous liver surrounding the
ablated lesion, which could be attributed to an inflammation after RFA, may well obscure the findings of local recurrence of HCCs after RFA. Therefore, we need
to carefully address to these imaging findings given
the fact that diagnostic difficulties of local recurrence
of HCC. Here, we give an overview of the current
status of the imaging assessment of HCC response to
RFA.
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Abstract

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

Radiofrequency ablation (RFA) is commonly applied
for the treatment of hepatocellular carcinoma (HCC)
because of the facile procedure, and the safety and
effectiveness for the treatment of this type of tumor.
On the other hand, it is believed that HCC cells should
spread predominantly through the blood flow of the
portal vein, which could lead to the formation of intrahepatic micrometastases. Therefore, monitoring tumor
response after the treatment is quite important and
accurate assessment of treatment response is critical
to obtain the most favorable outcome after the RFA.
Indeed, several reports suggested that even small
HCCs of ≤ 3 cm in diameter might carry intrahepatic
micrometastases and/or microvascular invasion. From
this point of view, for preventing local recurrences,
RFA should be performed ablating a main tumor as
well as its surrounding non-tumorous liver tissue
where micrometastases and microvascular invasion
might exist. Recent advancement of imaging modalities such as contrast-enhanced ultrasonic, computed
tomography, and magnetic resonance imaging are
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Core tip: Radiofrequency ablation (RFA) therapy is
needed to ablate wider range of region than targeted
tumor, including surrounding liver tissues that involve
micrometastases and microvascular invasion. The local recurrence rate tends to be lower in hepatocellular
carcinoma patients with an adequate ablation margin,
and thus, it is essential to assess safety margin accurately to reduce local recurrence. From this point
of view, we need to focus on the achievement of a
sufficient ablation margin as well the lack of tumor
vascular enhancement for the assessment of successful RFA. However, inflammatory hyperemia due to RFA
which often appears as peripheral rim enhancement,
and non-typical imaging features of tumor recurrence
sometimes lead to the inappropriate diagnosis.
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59.1% of small HCC of ≤ 3.0 cm in diameter had micrometastases within 5 mm of each micrometastatic lesion and its primary HCC. Especially, among single nodular type HCC, micrometastases were shown in 77.8%
within 5 mm.
Several studies address the relation between microvascular invasion of HCC cells and tumor size. Kojiro
et al[22] reported that the tumor invades the portal vein
in 27% of cases even in early HCC (lesions < 2 cm in
dimension). Esnaola et al[26] found the frequency of microvascular invasion to be 25% and 31% for tumors <
2 cm and 2-4 cm in the greatest dimension, respectively.
On the other hand, microvascular invasion was shown
in 17% of patients with tumors < 2 cm and 20% of patients with tumors 2-3 cm[24]. The reported frequency of
microvascular invasion in patients with an HCC tumor
of 2-3 cm ranges from approximately 20%-30%. Thus,
it has reported that the risk factors for early local tumor
recurrence were larger tumor size, poor pathologic differentiation of tumor cells and advanced tumor staging[27,28].

Minami Y, Nishida N, Kudo M. Therapeutic response assessment
of RFA for HCC: Contrast-enhanced US, CT and MRI. World J
Gastroenterol 2014; 20(15): 4160-4166 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4160.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4160

INTRODUCTION
Surgical resection is the first treatment of choice for hepatocellular carcinoma (HCC). Unfortunately, the majority
of HCC patients are not suitable for curative resection at
the time of diagnosis because of large tumor size, multifocal disease, vascular involvement, extrahepatic spread,
poor liver function, etc.[1-6]. Therefore, there is a need to
develop a simple and effective technique to treat unresectable HCC. Several local, minimally invasive hepatic therapies [percutaneous ethanol injection (PEI), acetic acid
injection, microwave coagulation therapy, and radiofrequency ablation (RFA)] have been developed to prolong
survival in unresectable HCC patients over the past few
decades[7-13]. Especially, RFA is currently performed widely
due to its ease of use, safety and effectiveness for managing HCC in patients with cirrhosis[14-17], while its high
repeatability makes it particularly valuable for controlling
intrahepatic recurrences[18].
Monitoring tumor response to therapy is an important
part of the clinical management of cancer patients, and
accurate assessment of tumor response is essential for favorable outcomes. Imaging techniques such as contrastenhanced ultrasound (US), computed tomography (CT) and
magnetic resonance imaging (MRI) are generally used to
diagnose HCC or assess therapeutic effects[19-21]. However,
these techniques naturally use different principles to generate
images, and the type and dose of contrast agents are different. Contrast enhancement is an important finding on imaging; however, enhancement does not necessarily depict the
same phenomenon between US, CT and MRI. Therefore,
we need to be familiar with the findings on each modality
after ablation to evaluate the success of treatment, detect
residual or recurrent tumors, and diagnose new lesions.
In this review, we focus our discussion on the imaging assessment of HCC response to RFA.

PRINCIPLE OF TUMOR RESPONSE
ASSESSMENT TO RFA FOR HCC
Efficacy of treatment is usually monitored radiologically.
Effective treatment is indicated by not only lack of vascular enhancement of HCC, but also the safety margin.
The safety margin is ablated peritumoral liver tissue that is
located between a necrotic tumor and unablated liver tissue (Figure 1). For the RFA procedure to be considered
technically successful, the tumor and at least a 5 mm safety
margin must be included in the ablation zone[29]. The local
recurrence rate differs markedly depending on whether or
not a 5 mm safety margin is secured. Kudo et al[14] reported
that the local recurrence rate was 2.6% in HCC patients
with a ≥ 5 mm safety margin at 2 years after RFA,
whereas it was 20.8% in HCC patients without safety
margin (P = 0.01). Another report indicated that the
significant risk factors for local recurrence of RFA were
a tumor with a diameter ≥ 2.3 cm, an insufficient safety
margin, and a multinodular tumor[30]. In addition, the
safety margin has one more important role as security in
avoiding limitations on CT assessment due to a partial
volume effect.
Alpha-fetoprotein (AFP), lens culinaris agglutininreactive fraction of AFP (AFP-L3), and des-γ-carboxy
prothrombin (DCP) have been used as tumor markers
for HCC [31-34]. Levels of tumor markers often fall to
within the normal range after effective treatment and
rise before tumor relapse is detected by imaging studies.
However, sensitivity and specificity of tumor markers are
insufficient to detect HCC in all patient samples, and the
monitoring of tumor marker levels after therapy does not
replace imaging[35].
Recurrence of tumors in the treated area or elsewhere is defined as re-appearance of vascular enhancement. The ideal imaging interval is unknown, but initially

CLINICOPATHOLOGICAL FEATURES OF
HCC FOR ABLATION
HCC cells spread mainly via the portal system and form
intrahepatic micrometastases[22,23]. Among risk factors
for recurrences, tumor size, portal vein invasion, and intrahepatic metastasis are generally considered the major
causes of intrahepatic HCC recurrence after treatment.
A previous pathologic study showed that intrahepatic
metastasis occurs in 10% of cases even in early HCC
(lesions < 2 cm in diameter)[22]. Okusaka et al[24] reported
that 19% of HCC nodules of 3.0 cm or less in diameter
had satellite lesions that were not detected during pretreatment evaluation. Nakashima et al[25] revealed that
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Micrometastases

Ablation margin

Microvascular invasion

Figure 1 Ablation margin and micrometastases/microvascular invasion. Radiofrequency ablation (RFA) therapy is required to ablate the main tumor and its
surrounding liver tissues involving micrometastases and microvascular invasion. However, as the tumor get bigger, micrometastases and microcascular invasion frequently occur. Unablated lesions lead to local recurrences after RFA. T: Tumor.

decreasing the impedance in the tumor and facilitating
heat distribution within the tumor. Moreover, satellite
nodules, which are found more commonly around large
HCCs can be depicted by Lipiodol spots. Thus, RFA
combined with TACE has been reported to be promising for local control of medium-size of tumors[41-44]. In
addition, Lipiodol-TACE could offer another advantage
for assessment of following RFA procedure. When the
ablated area could cover the whole HCC with a sufficient margin, the ablative margin can be shown as the
boundary between the high density area as Lipiodol accumulation in HCC and the enhancing area as surrounding normal liver parenchyma. As the area of Lipiodol
deposition is an ideal landmark of the tumor margin, the
successful safety margin can be easily evaluated only by
post-RFA dynamic CT images in HCC patients treated
by RFA combined with TACE, without a comparison of
the pre- and post-RFA CT images (Figure 2)[45].
Hyperemia in tissue surrounding the ablated lesion
can represent an inflammatory reaction due to thermal
injury. Peripheral rim enhancement resulting from reactive hyperemia is usually uniform in thickness and envelops the ablated lesion (Figure 2), whereas residual HCC
demonstrates focal and irregular peripheral enhancement[46,47]. However, differentiation of reactive hyperemia
from residual HCCs is sometimes difficult. Moreover,
typical imaging features (arterial enhancement followed
by delayed washout on dynamic contrast-enhanced CT)
are not usually depicted for the diagnosis of recurrent
HCCs. Mikami et al[48] reported that 17.5% of patients
were diagnosed as local recurrent HCC with typical enhancement pattern, while 40.6% had arterial hypervascularity without washout in the portal venous phase and
11.9% showed washout in portal venous phase without
arterial hypervascularity. A non-typical enhancement pattern of local HCC recurrence may reflect the fact that
insufficient RFA therapy could lead to further malignant

a 3-4 mo interval is commonly used to monitor HCC
lesions after initial treatment. After about 2 years of
recurrence-free survival, the interval of follow-up imaging examinations can be at less frequent intervals[35].
Imaging
CT: Contrast-enhanced CT has been most widely used
for the evaluation of treatment response after RFA
because of the advantages of CT: the rapid acquisition
of images, clear and specific information, and the referring of a wide range of the abdomen including the liver.
After a bolus dispense of contrast agent, tissue contrast
enhancement depends on arterial blood flow, capillary
permeability, rate of diffusion, and extravascular extracellular space volume. In clinical practice, evaluation of
successful treatment was based on a visual comparison
of the pre- and post-RFA CT images by referring specific landmarks such as hepatic vessels and the liver surface[14,36,37]. If the non-enhancing ablation zone included
the original tumor and an adequate safety margin in all
directions, the RFA should be regarded as technically
successful[38]. Sala et al[39] revealed that the independent
predictors of survival were Child-Pugh class (P = 0.0001)
and initial complete response to percutaneous ablation (P
= 0.006). Among patients classified as Child-Pugh grade
A, a 20% difference of survival rate was achieved at 5
years (42% in responders vs 18% in non-responders),
while among patients classified as Child-Pugh grade B,
the difference of survival rate was observed at 3 years
(42% in responders vs 16% in non-responders).
Compared with RFA alone, the combination of RFA
and transcatheter arterial chemoembolization (TACE)
markedly increased the extent of induced coagulation of
RFA[40]. Combined TACE and RFA have several advantages over RFA treatment alone. Theoretically, embolization along with the chemotherapy is synergic to thermal
ablation by lowering the convection by vascular flow,
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should carry a complementary role for the evaluation of
the treatment response after RFA.
Perfluorocarbon microbubbles (Sonazoid) is classified as second-generation US-contrast agents. Unlike
others, perfluorocarbon microbubbles are not trapped
by Kupffer cells. A double contrast US technique using
Sonazoid reinjection has been developed on the basis of
two specific characteristics of Sonazoid: real-time blood
flow images with low acoustic power and robust Kupffer
images tolerable for repeated scanning in the Kupffer
phase[59-61]. According to contrast-enhanced US using
Sonazoid, peripheral hyperemia areas show hyper-echogenicity during the early vascular phase and iso-echogenicity as adjacent liver parenchyma during the Kupffer
phase. On the other hand, residual HCC demonstrates a
focal defect during the Kupffer phase and represents hypervascular enhancement by the reinjection of Sonazoid.
Therefore, differentiation of reactive hyperemia from residual HCCs is not difficult. Dynamic contrast-enhanced
US guidance in ablation therapy for locally recurrent
HCCs should be an efficient approach[61].

Figure 2 A 80-year-old woman with 2.5 cm hepatocellular carcinoma after
radiofrequency ablation combined with transcatheter arterial chemoembolization. Early-phase dynamic computed tomography shows a high-density center
indicating Lipiodol deposition in hepatocellular carcinoma (white arrow) and a surrounding low-density zone indicating radiofrequency ablation-induced coagulation
necrosis of the liver. A microsatellite (black arrow) was depicted as a high-density
spot in the low-density zone. Therefore, this ablation therapy achieved complete
necrosis of chief tumor and micrometastasis. Moreover, hyperemia surrounding
the ablated lesion is depicted as peripheral rim enhancement (arrowheads).

MRI: MRI provides better contrast between the different
soft tissues and higher spatial resolution with sensitivity
than CT. Recent advances in MRI allow imaging of the
liver with a high spatial resolution during a single breathhold. Khankan et al[62] reported that a hyperintense zone
on non-enhanced T1-weighted MRI within 2 d after RFA
reflected the extent of the ablated region. Evaluation of
the safety margin also needs comparisons of the pre- and
post-RFA images because of the blurriness of tumor
boundary on non-enhanced MRI after RFA.
Hepatocyte-specific MRI contrast agents were developed for detection and characterization of focal liver
lesions. Gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA) is a contrast agent
with combined properties of a conventional non-specific
extracellular and hepatocyte-specific contrast agent[63]. It
is recognized that hepatocyte phase images help to distinguish vascular pseudolesions (e.g., those due to arterioportal shunting, portal venule obstruction, nonportal
splanchnic veins, or rib compression) from hypervascular tumors[64]. Meanwhile, a recent study[65] reported that
more than 10% of vascular pseudolesions showed hypointensity on hepatocyte-phase images and that those
pseudolesions occasionally mimicked the configurations
and signal intensities of HCCs. Watanabe et al[66] analyzed the image of HCC tumors using the area under the
receiver operating characteristic (ROC) curve, and concluded that the incorporation of hepatocyte phase images did not improve the diagnostic accuracy of Gd-EOBDTPA-enhanced MRI for locally recurrent HCCs after
RFA. On the other hand, Koda et al[67] reported the ablative margin grading assessment using superparamagnetic
iron oxide (SPIO)-enhanced MRI. They intravenously
injected ferucarbotran (0.016 mL/kg body weight) 20-60
min before RFA, and performed MRI at 7 d after RFA.
Because SPIO remained in ablated hepatic parenchyma,

transformation of HCC[49]. Therefore, careful comparison with imaging before ablation and close follow-up are
necessary in in patients who showed unusual pattern of
enhancement in the liver after RFA.
US: US contrast agents consist of gas-cored microbubbles that are encapsulated by a shell constructed of a lipid
monolayer or cross-linked albumin. Each bubble acts as
a harmonic oscillator and contrast-enhanced echo signals
contain significant energy components at higher harmonics, while tissue echoes do not. With the use of a contrast
agent, contrast harmonic imaging possesses not only a
very high sensitivity to contrast agents but also a high
spatial resolution, and can depict signals from microbubbles with a very slow flow. Several researchers have reported that contrast-enhanced US is a useful tool for assessing the vascularity of local recurrence of HCCs[50-54].
The detectability of viable HCCs was 83.5% in B-mode
US and increased to 93.2% in contrast-enhanced US,
using contrast-enhanced CT was used as the reference
standard[55]. As reported by Kim et al[56], the diagnostic
concordance between the contrast-enhanced US just after
the RFA and the CT after the 1-mo follow-up was 99%
in terms of the assessment of the therapeutic response
to RFA. The sensitivity, specificity, and diagnostic accuracy of contrast-enhanced US were 95.3%, 100%, and
98.1%, respectively[57]. Consequently, contrast-enhanced
US may provide an alternative approach that shows high
diagnostic concordance with dynamic CT in assessing the
therapeutic response of RFA in hypervascular HCC (Figure 3). However, it is often difficult to identify the safety
margin on US in the some cases. Zhou et al[58] found that
contrast-enhanced US could not evaluate safety margin
in 34.8% of HCC nodules because the tumor boundary
could not be identified clearly by US after RFA. Therefore, contrast-enhanced US and contrast-enhanced CT
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A

B

Figure 3 A 70-year-old man with 1.5 cm hepatocellular carcinoma after radiofrequency ablation. A: The ablated tumor is depicted as hyper echoic lesion (circle)
on B-mode ultrasound (US). However, the boundary between ablated area and unablated liver tissue could not be identified clearly; B: Contrast-enhanced US using
Sonazoid shows the defect (arrows) in the Kupffer phase. The ablation margin is shown as low echoic zone surrounding the ablated tumor.

post-ablation MRI showed a high-intensity area of HCC
surrounding by low-intensity area of ablative margin.

4
5

CONCLUSION
The prognosis of patients with small HCC is still unsatisfactory because of frequent recurrence even after complete ablation. The high recurrence rate may be attributed to the undefined satellite lesions or microvascular
invasion before treatment, which are too small to be detected with the current imaging modality. For the procedure of local ablation therapies including RFA, we need
to ablate wider range of region than targeted tumor,
including surrounding non-tumorous liver tissues that
could involve micrometastases and microvascular invasion. The local recurrence rate tends to be lower in HCC
patients with an adequate ablation margin, and thus, it
is essential to assess safety margin accurately to reduce
local recurrence. From this point of view, we need to
focus on the achievement of a sufficient ablation margin
as well the lack of tumor vascular enhancement for the
assessment of successful RFA. However, inflammatory
hyperemia due to RFA which often appears as peripheral
rim enhancement, and non-typical imaging features of
tumor recurrence sometimes lead to the inappropriate
diagnosis. Therefore, we need to be careful for the imaging findings given the fact that the diagnostic difficulties
for local recurrence of HCC. Careful comparison of
imaging before ablation and close follow-up are critical
in HCC patients treated with RFA.
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outcome
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nucleotide polymorphisms (SNPs) that are associated
with CRC. In addition, the utility of SNPs as prognostic
markers of CRC in clinical settings remains to be further
assessed. Finally, the currently validated SNPs explain
only a small fraction of total heritability in complex-trait
diseases like CRC. Thus, the “missing heritability” still
needs to be explored further. Future epidemiological
and functional investigations of these variants will add
to our understanding of CRC pathogenesis, and may ultimately lead to individualized strategies for prevention
and treatment of CRC.
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Core tip: This review covers the recent advances in genome-wide association studies (GWASs) that have identified genetic variants associated with an altered risk of
colorectal cancer (CRC). In this review, we summarize
single nucleotide polymorphisms (SNPs) located in or
near genes that play crucial roles in signal transduction
pathways, genome stability, cell cycle control, and gene
expression and regulation. SNPs that are found in gene
desert regions are also discussed. The relationship between genetic variations and clinical outcomes in CRC
is presented from epidemiological studies that have
identified SNPs with methods other than GWASs.

Abstract
Colorectal cancer (CRC) has an apparent hereditary
component, as evidenced by the well-characterized
genetic syndromes and family history associated with
the increased risk of this disease. However, in a large
fraction of CRC cases, no known genetic syndrome or
family history can be identified, suggesting the presence of “missing heritability” in CRC etiology. The
genome-wide association study (GWAS) platform has
led to the identification of multiple replicable common
genetic variants associated with CRC risk. These newly
discovered genetic variations might account for a portion of the missing heritability. Here, we summarize
the recent GWASs related to newly identified genetic
variants associated with CRC risk and clinical outcome.
The findings from these studies suggest that there is a
lack of understanding of the mechanism of many single
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nism by which these variants contribute to colorectal carcinogenesis remains unclear. Here, we summarize these
variants in relation to their implications in pathways of
signal transduction, genome instability, cell cycle control,
and gene expression and regulation (Table 1). These pathways and related significant SNPs identified by GWASs
are also depicted in Figure 1. This figure was produced
by combining pathways from various studies[12-15].

INTRODUCTION
It is estimated that 35% of colorectal cancer (CRC) risk
may be explained by heritable factors[1]. Heritable factors
include well-characterized genetic syndromes inherited
in a straightforward Mendelian manner, such as familial
adenomatous polyposis and hereditary non-polyposis
colorectal cancer, also known as Lynch Syndrome [2].
It is estimated that cumulatively, these and other wellcharacterized genetic syndromes with Mendelian mode
of inheritance account for up to 10% of all CRC cases.
In an estimated further 25% of cases, family history
contributes to CRC risk in the absence of one of these
identifiable genetic syndromes. The important role of
family history in CRC risk is reflected in the guidelines
published by the American College of Gastroenterology
and the American Cancer Society, which recommend
starting screening colonoscopies at an age cutoff that is a
function of family history[3].
The combined effect of genetic syndromes and family history may explain up to 30% of CRC susceptibility,
whereas the remaining genetic risk of CRC may be accounted for by a combination of high-prevalence and
low-penetrance of common genetic variants. Recent
advances using genome-wide association study (GWAS)
have enabled the identification of multiple CRC-related
single nucleotide polymorphisms (SNPs) [4-10]. These
genetic variants can be broadly classified into two categories: those that affect the risk of developing CRC,
and those that influence the clinical course of CRC once
established. In this review, we summarize these GWASidentified genetic variants - including functional characterizations and implications for clinical applications - and
discuss some of the limitations and challenges of these
studies.

Genetic variants in signal transduction pathways
CRC GWASs have identified significant variants in signal
transduction pathways such as those mediated by WNT/
β-catenin, transforming growth factor (TGF)-β/bone
morphogenetic protein (BMP), and mitogen-activated
protein kinase (MAPK). Somatic mutations in the WNT/
β-catenin signaling pathway were discovered in more
than 95% of CRC patient tissues[16], suggesting abnormalities of genes in this pathway may play an important
role in colorectal carcinogenesis. The risk allele rs59336
located in the intron of TBX3 gene, a downstream target
of WNT/β-catenin pathway, has been associated with a
significantly higher risk of developing CRC[8]. Changes in
β-catenin and SMAD7 expression can influence WNT/
[17]
β-catenin pathway signaling . Moreover, perturbation
of SMAD7 expression has been documented to affect
CRC progression[18]. Three genetic variants of SMAD7
in chromosome 8q21 - rs4939827, rs12953717 and
rs4464148 - confer an increased CRC risk[5]. These findings and other WNT/β-catenin variants were further independently identified and validated[6,19]. BMPs are closely
related to signal transductions mediated by TGF-β. Two
independent GWASs[9,20] identified 14 CRC risk loci, of
which three were adjacent to genes involved in BMPmediated signaling transduction, including rs4444235
on BMP4, rs961253 on BMP2, and rs4779584 on DNA
family BMP antagonist GREM1. BMP-related variants
were further confirmed in another independent CRC
population[21]. The MAPK-mediated signaling pathway is
known to be crucial for several cellular mechanisms such
as cell proliferation, survival, and resistance to apoptosis.
A GWAS using German familial CRC patients[9] observed
that CRC risk increases significantly with an increase
in the number of risk alleles in seven genes involved in
MAPK signaling. The molecular basis of these observed
associations remains undetermined.

GENETIC VARIANTS AND CRC RISK
By comparing the distributions of millions of tagged
SNPs between CRC patients (cases) and cancer-free
populations (controls), a large number of common genetic variants have been identified under the “common
disease-common variant” premise. To date, more than
40 chromosome regions harboring common variants
conferring altered CRC risk have been identified by the
GWAS approach. These variants are dispersed amongst
almost every human chromosome and the vast majority of them exhibit a small effect size (Table 1). Most of
these loci confer a modest increase in CRC risk, typically
with an OR of less than 1.20. Among the 48 SNPs listed
in Table 1, eight had an OR of more than 1.20, of which
only three exhibited an OR of more than 1.30. A higher
effect size (OR = 2.64) was reported for rs6038071 located upstream of the CSNK2A1 gene and validated in
familial CRC populations, although only under a recessive
genetic model with least statistical power[11]. The majority of GWAS-identified CRC risk variants are involved in
known biological pathways; however, a few highly significant ones reside in gene desert regions, and the mecha-
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Genetic variants related to genome instability
Genome instability is known to be both a contributor to,
as well as a consequence of, colorectal carcinogenesis.
There are several major genomic instability-related mechanisms in colorectal carcinogenesis, such as chromosomal
instability, microsatellite instability, and CpG island methylator phenotypes[22]. Several loci involving these mechanisms were identified recently by GWASs. For example,
Peters et al[10] identified rs11903757, a significant SNP in
an intergenic locus on chromosome 2q32.3, proximal to
NABP1, which encodes human single-stranded DNA
binding protein 2 and plays a role in a diverse array of
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Table 1 Genome-wide association study-identified common genetic variants associated with colorectal cancer risk
SNP

Loci

Gene

Common biological pathway-related
rs12701937
7p14.1
GLI3 and
INHBA
rs11014993
10p12.1
MYO3A
rs59336
12q24.21
TBX3
rs4444235
14q22.2
BMP4
rs1957636

14q22.2

BMP4

rs16969681

15q13.3

GREM1

rs4779584

15q13.3

GREM1

rs11632715

15q13.3

GREM1

rs4939827

18q21

SMAD7

rs12953717
rs4464148
rs961235

18q21
18q21
20p12.3

SMAD7
SMAD7
BMP2

rs4813802

20p12.3

BMP2

rs6038071

20p13

CSNK2A1

Genome instability-related
rs11903757
2q32.3

NABP1

rs647161

5q31.1

PITX1

rs1321311

6p21

CDKN1A

rs3824999

11q13.4

POLD3

rs78378222

17p13

TP53

Cell cycle control-related
rs10911251
1q25.3
rs6691170
1q41

LAMC1
DUSP10

rs6687758

1q41

DUSP10

rs886774

7q31

LAMB1

rs3802842

11q23

POU2AF1

rs10774214
rs3217810
rs3217901
rs11169552

12p13.32
12p13.32
12p13.32
12q13.13

CCND2
CCND2
CCND2
DIP2

rs1728785

16q22

CDH1

rs10411210

19q13.33

RHPN2

rs4925386
20q13.33
LAMA5
rs5934683
Xp22.2
SHR00M2
Gene expression and regulation-related
rs16892766
8q23.3
EIF3H

rs7014348

8q24

POU5FIP1
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Full name of gene

OR

P value

Pathway/function

Ref.

Method

GLI family zinc finger 3
and inhibin, beta A
Myosin ⅢA
T-box3
Bone morphogenetic
protein 4
Bone morphogenetic
protein 4
DAN family BMP
antagonist
DAN family BMP
antagonist
DAN family BMP
antagonist
SMAD family member 7

1.36

3.50E-05

MAPK signaling pathways

[11]

G

1.22
1.09
1.09

2.00E-03
2.46E-06
1.95E-11

MAPK signaling pathways
Wnt pathway
BMP pathway

[11]
[10]
[21]

G
G+M
G

1.08

1.36E-09

BMP pathway

[21]

G

-

5.33E-08

BMP pathway

[21]

G

-

5.27E-03

BMP pathway

[21]

G

-

2.30E-10

BMP pathway

[21]

G

1.2

7.80E-28

SMAD family member 7
SMAD family member 7
Bone morphogenetic
protein 2
Bone morphogenetic
protein 2
Casein kinase 2, alpha 1
polypeptide

1.17
1.15
1.12

9.10E-12
6.66E-08
4.45E-16

1.09

7.52E-11

BMP pathway

[21]

G

2.64

3.00E-04

MAPK signaling pathways

[11]

G

Nucleic acid binding
protein 1
Paired-like homeodomain
transcription factor 1
Cyclin-dependent kinase
inhibitor 1A

1.16

9.50E-08

[10]

G+M

1.11

1.22E-10

[29]

G+M

1.1

1.14E-10

[26]

G+M

Polymerase
DNA- directed δ3
Promotor region of TP53
gene

1.08

3.65E-10

[26]

G+M

1.39

1.60E-04

DNA repair, genomic
stability
RAS pathway; activate TP53;
telomerase activity
Microsatellite instability,
DNA repair, genomic
instability
DNA mismatch and baseexcision repair
TP53

[63]

G

Laminin gamma 1
Dual-specificity
phosphatase
Dual-specificity
phosphatase
Laminin β1

1.09
1.06

5.90E-08
9.55E-10

Gene transcription
Inactivates p38 and SAPK

[10]
[9]

G+M
M

1.09

2.27E-09

Inactivates p38 and SAPK

[9]

M

1.17

3.00E-08

[33]

G

POU class 2 associating
factor 1
Cyclin D2
Cyclin D2
Cyclin D2
Disco-interacting protein
2B
E-cadherin,

1.1

5.80E-10

[6]

G

1.09
1.2
1.1
1.09

3.06E-08
3.70E-07
< 5.0E-7
1.89E-10

Anchoring the singlelayered epithelium,
ulcerative colitis
Growth of multiple
myeloma cells
Cell-cycle transition
Cell-cycle transition
Cell-cycle transition
Cell morphogenesis

[29]
[10]
[10]
[9]

G+M
G+M
G+M
M

1.17

2.80E-08

[33]

G

Rho GTPase binding
protein 2
Large laminin A5
Shroom family member 2

1.15

5.00E-09

Epithelial restitution, repair
following mucosal damage,
active colitis
Actin cytoskeleton

[20]

G+M

1.08
1.07

1.89E-10
7.30E-10

BMP pathway
Cell morphogenesis

[9]
[26]

M
G+M

Eukaryotic translation
initiation factor 3, subunit
H
POU class 5 homeobox 1B

1.25

3.30E-18

Translation initiation

[8]

G

1.19

8.60E-26

Weak transcriptional
activator

[6]

G
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TGF-β1 pathway, cell arrest, [5,6,19]
cell proliferation
TGF-β and Wnt signaling
[5]
TGF-β and Wnt signaling
[5]
BMP pathway
[21]

G
G
G
G
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rs7136702

12q13.13

ATF1

rs6017342

20q13.12

HNF4A

Gene desert and others
rs7524102
1p36.12
rs16823149
1q31
rs4574118
2q12

Clorf21
PLGLA

rs10936599
rs4140904

3q26.2
4p15.3

MYNN
NCAPC

rs7758229

6q26-27

SLC22A3

rs6983267
rs7837328
rs2209907

8q24
8q24
9q21.3

TLE4

rs10795668
rs9548988
rs2423279

10p14
13q13.3
20p12.3

PLCB1

Activating transcription
factor 1
Transcription factor
hepatocyte nuclear factor
4α

1.06

4.02E-08

Transcription

[9]

M

1.11

3.20E-17

Transcription

[33]

G

Plasminogen-like A, noncoding RNA
Myoneurn gene
Non-SMC
condensing Ⅰ complex,
subunit G
organic cation transporter

1.1
-

3.10E-07
5.50E-08
1.80E-07

-

[33]
[11]
[11]

G
G
G

1.08
-

3.39E-08
1.40E-07

Unknown
-

[9]
[11]

M
G

1.28

7.92E-09

[19]

G

Transducin-like enhancer
of spit 4
Phospholipase C-beta 1

1.18
1.17
-

1.51E-08
7.44E-08
3.40E-08

Transport of cationic drugs,
toxins, and endogenous
metabolism
-

[19]
[19]
[11]

G
G
G

1.12
1.1
1.1

2.50E-13
2.70E-07
6.64E-09

Unknown

[8]
[33]
[29]

G
G
G+M

SNP: Single nucleotide polymorphisms; G: Genome-wide association study; M: Meta-analysis; G + M: Combination of GWAS and meta-analysis; BMP:
Bone morphogenetic protein; MAPK: Mitogen-activated protein kinase; TGF-β: Transforming growth factor; GWAS: Genome-wide association study.

275 kb apart within a large poorly-defined haplotype
block covering the DIP2 gene, which encodes a protein
with putative role in epithelial cell fate determination[9].
Another SNP, rs10911251, is proximal to the promoter
of encoding laminin gamma 1 (LAMC1) and confers a
significantly increased CRC risk by virtue of influencing LAMC1 gene expression[10]. SNPs in two additional
laminin genes (laminin beta1 in 7q31 and laminin alpha 5 in
20q13) were also identified in recent CRC GWASs[9,21,33].
Laminins are known to be involved in a variety of cellular mechanisms such as regulation of cell adhesion, differentiation, and migration[34,35]. Another important cell
cycle-related SNP was reported by Dunlop et al[26] using
five GWAS datasets. This SNP, rs5934683, is on chromosome Xp22.2 and proximal to encoding shroom family
member 2, a human homolog of the Xenopus laevis APX
gene that is known to have broad functions in cell morphogenesis during endothelial and epithelial tissue development[36]. Missense mutations in this gene have been
detected in a large-scale screening for recurrent mutations
in cancer cell lines[37]. The relationship between Xp22.2
and CRC risk represents the first evidence for the role of
X-chromosome variation in the predisposition to a nonsex-specific cancer.

cellular processes such as DNA replication, recombination, transcription, and maintenance of genomic stability[23-25]. Another variant, rs1321311, is in linkage disequilibrium with a region that encompasses the CDKN1A
gene[26], which encodes the p21 protein that mediates
p53-dependent growth arrest, and affects multiple tumor
suppressor pathways. The p21 protein also interferes
with the activity of proliferating cell nuclear antigen
(PCNA)-dependent DNA polymerase, thereby regulating
DNA replication and repair. It has been demonstrated
that down-regulation of p21 inversely correlates with
microsatellite instability status[27,28]. Two additional CRC
risk variants - rs248999 and rs647161 - could also potentially interact with p21[26,29]. Other genome instability
related SNPs include rs248999, located in an intron of
the POLD3 gene which encodes a component of the
DNA polymerase-δ complex of PCNA, and rs647161
in a putative tumor suppressor homeodomain 1 gene
PITX1, which has been reported to encode a protein that
activates p53 protein and maintains genome stability[30,31].
Genetic variants related to cell cycle control
Genetic pathways mediating cell-cycle control are commonly implicated in colorectal carcinogenesis. Polymorphisms of several cell cycle-related genes have been reported to be associated with CRC risk in recent GWASs,
including two independent SNPs (rs3217810 and
rs3217901) located in the introns of CCND2. Jia et al[29]
identified another SNP, rs10774214, located in 12q13.32,
proximal to CCND2 in Asian populations. CCND2 encodes cyclin D2, a member of the D-type cyclin family
which plays a critical role in cell cycle control, specifically
at the G1/S boundary by activating cyclin-dependent
kinases (CDKs), primarily CDK4 and CDK6[32]. Two
significant SNPs, rs7136702 and rs11169552, lie about
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Genetic variants related to gene expression and
regulation
Thousands of transcription factors, cofactors, and chromatin regulators establish gene expression patterns and
maintain specific cell stages in humans. Barrett et al[33]
identified a significant association between CRC risk and
SNP rs6017342 which maps to a recombination hot spot
on chromosome 20q13 containing the 3’-untranslated
region of the HNF4A gene. HNF4A encodes the transcription factor hepatocyte nuclear factor 4α, which regu-
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Figure 1 Major pathways with significant genetic variants implicated in the development of colorectal cancer. Several pathways and related genes involved
in the progression of colorectal cancer are illustrated. Genes with significant single nucleotide polymorphisms that are associated with colorectal cancer risk are represented with gray color. TGF-β: Transforming growth factor-β; BMP: Bone morphogenetic protein; CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; CIN: Chromosomal instability.

lates the expression of multiple organ development-related genes. In addition, HNF4A has also shown to interact
with β-catenin to regulate cell-cell adhesion and gene
transcription[38]. Another significant SNP, rs11169552, is
close to activating transcription factor 1 (ATF1)[9], which
belongs to the ATF subfamily and basic-region leucine
zipper family. The protein product of ATF1 influences
cellular processes by regulating the expression of many
downstream target genes involved in cellular growth and
survival. Previous studies have demonstrated that ATF1
protein interacts with EWSR1 to form a unique chimeric fusion protein complex which is important in the
development of clear cell sarcoma[39,40]; however, its role
in colorectal carcinogenesis remains to be established.
Moreover, ATF1 may also form cyclin-dependent kinase
3-mdiated activating transcription factor 1 complex that
is critical in cellular proliferation and malignant transformation[41].

have been significantly associated with CRC risk in recent
GWASs[4,6,19,42]. In addition, variants in the 8q24 region
have also been associated with cancers of breast, prostate,
ovarian, bladder, pancreas, and brain[6,42-49]. Nonetheless,
majority of the significant SNPs identified in this region
are not located in, or close to, any well annotated genes
because the 8q24 region is largely a gene desert. Therefore, details of the molecular mechanisms underlying the
observed effect of these SNPs remain largely unknown.
It has been speculated that these SNPs may function
through their long-range linkage with causal variants
within other oncogenes or tumor suppressor genes. Others have conjectured that some SNPs may influence gene
expression through long-range cis-regulatory elements.
Wasserman et al[50] used an in vivo bacterial artificial chromosome enhancer-trapping strategy to scan the 8q24 gene
desert region and found that a highly significant CRC risk
variant, rs6983267, resides within an in vivo prostate enhancer whose expression mimics that of the nearby MYC
oncogene[51]. Another discovery illustrated a gene encoding a novel non-coding RNA, CCAT2, also mapped to
the 8q24 gene desert region. Encompassing the rs6983267
SNP, this long non-coding RNA transcript is highly
overexpressed in microsatellite-stable CRC, promoting
tumor growth, metastasis, and chromosomal instability[52].
Another 8q24 locus, rs7014346, in high linkage disequilibrium with rs6983267, resides within 3 kb upstream

Genetic variants in the gene desert regions and others
Although the majority CRC risk variants are related to
well-established biological pathways, the functions of
some reported loci remain elusive. Various independent
studies have reported that multiple SNPs in chromosome
region 8q24 are associated with altered risk of several
solid tumor malignancies, including CRC. Three SNPs in
this region, namely rs7014348, rs6983267, and rs7837328,

WJG|www.wjgnet.com

4171

April 21, 2014|Volume 20|Issue 15|

Zhang K et al . GWAS-identified CRC SNPs
Table 2 Common genetic variants associated with colorectal cancer clinical outcome
1

SNP

Patient population

Clinical outcome

HR (95%CI)

P value

Ref.

MTHFR
ESR2
SCN1A

glu429ala
rs2987983
rs3812718

OS
OS
TTR

1.71 (1.18-2.49)
0.77 (0.60-0.99)
2.26 (0.89-5.70)

0.005
0.002
0.039

[64]
[65]
[66]

SMAD7
mir608

20p12.3

rs355527

18q21.1
8q24.21

rs4464148
rs6983267
rs10505477
rs4779584
rs10795668
rs6505162
rs6505162
rs4919510
rs3749474
rs1801260
rs7849
-2578
-460
rs10013228
rs8193
rs1157
rs17109924

OS
RE
OS
ER
ER
ER
OS
ER
OS
OS
OS
OS
OS
RE
OS
RFS
RFS
OS
OS
RE
TTR
TTR
RE
TTR
TTR
TTR

1.16 (1.06-1.27)
1.65 (1.13-2.41)
1.96 (1.19-3.21)
2.98 (1.27-6.99)
0.46 (0.27-0.80)
0.46 (0.22-0.96)
0.24 (0.09-0.68)
0.48 (0.23-0.99)
0.29 (0.10-0.81)
4.34 (1.46-12.89)
4.20 (1.13-15.64)
4.20 (1.13-15.64)
0.33 (0.15-0.72)
0.55 (0.30-1.00)
2.12 (1.34-3.34)
1.59 (1.08-2.36)
0.61 (0.41-0.92)
0.55 (0.37-0.81)
0.31 (0.11-0.88)
2.89 (1.54-5.41)
2.01 (1.13-3.56)
0.50 (0.29-0.89)
0.53 (0.30-0.95)
0.51 (0.35-0.93)
0.56 (0.33-0.94)
0.33 (0.12-0.90)

0.002
0.01
0.008
0.012
0.006
0.038
0.007
0.048
0.019
0.008
0.032
0.032
0.007
0.05
0.001
0.019
0.017
0.003
0.03
0.001
0.02
0.02
0.032
0.022
0.024
0.023

[55]
[67]

15q13.3
11q23.1
20p12.3

rs4939827
rs4919510
rs4919510
rs10318
rs10749971
rs961253

Mixed colorectal cancer (CRC) patients
Postmenopausal women with CRC
Stage Ⅱ/Ⅲ patients with adjuvant 5-fuorouracil (5-FU)
based chemotherapy
Mixed CRC patients
Stage Ⅲ patients with 5-FU based chemotherapy

Genes/loci

15q13
10p14
pre-mi-423
pre-mi-608
CLOCK
SCD
VEGF
KDR
CD44
ALCAM
LGR5

Stage Ⅱ patients with 5-FU based adjuvant chemotherapy
Stage Ⅲ patients with 5-FU based adjuvant chemotherapy

Chinese CRC patients
Mixed CRC patients

Resected CRC patients
Stage Ⅱ patients with 5-FU based adjuvant chemotherapy
Stage Ⅱ
Resected CRC patients
Stage Ⅲ and high risk stage Ⅱ patients with 5-FU based
chemotherapy

[56]

[57]
[68]

[69]
[70]
[71]
[72]
[73]

1

Only the most significant single nucleotide polymorphism (SNP) was shown. OS: Overall survival; RE: Recurrence; RFS: Recurrence free survival; TTR:
Time to recurrence.

of POU5F1P1, a pseudogene of POU5F1 that encodes
an important stem cell-related protein regulating cellular
pluripotency and self-renewal[53]. However, no functional
implication of this SNP has been reported and it remains
to be assessed whether it influences the development of
CRC stem cells, a suspected small portion of cancer cells
that are responsible for tumor progression and drug resistance[54]. In all, the identification of the large number
of bona-fide risk variants in gene desert regions indicates
that candidate-gene and pathway-based strategies may
not be adequate to capture and understand the complete
spectrum of common risk variants of CRC. Unbiased
genome-wide interrogation in adequately powered studies,
combined with meta-analysis and functional characterization is more likely to help us understand how common
genetic variations play a role in CRC carcinogenesis.

of yet, no GWAS has been reported to examine a direct
relationship between genetic variations and CRC clinical
outcome. The findings of some of recently published
studies are summarized in Table 2.
Three recent studies have examined the relationship
between GWAS-identified CRC risk variants and the clinical outcome of the disease[55-57]. Based on the data from
five GWAS populations of 2611 CRC patients, Phipps
et al[55] assessed 16 SNPs and found rs4939827, a SNP in
the SMAD7 gene, to be significantly associated with reduced overall survival of patients (HR = 1.16, P = 0.002)
and disease-specific survival (HR = 1.17, P = 0.005). Dai
et al[56] used a Caucasian population of 285 stage Ⅱ or Ⅲ
CRC patients receiving fluorouracil-based chemotherapy
to evaluate 26 CRC risk variants derived from 10 GWASidentified chromosome loci. Although no SNP was found
to be associated with the survival of all patients, they
found that different SNPs might be associated with the
clinical outcome of patients in specific stages. In another
study of 380 Chinese CRC patients, Xing et al[57] reported
two GWAS-identified CRC risk variants - rs4779584 on
chromosome 15q13 and rs10795668 on 10p14 - were associated with reduced risk of both death and recurrence.
Moreover, stratified analysis indicated that the beneficial
effect of chemotherapy in this patient cohort was evident only in patients with the variant rs10795668, but not

GENETIC VARIANTS AND CRC CLINICAL
OUTCOME
There have been reports of genetic variants associated
with the clinical outcome of CRC patients which can be
used to categorize patients with different survival patterns or responses to specific treatments. However, the
majority of reported outcome-related SNPs are generated from candidate gene or pathway-based studies. As
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in those with the wild-type genotype of this SNP. This
indicates that rs10795668 may potentially be useful in
selecting patients for chemotherapy treatments. Taken together, these findings suggest that genetic variants associated with CRC risk may also predict the clinical outcome
of CRC patients. However, these studies are limited by
small sample size and heterogeneous patient population
and treatments. Therefore, their findings need to be interpreted with caution and warrant further validations.
In addition to those GWAS-identified CRC risk loci,
other epidemiological studies have also identified genetic
variations associated with clinical outcome of CRC (Table
2). All of these studies are based on candidate gene or
pathway-based approaches instead of GWAS. This is
largely because compared to case-control studies, clinical
outcome studies are generally based on cancer patients
with highly heterogeneous characteristics and treatments
that confound the very modest effect of genetic variants
on patient outcomes. This issue could be partly resolved
by the use of clinical trial patients that have more homogeneous characteristics and treatments, or consortium
studies with much larger number of patients.

dated SNPs in aggregate still explain only a small fraction
of total heritability in most complex-trait diseases[61]. Several possible reasons may further account for this “missing
heritability”. These include unidentified common variants, the unexplored territory of rare genetic variants that
have high-penetrance but low-prevalence, and the largely
un-assessed gene-gene and gene-environment interactions[21,62]. All of these issues could be partially addressed
by increasing population size and thus statistical power.
Thus, meta-analysis and combined analysis of multiple
study populations are effective means to tackle these issues in the near future. In addition, using novel technologies such as the next generation sequencing to identify
rare causal variants may also help address the missing
heritability.
Despite these limitations, the identification of a host
of specific genetic variants associated with elevated CRC
risk through the GWAS approach does suggest the possibility of tailoring colorectal screening strategies such as
age at first colonoscopy, and interval between surveillance
colonoscopies. By better appreciating the mechanism by
which these genetic variants alter CRC risk, morbidity
and mortality could be reduced in higher risk sub-groups
by more aggressive surveillance and cost could be reduced in low-risk groups requiring less intensive testing.

CONCLUSION
Findings from the first wave of GWASs seem to promise
greater understanding of the genetic component of CRC
pathogenesis on a molecular level. However, there are
several major limitations in current GWAS approaches
which may also pose challenges for future studies. First,
the vast majority of currently identified SNPs lack known
functional significance. Thus, whether they are causal
variants or just surrogates that are in linkage disequilibrium with the functional loci remains largely unknown.
Therefore, a major task ahead is to conduct fine-mapping
in the immediate regions surrounding these loci, and
narrow down the regions of association to pinpoint the
causal variants[58]. Second, although the statistical significance of most GWAS-identified SNPs is high, the utility
of these bona-fide variants in a clinical setting to predict
the risk of developing cancer remains to be assessed.
This is largely due to the modest effect size associated
with most of the specific individual variants. Wacholder
et al[59] reported a very modest increase in the power to
predict breast cancer risk by adding 10 highly significant
GWAS-identified breast cancer risk variants to the commonly recognized self-reported risk factors. Moreover,
they found that the level of predicted breast cancer risk
among most women barely changes by the addition of
the GWAS-generated genetic information. Similarly, Park
et al[60] reported that the combined use of all current genetic information derived from GWASs only has modest
discriminative power (about 63.5% area under curve) in
breast, prostate, and colorectal cancers. Therefore, further identification of additional low-penetrance common
variants, especially the causal variants, is necessary to
improve the clinical utility of GWAS-generated genetic
information. Third, it is estimated that the currently vali-
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Targeting mTOR network in colorectal cancer therapy
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agents such as cytotoxic chemotherapy, inhibitors of
vascular endothelial growth factor, epidermal growth factor receptor and Mitogen-activated protein kinase kinase
(MEK) inhibitors are being intensively studied and appear
to be promising. Further understanding of the molecular mechanism in mTOR signaling network is needed to
develop optimized therapeutic regimens. In this paper,
oncogenic gene alterations in colorectal cancer, as well
as their interaction with the mTOR pathway, are systematically summarized. The most recent preclinical and
clinical anticancer therapeutic endeavors are reviewed.
New players in mTOR signaling pathway, such as nonsteroidal anti-inflammatory drug and metformin with
therapeutic potentials are also discussed here.
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Abstract
The mechanistic target of rapamycin (mTOR) integrates
growth factor signals with cellular nutrient and energy
levels and coordinates cell growth, proliferation and
survival. A regulatory network with multiple feedback
loops has evolved to ensure the exquisite regulation of
cell growth and division. Colorectal cancer is the most
intensively studied cancer because of its high incidence
and mortality rate. Multiple genetic alterations are involved in colorectal carcinogenesis, including oncogenic
Ras activation, phosphatidylinositol 3-kinase pathway
hyperactivation, p 53 mutation, and dysregulation of wnt
pathway. Many oncogenic pathways activate the mTOR
pathway. mTOR has emerged as an effective target for
colorectal cancer therapy. In vitro and preclinical studies
targeting the mTOR pathway for colorectal cancer chemotherapy have provided promising perspectives. However, the overall objective response rates in major solid
tumors achieved with single-agent rapalog therapy have
been modest, especially in advanced metastatic colorectal cancer. Combination regimens of mTOR inhibitor with
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Core tip: Mechanistic target of rapamycin (mTOR) pathway serves as a central regulating axis that coordinates
cell growth and proliferation. Single-agent mTOR inhibition therapy, however, has provided only limited
therapeutic efficacy towards colorectal cancer. Blocking
compensatory pathways and multiple feedback loops is
considered the challenge. Combination regimens are being intensively tested in clinic. This review summarizes
extensive studies describing crosstalk between mTOR
pathway and major oncogenic pathways contributing
to colorectal cancer development and novel combinational strategies targeting the mTOR pathway in treating
colorectal cancer are also introduced.
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signals from upstream regulators that sense environmental growth signals and nutrition levels. TSC1 protects
TSC2 from ubiquitin degradation [14]. In response to
growth signals, multiple effectors phosphorylate TSC2,
including Akt, extracellular-signal-regulated kinase1/2
(ERK1/2), and ribosomal S6 kinase (RSK1), thereby
promoting mTOR signaling activation.
The TSC1/2 complex also responds to diverse stress
signals. Upon hypoxia or low ATP state, adenosine
monophosphate-activated protein kinase (AMPK) phosphorylates TSC2 and enhances its GAP activity toward
Rheb[15]. Mitogen-activated protein kinase kinase kinase
kinase 3 (MAP4K3) [16], mammalian vacuolar protein
sorting 34 homolog (hVPS34)[17] and inositol polyphosphate monokinase (IPMK) [18] are reported as amino
acid sensing proteins. However, our understanding of
the mechanisms by which mTOR senses amino acids
through the v-ATPase (vacuolar H+-ATPase)-Ragulator
(LAMTOR1-3)-Rag GTPase complex has evolved
greatly in recent years. Four Rag proteins, RagA to
RagD, form heterodimers: RagA with RagB, and RagC
with RagD. When RagA/B is bound to GTP, RagC/D
is bound to GDP, and vice versa. Amino acids promote
GTP loading of RagA/B, thus enabling the heterodimer
to interact with raptor. Ragulator binds with Rag GTPases and translocates to the lysosome surface, where
mTORC1 interacts with GTP bound Rheb. v-ATPase
locates on the lysosomal membrane interacts with Ragulator to relay the amino acid level signals from the lysosomal lumen[19-22].

INTRODUCTION
The signaling pathway of mechanistic target of rapamycin (mTOR), regulates cell growth and proliferation
largely by promoting key anabolic processes, by sensing
nutrition levels and growth factors, as well as various environmental cues[1,2]. The mTOR pathway is conserved
in organisms from yeast to human. The central protein,
mTOR, is an atypical serine/threonine protein kinase
that belongs to the phosphoinositide 3-kinase (PI3K)related kinase family. mTOR interacts with several proteins to form two distinct complexes, known as mTOR
complex 1 (mTORC1) and complex 2 (mTORC2). Both
complexes share a DEP domain-containing mTORinteracting protein (DEPTOR), a mammalian lethal with
sec-13 protein 8 (mLST8, also known as GbL)[3] and
Tti1/Tel2[4]. Regulatory-associated protein of mammalian target of rapamycin (raptor)[5] and proline-rich Akt
substrate 40 kDa (PRAS40)[6] are unique to mTORC1
and rapamycin-insensitive companion of mTOR (rictor)[7], mammalian stress-activated MAP kinase-interacting protein 1 (mSin1)[8] and protein observed with rictor
1 and 2 (protor1/2)[9] are specific to mTORC2. mTOR
is the target of rapamycin (or sirolimus), but only
mTORC1 is sensitive to rapamycin inhibition upon FKBP12-rapamycin binding[10]. Rapamycin also inhibits the
mTORC1 downstream targets differently[11]. mTORC1
plays a pivotal role in regulating protein and nucleotide
synthesis by signaling through its main effectors, p70 ribosomal S6 kinase 1 (S6K1) and eIF4E binding protein
1 (4E-BP1). S6 ribosomal protein, a component of the
40S ribosomal subunit, is the best characterized S6K1
substrate and a major effector of cell growth. Phosphorylated 4E-BP1 binds to eukaryotic translation initiation
factor 4E (eIF4E), which is an important component
of the pre-initiation eIF4F complex and prevents the
complex from binding with the 5’ end cap structure on
messenger RNAs of proteins essential for the cell cycle
progression, functioning as a rate-limiting factor in capdependent translation initiation. mTORC1 promotes de
novo lipid synthesis by regulating Lipin-1 and SREBP1/2,
and it promotes energy metabolism by positively regulating cellular metabolism and ATP production through
activation of HIF1α and suppresses autophagy through
ULK1 (unc-51-like kinase 1) and Atg13 (mammalian
autophagy-related gene 13). mTORC2 phosphorylates
protein kinase B (Akt/PKB), serum- and glucocorticoidinduced protein kinase 1 (SGK1), and protein kinase
C-α (PKCα), regulating cell survival, metabolism, and
cytoskeletal organization [12]. Multiple feedback loop
mechanisms add to the complexity of the mTOR signaling pathway[13].
mTORC1 integrates intracellular and extracellular
signals--growth factors, stress, energy status, oxygen, and
amino acids--mainly through the TSC1-TSC2 (hamartintuberin) complex. The TSC1/2 complex functions as a
GAP (GTPase-activating protein) for the Ras homolog
enriched in brain (Rheb), of which the GTP-bound
form activates mTORC1. The TSC1/2 complex relays
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KEY COLORECTAL CARCINOGENESIS
PATHWAYS AND THEIR INTERACTION
WITH THE mTOR PATHWAY
Colorectal cancer (CRC) is the third most common cancer
worldwide, with more than one million cases annually.
CRC caused almost 0.7 million death in 2012 globally[23].
It is the second most deadly cancer among adults in the
United States[24]. In approximately 75% of cases, the cancer are confined within the wall of the colon (stage Ⅰ and
Ⅱ), or only spreads to regional lymph nodes (stage Ⅲ).
These stages of cancer are mostly curable by surgical excision combined with chemotherapy. However, in about
20% of cases, the tumors metastasize to distant sites and
are usually inoperable and incurable, with only a 12%
5-year relative survival rate[25,26]. Approximately 75%-80%
of colorectal tumors develop in a sporadic manner[27]. An
over-simplified model that generalizes the genetic cause
of colorectal carcinogenesis is one where microsatellite instability (MSI) contributes to 85% of CRC, while
the remaining 15% arise from chromosomal instability
(CIN). However, some studies have shown that the MSI
and CIN pathways are not mutually exclusive in CRC
and considerable crosstalk exists between various pathways[28]. The “canonical” colorectal carcinogenesis model, that the carcinomas arise from pre-existing adenomas,
was proposed in 1990 by Fearon and Vogelstein[29]. This
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Figure 1 Crosstalk between mechanistic target of rapamycin signaling pathway and colorectal oncogenic pathways. PI3K/AKT and Ras/MAPK pathways
are the major upstream mediators of mechanistic target of rapamycin (mTOR) signaling pathway in colorectal cancer. Therapeutic efforts for colorectal cancer targeting mTOR signaling include Rapamycin (or Rapalogs) inhibition as well as mTOR kinase inhibition, plus in combination with blockage of growth factor receptors, and
components in upstream pathways such as Raf and PI3K, etc. New players regulating the mTOR pathway such as non-steroidal anti-inflammatory drug (NSAIDs) and
metformin merit further investigation. IGF: Insulin like growth factor; SGK1: Serum- and glucocorticoid-induced protein kinase; PRAS40: Proline-rich Akt substrate 40
kDa; TSC1: Tuberous sclerosis-1; TSC2: Tuberous sclerosis-2; AMPK: Adenosine monophosphate-activated protein kinase; eIF4E: Eukaryotic translation initiation
factor 4E; RSK1: Ribosomal S6 kinase.

model describes approximately 80%-90% of CRC and it
is still accepted, despite a large body of new information
on CRC that has emerged during the last two decades. In
this model, the accumulation of genetic alterations, such
as APC, p53, DCC, and K-ras, enable colorectal carcinogenesis, as well as histological malignancy progression[27].
Many of the genetic pathways involved lie upstream
of mTOR, and the oncogenes affected elicit part of
their oncogenic effect through the mTOR signaling
pathway[30]. The interaction between mTOR signaling
and other important pathways involved in colorectal carcinogenesis are reviewed here (Figure 1).

tive activation of the Wnt pathway, which is considered
the initiating event in colorectal cancer. APC mutation
can cause more than 100 adenomatous polyps[36-38]. The
Wnt signaling pathway stimulates the TSC-mTOR pathway[39]. mTOR signaling, as well as the mTOR protein
level, was observed to be elevated in ApcΔ716 mice. Inhibition of the mTORC1 pathway by treating the APC
mutant mice with RAD001 (everolimus) was reported to
suppress intestinal polyp formation and reduce the mortality of the animals[15,39].
PI3K/AKT pathways
Nutrient signals act mostly through insulin or insulin-like
growth factor (IGF) signaling pathways. Growth factorsreceptors, such as epidermal growth factor receptor
(EGFR), platelet-derived growth factor receptor (PDGFR), insulin like growth factor-1 receptor (IGF-1R), and
cell adhesion molecules, such as integrin and G-proteincoupled receptors, activate the PI3K pathway to promote cell survival, proliferation and cell growth[40]. The
activated receptor tyrosine kinases interact with PI3K,
where class Ⅰ PI3K family members convert phosphatidylinositol 4,5-bisphosphate (PIP2) to phosphatidylinositol 3,4,5-trisphosphate (PIP3), hence activating
phosphoinositide-dependent kinase-1 (PDK1) and
mTORC2. Specifically, phosphatase and tensin homolog (PTEN) reverses this process by dephosphorylating
PIP3 to PIP2. IGF-BP3 binds to IGF-1 and prevents

Wingless/wnt pathway
Aberrant crypt foci (ACF) is considered the first identifiable precursor lesion in colorectal tissue[31]. ACF derives
from epithelial cells in the lining of the colon and rectum and can develop into adenomatous polyps, which
could potentially progress to adenocarcinoma[32]. Adenomatous polyposis coli (APC) tumor suppressor gene
normally suppresses the Wnt pathway by actively degrading β-catenin and inhibits its nuclear localization[33]. A
close link between β-catenin signaling and the regulation
of VEGF-A expression was observed in human CRC,
indicating the role of β-catenin in CRC angiogenesis[34].
β-catenin was also shown to induce cyclin D1 in CRC
cells, which contributes to neoplastic transformation[35].
Aberrant, mutant APC or APC loss can cause constitu-
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over activation of IGF-1/AKT signaling. It is currently
believed that PDK1 phosphorylates AKT on Thr308,
whereas mTORC2 phosphorylates AKT at Ser473.
Double phosphorylation fully activates AKT activity[41].
Hyperactivation of the PI3K/AKT pathway is associated with malignant behavior, including proliferation,
adherence, transformation, and survival [42-45]. PI3K/
PTEN/AKT pathway mutations are found in a large
number of CRC cell lines[46-49]. The PIK3CA mutation is
found in 15% of metastatic colorectal cancer (mCRC)[50].
Germline PTEN ablation is associated with Cowden
syndrome, which can cause an increased lifetime risk
for CRC[51,52]. Elevated protein levels of PI3K subunit
p85 α and AKT1/2, and phosphorylation levels of
mTORSer2448 and phosphor-p70S6KThr389 have been observed in CRC patients. Notably, p85α expression was
considerably higher in stage Ⅳ tumors than in earlier
stages[46]. Analyzing the mechanism of GP130-mediated
mTORC1 activation in mice revealed a requirement for
JAK and PI3K activity in the activation of mTORC1,
leading to colorectal tumorigenesis[53]. mTOR inhibition
abolishes S6K phosphorylation and relieves the feedback suppression on RTK, leading to PI3K activation
and, eventually, to AKT activation[54,55].

RAS/RAF/MITOGEN-ACTIVATED
PROTEIN KINASE PATHWAY
Ras is the first identified oncogene and the most frequently mutated gene in human malignancy. Ras is a
small GTPase that relays signals from a subset of growth
factors responsive RTK to its effector pathways, which
are responsible for growth, migration, adhesion, cytoskeletal integrity, survival and differentiation. The three
true Ras proteins in the RAS family that have been most
studied are H-Ras, N-Ras and K-RAS[67]. The K-RAS
gene is the most mutated RAS pathway member in CRC,
with a 35%-45% mutation rate in mCRC, compared with
BRAF 8% and NRAS 4%[50]. K-RAS mutation is thought
to be a relatively early event that correlates histologically
with early to late adenomas. N-RAS mutations are also
observed in a small percentage of CRC[31]. The major
Ras downstream pathway is the Raf-mitogen-activated
protein (MAP) kinase kinase-MAP kinase signal transduction pathway. Ras also indirectly signals to mTOR
through its other effector pathway, the PI3K/AKT pathway[68,69]. The p44/42 mitogen-activated protein kinase
pathway (MAPK)-ERK1/2 directly phosphorylates and
inactivates TSC2[70,71]. ERK phosphorylates ribosomal
protein S6, a direct effector of S6K1, stimulating capdependent translation[72,73]. The MAPK-activated kinase
and RSK interact with and phosphorylate TSC2 at
Ser-1798, thus inhibiting the tumor suppressor function
of the TSC1/2 complex, resulting in increased mTOR
signaling to S6K1[74].

p53 pathway
p53 is considered the “guardian of the genome”. p53
mediates diverse stress signals, such as DNA damage,
energy and metabolic stress, hypoxia, oxidative stress,
oncogene stress and ribosomal dysfunction. Functioning
as a transcription factor, p53 regulates its downstream
factors to elicit its tumor suppressive functions, which
include cell cycle arrest, senescence, DNA repair, and
programmed cell death[56]. Under normal conditions,
p53 inhibits the mTOR pathway by multiple routes. Deregulation of the p53 pathway by either mutation of the
TP53 gene or by 17p chromosomal deletion is thought
to be the second key step in tumorigenesis of CRC,
marking the transition from adenoma to carcinoma[26,57].
p53 closely monitors the IGF-1/AKT pathways, which
is an upstream regulation pathway of mTOR[58,59]. p53
induces IGF-BP3 to inhibit mitogenic signaling[60] and
directly regulates the transcription of PTEN[61]. In addition, p53 induces Sestrin1/2 upon DNA damage and oxidative stress, which negatively regulates mTOR through
activation of AMPK and TSC2 phosphorylation [62].
Furthermore, in colorectal cancer cell lines, p53 can
suppress mTOR activity by regulating AMPK-β1 and
TSC2 directly. Notably, the increased mRNA level of
TSC2 by γ-irradiation-induced p53 activation can be cell
type specific. However, data showed that p53-dependent
induction of TSC2 exists in HCT116 cells and mouse
colon tissue[63,64]. REDD1 is another p53 target gene that
regulates the mTOR pathway[65]. REDD1 is regulated
by reactive oxygen species (ROS) and oxidative stress.
REDD1 is necessary for hypoxia induced TSC1/2 activation[66].
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Autophagy
It is well established that mTORC1 negatively regulates
autophagy. Atg1/ULK1 are central components in autophagy, and ULK1 as a direct target of TORC1[75]. On
the other hand, the role of autophagy in cancer, including colorectal cancer, can be complicated. Autophagy can
contribute to cell death during chemotherapy, but could
also serve as a survival mechanism for cancer cells. In
fact, its function may vary in different types of tumors,
as well as for various stages of cancer[76-78]. Autophagy is
also reported to contribute to cancer cachexia. High level
of HMGB1 was detected in the serum of CRC patients,
and was associated with colorectal cancer progression.
HMGBI was shown to induce autophagy in muscle tissue
by reducing mTOR phosphorylation in tumors bearing
mice, therefore increasing plasma free amino acid levels,
providing energy source to the cancer cells[79].
Other mechanisms
The mTOR signaling pathway may have a direct effect
on carcinogenesis. Elevated mTOR mRNA and protein
levels, as well as Raptor and Rictor levels, are observed
in CRC patient tissues. Furthermore, a good correlation
between a higher malignancy stage and higher expression
level was observed[80,81] mTORC1/2 are critical for CRC
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central role of the PI3K/mTOR pathway in cancer biology suggests that other drug combinations showing
mTOR inhibition merit evaluation. Combinational regimens consisting of Rapalogs and other antitumor agents
have shown promising results[97].
Both preclinical data and clinical trials have demonstrated that combined VEGF and mTOR inhibition
has greater anti-angiogenic and anti-tumor activity than
either monotherapy. Bevacizumab and everolimus combined therapy was well tolerated, with prolonged stable
disease in patients with refractory, metastatic colorectal
cancer[98,99]. Reported side effects included risks related
to mucosal damage and/or impaired wound healing[100].
The addition of a chemotherapy agent, such as doxorubicin, is also in development for advanced cancer therapy. Molecular analyses revealed an association between
tumor response and a PIK3CA mutation and/or PTEN
loss/mutation, suggesting further evaluation in patients
with PI3K pathway dysregulation[100]. Using a xenograph
tumor model, Lapatinib was shown to reduce tumor
volume synergistically with everolimus, by reducing
P-glycoprotein (P-gp) efflux of everolimus through inhibition of P-gp. This provided a new lead towards new
chemotherapy in mCRC harboring K-RAS mutations[101].
The mosaic mutations in various oncogenic/tumor
suppressive genes downstream of EGFRs undermines
the therapeutic response of the anti-EGFR antibodies.
K-RAS and BRAF mutations are associated with poor
prognosis in CRC[102]. Temsirolimus has limited efficacy
in chemotherapy-resistant K-RAS mutant disease, and
K-RAS mutation is a negative predictive prognostic
factor during mCRC treatment with anti-EGFR compounds[95,103]. Sorafenib, which is a multikinase inhibitor of Ras/MAPK signaling targeting Raf, also inhibits
growth factor receptors, such as VEGFR and PDGFR.
Sorafenib has been shown to enhance the therapeutic efficacy of rapamycin in CRC carrying oncogenic K-RAS
and PIK3CA, in preclinical settings[104].
In a subgroup analysis of the Phase Ⅲ trial, the
combination of everolimus and octreotide LAR demonstrated a significant prolonged median progression-free
survival (PFS) in patients with advanced colorectal neuroendocrine tumors[105]. Everolimus combined with irinotecan proved to be well tolerated in a phase Ⅰ study as
second-line therapy in mCRC; however, an in vitro study
showed an additive effect in HT29 tumor xenografts,
but not in HCT116, which both harbor BRAF/PIK3CA
mutations[106].

metastases via RhoA and Rac1 signaling[81]. Using a genetically engineered mouse model, mTOR was proposed
to contribute to tumorigenesis by causing chromosomal
instability[82,83].

COLORECTAL CANCER THERAPIES
TARGETING THE mTOR PATHWAY
mTOR has a central role in the regulatory network sensing nutrition and growth signals, coordinating cell
growth and proliferation. It has long been proposed
that mTOR inhibitors may be efficacious for treating
and preventing tumor progression[84-86], particularly in
CRCs[87]. Tremendous efforts have been made to develop potent and effective molecules to target the mTOR
pathway[88]. Efforts on targeting the mTOR pathway for
CRC treatment have been reviewed extensively in previously published reviews[89,90].
Nowadays, CRC chemotherapy consists mainly of
oral fluoropyrimidines, with the addition of irinotecan
and oxaliplatin. The emergence of targeted monoclonal
antibodies (Mabs), such as bevacizumab (Bev) (anti-VEFG-A), cetuximab and panitumumab (anti-EGFR), has
provided more treatment options to extend survival and
improve clinical outcomes in mCRC[91,92]. However, less
than 20% of patients with mCRC respond to clinically
available targeted drugs when used as monotherapy[50].
This also suggests that a better understanding of the in
depth molecular alterations in CRC is needed to discover
more precise and effective therapeutic targets for those
CRC cases that do not respond well to current treatment
paradigms.
First generation of mTOR inhibitors-rapamycin and
rapalogs
Rapamycin is the first discovered natural inhibitor of
mTOR. The antitumor effect of rapamycin in colorectal cancer has been demonstrated in vitro and in various
mouse models[39,53,93] Rapamycin inhibits mTORC1 with
high specificity; however, its hydrophobicity and poor
bioavailability has made it a less than optimal antitumor
agent. Rapalogs, such as temsirolimus (CCI-779), everolimus (RAD001), and ridaforolimus (AP-23573, deforolimus) confer better potency, pharmacokinetic profiles
and clinical activity than rapamycin, and are thus being
used in the clinic or in developing treatments for many
types of cancer, mostly solid tumors[90]. Temsirolimus
and everolimus are approved for treating metastatic renal
cell carcinoma and pancreatic neuroendocrine tumors.
Everolimus is also approved for breast cancer therapy.
However, multiple clinical trials have failed to demonstrate meaningful efficacy of everolimus in the treatment of CRC in the single agent setting[94,95]. Moreover,
Rapalogs used alone are thought to be cytostatic in most
tumor types and primarily stabilize clinical disease[83,86].
Deregulation of the PI3K and K-Ras signaling pathways
determines therapeutic response to everolimus[96]. The
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Second generation of mTOR inhibitors-Dual PI3K/mTOR
inhibitors and mTOR kinase inhibitors
Isolated inhibition of mTORC1 by rapamycin or Rapalogs proved that they were only partial inhibitors of
mTORC1 and they do not have a meaningful contribution clinically in a single agent setting. Moreover, because
of the release of feedback inhibition of AKT from
S6K1 inhibition, a pro-survival effect derives from induced AKT activity. Inhibitors that block both the PI3K
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signaling pathway and mTORC1/2 have been developed
and have shown greater anticancer effects than Rapalogs[107-111]. Dual PI3K/mTOR inhibitors are less likely
to induce drug resistance than single-kinase inhibitors.
mTOR specific kinase inhibitors are expected to inhibit
mTORC1 and mTORC2 simultaneously, although inhibiting mTORC1 may cause mTORC2 upstream AKT activation. Many dual PI3K/mTOR inhibitors and mTOR
kinase inhibitors are under preclinical study and some
have entered the clinical phase[88].
Resistance arises from simultaneous mutation in parallel pathways related to the mTOR pathway. Preclinical
and clinical studies indicate that PIK3CA mutation in the
absence of KRAS mutation is a predictive marker for the
response to PI3K and mTOR inhibitors[109,112]. However,
CRC with the KRAS activation mutation is frequently
observed, and it commonly coexists with PIK3CA
mutations. Coexisting mutations of KRAS, BRAF and
PIK3CA attenuate sensitivity to PI3K/mTOR inhibition
in CRC cell lines[113,114]. Partial mTOR inhibition from
rapamycin and mTOR kinase inhibitors indicates the existence of an unknown 4E-BP1 kinase that is potentially
responsible for resistance in CRC[115]. The combination
of a MEK inhibitor and PI3K/mTOR inhibitor was thus
proposed to overcome the intrinsic resistance to MEK
inhibition in CRCs[116,117]. Concomitant BRAF and PI3K/
mTOR inhibition has been shown to be required for
treatment of BRafV600E CRC[118].

of cells carrying the gain-of-function H1047R mutation
of the PI3KCA gene, which has been shown to form
diet restricted-refractory xenotumors[129], suggesting that
metformin was not a bona fide diet restriction mimetic[130].
In both chemical carcinogen-induced and APC mutant
colorectal carcinogenesis murine models, metformin activated AMPK and inhibited the mTOR/S6K1 pathway,
leading to suppressed colonic epithelial proliferation and
reduced colonic polyp formation[131,132]. These data suggest
that metformin might be a safe and promising candidate
for the chemoprevention of CRC.
Tandutinib inhibits several receptor tyrosine kinases,
including the Fms-like tyrosine kinase 3 receptor, platelet-derived growth factor receptor (PDGFR), and c-Kit
receptor tyrosine kinase. Tandutinib inhibits the Akt/
mTOR signaling pathway to inhibit CRC growth[133].
Curcumin, derived from the tropical plant Curcuma
longa, has a long history in traditional Asian medicine.
The preventive and therapeutic properties of curcumin
are associated with its antioxidant, anti-inflammatory,
and anticancer properties. Curcumin regulates the expression of inflammatory cytokines, growth factors,
growth factor receptors, enzymes, adhesion molecules,
apoptosis related proteins, and cell cycle proteins. Curcumin modulates the activity of several transcription
factors and their signaling pathways[134]. The antitumor
effect of curcumin towards CRC was mediated by
modulation of Akt/mTOR signaling[135]. Another natural product, pomegranate polyphenolics, was shown
to suppress azoxymethane-induced colorectal aberrant
crypt foci and inflammation, possibly by suppressing the
miR-126/VCAM-1 and miR-126/PI3K/AKT/mTOR
pathways[136].

Others
Non-steroidal anti-inflammatory drugs, including aspirin
and selective cyclooxygenase-2 (COX-2) inhibitors, have
been investigated for protection against CRC development[119]. Aspirin was reported to lower the risk of, and
improve the survival from, colorectal cancer[120,121]. PIK3CA mutation in colorectal cancer may serve as a predictive molecular biomarker for adjuvant aspirin therapy[122].
A study showed that aspirin reduced mTOR signaling
by activating AMPK; suppressed autophagy by mTOR
inhibition may contribute to the antitumor effect of aspirin[123]. Indomethacin and nimesulide are also reported
to reduce mTOR signaling and suppress CRC growth via
a COX-2 independent pathway. These studies unveiled a
novel mechanism through which COX-2 inhibitors exert
their anticancer effects, as well showing protective effects against development of CRC, further emphasizing
the validity of targeting mTOR signaling in anticancer
therapy[124]. Additive antitumor effects with low carbohydrate diets were observed with the mTOR inhibitor
CCI-779 and, especially, with the COX-2 inhibitor Celebrex[125].
A meta-analysis showed that diabetes mellitus increased risk of developing CRC[126], while metformin therapy appears to be associated with a significantly lower risk
of colorectal cancer in patients with type 2 diabetes[127,128].
Metformin regulates glucose homeostasis by inhibiting liver glucose production and increasing muscle glucose uptake. A preclinical study showed that metformin inhibits
insulin-independent growth and xenograft tumor growth
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PERSPECTIVE
Epidemiological studies indicate that lifestyle factors
throughout life influence CRC incidence and prognosis[137]. For example, a large waist circumference and body
mass index has been associated with CRC risk[138,139]. A
plausible mechanism was proposed that ample nutrition
factors such as amino acids, insulin, glucose and IGF-1
circulating in the body, constantly activates the mTOR
pathway. Another study showed that hyperinsulinemia
decreases IGFBP3 and consequently increases circulating IGF-1 and diabetes, both of which increase the
risk of CRC[140]. CRC is a multifactorial disease. A new
model: convergence of hormones, inflammation, and
energy-related factors (CHIEF), proposes that various
environmental agents (commensal bacteria, dietary antigens, mucosal irritants and pathogens) activate a basal,
repetitive, mild subclinical inflammation, while additionally estrogen, androgens and insulin levels provoke the
inflammation, which influences the CRC risk[141]. mTOR
appears to be in the hub of this network. The concept of
the CHIEF model agrees with the contemporary therapeutic trend, recognizing multiple parallel pathways, and
suggesting that combined inhibition of multiple pathways
would provide more comprehensive tumor suppression
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efficacy, with a better chance of overcoming resistance.

16

REFERENCES
1
2

3

4

5

6

7

8

9

10

11
12
13
14

15

Laplante M, Sabatini DM. mTOR signaling in growth control and disease. Cell 2012; 149: 274-293 [PMID: 22500797
DOI: 10.1016/j.cell.2012.03.017]
Howell JJ, Ricoult SJ, Ben-Sahra I, Manning BD. A growing
role for mTOR in promoting anabolic metabolism. Biochem
Soc Trans 2013; 41: 906-912 [PMID: 23863154 DOI: 10.1042/
bst20130041]
Kim DH, Sarbassov DD, Ali SM, Latek RR, Guntur KV,
Erdjument-Bromage H, Tempst P, Sabatini DM. GbetaL, a
positive regulator of the rapamycin-sensitive pathway required for the nutrient-sensitive interaction between raptor
and mTOR. Mol Cell 2003; 11: 895-904 [PMID: 12718876 DOI:
10.1016/S1097-2765(03)00114-X]
Kaizuka T, Hara T, Oshiro N, Kikkawa U, Yonezawa K, Takehana K, Iemura S, Natsume T, Mizushima N. Tti1 and Tel2
are critical factors in mammalian target of rapamycin complex
assembly. J Biol Chem 2010; 285: 20109-20116 [PMID: 20427287
DOI: 10.1074/jbc.M110.121699]
Kim DH, Sarbassov DD, Ali SM, King JE, Latek RR, Erdjument-Bromage H, Tempst P, Sabatini DM. mTOR interacts
with raptor to form a nutrient-sensitive complex that signals
to the cell growth machinery. Cell 2002; 110: 163-175 [PMID:
12150925 DOI: 10.1016/S0092-8674(02)00808-5]
Vander Haar E, Lee SI, Bandhakavi S, Griffin TJ, Kim DH.
Insulin signalling to mTOR mediated by the Akt/PKB substrate PRAS40. Nat Cell Biol 2007; 9: 316-323 [PMID: 17277771
DOI: 10.1038/ncb1547]
Sarbassov DD, Ali SM, Kim DH, Guertin DA, Latek RR,
Erdjument-Bromage H, Tempst P, Sabatini DM. Rictor, a
novel binding partner of mTOR, defines a rapamycin-insensitive and raptor-independent pathway that regulates the
cytoskeleton. Curr Biol 2004; 14: 1296-1302 [PMID: 15268862
DOI: 10.1016/j.cub.2004.06.054]
Frias MA, Thoreen CC, Jaffe JD, Schroder W, Sculley T, Carr
SA, Sabatini DM. mSin1 is necessary for Akt/PKB phosphorylation, and its isoforms define three distinct mTORC2s.
Curr Biol 2006; 16: 1865-1870 [PMID: 16919458 DOI: 10.1016/
j.cub.2006.08.001]
Pearce LR, Sommer EM, Sakamoto K, Wullschleger S, Alessi
DR. Protor-1 is required for efficient mTORC2-mediated
activation of SGK1 in the kidney. Biochem J 2011; 436: 169-179
[PMID: 21413931 DOI: 10.1042/bj20102103]
Zheng XF, Florentino D, Chen J, Crabtree GR, Schreiber SL.
TOR kinase domains are required for two distinct functions,
only one of which is inhibited by rapamycin. Cell 1995; 82:
121-130 [PMID: 7606777 DOI: 10.1016/0092-8674(95)90058-6]
Thoreen CC, Sabatini DM. Rapamycin inhibits mTORC1,
but not completely. Autophagy 2009; 5: 725-726 [PMID:
19395872 DOI: 10.1074/jbc.M9003012]
Laplante M, Sabatini DM. Mtor signaling. Cold Spring: Harbor Perspectives in Biology, 2012; 3
Efeyan A, Sabatini DM. mTOR and cancer: many loops in
one pathway. Curr Opin Cell Biol 2010; 22: 169-176 [PMID:
19945836 DOI: 10.1016/j.ceb.2009.10.007]
Benvenuto G, Li S, Brown SJ, Braverman R, Vass WC, Cheadle JP, Halley DJ, Sampson JR, Wienecke R, DeClue JE. The tuberous sclerosis-1 (TSC1) gene product hamartin suppresses
cell growth and augments the expression of the TSC2 product tuberin by inhibiting its ubiquitination. Oncogene 2000; 19:
6306-6316 [PMID: 11175345 DOI: 10.1038/sj.onc.1204009]
Inoki K, Ouyang H, Zhu T, Lindvall C, Wang Y, Zhang X,
Yang Q, Bennett C, Harada Y, Stankunas K, Wang CY, He X,
MacDougald OA, You M, Williams BO, Guan KL. TSC2 integrates Wnt and energy signals via a coordinated phosphorylation by AMPK and GSK3 to regulate cell growth. Cell 2006;

WJG|www.wjgnet.com

17

18

19

20

21

22

23
24
25

26
27

28

29
30

31

4184

126: 955-968 [PMID: 16959574 DOI: 10.1016/j.cell.2006.06.055]
Findlay GM, Yan L, Procter J, Mieulet V, Lamb RF. A MAP4
kinase related to Ste20 is a nutrient-sensitive regulator of
mTOR signalling. Biochem J 2007; 403: 13-20 [PMID: 17253963
DOI: 10.1042/BJ20061881]
Byfield MP, Murray JT, Backer JM. hVps34 is a nutrient-regulated lipid kinase required for activation of p70 S6 kinase.
J Biol Chem 2005; 280: 33076-33082 [PMID: 16049009 DOI:
10.1074/jbc.M507201200]
Nobukuni T, Joaquin M, Roccio M, Dann SG, Kim SY, Gulati P, Byfield MP, Backer JM, Natt F, Bos JL, Zwartkruis FJ,
Thomas G. Amino acids mediate mTOR/raptor signaling
through activation of class 3 phosphatidylinositol 3OHkinase. Proc Natl Acad Sci USA 2005; 102: 14238-14243 [PMID:
16176982 DOI: 10.1073/pnas.0506925102]
Efeyan A, Zoncu R, Chang S, Gumper I, Snitkin H, Wolfson RL, Kirak O, Sabatini DD, Sabatini DM. Regulation
of mTORC1 by the Rag GTPases is necessary for neonatal
autophagy and survival. Nature 2013; 493: 679-683 [PMID:
23263183 DOI: 10.1038/nature11745]
Bar-Peled L, Schweitzer LD, Zoncu R, Sabatini DM. Ragulator is a GEF for the rag GTPases that signal amino acid levels
to mTORC1. Cell 2012; 150: 1196-1208 [PMID: 22980980 DOI:
10.1016/j.cell.2012.07.032]
Sancak Y, Bar-Peled L, Zoncu R, Markhard AL, Nada S,
Sabatini DM. Ragulator-Rag complex targets mTORC1 to
the lysosomal surface and is necessary for its activation by
amino acids. Cell 2010; 141: 290-303 [PMID: 20381137 DOI:
10.1016/j.cell.2010.02.024]
Sancak Y, Peterson TR, Shaul YD, Lindquist RA, Thoreen
CC, Bar-Peled L, Sabatini DM. The Rag GTPases bind raptor and mediate amino acid signaling to mTORC1. Science
2008; 320: 1496-1501 [PMID: 18497260 DOI: 10.1126/science.1157535]
Globocan 2013. Cancer Fact Sheets for Colorectal Cancer.
2013. Available from: URL: http://globocan.iarc.fr/Pages/
fact_sheets_cancer.aspx
Siegel R, Naishadham D, Jemal A. Cancer statistics 2012.
Cancer J Clin 2012: 62: 10-29 [PMID: 22237781 DOI: 10.3322/
caac.20138]
Howlader N, NA, Krapcho M, Garshell J, Neyman N, Altekruse SF, Kosary CL, Yu M, Ruhl J, Tatalovich Z, Cho H,
Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA (eds).
Seer cancer statistics review 1975-2010. Bethesda, MD: National Cancer Institute, 2013: 1975-2005
Markowitz SD, Bertagnolli MM. Molecular origins of cancer:
Molecular basis of colorectal cancer. N Engl J Med 2009; 361:
2449-2460 [PMID: 20018966 DOI: 10.1056/NEJMra0804588]
Morán A, Ortega P, de Juan C, Fernández-Marcelo T, Frías
C, Sánchez-Pernaute A, Torres AJ, Díaz-Rubio E, Iniesta P,
Benito M. Differential colorectal carcinogenesis: Molecular
basis and clinical relevance. World J Gastrointest Oncol 2010; 2:
151-158 [PMID: 21160823 DOI: 10.4251/wjgo.v2.i3.151]
Imai K, Yamamoto H. Carcinogenesis and microsatellite
instability: the interrelationship between genetics and epigenetics. Carcinogenesis 2008; 29: 673-680 [PMID: 17942460
DOI: 10.1093/carcin/bgm228]
Fearon ER, Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell 1990; 61: 759-767 [PMID: 2188735 DOI:
10.1016/0092-8674(90)90186-I]
Slattery ML, Herrick JS, Lundgreen A, Fitzpatrick FA, Curtin K, Wolff RK. Genetic variation in a metabolic signaling
pathway and colon and rectal cancer risk: mTOR, PTEN,
STK11, RPKAA1, PRKAG2, TSC1, TSC2, PI3K and Akt1.
Carcinogenesis 2010; 31: 1604-1611 [PMID: 20622004 DOI:
10.1093/carcin/bgq142]
Fearnhead NS, Wilding JL, Bodmer WF. Genetics of colorectal cancer: hereditary aspects and overview of colorectal
tumorigenesis. Br Med Bull 2002; 64: 27-43 [PMID: 12421723
DOI: 10.1093/bmb/64.1.27]

April 21, 2014|Volume 20|Issue 15|

Wang XW et al . mTOR signaling and human colorectal cancer
32
33

34

35
36

37
38
39

40
41

42
43
44

45

46

47

48

Grady WM, Markowitz SD. Genetic and epigenetic alterations
in colon cancer. Annu Rev Genomics Hum Genet 2002; 3: 101-128
[PMID: 12142355 DOI: 10.1146/annurev.genom.3.022502.103043]
Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H, Vogelstein B, Kinzler KW. Activation of beta-catenin-Tcf signaling in colon cancer by mutations in beta-catenin or APC.
Science 1997; 275: 1787-1790 [PMID: 9065402 DOI: 10.1126/
science.275.5307.1787]
Easwaran V, Lee SH, Inge L, Guo L, Goldbeck C, Garrett
E, Wiesmann M, Garcia PD, Fuller JH, Chan V, Randazzo
F, Gundel R, Warren RS, Escobedo J, Aukerman SL, Taylor
RN, Fantl WJ. beta-Catenin regulates vascular endothelial
growth factor expression in colon cancer. Cancer Res 2003; 63:
3145-3153 [PMID: 12810642]
Tetsu O, McCormick F. Beta-catenin regulates expression of
cyclin D1 in colon carcinoma cells. Nature 1999; 398: 422-426
[PMID: 10201372 DOI: 10.1038/18884]
Brabletz T, Jung A, Reu S, Porzner M, Hlubek F, KunzSchughart LA, Knuechel R, Kirchner T. Variable beta-catenin
expression in colorectal cancers indicates tumor progression driven by the tumor environment. Proc Natl Acad Sci
USA 2001; 98: 10356-10361 [PMID: 11526241 DOI: 10.1073/
pnas.171610498]
Schneikert J, Behrens J. The canonical Wnt signalling pathway
and its APC partner in colon cancer development. Gut 2007;
56: 417-425 [PMID: 16840506 DOI: 10.1136/gut.2006.093310]
Goss KH, Groden J. Biology of the adenomatous polyposis
coli tumor suppressor. J Clin Oncol 2000; 18: 1967-1979 [PMID:
10784639]
Fujishita T, Aoki K, Lane HA, Aoki M, Taketo MM. Inhibition of the mTORC1 pathway suppresses intestinal polyp
formation and reduces mortality in ApcDelta716 mice. Proc
Natl Acad Sci USA 2008; 105: 13544-13549 [PMID: 18768809
DOI: 10.1073/pnas.0800041105]
Vivanco I, Sawyers CL. The phosphatidylinositol 3-Kinase
AKT pathway in human cancer. Nat Rev Cancer 2002; 2:
489-501 [PMID: 12094235 DOI: 10.1038/nrc839]
Scheid MP, Marignani PA, Woodgett JR. Multiple phosphoinositide 3-kinase-dependent steps in activation of
protein kinase B. Mol Cell Biol 2002; 22: 6247-6260 [PMID:
12167717 DOI: 10.1128/MCB.22.17.6247-6260.2002]
Phillips WA, St Clair F, Munday AD, Thomas RJ, Mitchell
CA. Increased levels of phosphatidylinositol 3-kinase activity
in colorectal tumors. Cancer 1998; 83: 41-47 [PMID: 9655291]
Roymans D, Slegers H. Phosphatidylinositol 3-kinases in
tumor progression. Eur J Biochem 2001; 268: 487-498 [PMID:
11168386 DOI: 10.1046/j.1432-1327.2001.01936.x]
Sarbassov DD, Guertin DA, Ali SM, Sabatini DM. Phosphorylation and regulation of Akt/PKB by the rictor-mTOR
complex. Science 2005; 307: 1098-1101 [PMID: 15718470 DOI:
10.1126/science.1106148]
Parsons DW, Wang TL, Samuels Y, Bardelli A, Cummins JM,
DeLong L, Silliman N, Ptak J, Szabo S, Willson JK, Markowitz S, Kinzler KW, Vogelstein B, Lengauer C, Velculescu VE.
Colorectal cancer: mutations in a signalling pathway. Nature
2005; 436: 792 [PMID: 16094359 DOI: 10.1038/436792a]
Johnson SM, Gulhati P, Rampy BA, Han Y, Rychahou PG,
Doan HQ, Weiss HL, Evers BM. Novel expression patterns
of PI3K/Akt/mTOR signaling pathway components in
colorectal cancer. J Am Coll Surg 2010; 210: 767-776, 776-778
[PMID: 20421047 DOI: 10.1016/j.jamcollsurg.2009.12.008]
Ekstrand AI, Jönsson M, Lindblom A, Borg A, Nilbert M.
Frequent alterations of the PI3K/AKT/mTOR pathways in
hereditary nonpolyposis colorectal cancer. Fam Cancer 2010; 9:
125-129 [PMID: 19731079 DOI: 10.1007/s10689-009-9293-1]
Perrone F, Lampis A, Orsenigo M, Di Bartolomeo M, Gevorgyan A, Losa M, Frattini M, Riva C, Andreola S, Bajetta E,
Bertario L, Leo E, Pierotti MA, Pilotti S. PI3KCA/PTEN deregulation contributes to impaired responses to cetuximab
in metastatic colorectal cancer patients. Ann Oncol 2009; 20:

WJG|www.wjgnet.com

49
50

51

52

53

54

55

56
57

58

59

60

61

62
63

64

4185

84-90 [PMID: 18669866 DOI: 10.1093/annonc/mdn541]
Pandurangan AK. Potential targets for prevention of colorectal cancer: a focus on PI3K/Akt/mTOR and Wnt pathways.
Asian Pac J Cancer Prev 2013; 14: 2201-2205 [PMID: 23725112]
De Roock W, De Vriendt V, Normanno N, Ciardiello F,
Tejpar S. KRAS, BRAF, PIK3CA, and PTEN mutations:
implications for targeted therapies in metastatic colorectal
cancer. Lancet Oncol 2011; 12: 594-603 [PMID: 21163703 DOI:
10.1016/S1470-2045(10)70209-6]
Shuch B, Ricketts CJ, Vocke CD, Komiya T, Middelton LA,
Kauffman EC, Merino MJ, Metwalli AR, Dennis P, Linehan WM. Germline PTEN mutation Cowden syndrome:
an underappreciated form of hereditary kidney cancer. J
Urol 2013; 190: 1990-1998 [PMID: 23764071 DOI: 10.1016/
j.juro.2013.06.012]
Pritchard CC, Smith C, Marushchak T, Koehler K, Holmes
H, Raskind W, Walsh T, Bennett RL. A mosaic PTEN mutation causing Cowden syndrome identified by deep sequencing. Genet Med 2013; 15: 1004-1007 [PMID: 23619277 DOI:
10.1038/gim.2013.51]
Thiem S, Pierce TP, Palmieri M, Putoczki TL, Buchert M,
Preaudet A, Farid RO, Love C, Catimel B, Lei Z, Rozen S,
Gopalakrishnan V, Schaper F, Hallek M, Boussioutas A, Tan
P, Jarnicki A, Ernst M. mTORC1 inhibition restricts inflammation-associated gastrointestinal tumorigenesis in mice. J
Clin Invest 2013; 123: 767-781 [PMID: 23321674 DOI: 10.1172/
JCI65086]
O'Reilly KE, Rojo F, She QB, Solit D, Mills GB, Smith D, Lane
H, Hofmann F, Hicklin DJ, Ludwig DL, Baselga J, Rosen N.
mTOR inhibition induces upstream receptor tyrosine kinase
signaling and activates Akt. Cancer Res 2006; 66: 1500-1508
[PMID: 16452206 DOI: 10.1158/0008-5472.can-05-2925]
Rodrik-Outmezguine VS, Chandarlapaty S, Pagano NC,
Poulikakos PI, Scaltriti M, Moskatel E, Baselga J, Guichard
S, Rosen N. mTOR kinase inhibition causes feedback-dependent biphasic regulation of AKT signaling. Cancer Discov
2011; 1: 248-259 [PMID: 22140653 DOI: 10.1158/2159-8290.
cd-11-0085]
Levine AJ, Finlay CA, Hinds PW. P53 is a tumor suppressor gene. Cell 2004; 116: S67-S69, 1 p following S69 [PMID:
15055586]
Baker SJ, Preisinger AC, Jessup JM, Paraskeva C, Markowitz
S, Willson JK, Hamilton S, Vogelstein B. p53 gene mutations
occur in combination with 17p allelic deletions as late events
in colorectal tumorigenesis. Cancer Res 1990; 50: 7717-7722
[PMID: 2253215]
Feng Z. p53 regulation of the IGF-1/AKT/mTOR pathways
and the endosomal compartment. Cold Spring Harb Perspect
Biol 2010; 2: a001057 [PMID: 20182617 DOI: 10.1101/cshperspect.a001057]
Feng Z, Levine AJ. The regulation of energy metabolism
and the IGF-1/mTOR pathways by the p53 protein. Trends
Cell Biol 2010; 20: 427-434 [PMID: 20399660 DOI: 10.1016/
j.tcb.2010.03.004]
Buckbinder L, Talbott R, Velasco-Miguel S, Takenaka I,
Faha B, Seizinger BR, Kley N. Induction of the growth inhibitor IGF-binding protein 3 by p53. Nature 1995; 377: 646-649
[PMID: 7566179 DOI: 10.1038/377646a0]
Stambolic V, MacPherson D, Sas D, Lin Y, Snow B, Jang Y,
Benchimol S, Mak TW. Regulation of PTEN transcription by
p53. Mol Cell 2001; 8: 317-325 [PMID: 11545734 DOI: 10.1016/
S1097-2765(01)00323-9]
Budanov AV, Karin M. P53 target genes sestrin1 and sestrin2 connect genotoxic stress and mtor signaling. Cell 2008:
134: 451-460 [PMID: 18692468 DOI: 10.1016/j.cell.2008.06.028]
Feng Z, Zhang H, Levine AJ, Jin S. The coordinate regulation
of the p53 and mTOR pathways in cells. Proc Natl Acad Sci
USA 2005; 102: 8204-8209 [PMID: 15928081 DOI: 10.1073/
pnas.0502857102]
Feng Z, Hu W, de Stanchina E, Teresky AK, Jin S, Lowe S,

April 21, 2014|Volume 20|Issue 15|

Wang XW et al . mTOR signaling and human colorectal cancer

65

66

67

68
69
70

71

72

73

74

75

76

77
78

79

Levine AJ. The regulation of AMPK beta1, TSC2, and PTEN
expression by p53: stress, cell and tissue specificity, and the
role of these gene products in modulating the IGF-1-AKTmTOR pathways. Cancer Res 2007; 67: 3043-3053 [PMID:
17409411 DOI: 10.1158/0008-5472.can-06-4149]
Ellisen LW, Ramsayer KD, Johannessen CM, Yang A, Beppu
H, Minda K, Oliner JD, McKeon F, Haber DA. REDD1, a
developmentally regulated transcriptional target of p63
and p53, links p63 to regulation of reactive oxygen species.
Mol Cell 2002; 10: 995-1005 [PMID: 12453409 DOI: 10.1016/
S1097-2765(02)00706-2]
Brugarolas J, Lei K, Hurley RL, Manning BD, Reiling JH,
Hafen E, Witters LA, Ellisen LW, Kaelin WG. Regulation of
mTOR function in response to hypoxia by REDD1 and the
TSC1/TSC2 tumor suppressor complex. Genes Dev 2004; 18:
2893-2904 [PMID: 15545625 DOI: 10.1101/gad.1256804]
Rajalingam K, Schreck R, Rapp UR, Albert S. Ras oncogenes and their downstream targets. Biochim Biophys Acta
2007; 1773: 1177-1195 [PMID: 17428555 DOI: 10.1016/
j.bbamcr.2007.01.012]
Rajalingam K, Schreck R, Rapp UR, and Albert Š, Ras oncogenes and their downstream targets. BBA 2007: 1773: 1177-1195
Shaw RJ, Cantley LC. Ras, PI(3)K and mTOR signalling controls tumour cell growth. Nature 2006; 441: 424-430 [PMID:
16724053 DOI: 10.1038/nature04869]
Ma L, Chen Z, Erdjument-Bromage H, Tempst P, Pandolfi
PP. Phosphorylation and functional inactivation of TSC2 by
Erk implications for tuberous sclerosis and cancer pathogenesis. Cell 2005; 121: 179-193 [PMID: 15851026 DOI: 10.1016/
j.cell.2005.02.031]
Ballif BA, Roux PP, Gerber SA, MacKeigan JP, Blenis J, Gygi
SP. Quantitative phosphorylation profiling of the ERK/p90
ribosomal S6 kinase-signaling cassette and its targets, the
tuberous sclerosis tumor suppressors. Proc Natl Acad Sci
USA 2005; 102: 667-672 [PMID: 15647351 DOI: 10.1073/
pnas.0409143102]
Roux PP, Shahbazian D, Vu H, Holz MK, Cohen MS, Taunton
J, Sonenberg N, Blenis J. RAS/ERK signaling promotes sitespecific ribosomal protein S6 phosphorylation via RSK and
stimulates cap-dependent translation. J Biol Chem 2007; 282:
14056-14064 [PMID: 17360704 DOI: 10.1074/jbc.M700906200]
Pende M, Um SH, Mieulet V, Sticker M, Goss VL, Mestan J,
Mueller M, Fumagalli S, Kozma SC, Thomas G. S6K1(-/-)/
S6K2(-/-) mice exhibit perinatal lethality and rapamycinsensitive 5’-terminal oligopyrimidine mRNA translation
and reveal a mitogen-activated protein kinase-dependent
S6 kinase pathway. Mol Cell Biol 2004; 24: 3112-3124 [PMID:
15060135 DOI: 10.1128/mcb.24.8.3112-3124.2004]
Roux PP, Ballif BA, Anjum R, Gygi SP, Blenis J. Tumor-promoting phorbol esters and activated Ras inactivate the tuberous sclerosis tumor suppressor complex via p90 ribosomal
S6 kinase. Proc Natl Acad Sci USA 2004; 101: 13489-13494
[PMID: 15342917 DOI: 10.1073/pnas.0405659101]
Kim J, Kundu M, Viollet B, Guan KL. AMPK and mTOR
regulate autophagy through direct phosphorylation of Ulk1.
Nat Cell Biol 2011; 13: 132-141 [PMID: 21258367 DOI: 10.1038/
ncb2152]
García-Mauriño S, Alcaide A, Domínguez C. Pharmacological control of autophagy: therapeutic perspectives in inflammatory bowel disease and colorectal cancer. Curr Pharm Des
2012; 18: 3853-3873 [PMID: 22632751 DOI: 10.2174/13816121
2802083653]
Francipane MG, Lagasse E. Selective targeting of human
colon cancer stem-like cells by the mTOR inhibitor Torin-1.
Oncotarget 2013; 4: 1948-1962 [PMID: 24185040]
Raina K, Agarwal C, Wadhwa R, Serkova NJ, Agarwal R.
Energy deprivation by silibinin in colorectal cancer cells: a
double-edged sword targeting both apoptotic and autophagic machineries. Autophagy 2013; 9: 697-713 [PMID: 23445752
DOI: 10.4161/auto.23960]

WJG|www.wjgnet.com

80

81

82

83

84

85
86

87

88

89

90
91

92
93

94

4186

Luo Y, Yoneda J, Ohmori H, Sasaki T, Shimbo K, Eto S, Kato
Y, Miyano H, Kobayashi T, Sasahira T, Chihara Y, Kuniyasu H. Cancer usurps skeletal muscle as an energy repository. Cancer Res 2014; 74: 330-340 [PMID: 24197136 DOI:
10.1158/0008-5472.can-13-1052]
Alqurashi N, Gopalan V, Smith RA, Lam AK. Clinical impacts of mammalian target of rapamycin expression in human colorectal cancers. Hum Pathol 2013; 44: 2089-2096 [PMID:
23773481 DOI: 10.1016/j.humpath.2013.03.014]
Gulhati P, Bowen KA, Liu J, Stevens PD, Rychahou PG,
Chen M, Lee EY, Weiss HL, O’Connor KL, Gao T, Evers BM.
mTORC1 and mTORC2 regulate EMT, motility, and metastasis of colorectal cancer via RhoA and Rac1 signaling pathways. Cancer Res 2011; 71: 3246-3256 [PMID: 21430067 DOI:
10.1158/0008-5472.can-10-4058]
Aoki K, Tamai Y, Horiike S, Oshima M, Taketo MM. Colonic
polyposis caused by mTOR-mediated chromosomal instability
in Apc+/Delta716 Cdx2+/- compound mutant mice. Nat Genet
2003; 35: 323-330 [PMID: 14625550 DOI: 10.1038/ng1265]
Menon S, Yecies JL, Zhang HH, Howell JJ, Nicholatos J,
Harputlugil E, Bronson RT, Kwiatkowski DJ, Manning BD.
Chronic activation of mTOR complex 1 is sufficient to cause
hepatocellular carcinoma in mice. Sci Signal 2012; 5: ra24
[PMID: 22457330 DOI: 10.1126/scisignal.2002739]
Tsang CK, Qi H, Liu LF, Zheng XF. Targeting mammalian target of rapamycin (mTOR) for health and diseases.
Drug Discov Today 2007; 12: 112-124 [PMID: 17275731 DOI:
10.1016/j.drudis.2006.12.008]
Sun SY. mTOR kinase inhibitors as potential cancer therapeutic drugs. Cancer Lett 2013; 340: 1-8 [PMID: 23792225 DOI:
10.1016/j.canlet.2013.06.017]
Meric-Bernstam F, Gonzalez-Angulo AM. Targeting the
mTOR signaling network for cancer therapy. J Clin Oncol 2009; 27: 2278-2287 [PMID: 19332717 DOI: 10.1200/
jco.2008.20.0766]
Zhang YJ, Dai Q, Sun DF, Xiong H, Tian XQ, Gao FH, Xu
MH, Chen GQ, Han ZG, Fang JY. mTOR signaling pathway
is a target for the treatment of colorectal cancer. Ann Surg
Oncol 2009; 16: 2617-2628 [PMID: 19517193 DOI: 10.1245/
s10434-009-0555-9]
Zhang YJ, Duan Y, Zheng XF. Targeting the mTOR kinase domain: the second generation of mTOR inhibitors.
Drug Discov Today 2011; 16: 325-331 [PMID: 21333749 DOI:
10.1016/j.drudis.2011.02.008]
Kim DD, Eng C. The promise of mTOR inhibitors in the
treatment of colorectal cancer. Expert Opin Investig Drugs
2012; 21: 1775-1788 [PMID: 22978346 DOI: 10.1517/13543784.
2012.721353]
Altomare I, Hurwitz H. Everolimus in colorectal cancer.
Expert Opin Pharmacother 2013; 14: 505-513 [PMID: 23406528
DOI: 10.1517/14656566.2013.770473]
Price TJ, Segelov E, Burge M, Haller DG, Ackland SP, Tebbutt NC, Karapetis CS, Pavlakis N, Sobrero AF, Cunningham
D, Shapiro JD. Current opinion on optimal treatment for
colorectal cancer. Expert Rev Anticancer Ther 2013; 13: 597-611
[PMID: 23617351 DOI: 10.1586/era.13.37]
Wong A, Ma BB. Personalizing therapy for colorectal cancer.
Clin Gastroenterol Hepatol 2014; 12: 139-144 [PMID: 24025538
DOI: 10.1016/j.cgh.2013.08.040]
Gulhati P, Cai Q, Li J, Liu J, Rychahou PG, Qiu S, Lee EY, Silva
SR, Bowen KA, Gao T, Evers BM. Targeted inhibition of mammalian target of rapamycin signaling inhibits tumorigenesis of
colorectal cancer. Clin Cancer Res 2009; 15: 7207-7216 [PMID:
19934294 DOI: 10.1158/1078-0432.ccr-09-1249]
Ng K, Tabernero J, Hwang J, Bajetta E, Sharma S, Del Prete
SA, Arrowsmith ER, Ryan DP, Sedova M, Jin J, Malek K,
Fuchs CS. Phase II study of everolimus in patients with
metastatic colorectal adenocarcinoma previously treated
with bevacizumab-, fluoropyrimidine-, oxaliplatin-, and irinotecan-based regimens. Clin Cancer Res 2013; 19: 3987-3995

April 21, 2014|Volume 20|Issue 15|

Wang XW et al . mTOR signaling and human colorectal cancer

95

96

97

98

99

100

101

102

103

104

105

106

[PMID: 23743569 DOI: 10.1158/1078-0432.ccr-13-0027]
Spindler KL, Sorensen MM, Pallisgaard N, Andersen RF,
Havelund BM, Ploen J, Lassen U, Jakobsen AK. Phase II trial
of temsirolimus alone and in combination with irinotecan for
KRAS mutant metastatic colorectal cancer: outcome and results
of KRAS mutational analysis in plasma. Acta Oncol 2013; 52:
963-970 [PMID: 23514584 DOI: 10.3109/0284186X.2013.776175]
Di Nicolantonio F, Arena S, Tabernero J, Grosso S, Molinari
F, Macarulla T, Russo M, Cancelliere C, Zecchin D, Mazzucchelli L, Sasazuki T, Shirasawa S, Geuna M, Frattini M, Baselga J, Gallicchio M, Biffo S, Bardelli A. Deregulation of the
PI3K and KRAS signaling pathways in human cancer cells
determines their response to everolimus. J Clin Invest 2010;
120: 2858-2866 [PMID: 20664172 DOI: 10.1172/JCI37539]
Altomare I, Bendell JC, Bullock KE, Uronis HE, Morse MA,
Hsu SD, Zafar SY, Blobe GC, Pang H, Honeycutt W, Sutton L,
Hurwitz HI. A phase II trial of bevacizumab plus everolimus
for patients with refractory metastatic colorectal cancer. Oncologist 2011; 16: 1131-1137 [PMID: 21795432 DOI: 10.1634/
theoncologist.2011-0078]
Bullock KE, Hurwitz HI, Uronis HE, Morse MA, Blobe GC,
Hsu SD, Zafar SY, Nixon AB, Howard LA, and Bendell JC.
Bevacizumab (b) plus everolimus (e) in refractory metastatic
colorectal cancer (mcrc). J Clin Oncol 2009; 27: 4080
Wolpin BM, Ng K, Zhu AX, Abrams T, Enzinger PC, McCleary NJ, Schrag D, Kwak EL, Allen JN, Bhargava P, Chan
JA, Goessling W, Blaszkowsky LS, Supko JG, Elliot M, Sato
K, Regan E, Meyerhardt JA, Fuchs CS. Multicenter phase II
study of tivozanib (AV-951) and everolimus (RAD001) for patients with refractory, metastatic colorectal cancer. Oncologist
2013; 18: 377-378 [PMID: 23580238 DOI: 10.1634/theoncologist.2012-0378]
Moroney J, Fu S, Moulder S, Falchook G, Helgason T, Levenback C, Hong D, Naing A, Wheler J, Kurzrock R. Phase
I study of the antiangiogenic antibody bevacizumab and
the mTOR/hypoxia-inducible factor inhibitor temsirolimus
combined with liposomal doxorubicin: tolerance and biological activity. Clin Cancer Res 2012; 18: 5796-5805 [PMID:
22927482 DOI: 10.1158/1078-0432.CCR-12-1158]
Chu C, Noël-Hudson MS, Boige V, Goéré D, Marion S,
Polrot M, Bigot L, Gonin P, Farinotti R, Bonhomme-Faivre
L. Therapeutic efficiency of everolimus and lapatinib in xenograft model of human colorectal carcinoma with KRAS
mutation. Fundam Clin Pharmacol 2013; 27: 434-442 [PMID:
22458846 DOI: 10.1111/j.1472-8206.2012.01035.x]
Richman SD, Seymour MT, Chambers P, Elliott F, Daly CL,
Meade AM, Taylor G, Barrett JH, Quirke P. KRAS and BRAF
mutations in advanced colorectal cancer are associated with
poor prognosis but do not preclude benefit from oxaliplatin or irinotecan: results from the MRC FOCUS trial. J Clin
Oncol 2009; 27: 5931-5937 [PMID: 19884549 DOI: 10.1200/
jco.2009.22.4295]
Sharma S, Reid T, Hoosen S, Garrett C, Beck J, Davidson S,
MacKenzie M, Brandt U, and Hecht J. Phase i study of rad001
(everolimus), cetuximab, and irinotecan as second-line therapy in metastatic colorectal cancer (mcrc). J Clin Oncol 2009; 27:
15115
Gulhati P, Zaytseva YY, Valentino JD, Stevens PD, Kim JT,
Sasazuki T, Shirasawa S, Lee EY, Weiss HL, Dong J, Gao T,
Evers BM. Sorafenib enhances the therapeutic efficacy of
rapamycin in colorectal cancers harboring oncogenic KRAS
and PIK3CA. Carcinogenesis 2012; 33: 1782-1790 [PMID:
22696593 DOI: 10.1093/carcin/bgs203]
Anthony L, Bajetta E, Kocha W, Panneerselvam A, Saletan S,
and O'Dorisio T, Efficacy and safety of everolimus plus octreotide lar in patients with colorectal neuroendocrine tumors (net):
Subgroup analysis of the phase iii radiant-2 trial. Am J Gastroenterol 2011: 106: S154-S155 [DOI: 10.1038/ajg.2011.336_6]
Bradshaw-Pierce EL, Pitts TM, Kulikowski G, Selby H, Merz
AL, Gustafson DL, Serkova NJ, Eckhardt SG, Weekes CD.

WJG|www.wjgnet.com

107

108

109

110

111

112

113

114

115

116

117

4187

Utilization of quantitative in vivo pharmacology approaches
to assess combination effects of everolimus and irinotecan in
mouse xenograft models of colorectal cancer. PLoS One 2013; 8:
e58089 [PMID: 23520486 DOI: 10.1371/journal.pone.0058089]
Fang DD, Zhang CC, Gu Y, Jani JP, Cao J, Tsaparikos K, Yuan
J, Thiel M, Jackson-Fisher A, Zong Q, Lappin PB, Hayashi
T, Schwab RB, Wong A, John-Baptiste A, Bagrodia S, Los G,
Bender S, Christensen J, Vanarsdale T. Antitumor Efficacy
of the Dual PI3K/mTOR Inhibitor PF-04691502 in a Human
Xenograft Tumor Model Derived from Colorectal Cancer
Stem Cells Harboring a PIK3CA Mutation. PLoS One 2013; 8:
e67258 [PMID: 23826249 DOI: 10.1371/journal.pone.0067258]
Mueller A, Bachmann E, Linnig M, Khillimberger K, Schimanski CC, Galle PR, Moehler M. Selective PI3K inhibition
by BKM120 and BEZ235 alone or in combination with chemotherapy in wild-type and mutated human gastrointestinal cancer cell lines. Cancer Chemother Pharmacol 2012; 69:
1601-1615 [PMID: 22543857 DOI: 10.1007/s00280-012-1869-z]
Roper J, Richardson MP, Wang WV, Richard LG, Chen W,
Coffee EM, Sinnamon MJ, Lee L, Chen PC, Bronson RT, Martin
ES, Hung KE. The dual PI3K/mTOR inhibitor NVP-BEZ235
induces tumor regression in a genetically engineered mouse
model of PIK3CA wild-type colorectal cancer. PLoS One 2011; 6:
e25132 [PMID: 21966435 DOI: 10.1371/journal.pone.0025132]
Deming DA, Leystra AA, Farhoud M, Nettekoven L, Clipson L, Albrecht D, Washington MK, Sullivan R, Weichert JP,
and Halberg RB, Mtor inhibition elicits a dramatic response
in pi3k-dependent colon cancers. PLoS One 2013: 8: 1-9 [DOI:
10.1371/journal.pone.0060709]
Atreya CE, Ducker GS, Feldman ME, Bergsland EK, Warren
RS, Shokat KM. Combination of ATP-competitive mammalian target of rapamycin inhibitors with standard chemotherapy for colorectal cancer. Invest New Drugs 2012; 30:
2219-2225 [PMID: 22270257 DOI: 10.1007/s10637-012-9793-y]
Janku F, Tsimberidou AM, Garrido-Laguna I, Wang X, Luthra
R, Hong DS, Naing A, Falchook GS, Moroney JW, Piha-Paul
SA, Wheler JJ, Moulder SL, Fu S, Kurzrock R. PIK3CA mutations in patients with advanced cancers treated with PI3K/
AKT/mTOR axis inhibitors. Mol Cancer Ther 2011; 10: 558-565
[PMID: 21216929 DOI: 10.1158/1535-7163.mct-10-0994]
Kim A, Lee JE, Lee SS, Kim C, Lee SJ, Jang WS, Park S. Coexistent mutations of KRAS and PIK3CA affect the efficacy
of NVP-BEZ235, a dual PI3K/MTOR inhibitor, in regulating
the PI3K/MTOR pathway in colorectal cancer. Int J Cancer
2013; 133: 984-996 [PMID: 23475782 DOI: 10.1002/ijc.28073]
She QB, Halilovic E, Ye Q, Zhen W, Shirasawa S, Sasazuki T,
Solit DB, Rosen N. 4E-BP1 is a key effector of the oncogenic
activation of the AKT and ERK signaling pathways that integrates their function in tumors. Cancer Cell 2010; 18: 39-51
[PMID: 20609351 DOI: 10.1016/j.ccr.2010.05.023]
Zhang Y, Zheng XF. mTOR-independent 4E-BP1 phosphorylation is associated with cancer resistance to mTOR kinase
inhibitors. Cell Cycle 2012; 11: 594-603 [PMID: 22262166 DOI:
10.4161/cc.11.3.19096]
Martinelli E, Troiani T, D’Aiuto E, Morgillo F, Vitagliano
D, Capasso A, Costantino S, Ciuffreda LP, Merolla F, Vecchione L, De Vriendt V, Tejpar S, Nappi A, Sforza V, Martini
G, Berrino L, De Palma R, Ciardiello F. Antitumor activity
of pimasertib, a selective MEK 1/2 inhibitor, in combination
with PI3K/mTOR inhibitors or with multi-targeted kinase
inhibitors in pimasertib-resistant human lung and colorectal cancer cells. Int J Cancer 2013; 133: 2089-2101 [PMID:
23629727 DOI: 10.1002/ijc.28236]
Wang H, Daouti S, Li WH, Wen Y, Rizzo C, Higgins B, Packman K, Rosen N, Boylan JF, Heimbrook D, Niu H. Identification of the MEK1(F129L) activating mutation as a potential
mechanism of acquired resistance to MEK inhibition in human cancers carrying the B-RafV600E mutation. Cancer Res
2011; 71: 5535-5545 [PMID: 21705440 DOI: 10.1158/0008-5472.
can-10-4351]

April 21, 2014|Volume 20|Issue 15|

Wang XW et al . mTOR signaling and human colorectal cancer
min. Oncotarget 2013; 4: 1484-1495 [PMID: 23986086]
131 Hosono K, Endo H, Takahashi H, Sugiyama M, Uchiyama T,
Suzuki K, Nozaki Y, Yoneda K, Fujita K, Yoneda M, Inamori
M, Tomatsu A, Chihara T, Shimpo K, Nakagama H, Nakajima
A. Metformin suppresses azoxymethane-induced colorectal
aberrant crypt foci by activating AMP-activated protein kinase.
Mol Carcinog 2010; 49: 662-671 [PMID: 20564343 DOI: 10.1002/
mc.20637]
132 Tomimoto A, Endo H, Sugiyama M, Fujisawa T, Hosono
K, Takahashi H, Nakajima N, Nagashima Y, Wada K, Nakagama H, Nakajima A. Metformin suppresses intestinal polyp growth in ApcMin/+ mice. Cancer Sci 2008; 99: 2136-2141
[PMID: 18803638 DOI: 10.1111/j.1349-7006.2008.00933.x]
133 Ponnurangam S, Standing D, Rangarajan P, Subramaniam D.
Tandutinib inhibits the Akt/mTOR signaling pathway to inhibit colon cancer growth. Mol Cancer Ther 2013; 12: 598-609
[PMID: 23427297 DOI: 10.1158/1535-7163.MCT-12-0907]
134 Shishodia S. Molecular mechanisms of curcumin action:
gene expression. Biofactors 2013; 39: 37-55 [PMID: 22996381
DOI: 10.1002/biof.1041]
135 Johnson SM, Gulhati P, Arrieta I, Wang X, Uchida T, Gao T,
Evers BM. Curcumin inhibits proliferation of colorectal carcinoma by modulating Akt/mTOR signaling. Anticancer Res
2009; 29: 3185-3190 [PMID: 19661333]
136 Banerjee N, Kim H, Talcott S, Mertens-Talcott S. Pomegranate
polyphenolics suppressed azoxymethane-induced colorectal aberrant crypt foci and inflammation: possible role of
miR-126/VCAM-1 and miR-126/PI3K/AKT/mTOR. Carcinogenesis 2013; 34: 2814-2822 [PMID: 23996930 DOI: 10.1093/carcin/bgt295]
137 Weijenberg MP, Hughes LA, Bours MJ, Simons CC, van
Engeland M, van den Brandt PA. The mTOR Pathway and
the Role of Energy Balance Throughout Life in Colorectal
Cancer Etiology and Prognosis: Unravelling Mechanisms
Through a Multidimensional Molecular Epidemiologic Approach. Curr Nutr Rep 2013; 2: 19-26 [PMID: 23396869 DOI:
10.1007/s13668-012-0038-7]
138 Hughes LA, Simons CC, van den Brandt PA, Goldbohm RA,
van Engeland M, Weijenberg MP. Body size and colorectal
cancer risk after 16.3 years of follow-up: an analysis from
the Netherlands Cohort Study. Am J Epidemiol 2011; 174:
1127-1139 [PMID: 21984660 DOI: 10.1093/aje/kwr247]
139 Pischon T, Lahmann PH, Boeing H, Friedenreich C, Norat
T, Tjønneland A, Halkjaer J, Overvad K, Clavel-Chapelon F,
Boutron-Ruault MC, Guernec G, Bergmann MM, Linseisen
J, Becker N, Trichopoulou A, Trichopoulos D, Sieri S, Palli D,
Tumino R, Vineis P, Panico S, Peeters PH, Bueno-de-Mesquita
HB, Boshuizen HC, Van Guelpen B, Palmqvist R, Berglund G,
Gonzalez CA, Dorronsoro M, Barricarte A, Navarro C, Martinez C, Quirós JR, Roddam A, Allen N, Bingham S, Khaw KT,
Ferrari P, Kaaks R, Slimani N, Riboli E. Body size and risk of
colon and rectal cancer in the European Prospective Investigation Into Cancer and Nutrition (EPIC). J Natl Cancer Inst
2006; 98: 920-931 [PMID: 16818856 DOI: 10.1093/jnci/djj246]
140 Kaaks R, Lukanova A. Energy balance and cancer: the role
of insulin and insulin-like growth factor-I. Proc Nutr Soc
2001; 60: 91-106 [PMID: 11310428 DOI: 10.1079/PNS200070]
141 Slattery ML, Fitzpatrick FA. Convergence of hormones,
inflammation, and energy-related factors: a novel pathway
of cancer etiology. Cancer Prev Res (Phila) 2009; 2: 922-930
[PMID: 19892662 DOI: 10.1158/1940-6207.capr-08-0191]

118 Coffee EM, Faber AC, Roper J, Sinnamon MJ, Goel G, Keung
L, Wang WV, Vecchione L, de Vriendt V, Weinstein BJ,
Bronson RT, Tejpar S, Xavier RJ, Engelman JA, Martin ES,
Hung KE. Concomitant BRAF and PI3K/mTOR blockade is
required for effective treatment of BRAF(V600E) colorectal
cancer. Clin Cancer Res 2013; 19: 2688-2698 [PMID: 23549875
DOI: 10.1158/1078-0432.CCR-12-2556]
119 Das D, Arber N, Jankowski JA. Chemoprevention of colorectal cancer. Digestion 2007; 76: 51-67 [PMID: 17947819 DOI:
10.1159/000108394]
120 Chia WK, Ali R, Toh HC. Aspirin as adjuvant therapy for colorectal cancer--reinterpreting paradigms. Nat Rev Clin Oncol 2012; 9:
561-570 [PMID: 22910681 DOI: 10.1038/nrclinonc.2012.137]
121 Lai SW, Liao KF. Aspirin use after diagnosis improves survival in older adults with colon cancer. J Am Geriatr Soc 2013;
61: 843-844 [PMID: 23672562 DOI: 10.1111/jgs.12236]
122 Liao X, Lochhead P, Nishihara R, Morikawa T, Kuchiba A,
Yamauchi M, Imamura Y, Qian ZR, Baba Y, Shima K, Sun R,
Nosho K, Meyerhardt JA, Giovannucci E, Fuchs CS, Chan AT,
Ogino S. Aspirin use, tumor PIK3CA mutation, and colorectalcancer survival. N Engl J Med 2012; 367: 1596-1606 [PMID:
23094721]
123 Din FV, Valanciute A, Houde VP, Zibrova D, Green KA,
Sakamoto K, Alessi DR, Dunlop MG. Aspirin inhibits mTOR
signaling, activates AMP-activated protein kinase, and induces
autophagy in colorectal cancer cells. Gastroenterology 2012; 142:
1504-1515.e3 [PMID: 22406476 DOI: 10.1053/j.gastro.2012.02.050]
124 Zhang YJ, Bao YJ, Dai Q, Yang WY, Cheng P, Zhu LM, Wang
BJ, Jiang FH. mTOR signaling is involved in indomethacin
and nimesulide suppression of colorectal cancer cell growth
via a COX-2 independent pathway. Ann Surg Oncol 2011; 18:
580-588 [PMID: 20803081 DOI: 10.1245/s10434-010-1268-9]
125 Ho VW, Leung K, Hsu A, Luk B, Lai J, Shen SY, Minchinton AI,
Waterhouse D, Bally MB, Lin W, Nelson BH, Sly LM, Krystal G.
A low carbohydrate, high protein diet slows tumor growth and
prevents cancer initiation. Cancer Res 2011; 71: 4484-4493 [PMID:
21673053 DOI: 10.1158/0008-5472.can-10-3973]
126 Larsson SC, Orsini N, Wolk A. Diabetes mellitus and risk of
colorectal cancer: a meta-analysis. J Natl Cancer Inst 2005; 97:
1679-1687 [PMID: 16288121 DOI: 10.1093/jnci/dji375]
127 Zhang ZJ, Zheng ZJ, Kan H, Song Y, Cui W, Zhao G, Kip KE.
Reduced risk of colorectal cancer with metformin therapy
in patients with type 2 diabetes: a meta-analysis. Diabetes
Care 2011; 34: 2323-2328 [PMID: 21949223 DOI: 10.2337/
dc11-0512]
128 Higurashi T, Takahashi H, Endo H, Hosono K, Yamada
E, Ohkubo H, Sakai E, Uchiyama T, Hata Y, Fujisawa N,
Uchiyama S, Ezuka A, Nagase H, Kessoku T, Matsuhashi N,
Yamanaka S, Inayama Y, Morita S, Nakajima A. Metformin
efficacy and safety for colorectal polyps: a double-blind randomized controlled trial. BMC Cancer 2012; 12: 118 [PMID:
22443173 DOI: 10.1186/1471-2407-12-118]
129 Kalaany NY, Sabatini DM. Tumours with PI3K activation
are resistant to dietary restriction. Nature 2009; 458: 725-731
[PMID: 19279572 DOI: 10.1038/nature07782]
130 Cufí S, Corominas-Faja B, Lopez-Bonet E, Bonavia R, Pernas
S, López IÁ, Dorca J, Martínez S, López NB, Fernández SD,
Cuyàs E, Visa J, Rodríguez-Gallego E, Quirantes-Piné R,
Segura-Carretero A, Joven J, Martin-Castillo B, Menendez
JA. Dietary restriction-resistant human tumors harboring the
PIK3CA-activating mutation H1047R are sensitive to metfor-

S- Editor: Qi Y

WJG|www.wjgnet.com

4188

P- Reviewers: Hong J, Pan CC
L- Editor: A E- Editor: Liu XM

April 21, 2014|Volume 20|Issue 15|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i15.4189

World J Gastroenterol 2014 April 21; 20(15): 4189-4196
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Hallmarks in colorectal cancer: Angiogenesis and cancer
stem-like cells
Muriel Mathonnet, Aurelie Perraud, Niki Christou, Hussein Akil, Carole Melin, Serge Battu, Marie-Odile Jauberteau,
Yves Denizot
chemoresistance of the malignant cells. Furthermore,
the same microenvironment that maintains the pool
of intestinal stem cells that contribute to the continuous renewal of the intestinal epithelia also provides
the necessary conditions for proliferative growth of
cancer stem-like cells. These cancer stem-like cells are
responsible for the resistance to therapy and cancer
recurrence, though they represent less than 2.5% of
the tumor mass. The stromal environment surrounding
the tumor cells, referred to as the tumor niche, also
supports angiogenesis, which supplies the oxygen and
nutrients needed for tumor development. Anti-angiogenic therapy, such as with bevacizumab, a monoclonal
antibody against vascular-endothelial growth factor,
significantly prolongs the survival of metastatic CRC
patients. However, such treatments are not completely
curative, and a large proportion of patient tumors retain chemoresistance or show recurrence. This article
reviews the current knowledge regarding the molecular
phenotype of CRC cancer cells, as well as discusses the
mechanisms contributing to their maintenance. Future
personalized therapeutic approaches that are based on
the interaction of the carcinogenic hallmarks, namely
angiogenic and proliferative attributes, could improve
survival and decrease adverse effects induced by unnecessary chemotherapy.
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Abstract
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reserved.

Carcinogenesis is a multistep process that requires the
accumulation of various genetic and epigenetic aberrations to drive the progressive malignant transformation
of normal human cells. Two major hallmarks of carcinogenesis that have been described are angiogenesis and
the stem cell characteristic of limitless replicative potential. These properties have been targeted over the past
decade in the development of therapeutic treatments
for colorectal cancer (CRC), one of the most commonly
diagnosed and lethal cancers worldwide. The treatment
of solid tumor cancers such as CRC has been challenging due to the heterogeneity of the tumor itself and the
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Key words: Colon cancer; Stem cell; Cancer stem-like
cell; Tumor-initiating cell; Microenvironment
Core tip: Recent progress in the therapeutic treatment
of colorectal cancer has resulted from targeting the
hallmark stem cell-like properties of tumor cells. The
survival of colorectal cancer patients has been significantly prolonged with bevacizumab, which inhibits angiogenesis providing the proliferative conditions for tu-
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properties such as self-renewal and multipotentiality[8].
These cells have been termed tumor-initiating cells, or
cancer stem-like cells (CSCs). Although CSCs represent
only a small proportion of cell types within the tumor,
they may be responsible for the resistance to cancer
therapies and tumor recurrence in solid cancers such
as glioblastoma[8] and CRC[9,10], which is composed of a
heterogeneous population of dormant (or quiescent) and
active cells[11]. CSCs are intrinsically resistant to apoptosis
and express several members of the ATP-binding cassette (ABC) transporter family, which are overexpressed
in the multidrug-resistant phenotype[12]. Microenvironment stimuli, such as hypoxia, also contribute to chemoresistance by inducing a stem cell-like phenotype in cancer cells[13]. The relationship between these cells and the
angiogenic microenvironment is fundamental for understanding tumor progression and therapeutic resistance.

mor cell growth. Personalized therapeutic approaches,
centered on the angiogenic and proliferative properties
of cancerous cells, could improve patient survival and
decrease adverse effects induced by unnecessary chemotherapy.
Mathonnet M, Perraud A, Christou N, Akil H, Melin C, Battu
S, Jauberteau MO, Denizot Y. Hallmarks in colorectal cancer:
Angiogenesis and cancer stem-like cells. World J Gastroenterol
2014; 20(15): 4189-4196 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i15/4189.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4189

INTRODUCTION
Carcinogenesis is a multistep process reflecting a series of
genetic and epigenetic alterations in normal human cells
that drives their progressive transformation into highly
malignant derivatives. The successful growth of metastatic cells depends on the interactions and the properties of
the cancer cells and the potential target organs, proposed
as the “seed and soil” hypothesis by Paget[1]. In 2000, Hanahan and Weinberg suggested that the malignant growth
of nearly all types of tumors is a result of six essential
alterations in cell physiology: self-sufficiency in growth
factors, insensitivity to growth-inhibitory signals, evasion
of apoptosis, limitless replicative potential, sustained
angiogenesis, and the ability to invade and metastasize[2].
Since then, two additional hallmarks of carcinogenesis
have been described: the reprogramming of energy metabolism and the evasion of immune destruction, which
have contributed to the reconceptualization of cancer
cell biology. The notion of a tumor microenvironment[3]
has led to profound changes in the study of cancer and
in the therapeutic approach. Furthermore, the study of
angiogenesis and stem cell-like limitless replicative potential of cancer cells in the tumor microenvironment
has facilitated progress in cancer treatment, especially for
colorectal cancer (CRC).
The formation of new vasculature, or angiogenesis,
is actively involved in tumor development, progression,
and metastasis. Although the initial step of tumor angiogenesis is not well understood, the recruitment of
perivascular support cells is necessary for blood vessel
formation[4]. Diverse tissue-specific tumor-associated
stromal stem cell types contribute to the formation of
the tumor niche, including carcinoma-associated fibroblasts (CAFs), tumor-associated macrophages, lymphocytes, pericyte cells, inflammatory cells, normal epithelial
cells, and mesenchymal stem cells (MSCs). Recently, it
was shown than MSCs migrate to tumors and can transition into CAFs[5,6]. These processes appear at the earliest
stage of tumor development.
The tumor niche provides conditions favorable for
cell proliferation and protection against conventional
therapies[7], and contains cells that possess stem cell-like
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INTESTINAL STEM CELLS
Normal intestinal epithelial cells have a lifetime of around
five days and are continuously renewed by stem cells
(SCs) under microenvironmental influence[14]. The intestinal SCs are located at the crypt base and are involved
in tissue homeostasis and repair. These cells undergo
asymmetric division, giving rise to one identical daughter
cell, and one cell with the potential to migrate to the top
of the crypt and fully differentiate into an intestinal cell.
Intestinal crypts contain two pools of SCs. At the lowest part of the crypt base is an active pool of SCs that
express Lgr-5 (leucine-rich repeat containing G proteincoupled receptor 5). A second reserve pool of quiescent
SCs resides at the +4 position, i.e., the fourth cell above
the lowermost cell of the intestinal crypt. These cells express Bmi-1 and TERT (telomerase reverse transcriptase)
and have the ability to replace Lgr-5-expressing cells[15,16].
However, the identification of intestinal SCs remains an
issue of debate. Many molecules have been proposed as
putative markers (Table 1), such as the cell surface proteins Lgr-5, aldehyde dehydrogenase-1 (ALDH-1), and
integrin-β1 (CD29), but none have been widely accepted
as specific molecular markers.

CANCER STEM-LIKE CELLS
Any normal cell can accumulate mutations and become
a cancer origin cell, such as a CSC. CSCs are multipotent
cells that give rise to progenitors and differentiated cells
causing tumor heterogeneity, and whose migration results
in metastasis. The existence of CSCs was first hypothesized in 1994 by Lapidot et al[17] and later confirmed when
Ricci-Vitiani et al[14] isolated CD133+ cells from colon
cancer tumors and characterized them as CSCs. CSCs express markers common to stem and progenitor cells, and
are similarly capable of unlimited growth in vitro. While
only a small portion of cells within a tumor (< 2.5%) are
endowed with tumor propagation[18], CSCs have the ability to reproduce the parental tumor in vivo.
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Table 1 Markers used to identify normal colonic stem cells and colonic cancer stem-like cells

Normal stem cell

Cancer stem-like cell

Marker

Function

Integrin-β1 (CD29)
Hes-1
Msi-1
Bmi-1
Lgr-5
ALDH-1
DCAMKL-1
TERT
Ascl-2
CD133
CD44
CD166
ALDH1
4-Oct
SOX2
c-Myc
Integrin-β1 (CD29)

Cell surface receptor - cell adhesion molecule
Transcriptional repressor - transactivated by Msi-1
RNA binding protein - maintenance of undifferentiated state
Polycomb receptor - maintenance of chromatin silencing
Wnt target gene - potential of self renewal
Detoxifying enzyme
Kinase - radioresistance abilities
Quiescent stem cells and radio resistant
Transcription factor - target of Wnt and Notch pathways
Pentaspan transmembrane glycoprotein
Hyaluronic acid receptor
Cell adhesion molecule
Enzyme
POU-domain transcription factor
Transcription factor
Transcription factor
Cell surface receptor-cell adhesion molecule

Clonal evolution of proliferating CSCs may lead to a
gain or loss of stem cell-like attributes through individual
responses to microenvironmental stimuli, including
epigenetic modifications and additional genetic aberrations[16]. The Wingless/Int (Wnt) signaling pathway plays
a pivotal role in the regulation of SC self-renewal[19]. In
normal cells, Wnt signals are transduced through the
Frizzled/LRP5/6 complex to inhibit the phosphorylation-dependent degradation of β-catenin. In colon
cancer cells, constant but heterogeneous mutations in
adenomatous polyposis coli (APC) and β-catenin genes
result in high Wnt signaling activity. Moreover, extrinsic
signals given by neighboring or matrix cells, such as stromal myofibroblasts, can regulate Wnt activity and SC attributes of CSCs[20].
Four other major signaling pathways are also altered
in CSCs. In normal colon tissue, TGF-β and Notch signaling pathways regulate cell proliferation, differentiation,
migration, apoptosis, and SC maintenance and function.
Altered TGF-β signaling in more advanced and metastatic CRCs results in an inhibition of its tumor suppressive activity. Notch-1 is abundantly expressed in the stem
cell zone in normal colon tissue, and is upregulated in
CRC[21]. Moreover, Notch signaling is 10 to 30 fold higher
in CRC-CSCs compared to commonly used colon cancer
cell lines[22]. This upregulation prevents CSC apoptosis
through p27, a cell-kinase inhibitor, which maintains CSC
renewal and represses cell lineage differentiation genes.
Neighboring myofibroblasts produce bone morphogenetic protein antagonists Gremlin 1 and Gremlin 2 in addition to Wnt signaling ligands, which can also modulate
Notch signaling[23]. The Hedgehog signaling pathway is
one of the key regulators of animal embryogenesis, and
is also involved in the proliferation, migration, and differentiation of cells. Hedgehog signaling has been implicated in tumor growth and CD133+ stem cells in CRC[20].
Recently, a role for neurotrophins was highlighted in CRC
both in vitro and in tumors, where enhanced brain-derived
neurotrophic factor signaling as a result of increased ex-
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pression of tropomyosin-related kinase B (TrkB) receptors, was associated with advanced disease and a worse
prognosis[24]. Moreover, some studies suggest that TrkB
regulates epithelial-mesenchymal transition (EMT) in
solid cancers[25], especially in CRC[26].

CSC IDENTIFICATION
Identification of CSCs is based on SC markers (Table 1),
especially Lgr-5 and Bmi-1, the only markers rigorously
evaluated in vivo[27,28]. CD133 and CD44 are two classical
markers that have also been used, though they are not
specific. Two transcription factors, Oct-4 and Sox2, are
more promising CSC markers as they are involved in cell
renewal. Levels of Oct-4 and Sox2 are elevated in CRC
and correlate with increased CSC proliferation and poor
prognosis[29,30]. Several methods have been developed
to isolate CSCs based on the expression of these markers[16,31] using flow cytometry (fluorescence-activated cell
sorting or FACS) or magnetic-activated cell sorting[32]
(Table 2), though tumor heterogeneity as well as the low
abundance and lack of differentiation has made the isolation of CSCs from patient tumors and in vitro cultures
difficult. These methods rely on specific antigen recognition and thus are restricted by the availability of highly
specific antibodies. In addition, labeling of cell-surface
markers by antibodies could trigger signaling pathways
and induce cell modification and differentiation. Therefore, the development of methods that do not rely on
marker labeling is greatly needed. Tools based on intrinsic biophysical properties such as size or density may be
of benefit. Counterflow centrifugal elutriation, which
separates cells by weight, has been a valuable tool for
obtaining homogeneous populations[33], though experiments to isolate CRC-CSCs have not yet been attempted.
More recently, CSCs have been sorted from a panel of
CRC cell lines using sedimentation field flow fractionation technology, in which sorting is based on cell size
and density[34].
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Table 2 Advantages and disadvantages of the cell sorting methods
Method

Advantages

Disadvantages

MACS
FACS
CCE
SdFFF

Fast, easy to make
Fast
Cell labeling not necessary, cell weight based method
Cell labeling not necessary, cell size and density based method

Cell labeling indispensable
Cell labeling indispensable, flux cytometry indispensable
Time consuming, specific instrumentation indispensable
Time consuming, specific instrumentation indispensable

MACS: Magnetic-activated cell sorting; FACS: Fluorescence-activated cell sorting; CCE: Counterflow centrifugal elutriation; SdFFF: Sedimentation flux
force fractionation.

creting CXCL12[43], and their secretion of IL-6 can induce
non-cancer stem cells to express CSC markers and cause
tumor formation in vivo[44]. IL-6 induces the secretion
of endothelin-1 (ET-1) from cancer cells and promotes
tumor development by recruiting endothelial cells and activating signaling pathways that regulate protein synthesis.
This was demonstrated in a study by Huang et al[45] showing that angiogenesis as a result of mixing non-tumorigenic MSCs and HT-29 cells, a colorectal cancer cell lineage, was blocked by IL-6 or ET-1 antibodies. Moreover,
patients with CRC have significantly higher VEGF and
IL-6 serum levels, which correlate with advanced stages
and metastatic disease[46]. Additional studies have also implicated IL-6 in tumor development[47-50].

TUMOR NICHE AND
MICROENVIRONMENT
The non-cancerous niche is a dynamic milieu, consisting
of stem cells, neural cells, lymphocytes, macrophages, endothelial cells, fibroblasts, smooth muscle cells, and myofibroblasts surrounded by a stromal microenvironment.
The niche adapts in response to environmental cues to
ensure the optimal conditions for SC proliferation and
differentiation, even in the absence of SCs[19]. Intestinal
SCs can also be affected by the components of the crypt
lumen, such as bacteria or epithelial cells[16]. One of the
most extensively studied niche components is intestinal
subepithelial myofibroblasts, which regulate intestinal SCs
by secreting growth factors and cytokines.
CSCs can secure the niche microenvironment by displacing normal SCs and interact with it to generate vascular precursors[35]. The tumorigenic niche is composed of
recruited myeloid cells, vascular and lymphovascular endothelial cells, macrophages, and transformed myofibroblasts surrounded by stromal tissue. Stromal fibroblasts
secrete various cytokines and growth factors that act in
an autocrine or paracrine fashion on tumor cells, such as
tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6),
and hepatocyte growth factor, which is an enhancer of
Wnt activity[36,37]. CAFs that are present in the tumorigenic niche secrete the cytokines CXCL1 and CXCL2,
as well as IL-1β and IL-6 to enhance angiogenesis and
tumor progression[38]. These cells are able to modulate
the expression of oncogenic genes in cancer cells, such as
Her2, EGFR, and Ras and thereby contribute to chemotherapeutic resistance[39]. CAFs are a major contributor to
the tumor-prone microenvironment, and thus promote
tumor growth. Targeting of these cells remains a challenge due to the presence of distinct CAF populations
that do not express tumor-specific markers[40].
MSCs are non-hematopoietic precursor cells residing
in the bone marrow that also contribute to the tumor
microenvironment. MSCs have been shown to influence
tumor development, progression, metastatic diffusion,
and resistance to chemotherapy in many solid cancers,
including colon cancer[41]. The interaction of MSCs and
cancer occurs early in tumor formation via numerous
pathways. MSCs in the colon express a high level of vascular endothelial growth factor (VEGF) when stimulated
by interferon-gamma and TNF-α, thus leading to colon
cancer growth[42]. They can recruit endothelial cells by se-
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ANGIOGENESIS AND HYPOXIA
In normal adult tissues, angiogenesis is only transiently
turned-on. Tumor angiogenesis generates neovascularization in response to the need for nutrients and oxygen
and for the elimination of metabolic wastes and carbon
dioxide. During tumor progression, an angiogenic switch
is activated causing normally quiescent vasculature to
continually sprout new vessels that sustain expanding
neoplastic growth[3]. The angiogenic switch is governed
by countervailing factors that either induce or oppose
angiogenesis, such as VEGF and thrombospondin, respectively. VEGF signaling is complex with alternative
splice variants that are regulated at multiple levels, and
VEGF gene expression can be upregulated by hypoxia,
through activation of the HIF1 transcription factor, and
by integrin or oncogene signaling. HIF1 is known to induce self-destruction or autophagy of the tumor in order
to preserve nutrients in hypoxic conditions[51]. VEGF is
secreted through a K-ras/PI3K/Rho/ROCK/c-Myc axis
in CRC[13]. VEGF ligands signal through tyrosine receptor kinases, two of which are implicated in angiogenesis,
namely VEGFR1 and VEGFR2, and a third receptor,
VEGFR3, which is implicated in lymphangiogenesis.
VEGFRs are not only expressed in vascular endothelial
cells, but also in other cell types, including macrophages
and monocytes, suggesting they play a role in EMT[52].
Other signaling pathways that have been implicated in
angiogenesis have crosstalk with VEGF signaling, such as
the Ang/Tie or Notch signaling pathways[53]. Other factors, such as fibroblast growth factor, or platelet-derived
growth factor, are involved in the maintenance of the
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angiogenic process.
The blood vessels produced within the tumor are
typically aberrant with abnormal endothelial proliferation
and apoptosis[54]. Numerous cells originating from bone
marrow play crucial roles in pathological angiogenesis
and in the formation of primary tumor and metastatic
sites, notably macrophages, neutrophils, mast cells, myeloid progenitors, and endothelial progenitor cells (EPC).
EPCs account for 12% of the total number of endothelial cells in tumor vessels, and play a critical role in the
metastatic angiogenic switch. Most of these cells can migrate into neoplastic lesions and become intercalated into
the neovasculature as pericytes or endothelial cells[55].

EMT can induce chemoresistance through intrinsic and
indirect mechanisms. Intrinsic mechanisms involve proficient DNA repair machinery, high expression of ABC
transporters, and altered cell cycle kinetics. For example,
the blockade of ABC transporters improves patient response to neoadjuvant radiotherapy[59]. Alterations in cell
cycle leave some CSCs in a state of quiescence where
they are protected from chemotherapeutic toxicity, thus
enabling tumor regrowth[60,61]. In addition, the overexpression of IL-4 that occurs in CRC amplifies the expression of anti-apoptotic mediators, thus the in vivo efficacy
of cytotoxic therapy is increased with IL-4 blockade[62].
Indirect contributions to chemoresistance come from the
microenvironment[12]. The dynamic interactions between
CSCs and the microenvironment result in a continuous
remodeling of both compartments. These epitheliomesenchymal interactions occur in the EMT, which in
addition to promoting metastasis development, plays a
role in chemoresistance. Furthermore, the chaotic and
dysfunctional vasculature of the tumor, which inhibits
supply of oxygen and nutrients, prohibits the accrual of
optimal concentrations of chemotherapeutic agents within the tumor[12]. Therefore, targeting of both the intrinsic
and indirect mechanisms with anti-angiogenic agents
or inhibitors of EMT/hypoxia-associated effectors will
more effectively deplete the CSC pool and contribute to
increased chemotherapeutic response.
A main prognostic indicator for CRC is the identification of the predominant cell type. Traditionally, the basis
for prognosis and care has come from the classification
of CRC as outlined by the American Joint Committee on
Cancer[63]. Surgery is curative for stages 1-3, adjuvant chemotherapy is indicated for high-risk stages 2 and 3 CRC,
and anti-angiogenic drugs are recommended for metastatic patients. Unfortunately, it is still difficult to predict
disease progression or treatment response. Studies of
CRC have attempted to determine a signature capable
of identifying the patient populations with high-risk for
recurrence that need adjuvant therapy. Currently, patients
are screened for mutations in the KRAS or BRAF genes
that indicate resistance to therapy, though a large proportion of patients with wild-type KRAS are also chemoresistant[64].
Multiple molecular subtypes of CRC have been identified, and whereas the most differentiated CRC subtypes,
named transit-amplified and goblet-like subtypes, have
a good prognosis and do not need adjuvant therapy, the
stem cell-like subtype has the poorest prognosis and requires adjuvant chemotherapy (FOLFIRI), even in cases
of metastasis[65,66]. A new classification system has been
proposed based on the cellular phenotype and therapeutic response. Sadanandam et al[67] combined gene expression analyses with differential responses to cetuximab to
define six CRC subtypes in cultured cell lines and from
patient tissues. The CRC subtypes were associated with
cellular differentiation state and Wnt signaling activity
from distinct anatomical regions of the colon crypts.
The heterogeneity of CRC indicates that a change to

CSCs AND MICROENVIRONMENT
INTERACTIONS: IMPLICATIONS FOR
PHYSICIANS
An understanding of angiogenic pathways has progressed
the development of cancer therapeutics over the last decade, especially for treatment of CRC. In 2004, the first
treatment with an anti-angiogenic compound, a monoclonal antibody against VEGF named bevacizumab, was
recommended for use with first and second line adjuvant
chemotherapy, FOLFOX (5-flourouracil, leucovorin, and
oxaliplatin) or FOLFIRI (5-fluorourcil, leucovorin, and
irinotecan). A meta-analysis conducted in 2009 including more than 3000 patients concluded that the addition
of bevacizumab to chemotherapy for metastatic CRC
prolonged both specific free survival and overall survival
despite a higher incidence in grade Ⅲ/Ⅳ hypertension,
arterial thromboembolic events, and gastrointestinal perforations[56]. However, a phase 3 randomized trial assessing the use of bevacizumab in combination with oxaliplatin-based therapy in adjuvant treatment of patients with
resected stage Ⅲ or high-risk stage Ⅱ colon carcinoma
(the AVANT study), suggested a detrimental effect of
bevacizumab that involved more serious adverse effects
without an improvement in disease-free survival[57]. Thus,
anti-angiogenic therapy may only benefit CRC patients
with liver metastasis, though further evaluation is needed.
Other anti-angiogenic therapies, such as aflibercept, a
VEGFA, VEGFB and placenta growth factor decoy
receptor, or ramucirumab, a VEGFR1/2/3 and Tie2
tyrosine kinase inhibitor, have been validated by clinical trials[13]. Due to the increase in plasma VEGF levels
and EPCs after partial hepatectomy in CRC metastatic
patients, Pocard and Eveno[58] claim the following: (1) the
primary cancer should be resected rapidly to minimize
metastatic niche activation; (2) systemic chemotherapy
associated with anti-angiogenic drugs should be administered after surgery; (3) liver metastases should be resected; and (4) immunomodulatory and anti-angiogenic treatments should be administered to minimize recurrence.
In practice, neither anti-angiogenic drugs nor adjuvant
chemotherapy can completely eliminate recurrence or
resistance events. It is now acknowledged that CSCs and
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therapeutic schemas is needed. Most importantly, therapeutic approaches should include multiple targets, aimed
at disrupting the cooperative interaction between the
tumor cell and its microenvironment. Advancement of
personalized therapeutic approaches will help to improve
patient survival, not only by increasing specific survival,
but also by decreasing the adverse effects induced by unnecessary chemotherapy.
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system cancers. Carcinogenesis relies on disrupted control of cellular processes, such as metabolism, proliferation, DNA damage recognition and repair, and apoptosis.
Cell, tissue, organ and body physiology is characterized
by periodic fluctuations driven by biological clocks operating through the clock gene machinery. Dysfunction of
molecular clockworks and cellular oscillators is involved in
tumorigenesis, and altered expression of clock genes has
been found in cancer patients. Epidemiological studies
have shown that circadian disruption, that is, alteration of
bodily temporal organization, is a cancer risk factor, and
an increased incidence of colorectal neoplastic disease is
reported in shift workers. In this review we describe the
involvement of the circadian clock circuitry in colorectal
carcinogenesis and the therapeutic strategies addressing
temporal deregulation in colorectal cancer.

Abstract

INTRODUCTION

Colorectal cancer is the most prevalent among digestive

Digestive system cancers account for approximation
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Core tip: The biological clock drives crucial cell processes, such as growth, proliferation, differentiation and
apoptosis, controls metabolic pathways, and regulates
tissue functions and behavioral cycles. Derangement of
these phenomena is involved in colorectal carcinogenesis. The circadian clock circuitry is a leading actor in
physiological regulation, a drawn in bystander in colorectal tumorigenesis, and a possible therapeutic target.
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20% of neoplastic disease incidence, and colorectal cancer (CRC) is the most prevalent, representing > 50% of
all these cancers. CRC is the third most commonly diagnosed cancer, representing approximation 10% of all
newly diagnosed cancers apart from skin cancers, with
19.4 new cases per 100000 of the male population and
17 new cases per 100000 of the female population. CRC
is the fourth leading cause of cancer deaths, accounting for 8.1% of all cancer-related deaths worldwide.
Epidemiological data report a 5-year CRC prevalence
of 66.3 cancer survivors per 100000 population worldwide, and a cumulative CRC risk in persons aged < 75
years of 1.96% worldwide; 2.35% in men and 1.62% in
women[1,2]. At present, the first-choice treatment is surgical excision with or without adjuvant chemotherapy, and
the identification of novel biomarkers for prognosis and
molecular targets for therapeutic intervention is urgently
needed. CRC onset and progression are related to mutational pathways, such as chromosomal instability and
microsatellite instability (MSI). MSI is distinguished as
H (high frequency or probability), L (low frequency or
probability) and S (stable); is determined by defects in
the normal DNA damage response and mismatch repair
process, leading to the loss or gain of repeated units on
the daughter strand and resulting in length variation[3,4];
and influences cancer-specific survival and time to recurrence in CRC patients[5,6]. An early step in colorectal
carcinogenesis is represented by mutations in the gene
adenomatous polyposis coli (APC), causing large deletions in the C terminus of the proteins that are found in
> 80% of human colon cancers. This region is involved
in the binding of β-catenin and axin, and its deletion
leads to post-translational stabilization and accumulation of β-catenin. In turn, this transcriptional factor
translocates from the cytoplasm to the nucleus, where it
relieves T-cell factor (TCF)/lymphocyte enhancer factor
(LEF)1-mediated transcriptional repression, to activate
several oncogenes and other gene targets, such as c-MYC
and CCND1, which stimulate target-gene expression and
eventually tumor phenotype development[7,8].

generation of circadian rhythmicity consists of a set of
interlocking transcription-translation feedback loops that
complete one cycle each day and are driven by the core
clock genes encoding the circadian proteins brain and
muscle aryl-hydrocarbon receptor nuclear translocatorlike (ARNT)l (BMAL1/2 also called ARNTL/2), circadian locomotor output cycles kaput (CLOCK) or its
paralog neuronal PAS domain protein (NPAS)2, PERIOD (PER) 1-2, CRYPTOCHROME (CRY) 1-2 [16].
Other proteins that in some way are related to the clock
gene machinery are represented by PER3, TIMELESS,
timeless-interacting protein (TIPIN), and protein kinases. The genes PER1-2 and CRY1-2 are transcriptionally activated by the basic helix-loop-helix/PAS (period,
aryl-hydrocarbon-receptor, single minded) transcription
factors CLOCK and BMAL1, which heterodimerize and
bind to E-box enhancer elements in the promoters of
these genes[16]. In turn, PER and CRY proteins form a
repression complex that translocates back into the nucleus and interacts with CLOCK and BMAL1, hindering
their activity. PER3 is believed to be the product of one
of the output genes, more than a core clock gene, considering that Per3 knockout mice do not show any circadian
phenotype, whereas PER1 and PER2 play an essential
role in the molecular clockwork[17]. TIMELESS is the homolog of a core circadian gene of Drosophila melanogaster
and is maintained in mammals, but its role in the function of the mammalian molecular clock is still unclear.
TIMELESS and its partner TIPIN interact with components of the DNA replication system to regulate DNA
replication processes under both normal and stress
conditions and are essential for ataxia telangiectasia and
Rad3-related (ATR)-checkpoint kinase (Chk)1 and ataxia
telangiectasia mutated (ATM)-Chk 2-mediated signaling
and S-phase arrest[18,19]. CLOCK-BMAL1 heterodimer
activates an assisting loop that promotes expression of
the nuclear receptors reverse transcript of erythroblastosis gene (REV-ERB) α/β (encoded by NR1D1 and
NR1D2, respectively), and retinoic acid-related (RAR)
orphan receptor (ROR)α/γ, which in turn compete for
ROR-responsive elements (ROREs) of the BMAL1 promoter, and control negatively and positively the rhythmic
transcription of BMAL1, as the REV-ERBs repress
BMAL1 transcription, while RORs activate it. This stabilizing negative loop is important for precise control
of the circadian pacemaker, and these nuclear receptors
regulate a number of physiological functions, including
circadian rhythmicity, lipid metabolism, and cellular differentiation[20-23]. The correct functioning of the clock
gene machinery relies on post-translational modifications of circadian proteins, represented by phosphorylation, O-GlcNAcylation, SUMOylation, acetylation, and
deacetylation. Phosphorylation is operated by protein
kinases, such as casein kinase (CK)1- ε (encoded by
CSNK1Ε), which targets the proteins BMAL1, PER1,
PER2, and CRY1; CK2, which targets BMAL1 and
PER2; AMP-activated kinase (AMPK), which targets
the CRY proteins; and glycogen synthase kinase (GSK)-

Circadian clock circuitry and the bowel
Colorectal carcinogenesis is related to the progressive
loss of homeostatic control of cell proliferation, differentiation and apoptosis. Cellular processes and functions
in living organisms show time-related variations[9-11]. The
patterns of oscillation may be rhythmic with a period
of approximation 24 h and are called circadian[12]. The
circadian timing system responsible for the generation
of these rhythmic variations is composed of central
and peripheral oscillators[13]. The central pacemaker is
located in the suprachiasmatic nuclei of the brain, which
are entrained to the environmental light-dark cycle by
photic inputs conveyed by the retino-hypothalamic tract,
and synchronize self-sustained oscillators in peripheral
tissues through autonomic nervous system fibers and
hormone output; mainly represented by cortisol and
melatonin[14,15]. The molecular clock responsible for the
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The biological clock in colorectal carcinogenesis
The clock genes drive the circadian rhythmicity of expression of so-called clock-controlled genes, which represent 5%-20% of the genome, comprising key cell-cycle
regulators, tumor suppressor genes and oncogenes, and
their expression regulates timing of basic cell functions,
such as metabolism, xenobiotic detoxification, DNA
damage repair, and autophagy[45,46]. Cell-cycle progression
is tightly regulated and the circadian system is involved
in the control of cell proliferation and apoptosis, driving
the transcription and/or post-translational modification
of key proteins that are essential for DNA replication
such as thymidylate synthase, and molecules that gate
cell division in mitosis such as WEE-1[47-49]. Disruption
of the circadian clock may lead to deregulated cell proliferation and deregulation of the circadian clock has
been implicated in CRC[49-52]. The alteration of bodily
temporal organization, defined as circadian disruption,
is considered a cancer risk factor, and an increased incidence of CRC has been reported in shift workers by
epidemiological studies[53-55].
The role of the disruption of the molecular clockwork in colorectal carcinogenesis and CRC progression
is hinted by experimental data showing distortion of circadian regulation in colonic neoplastic tissue and genespecific disruption in the matched nontumorous tissues.
Overexpression of PER1 in human cancer cell lines results in reduced colony formation and clonogenic expansion, in sensitization to radiation-induced apoptosis, and
in altered expression of transcriptional target genes such
as c-MYC and p21. In contrast, Per2-null mice show an
increase in hyperplasia and neoplasia in response to γ radiation, and Per2 mutation has been shown to accelerate
intestinal polyp formation in ApcMin/+ mice[56-58]. PER1
and PER2 are involved in ATM-Chk1/Chk2 DNA damage response pathways and modulate β-catenin, encoded
by the clock-controlled gene CTNNB1, whose promoter
shows BMAL1 occupancy, indicating direct circadian
regulation by this transcription factor[59,60], and that can
function as an oncogene, influencing cell proliferation in
colon cancer cells. In turn, intestinal tumorigenesis may
alter clock function as a result of increased β-catenin
destabilization of PER2 protein and impairing circadian
clock gene expression in intestinal mucosa of ApcMin/+
mice[61].
In mice, mutation in the Period genes leads to altered
temporal expression of genes involved in cell-cycle regulation and tumor suppression, such as c-Myc, Cyclin D1,
Cyclin A, Mdm-2 and GADD45Α, deregulation of DNAdamage response, accelerated intestinal polyp formation
in Apc Min/+ mice, and increased neoplastic growth [62].
Moreover, the BMAL1 gene is a fundamental hinge in
the clock gene machinery and plays a key role in the regulation of tumor cell apoptosis, cell-cycle progression,
and DNA damage response. In in vitro and in vivo experiments the knockdown of BMAL1 by RNA interference
in murine colon cancer cells (C26) reduced the expression of Per1, Per2, Per3, Wee1 and Tp53; decreased apop-

3β, which targets the proteins CLOCK, BMAL1, PER2
and CRY2 [24] . In the absence of GSK-3 β -mediated
phosphorylation BMAL1 becomes stabilized, decreasing the dependent circadian gene expression[25]. In turn,
GSK-3β regulates the activity of O-GlcNAc transferase,
which works as a metabolic sensor gauging the nutrient
flux into the hexosamine biosynthesis pathway, and finetunes the regulation of the circadian clock through reversible change of structure and transcriptional activity
of the circadian proteins CLOCK and PER, as well as
stabilization of BMAL1 and CLOCK as a result of inhibition of their ubiquitination[26,27]. Furthermore, BMAL1
is SUMOylated in vivo on Lys259; CLOCK is necessary
to stimulate this post-translational modification; and
BMAL1 SUMOylation and activation oscillate with circadian rhythmicity in the mouse liver[28,29]. Acetylation is
operated by CLOCK, whereas deacetylation is operated
by SIRT1, a type Ⅲ NAD+-dependent histone/protein
deacetylase that is required for high-magnitude circadian transcription of several proteins encoded by core
clock genes, including BMAL1, PER2, and CRY1, which
counterbalances the histone acetyltransferase activity of
CLOCK, and promotes the deacetylation and degradation of PER2. The interaction of SIRT1 with CLOCK:
BMAL1 is not time dependent, whereas the NAD +dependent SIRT1 activity changes in a circadian manner,
and the circadian regulation of SIRT1 activity depends
on CLOCK:BMAL1-mediated regulation of expression
of nicotinamide phosphoribosyltransferase (NAMPT);
the rate-limiting enzyme involved in NAD + synthesis[30-34]. The clock gene machinery controls the expression of hundreds of genes (clock-controlled genes) that
drive the expression of proline-and acidic amino acidrich domain basic leucine zipper (PAR bZIP), including
DBP (albumin D-site binding protein), TEF (thyrotroph
embryonic factor), HLF (hepatic leukemia factor),
and the nuclear factor, interleukin-3-regulated protein
(NFIL3, also known as E4BP4), whose promoter contains a RORE and is transcriptionally regulated by REVERBs[35]. Many physiological processes in the gastrointestinal tract, such as motility of gut sections, activity of
mucosal enzymes, function of mucosal transporters, and
proliferation rate of different cell types, exhibit diurnal
rhythms[36,37]. Studies in animal models and observations
in humans have demonstrated that a circadian biological clock operates in the gastrointestinal tract, and the
core clock genes drive the circadian expression of clockcontrolled genes and tissue-specific output genes[38,39],
coding for proteins involved in gut functions, such as
NHE3, encoding an electroneutral Na+/H+ exchanger,
and Atp1a1, ENaCg, Dra, AE1 and NHERF1, involved in colonic NaCl absorption[40]. In addition, the
clock gene machinery drives the circadian rhythmicity of
gut physiology and motility[41,42], suggesting possible links
between disruptions of circadian biology and diseases
of the gastrointestinal tract, such as motility disorders,
inflammation, and cancer[43,44].
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tosis induced by etoposide; reduced the distribution in
the G2/M phases of cells treated by docetaxel; and decreased DNA damage induced by cisplatin, accelerating
cell proliferation in vitro and promoting tumor growth
in mice[63]. A role in the early stages of colorectal carcinogenesis is played also by CK1ε, as demonstrated by
in vitro and in vivo studies, and knock down of CSNK1E
or use of a kinase inhibitor specific to CK1ε induced
tumor-cell-selective cytotoxicity, because tumor cells depend more on the kinase activity of CK1ε than normal
cells do[64,65].
The function of the circadian clock during neoplastic transformation was evaluated in a mouse model of
chemically induced primary CRC, and the daily profiles
of the core clock genes Per1, Per2, Rev-Erbα and Bmal1,
the clock-controlled gene Dbp and the clock-controlled
cell cycle genes Wee1, c-Myc and p21 were assessed in the
tumor, matched nontumorous tissue, and the liver[66].
The circadian rhythmicity of Per1, Per2, Rev-Erbα and
Dbp was significantly decreased in CRC compared with
nontumorous tissue, and the expression of Bmal1 was
not rhythmic. Besides, the circadian expression of Per1,
Per2, Rev-Erbα and Dbp was present in the nontumorous
matched colonic tissue, but the expression of Bmal1 did
not show a circadian rhythm[66]. The expression patterns
of Wee1, c-Myc and p21 did not show circadian rhythmicity in tumors or the colon of healthy animals. A phase
shift was evidenced for the rhythmic expression of the
clock genes in the liver of tumor-bearing mice[66].

levels with patient age, histological grade, TNM stage
and expression of nuclear proliferation-related antigen
Ki67[70]. Besides, downregulation of PER3 was seen in
tumor tissues of CRC patients, associated with various
clinicopathological factors, comprising tumor location,
differentiation, and stage, and to poorer survival, suggesting an important role in CRC progression[71]. Among
the clock-controlled genes that drive intestinal physiology, an important role is played by PPARG, which codes
for the transcription factor peroxisome proliferatoractivated receptor (PPAR)γ, which is involved in several
physiological processes, and an important interplay has
been demonstrated between PPARγ and β-catenin[72].
β-Catenin is crucial in the WNT signaling pathway, and
plays an essential role in the regulation of gene expression interacting with several molecular partners, such as
APC and the TCF/LEF1 family transcription factors,
and in cell adhesion, bridging between cadherins and the
actin cytoskeleton at the cell-cell adherens junctions. Cytoplasmic but not membrane-bound β-catenin forms a
complex with APC, the associated protein axin/conductin, CK2 and GSK-3β, which phosphorylate β-catenin
and other elements of the molecular proteolytic complex. Activation of WNT signaling involves the inhibition of GSK-3β through mechanisms that may involve
axin binding to the proteins Dishevelled or low-density
lipoprotein receptor-related protein (LRP)-5, determining nuclear β-catenin accumulation, binding to TCF/
LEF1 transcription factors, and expression of target
genes including c-MYC and CCND1[73]. The protein kinase CK1ε is involved in cell proliferation by stabilizing
β-catenin, and CK1ε overexpression mimics the effect
of WNT signalling, resulting in cytoplasmic accumulation of β-catenin and its subsequent nuclear localization,
to control transcription and support tumorigenesis[74-76].
The role of CK1ε in cell proliferation and in circadian
clock function in the context of colorectal carcinogenesis might be not crucial. In the absence of WNT signaling, β-catenin is destabilized by GSK-3β, which plays a
role in mammalian circadian clock function, counteracts
the ability of CK1ε to promote β-catenin stability, and is
involved in circadian control of cell-cycle progression[77].
PPARγ is a ligand-activated transcription factor belonging to the large superfamily of nuclear receptors,
regulates cellular proliferation/differentiation, and plays a
role in colorectal carcinogenesis[78]. In the normal mucosa
of the colon and rectum there is high PPARγ expression,
and in mouse small intestine and colon, decreased intestinal PPARγ levels are associated with enhanced tumorigenicity[79]. In CRC patients, PPARγ expression levels are
not uniformly changed, suggesting that PPARG deregulation plays different and context-dependent roles in CRC
onset and progression, and that this nuclear receptor
inhibits tumor growth only in the presence of functional
APC[80].
The functioning of the clock gene machinery is
severely altered in patients affected by CRC, with downregulation of BMAL1, PER1, PER2, PER3 and CRY2,

clock genes in human colorectal cancer
There has been much interest in the alteration of expression of clock genes and clock-controlled genes in
humans affected by CRC[67,68]. CLOCK is reported to
be mutated in cancer, and may be involved in carcinogenesis through changed response to DNA damage.
Microarray gene expression data combined with public
gene sequence information have identified CLOCK as
a potential target of somatic mutations in microsatellite unstable CRCs, and CLOCK mutations occurred in
53% of MSI CRCs[69]. Restoring CLOCK expression in
a human colon adenocarcinoma cell line derived from
a primary colon cancer lacking wild-type CLOCK, and
testing the effects of UV-induced apoptosis and radiation by DNA content analysis using flow cytometry,
demonstrated protection against UV-induced apoptosis
and decreased G2/M arrest in response to ionizing radiation. Novel CLOCK-binding elements were identified near DNA damage genes p21, NBR1, BRCA1 and
RAD50 by means of chromatin immunoprecipitation
with parallel DNA sequencing[69]. Furthermore, changes
in the expression of PER2 were demonstrated by immunohistochemical staining and real-time polymerase
chain reaction in tumor tissue of CRC patients, with
heterogeneous, and negative or weak staining patterns
in cancerous cells, with higher PER2 expression in welldifferentiated cancer cells when compared to poorly
differentiated ones, and associations of decreased PER2
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upregulation of BMAL2 and TIMELESS (in particular
in MSI-H and MSI-L tumors), and significant differences in survival related to differential expression of
clock genes[44,81]. The altered expression of clock genes
influences also phenotypic characteristics of colon cancer cells and disease outcome, and a correlation between
high expression of the BMAL1 gene and low expression
of the PER1 gene and liver metastasis, and between high
expression of the PER2 gene and significantly better
outcomes of CRC have been observed[82]. The upregulation of BMAL2 is accompanied by high expression
of SERPINE1 in CRC patients[81]. Invasion by cancer
cells requires proteases to degrade the cellular matrix.
Cathepsins, which are cysteine proteases, play a crucial
role in this process through the destruction of the cellsurrounding extracellular matrix[83]. Plasmin is formed
from its zymogen, plasminogen; a reaction catalyzed by
the serine protease urokinase-type plasminogen activator (uPA) and partially regulated by plasminogen activator inhibitors, such as plasminogen activator inhibitor
(PAI)-1[84]. A high concentration of PAI1 in tumor biopsy
specimens, the major physiological regulator of the pericellular plasmin-generating cascade, is associated with
poor prognosis, and high preoperative plasma concentrations of PAI-1 are associated with shorter survival in
CRC patients[85]. Both CLOCK:BMAL1 and CLOCK:
BMAL2 heterodimers powerfully activate the promoter
of the gene encoding PAI-1, officially called SERPINE1
and located on the seventh chromosome (7q21.3-q22),
underlying the circadian variation in circulating PAI-1[86,87].
CLOCK:BMAL2, binding two E-box enhancers in the
promoter, is more potent than CLOCK:BMAL1 in its
ability to activate SERPINE1[88-90].
Colorectal tumorigenesis is influenced also by SIRT1
that may behave as a tumor suppressor or as an oncogene in different in vitro and in vivo conditions. The involvement of SIRT1 in onset and progression of CRC
is corroborated by the observation that transgenic mice
overexpressing SIRT1 in the intestine show reduced
development of tumors caused by ApcMin/+ mutation,
and that SIRT1–/– mice show increased tumor incidence
when crossed to a p53–/– background. In CRC patients,
the expression levels are unevenly modified, reflecting
the different settings that characterize the experimental
conditions, and different colon cancer cell lines show
dissimilar levels of SIRT1 expression and variable changes in clock gene expression after ectopic upregulation[91].
In normal colon, significant levels of nuclear SIRT1 are
expressed in proliferating colon epithelial cells at the
base of the crypt, and expression gradually decreases in
cells migrating toward the lumen. In contrast, in samples
of benign adenomas (polyps), SIRT1 is detected in all
cells with an adenomatous morphology of benign adenomas (polyps), but not in the adjacent normal mucosa.
Colonic adenocarcinoma shows a heterogeneous SIRT1
expression profile, suggesting that in normal colon epithelium, SIRT1 levels correlate with active cell proliferation. SIRT1 is expressed at high levels in normal colon
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and benign lesions, and high SIRT1 expression is an
intrinsic response to cell proliferation in untransformed
mucosa and premalignant adenoma. In CRC tissue,
SIRT1 expression is downregulated in a subset of tumors to facilitate tumor growth, and in particular in high
grade tumors, where the growth-inhibitory activity of
SIRT1 becomes a rate-limiting factor for tumor progression, whereas some low- grade tumors may overexpress
SIRT1 to benefit from its antiapoptotic effects[92].
Circadian rhythmicity and CRC treatment
The body systems involved in xenobiotic detoxification
show circadian variations of function and activity driven
by the clock gene machinery, determining time-dependent toxicity of xenobiotics and drugs[93-95]. The product
of the multidrug resistance (mdr1a) gene, P-glycoprotein,
works as a xenobiotic transporter contributing to the
intestinal barrier, and intestinal expression of the mdr1a
gene and its efflux pump function show oscillation with
24-h periodicity driven by the circadian clock through
the opposing action of HLF and E4BP4, connecting the
circadian timekeeping system to xenobiotic detoxification[96]. The time-of-day-dependent variations in cancer
cell proliferation, as well as drug metabolism, toxicity
and effectiveness represent the rationale for the timing
of drug administration over a 24-h period[97-100], and they
form the basis for chronomodulated chemotherapy of
advanced-stage CRC, characterized by an opposite phase
of delivery of oxaliplatin in the afternoon, with respect
to 5-fluorouracil and leucovorin that are delivered late at
night (chronoFLO4)[101]. Chronomodulated delivery of
chemotherapy has shown better tolerability and antitumor activity compared with conventional chemotherapy,
with less myelosuppression and more gastrointestinal
toxicity for the chronoschedule, but with a favorable difference between treatments in median survival time only
in male patients. Indeed, sex dependency in the effects of
this schedule has been demonstrated with shorter survival and greater toxicity reported in female CRC patients in
the European Organisation for Research and Treatment
of Cancer (EORTC) Chronotherapy Group trial [102].
From these studies, sex emerges as the single predictor
of survival, conditioning outcome of chronoFLO4 and
determining genetic variation of metabolic responses that
influence time-related variables and hinder administration of maximal effective dosing. A different genotypic
profile between men and women could characterize CRC
patients, and the higher burden of toxicity reported in
women treated with 5-fluorouracil-based chemotherapy
may be also due to the lower expression of dihydropyrimidine dehydrogenase in the tumors in female patients
and/or to sex dependency of circadian pharmacology[68].
Xenobiotic detoxification and metabolic pathways differ
between male and female mammals including humans. In
double mutant Cry1–/–Cry2–/– male mice, sex dimorphism
in hepatic drug metabolism is altered. Upon inactivation
of the Cryptochrome genes, the levels of sex-specific liver products, including several cytochrome P450 enzymes,
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Figure 1 biological clock and the cell processes involved in colorectal carcinogenesis. The scheme renders the transcriptional/translational feedback loop through
which the molecular clockwork operates, and depicts its interplay with the aryl hydrocarbon receptor (AHR)/ARNT system in the control of the cell cycle and apoptosis, and
ultimately in the regulation of the processes of cell proliferation and death, whose deregulation brings about colorectal cancer (CRC) onset and progression. CK: Casein
kinase; AHR: Aryl hydrocarbon receptor; PPAR: Peroxisome proliferator-activated receptor; CHK: Checkpoint kinase; ATR: Ataxia telangiectasia and rad3-related; ATM:
Ataxia telangiectasia mutated; ARNT: Aryl hydrocarbon receptor nuclear translocator; HLF: Hepatic leukaemia factor; TEF: Thyrotroph embryonic factor.

ly associated with MSI status in CRC patients, and higher
expression is found in patients with MSI-H and MSI-L[44].
Approximately 15% of CRC is characterized by defects
in the DNA mismatch repair system, leading to MSI that
generates a large number of substitution, as well as insertion and deletion mutations. These mutations typically
target microsatellite sequences and lead to shifts in the
reading frame, resulting in truncation or other alterations
of the protein product. The presence of premature stop
codons decreases the expression of mRNAs with such
frameshift mutations and results in degradation of some
of the mutant mRNA through the nonsense-mediated decay pathway. Response to adjuvant chemotherapy may be
influenced by MSI status in CRC patients, because MSI-H
tumors show better outcome with irinotecan-containing
than 5-fluorouracil-containing regimens[106]. The increased
expression of TIMELESS in MSI-H and MSI-L CRC
may be related to the process of tumorigenesis and might
cause reduced response to possible adiuvant chemotherapy. The circadian CLOCK-BMAL1 transactivation
complex may be directly involved in the response to
stress at the individual cell level, because Clock mutant and
Bmal1 knockout mice are highly sensitive to cyclophosphamide treatment in a time-of-day-independent manner,
suggesting that CLOCK and BMAL1 directly regulate

expressed by male mice are similar to those expressed
by female mice[103]. In humans, the decreased expression
level of Cryptochrome genes observed in female patients
affected by CRC[44] might explain the different median
survival and increased toxicity observed after chronomodulated chemotherapy administration in the EORTC
Chronotherapy Group trial[104]. High Cryptochrome gene
expression and protein levels in tumor tissue are correlated with tumor progression and poorer overall and
disease-free survival in CRC patients[104].
Many cytotoxic anticancer drugs damage DNA and
may activate DNA checkpoints permitting attempted
DNA repair. This process is essential for cell survival, but
may reduce the cytotoxicity of anticancer drugs. TIMELESS is required for ATM-dependent Chk2-mediated
signaling of doxorubicin-induced DNA double-strand
breaks, and downregulation of TIMELESS by siRNA significantly attenuates doxorubicin-induced G2/M cell cycle
arrest and sensitizes cancer cells to doxorubicin-induced
cytotoxicity. Therefore, upregulation of TIMELESS in
CRC may predict altered drug sensitivity, and TIMELESS
inhibition is a potential novel anticancer drug target to
enhance the cytotoxic effectiveness of chemotherapeutic
drugs known to activate DNA response pathways within
cancer cells[105]. TIMELESS expression is also significant-
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the expression of cell-cycle- and apoptosis-related genes,
and that time-related and allelic-dependent variations in
response to chemotherapy correlate with the functional
status of the CLOCK-BMAL1 heterodimer[93-95,107]. The
frequencies of the 311T>C CLOCK gene CC genotype
and C allele were significantly higher among CRC patients
compared to controls, increasing the risk of CRC by 2.78and 1.78-fold, respectively[108]. Furthermore, higher levels
of CLOCK gene and protein expression were observed in
human CRC tissues, particularly in poorly differentiated,
advanced Dukes’ stage tumors and in cases with lymph
node involvement, and a strong positive linear correlation was found with ARNT, hypoxia-inducible factor1α and vascular endothelial growth factor expression in
tumor tissue[109,110]. BMAL1 protein suppresses the protooncogene c-MYC, and stimulates the tumor suppressor
WEE1, confirming the important role played by the altered expression of this core clock gene in the process of
carcinogenesis[50]. In addition, a tight interplay has been
demonstrated between aryl hydrocarbon receptor (AHR)/
ARNT system and circadian pathways, and this interconnection might be critical to influence onset, promotion,
and progression of colorectal malignant neoplasms[46].
An important role is played in carcinogenesis by the
transcription factors of the AHR/ARNT system, which
bind to a xenobiotic response element and control the
expression of genes encoding enzymes involved in the
metabolism and detoxification of exogenous and endogenous compounds, but they are antagonized by the AHR
repressor[111] (Figure 1). Upon ligand-mediated activation,
the AHR/ARNT system modulates metabolic pathways
and cell processes, such as survival, cell cycle, proliferation, apoptosis, differentiation, epithelial to mesenchymal
transition, angiogenesis, inflammation, cell contact inhibition, cell-matrix interaction, and extracellular matrix remodeling, which are crucial in the initiation and evolution
of neoplastic disease[112-114].
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CONCLUSION
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The biological clock plays an important role in bowel
physiology, and alteration of the molecular clockwork
is involved in colorectal carcinogenesis. The circadian
genes and proteins are variably altered in colorectal malignant neoplasm and influence phenotypic characteristics of colon cancer cells, disease progression, patient
survival, and response to chemotherapy. A better understanding of the mechanisms controlled by the clock
gene machinery in normal conditions and in time- and
biological-clock-related derangements in colorectal carcinogenesis will allow further advances in the comprehension of the pathophysiological mechanism operating in
intestinal cancer, and will provide more effective therapeutic strategies for patients suffering from colorectal
malignant tumors.
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Role of cetuximab in first-line treatment of metastatic
colorectal cancer
Miguel Jhonatan Sotelo, Beatriz García-Paredes, Carlos Aguado, Javier Sastre, Eduardo Díaz-Rubio
other hand, recent advances in the management of
colorectal liver metastases have improved survival in
these patients. Adding cetuximab to standard chemotherapy increases the response rate in patients with
wild-type KRAS and can thus increase the resectability
rate of liver metastases in this group of patients. In this
paper we review the different studies assessing the efficacy of cetuximab in the first-line treatment of mCRC.
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Core tip: This article contains updated data regarding
biomarkers of response to epidermal growth factor
receptor-targeted therapy and reviews the major studies that have evaluated the efficacy of cetuximab in
the first-line treatment of metastatic colorectal cancer
(mCRC). We have also compiled the most important
data supporting the use of cetuximab in the neoadjuvant treatment of colorectal liver metastases. Finally,
we review the current evidence regarding the efficacy
and safety of cetuximab in the treatment of elderly patients with mCRC.

Abstract
The treatment of metastatic colorectal cancer (mCRC)
has evolved considerably in the last decade, currently
allowing most mCRC patients to live more than two
years. Monoclonal antibodies targeting the epidermal
growth factor receptor (EGFR) and vascular endothelial growth factor play an important role in the current
treatment of these patients. However, only antibodies
directed against EGFR have a predictive marker of response, which is the mutation status of v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS). Cetuximab has been shown to be effective in patients with
KRAS wild-type mCRC. The CRYSTAL study showed that
adding cetuximab to FOLFIRI (regimen of irinotecan,
infusional fluorouracil and leucovorin) significantly improved results in the first-line treatment of KRAS wildtype mCRC. However, results that evaluate the efficacy
of cetuximab in combination with oxaliplatin-based
chemotherapy in this setting are contradictory. On the
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INTRODUCTION
Colorectal cancer is the third most common malignancy
in men and the second most common in women worldwide. It is the fourth leading cause of cancer death, ac-
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counting for 8% of global cancer deaths[1].
Approximately 35% of patients have metastatic disease at diagnosis and 20%-50% of patients with stages
Ⅱ-Ⅲ develop metastases in the course of the disease, the
liver being the most common site of metastatic spread[2].
There is a small subset of patients with metastatic
disease isolated in the liver or lungs that can be offered
potentially curative surgical treatment. Hepatic resection
has become the treatment of choice for patients who
have liver metastases metastases only and neoadjuvant
chemotherapy currently plays a major role in this setting,
increasing the resection rate. However, the vast majority
of patients with metastatic colorectal cancer (mCRC) are
incurable and can only be offered systemic treatment with
palliative intent[3].
In the last decade there have been significant advances
in the treatment of mCRC that have changed the natural
history of the disease in these patients. Median survival in
the era of 5-fluorouracil (5FU) was 6-12 mo[4]. The introduction of oxaliplatin, irinotecan and subsequently biological agents (bevacizumab, cetuximab, panitumumab, aflibercept and regorafenib) made it possible to prolong the
survival of patients with mCRC, reaching median survival
times in excess of 20 mo[5], so that a significant percentage
of these patients now live longer than two years.
One of the great challenges of modern oncology is
to identify biomarkers to select subsets of patients who
will benefit from a particular drug, and thus to develop
personalised medicine. In mCRC, the mutation status of
v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
(KRAS) predicts response to drugs targeting epidermal
growth factor receptor (EGFR)[6-13].
EGFR is a receptor tyrosine kinase that belongs to the
ErbB receptor family, which plays an important role in
colorectal cancer progression. The binding of ligands will
activate the EGFR, resulting in homodimerization and
heterodimerization with other members of the ErbB family, which in turn trigger the activation of downstream signalling pathways, finally resulting in cell growth and proliferation. KRAS is a protein that is an essential component
of the EGFR signalling cascade[5,8]. There are reports that
activating mutations in the KRAS gene, which encode this
effector protein involved in EGFR-driven signalling, are
present in 35%-40% of colorectal cancers[14,15].
Cetuximab is a chimeric monoclonal antibody that
competitively binds to the extracellular domain of EGFR
with a higher affinity than its endogenous ligands, blocking EGFR-driven signalling, resulting in inhibition of cell
growth and induction of apoptosis[16-18]. There are also
reports that cetuximab can mediate antibody-dependent
cellular cytotoxicity against tumour cells[16,19]. This monoclonal antibody has been proven effective in patients
with KRAS wild-type mCRC[6,7,20,21]. In addition, there is
evidence that not only do patients with KRAS mutations
not benefit from treatment with cetuximab, but that it
could actually have a detrimental effect on them[7,21].
In this paper we review the most relevant clinical trials that have assessed the role of cetuximab in the firstline treatment of mCRC.
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KRAS AND OTHER BIOMARKERS IN
COLORECTAL CANCER
KRAS mutation status is a predictor of response to cetuximab that has been validated in several clinical trials.
However, the KRAS wild-type status does not guarantee
response to cetuximab in all patients[6-8,10,20,21]. This has led
to intensive investigation of mechanisms of primary resistance to anti-EGFR drugs, which has identified potential molecular markers in the complex signalling pathway
driven by the EGFR.
While the prognostic value of V-raf murine sarcoma viral oncogene homolog B1 (BRAF) mutations in
colorectal cancer has been clearly demonstrated[20,22-26], its
role as a predictor of response to EGFR-targeted agents
is still controversial[12,20,22,24]. On the other hand, there is
evidence that neuroblastoma RAS viral (v-ras) oncogene
homolog (NRAS) mutations are associated with a lack of
response to anti-EGFR agents[23,27,28]. In a recent analysis
of the PRIME trial, it was found that KRAS and NRAS
wild-type mCRC patients showed a significant improvement in progression-free survival (PFS) and overall survival (OS) when treated with FOLFOX-panitumumab
compared with FOLFOX alone [hazard ratio (HR) for
PFS 0.72, 95%CI: 0.58-0.90, P < 0.01; HR for OS 0.78,
95%CI: 0.62-0.99, P = 0.04], whereas this benefit was not
observed in patients with KRAS or NRAS mutations (HR
for PFS 1.28, 95%CI: 0.79-2.07, P = 0.32; HR for OS 1.29,
95%CI: 0.79-2.10, P = 0.31). In this analysis, the BRAF
mutation status was not found to be a predictive marker
of response[28]. Similarly, recent data from the FIRE-3
study showed that in patients with both wild-type KRAS
and NRAS, cetuximab-regimen of irinotecan, infusional
fluorouracil and leucovorin (FOLFIRI) significantly improved OS compared with bevacizumab-FOLFIRI (33.1
mo vs 25.9 mo, HR = 0.69; 95%CI: 0.52-0.92, P = 0.01)[29].
In view of these results, the mutational status of NRAS
seems to position itself as a new biomarker that could
help us to select responders to anti-EGFR therapies.
Currently, there are data suggesting that in addition
to analysis of KRAS mutation status, the evaluation
of EGFR gene copy number, levels of EGFR ligands,
BRAF, NRAS, PIK3CA mutations and PTEN loss could
also help us achieve a more accurate selection of patients
who may benefit from anti-EGFR targeted drugs[22,27,30-32],
although this needs to be validated in large prospective
studies.

CETUXIMAB-BASED THERAPY FOR
FIRST-LINE TREATMENT OF MCRC
Cetuximab in combination with irinotecan-based
chemotherapy
Data from previous studies that showed an apparent
ability of cetuximab to reverse resistance to irinotecan
and obtain responses in patients who had previously
progressed on irinotecan suggested a potential increased
efficiency by combining both drugs[33-36]. This possible
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Table 1 Clinical trials of cetuximab in combination with irinotecan-based chemotherapy
Clinical trial

Type of
study

KRAS
analysis

Phase Ⅰ/Ⅱ

No

Raoul et al[38]
Phase Ⅰ/Ⅱ
CRYSTAL,
Phase Ⅲ
Van Cutsem et al[6,20]
FIRE-3,
Phase Ⅲ
Heinemann et al[41]

No
Yes

Folprecht et al[37]

Yes

Treatment

Response rate

R0 resection rate

PFS (mo)

OS (mo)

Cetuximab-Irinotecan/
67%
19%
9.9
33
5FU/FA1
Cetuximab-FOLFIRI
48%
19.20%
8.6
22.4
Cetuximab-FOLFIRI vs 57.3% vs 39.7% (OR = 5.1% vs 2% (OR = 9.9 vs 8.4 (HR = 0.696, 23.5 vs 20 (HR =
FOLFIRI
2.069, P < 0.001)2
2.65, P = 0.0265)2
P = 0.0012)2
0.796, P = 0.0093)2
Cetuximab-FOLFIRI vs 62 vs 57 (OR = 1.18,
10 vs 10.3 (HR = 1.06, 28.7 vs 25 (HR = 0.77,
Bevacizumab-FOLFIRI
P = 0.183)
P = 0.547)
P = 0.017)

AIO group regimen of irinotecan, folinic acid and infusional 5FU; 2Results in wild-type KRAS population. PFS: Progression-free survival; OS: Overall survival; FA: Folinic acid; 5FU: 5-fluorouracil; FOLFIRI: Regimen of irinotecan, infusional fluorouracil and leucovorin; AIO: Arbeitgemeinschaft internistische
onkologie; CRYSTAL: CRYSTAL trial (cetuximab combined with irinotecan in first-line therapy for metastatic colorectal cancer); FIRE-3: AIO KRK-0306
trial; KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog.
1

95%CI: 1.083-6.490, P = 0.0265)[6,20].
In an analysis of data from the CRYSTAL study,
Piessevaux et al[39] observed that in wild-type KRAS patients
treated with cetuximab-FOLFIRI early tumour response
> 20% was significantly associated with better OS (28.3
mo vs 19.6 mo, HR = 0.643; 95%CI: 0.480-0.862, P =
0.003) than in patients with early tumour response <
20%; however, this was not observed in patients treated
with FOLFIRI alone (21.2 mo vs 20.2 mo, HR = 0.814;
95%CI: 0.626-1.059, P = 0.125)[39]. These findings were
confirmed in an analysis of data from the CRYSTAL
and OPUS studies, which showed a strong association
between early tumour response and long-term outcomes
in patients with KRAS wild-type mCRC treated with
chemotherapy and cetuximab, compared with patients
treated with chemotherapy alone[40]. These results suggest
that early tumour response could be useful as a predictor
of outcome, although this needs to be confirmed in prospective studies.
Despite the proven benefit of cetuximab in combination with FOLFIRI in the first-line treatment of KRAS
wild-type mCRC, the optimal sequence of treatment
in these patients has not been established. Whether we
should start with an anti-EGFR and upon progression
continue with an anti- vascular endothelial growth factor
or vice versa is a question that has yet to be answered in
randomised clinical trials. In this sense, preliminary results of the randomised FIRE-3 trial have recently been
reported. This study conducted by the AIO group in
Germany randomised patients in first-line therapy to cetuximab vs bevacizumab in combination with FOLFIRI.
Of 592 patients with wild-type KRAS, 297 were treated
with cetuximab-FOLFIRI and 295 with bevacizumabFOLFIRI. In the ITT population, the RR was comparable in both arms of the study: 62% with cetuximabFOLFIRI vs 57% with bevacizumab-FOLFIRI (OR
= 1.18; 95%CI: 0.85-1.64, P = 0.183); however, in the
population evaluable for response, there was a significant
benefit in favour of the cetuximab arm (72.2% vs 63.1%,
OR = 1.52; 95%CI: 1.05-2.19, P = 0.017). There were no
statistically significant differences in PFS (10 mo vs 10.3
mo, HR = 1.06; 95%CI: 0.88-1.26, P = 0.547); however,
cetuximab-FOLFIRI significantly prolonged overall sur-

synergistic activity led to combinations of cetuximab
and irinotecan-based regimens being assessed in first-line
treatment of mCRC (Table 1).
In a small phase Ⅰ/Ⅱ German study that included
21 patients with EGFR-expressing mCRC who were
treated with cetuximab and a combination of irinotecan,
infusional 5FU and folinic acid [Arbeitgemeinschaft
internistische onkologie (AIO) group regimen], the response rate (RR) was 67% (two patients achieved complete response), median time to progression (TTP) was
9.9 mo and median OS was 33 mo. It is noteworthy that
in this study five of the 21 patients (24%) initially had
unresectable liver metastases, which became resectable.
Four patients underwent surgery with curative intent,
achieving R0 resection, and the fifth patient refused surgery[37]. Another phase Ⅰ/Ⅱ study recruited a total of 52
patients with EGFR-expressing mCRC who were treated
with cetuximab in combination with FOLFIRI, showing a RR of 48%, a median PFS of 8.6 mo and a median
OS of 22.4 mo. In this study 14 of the 52 patients (27%)
with initially unresectable metastatic disease (21% with
liver metastases, 2% with lung involvement and 4% with
metastasis to other sites) were able to undergo curative
surgery, achieving R0 resections in 10 cases[38].
Based on these results, the CRYSTAL study (Cetuximab Combined with Irinotecan in First-Line Therapy
for Metastatic Colorectal Cancer) was conducted, a randomised phase Ⅲ trial evaluating the efficacy of combining cetuximab-FOLFIRI as compared to FOLFIRI alone
in the first-line treatment of mCRC. A total of 1198
patients with EGFR-expressing mCRC were randomised
to both arms of the study (599 subjects in each arm).
This study conducted a retrospective analysis of KRAS
mutation status. Knowing the KRAS mutation status in
89% of the patients, it was observed that the addition of
cetuximab to FOLFIRI significantly increased RR (57.3%
vs 39.7%, OR = 2.069; 95%CI: 1.515-2.826, P < 0.001)
PFS (9.9 mo vs 8.4 mo, HR = 0.696; 95%CI: 0.558-0.867,
P = 0.0012) and OS (23.5 mo vs 20 mo, HR = 0.796;
95%CI: 0.670-0.946, P = 0.0093) in the group of patients
with wild-type KRAS. It was also noted that in this group
there was a significant increase in the R0 resection rate
for cetuximab-FOLFIRI (5.1% vs 2.0%, OR = 2.650;
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Table 2 Clinical trials of cetuximab in combination with oxaliplatin-based chemotherapy
Clinical trial

Type of
study

KRAS
analysis

Treatment

Response rate (%)

R0 resection
rate (%)

PFS (mo)

OS (mo)

Arnold et al[48]

No

Cetuximab-FUFOX1

57%

4%

8.1

28.2

Tabernero et al[49]
OPUS, Bokemeyer et al[7,21]

Phase Ⅰ
b/Ⅱ
Phase Ⅱ
Phase Ⅱ

No
Yes

COIN, Maughan et al[23]

Phase Ⅲ

Yes

72%
57% vs 34% (OR =
2.551, P = 0.0027)2
64% vs 57% (OR =
1.35, P = 0.049)2

21%
12.3
30
12% vs 3% (P =
8.3 vs 7.2 (HR =
22.8 vs 18.5 (HR =
0.0242)2
0.567, P = 0.0064)2
0.855, P = 0.39)2
15% vs 13 % (P 8.6 vs 8.6 (HR = 0.96, 17 vs 17.9 (HR = 1.04,
= 0.74)2
P = 0.60)2
P = 0.67)2

NORDIC Ⅶ, Tveit et al[50]

Phase Ⅲ

Yes

Cetuximab-FOLFOX4
Cetuximab-FOLFOX4
vs FOLFOX4
CetuximabmFOLFOX6/XELOX
vs mFOLFOX6/
XELOX
Cetuximab-Nordic
FLOX vs Nordic
FLOX3

46% vs 47% (OR =
0.96, P = 0.89)2

13.4% vs 14.4%2 7.9 vs 8.7 (HR = 1.07, 20.1 vs 22 (HR = 1.14,
P = 0.66)2
P = 0.48)2

1

FUFOX: AIO group weekly regimen of oxaliplatin, folinic acid and infusional 5FU; 2Results in wild-type KRAS population; 3Nordic FLOX: Biweekly regimen of oxaliplatin, bolus 5FU and folinic acid. KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; PFS: Progression-free survival; OS: Overall
survival; 5FU: 5-fluorouracil; XELOX: Capecitabine plus oxaliplatin.

vival as compared to bevacizumab-FOLFIRI (28.7 mo
vs 25 mo, HR = 0.77; 95%CI: 0.62 to 0.96, P = 0.017)[41].
This difference may be explained by various hypotheses.
The deepness of response is the percentage of tumour shrinkage observed at the nadir compared with
baseline. It was noted that the deepness of response
could be a predictor for OS. A recent analysis of data
from the CRYSTAL and OPUS trials observed that the
median deepness of response was significantly greater
in patients treated with chemotherapy and cetuximab as
compared to chemotherapy alone (50.9% with FOLFIRIcetuximab vs 33.3% with FOLFIRI alone, P < 0.0001,
and 57.9% with FOLFOX4-cetuximab vs 30.7% with
FOLFOX4 alone, P = 0.0008); in addition, a statistically
significant association was identified between deepness
of response and OS in the CRYSTAL study (P < 0.0001)
and the OPUS study (P < 0.005)[42,43]. It would be interesting to know about this particular point in the FIRE-3
study as well.
The data available to date show that the presence of
BRAF mutations confers a poor prognosis in patients
with mCRC[20,22-26]. A difference in the percentage of
patients with mutated BRAF between the two groups in
this study may also have contributed to this difference in
OS, although this seems unlikely, since the incidence of
BRAF mutations is generally low (less than 10%) and not
sufficient to explain a difference of four mo in median
overall survival.
In addition, an imbalance in second-line treatments
between the two arms could explain the OS results observed in this study. However, recent data presented by
Modest et al[44] at the ESMO 15th World Congress on
Gastrointestinal Cancer reject this possible explanation.
The percentages of patients receiving oxaliplatin, bevacizumab and anti-EGFR were 63.7%, 46.6% and 15.2% in
the cetuximab arm and 62.8%, 17.3% and 41.4% in the
bevacizumab arm.
Despite the results of the FIRE-3 trial, there are still
doubts about when is the right time to use cetuximab or
bevacizumab in the treatment of patients with KRAS
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wild-type mCRC. We must wait for the results of the
phase Ⅲ CALGB 80405 trial, which compares chemotherapy (FOLFOX or FOLFIRI) with cetuximab or
bevacizumab as first-line treatment in this patient group
(clinicaltrials.gov/NCT00265850). It is expected to provide us with definitive data on the efficacy of cetuximab
and its role in this setting.
Cetuximab in combination with oxaliplatin-based
chemotherapy
Although studies comparing oxaliplatin-based regimens
to irinotecan-based regimens in first-line treatment of
mCRC have shown that both appear to be equivalent in
terms of efficacy[45-47], there are data suggesting that oxaliplatin-based regimens could produce a greater reduction
in the size of metastatic lesions and thereby increase the
chances of curative surgery[47]. These data coupled with
the proven benefit of cetuximab alone or in combination
with irinotecan[33-36] make it possible to assess the efficacy
of cetuximab in combination with oxaliplatin-based regimens (Table 2).
An Ⅰb/Ⅱ phase German study assessed the feasibility
of treatment with cetuximab in combination with FUFOX
regimen (weekly schedule of oxaliplatin, infusional 5FU and
folinic acid) in 49 patients with previously untreated EGFRexpressing mCRC, observing an RR of 57%, a median PFS
of 8.1 mo and a median OS of 28.2 mo. In this study, four
patients (8%) with initially unresectable liver metastases
were able to undergo curative surgery, achieving an R0 resection in 2 cases (4%)[48].
Tabernero et al[49] reported encouraging results from
a phase Ⅱ study which included 43 patients with EGFRexpressing mCRC who were treated with cetuximab in
combination with FOLFOX4 as first-line treatment. An
RR of 72%, a median PFS of 12.3 mo and a median OS
of 30 mo were observed. The most important data from
this study include the fact that 10 patients (23%) were
able to undergo resection with curative intent of previously unresectable metastatic lesions, achieving an R0
resection in 9 of them (21%).
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The randomised phase Ⅱ OPUS trial (Oxaliplatin
and Cetuximab in First-Line Treatment of Metastatic
Colorectal Cancer) assessed the efficacy of cetuximab in
combination with FOLFOX4 as first-line treatment of
mCRC[7,21]. This study included a total of 337 patients
who were treated with FOLFOX4 with or without cetuximab. The KRAS mutation status was analysed in 315 patients (93%), of which 179 (57%) were wild-type KRAS.
Patients with wild-type KRAS treated with FOLFOX4cetuximab had a significant increase in RR (57% vs 34%,
OR = 2.551, 95%CI: 1.380-4.717, P = 0.0027), PFS (8.3
mo vs 7.2 mo, HR = 0.567, 95%CI: 0.375-0.856, P =
0.0064) and R0 resection rate (12% vs 3%, P = 0.0242) as
compared to patients with wild-type KRAS treated with
FOLFOX4 alone. The OS was higher in the cetuximabFOLFOX4 arm, although this difference was not statistically significant (22.8 mo vs 18.5 mo, HR = 0.855,
95%CI: 0.599-1.219, P = 0.39)[21]. One of the possible
causes for this lack of statistical significance is the limited
sample size. There was a difference of four mo in median
OS in favour of the experimental arm, which is clinically
relevant, and it is likely that this difference would have
reached statistical significance with a larger sample size.
Also, it is noteworthy that the OS for first-line treatment
can be affected by therapy received after the study (in this
study 23% of patients in the control arm received antiEGFR treatment after the study).
While both the CRYSTAL and the OPUS studies
demonstrate the clinical efficacy of adding cetuximab to
standard chemotherapy in first-line treatment of KRAS
wild-type mCRC, two phase Ⅲ randomised trials of
cetuximab and oxaliplatin-based chemotherapy did not
confirm these results and raise questions about the efficacy of cetuximab in this setting.
In the COIN trial (Continuous Chemotherapy plus
Cetuximab or Intermittent Chemotherapy), 2445 patients
with mCRC were randomised to the 3 treatment arms
(continuous chemotherapy, continuous chemotherapy
with cetuximab and intermittent chemotherapy), of which
815 patients were assigned to receive continuous chemotherapy and 815 patients to continuous chemotherapy in
combination with cetuximab. Of these 1630 patients, the
KRAS mutation status was analysed in tumour samples
of 1316 (81%) patients, and 565 (43%) showed KRAS
mutations. The cetuximab arm included 357 patients with
wild-type KRAS, of whom 117 received mFOLFOX6
and 240 received capecitabine plus oxaliplatin (XELOX).
In the KRAS wild-type population, although there was a
significant increase in RR in the cetuximab group (64%
vs 57%, OR = 1.35, 95%CI: 1.00-1.82, P = 0.049), no
significant differences were found in either resection rate
(13% in the control group vs 15% in the cetuximab group,
P = 0.74) or PFS (8.6 mo in the control group vs 8.6 mo
in the cetuximab group, HR = 0.96; 95%CI: 0.82-1.12, P
= 0.60) or OS (17.9 mo in the control arm vs 17.0 mo in
the cetuximab arm, HR = 1.04; 95%CI: 0.87-1.23, P =
0.67). However, an exploratory analysis in the KRAS wildtype population showed an improvement in PFS with
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cetuximab in patients receiving mFOLFOX6 (HR = 0.72,
95%CI: 0.53-0.98, P = 0.037), but not in patients receiving
XELOX (HR = 1.02, 95%CI: 0.82-1.26, P = 0.88)[23].
The NORDIC Ⅶ trial evaluated the efficacy of cetuximab in combination with a bolus 5FU, folinic acid
and oxaliplatin regimen (Nordic FLOX regimen). A total
of 566 patients were recruited, who were randomised to
3 treatment arms: Nordic FLOX (arm A), Nordic FLOX
with cetuximab (arm B) and Nordic FLOX intermittently
with continuous cetuximab (arm C). The KRAS mutation
status was evaluated in 498 (88%) patients, of whom 303
were wild-type KRAS (97, 97 and 109 patients in arms
A, B and C, respectively). The main comparison to evaluate the efficacy of cetuximab was conducted between
arms A and B, showing that adding cetuximab to Nordic
FLOX did not provide any benefit in the KRAS wildtype population, the RR being 46% vs 47% (OR = 0.96;
95%CI: 0.55-1.69, P = 0.89), median PFS 7.9 mo vs 8.7
mo (HR = 1.07; 95%CI: 0.79-1.45, P = 0.66) and median
OS 20.1 mo vs 22 mo (HR = 1.14; 95%CI: 0.80-1.61, P =
0.48), with Nordic biweekly regimen of oxaliplatin, bolus 5FU and folinic acid (FLOX)-cetuximab and Nordic
FLOX, respectively[50].
It has been suggested that a possible explanation for
these discrepant results could be that the chemotherapeutic agents combined with fluoropyrimidines may affect the response to cetuximab in different ways and that
irinotecan-based regimens may be more effective than
oxaliplatin-based regimens in combination with cetuximab. However, the OPUS study results and preclinical
data support the synergistic activity of cetuximab and
oxaliplatin[51-54]. In addition, a phase Ⅱ study performed
by the Central European Cooperative Oncology Group
(CECOG) found no significant differences in RR (43%
vs 45%, OR = 0.93; 95%CI: 0.49-1.77), PFS (8.6 mo vs
8.3 mo, HR = 1.06; 95%CI: 0.74-1.52, P = 0.7375) or
OS (17.4 mo vs 18.9 mo, HR = 0.98; 95%CI: 0.67-1.44, P
= 0.9230) when comparing combinations of cetuximab
with FOLFOX6 or FOLFIRI[55].
Another important observation that can be drawn
from these studies is that cetuximab may be more effective with infusional 5FU-based regimens than with bolus
5FU- or capecitabine-based regimens[54]. In the cetuximab
arm of the COIN study, the number of patients receiving XELOX exceeded the number of patients receiving
mFOLFOX6, while in the NORDIC Ⅶ study all patients
were treated with 5FU bolus-based chemotherapy, which
may also have contributed to the negative results of both
studies.
Furthermore, the COIN study showed increased
toxicity when cetuximab was added to XELOX, and the
capecitabine dose therefore had to be reduced in that
arm of the study. The combination of cetuximab and
capecitabine appears to increase the gastrointestinal and
dermatological toxicity observed with each of these drugs
separately. The reduced intensity of the chemotherapy
dose may have contributed to the lack of benefit seen in
this study[23].
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Finally, an analysis of combined data from the CRYSTAL and OPUS studies confirms the benefit in all efficacy parameters of adding cetuximab to first-line chemotherapy in patients with KRAS wild-type mCRC. In this
combined analysis of 845 patients with KRAS wild-type
tumours, it was observed that adding cetuximab to standard chemotherapy in this setting significantly improves
the RR (OR = 2.16; P < 0.0001), PFS (HR = 0.66; P <
0.001) and OS (HR = 0.81; P = 0.0062)[24].

between cetuximab-FOLFOX6 and cetuximab-FOLFIRI
in terms of PFS (12.1 mo vs 11.5 mo, HR = 1.09; 95%CI:
0.66-1.79) or OS (35.8 mo vs 41.6 mo, HR = 1.01; 95%CI:
0.55-1.86)[68]. It should be noted that patients who underwent R0 liver resection showed a significant improvement
in OS as compared to patients without R0 resection (53.9
mo vs 27.3 mo, P = 0.002)[69].
In a recent publication by Ye et al[70], 138 patients with
KRAS wild-type mCRC and unresectable synchronous
liver metastases after resection of the primary tumour
were randomised to receive cetuximab plus chemotherapy
(mFOLFOX6 or FOLFIRI) or chemotherapy alone. The
addition of cetuximab to chemotherapy was associated
with a significant increase in RR (57.1% vs 29.4%, P <
0.01) and R0 resection rate (25.7% vs 7.4%, OR = 4.37;
P < 0.01). Treatment with cetuximab plus chemotherapy
significantly prolonged PFS (10.2 mo vs 5.8 mo, HR = 0.60;
P = 0.004) and OS (30.9 mo vs 21.0 mo, HR = 0.54; P =
0.013) as compared to chemotherapy alone. Furthermore,
in the group of patients treated with cetuximab plus chemotherapy, no significant differences were observed between mFOLFOX6 and FOLFIRI in terms of RR (52.8%
vs 59.1%, P = 0.31), PFS (10.1 mo vs 9.1 mo, P = 0.28) or
OS (34.8 mo vs 23.1 mo, P = 0.24). The study also found
that patients who underwent a liver resection had a significant improvement in OS vs patients who did not undergo
surgery, both in the cetuximab plus chemotherapy group
(46.4 mo vs 25.7 mo, P = 0007) and in the chemotherapy
alone group (36.0 mo vs 19.6 mo, P = 0.016).
A higher response rate has been shown to be associated with a higher probability of resection with curative intent[71], and it has been seen that triple- vs doubleagent chemotherapy significantly increases the RR and
R0 resection rate[72]. Based on these assumptions, the
association of cetuximab with a triple combination of
chemotherapeutic agents (5FU, irinotecan and oxaliplatin)
was also assessed in order to increase the resectability of
colorectal liver metastases.
Garufi et al[73] conducted the POCHER phase Ⅱ trial,
which assessed the combination of cetuximab with chronomodulated infusion of irinotecan, 5FU, leucovorin and
oxaliplatin (chrono-IFLO regimen) as neoadjuvant treatment in 43 patients with unresectable colorectal liver metastases. KRAS mutation analysis was performed in 37 patients, showing a high incidence of wild-type KRAS (80%).
In the overall population, the RR was 79.1%, reaching
a rate of 60% for R0 resections. With a median followup of 22 mo, the estimated median OS was 37 mo, with
a 2-year survival rate of 68.2% in the overall population,
80.6% in patients who underwent R0 resection and 47.1%
in patients who did not undergo resection of metastases (P
= 0.01).
In a phase Ⅱ study, 42 patients with mCRC received
cetuximab in combination with 5FU, leucovorin, irinotecan and oxaliplatin (FOLFIRINOX regimen) as first-line
treatment. Of 40 patients evaluated for KRAS mutation
status, 60% were KRAS wild-type. The RR was 80.9%
in the overall population, 83.3% in patients with wild-

CETUXIMAB-BASED THERAPY FOR
SPECIAL SITUATIONS
Cetuximab plus chemotherapy as neoadjuvant treatment
of liver-only metastases
In patients with metastatic disease limited to the liver,
surgical resection of these metastases is the only potentially curative option, with 5-year survival rates of 45%
-55% reported in recent publications[56-58]. In this setting,
there is evidence suggesting that treatment with standard
chemotherapy regimens based on oxaliplatin or irinotecan in patients with unresectable liver metastases increases the number of candidates for surgical rescue[59-66].
As we described previously, resection rates of 8%-23%
for initially unresectable liver metastases were reported
in phase Ⅱ studies of patients with an unknown KRAS
mutation status, treated with cetuximab and irinotecanor oxaliplatin-based chemotherapy[37,38,48,49]. Moreover,
adding cetuximab to standard chemotherapy has proven
to increase the likelihood of response in patients with
wild-type KRAS, significantly increasing R0 resection
rates[20,21]. Despite this, no definitive conclusions can be
drawn from these studies, since they were not formally
designed to assess resection rate. However, these encouraging results have led to studies assessing the role of neoadjuvant cetuximab in the treatment of liver metastases,
showing high rates of R0 resections (Table 3).
In the CELIM phase Ⅱ study, 111 patients with unresectable colorectal liver metastases were randomised to
cetuximab in combination with FOLFIRI or FOLFOX6.
It was observed that for cetuximab-FOLFOX6 the RR
was 68%, while for cetuximab-FOLFIRI the RR was
57%; however, this difference was not statistically significant (OR = 1.62; 95%CI: 0.74-3.59, P = 0.23). The R0
resection rate was 34% in the overall population, 38% in
the cetuximab-FOLFOX6 group and 30% in the cetuximab-FOLFIRI group. In a retrospective analysis based
on KRAS mutation status, a greater RR was observed
in patients with wild-type KRAS (70%) as compared to
patients with mutated KRAS (41%); this difference was
statistically significant (OR = 3.42; 95%CI: 1.35-8.66, P
= 0.0080), with an R0 resection rate of 33% reported
in the KRAS wild-type population. In this study, a team
of expert surgeons conducted a retrospective review
of resectability, observing that the resectability rate increased significantly, from 32% at baseline to 60% after
chemotherapy (P < 0.0001) [67,68]. In the KRAS wildtype population, there were no significant differences
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Table 3 Clinical trials of neoadjuvant cetuximab in the treatment of liver metastases
Clinical trial

Type of KRAS
study analysis

CELIM,
Folprecht et al[67,68]

Phase Ⅱ

Yes

Ye et al[70]

Phase Ⅳ

Yes

POCHER, Garufi et al[73] Phase Ⅱ
Saridaki et al[75]
Phase Ⅱ

Yes
Yes

Treatment

Response rate

R0 resection
rate

PFS (mo)

OS (mo)

Cetuximab-FOLFOX6 vs
68% vs 57% (OR =
38% vs 30%
11.2 vs 10.5 (HR = 35.7 vs 29.0 (HR = 1.09,
cetuximab-FOLFIRI
1.62, P = 0.23)
1.15, NS)
NS)
Wild-type KRAS vs
70% vs 41% (OR =
33% vs 30%
11.9 vs 9.9 (HR =
36.1 vs 27.4 (HR = 1.48,
mutated KRAS
3.42, P = 0.008)
1.31, NS)
NS)
Cetuximab-mFOLFOX6/ 57.1% vs 29.4% (P < 25.7% vs 7.4% 10.2 vs 5.8 (HR = 0.6, 30.9 vs 21 (HR = 0.54, P
FOLFIRI vs mFOLFOX6/
0.01)
(P < 0.01)
P = 0.004)
= 0.013)
FOLFIRI
Cetuximab-mFOLFOX6 vs 52.8% vs 59.1% (P =
10.1 vs 9.1 (P = 0.28) 34.8 vs 23.1 (P = 0.24)
Cetuximab-FOLFIRI
0.31)
Cetuximab-Chrono-IFLO1
79.1
60
14
37
Cetuximab-FOLFIRINOX
70
372
10.2
30.3
623

1

Chronomodulated infusion of irinotecan, 5FU, leucovorin and oxaliplatin; 2R0 resection rate in overall population; 3R0 resection rate in the subgroup of patients with metastatic disease limited to the liver. KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; PFS: Progression-free survival; OS: Overall
survival; NS: Not significant; 5FU: 5-fluorouracil; FOLFIRI: Regimen of irinotecan, infusional fluorouracil and leucovorin.

type KRAS and 81.3% in patients with mutated KRAS,
with no statistical differences between groups. In the
overall population, median PFS was 9.5 mo and median
OS was 24.7 mo. In the KRAS population, median PFS
was slightly higher in the wild-type KRAS group as compared to mutated KRAS group (9.9 mo vs 7.8 mo); the
median OS in the mutated KRAS group was 23.1 mo,
while it was not reached in the wild-type KRAS group[74].
These promising results have led to the commencement
of the PRODIGE 14 randomised phase Ⅱ trial, which
is currently ongoing. It will assess resectability in patients
with unresectable colorectal liver metastases who will
be treated with targeted therapy in combination with a
triple-agent (FOLFIRINOX) or double-agent (FOLFOX
or FOLFIRI) chemotherapy. The targeted therapy will be
chosen according to KRAS mutation status: cetuximab in
patients with wild-type KRAS and bevacizumab in mutated KRAS patients (clinicaltrials.gov/NCT01442935).
Another small phase Ⅱ study also assessed the firstline effectiveness of cetuximab in combination with
FOLFIRINOX in 30 unselected patients with KRAS
wild-type mCRC, showing an RR of 70% (with 13.3%
complete responses), median TTP of 10.2 mo and a
median OS of 30.3 mo. Of all the patients, 11 (37%)
underwent R0 secondary resection (10 patients with liver
lesions and one patient with metastatic lung disease). In
this study, 16 patients had metastatic disease limited to
the liver, with a rate of R0 secondary resection in this
subgroup of 62% (10/16)[75].
While triple-agent chemotherapy in combination with
cetuximab could generate a high response rate and consequently increase the resectability rate, it also appears to be
associated with a high incidence of grade 3-4 toxicity[73-75],
so we must wait for results of randomised studies with
a larger sample size, such as the PRODIGE 14 study, to
confirm the efficacy of this combination and obtain further details about its toxicity profile and tolerability.

resectable mCRC are the same as in younger patients,
namely to control symptoms and prolong survival. However, elderly patients often have comorbidities and may
have impaired organ function associated with age, so we
must carefully evaluate the risks and benefits expected
from chemotherapy[76,77].
In several clinical trials the number of elderly patients
included was small and few have been conducted specifically in this population, so the best available evidence
on the efficacy and toxicity of treatment in this patient
group mainly derives from subgroup analysis of large
phase Ⅲ trials and extrapolating data from the non-elderly population.
Studies carried out in the elderly and analysis of combined data and subgroups of phase Ⅲ studies suggest
that the benefits of elderly patients with mCRC being
treated with combination therapy are similar to those observed in younger patients[78-83]. Data also show that the
efficacy of cetuximab-based therapy in elderly patients
with previously treated mCRC appears to be similar to
that of younger patients, with acceptable tolerability[84,85].
The role of cetuximab in first-line treatment of mCRC in
this population has been evaluated in two phase Ⅱ clinical trials conducted by the Spanish Cooperative Group
for the Treatment of Digestive Tumours.
The first phase Ⅱ study evaluated the efficacy and
safety of cetuximab monotherapy as first-line treatment
for elderly patients with mCRC. There were a total of 41
patients ≥ 70 years, with the KRAS mutation analysis
only being possible in 23 of them, showing five KRAS
mutated patients and 18 wild-type KRAS. In the overall
population, there was a low RR of 14.6%, with a median TTP of 2.5 mo and a median OS of 11.1 mo. In
the KRAS population, five KRAS wild-type patients had
an objective response, whereas KRAS mutated patients
showed no objective response; in addition, seven patients
with wild-type KRAS were progression-free at week
12, whereas only one patient with mutated KRAS was
progression-free at the same time point; however, these
differences were not statistically significant, probably be-

Treatment with cetuximab in elderly patients
The goals of chemotherapy in elderly patients with un-
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cause of the small sample size[86].
In another phase Ⅱ study, Sastre et al[87] evaluated
the combination of cetuximab with capecitabine in the
same setting with the aim of increasing RR. A total of
66 patients ≥ 70 years were included, performing KRAS
mutation analysis in 58 (88%) of them, which showed
an incidence of 50% for both wild-type and mutated
KRAS. After 27 patients were included the protocol had
to be amended for safety reasons, reducing the dose of
capecitabine from 1250 to 1000 mg/m2 per 12 h. In the
overall population, the RR was 31.8%, median PFS was
7.1 mo and median OS was 16.1 mo. The RR and median
PFS were significantly higher in the KRAS wild-type as
compared to the KRAS mutated group (48.3% vs 20.7%,
P = 0.027, and 8.4 mo vs 6.0 mo, P = 0.024), while only a
non-significant trend toward a longer OS was observed
for KRAS wild-type patients (18.8 mo vs 13.5 mo, P =
0.107). It is important to mention that before dose reduction, the incidence of grade 3-4 toxicity was high, mainly
paronychia (29.6%), acneiform rash (29.6%), hand-foot
syndrome (22.2%) and diarrhoea (18.5%); however, after
dose reduction, the incidence of paronychia and diarrhoea decreased (7.7% and 12.8%, respectively), although
the incidence of acneiform rash and hand-foot syndrome
was similar (28.2% and 20.5%, respectively). As described
previously, the combination of cetuximab and capecitabine appears to increase the toxicity associated with each of
these drugs; thus, the high incidence of grade 3-4 toxicity
observed in this study may be explained by the additive
toxic effect of the combination, rather than the age of
patients.
Although no definitive conclusions can be drawn
from these studies, in elderly patients with KRAS wildtype mCRC, the results appear to be comparable to those
observed in younger patients. Therefore, it seems advisable to use cetuximab in combination with chemotherapy,
choosing the regimen based on the toxicity profile and
assessing each patient individually.

response rates and high rates of R0 resection observed
in selected population studies, cetuximab in combination
with standard chemotherapy doublets should be a therapeutic option to consider in patients with unresectable
liver-only metastases from KRAS wild-type colorectal
cancer. In this setting, the use of triple-agent chemotherapy in combination with cetuximab has shown encouraging results; however, we expect results from studies with
a larger sample size to provide more data on efficacy and
toxicity.
There is evidence that treatment with cetuximab in
combination with chemotherapy in elderly patients appears to have similar efficacy to that observed in younger
patients, with acceptable tolerability, so that its use should
be considered in elderly patients with KRAS wild-type
mCRC, who are in good general health without relevant
comorbidities.
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with a high level of evidence have indicated the efficacy
of SBRT compared to standard therapy. Hereafter, the
optimal indication of SBRT needs to be prospectively
investigated to obtain convincing evidence.
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Core tip: Systemic chemotherapy has enabled prolongation of survival in patients with stage Ⅳ colorectal
cancer. This has subsequently increased the relative
significance of local therapy. Resection is the standard
therapy in most settings. Recently, stereotactic body radiotherapy (SBRT) provides high local control with minimal morbidity, both in the curative and palliative setting. The indications of SBRT include liver, lung, isolated
lymph nodes, spinal and adrenal metastasis, and postsurgical pelvic recurrence. However, few reports with
a high level of evidence have indicated the efficacy of
SBRT. Hereafter, the optimal indication of SBRT needs
to be prospectively investigated to obtain convincing
evidence.

Abstract
Systemic chemotherapy has enabled prolongation of
survival in patients with stage Ⅳ colorectal cancer. This
has subsequently increased the relative significance
of local therapy for patients with oligometastases because they can be cured by removal of oligometastatic
lesions. One of the most frequently reported tumor
histologies for oligometastases is colorectal cancer.
Resection is the standard therapy in most settings of
oligometastases. Recently, studies have shown that
stereotactic body radiotherapy (SBRT) may become a
treatment option that provides high local control with
minimal morbidity. Two-year local control rates following SBRT for hepatic and pulmonary oligometastases
are almost over 80% and are even higher for patients
treated with high-dose regimens. The indications of
SBRT for other metastatic sites or conditions include
isolated lymph nodes, spinal and adrenal metastasis,
and post-surgical pelvic recurrence. Many retrospective
studies have indicated that SBRT for various lesions
results in good outcomes with low morbidity, both in
the curative and palliative setting. However, few reports

WJG|www.wjgnet.com

Takeda A, Sanuki N, Kunieda E. Role of stereotactic body radiotherapy for oligometastasis from colorectal cancer. World J
Gastroenterol 2014; 20(15): 4220-4229 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4220.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4220

INTRODUCTION
Colorectal cancer (CRC) is currently the second- or thirdleading cause of death from cancer in both genders, and
its frequency continues to increase[1,2]. Although there ex-
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ist somewhat different characteristics between colon cancer and rectal cancer[3,4], most articles investigated them
together. Among patients with CRC, 20% have metastases at initial presentation, and an additional 25%-50%
develop metastases after treatment of early-stage disease.
Among patients with an initial finding of metastasis, 50%
will have disease limited to the liver, and at the time of
death, 20% have liver metastasis only[5]. Rates of metastases are 60%-71% in the liver, 25%-40% in the lung,
5%-10% in bones, 3%-5% in the ovary, 1% in the adrenal
gland, and 1% in the central nervous system[6].
Since the late 1990s, development of new agents
such as irinotecan, oxaliplatin, and biologic agents targeting either epidermal growth factor receptor or vascular
endothelial growth factor has greatly prolonged progression-free survival and overall survival in stage Ⅳ CRC
patients[7,8]. Such prolongation of survival attributed to
chemotherapy has increased the relative significance of
local therapy for patients with limited metastases. An increasing amount of data suggests that curative resection
of isolated metastases yields a survival benefit regardless
of whether the metastatic site is the liver[9,10], lung[11,12],
peritoneum [13,14], ovary [15,16], or extra-regional lymph
nodes[17,18]. Although complete surgical resection of these
metastases does not result in long-term survival in all
patients, select patients can survive for a relatively long
period without recurrence.
Stereotactic body radiotherapy (SBRT) is a high-precision conformal external-beam radiation technique that
ablates the target at extracranial sites with hypofractionated high-dose radiation while sparing the surrounding
normal tissue. SBRT results in minimal morbidity and
provides high local control rates for medically inoperable
stage Ⅰ non-small-cell lung cancer (NSCLC) [19]. Currently, SBRT is considered to be a treatment option for
patients with medically inoperable, early-stage NSCLC[20].
However, few adequate studies have evaluated SBRT for
pulmonary oligometastases from CRC[21]. In this article,
we review the clinical outcomes of SBRT for oligometastases from CRC and discuss the role of SBRT in oligometastasis treatment in general.

of more than 1000 patients reported a 10-year overall
survival rate of 22%[27]. Among resection survivors who
lived for 10 years, Tomlinson et al[28] demonstrated high
disease-speciﬁc survival, with only 1 cancer death among
102 patients, reinforcing the concept that this group was
truly cured of cancer.
For patients with oligometastases from CRC, noninvasive local therapy is appropriate because they are
already receiving systematic chemotherapy, are often frail,
and may survive only a short time. In addition to resection, local ablation therapies such as cryoablation and
radiofrequency ablation (RFA) have been reported to be
feasible treatment options. SBRT may become a more
suitable treatment option for these patients, because less
morbidity occurs following SBRT than that following
RFA[29] and resection.

CONVENTIONAL RADIOTHERAPY AND
SBRT
Conventional radiotherapy (i.e., 1.8-2.0 Gy per fraction)
results in a tumoricidal effect by means of mitotic death
of cancer cells, allowing simultaneous recovery of late
sublethal damage of normal tissues. In contrast, SBRT
may provide a novel mechanism of radiation-induced
damage: data with higher doses per fraction (i.e., 10-20
Gy per fraction) suggest that, in addition to direct cytotoxicity, a different mechanism involving microvascular
damage begins to have a substantial effect on the tumor
cell kill[30,31]. Endothelial apoptosis results in microvascular disruption and death of the tissue supplied by that
vasculature[30].
Over 1 decade ago, conventional radiotherapy was
offered to medically inoperable patients with stage I
NSCLC. The prescribed doses of 60-75 Gy per 1.8-2 Gy
fractions were administered to these patients. However,
those doses were determined based on critical doses
of serious radiation pneumonitis rather than sufficient
doses to achieve high local control of primary lesions.
Therefore, the 5-year local control and overall survival
rates were insufficient (40% and 21%, respectively)[32]. In
contrast, SBRT enables delivery of sufficiently high doses
to a target volume and omission of unnecessary doses to
surrounding normal lung tissue. Therefore, 5-year local
control and overall survival rates associated with SBRT
are relatively high (> 90% and 42%, respectively)[33].
Currently, SBRT is an established treatment option for
medically inoperable patients with stage Ⅰ NSCLC. Furthermore, a propensity score-matched analysis revealed
superior local control and comparable overall survival
of SBRT compared to video-assisted thoracoscopic surgery[34]. In addition, SBRT appears to be less costly than
surgery[35]. Quality of life also appears to favor SBRT,
because no statistically or clinically significant worsening
of any quality of life functioning or symptom scores has
been observed in patients with stage Ⅰ NSCLC treated
with SBRT[36]. In contrast, quality of life has been shown
to be significantly impaired after surgery. Randomized,

CONCEPT OF OLIGOMETASTASIS
Hellman et al[22] ﬁrst proposed the idea of an oligometastatic state in 1995. These authors suggested that initially,
a few metastases from various cancers exist, before the
malignant cells acquire widespread metastatic potential.
The term oligometastases indicates an intermediate
state of cancer that lies between localized disease and
widespread metastases. Metastases from solid tumors
are regarded as being representative of disseminated
cancer and are not considered to be curable. In contrast,
evidence has emerged that patients with oligometastases
can be cured by resection of these lesions. The most frequently reported tumor histologies in one surgical series
of oligometastases were CRC and sarcoma[23]. Resection of liver metastases from CRC patients resulted in
5-year survival rates of 25%-50%[24-26], and a large series
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controlled trials to compare SBRT to resection are therefore needed.
The liver is thought to be a relatively radiosensitive
organ. It was difficult to irradiate with a sufficient dose to
eradicate tumors without causing lethal radiation-induced
liver disease. Therefore, conventional radiotherapy has
played a very limited role in the treatment of hepatocellular carcinoma[37]. In contrast, reports of SBRT for hepatocellular carcinoma have been steadily increasing since
2006. Although the SBRT literature primarily consists of
retrospective, small, single-institution series, SBRT has
been associated with high local control rates, most in the
range of 70%-90% at 1-2 years[38-40]. In a retrospective
analysis of previously untreated hepatocellular carcinoma,
SBRT yielded a 3-year overall survival rate of 73%, which
is comparable to that of a series treated with surgery or
RFA[41].
As for NSCLC and hepatocellular carcinoma, SBRT
is expected to play a role in the treatment of oligometastases from CRC. However, negative factors also exist:
for example, CRC metastases contain larger proportions
of hypoxic cells compared to other tumor types[42], and
hypoxia leads to a decrease in radiosensitivity; another is
that microscopic extension of oligometastases from CRC
may compromise local control[43]. In fact, the local control rates of SBRT in CRC oligometastases are significantly worse than those of oligometastases from other
cancers, including NSCLC. Thus, dose escalation should
be considered to achieve better local control[44].

raphy (CT), magnetic resonance imaging, and positronemission tomography-CT techniques enable accurate
diagnosis and staging. Furthermore, surgical dissection
techniques and potent systemic chemotherapy protocols
have been optimized. As a result, even patients with > 3
metastases or with metastases > 5 cm in diameter can be
cured with appropriate surgical treatment[28].
Resectability is often limited by an unfavorable anatomical metastatic site, poor function of the remaining
hepatic parenchyma, and/or poor general patient condition. Postoperative hepatic function can be predicted
more precisely with the aid of CT volumetry. This technique enables prediction of the remaining volume of
hepatic tissue after surgery to within 10% of the actual
value. Metastases are considered resectable[49] when the
following criteria are met: (1) exclusion of a non-resectable extrahepatic tumor manifestation; (2) parenchymal
involvement < 75%; (3) < 3 hepatic veins and < 7 hepatic segments involved; (4) no hepatic insufficiency, i.e., no
Child B or C cirrhosis; and (5) no severe accompanying
diseases.
Retrospective studies of SBRT in patients with medically or technically unresectable liver metastases have
been performed. Table 1 shows the outcomes of SBRT
for liver metastasis from CRC and other origins[50-58]. Various prescribed doses of SBRT were used in these studies.
The 2-year local control rates were almost over 80% and
were higher for patients treated with high-dose regimens
in two studies[51,57]. The 2-year overall survival rates varied
from 32%-83%. It is important to note that these outcomes may depend on biased patient selection. And yet,
little toxicity was observed.
As a local treatment, the use of RFA is controversial. Most centers only ablate tumors in those patients
who are deemed unresectable. Patients with large, poorly
placed tumors have the highest likelihood of recurrence, regardless of therapy. Retrospective analyses of
RFA for liver metastases from CRC have shown broad
variability in 2-year local control rates, ranging from
32%-76%[46,59-61], and in 5-year overall survival rates, ranging from 14%-55%[46,61]. A meta-analysis revealed that
RFA yielded a higher rate of local intrahepatic recurrence
compared to resection (OR = 4.89), although a selection
bias was noted[62].

SBRT FOR OLIGOMETASTASES BY SITE
Several studies have investigated SBRT for oligometastases. However, these have been retrospective and included
small sample sizes. Furthermore, patients in these studies
were affected by a variety of primary cancers in addition
to CRC. Therefore, it is difficult to refer to the outcome
of SBRT for oligometastases from CRC exclusively.

LIVER METASTASIS
Combination chemotherapy and resection of liver metastases has been used to manage patients with confined
liver metastasis from CRC. According to the Clinical
Practice Guidelines in Oncology by the National Comprehensive Cancer Network (NCCN), resection is the
mainstay of treatment for CRC patients with liver metastases only[45]. This combined therapy has resulted in 5-year
survival rates of 25%-50%[24-26]. The cumulative 3-year
local recurrence-free survival rate following resection of
solitary liver metastases was reported to be 88%-95%[46,47].
However, hepatic metastases are resectable in only about
20% of patients[48]. For the remaining 80% of patients,
resection is contraindicated due to the presence of diffuse hepatic metastases, non-resectable extrahepatic disease, or impaired liver function.
Several technical improvements have been made in diagnostic assessment and treatment strategies for CRC hepatic metastases. For example, modern computed tomog-
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PULMONARY METASTASIS
As chemotherapeutic and biological agents have considerably improved outcomes in patients with stage Ⅳ CRC,
resection of pulmonary oligometastases is increasingly
performed with curative intent. In the NCCN Clinical Practice Guidelines, pulmonary resection is recommended as well as hepatic oligometastatic resection[45].
However, no prospective randomized studies have been
performed to validate the efficacy of resection in this
setting. Therefore, it is currently not possible to identify
which CRC patients may beneﬁt most from this surgical
strategy[63].
A meta-analysis revealed that factors correlated with
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Table 1 Summary of stereotactic body radiotherapy for liver metastasis
Ref.

Study

Herfarth et al[50]

PⅠ
PⅡ
Retro

Wulf et al[51]

Patients (n )
Meta
(primary sites) (n )

Institution

CRC (n = 18)
others (n = 14)

Heidelberg
Univ

15

Wuerzburg
Univ

15

Rochester
Univ

15

60-

CRC
(n = 23)
others
(n = 28)
Retro CRC (n = 20)
174
others (n = 49)

Katz et al[52]

39

MFU Dose (Gy)/fr
(mo)

Rusthoven et al[53] P Ⅰ/Ⅱ CRC (n = 20)
others (n = 49)

63

Multiinstitution

16

Lee et al[54]

CRC (n = 40)
others (n = 28)

-

Princess
Margaret
Hospital

11

CRC (n = 20)

31

Erasmus Univ

26

CRC (n = 12)
others (n = 15)

36

Texas
Southwestern
Univ

20

PⅠ

van der Pool et al[55] Retro
Rule et al[56]

PⅠ

VautraversDewas et al[57]

Scorsetti et al[58]

Retro

PⅡ

CRC (n = 30)
others (n = 15)
CRC (n = 30)
others (n = 15)
CRC (n = 29)
others (n = 32)

62

76

Centre Oscar
Lambret

Humanitas
Cancer
Center

14

52.5-75/3

1

Prescription
specification

Isocenter, PTV
surrounded by
26/1
1
80% isodose
28-30/3-4
2-3
PTV
36-37.5/3 or interval
periphery:
26/1
65% isodose of
maximum
50/5f
14
Maximum,
preferred
PTV
surrounded
by the 80%
isodose
36-60/3
< 14 Isocenter, PTV
surrounded
by 80%-90%
isodose
27.7-60/6
> 14
PTV
(median: 41.8)
periphery:
71% isodose of
maximum
37.5-45/3f
5-6
D95 of PTV
preferred
3/30
< 14
PTV
≤ 17
50/5
periphery,
70%-85%
≤ 17
60/5
isodose of
maximum
40/3
4-17
PTV
45/3
(mean: periphery, 80%
9)
isodose of the
maximum

12

14-26/1

Time
(d)

3

LC (mo)

OS (mo)

Toxicity P value

0% (24)

32% (24)

N MT P < 0.01

81% (24) 83% (24)
58% (24)
81%
82% (24) (24 for all)

N MT P = 0.08

57% (20)

37% (20)

N MT

92% (24)

30% (24)

71% (12)

47% (18)

N MT

74% (24)

83% (24)

N MT

59% (24)
89% (24)

56% (24)
67% (24)

N MT

100% (24)

50% (24)

86% (12)
48%
100% (12) (24 for all)

86% (12)
100% (12)
Mean dose to 90.6% (24)
PTV

Grade 3: 2%

N MT P = 0.07

P = 0.07
37% (24)

N MT

MFU: Median follow up duration; LC: Local control rate; OS: Overall survival rate; P X: Phase X; retro: Retrospective; CRC: Colorectal cancer; fr: Fractions;
PTV: Planning target volume; Dx: The dose delivered to x%; N MT: No major toxicity.

better survival included a prolonged disease-free interval
between primary tumor and metastatic spread, normal
pre-thoracotomy carcinoembryonic antigen levels, absence of thoracic node involvement, and a single pulmonary lesion[64]. Of 44 patients with ≥ 3 lesions and a <
1-year disease-free interval, 0 were cured by surgery. In
contrast, recurrence-free survival was 49% at 3 years for
patients with 1 lesion and a disease-free interval > 1 year.
Therefore, medical management alone should be considered standard for patients who have ≥ 3 pulmonary
metastases and a < 1-year disease-free interval[65].
Crude local recurrence rates following resection of
oligometastasis from CRC have been reported to be
19.5%-28%[66-68]. Local recurrence may occur even in cases with pathologically negative margins[69]. A wide surgical
margin around oligometastasis from CRC is required to
prevent local recurrence, because satellite tumor cells are
often present[68].
For medically inoperable patients with limited pulmonary metastases from CRC, SBRT may be administered.
Table 2 shows the outcomes of SBRT for pulmonary
metastases from CRC and other origins[44,70-80]. SBRT was

WJG|www.wjgnet.com

given at various prescribed doses. The local control rates
were almost over 80%, and the 2-year overall survival
rates ranged from 33%-86%. These outcomes may have
depended on patient selection. With respect to toxicities,
grade ≥ 3 radiation pneumonitis was observed in only
0%-8% of patients. No other toxicities were observed.
Widder et al[78] compared outcomes after SBRT with
those after pulmonary metastasectomy in patients with
pulmonary oligometastasis. In their institution, patients
were offered pulmonary metastasectomy as the ﬁrst
choice and SBRT in cases that they considered to be less
suitable surgical candidates. Patients treated with SBRT
had more unfavorable prognostic factors: they were significantly older, had a shorter metastasis-free interval,
and a different distribution of primary tumor origins;
thus, they were regarded as having a worse prognosis
overall. Despite this selection bias, survival after SBRT
was no worse than that after pulmonary metastasectomy.
Prospective comparative studies are therefore required to
deﬁne the role of both SBRT and pulmonary metastasectomy in oligometastatic disease.
Among minimal ablation techniques, RFA is the most
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Table 2 Summary of stereotactic body radiotherapy for pulmonary metastasis
Ref.

Study

Patients (n )
Meta (n )
(primary sites)

Institution MFU
(mo)

Wulf et al[70]

Retro

CRC (n = 4)
others (n = 37)

Wuerzburg
Univ

10

Okunieff et al[71]

Retro

Rochester
Univ.
Kyoto Univ.

19

Oct-50

27

48-60/4

18

Korea
Cancer
Center

28

39-51/3

63

multiinstitution

15

48-60/3

Ofuna Chuo
Hospital

29

May-50

Norihisa et al[72]
Kim et al[73]

CRC (n = 14)
others (n = 35)
Retro CRC (n = 14)
others (n = 35)
Retro CRC (n = 13)

Rusthoven et al[74] P I/II

CRC (n = 9)
others (n = 29)

Takeda et al[44]

CRC (n = 15)
others (n = 19)

Oh et al[75]

51

Retro

Retro

125
43

CRC
(n = 21)
others
(n = 23)

57

Ricardi et al[76]

Retro

61

Inoue et al[77]

Retro

22

Widder et al[78]

Retro

Inoue et al[79]

Retro

67

CRC, HCC
(n = 16)
others
(n = 51)
77

Dose
(Gy)/

30-37.5/3
2-3
or 26/1 interval

15

Samsung
Medical
Center

21

Time (d)

50-60/4-5

Giovanni
Battista Univ

20

26/1 or
36-45/3

31

Hokkaido
Univ.

25

Apr-48

CRC (n = 31)
others (n = 11)

≥ 65

Groningen
Univ

43

3/8/1960

CRC (n = 37)
others (n = 50)

≥ 150

Miyakojima
IGRT Clinic

15

48/4,
52-60/4
or 50/5

Prescription
specification

LC (mo) OS (mo) Toxicity

PTV
80% (24)
periphery:
65% isodose
of maximum
1-5 times
Isocenter
91% (24)
per week
4-18
Isocenter
90% (24)
(med: 12)
3
PTV
53% (24)
periphery:
75%-80%
isodose of
maximum
< 14
Isocenter, PTV 96% (24)
surrounded
by 80%-90%
isodose
5
PTV
72% (24)
periphery:
94% (24)
75%-80%
isodose of
maximum
PTV
92% (24)
periphery:
75%-80%
81% (24)
isodose of
maximum
100%
(24)
3
PTV
89% (24)
periphery:
80% isodose 100% (24)
4-7
of maximum
isocenter
PTV
94% (24)
periphery:
adapted
risk of toxicity
4-5
80% (24)

33% (24)

38% (24)
84.3%
(24)
76% (24)

39% (24)

-

P value

N MT

Grade 3 pleural
effusion: 2%
Grade 3 RP: 3%
N MT

Grade 3 RP: 8%

N MT

P < 0.05

-

57% (24)

Grade 5 RP: 2%

P = 0.01

66.5% (24)

Grade 3 RP: 2%

80% (24)

N MT

86% (24)

-

47% (24)

Grade 3 RP: 6%
Grade4 RP: 1%

MFU: Median follow up duration; LC: Local control rate; OS: Overall survival rate; P X: Phase X; retro: Retrospective; CRC: Colorectal cancer; fr: Fractions;
PTV: Planning target volume; Dx: The dose delivered to x%; N MT: No major toxicity; RP: Radiation pneumonitis.

all CRC patients following curative surgery[13,18]. Favorable
results have been reported for curative surgical resection
for isolated retroperitoneal lymph node recurrence of
CRC[13,18]. However the indication for resection is limited.
Surgery for metastatic retroperitoneal lymph nodes is not
feasible when (1) a recurrent retroperitoneal tumor is encased in or involves major vascular structures such as the
superior mesenteric artery, celiac axis, and aorta; (2) the
tumor invades adjacent organs such as the pancreas, bile
duct, and duodenum; or (3) the patient has a poor performance status or comorbid disease[13,18]. Even when lesions
are localized, surgical resection is not widely accepted
due to their relative rarity, high associated postoperative
morbidity, and poor prognosis. In addition, the operative
morbidity rate is high at 30%, which includes abscess,
phlebitis, pneumonia, intestinal obstruction, and bladder

frequently used method for pulmonary oligometastasis.
In a prospective multicenter trial[81], RFA yielded a confirmed complete response rate of 88% (in both primary
and metastatic lesions) and promising overall and cancerspecific survival outcomes. Retrospective analyses of
RFA for pulmonary metastases from CRC have shown
that the 2-year local control rates in all tumors, tumors <
3 cm, and tumors > 3 cm were 56%-80%, 69%-87%, and
19%-32%[82,83], respectively, and that the 2-year overall
survival rate was 34%-68%[82-84].

ISOLATED LYMPH NODE METASTASIS
Retroperitoneal recurrence occurs in 15% of colon cancer cases and 5% of rectal cancer cases[85], and isolated
retroperitoneal recurrence occurs in approximately 1% of
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leakage[13,18].
The role of curative radiotherapy for isolated lymph
node metastasis is also controversial. In a study that evaluated SBRT for isolated lymph node metastasis from CRC,
preliminary results from 7 patients who received doses
of 36-51 Gy in 3 fractions indicated local recurrence and
Grade 4 intestinal obstruction in 1 patient each[86]. Furthermore, the 3-year overall survival rate was 71%. The
indication of SBRT in this setting is also limited because
the lesions are often adjacent to the gastrointestinal tract.
Considering the risk of gastrointestinal toxicities, conventional fractionated radiotherapy may be a better choice.
Chemoradiotherapy with prescribed doses of 55.8bed Gy
in 2020 escribed doses of 55.8bed doses of 55.8 was 71%
results, with a 3-year overall survival rate of 65% and no
gastrointestinal toxicity ≥ Grade 3[87].

can be detected incidentally during follow-up or at the
time of initial presentation. Open surgery represents the
standard approach. Radiotherapy has been limited to palliation of painful adrenal metastases from lung cancer[96].
Radiotherapy contributes to prolonged survival in these
patients[97]. Results of SBRT for adrenal metastasis from
various origins have been reported: the 2-year local control rate was 32% with a median total dose of 32 Gy in 4
fractions[98] and 90% with a median total dose of 36 Gy
in 3 fractions[99], without any ≥ Grade 3 toxicities.

FUTURE PERSPECTIVE
Many studies of SBRT for oligometastasis were retrospective and consisted of small sample sizes. In addition,
patients in these studies were often affected by various
types of primary cancer. We do not think the reasons for
the small sample sizes and heterogeneous characteristics
are uncommon indications or negative outcomes of
SBRT for oligometastasis. In fact, these studies showed
an improvement of survival and quality of life with low
morbidity. In the future, we should evaluate whether
SBRT is a valid treatment modality with a higher evidence level. For curative intent, dose escalation should be
attempted for patients with pulmonary and hepatic oligometastasis to achieve better local control and subsequently to improve survival. SBRT outcomes may conceivably
be comparable to those of surgery, with less morbidity
in some patients. For palliative intent, optimal indications
need to be defined. SBRT may have nearly equivalent efficacy compared to resection, with a shorter treatment
duration and hospital stay, as well as a better quality of
life. These questions should be addressed in future studies.

METASTASIS OF OTHER REGIONS
SBRT has played a limited palliative role in the treatment
of the sites described above, and may not contribute to
improved survival. The indications of SBRT remain to
be determined and should be considered based on the
condition of each individual patient.
Among patients treated with radical surgery for rectal
cancer, 20%-50% develop loco-regional recurrence[88,89].
Most patients are not candidates for curative resection of
recurrent pelvic disease, and even when radical surgery
is possible, the 5-year survival rate after reoperation is <
35%. When no treatment is given, patients with locally
recurrent rectal cancer have a median survival of ≤ 8
mo and suffer from severe symptoms, particularly pain,
resulting in an extremely poor quality of life[89-91]. In most
patients, radiotherapy and chemotherapy provide only
temporary symptom relief. Kim et al[92] reported that 23
patients with recurrent rectal cancer were treated with
SBRT at a median total dose of 39 (range, 30-51) Gy in
3 fractions. The 4-year overall survival and local control
rates were 25% and 74%, respectively. Grade 4 rectal
perforation was reported in 1 patient. Abusaris et al[93]
reported that symptom relief was observed in 96% in 27
patients who were re-irradiated with SBRT after conventional radiotherapy.
In patients with spinal metastasis, conventional radiotherapy is standard palliative therapy. In contrast, SBRT
enables irradiation using a higher biologically effective
dose compared to conventional radiotherapy. The goal of
SBRT is, therefore, aimed at maximizing both local tumor
and pain control. Local control appears to be excellent,
with crude rates of 81%-94%[94], although the prescribed
doses vary significantly among series. A multi-institutional study revealed that caution must be used when treating
with ≥ 20 Gy/fraction, particularly for patients with lytic
tumors, spinal misalignment, and baseline vertebral compression fracture[95].
The incidence of adrenal metastases from CRC is approximately 1%[6]. With continuing progress in imaging
techniques, an increasing number of adrenal metastases
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CONCLUSION
Many retrospective studies indicate that SBRT for various
lesions achieves good outcomes with low morbidity, both
in curative and palliative settings. However, few reports
with a high evidence level have compared the efficacy of
SBRT to that of standard therapy. Moving forward, we
should prospectively investigate the indications for SBRT
in robust studies.
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Molecular and prognostic heterogeneity of
microsatellite-unstable colorectal cancer
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tions, a CpG island methylator phenotype-high (CIMP-H)
status, and a low level of genomic hypomethylation.
The molecular heterogeneity of MSI-H CRCs also depends on ethnic differences; for example, in Eastern
Asian countries, relatively low frequencies of CIMP-H
and BRAF mutations have been observed in MSI-H
CRCs compared to Western countries. Although the
prognostic features of MSI-H CRCs include a favorable
survival of patients and low benefit of adjuvant chemotherapy, there may be prognostic differences based on
the molecular heterogeneity of MSI-H CRCs. Here, we
have reviewed and discussed the molecular and prognostic features of MSI-H CRCs, as well as several putative prognostic or predictive molecular markers, including HSP110 expression, beta2-microglobulin mutations,
myosin 1a expression, CDX2/CK20 expression, SMAD4
expression, CIMP status and LINE-1 methylation levels.
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Core tip: A high level of microsatellite instability (MSI-H)
is a known molecular indicator of a favorable prognosis
and low benefit of 5-fluorouracil-based adjuvant chemotherapy in patients with colorectal cancer (CRC).
However, MSI-H CRCs are molecularly heterogeneous
tumors, which are characterized by DNA mismatch
repair deficiency and various genetic and epigenetic alterations. Therefore, we hypothesized that MSI-H CRCs
can be divided into prognostic subgroups based on the
molecular heterogeneity. This article provides an up-todate review concerning the underlying molecular features of MSI-H CRCs and potential prognostic or predictive molecular markers for MSI-H CRCs.

Abstract
Colorectal cancers (CRCs) with a high level of microsatellite instability (MSI-H) are clinicopathologically distinct
tumors characterized by predominance in females, proximal colonic localization, poor differentiation, mucinous
histology, tumor-infiltrating lymphocytes, a Crohn’s-like
lymphoid reaction and a favorable prognosis. In terms
of their molecular features, MSI-H CRCs are heterogeneous tumors associated with various genetic and
epigenetic alterations, including DNA mismatch repair
deficiency, target microsatellite mutations, BRAF muta-
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nostic features of MSI-H CRCs have been increasingly
reported, and MSI is currently regarded as a molecular
marker indicating favorable prognosis for CRCs[20]. However, because MSI-H CRCs are characterized by various
underlying molecular changes, including a defective MMR
(dMMR) system and genetic and epigenetic alterations,
it is likely that molecular factors for the stratification of
patient prognosis and prediction of chemotherapy response in MSI-H CRCs could be identified. On the basis
of this hypothesis, we reviewed the literature and provide
information about several putative prognostic molecular
factors for MSI-H CRCs.

microsatellite-unstable colorectal cancer. World J Gastroenterol
2014; 20(15): 4230-4243 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i15/4230.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4230

INTRODUCTION
Microsatellite instability (MSI) is a unique molecular alteration induced by deficiencies in the DNA mismatch
repair (MMR) system and is characterized by unstable
(length-changeable) microsatellites, a type of simple
DNA sequence repeat. The MSI phenotype has been
regarded as one of the main molecular subtypes of
colorectal cancers (CRCs) and accounts for 12%-20%
and 6%-13% of CRCs in Western and Eastern countries,
respectively[1-6]. Hereditary CRCs with a high level of MSI
(MSI-H) constitute approximately 3%-5% of all CRCs
and arise exclusively in patients with Lynch syndrome.
Lynch syndrome was formerly called hereditary nonpolyposis colorectal cancer and is caused by a germline
mutation in at least one of the MMR genes (MLH1,
MSH2, PMS2, and MSH6), frequently resulting in the
development of early-onset malignancies, including CRC
and endometrial cancer[7,8]. Sporadic MSI-H CRCs account for approximately 3%-15% of all CRCs and develop mainly as a result of inactivation of the MLH1 gene
via promoter CpG island hypermethylation[9].
MSI status in CRCs can be determined by DNA testing using microsatellite markers, and five microsatellite
markers recommended by the National Cancer Institute
(NCI) workshop have been officially used for MSI analysis: BAT25, BAT26, D2S123, D5S346 and D17S250[10].
In DNA analysis using these NCI markers, instability observed in two or more of the five markers corresponds
to MSI-H. MSI-H can be interpreted as the presence of
MSI. In contrast, a low level of MSI (MSI-L), which is assigned when only one unstable marker is detected, is not
regarded as a true MSI-positive status. Microsatellite-stable (MSS) status can be assigned when all of the markers
show stability. Immunohistochemistry (IHC) for MMR
proteins can be applied as a screening test or a supportive
test for MSI analysis.
MSI-H CRC is known to have distinct clinicopathological and molecular features, including preferential
localization in the proximal colon, a less advanced cancer stage, extracellular mucin production, medullary
carcinoma and poorly differentiated carcinoma, tumorinfiltrating lymphocytes, a Crohn’s-like lymphoid reaction, and a BRAF V600E mutation[4,11-14]. In addition, and
more importantly, it has been consistently reported that
MSI-H CRC is associated with favorable survival and
chemotherapy resistance. In a considerable number of
previous studies, patients with MSI-H CRC demonstrated
a significantly better survival than MSS/MSI-L CRC patients[15,16], whereas the beneficial effect of 5-fluorouracil
(5-FU)-based adjuvant chemotherapy in patients with
MSI-H CRC has been controversial[15-19]. These prog-
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MOLECULAR HETEROGENEITY OF MSI-H
CRC
DNA MMR deficiency
Germline mutation or sporadic methylation of MMR
genes: As described above, MSI is caused by the inactivation of at least one of the MMR genes. The inactivation
of MMR genes can be induced by a germline mutation
or by promoter CpG island hypermethylation. Germline mutation of MMR genes, including MLH1, MSH2,
PMS2, or MSH6, represents a major cause of hereditary
MSI-H CRCs in Lynch syndrome. Among these MMR
genes, germline mutations in the MLH1 or MSH2 genes
account for the majority of Lynch syndrome CRCs[21].
Promoter methylation of MMR genes is a major cause
of sporadic MSI-H CRCs and exclusively involves the
MLH1 gene. MLH1 promoter methylation is closely
associated with the CpG island methylator phenotype
(CIMP) in sporadic CRCs and has been used as one of
the major molecular markers for CIMP determination
in CRCs[4,22-24]. It is also generally expected that all of
the MLH1-methylated MSI-H CRCs are CIMP-high
(CIMP-H) tumors, although discordance between MLH1
methylation and CIMP status can be observed in a small
subset of MSI-H CRCs[25]. A detailed review and discussion concerning the molecular basis and prognostic implication of CIMP in MSI-H CRCs will be presented in
the following sections.
Constitutional (germline) epimutation of MMR genes:
Promoter methylation of MSH2 owing to germline deletion of 3’ exons in the EPCAM gene (also known as the
TACSTD1 gene), which is located in the region immediately upstream of MSH2, was recently identified as a
cause of MSI-H CRC in Lynch syndrome[26,27]. This molecular alteration is associated with a small subset of patients with Lynch syndrome and is also called the MSH2
“epimutation” because of its unique feature of heritable
constitutional epigenetic change[28,29]. In addition, constitutional epimutation of the MLH1 gene has also been
found in a few patients with Lynch syndrome[30-34]. Although it has been reported that an association between
MLH1 epimutation and a family history of CRC is not
evident[30], the clinical and pathological significance of
epimutations in MMR genes in hereditary MSI-H CRCs
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remains unclear. According to our data, MLH1 methylation-positive/CIMP-negative tumors account for 7.3%
of MSI-H CRCs[25], and these cases were associated with
an early age of onset and favorable survival. It cannot
be excluded that MLH1 epimutation-associated MSI-H
CRCs may be included in these MLH1 methylation-positive/CIMP-negative MSI-H CRCs, and the predominance
of young patients can imply the presence of MLH1 epimutation carriers. Thus, additional studies should be performed to investigate the detailed epidemiology and clinical implications of MMR gene epimutations in MSI-H
CRC.

finding is not surprising because MSI-H status tumors
are highly vulnerable to insertions or deletions in microsatellite sequences, as described above. In CRCs with
MSI, many types of genetic mutations can occur, but the
majority of mutations that develop under MSI-H status
are frameshift mutations because the instability of microsatellite sequences in coding regions can alter entire
reading frames adjacent to the insertion or deletion point.
Previous investigations have reported frameshift mutations of various genes caused by the instability of microsatellites in MSI-H CRCs. The target genes for microsatellite mutations in MSI-H CRCs include TGFBR2, BAX,
ACVR2, IGF2R, BLM, MSH3, MSH6, E2F4, PTEN,
AIM2, CASPASE5, MBD4, TCF4, STK11, RAD50,
CHK1, AXIN2, WISP3, B2M, MYO1A and CDX2[38-54].
These genes are known to be associated with important
biological functions such as signal transduction, apoptosis regulation, cell cycle regulation, cell proliferation,
cell differentiation, and DNA MMR; therefore, loss-offunction mutations in these genes can critically contribute
to tumorigenesis. However, although the biological and
clinical implications of mutations in these genes in CRCs
have been explored, their potential use as prognostic
markers or therapeutic targets has not been established.
For instance, although mutations in TGFBR2 and BAX,
which are representative target tumor suppressor genes
for microsatellite mutations in MSI-H CRCs, have been
previously analyzed to determine their prognostic implications, conflicting results have been reported. A few
groups have reported that TGFBR2 and BAX mutations
were associated with a favorable prognosis in MSI-H
CRCs[55,56], whereas other investigators did not find a
prognostic significance of these mutations in MSI-H
CRCs[57,58]. Interestingly, microsatellite alterations in intronic regions could induce mutations in genes such as
HSP110 and MRE11 in MSI-H CRCs[59,60]. In the recent
study by Dorard et al[59], deletions of the T17 mononucleotide repeat located in intron 8 of the HSP110 gene were
shown to lead to exon 9 skipping and the production
of truncated mutant proteins of HSP110. The HSP110
mutation as a potential prognostic and predictive marker
in MSI CRC-H will be discussed briefly in the “Putative
prognostic or predictive molecular markers for MSI-H
CRC” section.

Expression profile of MMR proteins: Normal DNA
MMR function is executed by MMR protein complexes
composed of heterodimers of MutL homologues (the
MLH or PMS series) or MutS homologues (the MSH
series). The major role of the human DNA MMR system
is performed by the MutSα and MutLα complexes. The
MutSα complex comprises a MSH2-MSH6 heterodimer, whereas the dimer of MLH1 and PMS2 forms
the MutLα complex[21,35]. These complexes are essential
components of the human DNA MMR machinery, and
defects in any one of these four MMR proteins lead to a
dysfunctional MMR system and ultimately result in MSI.
Therefore, loss of expression of MMR proteins can
serve as a molecular hallmark of a dMMR system and
the MSI-H status in tumors. IHC for MMR proteins is
a simple and valuable tool for the detection of dMMR
CRC and can be helpful for investigating the underlying molecular alteration and hereditary/sporadic status
of MSI-H CRCs. The immunohistochemical profile of
four MMR proteins in MSI-H CRCs can be summarized
as four expression phenotypes: MLH1-negative/PMS2negative, PMS2-negative only, MSH2-negative/MSH6negative, and MSH6-negative only[8,36]. These four phenotypes most likely represent inactivation of MLH1,
PMS2, MSH2, and MSH6, respectively. The majority of
MSI-H CRCs are induced by inactivation of MLH1 or
MSH2, whereas inactivation of PMS2 or MSH6 causes
only a minor portion of MSI-H CRCs. Interestingly, an
inactivating mutation or methylation of MLH1 is accompanied by PMS2 loss, and inactivation of MSH2 is
combined with the loss of MSH6 expression due to their
heterodimer structures. However, inactivation (mainly
through germline mutations) of PMS2 or MSH6 does
not accompany a loss of MLH1 or MSH2 expression,
respectively[8,36]. Although IHC for MLH1 and MSH2 has
generally been used for the screening of MMR status in
CRCs, the inclusion of screening for PMS2 and MSH6
would compensate for the equivocal results of MLH1 or
MSH2 IHC and aid in the detection of rare MSI-H CRCs
with germline mutations of PMS2 or MSH6.

BRAF /KRAS mutations: BRAF is a member of the

RAF kinase family of genes and is a downstream effector of the KRAS gene, whereas KRAS is a member of
the RAS family of genes and is a downstream effector
of the EGFR gene in the Ras-Raf-MEK-ERK signaling pathway. The Ras-Raf-MEK-ERK signaling pathway
is commonly involved in cell cycle progression and cell
proliferation, and thus, activating mutations of key component genes in this pathway, including mutations in
the BRAF or KRAS gene, can bring about uncontrolled
cell growth and increased cell survival and may play an
important role in tumorigenesis. BRAF and KRAS mutations are mutually exclusive in cancers, and the majority
of mutations of BRAF and KRAS in human tumors are

Genetic alterations
Microsatellite mutations: A recent study elucidating the
molecular landscape of CRC by The Cancer Genome
Atlas Project reported that the hypermutated phenotype
mainly overlaps with MSI-H status in CRCs [37]. This
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are characterized by transcriptional repression of many
tumor suppressor genes as a result of promoter methylation[80]. The CIMP status of CRCs can be classified
into three subtypes: CIMP-H, CIMP-low (CIMP-L),
and CIMP-zero (CIMP-0) [24,81,82]. Among these subtypes, CIMP-H is generally regarded as the true CIMPpositive status. Previous investigations have revealed that
CIMP-H is highly associated with sporadic MSI-H owing
to the high frequency of MLH1 promoter methylation
in CIMP-H CRCs[4,13,83]. According to data from Western countries, CIMP-H CRCs account for 7%-29% of all
CRCs, and 56%-82% of MSI-H CRCs have the CIMP-H
subtype (Table 1)[4,13,22,24,63,84-86]. In our previous study
investigating differential clinicopathological features of
MSI-H CRCs depending on CIMP status, we found that
the CIMP-H subtype was significantly associated with
older age, frequent BRAF V600E mutations, poor differentiation, medullary carcinoma components, and signet
ring cell carcinoma components in MSI-H CRCs[87]. The
effect of CIMP status on MSI-H CRC prognosis will be
discussed in the “Putative prognostic or predictive molecular markers for MSI CRC” section.

Table 1 Frequency of CpG island methylator phenotype-high
in colorectal cancers: A review of the literature
Ref.

Country

CIMP-H CRCs/tested CRCs n (%)
In all CRCs

Western countries
Samowitz et al[22], 2005
Weisenberger et al[13],
2006
Samowitz et al[84],
2006
Barault et al[85], 2008
Ogino et al[4], 2009
Dahlin et al[86], 2010
Zlobec et al[24], 2011
Lochhead et al[63],
2013
Eastern countries
Koinuma et al[101],
2004
Nagasaka et al[102],
2008
Kim et al[98], 2009
Min et al[99], 2011
Bae et al[97], 2013
Kim et al[25], 2013

In MSI-H CRCs

United States
United States

250/859 (29.1)
33/187 (17.6)

64/78 (82.1)
NA

United States

313/1271 (24.6) 105/170 (61.8)

France
United States
Sweden
Switzerland
United States

95/578 (16.4)
58/80 (72.5)
123/631 (19.5)
86/118 (72.9)
46/411 (11.2)
34/61 (55.7)
22/314 (7)
NA
205/1173 (17.5) 140/184 (76.1)

Japan

NA

161/28 (57.1)

Japan and
Germany
South Korea
South Korea
South Korea
South Korea

NA

152/36 (41.7)

29/271 (10.7)
34/245 (13.9)
47/734 (6.4)
NA

8/33 (24.2)
NA
18/65 (27.7)
64/220 (29.1)

Genome-wide DNA methylation: The genomic methylation levels of specific tissues can be estimated by
measuring the methylation levels of repetitive DNA elements, such as long interspersed nucleotide element-1
(LINE-1) and Alu, because these repetitive elements are
globally distributed and occupy considerable portions of
the human genome[88,89]. Of these repetitive elements, the
methylation level of LINE-1 has been generally used as
a reliable surrogate marker for the global DNA methylation level. In particular, LINE-1 hypomethylation has
been regarded as one of the molecular characteristics
that distinguishes CRC tumors from normal tissue[90]. Interestingly, several previous investigations have reported
that LINE-1 hypomethylation is inversely correlated with
MSI-H status in CRCs[91-93]. In a study by Ogino et al[93], a
relatively high level of LINE-1 methylation was significantly associated with both MSI-H and CIMP-H statuses
in CRCs. Notably, in this study, a correlation between the
LINE-1 methylation level and MSI status was significant
regardless of CIMP status; furthermore, a low LINE-1
methylation level was associated with 18q loss of heterozygosity (LOH) in CRCs. These findings suggest that
genomic hypomethylation may be a characteristic phenomenon of the chromosomal instability (CIN) pathway,
rather than the MSI pathway, in colorectal carcinogenesis.
However, the mechanistic correlation between MSI status and resistance to genomic hypomethylation in CRCs
should be further evaluated. The prognostic value of
the LINE-1 methylation level in MSI-H CRCs will be
described below, in the “Putative prognostic or predictive
molecular markers for MSI-H CRC” section.

1

MLH1-methylated colorectal cancers (CRCs) instead of CpG island methylator phenotype-high (CIMP-H) CRCs; 2Sporadic microsatellite instability-high (MSI-H) CRCs instead of CIMP-H CRCs. NA: Not applicable.

hot spot mutations in codon 600 (V600E) and codons
12 or 13, respectively[61,62]. According to previous studies, BRAF mutations were found in 5%-15% of overall
CRCs[61,63-66], whereas 32%-40% of CRCs have KRAS mutations[63,64,67-72]. However, it has been revealed that BRAF
V600E mutations are highly associated with MSI-H
CRCs, although the incidence of KRAS mutations is
inversely correlated with MSI-H status in CRCs[36]. The
frequencies of BRAF and KRAS mutations in MSI-H
CRCs have been reported to be 16%-52% and 12%-20%,
respectively, in Western countries[63,73-76]. Notably, because
BRAF V600E mutations have been found exclusively in
sporadic tumors among MSI-H CRCs, it has been suggested that detection of BRAF mutations in CRCs may
be a useful supportive tool for distinguishing sporadic
CRCs from Lynch syndrome CRCs[14,73,77]. In fact, it is
thought that this observed correlation between BRAF
mutations and sporadic MSI-H CRCs is mostly based on
the more significant association between BRAF mutations and CIMP-H status in CRCs[13,23]. Regarding the
implications for prognosis, several previous studies have
reported that BRAF mutations indicate poor survival in
patients with CRC[4,78]. However, it has been suggested
that the contribution of BRAF mutations to an adverse
prognosis is significant for MSI-L/MSS CRCs but not
MSI-H CRCs[65,79]. Therefore, the clinical and prognostic
significance of BRAF mutations in MSI-H CRCs should
be carefully explored in larger samples.

Molecular heterogeneity among ethnic groups
As mentioned above, MSI-H CRCs constitute approximately 15% of all CRCs in Western countries [8,9,35].
However, according to previous studies reported by our

Epigenetic alterations
CIMP: CIMP represents a distinct subset of CRCs that
show extensive promoter CpG island methylation and
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2, respectively. CIMP-H CRCs account for 7%-29.1% of
all CRCs and 55.7%-82.1% of MSI-H CRCs in Western
countries (Table 1)[4,13,22,24,63,84-86], whereas CIMP-H CRCs
constitute 6.4%-13.9% of all CRCs and 24.2%-57.1% of
MSI-H CRCs in Eastern Asian countries (Table 1)[25,97-99,101,102].
In Western countries, the BRAF V600E mutations were
present in 3.7%-20.6% of all CRCs and in 18.4%-70.8%
of MSI-H CRCs (Table 2)[4,13,22,24,63,79,84-86,103-112]. These
proportions were lower, at 0.7%-11.4% of all CRCs and
6.2%-45.7% of MSI-H CRCs, in Eastern Asian countries
(Table 2)[25,97-102,113-121]. These findings suggest that the
Eastern Asian ethnicity is associated with a relatively low
prevalence of CIMP-H and BRAF mutations in CRCs;
consequently, these epidemiologic features may also
result in a low frequency of MSI-H status in CRCs because it is thought that the majority of sporadic MSI-H
CRCs are derived from CIMP-H CRCs. Thus, the low
incidence of CIMP-H and BRAF mutations in Eastern
Asian patients with CRC may be due to genetic or environmental differences between Eastern and Western
ethnic groups. However, the detailed epidemiology and
causal factors of the molecular heterogeneity of CRCs
between ethnic groups should be elucidated in further
investigations.

Table 2 Frequency of BRAF V600E mutations in colorectal
cancers: A review of the literature
Ref.

Country

BRAF -mutant CRCs/tested
CRCs n (%)

In all CRCs In MSI-H CRCs
Western countries
Samowitz et al[22],
United States
86/859 (10)
43/78 (55.1)
2005
Weisenberger et al[13], United States
26/187 (13.9)
NA
2006
Samowitz et al[84],
United States
123/1271 (9.7) 67/170 (39.4)
2006
Goel et al[103], 2007
United States
26/126 (20.6) 17/24 (70.8)
Maestro et al[104], 2007
Spain
12/324 (3.7)
9/49 (18.4)
Barault et al[85], 2008
France
76/578 (13.1) 51/80 (63.8)
French et al[105], 2008
United States
77/490 (15.7) 35/58 (60.3)
Ogino et al[4], 2009
United States
105/631 (16.6) 53/118 (44.9)
Richman et al[106], 2009 United Kingdom 56/710 (7.9)
NA
Kumar et al[107], 2009
United States
7/98 (7.1)
7/30 (23.3)
(African)
Vilkin et al[108], 2009
Israel
24/128 (18.8)
6/13 (46.2)
Roth et al[79], 2010
Europe
103/1307 (7.9) 45/188 (23.9)
Dahlin et al[86], 2010
Sweden
55/411 (13.4) 34/61 (55.7)
Zlobec et al[24], 2011
Switzerland
42/314 (13.4)
NA
Tie et al[109], 2011
Australia
52/525 (9.9)
24/75 (32)
Yamauchi et al[110], 2012 United States
183/1276 (14.3)
NA
Kalady et al[111], 2012
United States
56/475 (11.8) 29/76 (38.2)
Tian et al[112], 2013
The Netherland
42/381 (11)
NA
and Spain
Lochhead et al[63], 2013 United States
182/1253 (14.5) 101/193 (52.3)
Eastern countries
Koinuma et al[101], 2004
Japan
16/140 (11.4) 12/28 (42.9)
Nagasaka et al[113], 2004
Japan and
21/234 (9)
16/35 (45.7)
Australia
Chang et al[114], 2006
Taiwan
9/213 (4.2)
7/19 (36.8)
Nagasaka et al[102], 2008
Japan and
20/243 (8.2) 10/36 (27.8)
Germany
Kim et al[98], 2009
South Korea
13/271 (4.8)
3/33 (9.1)
Yagi et al[115], 2010
Japan
13/149 (8.7)
NA
Shen et al[116], 2011
China
2/118 (1.7)
NA
Liou et al[117], 2011
Taiwan
12/314 (3.8)
NA
Yokota et al[118], 2011
Japan
15/229 (6.6)
NA
Aoyagi et al[119], 2011
Japan
1/134 (0.7)
NA
Kwon et al[100], 2011
South Korea
4/92 (4.3)
NA
Min et al[99], 2011
South Korea
11/245 (4.5)
6/49 (12.2)
Hsieh et al[120], 2012
Taiwan
2/182 (1.1)
NA
Nakanishi et al[121], 2012
Japan
17/254 (6.7) 11/31 (35.5)
Bae et al[97], 2013
South Korea
39/728 (5.4)
4/65 (6.2)
Kim et al[25], 2013
South Korea
NA
26/219 (11.9)

PROGNOSTIC HETEROGENEITY OF MSI-H
CRC
Prognostic features and chemotherapy responses of
MSI-H CRC
Although several previous investigations have failed
to identify prognostic significance of MSI status in
CRCs[18,122], it has been consistently reported that patients
with MSI-H CRC show a better survival than MSI-L/
MSS CRC patients[15,16]. However, there has been controversy regarding the predictive value of MSI status for
the response to adjuvant chemotherapy in patients with
CRC[122-124]. Regardless of the controversy, it is generally
agreed that there are fewer or no beneficial effects of adjuvant chemotherapy, especially 5-FU-based chemotherapy, for patients with MSI-H CRC compared to patients
with MSI-L/MSS CRC[17,19,125-127]. According to previous
in vitro experiments, the preservation of MMR function
in cancer cells is likely important for inducing the apoptotic effect of 5-FU[128-131], and this finding could explain
the molecular basis of resistance to 5-FU-based chemotherapy in MSI-H CRCs. In contrast to the tendencies
towards a poor response to 5-FU, and although the findings remain controversial[132], several studies supporting
MSI-H as a predictive factor for improved response to
irinotecan or irinotecan-based chemotherapy in CRC patients have been reported[133,134]. In previous experiments,
it has also been suggested that mutations of MRE11
and/or RAD50 found in MSI-H CRC cells could account for increased sensitivity to irinotecan[135,136]. Concerning the response to the leucovorin/5-FU/oxaliplatin
(FOLFOX) regimen in CRC patients, a few investigations
have suggested that MSI is associated with improved

CRC: Colorectal cancer; MSI: Microsatellite instability; NA: Not applicable.

group and others, a relatively low frequency of MSI-H
(5.5%-9.4%) has been consistently observed in Korean
patients with CRC, regardless of the institutions at which
the study samples were collected [6,25,87,94-97]. Furthermore, the frequencies of CIMP-H and BRAF V600E
mutations in CRCs are lower in Koreans (6.4%-13.9%
and 4.3%-5.4%, respectively) than in Western populations[97-100]. We hypothesized that the low frequency of
MSI-H CRCs in Korea is mainly based on the low prevalence of CIMP-H CRCs and that there are ethnic differences in the major molecular alterations associated with
CRCs. Therefore, we performed a literature review to
assess the frequencies of CIMP-H and BRAF mutations
in CRCs, and the results are summarized in Tables 1 and
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tant HSP110 (HSP110ΔE9). MSI-H CRC patients with
a high mRNA expression level of HSP110ΔE9 survived
longer, and this improved survival was maintained in
both stage Ⅲ and adjuvant chemotherapy-treated subgroups[59]. In our recent study, we evaluated the expression status of wild-type HSP110 (HSP110wt) by IHC
in MSI-H CRCs[96] and found that reduced expression
of HSP110wt was correlated with a large deletion in the
HSP110 T17 repeat and favorable prognosis in MSI-H
CRCs, which is reasonable because the HSP110wt expression level is expected to be inversely correlated with
the HSP110ΔE9 expression level. Mutation of HSP110
and variation in HSP110 expression are representative of
the molecular heterogeneity associated with the prognostic heterogeneity of MSI-H CRCs, and it is expected that
these molecular alterations could be used as predictive
markers and therapeutic targets in MSI-H CRCs[142].

Table 3 Potential prognostic molecular factors for microsatellite
instability-high colorectal cancer: A review of the literature
Molecular
factors

Prognostic implication in MSI-H
CRC (molecular alteration)

Ref.

Favorable (high expression
Dorard et al[59], 2011
Kim et al[96], 2014
of mutant HSP110/low
expression of wild-type
HSP110)
Beta2Favorable (mutation of beta2Kloor et al[54], 2007
Tikidzhieva et al[143], 2012
microglobulin
microglobulin)
Myosin 1a
Unfavorable (low expression
Mazzolini et al[53], 2012
of myosin 1a)
CDX2/CK20
Unfavorable (loss of CDX2/
Kim et al[149], 2013
CK20 expression)
SMAD4
Favorable (high expression of Isaksson-Mettavainio et
SMAD4)
al[150], 2012
CIMP
Unfavorable (CIMP-H)
Bae et al[87], 2011
LINE-1
Unfavorable (low LINE-1
Rhee et al[162], 2012
methylation level)
HSP110

Beta2-microglobulin: According to recent investigations, coding microsatellite mutations in the beta2microglobulin (B2M) gene occur in approximately 30%
of MSI-H CRCs and are significantly associated with a
low risk of disease relapse and a low frequency of distant
metastasis in MSI-H CRCs[54,143]. Although the molecular mechanism underlying how B2M mutations affect
prognosis in MSI-H CRCs is not fully understood, the
biological functions of B2M may be associated with the
metastatic potential of cancer cells, based on results demonstrating that B2M can induce epithelial-mesenchymal
transition in cancer cells and may mediate bone metastasis of cancers[144]. As a putative prognostic marker and
potential therapeutic target, the functional and prognostic
significance of B2M mutations in MSI-H CRCs should
be further evaluated.

CIMP: CpG island methylator phenotype; CIMP-H: CIMP-high; CRC:
Colorectal cancer; LINE-1: Long interspersed nucleotide element-1; MSI-H:
Microsatellite instability-high; HSP110: Heat shock protein 110 kDa;
CDX2: Caudal-type homeobox 2; CK20: Cytokeratin 20; SMAD4: SMAD
family member 4.

survival in CRC patients who are treated with adjuvant
FOLFOX[137], whereas other studies have reported that
MSI status was not significantly associated with a survival
benefit of CRC patients after adjuvant FOLFOX treatment[138-141]. Collectively, in patients with CRC, although
MSI-H can indicate a better prognosis than MSI-L/MSS
status, whether there is an association between MSI status
and response to adjuvant chemotherapy remains controversial. Thus, further investigation is needed to confirm
the predictive value of MSI status regarding responses to
various chemotherapy regimens for CRCs.

Myosin 1a: A recent study by Mazzolini et al[53] reported
that the brush border protein myosin 1a (MYO1A) could
act as a tumor suppressor in the intestine, and frameshift
mutations in the MYO1A gene were detected in 32% of
MSI-H CRCs. Interestingly, according to this study, a low
expression level of MYO1A was associated with worse
survival in patients with MSI-H CRCs, and MYO1A
expression was identified as an independent prognostic
factor in MSI-H CRCs. However, there is a lack of data
elucidating the biological and clinicopathological significance of reduced MYO1A expression in CRCs; additional experimental and clinical studies are therefore needed.

Putative prognostic or predictive molecular markers for
MSI-H CRC
Although MSI is known to be a molecular factor indicating a favorable prognosis in CRCs, we hypothesized that
prognostic heterogeneity based on molecular heterogeneity might be present in MSI-H CRCs. Therefore, we expected that molecular markers stratifying patient prognosis or predicting chemotherapy response among MSI-H
CRCs could be identified (Figure 1). By performing a
review of the literature, potential prognostic or predictive
molecular markers in MSI-H CRC were identified and
are summarized in Table 3. These markers are introduced
and discussed in following sections.

CDX2/CK20: CDX2 (caudal-type homeobox 2) and
CK20 (cytokeratin 20) are proteins associated with intestinal differentiation and are also important markers of the
normal intestinal epithelium and CRCs. Several previous
studies identified that a loss of CDX2 and/or CK20 expression in CRCs was associated with MSI-H or CIMP-H
status[24,145-148]. In a recent investigation, we found that a
loss of CDX2/CK20 expression was significantly associated with poor differentiation, CIMP-H status, and an
unfavorable prognosis in MSI-H CRCs[149]. According to
our study, CRC patients with simultaneous loss of CDX2

HSP110: Dorard et al[59] recently reported that the expression level of mutant HSP110 (heat shock protein
110 kDa) is significantly associated with prognosis and
chemotherapy response in MSI-H CRCs. According to
this study, the T17 mononucleotide repeat located within
intron 8 of HSP110 is vulnerable to deletions under the
dMMR condition in CRCs, and these deletions can lead
to exon 9 skipping and the generation of a truncated mu-
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Prognostic or predictive molecular markers
Good prognosis

Chemo-sensitive
MSI-H CRC patients

DNA MMR deficiency
Genetic alterations

Epigenetic alterations

Stratification of
patients prognosis

Prediction of
chemotherapy response

Ethnic/environmental
differences

Poor prognosis

Chemo-resistant

Figure 1 Graphical summary of this review, consisting of a conceptual model for prognostic heterogeneity based on the molecular heterogeneity of
microsatellite-unstable colorectal cancers. CRC: Colorectal cancer; MSI-H: Microsatellite instability-high; MMR: Mismatch repair.

MSI status and BRAF mutations. In addition, although
there is a lack of data elucidating the prognostic significance of CIMP-L in CRCs, a study by Dahlin et al[86] found
that the CIMP-L subtype was associated with an unfavorable prognosis for CRCs, regardless of MSI status. The
dependence of a chemotherapeutic response on CIMP
status in CRCs is also controversial. Some investigators
have suggested that CIMP-H is associated with a survival
benefit in CRC patients receiving 5-FU-based chemotherapy[99,156], whereas the opposite results have also been
reported[157,158]. Focusing on the prognostic implication
of CIMP for MSI-H CRCs, we previously reported that
for MSI-H CRC patients, those with CIMP-H tumors
had worse survival than those with CIMP-L/0 tumors[87].
In fact, it is suspected that the differences in survival
according to CIMP status in patients with MSI-H CRC
may reflect differences in age distribution; in particular,
patients with sporadic MSI-H CRC, who are expected
to have CIMP-H status, are older and may have various
comorbidities. In contrast, those with Lynch syndrome
CRC, who have a CIMP-L/0 status, are younger and may
be relatively healthy. This age distribution may critically
affect patient prognosis, and thus, the prognostic significance of CIMP status in MSI-H CRC may be partly
influenced by this age effect. Currently, it is debated
whether CIMP status can serve as a true prognostic factor for MSI-H CRCs; therefore, more attention must be
paid to analyzing the prognostic and predictive effect of
CIMP status in CRCs.

and CK20 expression in tumor tissue constituted a highly
aggressive subgroup of MSI-H CRC patients, with early
death or recurrence occurring in this subgroup. Although
CDX2/CK20 loss is not a specific molecular alteration
associated with MSI-H CRC, these molecular factors can
likely be used as markers to classify patients with MSI-H
CRCs into prognostic subgroups.
SMAD4: In a recent investigation by Isaksson-Mettävainio
et al[150], high SMAD4 (SMAD family member 4) expression was significantly correlated with a favorable prognosis in MSI-H CRCs. Previous studies have also revealed
that a loss of SMAD4 expression is associated with
advanced stage, metastatic potential and an adverse prognosis in CRCs[151-154]. In fact, loss of SMAD4 has been
shown to be associated with 18q LOH[154,155] and may
not be correlated with MSI status in CRCs because 18q
LOH is a characteristic molecular alteration in the CIN
pathway. Although it is thought that the prognostic implication of SMAD4 expression can be applied to all CRCs,
a variation in SMAD4 expression and its significance for
the prognosis of MSI-H CRCs remains an interesting
field of study. Therefore, the underlying mechanism and
prognostic value of variations in SMAD4 expression in
MSI-H CRCs should be further explored.
CIMP: The prognostic value of CIMP status in CRCs
remains unclear. A few previous studies reported that
the CIMP-H subtype was associated with poor prognosis in patients with CRC; however, this adverse effect of
CIMP-H on CRC prognosis was significant only in the
MSS patient subgroup and not in the MSI-H patient subgroup[86,98]. However, Ogino et al[4] provided contrasting
data showing that CIMP-H was associated with a low cancer-specific mortality in CRC patients, regardless of both
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LINE-1 methylation: Several recent investigations have
revealed that a low LINE-1 methylation level is independently associated with an adverse prognosis for
CRCs[159-161]. According to one of our studies[162], this
prognostic significance of LINE-1 methylation was also
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maintained in MSI-H CRCs. A low LINE-1 methylation
level was an independent factor indicating poor prognosis
in MSI-H CRC. These findings indicate that the LINE-1
methylation level can be a useful molecular factor for
selecting the poor prognostic subgroup among patients
with MSI-H CRC, which is known to be associated with
a favorable prognosis, despite the level of LINE-1 hypomethylation being mild in MSI-H CRCs, as described
above[92,93].

8
9
10

CONCLUSION
11

MSI-H CRCs have been characterized as demonstrating a favorable prognosis and low benefit of adjuvant
chemotherapy. However, MSI-H CRCs are molecularly
heterogeneous tumors; thus, it is strongly suspected
that prognostic and predictive molecular factors may
be present. To date, several molecular factors, including
HSP110, B2M, MYO1A, CDX2/CK20, SMAD4, CIMP,
and LINE-1, have been explored as potential prognostic
markers for MSI-H CRCs. However, additional investigations are necessary to identify the molecular determinants
of patient prognosis and therapeutic response in MSI-H
CRCs.
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Multimodal imaging evaluation in staging of rectal cancer
Suk Hee Heo, Jin Woong Kim, Sang Soo Shin, Yong Yeon Jeong, Heoung-Keun Kang
because it is difficult to reliably differentiate between
the tumor mass and other radiation-induced changes in
the images. EUS does not appear to have a useful role
in post-therapeutic response assessments. Although CT
is most commonly used to evaluate treatment responses, its utility for identifying and following-up metastatic
lesions is limited. Preoperative high-resolution MRI in
combination with diffusion-weighted imaging, and/or
PET-CT could provide valuable prognostic information
for rectal cancer patients with locally advanced disease
receiving preoperative CRT. Based on these results, we
conclude that a combination of multimodal imaging
methods should be used to precisely assess the restaging of rectal cancer following CRT.
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Core tip: In rectal cancer, accurate staging and circumferential resection margin assessment are essential for
stratifying the risks of recurrence and determining the
optimal therapeutic strategy for individual patients. In
the preoperative setting, a combination of multimodal
imaging methods, including endorectal ultrasonography,
computed tomography (CT) and magnetic resonance
imaging (MRI), can be used to precisely assess the preoperative staging of rectal cancer. However, restaging
after neoadjuvant therapy remains a challenge with all
of these modalities. Recently, high-resolution MRI with
diffusion-weighted imaging and/or positron emission
tomography-CT imaging methods have been developed
to precisely assess the restaging of rectal cancer following neoadjuvant chemoradiation therapy.

Abstract
Rectal cancer is a common cancer and a major cause of
mortality in Western countries. Accurate staging is essential for determining the optimal treatment strategies
and planning appropriate surgical procedures to control
rectal cancer. Endorectal ultrasonography (EUS) is suitable for assessing the extent of tumor invasion, particularly in early-stage or superficial rectal cancer cases.
In advanced cases with distant metastases, computed
tomography (CT) is the primary approach used to
evaluate the disease. Magnetic resonance imaging (MRI)
is often used to assess preoperative staging and the
circumferential resection margin involvement, which
assists in evaluating a patient’s risk of recurrence and
their optimal therapeutic strategy. Positron emission
tomography (PET)-CT may be useful in detecting occult
synchronous tumors or metastases at the time of initial
presentation. Restaging after neoadjuvant chemoradiotherapy (CRT) remains a challenge with all modalities
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Table 1 Tumor nodes metastasis staging of rectal cancer
th
based on the American Joint Committee on Cancer 7 edition
Primary tumor (T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria and into
perirectal tissues
T4a Tumor penetrates to the surface of the visceral peritoneum
T4b Tumor directly invades or is adherent to other organs or
structures
Regional lymph nodes (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastases in 1-3 regional lymph nodes
N1a Metastasis in 1 regional lymph node
N1b Metastases in 2-3 regional lymph nodes
N1c Tumor deposit(s) in the subserosa, mesentery, pericolic, or
perirectal tissues without regional nodal metastasis
N2 Metastases in 4 or more regional lymph nodes
N2a Metastases in 4-6 regional lymph nodes
N2b Metastases in 7 or more regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis confined to 1 organ or site (e.g., liver, lung, ovary,
non-regional node, external iliac lymph node)
M1b Metastases in > 1 organ/site or the peritoneum

INTRODUCTION
Rectal cancer is a tumor that arises from the rectum
within 15 cm of the anal verge[1]. In 2013, there were an
estimated 40340 new cases of rectal cancer in the United
States, and rectal cancer is a major cause of cancer-related
deaths in the developed world[2]. The prognosis of rectal
cancer patients depends on the disease stage at the time
of diagnosis[3-5]; thus, accurate disease evaluation is necessary to properly treat rectal cancer.
Rectal cancer prognosis is largely determined by
tumor-node-metastasis staging, which evaluates the depth
of tumor invasion into the rectal wall as well as the presence of lymph node (LN) and other distant metastases
(Table 1)[3,4]. Again, accurate staging is crucial to determine the optimal treatment strategy, including selecting
the appropriate surgical procedure. For example, earlystage (T1 and some T2) tumors may be suitable for local
excision or trans-anal endoscopic microsurgery, whereas
more advanced lesions (T3-4 and/or N1-2) may merit
neoadjuvant chemoradiation therapy (CRT) followed by
total mesorectal excision [TME; the surgical removal of
the rectum and mesorectum enveloped by the mesorectal
fascia (MRF)][5,6]. In cases requiring TME, the status of
the circumferential resection margin (CRM; defined by
the spreading of the tumor to the MRF) is an important
prognostic factor for predicting survival and local recurrence[1,5,7-9].
Because neoadjuvant CRT is the standard treatment
for locally advanced rectal cancer, assessing tumor response using conventional imaging methods has been
challenging[10-15]. The goal of neoadjuvant CRT is to
preserve sphincter function while improving tumor resectability and reducing tumor mass prior to surgery[5].
Therefore, a more reliable imaging method would facilitate the design of more effective pre- and post-operative
treatment strategies. Moreover, an effective assessment
method would allow stratification of patients according
to the risk of recurrence using preoperative and postCRT assessments of the depth of tumor invasion and
nodal status as well as of CRM involvement[16,17].
Currently, several imaging modalities, including endorectal ultrasound (EUS), computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography (PET) or PET-CT, are used to assess
preoperative staging and therapeutic response. This review will address the advantages and limitations for each
of these imaging modalities in the context of staging and
assessing therapeutic response in rectal cancer patients.

Note-Adapted from the American Joint Committee on Cancer staging system[3].

In particular, tumor staging facilitates the formulation of
a structured multidisciplinary approach to manage the
disease and assess a patient’s prognosis over the course
of treatment. Preoperative staging of rectal cancer can be
divided into either local or distant staging. Local staging
primarily involves assessment of mural wall invasion and
nodal status for metastasis as well as CRM involvement,
while distant staging assesses the extent of metastatic
disease. Currently, several modalities are used for the preoperative staging of rectal cancer (Table 2).
EUS
EUS is performed by introducing a water-filled balloon
containing a high-frequency transducer and trans-anal
probe into the rectum. This approach can delineate the
five layers of the rectal wall as alternating hyper-echoic
and hypo-echoic bands[18,19]. EUS is particularly effective for assessing the depth of tumor invasion into the
rectal wall, with 69%-94% accuracy (Figure 1)[20-23]. EUS
can accurately distinguish between early- and advancedstage rectal lesions with sensitivity, specificity and accuracy rates of 96%, 85% and 94% respectively[6]. EUS
is more specific in evaluating local tumor invasion when
compared to MRI imaging (86% vs 69% specificity rates
respectively), although both methods have similar high
sensitivities for evaluating the depth of tumor penetration into the muscularis propria (94%)[24].
A recent meta-analysis of 5039 patients from 42
studies carried out between 1980 and 2008 supports

IMAGING MODALITIES FOR
PREOPERATIVE STAGING
The preoperative staging of a rectal cancer tumor has
been correlated with the patient’s long-term prognosis[3-5].
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Table 2 Advantages and disadvantages of imaging modalities
in preoperative staging
Imaging
modalities

Advantages

Disadvantages

Preoperative staging
EUS
Depth of tumor
invasion in early rectal
cancer
CT
Wide availability
Fast scanning time
MRI

PET/CT

High soft tissue
resolution
Local staging and CRM
involvement
Distant metastasis

Post-therapeutic restaging
EUS
None
CT
MRI

PET/CT

Relatively high
accuracy of CRM status
High specificity of
therapeutic response
assessment
High accuracy of CRM
involvement
Distant metastasis

Limited field of view
Perirectal invasion and LN
metastasis
Local staging and CRM
involvement in lower rectal
cancer
Distant metastasis

Figure 1 Endorectal ultrasound image of T3 rectal cancer. Endorectal ultrasonography image shows a hypo-echoic mass (arrows) that extends into the
echogenic mesorectal fat (arrowheads).

Poor spatial resolution
Perirectal invasion and CRM
involvement

Recent developments in 3-dimensional EUS technology, with enhanced resolution and a multi-planar display,
have resulted in improved T- and LN-staging accuracy
rates compared to 2-dimensional EUS[30]. Nevertheless,
an assessment of the MRF remains impossible and the
accuracy of the procedure is largely dependent on the
experience of the operator[19,21,30]. Thus, the major role of
EUS in rectal cancer staging is for assessment of tumor
invasion depth, particularly in early-stage rectal tumors,
for which EUS can be used to evaluate whether tumors
are suitable for treatment by trans-anal or local excision[6,17,25].

Low accuracy of T staging and
LN staging
Relatively low accuracy of T
staging and LN staging
Relatively poor sensitivity

No standard parameter and
follow-up protocol

MRI: Magnetic resonance image; EUS: Endorectal ultrasonography; CT:
Computed tomography; PET: Positron emission tomography; CRM: Circumferential resection margin; LN: Lymph node.

CT
CT is commonly used as the initial staging modality for
rectal cancer because of its wide availability and fast scanning times. In a single examination, CT can also assess
the entire abdomen, pelvis and chest, allowing for both
local staging and distant metastases evaluations[17,31]. Initial
studies using conventional CT to assess locally advanced
rectal cancers (i.e., ≥ T3) reported T staging accuracy
rates of 79%-94%[32-34]. The technical advances in multidetector CT (MDCT) have provided enhanced spatial
resolution though thin-collimation scanning and multiplanar reformation, and have improved the accuracy rates
to greater than 90%[35]. Nevertheless, MDCT has shown
limited value for early-stage lesions confined to the rectal
wall (e.g., differentiation between T1 and T2 tumors), for
which EUS may be more effective. Furthermore, the lower resolution of MDCT is unable to reliably distinguish
the layers of the rectal wall and to differentiate between
desmoplastic or peritumoral inflammatory reactions and
tumor infiltration into the perirectal fat[24,36]. These limitations lead to a tendency to over-stage T1 or T2 tumors as
T3 tumors when using MDCT.
LN staging is predominantly based on the size criterion and, to a lesser extent, on morphology[17]. One study
suggests that a LN with axis above 4.5 mm in diameter is
usually considered malignant, but such size criteria are not
generally considered to be accurate[37]. The lack of a clear
cut-off diameter to determine whether a LN is metastatic

the accuracy of EUS for determining T stages, with
pooled sensitivity and specificity rates of approximately
81%-96% and 91%-98%, respectively[25]. However, the
accuracy of EUS in assessing the depth of invasion
into the rectal wall appears to vary with the tumor stage,
with lower accuracy in T2 lesions, compared with that
in early-(T1) and advanced-(T3-T4) stage lesions [25].
Furthermore, EUS cannot reliably distinguish between
peritumoral inflammation or transmural tumor infiltration, which may lead to over-staging of T2 tumors as T3
tumors and subsequent overtreatment[21,26,27]. The staging
of bulky, distal and/or stenotic lesions with EUS can
also be challenging due to the limited field of view and
the inability of probes (especially rigid probes) to traverse the lesion[19,23].
Lymph node (LN) staging with EUS remains difficult
and is less accurate than T staging, with reported accuracy rates of 64%-83%[20,21,23,28]. Although EUS-detected
morphological characteristics, including a round shape,
peritumoral location, size, and hypo-echogenecity) could
be associated with malignant LNs, these features are
neither sensitive nor specific[10,19,29]. Moreover, EUS can
evaluate only perirectal or mesorectal LNs, thereby limiting the screening capacity of this method. In contrast,
other imaging modalities such as CT, MRI and PET/CT
can visualize the iliac and mesenteric or retroperitoneal
nodes, allowing for more comprehensive LN staging.
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reported slightly improved T staging rates (71%-91%)[43,44].
Although the endorectal coil permits a more detailed differentiation of the rectal wall, its routine use in clinical
practice is controversial due to some limitations of the
technology. Specifically, it is difficult to clearly differentiate between the mucosa and submucosa, to access high
and/or stenotic rectal lesions, and to completely evaluate
the mesorectum and surrounding structures due to the
limited field of view[10,17,45]. However, in a comparative
study on endorectal and phased-array coils, both techniques yielded similar diagnostic accuracy rates (80%) for
the depth of tumor invasion[46].
In addition, recent studies have shown that the use of
3.0-T MRI improves the overall T staging accuracy for
rectal cancer with accuracy rates of 86%-95%[47-49]. This
represents a significant improvement over 1.5-T MRI,
which has T staging accuracy rates of 67%-86%[50-52].
Moreover, improvements in scanner gradients and dedicated external coils have allowed rectal MRI to be successfully performed with phased-array surface coils; allowing high-resolution imaging with thin-sections and an
enhanced field of view, and providing a more comfortable patient experience[43].
The use of rectal MRI techniques for clinical decisions regarding bowel preparation, the use of antispasmodic agents, and the use of rectal gel can vary according to the preference of the radiologists[53]. Although the
use of gadolinium contrast enhancement rarely improves
rectal cancer staging via MRI, many centers still acquire
images both before and after gadolinium administration[54,55].
To identify and stage rectal cancers with MRI, highresolution T2-weighted image with thin-sections is the
primary approach used to differentiate between the
tumor, mucosal and submucosal layers, muscular layer,
perirectal fat, and MRF[56]. However, because the submucosal layer is not always efficiently visualized on MRI[16],
the ability to differentiate between T1 and T2 lesions may
be limited. Using MRI, a T3 lesion is defined as a tumor
that extends through the hypo-intense muscle layer into
the hyper-intense perirectal fat with a bulging or nodular
appearance, whereas a T2 tumor is confined to the hypointense muscle layer (Figure 2)[56]. In prospective comparative studies with histopathology, MRI-based staging
strongly correlated with the depth of tumor invasion
(82%)[56] and agreed with the extramural depth of invasion (95%)[57]. However, staging failures commonly occur
when differentiating T2 from borderline T3 tumors, as
it is difficult to distinguish direct tumor infiltration (T3)
from speculated structures in the perirectal fat due to
fibrosis or peritumoral inflammation (T2)[58]. In contrast,
MRI is particularly accurate when identifying T3 and T4
tumors, with a sensitivity of 80%-86% and specificity of
71%-76% for T3 tumors[59].
Regarding LN assessments with MRI, a size cut-off
of 5 mm in diameter is the most commonly used criterion. However, 15%-42% of patients with rectal cancer
have metastatic perirectal LNs that are smaller than 5

A

B

Figure 2 Stage T2 and T3 rectal cancer detected by magnetic resonance
imaging. A: T2-weighted magnetic resonance image shows an intraluminal
polypoid mass (arrows) confined to the intact, hypo-intense muscularis propria
(arrowheads), suggestive of a T2 cancer; B: T3 lesion is seen as a tumor (arrows) that extends through the hypo-intense muscle layer into the perirectal fat
(arrowheads).

has led to wide variability in LN-staging sensitivity and
accuracy using CT, with respective rates of 25%-86% and
35%-84%[17,37]. Moreover, even with the enhanced resolution of MDCT, accurate assessment of the nodal status
remains challenging because microscopic metastases in
normal-sized LNs cannot be depicted on CT.
Regarding assessments of CRM involvement, in a
multicenter study of 250 patients[38], MDCT showed
overall sensitivity and specificity rates of 76% and 96%,
respectively for mid to upper rectal cancer patients. This
result suggests that CT may be an alternative to MRI to
predict CRM involvement in such patients. In lower rectal cancer, however, CT is less accurate and inconsistently
predicts CRM involvement[39,40]. Thus, in a preoperative
setting, CT is best suited for evaluations of distant metastases, as this modality is limited with regard to local staging and CRM status determinations.
MRI
Since 1986, MRI has been used to delineate rectal tumors
and locally stage rectal cancers. Initial MRI studies using
a body coil have reported overall accuracy rates ranging from 59% to 88%, similar to the accuracy range for
CT[41-43]. Recently, rectal MRI has been performed with
either an endorectal coil or a phased-array surface coil.
Several studies with phased-array MRI showed accuracy
rates of 65%-86%, and studies with an endorectal coil
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PET-CT
PET enables the measurement and visualization of
metabolic changes within cancer cells. Fluorodeoxyglucose (FDG) is the most common PET tracer used, as its
uptake is increased in tumors due to increased metabolic
activity in the tumor cells, which facilitates efficient radiolabelling. Studies have shown that PET-CT can reliably
detect colorectal cancer but not its depth of tumor invasion[65,66]. The poor spatial resolution and lack of detailed
anatomy provided by FDG-PET make the determination
of the degree of local tumor spread, LN involvement,
CRM status, or relationship to the sphincter complex difficult.
The utility of PET-CT scanning for initial staging of
rectal cancer remains unclear[14]. While PET-CT is capable
of detecting occult synchronous tumors or metastases
at the time of initial presentation, the detection rate is
too low to justify the costs and radiation exposure for its
routine use. In addition, PET is limited to the identification of non-mucinous tumors because FDG uptake is
hampered by the presence of mucin[67]. Currently, PETCT is reserved for the staging of patients prior to surgical
removal of recurrent lesions or distant metastases and to
identify recurrent lesions in patients with an unexplained
rise in serum carcinoembryonic antigen. PET-CT may
be particularly useful for the staging of distant metastatic
spread, particularly if radical surgery is being considered
but no local staging information is available using other
imaging methods[14].
One recent study demonstrated that preoperative PET
altered the treatment strategy in 17% of patients, including 13% for whom surgery was cancelled and 4% for
whom the radiotherapy field was changed[68]. One explanation for this finding is that PET-CT frequently yields
additional staging information in patients with low rectal
cancer. Thus, PET-CT could be used to improve the accuracy of pretreatment imaging, thereby allowing for
more appropriate stage-specific therapy[69].

Figure 3 Mesorectal fascia invasion detected by magnetic resonance imaging. T2-weighted magnetic resonance image shows a T3 tumor (arrows) with
involvement of the mesorectal fascia (arrowheads).

mm[60,61], indicating that this criterion is not accurate
enough for reliable assessment. Using a combination
of other criteria, including an irregular border and/or a
mixed signal intensity, MRI for nodal staging shows an
accuracy of 85%, with a moderate sensitivity of 75%
and high specificity of 98%[61]. However, a recent metaanalysis of 1249 patients from 23 data sets showed that
the ability to assess LN involvement was consistently
poor with a pooled sensitivity of 77% and specificity of
71%[62]. Similarly, in another meta-analysis study, MRI
showed poor accuracy when compared with EUS and
CT[24]. With improvements to MRI scanners and techniques, the nodal staging accuracy has increased to 91%,
with a high sensitivity of 89%[47]. High-resolution MRI
with thin-sections has enabled evaluations of the detailed
characteristics of LNs. Nevertheless, it remains challenging to detect micro-metastases in small or normal-sized
LNs using MRI.
MRI is a reliable imaging modality for CRM status
assessments, making the technique an important element
of surgical planning and prognosis. Most commonly,
MRI is used to measure the distance of a tumor from the
MRF, as the MRF is observed as a thin hypo-intense line
that envelops the perirectal fat and rectum. In a prospective study by the Magnetic Resonance Imaging and Rectal
Cancer European Equivalence (MERCURY) study group,
which defines CRM involvement as a tumor within 1 mm
of the MRF, MRI showed 92% specificity for preoperative predictions of a clear CRM (Figure 3)[63]. This 1 mm
threshold is the most commonly used criterion to assess
CRM involvement, although Beets-Tan et al[58] reported
that a 5 mm cut-off on MRI could also predict CRM involvement with a high degree of certainty. Published data
have shown that MRI has a high accuracy rate of 86%
for predicting CRM involvement, with good intra- and
inter-observer agreement[17,58,64]. Thus, MRI is a powerful
method for preoperatively assessing both local staging
and CRM involvement with high accuracy and reproducibility, effectively identifying patients who require preoperative CRT in order to minimize incomplete tumor
resections and local recurrences[63].
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IMAGING MODALITIES FOR EVALUATION
OF POST-TREATMENT RESPONSES
Preoperative CRT has been widely adopted for the management of patients with locally advanced rectal cancers
because it can facilitate tumor downsizing and downstaging, leading to increased rates of sphincter-sparing
surgeries and pathologic complete response[5]. If tumor
responses to neoadjuvant CRT could be assesses before
surgery, patients could receive appropriately tailored treatments. For example, patients who respond well the CRT
could be offered less radical treatments, whereas those
who fail to respond could be identified as candidates for
more radical surgeries or second-line therapies[14]. Traditionally, tumor response assessments are achieved by
measuring the percentage of the tumor size reduction
according to the Response Evaluation Criteria in Solid
Tumors criteria, as the change in tumor size is generally
thought to correlate with treatment efficacy[70]. However,
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represents an improvement over a previous study (reporting T restaging of 37% and N restaging of 62%)[13].
However, the tumor over-staging and under-staging rates
after CRT were 23% and 12% respectively, because rectal
wall thickening caused by CRT-induced fibrosis can be
misidentified as residual tumors on CT[73]. In CRM status
assessments after CRT, CT accurately predicted a negative CRM in 71% of cases[13]. Nevertheless, it remains
unclear whether CT would have a clinical impact on the
therapeutic outcome of local staging in patients with locally advanced, CRT-treated rectal cancer because of its
poor resolution, further studies are necessary to evaluate
the efficacy of this approach[14].
With the recent advances aimed at reducing radiation
exposure, perfusion CT is an emerging and noninvasive
technique that permits measurements of tumor vascularity and perfusion changes, allowing measurements of
CRT response. In rectal cancers, perfusion CT has been
shown to differentiate rectal cancer from the normal
rectal wall[74,75]. In addition, perfusion CT could be useful
for predicting tumor responses and clinical outcomes of
CRT, as it can differentiate between tumors with normal
vs low blood flow, as low blood flow before CRT is associated with a poor response[74,75].

Figure 4 Over-staging due to post-chemoradiotherapy changes. T2weighted image obtained after chemoradiotherapy shows hypo-intense infiltration (arrows) to the perirectal fat and a spiculated lymph node (arrowheads),
which was misinterpreted as a remnant T3 lesion and metastatic node. However, there was neither a residual tumor nor metastatic lymph node on the
pathological examinations after surgery.

this assessment approach is insensitive to early treatment
changes, and it can be difficult to distinguish between
viable tumors and CRT-associated non-tumoral masses
(e.g., inflammation, necrosis, or fibrosis)[11]. Given these
limitations, the response of locally advanced rectal cancers should be addressed not only by tumor size, but also
by additional prognostic factors, including the extramural
depth of invasion, nodal status, and CRM involvement,
as well as the relationship with pelvic structures (Table 2).
Thus, it is important to determine which imaging modalities can provide accurate and reliable information regarding these criteria to accurately assess tumor responses.

Efficacy of MRI for assessing post-CRT rectal cancer
response
As in preoperative evaluation, T2-weighted MRI plays
a major role in rectal cancer restaging after CRT. The
concordance between the post-CRT MRI and the histological T stage was only fair to moderate (κ = 0.40),
suggesting rather low accuracy[76]. However, when a morphological response assessment (e.g., responder vs nonresponder) was used, the overall accuracy rate improved
to 79% [77]. High-resolution MRI with thin-sections
yielded an improved T staging accuracy rate after CRT,
with good concordance (κ = 0.64)[78]. Despite these improvements, a recent meta-analysis showed that MRImediated rectal cancer restaging after preoperative CRT
remains challenging, with poor sensitivity (50.4%) due to
the difficulty of differentiating tumor changes from the
residual tumor (Figure 4) using MRI[79]. In cases of mucinous tumors, which are hyper-intense on T2-weighted
images, stage prediction errors can also arise, making
it difficult to distinguish between a remnant tumor and
a mucin pool[76,80]. However, the pooled specificity rate
was as high as 91.2%, which suggests that positive MRI
results can accurately identify CRT-responsive patients;
however, negative MRI results may not similarly identify
non-responsive patients[79].
To determine the LN status after CRT, the same
pre-CRT morphological criteria (i.e., size, irregular borders, and signal homogeneity) are applied. This assessment method has a reported overall accuracy rate of
64%-68%[76,81,82]. Moreover, recent studies of MRI assessment of post-CRT LN status reported high accuracy
rates of 87%-88%[77,78]. However, changes in morphological appearances after CRT, including high-signal interfer-

Efficacy of EUS for assessing post-CRT rectal cancer
response
EUS does not appear to play a role in post-therapeutic
response assessments because it cannot reliably differentiate between post-radiation edema, inflammation,
fibrosis, and viable tumors[19]. Due to this limitation, the
accuracy of EUS for rectal cancer restaging after radiation therapy is markedly low (47%)[71]. In locally advanced
rectal cancers, the T staging accuracy rates for EUS, when
performed at 4-6 wk after the completion of CRT, were
29% in responsive patients and 82% in nonresponsive patients, with a high misinterpretation rate (71%) in responsive patients[72]. In the same study, the overall accuracy of
EUS for LN involvement after CRT was 57%[72]. Thus,
EUS is not recommended for restaging after radiotherapy
or CRT.
Efficacy of CT for assessing post-CRT rectal cancer
response
CT is most commonly used to evaluate treatment responses in solid tumors. However, in CRT-treated rectal
cancer, the utility of CT is limited for identifying and
following-up metastatic lesions. In a recent study to correlate tumor responses measured by CT in accordance
with the histopathology, the overall accuracy rates of T
and N restaging were 65% and 67%[73] respectively, which
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Figure 5 Combination of high-resolution magnetic resonance imaging with diffusion-weighted imaging and positron emission tomography/computed
tomography for assessing tumor response after neoadjuvant chemoradiotherapy. A-C: T2-weighted magnetic resonance image (MRI) (A), diffusion-weighted
imaging (DWI) (B), and positron emission tomography (PET)/computed tomography (CT) (C) obtained before chemoradiotherapy (CRT) shows a T3 tumor (arrows)
with the restricted diffusion and intense hyper-metabolism; D-F: After CRT, T2-weighted MRI (D) shows a marked decrease in the tumor size. DWI (E) shows the focal
diffusion restriction confined to the rectal wall, corresponding to histological proven T2 lesion. PET/CT (F) also demonstrates the good tumor response to CRT.

ence from mucin pools or spiculated LN margins, can
make MRI assessments prone to over-staging (Figure
4)[12,77,78].
According to a prospective study by the MERCURY
group, the accuracy rate and negative predictive value for
identifying CRM involvement in 97 CRT-treated patients
were 77% and 98% respectively, whereas the same values
were 91% and 93% in 311 patients who underwent primary surgery[63]. A recent meta-analysis study reported a
similar result, with a mean sensitivity of 76.3% and mean
specificity of 85.9%[79]. However, it should be noted that
CRM involvement errors frequently occur in MRI assessments because of diffuse hypo-intense infiltration into
the perirectal fat or MRF after CRT[63,83]. Nevertheless,
MRI assessment is considered effective for restaging
tumors after CRT, particularly with respect to potential
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CRM involvement.
Use of diffusion-weighted imaging in MRI for assessing
post-CRT rectal cancer response
Diffusion-weighted imaging (DWI) is a newly emerging,
functional MRI technique that can supplement conventional MRI assessment and enable the noninvasive characterization of biological tissues based on the properties
of water diffusion. Thus, DWI can provide microstructural information, including changes in cellularity and
integrity of cellular membranes, which often precede
conventional morphological alterations. DWI has been
used to detect and characterize tumors and distinguish
between necrotic and viable solid portions within tumors
by quantifying apparent diffusion coefficient (ADC) values[84,85]. The ADC value decreases with increasing cell

4250

April 21, 2014|Volume 20|Issue 15|

Heo SH et al . Multimodal imaging evaluation of rectal cancer

density due the restricted diffusion of water molecules,
which tends to increase in necrotic regions[84,86].
The ADC values of tumors with good or complete
responses were significantly higher than those of tumors with poor responses, and the presence of higher
pre-CRT ADC values reflected necrotic CRT-resistant
tumors[86,87], suggesting that this approach is useful for
predicting CRT response ahead of treatment. In contrast,
the post-CRT ADC values of rectal cancers were lower
than those of the pre-CRT tumors; a difference that was
attributed to fibrosis or scar tissue formation and was not
correlated with tumor response. These results indicate
that the addition of DWI to standard MRI may facilitate the detection of viable tumors and identify CRTresponsive patients (Figure 5)[88-90]. Moreover, in a recent
meta-analysis, restaging with DWI showed good pooled
sensitivity (83.6%) and specificity rates (84.8%)[79]. Thus,
DWI can provide a useful biomarker to assess and monitor treatment responses to CRT[86,91].

tigations, which will be complementary to the management of rectal cancer. DWI has been applied as a useful
biomarker, which could be used to assess and monitor
treatment responses to CRT, although protocol standardization and experienced radiologists are required to maximize the efficacy of this approach. Although the role of
PET-CT needs to be formally compared with existing
methods, PET-CT could provide additional valuable information for the assessment of post-CRT response. Restaging using a combination of imaging methods including high-resolution MRI, DWI and PET-CT will provide
valuable prognostic information before definitive surgery.
Despite these improvements, determination of the LN
metastasis remains challenging in rectal cancer staging.
LN research is further needed.

CONCLUSION
In preoperative settings, EUS is suitable for assessing
the depth of tumor invasion, particularly in superficial
and early-stage rectal tumors. CT imaging is a common
method for evaluation of distant metastases. MRI is a
useful and reliable modality for assessing preoperative
staging and CRM involvement, allowing physicians to
stratify the risks of recurrence and determine the optimal
therapeutic planning for individual patients. PET or PETCT assessment is recommended when there is clinical,
biochemical or radiological suspicion of systemic disease.
Restaging after neoadjuvant therapy, particularly CRT,
is challenging with all modalities because it is difficult to
reliably differentiate between radiation-induced changes
and the tumor itself. However, recent data suggest that
a combination of high-resolution MRI with DWI, and
PET-CT could provide valuable prognostic information
before surgery for patients who were treated with preoperative CRT for locally advanced rectal cancer.

Efficacy of PET-CT for assessing post-CRT rectal cancer
response
PET-CT is a promising modality for identifying recurrent
rectal cancer and distant metastasis. A significant reduction of standardized uptake values on post-CRT PET
of responders compared with non-responders has been
noted by a number of studies (Figure 5), suggesting that
this approach can effectively assess CRT response[15,92,93].
However, the efficacy of PET-CT for the prediction of
tumor response remains controversial, especially for assessing pathological complete response to CRT in rectal
cancer due to several limitations of the technology. One
limitation is the variation in definitions and parameters
used for defining a good vs a poor response. Another
limitation is the uncertainty regarding the timing of PET
imaging after the completion of radiotherapy. The optimal time to carry out PET assessment after the completion of CRT remains unclear, with initial studies suggesting an interval of only 6 wk being too soon to confirm
metabolic response[93]. Therefore, at present, the role of
PET-CT in post-CRT restaging is not well established. It
is possible that PET-CT may provide additional information in assessing response; however, PET-CT needs to
be formally compared with existing methods to properly
evaluate its efficacy.
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Core tip: The traditional 6-wk interval between chemoradiation and surgery in the treatment of rectal cancer
was based primarily on a single publication. There has
been a trend in recent years to prolong this interval
based on studies showing that it may be advantageous
in terms of tumor downstaging and pathologic complete response, without increasing surgical difficulty or
complications. The data so far are derived largely from
retrospective studies using a wide variation of treatments. Further investigations with a higher level of evidence are required to definitively resolve this issue.

Abstract
The current standard treatment of low-lying locally
advanced rectal cancer consists of chemoradiation followed by radical surgery. The interval between chemoradiation and surgery varied for many years until the
1999 Lyon R90-01 trial which compared the effects of a
short (2-wk) and long (6-wk) interval. Results showed
a better clinical tumor response (71.7% vs 53.1%) and
higher rate of positive and pathologic tumor regression
(26% vs 10.3%) after the longer interval. Accordingly,
a 6-wk interval between chemoradiation and surgery
was set to balance the oncological results with the surgical complexity. However, several recent retrospective
studies reported that prolonging the interval beyond 8
or even 12 wk may lead to significantly higher rates of
tumor downstaging and pathologic complete response.
This in turn, according to some reports, may improve
overall and disease-free survival, without increasing the
surgical difficulty or complications. This work reviews
the data on the effect of different intervals, derived
mostly from retrospective analyses using a wide variation of treatment protocols. Prospective randomized trials are currently ongoing.
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INTRODUCTION
Colorectal cancer is the fourth most common malignancy
in the United States and the second most frequent cause
of cancer-related death[1]. Approximately 50% of rectal
cancers are diagnosed at the locally advanced stage, with
metastatic spread to the lymph nodes in two-thirds of
these cases[2]. The standard treatment of rectal cancer is
curative surgical resection, combined with preoperative
chemoradiation therapy (CRT) for T3 and/or node-positive tumors of the mid/low rectum (located 12 cm from
the anal verge), and additional adjuvant therapy if indicated[3-7]. Local recurrence rates following CRT and surgery

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

WJG|www.wjgnet.com

4256

April 21, 2014|Volume 20|Issue 15|

Wasserberg N. CRT-surgery interval in rectal cancer

are less than 10%, especially when modern surgical techniques such as total mesorectal excision are used[8]. Studies have shown that the addition of CRT has a beneficial
effect on tumor downstaging and pathologic complete
response (pCR)[9,10], with improved tumor resectability,
possibly increased sphincter preservation rates[11,12], and
maybe even increased overall survival rates[13]. Recent
evidence suggests that CRT-induced tumor regression
may allow for a “watch and wait” approach that avoids
surgery altogether in selected patients[14].
Several strategies have been suggested to improve the
response to CRT, including better patient selection[15],
case-personalized approach with specific genetic fingerprinting[16,17], variations in the radiation and chemotherapy
regimens[18-20], and additional chemotherapy during a “rest
interval” after CRT[21]. In recent years, researchers have
directed attention to optimizing the CRT-surgery interval[22], which remains controversial[22]. Ideally, the most
favorable interval should facilitate maximal tumor regression, defined by maximal tumor downstaging and downsizing, with minimal risk of deterioration in the surgical
results, defined by low short- term morbidity in mainly
relation to perineal and anastomotic complications and
better long-term oncological and functional outcomes.
Early trials conducted from the 1970s to the late
1990s used a broad range of CRT-surgery intervals
with widely varying results[23-27]. The 1999 Lyon R90-91
trial[28] was the first to specifically address this issue. A
cohort of 201 patients with rectal cancer were prospectively randomized to undergo surgery at 2 or 6 wk after
completion of radiotherapy. The longer-interval group
was found to have a better tumor response and improved
pathological downstaging, with similar rates of complications and survival to the shorter-interval group. The
authors concluded that 2 wk may be too short a time to
achieve maximum benefits of radiation-induced tumor
regression. As a consequence of this study, surgery at 6
wk after completion of radiotherapy became the standard
of care. However, later data suggested that the response
to CRT in patients with rectal cancer is time-dependent,
and complete tumor regression may take months [29].
Thus, the interval between CRT and surgery should be
sufficient to attain greater tumor regression and to permit
the acute radiation effects of tissue swelling and local inflammation to dissipate before surgery. At the same time,
a too-long interval poses a risk of tumor progression
during the wait for surgery, with a higher rate of distant
metastasis. Furthermore, the accelerated repopulation of
tumor cells that are not completely eradicated could lead
to multidrug resistance. These drawbacks may explain the
reported lack of change in survival in patients with rectal
cancer despite the improvements in local control[30]. Others have raised concerns that delaying surgery beyond 6
to 8 wk from CRT could also increase the technical operative risk due to radiation-induced pelvic fibrosis, thereby
increasing the rate of surgical complications[31] and locoregional recurrence[32,33].
The purpose of the present review was to summarize
the current data on the optimal timing of surgical resec-
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tion after CRT for rectal cancer.

EFFECT OF PROLONGED CRT-SURGERY
INTERVAL ON ONCOLOGICAL OUTCOME
Tumor regression and rate of pCR
The time elapsed from after preoperative CRT is one of
the factors affecting the process of T or N stage reduction. Foster et al[22] systematically reviewed 15 studies,
each based on different neoadjuvant treatment indications and regimens and different CRT-surgery intervals.
Four of the 9 studies that evaluated the effect of a prolonged interval on tumor regression reported a significant
improvement. Most of the studies did not apply a histologically based tumor regression grade to estimate the
degree of postoperative tumor regression and fibrosis[34],
although proven to be of prognostic significance[35]. The
only randomized study among these publications was the
Lyon R90-01 trial[28] in which the longer-interval group
had significantly higher rates of a positive clinical tumor
response (71.7% vs 53.1%) and pathologic tumor regression (26% vs 10.3%) than the shorter-interval group (P <
0.05 for both factors). They also had a nonsignificantly
higher rate of pCR (13.8% vs 7.1%).
The Dutch surgical colorectal audit is the most recent
published study to address the CRT-surgery interval in
terms of tumor regression[36]. A total of 1593 patients
with rectal cancer were evaluated. The results showed that
delaying surgery by 10-11 wk from the end of CRT was
associated with the highest chance of a pCR. Accordingly, in a study of predictive factors of pCR, Kalady et al[37]
concluded that an extended interval between completion
of neoadjuvant therapy and surgery was the single most
important determinant. This finding was in line with the
study of Garcia-Aguilar et al[38] which analyzed the impact
of both prolonging the CRT-surgery interval and adding
resting-period chemotherapy. Rates of tumor downstaging and pCR significantly increased after longer intervals
to surgery (18% vs 25%).
Using another approach, Perez and co-workers[39] investigated changes in labeled fluoro-2-deoxy-d-glucose uptake on positron emission tomography/computed tomography (PET/CT) imaging, at baseline and 6 and 12 wk
after CRT. The maximal standard uptake value (SUVmax)
was measured at 1 and 3 h at each time point. The authors found that patients with an increase in early SUVmax were less likely to have significant tumor downstaging, suggesting that the variation in PET/CT SUVmax at
6 wk might serve as a criterion for selecting patients who
may be expected to benefit from a longer CRT-surgery
interval.
A few studies of the impact of the CRT-surgery interval included an analysis of nodal regression[40-44]. No
significant impact of a longer interval was found. The
Lyon R90-01 trial, however, yielded a significant effect
of a longer interval on nodal regression in patients with
N2 disease[28]. Similar results were noted in the Dutch
colorectal surgery[36] audit in which surgery was per-
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formed 15-16 wk from the start of CRT. Others found
that nodal retrieval is time-dependent, with a negative
correlation after longer post-CRT time[45]. Thus, it is possible that lymph nodes have a more rapid response to
CRT which may override the effect of prolonging the
CRT-surgery interval[46].

which 397 patients were randomized to undergo surgery
28-41 or 42-59 d after long-course CRT[41]. Rates of local
and distal recurrence and of overall survival were similar
in the two groups. By contrast, a retrospective multivariate analysis of 102 patients with low rectal cancer demonstrated that delaying surgery beyond 16 wk from rectal
cancer diagnosis had a negative impact on overall and
metastasis-free survival (OR = 2.59; 95%CI: 1.33-5.79, P
= 0.005)[57]. A long interval between radiation therapy and
surgery (6-8 wk) was not recommended for patients who
may not benefit from tumor downstaging by sphincter
preservation.
Table 1 reviews the literature on the effect of a
prolonged CRT-surgery interval on oncological outcome[28,36,38,40-44,49-52,54-62].

Surgical margins
The status of the resection margins, including the distal
mucosal and mesorectal margins, and specifically, the
circumferential margins, is one of the most important
factors determining disease recurrence after surgery[47,48].
Neoadjuvant CRT has been associated with reduced rates
of local recurrence and tapering of the recommended
margins[49]. Among the studies that examined the effect
of a prolonged CRT-surgery interval on resection margin clearance[41,44], one found microscopically involved
margins (R1) in 2% of patients who underwent surgery
before 44 d from CRT and in 1% of patients who underwent surgery later[44]. Another reported a similar rate
of positive circumferential resection margins (2.8%) with
short (< 41 d) or longer intervals[41]. In neither was the
effect of a prolonged interval on resection margins significant. This was true of other studies as well[22].

EFFECT OF A PROLONGED
CRT-SURGERY INTERVAL ON SURGICAL
OUTCOME
Sphincter preservation
The benefit of preoperative CRT in increasing the
sphincter preservation rate in patients with low-lying
rectal cancer is controversial. The German CAO/ARO/
AIO 94 Preoperative vs Postoperative Rectal Trial[11]
reported that the preoperative administration of CRT
led to a higher rate of sphincter preservation in clinical
candidates for abdominoperineal resection. By contrast,
a systematic review and meta-analysis of trials comparing
preoperative radiation with preoperative chemoradiation
showed that although preoperative CRT significantly increased the rate of pCR (P < 0.001), this did not translate
into a higher rate of sphincter preservation (P = 0.29)[63].
The original Lyon R90-01 trial[28] suggested that extending the interval from CRT to surgery from 2 to 6 wk led
to a trend of reduced rates of abdominoperineal resection in the longer-interval group. Yet in neither this study
nor others that investigated sphincter preservation rates
by CRT-surgery interval were the findings statistically significant[22,28,36].

Prognosis
Both tumor downstaging and pCR are correlated with
a better oncological outcome after CRT for rectal cancer[50,51]. Some studies reported an improved prognosis
after a longer CRT-surgery interval[42,52]. Tulchinsky et al[52]
compared patients operated on at an interval of more or
less than 7 wk after CRT. The longer-interval group had a
significantly higher overall survival rate (93% vs 81%) and
significantly lower distant metastasis rate (6% vs 19%)
than the shorter-interval group. However, there was no
between-group difference in local recurrence rate. Similarly, Coucke et al[42] demonstrated that delaying surgery
for more than 5 d after hyperfractionated accelerated
radiotherapy (41.6 Gy/26 Fx bid) led to a significantly
higher rate of overall survival (69% vs 47% for < 5 d, P
= 0.002), disease-free survival (62% vs 41%, P = 0.0003),
and cancer-specific survival (82% vs 57%, P = 0.0007) at a
median follow-up of 39 mo. In this study, too, there was
no difference in local control rate between the groups. de
Campos-Lobato et al[53] found a significant 3-year local recurrence benefit for delaying surgery for more than 8 wk
after CRT (10.5% vs 1.2%), and Wolthuis et al[54] reported
significantly improved 5-year cancer-specific survival
(91% vs 83%) and recurrence-free survival (73% vs 83%)
when CRT-surgery intervals were prolonged. Pach et al[55]
randomized 154 patients to receive preoperative shortcourse radiation and surgery after 7 d vs surgery after 4-6
wk. Long CRT-surgery interval was associated with more
tumor downstaging and tumor regression. Nevertheless,
survival was similar in the two groups. On analysis of the
oncological results of the Lyon R90-01 trial after a median follow-up of 6.3 years (range 6.1-7.2 years), Glehen
et al[56] failed to find any significant between-group differences. These results were supported by a Korean study in
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Surgical difficulty and complications
Neoadjuvant radiotherapy for rectal cancer increases
postoperative complications, predominantly because of
an increased risk of anastomotic leaks and delayed perineal wound healing after abdominoperineal resection[31,64].
Delaying surgery after CRT is based on the rationale
that it will allow more time for resolution of the acute
inflammatory response to radiotherapy. At the same
time, however, it could make dissection in the narrow
pelvis more complex owing to the establishment of postradiation fibrosis[58]. Garcia-Aguilar et al[38] examined the
surgical difficulty and complication rate in 144 patients
who underwent total mesorectal excision at 6 or 11 wk
after CRT. The longer-interval group also received 2
cycles of modified FOLFOX-6 during the late resting
period. There were no significant between-group differences in operative time, blood loss, or rates of diverting
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Table 1 Effect of chemoradiotherapy-surgery intervals on oncological outcome
Ref.

Year

CRT-surgery interval

Pts (n )

pCR

LR

OS

Francois et al[28] + Glehen et al[56]
Stein et al[43]
Moore et al[44]
Coucke et al[42]
Supiot et al[57]
Tran et al[40]
Dolinsky et al[60]
Veenhof et al[62]
Habr-Gama et al[61]
Lim et al[41]
Tulchinsky et al[52]
Kerr et al[59]
de Campos-Lobato et al[53]
Garcia-Aguilar et al[38]
Evans et al[58]
Wolthuis et al[54]
Pach et al[55]
Sloothaak et al[36]

1999
2003
2004
2006
2006
2006
2007
2007
2008
2008
2008
2008
2011
2011
2011
2012
2012
2013

2/6-8 wk
4-8/10-14
≤ 44 d <
≤5d<
≤ 6 wk <
≤ 8 wk <
≤ 6-8 wk <
2/6-8 wk1
≤ 12 wk <
28-41/42-56 d
≤ 7 wk <
Median 76 d (6-215 d)
≤ 8 wk <
6/11 wk
≤ 6-8 wk <
≤ 7 wk <
7-10 d/4-5 wk1
≤ 8 wk/8-9/10-11/11 <

201
33
155
250
102
48
107
108
250
397
132
189
177
136
95
356
154
1593

7%/14% NS
21%/14%
12%/19%
NA
NA
6%/9%
Same (P = 0.8)
0%/12%
10%/6%4
13.8%/15%
17%/35%2
15.90%
16%/31%2
18%/25%2
5%/12%/17%2
16%/28%2
0%/10.4%2
10%/13%/18%2/11%

13%/10%
NA
NA
10%/7%
16%
0%/9%
11%
7%/2%
NA3
8.2%3
6%/4%
21%
10.5%/1.2%
NA
NA
6%/3%
1.5%/7%
NA

69%/66%
NA
NA
47%/69%2
NA
NA
NA
64%/77%
NA
NA
81%/93%
NA
NA
NA
NA
NA
63%/73%
NA

Short-course chemoradiotherapy (CRT); 2Statistically significant difference; 3Local and systemic recurrence; 4Pts with complete clinical response who were
not operated were excluded. pCR: Pathological complete response; LR: Local recurrence; OS: Overall survival; NA: Not available.
1

stoma, sphincter preservation, and R0 resection. Additionally, the proportion of patients who acquired any
postoperative complications was similar in both groups
(40%), with no significant difference in rate of anastomotic leaks. Surgeons participating in that study reported
more widespread fibrosis in the longer-interval group.
However, they were not blinded to the treatment protocol and ultimately rated surgical difficulty similarly (on a
scale of 1-10) for both groups. Other authors, however,
reported a longer operative time when the CRT-surgery
interval was longer, which may reflect increased surgical
difficulty[40,52]. Nonetheless, extending the CRT-surgery
interval did not increase the complication rate[22]; indeed,
one study noted significantly higher rates of anastomotic
leak and perineal wound complications in patients in the
shorter-interval (< 44 d) arm[59].

Several centers are currently conducting prospective
randomized control studies to determine the optimal interval between CRT and surgery. The multicenter Swedish Stockholm Ⅲ trial[65] that is testing different regimens
of radiotherapy will be completed in 2018. Participants
are divided into 3 groups: short-course CRT followed by
surgery one week later; short-course CRT followed by
surgery 4-8 wk later; and long-course CRT followed by
surgery 4-8 wk later. The study will include an estimated
840 patients. An interim analysis of 303 patients showed
that short-course CRT and surgery at 7-11 d was associated with a trend for more complications[66]. In another
study begun in 2009 in the United Kingdom, patients are
randomized to undergo CRT and surgery after 6 or 12
wk. The final cohort will include 218 patients at the end
of recruitment[67]. Also from the United Kingdom, the
STARRCAT Trial: Surgical Timing after Radiotherapy for
Rectal Cancer[68], is a one-year pilot study assessing the
same variables in addition to quality of life outcome. The
findings will have important implications for the treatment of patients with rectal cancer.

CONCLUSION
The traditional 6-wk CRT-surgery interval used for years
in the treatment of rectal cancer was based primarily on
a single study showing its oncological benefit compared
to a 2-wk interval, which was apparently too short to
yield significant post-radiation changes. Recent studies that sought to further improve outcome in patients
with locally advanced, low-lying rectal tumors found that
prolonging the interval beyond 6 wk was advantageous,
mainly in terms of tumor downstaging and pCR rates,
without increasing surgical difficulty or complications.
These findings appear to have prompted a recent trend
towards increasing the time from neoadjuvant CRT to
surgery. However, the data available so far derive largely
from retrospective studies that applied different CRT
protocols and different CRT-surgery intervals, with no
consideration of the effect of variability in preoperative
staging. Further investigations with a higher level of evidence are required to definitively resolve this issue.
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Anti-EGFR and anti-VEGF agents: Important targeted
therapies of colorectal liver metastases
Qing-Yang Feng, Ye Wei, Jing-Wen Chen, Wen-Ju Chang, Le-Chi Ye, De-Xiang Zhu, Jian-Min Xu
EGFR therapy. At the same time, “new” RAS mutations,
including mutations in neuroblastoma RAS viral (vras) oncogene homolog (NRAS) and exons 3 and 4 of
KRAS, have been suggested to be predictors of a poor
treatment response. This finding was first reported by
the update of the PRIME trial. The update showed that
for patients with non-mutated KRAS exon 2 but other
RAS mutations, panitumumab-fluorouracil, leucovorin,
and oxaliplatin (FOLFOX)4 treatment led to inferior PFS
(HR = 1.28, 95%CI: 0.79-2.07) and OS (HR = 1.29,
95%CI: 0.79-2.10), which was consistent with the findings in patients with KRAS mutations in exon 2. Then,
the update of the PEAK trial and the FIRE-Ⅲ trial also
supported this finding, which would reduce candidates
for anti-EGFR therapy but enhance the efficacy. In firstline targeted combination therapy, the regimens of cetuximab plus FOLFOX was called into question because
of the inferior prognosis in the COIN trial and the NORDIC-Ⅶ trial. Also, bevacizumab plus oxaliplatin-based
chemotherapy was questioned because of the NO16966
trial. By the update and further analysis of the COIN
trial and the NORDIC-Ⅶ trial, cetuximab plus FOLFOX
was reported to be reliable again. But bevacizumab plus
oxaliplatin-based chemotherapy was still controversial.
In addition, some trials have reported that bevacizumab
is not suitable for conversion therapy. The results of the
FIRE-Ⅲ trial showed that cetuximab led to a significant
advantage over bevacizumab in response rate (72%
vs 63%, P = 0.017) for evaluable population. With the
balanced allocation of second-line treatment, the FIREⅢ trial was expected to provide evidence for selecting
following regimens after first-line progression. There is
still no strong evidence for the efficacy of targeted therapy as a preoperative treatment for resectable CLM or
postoperative treatment for resected CLM, although the
combined regimen is often administered based on experience. Combination therapy with more than one targeted agent has been proven to provide no benefit, and
even was reported to be harmful as first-line treatment
by four large clinical trials. However, recent studies reported positive results of erlotinib plus bevacizumab for
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Abstract
Colorectal liver metastasis (CLM) is common worldwide.
Targeted therapies with monoclonal antibodies have
been proven effective in numerous clinical trials, and
are now becoming standards for patients with CLM. The
development and application of anti-epidermal growth
factor receptor (anti-EGFR) and anti-vascular endothelial growth factor (anti-VEGF) antibodies represents
significant advances in the treatment of this disease.
However, new findings continue to emerge casting
doubt on the efficacy of this approach. The Kirsten rat
sarcoma viral oncogene (KRAS) has been proven to be
a crucial predictor of the success of anti-EGFR treatment in CLM. Whereas a recent study summarized
several randomized controlled trials, and showed that
patients with the KRAS G13D mutation significantly
benefited from the addition of cetuximab in terms of
progress-free survival (PFS, 4.0 mo vs 1.9 mo, HR =
0.51, P = 0.004) and overall survival (OS, 7.6 mo vs
5.7 mo, HR = 0.50, P = 0.005). Some other studies
also reported that the KRAS G13D mutation might not
be absolutely predictive of non-responsiveness to anti-
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maintenance treatment. The mechanism of antagonism
between different targeted agents deserves further
study, and may also provide greater understanding of
the development of resistance to targeted agents.

chemotherapeutic agents (oxaliplatin, irinotecan, etc.), and
the application of novel targeted agents (cetuximab, panitumumab, bevacizumab, etc.).

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

TARGETED THERAPY AND MOLECULAR
PREDICTORS

Key words: Oncology; Colorectal cancer; Liver metastases; Chemotherapy; Targeted therapy

Targeted biological therapy is becoming a standard personalized medical treatment for patients with CLM. Two
options are currently available in routine clinical practice
for patients with CLM: anti-epidermal growth factor receptor (anti-EGFR) antibodies and anti-vascular endothelial growth factor (anti-VEGF) antibodies. The anti-EGFR antibodies include cetuximab, a chimeric monoclonal
antibody, and panitumumab, a fully human monoclonal
antibody. These antibodies are directed against EGFR
and inhibit downstream signaling pathways, leading to
the inhibition of both cell proliferation and angiogenesis.
The humanized monoclonal anti-VEGF antibody bevacizumab exerts its anti-tumor effects by binding VEGF
and inhibiting VEGF from binding to its functional receptor, leading to the inhibition of tumor vessel growth
and neovascularization and to a decreased permeability in
the surviving vasculature.
Currently, no effective predictor of treatment success
with angiogenesis inhibitors has been established, although the presence of the Kirsten rat sarcoma viral oncogene (KRAS) gene mutation is known to play a crucial
role in predicting the success of treatment with anti-EGFR antibodies[11,12]. Three genes in the RAS gene family
are associated with human tumorigenesis, v-Ha-ras Harvey rat sarcoma viral oncogene homolog (HRAS), KRAS
and neuroblastoma RAS viral (v-ras) oncogene homolog
(NRAS). Every RAS gene has four exons. Past research
suggested that RAS mutations were mainly concentrated
in KRAS exon 2, codon 12 and 13. Approximately 40%
of colorectal cancers are characterized by KRAS gene
mutations in these two coding regions[13,14].
Many studies have confirmed that KRAS exon 2
mutations are predictive of no benefit from anti-EGFR
treatment. The CRYSTAL trial[15] proved that for patients with KRAS mutations, the addition of cetuximab
to FOLFIRI (irinotecan, fluorouracil and leucovorin) as
a first-line therapy did not lead to a significant improvement in median progress-free survival (PFS; median
PFS, 7.4 mo vs 7.7 mo, hazard ratio, HR = 1.171, P =
0.260) and median overall survival (OS; median OS, 16.2
mo vs 16.7 mo, HR = 1.035, P = 0.75). Another clinical
trial[16] of panitumumab also proved that for patients with
KRAS mutations, no PFS benefit was associated with
panitumumab (median PFS, 7.3 wk vs 7.4 wk, HR = 0.99,
95%CI: 0.73-1.36). The subsequent quantitative interaction test compared the magnitude of the relative treatment effect on PFS between wild type and mutant KRAS
groups, and showed a statistically significant difference
(P < 0.0001). A recent meta-analysis[17] also demonstrated
the predictive role of the KRAS gene in anti-EGFR
therapy.

Core tip: Targeted therapy is becoming standard for
patients with colorectal liver metastases, but new findings continue to improve our understanding of these
therapies. “New” RAS mutations, rather than the Kirsten
rat sarcoma viral oncogene G13D mutation, may be predictive of non-responsiveness to anti-epidermal growth
factor receptor therapy. The regimen of cetuximab plus
FOLFOX is likely effective, but bevacizumab plus oxaliplatin-based chemotherapy remains controversial. Bevacizumab was suggested to be unsuitable for conversion
therapy. Further confirmation is required to demonstrate
the effectiveness of targeted therapy as a pre- or postoperative treatment. Combination therapy with more
than one targeted agent is not recommended.
Feng QY, Wei Y, Chen JW, Chang WJ, Ye LC, Zhu DX, Xu JM.
Anti-EGFR and anti-VEGF agents: Important targeted therapies of colorectal liver metastases. World J Gastroenterol 2014;
20(15): 4263-4275 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i15/4263.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4263

INTRODUCTION
Colorectal cancer is one of the most common malignant
tumors throughout the world[1,2]. It has the third highest
incidence and death rate among all cancers in the United
States[3], with 143460 new cases and 51690 deaths in
2012. In China, colorectal cancer was the third most common cancer and had the fifth highest death rate in 2009[4].
Liver metastases are particularly common in patients with
colorectal cancer. Almost 50% of patients will eventually
develop liver metastases during the natural course of the
disease[5,6], and 25% of patients present with liver metastases at diagnosis[7-9]. Autopsies have shown that more
than half of patients who died of colorectal cancer had
liver metastases, with metastatic liver disease as the cause
of death in most patients. However, over the last two decades, the long-term survival of patients with colorectal
liver metastases (CLM) has significantly improved. From
1990 to 1997, the median overall survival (OS) was 14.2
mo (95%CI: 13.3-15.2), significantly increased to 29.2 mo
(95%CI: 24.3-34.2) from 2004 to 2006 (P < 0.05). The
5-year survival rate also rose to 32% (95%CI: 27-38)[10].
These achievements should be attributed to the popularity of early diagnostic techniques, the expansion of
indications for liver resection, the introduction of new
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However, some recent studies raised the possibility that
KRAS exon 2, codon 13 mutations, mainly G13D, might
not be absolutely predictive of non-responsiveness to antiEGFR therapy. A retrospective study by De Roock et al[18]
pooled the clinical trials CO.17, BOND, MABEL,
EMR202600, EVEREST, BABEL and SALVAGE. The
results indicated that in comparison with other KRAS
mutation, patients with the KRAS G13D mutation significantly benefited from the addition of cetuximab in
OS (median OS, 7.6 mo vs 5.7 mo, HR = 0.50, 95%CI:
0.31-0.81, P = 0.005) and PFS (median PFS, 4.0 mo vs
1.9 mo, HR = 0.51, 95%CI: 0.32-0.81, P = 0.004). There
was also a significant interaction between KRAS mutation status (G13D vs other KRAS mutations) and overall
survival benefit with cetuximab treatment (adjusted HR
= 0.30, 95%CI: 0.14-0.67, P = 0.003). No difference was
observed between patients with the KRAS G13D mutation and wild type KRAS in OS (median OS, P = 0.79;
median PFS, P = 0.66). However, for patients with the
KRAS G13D mutation, the difference in OS or PFS between cetuximab plus chemotherapy and chemotherapy
alone became non-significant in the multivariate analysis
(adjusted OS, HR = 0.40, 95%CI: 0.13-1.28, P = 0.12;
PFS, HR = 0.53, 95%CI: 0.16-1.73, P = 0.29). Soon afterwards, Tejpar et al[19] pooled the clinical trials CRYSTAL
and OPUS, finding that in patients with G13D mutant tumors, the addition of cetuximab to chemotherapy significantly improved tumor response (40.5% vs 22.0%, odds
ratio, OR = 3.38, P = 0.042) and PFS (median PFS, 7.4
mo vs 6.0 mo, HR = 0.47, P = 0.039), but not OS (median
OS, 15.4 mo vs 14.7 mo, HR = 0.89, P = 0.68) after adjusting for differences in baseline variables. Otherwise, in
comparison with patients with the KRAS wild type allele,
patients with the KRAS G13D mutation still had poorer
tumor response (OR = 0.50, 95%CI: 0.26-0.97, P = 0.040)
and OS (HR = 1.61, 95%CI: 1.13-2.29, P = 0.0085) with
cetuximab. Another meta-analysis by Mao et al[20] included
10 studies and 1487 patients, concluding that cetuximab
led to significantly higher response rates (relative risk, RR
= 1.642, 95%CI: 1.13-2.38) in patients with the KRAS
G13D mutation than in those with the KRAS G12 mutation. These studies showed benefits from cetuximab in
patients with the KRAS G13D mutation, and not worse
than KRAS wild type patients. The authors suggested
that the KRAS G13D mutation should be distinguished
from other KRAS mutations.
At the same time, other studies supported opposing views. Peeters et al[21] conducted a retrospective study
assessing the prognostic and predictive impact of individual KRAS codon 12 and 13 mutations on panitumumab combined with chemotherapy. They pooled three
randomized phase Ⅲ studies including a total of 1053
patients and came to a negative conclusion. The results
showed that out of all types of KRAS mutations (including G12D, G12V, G12C, G12A, G12S, G12D), only
G12A was associated with a negative predictive effect
on OS. No other significant differences were observed
between panitumumab plus chemotherapy and chemotherapy alone in OS or PFS. Considering the common
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mechanism of cetuximab and panitumumab, the efficacy
of anti-EGFR therapy for patients with KRAS G13D
mutations remained in doubt. In addition, the above studies are all retrospective and only include a limited number
of cases. Thus, the function of the KRAS G13D test
should be interpreted and applied conservatively. Further
randomized controlled clinical trials should be conducted
for confirmation.
In addition to exon 2 mutations, other activating RAS
mutations may also be negative predictive biomarkers
for anti-EGFR therapy, including those in NRAS and
exons 3 and 4 of KRAS, which together are called “new”
RAS. Douillard et al[22] tested the “new” RAS status of
the KRAS wild type patients from the PRIME trial. The
results showed that in 512 patients without any RAS
mutations, panitumumab plus FOLFOX4 led to a 2.2 mo
improvement in PFS (median PFS, 10.1 mo vs 7.9 mo,
HR = 0.72, P = 0.004) and a 5.8 mo improvement in OS
(median OS, 26.0 mo vs 20.2 mo, HR = 0.78, P = 0.04),
a greater improvement than that observed in patients
with only wild type KRAS exon 2. A total of 108 patients
(17%) with non-mutated KRAS exon 2 had other RAS
mutations. These mutations were associated with inferior PFS (HR = 1.28, 95%CI: 0.79-2.07) and OS (HR =
1.29, 95%CI: 0.79-2.10) with panitumumab-FOLFOX4
treatment, which was consistent with the findings in
patients with KRAS mutations in exon 2. At the same
time, the head-to-head phase Ⅱ trial PEAK evaluated
panitumumab plus mFOLFOX6 and bevacizumab plus
mFOLFOX6 in patients with previously untreated KRAS
exon 2 wild type CLM. The findings from this trial were
reported at the 2013 ASCO Annual Meeting[23], with no
significant differences observed between panitumumab
and bevacizumab in PFS (median PFS, 10.9 mo vs 10.1
mo, HR = 0.97, 95%CI: 0.65-1.17) or OS (median OS,
not reached vs 25.4 mo, HR = 0.72, 95%CI: 0.47-1.11).
However, in subgroup analysis of “new” RAS wild type
variants, panitumumab led to a significant improvement
in PFS (median PFS, 13.1 mo vs 9.5 mo, HR = 0.63, P =
0.02) and OS (median OS, not reached vs 29.0 mo, HR
= 0.55, P = 0.06). These results indicated that the “new”
RAS biomarkers should also be tested when receiving
anti-EGFR treatment. This increasing number of predictors is leading to the decreasing number of patients
suitable for anti-EGFR therapy, but is also resulting in an
enhanced efficacy of the treatment.
As a gene downstream of KRAS, v-raf murine sarcoma viral oncogene homolog B1 (BRAF) is also a hotspot. Approximately 5% to 9% of colorectal cancers are
characterized by a specific mutation in the BRAF gene,
mainly V600E[14,15]. For all practical purposes, BRAF mutations are limited to tumors that do not have KRAS mutations. Several studies have confirmed BRAF as a strong
prognostic marker[13,15,24,25], but the utility of BRAF status
as a predictive marker remains unclear. The subgroup
analysis of the CRYSTAL trial[15] showed that in patients
with wild type KRAS and mutated BRAF, improvements
in PFS (median PFS, 8.0 mo vs 5.6 mo, HR = 0.934, P
= 0.87) and OS (median OS, 14.1 mo vs 10.3 mo, HR =
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0.908, P = 0.74) associated with the addition of cetuximab to FOLFIRI were not statistically signiﬁcant. Although no evidence was reported of an independent interaction between the treatment approach and the tumor
BRAF mutation status, BRAF, like KRAS, is expected to
become a new predictive factor for treatment efficacy.

comprehensive cancer network (NCCN) guidelines have
removed the regimen of cetuximab plus FOLFOX from
first-line treatment since the 2012 version. However, the
2012 European Society for Medical Oncology (ESMO)
guidelines retained this regimen and assigned its highest level of recommendation (Recommendation +++)
because of defects in the COIN trial and the NORDIC[24]
Ⅶ trial. In the COIN trial , cetuximab plus capecitabine
and oxaliplatin (XELOX) induced more severe diarrhea,
and the dose of capecitabine had to be reduced by 15%.
Additionally, in recent subgroup analysis, a significant
improvement in PFS with cetuximab was observed in allwild-type (KRAS, NRAS, BRAF) patients treated with
ﬂuorouracil-based therapy (HR = 0.72, 95%CI: 0.53-0.98,
P = 0.037) but not in those treated with capecitabinebased therapy (HR = 1.02, 95%CI: 0.82-1.26, P = 0.88).
Patients with no more than one metastatic site also
exhibited improved PFS with cetuximab (HR = 0.73,
95%CI: 0.55-0.97, P = 0.03). In the NORDIC-Ⅶ trial[29],
fluorouracil was given as a bolus infusion instead of a
continued infusion, which was not exactly the same as
the FOLFOX regimen. In conclusion, the regimen of cetuximab combined with FOLFOX has been proven to be
reliable as a first-line treatment for CLM.
Panitumumab combined with chemotherapy is also
an important first-line treatment for CLM (details in Table 1). The PRIME trial showed that panitumumab plus
FOLFOX4 significantly improved PFS in KRAS exon 2
wild type patients[30] (median PFS, 9.6 mo vs 8.0 mo, HR
= 0.80, P = 0.02) and all RAS wild type patients (mentioned above). However, the regimen of panitumumab
plus FOLFIRI was not analyzed in a reliable randomized
controlled clinical trial as a first-line treatment, and its
efficacy was mainly inferred from the results of clinical
trials where it was used as a second-line treatment. Therefore, panitumumab plus FOLFIRI was only listed as an
alternative in the NCCN guidelines (V. 2013) and was
not recommended in ESMO guidelines (V. 2012). Taking
into account the differences between populations receiving first-line and second-line treatment, the combination
of chemotherapy with panitumumab should be carefully
chosen when used in first-line treatment.

TARGETED THERAPY FOR
UNRESECTABLE METASTATIC
COLORECTAL CANCER
First-line treatment
Anti-EGFR antibody as first-line treatment: Currently, cetuximab plays a major role in the clinical application
of anti-EGFR therapeutics. Many clinical trials of cetuximab combined with chemotherapy have demonstrated
the significant utility of this agent in treating metastatic
colorectal cancer (details in Table 1). The CRYSTAL
trial[15,26] involved 1198 patients with unresectable CLM,
comparing the addition of cetuximab to irinotecan, fluorouracil, and leucovorin (FOLFIRI) with FOLFIRI alone
as the first-line treatment. The results showed that for the
intent-to-treat (ITT) population, the cetuximab combined
group exhibited a significant increase in the primary end
point, PFS (median PFS, 8.9 mo vs 8.0 mo, HR = 0.85, P
= 0.048), but not significant in the secondary end point,
OS (median OS, 19.9 mo vs 18.6 mo, HR = 0.93, P =
0.31). For patients with wild type KRAS, the cetuximab
combined group exhibited a greater benefit in terms of
PFS (median PFS, 9.9 mo vs 8.7 mo, HR = 0.68, 95%CI:
0.50-0.94) and OS (median OS, 23.5 mo vs 20.0 mo, HR
= 0.796, P = 0.0093). The CRYSTAL study thus became
a pivotal study in obtaining European Medicines Agency
approval of the use of cetuximab as a first-line treatment
for metastatic colorectal cancer. Another sizable clinical trial, OPUS[27,28], also proved that for patients with
wild type KRAS, cetuximab plus FOLFOX (fluorouracil,
leucovorin, and oxaliplatin) significantly improved PFS
(median PFS, 8.3 mo vs 7.2 mo, HR = 0.567, P = 0.0064)
but not OS (median OS, 22.8 mo vs 18.5 mo, HR = 0.855,
P = 0.39). Therefore, cetuximab combined with chemotherapy is considered an important part of first-line treatment for unresectable CLM.
However, the efficacy of cetuximab combined with
FOLFOX was called into question by recent studies. In
the COIN trial[24], the addition of cetuximab to oxaliplatin-based chemotherapy did not result in a significant
improvement in the primary end point OS (median OS,
17.0 mo vs 17.9 mo, P = 0.68), or the secondary end point
PFS (median PFS, 8.6 mo in both arms, P = 0.60). Only
the response rate was significantly increased by the addition of cetuximab (64% vs 57%, P = 0.049). Then in the
NORDIC-Ⅶ trial[29], patients with wild type KRAS derived no benefit from cetuximab plus FLOX (fluorouracil,
leucovorin, and oxaliplatin) in the primary end point PFS
(median PFS, 8.7 mo vs 7.9 mo, P = 0.66), or in the secondary end point OS (median OS, 22.0 mo vs 20.1 mo, P
= 0.48). Considering these two clinical trials, the national
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Anti-VEGF antibody as a first-line treatment: The
anti-VEGF antibody bevacizumab has been widely used
as a first-line treatment for CLM, and achieves good effects (details in Table 1). Kabbinavar et al[31] pooled data
from patients receiving bevacizumab plus fluorouracil/
leucovorin from three clinical trials, and reported significant improvements in response rate (34.1% vs 24.5%,
P = 0.019), PFS (median PFS, 8.8 mo vs 5.6 mo, HR =
0.63, P < 0.0001) and OS (median OS, 17.9 mo vs 14.6
mo, HR = 0.74, P = 0.008). The pivotal AVF2107g trial[32]
proved that the addition of bevacizumab to IFL (irinotecan, fluorouracil, and leucovorin) resulted in a statistically
significant and clinically meaningful improvement in the
primary end point, OS (median OS, 20.3 mo vs 15.6 mo,
HR = 0.66, P < 0.001), and the secondary end point, PFS
(median PFS, 10.6 mo vs 6.2 mo, HR = 0.54, P < 0.001).
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Table 1 Phase Ⅱ/Ⅲ clinical trials of targeted agents in combination with chemotherapy as first-line treatments for metastatic
colorectal cancer
Clinical trial
(reporters)

Year

CRYSTAL[26]

2009

Primary Population
end point
PFS

ITT

COIN[24]

599
599
316
350
214
183
169
168
82
97
77
59
362

8.9
8.0
9.9
8.4
7.4
7.7
7.2
7.2
8.3
7.2
5.5
8.6
8.6

367
117
127
245
240
297

8.6
9.0
9.2
8.4
8.0
-

268
194

8.3

Intermittent FLOX
+ Cet
Nordic FLOX
KRAS WT
FLOX + Cet
subgroup
Intermittent FLOX
+ Cet
Nordic FLOX
KRAS MT
FLOX + Cet
subgroup
Intermittent FLOX
+ Cet
Nordic FLOX
KRAS WT FOLFOX4 + Pan
FOLFOX4
KRAS MT FOLFOX4 + Pan
FOLFOX4
ITT
IFL + Bev
IFL
ITT
FOLFOX4/
XELOX + Bev
FOLFOX4/
XELOX
Subgroup FOLFOX4 + Bev
FOLFOX4

187

7.3

185
97

7.9
7.9

109

7.5

97
72

8.7
9.2

65

7.2

58
325
331
221
219
402
411
699

7.8
9.6
8.0
7.3
8.8
10.6
6.2
9.4

701

8.0

349
351

9.4
8.6

Subgroup

XELOX + Bev
XELOX

350
350

9.3
7.4

ITT

XELOX + Bev +
Cet
XELOX + Bev
XELOX + Bev +
Cet
XELOX + Bev
XELOX + Bev +
Cet
XELOX + Bev

368

9.4

368
158

10.7
10.5

156
98

10.6
8.1

108

12.5

KRAS WT
KRAS WT
KRAS MT

NORDIC-Ⅶ 2012

PFS

Patient Median
number PFS
(mo)

FOLFIRI + Cet
FOLFIRI
FOLFIRI + Cet
FOLFIRI
FOLFIRI + Cet
FOLFIRI
FOLFOX4 + Cet
FOLFOX4
FOLFOX4 + Cet
FOLFOX4
FOLFOX4 + Cet
FOLFOX4
FOLFOX/XELOX
+ Cet
FOLFOX/XELOX
FOLFOX + Cet
FOLFOX
XELOX + Cet
XELOX
FOLFOX/XELOX
+ Cet
FOLFOX/XELOX
FLOX + Cet

KRAS WT
subgroup
KRAS MT
subgroup
2009 Response
ITT
rates
KRAS WT
subgroup
KRAS MT
subgroup
2011
OS
KRAS WT

OPUS[27]

Regimen

ITT

[29]

PRIME[30]

2010

PFS

AVF2107g[32]

2004

OS

NO16966[33]

2008

PFS

CAIRO-2[67]

2009

PFS

KRAS WT
subgroup
KRAS MT
subgroup
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HR

P value

(95%CI)
HR = 0.85
a
P = 0.048
HR = 0.696
a
P = 0.0012
HR = 1.171
P = 0.26
HR = 0.931
P = 0.62
HR = 0.567
a
P = 0.0064
HR = 1.72
a
P = 0.0153
HR = 0.96
P = 0.60
HR = 0.77
P = 0.056
HR = 1.06
P = 0.56
-

HR = 0.89
P = 0.31
Not reported

Median
OS
(mo)
19.9
18.6
23.5
20
16.2
16.7
18.3
18.0
22.8
18.5
13.4
17.5
17.0

HR

P value

(95%CI)
HR = 0.93
P = 0.31
HR = 0.796
a
P = 0.0093
HR = 1.035
P = 0.75
HR = 1.015
P = 0.91
HR = 0.855
P = 0.39
HR = 1.290
P = 0.20
HR = 1.04
P = 0.68

(95%CI)
OR = 1.403
a
P = 0.0038
OR = 2.069
a
P < 0.001
OR = 0.822
P = 0.35
OR = 1.516
P = 0.064
OR = 2.551
a
P = 0.0027
OR = 0.459
a
P = 0.029
OR = 1.35
a
P = 0.049

-

57%
-

-

-

-

-

-

13.6

HR = 0.98
P = 0.80

-

-

HR = 1.06
P = 0.67
HR = 1.03
P = 0.79
Control
HR = 1.14
P = 0.48
HR = 1.08
P = 0.66
Control
HR = 1.03
P = 0.89
HR = 1.04
P = 0.84
Control
HR = 0.83
P = 0.072
HR = 1.24
P = 0.068
HR = 0.66
a
P < 0001
HR = 0.89
P = 0.0769

49%

14.8
19.7
20.3
20.4
20.1

Control
HR = 0.71
P = 0.07
Not reported

22.0
21.1

Control
HR = 0.80
a
P = 0.02
HR = 1.29
a
P = 0.02
HR = 0.54
a
P < 0.001
HR = 0.83
a
P = 0.0023

20.4
23.9
19.7
15.5
19.3
20.3
15.6
21.3

21.4

20.5

19.9
21.2
20.3
21.4
19.2
19.4

P = 0.30

20.3
21.8

P = 0.003

22.4
17.2

a

46.90%
38.70%
57.30%
39.70%
31.30%
36.10%
46%
36%
57%
34%
34%
53%
64%

OR

P value

17.9
-

Control
HR = 1.07
P = 0.66
Not reported

HR = 0.89
97.5%CI:
0.73-1.08
HR = 0.77
97.5%CI:
0.63-0.94
HR = 1.22
a
P = 0.01

Response
rates

24.9

47%
41%
46%
51%
47%
49%
42%
40%
55%
48%
40%
40%
44.80%
34.80%
38%

OR = 1.35
P = 0.15
Not report
Control
OR = 0.96
P = 0.89
OR = 0.96
P = 0.89
Control
OR = 1.44
P = 0.31
Not report
Control
OR = 1.35
P = 0.068
a

P = 0.004

OR = 1.00
P = 0.99

38%
HR = 0.94
97.5%CI:
0.75-1.16
HR = 0.84
97.5%CI:
0.68-1.04
HR = 1.15
P = 0.16
P = 0.64

a

P = 0.03

-

-

-

-

52.70%

P = 0.49

50%
61.40%

P = 0.06

50.00%
45.90%

a

P = 0.03

59.20%
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PACCE[68]

2009

PFS

ITT

Ox-CT + Bev +
Pan
Ox-CT + Bev
Ox-CT + Bev +
Pan
Ox-CT + Bev

413

10.0

410
201

11.4
9.8

203

11.5

Ox-CT + Bev +
Pan
Ox-CT + Bev
Iri-CT + Bev + Pan
Iri-CT + Bev

135

10.4

125
115
115

11.0
10.1
11.7

HR = 1.19
95%CI: 0.79-1.79

19.3
20.7
20.5

KRAS WT Iri-CT + Bev + Pan
Iri-CT + Bev
subgroup

57
58

10.0
12.5

HR = 1.50
95%CI: 0.82-2.76

NE
19.8

KRAS MT Iri-CT + Bev + Pan
subgroup
Iri-CT + Bev

47
39

8.3
11.9

HR = 1.19
95%CI: 0.65-2.21

17.8
20.5

KRAS WT
subgroup

KRAS MT
subgroup
ITT

HR = 1.27
95%CI: 1.06-1.52
HR = 1.36
95%CI: 1.04-1.77

19.4
24.5
20.7
24.5

HR = 1.25
95%CI: 0.91-1.71

19.3

HR = 1.43
95%CI:
1.11-1.83
HR = 1.89
95%CI:
1.30-2.75
a
P = 0.045
HR = 1.02
95%CI:
0.67-1.54
HR = 1.42
95%CI:
0.77-2.62
HR = 1.28
95%CI:
0.50-3.25
P = 0.445
HR = 2.14
95%CI:
0.82-5.59

46%
48%
50%

OR = 0.92
95%CI:
0.70-1.22
-

56%
47%
44%
43%
40%
54%
48%

30%
38%

-

OR = 1.11
95%CI:
0.65- 1.90
-

-

a

P < 0.05. PFS: Progress-free survival; OS: Overall survival; ITT: Intent to treat; WT: Wild type; MT: Mutant type; NE: Not estimatable; KRAS: KRAS exon
2, codons 12 and 13; FOLFOX: Fluorouracil, leucovorin, and oxaliplatin; XELOX: Capecitabine and oxaliplatin; FLOX: Fluorouracil, leucovorin, and oxaliplatin; Ox-CT: Oxaliplatin-based chemotherapy; FOLFIRI: Irinotecan, fluorouracil, and leucovorin; IFL: Irinotecan, fluorouracil, and leucovorin; Iri-CT:
Irinotecan-based chemotherapy; Cet: Cetuximab; Pan: Panitumumab; Bev: Bevacizumab.

However, the regimen of bevacizumab combined
with oxaliplatin-based chemotherapy remains controversial. The large, double-blind, placebo- controlled clinical
trial NO16966[33] involved 1401 patients with unresectable
CLM, and compared bevacizumab-plus-oxaliplatin-based
chemotherapy (FOLFOX, XELOX) with chemotherapy
alone. The addition of bevacizumab was associated with
a more modest increase in the primary end point, PFS,
of 1.4 mo (median PFS, 9.4 mo vs 8.0 mo, HR = 0.83, P
= 0.0023). But no benefit was observed in the secondary
end point OS (median OS, 21.3 mo vs 19.9 mo, HR = 0.89,
P = 0.077). More attention should be paid on the results
of the subgroup analysis, which indicated that bevacizumab was only associated with significant improvements
in PFS when added to XELOX (HR = 0.77, P = 0.0026)
but not FOLFOX (HR = 0.89, P = 0.1871). Another
recent meta-analysis[34] came to a similar conclusion. This
meta-analysis included six randomized clinical trials with
a total of 3060 patients, and found that bevacizumab
resulted in significant improvements in PFS (HR = 0.72,
95%CI: 0.66-0.78, P < 0.00001) and OS (HR = 0.84,
95%CI: 0.77-0.91, P < 0.00001). However, the advantage
in OS was limited to irinotecan-based regimens (HR =
0.78, 95%CI: 0.68-0.89, P = 0.0002). Neither fluorouracil
nor oxaliplatin-based treatments presented statistically
significant data. Thus, bevacizumab combined with
oxaliplatin-based chemotherapy is not currently the best
choice as a first-line treatment.

be achieving maximum tumor shrinkage to create an opportunity for radical surgery[36]. Therefore, short-term
indicators should be set as the end points of conversion
therapy, such as resection rate, response rate, and rate of
early tumor shrinkage (ETS).
ETS is a novel short-term indicator suitable for conversion therapy. The shrinkage of tumor size is directly associated with the ability to operate, and has also been proven
to be associated with long-term survival. Giessen et al[37]
defined ETS as a ≥ 20% decrease in maximum tumor
diameter between baseline and seven weeks of treatment,
and found that patients with ETS had a more favorable
outcome in terms of PFS (9.9 mo vs 6.1 mo, P = 0.029)
and OS (27.5 mo vs 17.8 mo, P = 0.002). Modest et al[38]
observed ETS ≥ 20% in 59% of patients with KRAS
wild type tumors and indicated that patients with ETS
≥ 20% exhibited increases in their overall response rate
(82% vs 19%, P < 0.001), PFS (8.9 mo vs 4.7 mo, P <
0.001) and OS (31.6 mo vs 15.8 mo, P = 0.005). These
studies suggested that ETS was an effective predictor of
the success of conversion therapy.
In conversion therapy, the clinical application of antiEGFR treatment is also common and effective. In the
CRYSTAL trial[15,26], patients in ITT population had a
higher response rate (46.9% vs 38.7%, P = 0.004) and a
higher R0 resection rate (4.8% vs 1.7%) with the addition
of cetuximab. For patients with hepatic-only metastases,
cetuximab plus FOLFIRI was associated with a 77% response rate. The OPUS trial[27,28] also showed that for patients with wild type KRAS, cetuximab plus FOLFOX4
was associated with significantly higher best overall response (57% vs 34%, OR = 2.551, P = 0.0027). A recent
study by Ye et al[39] compared cetuximab plus chemotherapy with chemotherapy alone as a first-line treatment for
patients with initially unresectable CLM. In this trial, the
primary end point was set as the rate of patient conver-

Conversion therapy
Approximately 80%-90% of patients with CLM have
unresectable metastatic liver disease at presentation[35].
However, some of these patients might become resectable after response to conversion chemotherapy. Such
patients are referred to as Group 1 patients in the ESMO
guidelines. For these patients, the treatment aim should
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sion to resection for liver metastases. The results showed
that for ITT population, cetuximab plus chemotherapy
significantly improved the rate of patient conversion to
resection (28.6% vs 13.2%, P = 0.027), R0 resection rate
(25.7% vs 7.4%, P = 0.004) and response rate (57.1% vs
29.4%, P = 0.001). Long-term outcomes were also improved, such as PFS (median PFS, 10.2 mo vs 5.8 mo, P
= 0.004) and OS (median OS, 30.9 mo vs 21.0 mo, P =
0.013).
For anti-VEGF treatment, the AVF2107g trial[32] showed
a significant improvement in response rate (44.8% vs 34.8%,
P = 0.004) with bevacizumab plus IFL. But the NO16966
trial[33] came to a negative conclusion that bevacizumab
plus oxaliplatin-based chemotherapy did not improve
the response rate (47% vs 49%, OR = 0.90, 97.5%CI:
0.71 to 1.14, P = 0.31). The meta-analysis[34] mentioned
previously also suggested no improvement in response
rate (OR = 1.12, 95%CI: 0.94-1.33, P = 0.21) with the
addition of bevacizumab as a first-line treatment. Based
on these results, some researchers held that bevacizumab
was not suitable for conversion therapy. To investigate
this suspicion, a phase Ⅲ clinical trial FIRE-Ⅲ comparing FOLFIRI plus cetuximab with FOLFIRI plus bevacizumab as first-line treatment was reported at the 2013
ASCO Annual Meeting[40]. For ITT population, there
was no significant difference between the cetuximab
group and the bevacizumab group in primary endpoint
response rate (62% vs 58%, P = 0.183). But for the evaluable population, cetuximab led to a significant advantage
over bevacizumab (72% vs 63%, P = 0.017). At the secondary end point no difference was observed in PFS, but
a 3.7 mo improvement in OS was observed in the cetuximab group (28.7 mo vs 25 mo, P < 0.017). In this clinical
trial, cetuximab exhibited an advantage over bevacizumab
in conversion therapy. However, the evaluable population
decreased by 66 patients (11.1%) compared with the ITT
population. The final results on exit bias should be emphasized. And in an update presented at the 2013 ESMO
Annual Meeting [41], the “new” RAS mutations were
tested. The results showed that all RAS wild-type patients
had a longer median OS with FOLFIRI plus cetuximab,
leading to a more significant improvement of 7.5 mo (33.1
mo vs 25.6 mo, HR = 0.70, P = 0.011), compared with 3.7
mo in patients with only KRAS exon 2 wild type. This
study again confirmed the predictive role of “new” RAS.
All previous clinical trials came to a conclusion that bevacizumab was not preferred for conversion therapy. However, bevacizumab is still considered acceptable because it
cannot be known in advance whether resectability will be
achieved, and bevacizumab provided a benefit in terms
of long-term survival.

Some studies have suggested that the continuation
of bevacizumab following progression on first-line bevacizumab could provide benefits. In the TML trial[47], patients with CLM who progressed on regimens containing
bevacizumab received second-line therapy consisting of
a different chemotherapy with or without bevacizumab.
The results showed that continuing on bevacizumab led
to a modest improvement in OS (median OS, 11.2 mo vs
9.8 mo, HR = 0.81, P = 0.0062). PFS was also improved
by 1.6 mo (median PFS, 5.7 mo vs 4.1 mo, HR = 0.68, P
< 0.0001). Another study[48] retrospectively analyzed 573
patients from the US Oncology iKnowMed electronic
medical record system and showed that continuous bevacizumab after progression was associated with longer OS
(HR = 0.76, 95%CI: 0.61-0.95) and longer post-progression OS (HR = 0.74, 95%CI: 0.60-0.93) in multivariate
analysis. Some single-arm studies[49,50] also showed a median post-progression PFS of 5 to 5.6 mo and a median
OS of 13.9 to 15.4 mo with continuous bevacizumab.
For anti-EGFR antibodies, NCCN guidelines (V.
2013) concluded that if cetuximab or panitumumab were
used as the initial therapy, then neither cetuximab nor
panitumumab should be used in second or subsequent
lines of therapy. This conclusion might be hasty because
of the lack of evidence from related clinical trials. The
ongoing clinical trial CAPRI was the first study to investigate a treatment strategy of continuing cetuximab after
first-line progress. KRAS wild type patients with CLM
were given first-line cetuximab plus FOLFIRI and were
randomized at progression (1:1) to receive FOLFOX
alone or in combination with cetuximab. The results of
this trial were expected to resolve this controversy.
The FIRE-Ⅲ trial also provided evidence for selecting second-line treatments. After first-line progression,
48.2% patients in cetuximab group received bevacizumab
instead, and 14.4% patients continued on cetuximab. In
bevacizumab group, 42.9% patients changed into cetuximab, and 17.6% patients continued on bevacizumab.
The allocation of second-line treatment was balanced
(P = 0.347). As previously mentioned, cetuximab plus
FOLFIRI had advantages in terms of OS (28.7 mo vs 25
mo, P < 0.017), but not PFS. This anomaly might be explained that cetuximab and bevacizumab were similar as
first-line treatment in PFS and OS. The benefits in terms
of OS in cetuximab group mainly came from the secondline bevacizumab treatment, which didn’t prolong PFS.
This explanation suggested that first-line cetuximab followed by second-line bevacizumab was better than firstline bevacizumab followed by second-line cetuximab.
Considering that the FIRE-Ⅲ trial was not over, the final
results were expected.
For patients failed with targeted therapy as first-line
treatment, the major difficulty lies in identifying the resistance arises from whether cytotoxic chemotherapy or targeted monoclonal antibodies. Although it is reasonable to
replace only part of the regimen, delays in treatment and
unnecessary economic waste must be taken into account.
The selection of second-line or subsequent treatment is a
severe test of the experience and judgment of physicians.

Targeted therapy after progression
Numerous clinical trials have proven the benefits of second-line targeted therapy for patients who had first-line
progression and did not receive targeted agents as firstline treatment[42-46]. However, for patients who received
first-line targeted therapy, it is unclear whether and how
to use targeted agents continuously.
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PREOPERATIVE CHEMOTHERAPY
COMBINED WITH TARGETED AGENTS
FOR RESECTABLE METASTATIC
COLORECTAL CANCER

CHEMOTHERAPY COMBINED WITH
TARGETED AGENTS AS POSTOPERATIVE
ADJUVANT TREATMENT
For patients with resected stage Ⅱ/Ⅲ colorectal cancer,
postoperative adjuvant treatment with targeted agents
has been proven to be useless or even harmful. In the
N0147 trial[63], cetuximab plus FOLFOX significantly
increased grade 3/4 adverse events (72.5% vs 52.3%,
odds ratio, OR = 2.4, P < 0.001), providing no benefit in
primary end point 3-year PFS rate (65.0% vs 67.1%, HR
= 1.12, P = 0.38). In the interim analysis of the ongoing PETACC-8 trial reported at the 2012 ESMO Annual
Meeting, cetuximab plus FOLFOX provided no benefit
for KRAS wild-type patients in disease-free survival
(DFS, HR = 1.047, P = 0.6562) or OS (HR = 1.092, P
= 0.5583). Worse DFS was observed with cetuximab in
patients aged > 70 years (n = 149, HR = 1.97, P = 0.051),
in females (n = 666, HR = 1.45, P = 0.031) and in patients with right-sided colon cancer (n = 570, HR = 1.40,
P = 0.043). The NSABP C-08 trial[64] reported negative
results with the addition of bevacizumab to FOLFOX in
3-year DFS (77.4% vs 75.5%, HR = 0.89, P = 0.15). The
results of the AVANT trial[65] also failed to show benefits
from bevacizumab plus oxaliplatin-based chemotherapy
in DFS, with an even worse outcome for the FOLFOXcombined regimen in terms of OS (HR = 1.27, 95%CI:
1.03-1.57, P = 0.02). The four large randomized clinical
trials above came to a conclusion that targeted agents had
no role in the adjuvant treatment of resected stage Ⅱ/Ⅲ
colorectal cancer.
For resected CLM, the role of postoperative adjuvant
chemotherapy remains unclear[36]. However, postoperative
chemotherapy with FOLFOX plus bevacizumab is often
administered despite the lack of data supporting this regimen. In the interim analysis of the Dutch HEPATICA
trial[66] reported at the 2011 ASCO Annual Meeting, bevacizumab plus capecitabine and oxaliplatin (CAPOX)
as postoperative adjuvant chemotherapy provided no
significant benefit compared with CAPOX alone in 2-year
DFS rate (70% vs 52%, P = 0.074), and exhibited no significant differences in toxicity. For patients who received
targeted therapy and responded before surgery, it is reasonable to continue targeted therapy as a postoperative
adjuvant treatment. However, for upfront resected CLM
without preoperative targeted therapy, postoperative targeted therapy is not recommended, based on the negative
results of trials N0147, PETACC-8, NSABP C-08 and
AVANT.

Preoperative chemotherapy is believed to be advantageous because of the earlier treatment of micro metastatic disease, the determination of responsiveness to chemotherapy, and the avoidance of local therapy for those
patients with early disease progression. However, only
a few large randomized clinical trial provided evidence
on neoadjuvant chemotherapy for patients with upfront
resectable CLM, aside from additional reports from
some small-sample and/or single-arm studies[51-53]. The
large randomized clinical trial EORTC 40983[54] involved
364 potentially resectable patients with up to four liver
metastases and compared FOLFOX4 as perioperative
chemotherapy with surgery alone. The results showed
a significantly higher 3-year PFS rate (35.4% vs 28.1%,
HR = 0.79, P = 0.058) in patients receiving perioperative
chemotherapy. However, a recent update of this trial[55]
reported that the difference of OS after a median follow
up of 8.5 years was not significant, with a 5-year OS of
approximately 50% in both groups. In addition to the
lack of benefit for long-term survival, this trial was not
designed to compare preoperative chemotherapy alone,
which made it difficult to prove the effect of preoperative
chemotherapy. Adam et al[56] also reported the negative
result that preoperative chemotherapy for metachronous
CLM provided no benefit in long-term OS and PFS.
In terms of preoperative chemotherapy combined
with targeted agents, the NCCN and ESMO guidelines
gave no strong evidence. Only a few small-sample, singlearm studies were available. Gruenberger et al[57] reported a
non-randomized clinical trial evaluating bevacizumab plus
XELOX as a preoperative therapy for patients with potential resectable CLM. After preoperative therapy with
bevacizumab, they observed a complete response rate of
8.9%, a partial response rate of 64.3%, and a progressive
disease rate of only 5.4%. No interference in liver regeneration was found after resection. There are also a number of studies concentrating on locally advanced rectal
cancer[58-62], but these results were not suitable for patients
with common colon cancer, because of the differences
between colon and rectal cancer in route of metastasis,
surgical strategy, application of radiotherapy and so on.
The risks of preoperative targeted therapy should be
taken into account. These risks mainly lie in missing the
window of opportunity for resection; the achievement of
a complete response, making it difficult to identify areas
for resection; and potential liver toxicity, making resection
impossible. It is also difficult to determine the best cycles
of preoperative therapy. The results of EORTC 40983
and a number of other trials suggested that preoperative
chemotherapy plus targeted agents might be useful. More
detailed evidences are needed to enable physicians to
weigh the advantages and disadvantages of this approach.
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THAN ONE TARGETED AGENT
As anti-EGFR antibodies and anti-VEGF antibodies
exert their anti-tumor effects in different mechanisms,
their combination should theoretically lead to greater
effects. Preclinical trials also demonstrated that the com-
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bination of more than one targeted agent led to stronger
inhibition of the downstream signaling pathways compared with single treatment. However, most clinical trials
showed no advantages and in some cases even showed
disadvantages of the combination of anti-EGFR and
anti-VEGF antibodies as first-line treatment. The CAIRO-2 trial[67] compared cetuximab plus bevacizumab with
bevacizumab alone based on the XELOX regimen. For
the ITT population, the combination of cetuximab with
bevacizumab led to shorter PFS (median PFS, 9.4 mo
vs 10.7 mo, P = 0.01). There was no differences in OS
(median OS, 19.4 mo vs 20.3 mo, P = 0.16) or response
rates (52.7% vs 50.0%, P = 0.49). Subgroup analysis also
showed no difference for KRAS wild type patients in response rate (61.4% vs 50%, P = 0.06), PFS (median PFS,
10.5 mo vs 10.6 mo, P = 0.30) or OS (median OS, 21.8
mo vs 22.4 mo, P = 0.64). Similar results were observed
in the PACCE trial[68] with the addition of panitumumab
to regimens containing bevacizumab and oxaliplatin/irinotecan. In patients receiving panitumumab plus bevacizumab and oxaliplatin-based chemotherapy, the addition
of panitumumab significantly decreased the PFS (median
PFS, 10.0 mo vs 11.4 mo, HR = 1.27, 95%CI: 1.06-1.52)
and OS (median OS, 19.4 mo vs 24.5 mo, HR = 1.43,
95%CI: 1.11-1.83). In patients receiving irinotecan-based
chemotherapy, no differences were observed between the
two groups in their PFS or OS.
The combination of more than one targeted agent
as a maintenance treatment is also controversial. The
GERCOR-DREAM trial[69], reported at the 2012 ASCO
Annual Meeting, provided positive results that the addition of erlotinib to bevacizumab as a maintenance treatment significantly improved the duration of maintenance
PFS (median MT-PFS, 5.8 mo vs 4.6 mo, HR = 0.73, P =
0.005) after first-line treatment in CLM. Although the OS
data were not mature, they were promising and warranted
continuation of the trial. However, the similar Nordic
ACT trial[70] reported opposite results that the addition of
erlotinib to bevacizumab as a maintenance treatment did
not significantly improve PFS (median PFS, 5.73 mo vs
4.23 mo, HR = 0.79, P = 0.19) or OS (median OS, 21.5
mo vs 22.8 mo, HR = 0.88, P = 0.51). Despite their conflicting results, these two trials provided novel research
ideas.
The clinical trials described above raise the questions
that whether cytotoxic agents interfere with targeted
agents, in which phase combinations of targeted agents
should be used, and what are the differences between
experiments in vivo and in vitro. Although it is not presently recommended to combine more than one targeted
agent, more mechanistic research is meaningful and
valuable. This could also lead to a breakthrough in understanding the development of resistance to targeted
agents.

for the treatment of resectable CLM. However, a wellcoordinated multidisciplinary approach is more important
to achieving optimal outcomes for patients with CLM.
Targeted therapy with monoclonal antibodies is becoming increasingly important for patients with CLM, with
new findings and doubts continuing to emerge regarding
these relatively new agents. For patients with the KRAS
G13D mutation, anti-EGFR therapy might have positive
effects. The “new” RAS mutations were considered to be
predictors of poor responsiveness to anti-EGFR therapy.
The efficacy of cetuximab plus FOLFOX is likely to
be reliable, but bevacizumab plus oxaliplatin-based chemotherapy remains controversial. Studies suggest that
bevacizumab is not suitable for conversion therapy. More
evidence is needed to confirm the utility of targeted
therapy for neoadjuvant and adjuvant treatment. Combination therapy with more than one targeted agent is not
currently recommended.
In the era of personalized cancer medicine, current
research goals should be focused on further deﬁning the
roles of targeted agents at different stages of disease
and treatment, as well as optimizing their sequencing
with other treatments. More clinical trials are necessary
to answer the remaining questions. Treatment regimens
should be more accurate and personalized based on novel
molecular markers. The growing number of molecular
predictors has led to the conjecture that tumor classification will soon be based on molecular markers rather than
localization or histology. In the future, every patient will
be genotyped for several markers and treated with appropriate targeted agents. This may be the best way to
approach the tumor heterogeneity among patients. However, some studies[71] remind us that heterogeneity also
exists within a single tumor, which makes it difficult to
describe the molecular characteristics of the whole tumor
based on the part of the tissue analyzed by biopsy. A map
of all tumor heterogeneity may be useful and necessary.
In this increasingly complex era, surgeons and physicians
will play central roles in making decisions by collecting,
evaluating and using evidence, rather than based on their
personal experience.

CONCLUSION
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croRNA expression and histone modification, in cancer
tissue, stool, plasma, serum, cell lines and xenografts.
These studies have improved the chances that epigenetic biomarkers will find a place in the clinical practices
of screening, early diagnosis, prognosis, therapy choice
and recurrence surveillance for CRC patients. However,
these studies have typically been small in size, and
evaluation at a larger scale of well-controlled randomized clinical trials is the next step that is necessary to
increase the quality of epigenetic biomarkers and ensure their widespread clinical use.

Xi Wang, Ye-Ye Kuang, Xiao-Tong Hu, Biomedical Research
Center, Sir Run Run Shaw Hospital, Zhejiang University and
Key Laboratory of Biotherapy of Zhejiang Province, Hangzhou
310016, Zhejiang Province, China
Author contributions: Wang X and Kuang YY drafted the
manuscript; Hu XT approved the final version for publication.
Supported by National Natural Science Foundation of China, No.
81071651 and No. 81372622; the Program for Zhejiang Leading
Team of ST innovation, No. 2012R10046-03; Major State Basic
Research Development Program, No. 2010CB834303; National
High Technology Research and Development Program of China,
No. 2012AA02A601; Major Projects in Zhejiang Province, No.
2012C13014-1; and the Fundamental Research Funds for the Central Universities, No. 2012FZA7020
Correspondence to: Xiao-Tong Hu, MD, PhD, Biomedical Research Center, Sir Run Run Shaw Hospital, Zhejiang University
and Key Laboratory of Biotherapy of Zhejiang Province, Qing
Chun East Road 3, Hangzhou 310016, Zhejiang Province,
China. hxt_hangzhou@sina.com
Telephone: +86-571-86006363 Fax: +86-571-86006363
Received: September 23, 2013 Revised: November 5, 2013
Accepted: January 14, 2014
Published online: April 21, 2014

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

Key words: Colorectal cancer; Epigenetic biomarker;
DNA methylation; MicroRNA biomarker; Histone modification
Core tip: Epigenetic biomarkers, including DNA methylation, microRNA expression and histone modification,
may have the potential for the screening, diagnosis,
prognosis and recurrence surveillance in colorectal cancer patients.

Abstract
Colorectal cancer (CRC) causes approximately 600000
deaths annually and is the third leading cause of cancer
mortality worldwide. Despite significant advancements
in treatment options, CRC patient survival is still poor
owing to a lack of effective tools for early diagnosis and
a limited capacity for optimal therapeutic decision making. Since there exists a need to find new biomarkers
to improve diagnosis of CRC, the research on epigenetic biomarkers for molecular diagnostics encourages
the translation of this field from the bench to clinical
practice. Epigenetic alterations are thought to hold
great promise as tumor biomarkers. In this review, we
will primarily focus on recent advances in the study of
epigenetic biomarkers for colorectal cancer and discuss
epigenetic biomarkers, including DNA methylation, mi-
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INTRODUCTION
Colorectal cancer (CRC) is one of the most widespread
cancers in the world, accounting for over 1 million new
diagnoses each year and over half of a million deaths[1,2].
Among all CRC cases, approximately 95% are adenocarcinoma. Less common types include lymphoma and
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squamous cell carcinoma. CRC patients are characterized by a lack of clinical manifestations until the late
stages of cancer, leading to poor prognosis and a high
mortality rate. Adenomas are the primary precursor lesion of colon cancer and often develop into colorectal
carcinomas, but the process is slow, localized and asymptomatic, which is the primary factor contributing to late
diagnosis. At the time of primary diagnosis, 80% of the
patients are offered resection and potentially are cured
by that. However, 40%-45% of these patients experience
a later recurrence and was therefore not cured by resection[3]. Therefore, the identification of useful screening
tools for CRC is a high priority. Currently, the detection
of trace blood in stool using the fecal occult blood test
(FOBT) and subsequent internal imaging of the colon
by flexible sigmoidoscopy or colonoscopy represent the
gold standard for CRC detection. Although widespread,
these techniques suffer from several shortcomings. For
example, the FOBT lacks specificity, often needs to
be repeated, and is easily interfered by the contents of
the bowel. Colonoscopy, on the other hand, is invasive,
expensive, and has a high risk of complications, which
often leads to poor patient compliance. As a result, the
identification of biomarkers that are simple, noninvasive,
cost-efficient and reasonably sensitive/specific is urgently
needed. Over the past decade, the rapidly expanding field
of epigenetics has shown great promise for the detection
of CRC at earlier stages and the identification of resectable CRC lesions prior to metastasis, thereby providing
patients with the highest chance of survival.
Epigenetic alterations are widely known to play an
important role in tumorigenesis and are prevalent in
CRC. Epigenetic changes in colorectal tumor tissues and
CRC cell lines have been widely reported, and a substantial amount of information has been accumulated[4,5].
These alterations include aberrant DNA methylation of
promoter CpG islands, changes in microRNA (miRNA)
expression profiles and various histone modifications.
The exploration of epigenetic biomarkers in cancer for
clinical use is a relatively new but rapidly developing field.
Applications include screening, diagnosis, classification,
surveillance and targeted therapies. If epigenetic factors
are to be effective biomarkers in clinical practice, they
must be detectable by noninvasive means and outperform the current gold standard. It should be emphasized
that sample collection methods are a crucial factor. For
example, miRNAs extracted from tissues should be
evaluated separately from miRNAs isolated from serum
and stool because their clinical potential is quite different.
Serum and stool biomarkers are ideal for patient screening, but biomarkers from postoperative tissue may be
more effective for prognosis, including the prediction of
mean survival, resectability of the primary tumor and the
administration of targeted therapies.

the discovery of new epigenetic biomarkers. Researchers
often compare profiles of CRC cell lines with normal
colorectal cells and then compile a list of candidate biomarkers for further study. Similarly, identifying valuable
prediction biomarkers in CRC patients often begins with
preclinical studies using xenograft tumors, which allow
one to observe tumor growth and how it responds to different therapies. Nevertheless, a significant shortcoming
of this approach is that the tumor and vasculature are of
mouse origin rather than human. Studying tumors in a
different growth environment makes it difficult to explain
the results accurately and translate them into clinical application. However, in vitro and preclinical studies are still
the foundations on which most clinical studies are built.
In the human genome, DNA methylation typically
occurs on the cytosine of the sequence 5’-CpG-3’, which
is found in promoter regions of approximately 70%
of genes[6]. In this biochemical process, a methyl group
(-CH3) is added to cytosine nucleotides by a DNA methyltransferase (DNMT). A large body of evidence has
demonstrated that promoter hypermethylation is associated with gene silencing, while hypomethylation results in
gene-product upregulation. In this section, in vitro studies
will be discussed first, followed by clinical studies that utilize blood or stool to identify DNA methylation in CRC
patients.
Khamas et al[7] conducted a genome-wide screen of
15 CRC cell lines and 23 paired tumor and normal samples from CRC patients to identify a set of methylationsilenced genes in CRC. Gene expression studies were
then used to confirm whether the methylated genes were
really regulated by their methylation status. The results of
this study revealed that 139 genes showed greater than
1.5-fold up-regulation in at least one 5-aza-2’-deoxycytidine-treated cell line and no less than a 1.2-fold change
in other treated CRC cell lines. Among them, eight genes,
DCAF4L1, DDX43, ICAM1, MSX1, PGF, PTPRO,
ZFP42 and the cancer-germline antigen families, had
previously been reported to be up-regulated by demethylation in CRC and were thus excluded from the analysis.
Twenty genes with poor annotation, 20 genes located on
the X chromosome, 16 genes with duplicated probes,
two genes with no CpG islands, 8 genes with unknown
function, 23 without a relevant function in tumorigenesis
and 22 genes with potential oncogenic activity were also
excluded, leaving 20 candidates (CAMK2B, CHAC1,
THSD1, CSTA, COL1A1, GADD45B, DMRTB1,
COL6A1, GAS5, GPRC5A, GPSM1, KLHL35, LTBP2,
NAA11, RBP4, SEMA7A, SYCP3, TBRG1, TNFSF9
and TXNIP) that had not been previously reported to be
affected by epigenetic mechanisms in CRC. Therefore,
from the 54613 genes analyzed, a much smaller set of
genes was isolated as potential biomarkers for CRC.
In this study, two genes, THSD1 and GADD45B,
were selected for further analysis. THSD1 methylation
appeared to have the potential for diagnostic, prognostic
or therapeutic use. Thrombospondin type-1 domaincontaining protein 1 (THSD1) is located in a region that
is strongly associated with the progression of colorectal

DNA METHYLATION
In vitro and preclinical studies
Generally speaking, in vitro studies are the first step in
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early detection and CRC therapy. Recently, Yi et al[10] also
reported that hypermethylation of promoter DNA in the
FBN2 and TCERG1L genes might provide excellent biomarkers for early detection of CRC. Both genes showed
a high frequency of methylation in colon cancer cell lines,
adenomas and carcinomas.
In addition, methylation of the hMLH1, p16INK4A,
APC, MGMT, sFRP1, GATA-5, sFRP4, sFRP5,
GATA-4, B4GALT1 TFPI2, SOX17 and TMEM25
genes has been described in several studies[11-17]. These
genes are hypermethylated and downregulated in CRC
and thus may serve as excellent candidate biomarkers.
In addition, insulin-like growth factor-binding protein 3
and Enah/Vasp-like have been validated as prognostic
biomarkers for CRC and found to be useful in stratifying
high-risk CRC patients who would benefit from adjuvant
chemotherapy[18]. PPP2R2B was also found to be hypermethylated in CRC and was connected to therapeutic
resistance[19]. These genes could serve as candidate biomarkers for prognosis. However, clinical studies are required to confirm these results, and it remains to be seen
if these alterations can be detected in blood or stool.

Table 1 Biomarkers of DNA methylation in blood of colorectal
cancer patients, n (%)
Markers
APC
hMLH1
HLTF
HLTF
ALX4
TMEFF2
NGFR
9-Sep
9-Sep
9-Sep
9-Sep
9-Sep
NEUROG1
SFRP2
CDKN2A/P16
RUNX3
TPEF/HPP1

Sensitivity

Specificity

Ref.

3 (6)
21 (43)
17 (34)
22 (21)
25 (83)
87 (65)
68 (51)
92 (69)
90 (72)
24 (72)
18 (60)
45 (90)
14 (52)-stage Ⅰ
45 (64)-stage Ⅱ
113 (67)
12 (71)
11 (65)
13 (13)

0 (100)
1 (98)
1 (98)
0 (100)
9 (70)
56 (69)
29 (84)
25 (86)
19 (90)
3 (90)
5 (89)
11 (89)
4 (91)

[20]
[20]
[20]
[21]
[22]
[23]
[23]
[23]
[24]
[25]
[26]
[27]
[28]

4 (94)
0 (100)
0 (100)
0 (100)

[29]
[30]
[30]
[21]

APC: Adenomatosis polyposis coli; hMLH1: Homo mutL homolog 1; HLTF:
Helicase-like transcription factor; ALX4: ALX homeobox 4; TMEFF2: Transmembrane protein with EGF-like and two follistatin-like domains 2; NGFR:
Nerve growth factor receptor; NEUROG1: Neurogenin 1; SFRP2: Secreted
frizzled-related protein 2; CDKN2A: Cyclin-dependent kinase inhibitor 2A;
RUNX3: Runt-related transcription factor 3; HPP1: Hyperpigmentation,
progressive, 1; TPEF: Transmembrane protein endothalial factor.

Biomarkers of DNA methylation in blood
Biomarkers detected in patient blood samples would provide the most practical screening tool for CRC because
of the ease with which these samples can be acquired. It
has been well documented that genetic material can shed
from tumor cells, and aberrant DNA methylation can be
specifically quantified in blood despite the large amounts
of normal DNA in circulation. Bisulfite treatment and
methylation specific polymerase chain reaction (PCR) are
the two most commonly used techniques. A blood biomarker with a high sensitivity and specificity for CRC can
not only be used to segregate high-risk patients for further clinical tests but also be an excellent tool for monitoring CRC recurrence in patients who have undergone
tumor resection (Table 1)[20-30].
The SEPT9 gene, encoding a guanosine triphosphate
enzyme involved in cytokinesis and cell cycle control,
has been reported to be associated with several cancers.
The v2 region of the Septin 9 (SEPT9) promoter has
been shown to be methylated in CRC tissue compared
with normal colonic mucosa. Using highly sensitive realtime PCR assays, methylated SEPT9 was first detected in
the plasma of CRC patients with an overall sensitivity of
72% and a specificity of 90%[24]. Significant validation has
been performed for this methylation biomarker, and Warren et al[27] have confirmed a sensitivity of up to 90% and
a specificity of up to 88% for SEPT9. Based on these
results, SEPT9 methylation appears to have the highest
probability of correctly distinguishing between the blood
of cancerous and non-cancerous persons for CRC detection. Currently, two CRC detection kits using plasma
SEPT9 methylation analysis are marketed for clinical
application. Combining SEPT9 with other methylation
biomarkers would improve the detection rate[31]. Further
studies are needed to compare these panels and kits and
discover their advantages and limitations. Ultimately, the

adenoma to carcinoma and encodes a transmembrane
molecule containing a thrombospondin type 1 repeat
that might be involved in cell adhesion and angiogenesis.
High THSD1 expression positively correlated with better distant metastasis survival in breast cancer. Therefore,
its loss may be associated with metastatic tumor spread.
Additionally, as one of the consensus radiation-response
genes in primary human fibroblasts, THSD1 may play a
role in radiation response in cancer stem cell. Moreover,
a recent study has shown that THSD1 was expressed in
CRC classified as D in Duke’s classification scheme for
CRC and thus may be relevant to tumor progression[8].
GADD45B functions as a tumor suppressor in many
cancers, can inhibit cell proliferation at different stages
and induce cell apoptosis, but its function in CRC is unknown.
In addition, Schuebel et al[9] described another genomewide, expression array-based approach for the identification of genes silenced by promoter hypermethylation in
human CRC, and approximately 500 hypermethylated
genes were identified. They analyzed the top-tier hypermethylome of each cell line (HCT116 and SW480) and
then made a comparison of hypermethylation frequencies in cell lines, normal human tissues and human tumor samples. They found that BOLL, DKK3, CABYR,
EFEMP1, GNB4, GSTM3, FOXL2, HOXD1, JPH3,
NEF3, NEURL, PPP1R14A, RAB32, TLR2, SALL4,
TP53AP1 and ZFP42 were hypermethylated and underexpressed in both CRC cell lines and in colon cancers,
but not in normal tissues. These genes possess great
promise as useful biomarkers for molecular diagnostics,
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most effective ones should be chosen for clinical use.
Other genes, such as APC, hMLH1, ALX4, TMEFF2,
NGFR, NEUROG1, SFRP2, CDKN2A/P16, TPEF/
HPP1 and RUNX3, have also emerged as serum methylation markers for CRC, with sensitivities ranging from 6%
to 83% and specificities ranging from 69% to 100% (Table
1). Among them, ALX4, TMEFF2 and NEUROG1
showed better performance relative to the others, and the
use of these markers in combination can improve detection accuracy[25,31].
In addition to the successful identification of DNA
methylation-based blood biomarkers, it is important to
find genes that have prognostic value in the blood of
patients with CRC. Methylation of helicase-like transcription factor (HLTF) has shown a strong correlation with
tumor size, metastatic disease and tumor stage and is also
associated with an increased risk of disease recurrence
in CRC patients. Therefore, the methylation of this gene
can serve as an independent biomarker for the identification of CRC with an increased risk of death. These results indicate that detection of HLTF methylation in the
blood of CRC patients has the potential as a pretherapeutic predictor of patient outcome[32]. Deafness, autosomal
dominant 5 (DFNA5) is another candidate biomarker
for the noninvasive screening and monitoring of CRC.
DFNA5 methylation has been observed in DNA from
the peripheral blood (PB) of CRC patients at a high frequency (48% or 12/25) relative to healthy controls (only
12% or 3/25). Moreover, the methylation of DFNA5
in PB samples from CRC patients was significantly correlated with lymph node metastasis and distant metastasis
(P = 0.027)[5], which suggests that DFNA5 could potentially be an independent prognostic serum biomarker for
CRC patients. It is clear, however, that further validation
in large-scale prospective trials is necessary before these
biomarkers are ready for use in the clinic[26].

tion of CRC and a small number of advanced adenomas
reached a sensitivity and specificity of 96%[58]. A followup study found that SFRP2 methylation was detectable in
the stool of almost half of all patients with hyperplastic
polyps or colorectal adenomas[53], further supporting its
use in the detection of premalignant lesions. Fecal SFRP2
methylation also drops dramatically after surgery [postoperative: 8.7% (6/69) vs preoperative: 87% (60/69)][52], suggesting its possible utility as a biomarker for recurrence.
The vimentin gene, which encodes an intermediate
filament protein involved in cell attachment, migration,
and signaling, was identified in the stool of 83% of
CRC patients with a specificity of 90%[62]. Since then,
many studies have been devoted to vimentin methylation. Follow-up studies have obtained similar results and
thus have reinforced the utility of vimentin as a standalone biomarker[47,54,55,59,61]. This has led to the commercialization of a single-gene stool kit for CRC detection
based on vimentin methylation. More recently, vimentin
methylation has been used in combination with other
methylation markers to further increase detection rates,
and vimentin has also been found in urine, suggesting
an alternative method of detection[34,48,67]. Vimentin has
a low detection rate in serum, however, and is thus most
likely not suitable for use as a serum biomarker for CRC.
Recently, Ahlquist et al[26] reported that a panel of methylation markers from stool that includes vimentin has
shown a significantly higher sensitivity for CRC, primarily
because of higher detection rates in stage Ⅰ-Ⅲ CRC (91%
vs 50%).
In addition to SFRP2 and vimentin, several other
methylation biomarkers have been identified; these include GATA4, HIC1, ITG4, NDRG4, OSMR, TFPI2,
ESR1, SLIT2, PHACTR3, SPG20, 3OST2 and MGMT.
These genes have sensitivities for CRC ranging from
38% to 89% and specificities ranging from 79% to 100%.
The combination of different methylation biomarkers
(combinations of 2 to 7 genes including APC, ATM,
CDKN2A, GSTP1, HLTF, hMLH1, HPP1, MGMT,
RASSF1, SFRP2, MAL, P16, or vimentin) increased sensitivity from 55% to 100% and increased specificity from
87% to 100% (Table 2). However, more clinical studies
are required to confirm these results.

DNA methylation biomarkers in stool
As a more attractive alternative to tissue sampling, biomarkers from feces could be of great clinical value because sampling is noninvasive and has much higher specificity. These properties offer a distinct advantage over
endoscope- and FOBT-based screening strategies for
the detection of both CRC and critical precursor lesions.
Over the past decade, numerous studies have engaged in
the development of methylation-based detection assays
for stool biomarkers of CRC (Table 2)[33-66], though the
fecal biomarker detection can only be performed in only
less than 50% of patients due to very limited compliance.
The best-studied and top-performing methylation biomarkers are secreted frizzled-related protein 2 (SFRP2)
and vimentin.
SFRP2 was the first reported DNA methylation marker
in stool, has shown a sensitivity of 77%-90% and specificity of 77%[66] and has since been studied extensively.
SFRP2 methylation has been shown to be the most sensitive biomarker for CRC, with detection rates ranging
from 77% to 94% (Table 2). When SFRP2 methylation
was used in a multigene, fecal methylation panel, detec-
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MIRNA BIOMARKERS
miRNA and cancer
In recent years, miRNA has been a relatively new but
rapidly expanding field, as is evidenced by the increasing number of assays in development. miRNAs are
small non-coding RNA molecules that function in transcriptional and post-transcriptional regulation of gene
expression and control various cellular functions. Currently, more than 1000 miRNAs have been discovered
in the human genome, and their activities and regulatory
mechanisms are being intensively investigated. miRNAs
typically function via base pairing with complementary
sequences in mRNA molecules, resulting in gene silencing via translational repression or target degradation. It
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SFRP2

13 A
6 HP
6 controls
Vimentin
103 A
75 controls
Vimentin/DIA
42 CRC
241 controls
CDKN2A/p16/
25 CRC
20 controls
MSI/long DNA
SFRP2
52 CRC
10 advanced
A
11:00 AM
8 HP
6 UC
24 controls
SFRP2/HPP1/
52 CRC
10 advanced
MGMT
A
11 nonadvanced A
8 HP
6 UC
24 controls
Vimentin/DIA
40 CRC
122 controls
ATM/APC/
20 CRC
30 A
MGMT/hMLH1/
HLTF/SFRP2/GSTP1 30 controls
241 controls
Vimentin
74 CRC
62 A
70 controls
Vimentin
94 CRC
198 controls
HIC1
26 CRC
13 A
9 HP
41 controls
CDKN2A/MGMT/
29 A
10 HP
hMLH1
25 controls
ATM/APC/
20 CRC
20 controls
MGMT/hMLH1/
HLTF
SFRP2
23 CRC
26 controls
10 HP
25 controls

Table 2 Biomarkers of DNA methylation in the stool of
colorectal cancer patients
Markers
AGTR1/WNT2/
SLIT2/VIM/SEPT9
Vimentin/EYA4/
BMP3/NDRG4
ESR1

Sample

Sensitivity

Specificity

Ref.

214 CRC
25 IBD
39 controls
CRC

20%-78%

86%-100%

[33]

67%-100%

89%

[34]

19 CRC
65%
81%
38 controls
SLIT2
60 CRC
100%
32 IBD
associated
CRC
20 HR-IBD
25%
65 LR-IBD
28 controls
PHACTR3
64 CRC
66%
100%
71 A
32%
34 controls
TFPI2
60 CRC
68.3%
100%
20 A
30 controls
CNRIP1/FBN/INA/
78 CRC
65%-94%
95%-100%
61 A
35%-91%
MAL/SNCA/SPG20
48 controls
SPG20
9 CRC
67%
Unknown
MAL/CDKN2A/
69 CRC
55.1%-78.3% 96.2%-100%
24 A
37.5%-58.3%
MGMT
19 HP
10.5%-26.3%
24 controls
3OST2
21 CRC
72.7%
90%
ITGA4/SFRP2/p16
30 CRC
70%
96.8%
25 A
72%
21 controls
RARB2/p16/
26 CRC
62%
100%
20 A
40%
INK4a/MGMT/APC
16 IBD
13%
20 controls
RASSF1/SFRP2
84 CRC
75%
89%
27 advanced
44%
A
29 non28%
advanced A
12 HP
25%
4 IC
25%
2 UC
100%
113 controls
OSMR
69 CRC
38%
95%
81 controls
Vimentin
22 CRC
41%
95%
20 advanced A
45%
38 controls
MGMT/hMLH1/
60 CRC
75%
87%
22 advanced A
46%
Vimentin
30 non70%
advanced A
37 controls
ITGA4
13 A
69%
79%
NDRG4
75 CRC
53%-61%
93%-100%
75 controls
GATA4
75 CRC
51%-71%
84%-93%
75 controls
TFPI2
26 CRC
76%-89%
79%-93%
45 controls
SFRP2
69 CRC
87.0%
93%
34 A
61.8%
26 HP
42.3%
30 controls
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[35]
[36]

[37]

[38]

[39]

[40]
[41]

[42]
[43]

[44]

[45]

[46]

46%
33%

100%

[53]

46%

84%

[54]

86%

73%

[55]

64%

95%

[56]

94%
70%

93%

[57]

96%

[58]

88%

82%

[59]

75%
68%

90%

[60]

72%
84%

89%

[61]

46%

90%

[62]

42%
31%
0%

98%

[63]

55%
40%

72%

[64]

70%

100%

[65]

77%-90%

77%

[66]

36%
38%
17%
96%
80%
64%
38%
17%

40%

A: Adenoma; HP: Hyperplastic polyp; HR: High risk; LR: Low risk; IBD:
Inflammatory bowel disease; IC: Ischemic colitis; UC: Ulcerative colitis;
CRC: Colorectal cancer; AGTR1: Angiotensin Ⅱ receptor, type 1; WNT2:
Wingless-type MMTV integration site family member 2; SLIT2: Slit homolog 2; VIM: Vimentin; EYA4: Eyes absent homolog 4; BMP3: Bone morphogenetic protein 3; NDRG4: NDRG family member 4; ESR1: Estrogen
receptor 1; PHACTR3: Phosphatase and actin regulator 3; TFPI2: Tissue
factor pathway inhibitor 2; CNRIP1: Cannabinoid receptor interacting
protein 1; FBN: Fibrillin; INA: Internexin neuronal intermediate filament
protein, alpha; MAL: Mal, T-cell differentiation protein; SNCA: Synuclein,
alpha; SPG20: Spastic paraplegia 20; MGMT: O-6-methylguanine-DNA
methyltransferase; 3OST2: Heparan sulfate (glucosamine) 3-O-sulfotransferase 2; ITGA4: Integrin, alpha 4; RARB2: Retinoic acid receptor, beta
2; RASSF1: Ras association (RalGDS/AF-6) domain family member 1;
OSMR: Oncostatin M receptor; GATA4: GATA binding protein 4; TFPI2:
Tissue factor pathway inhibitor 2; CDKN2A: Cyclin-dependent kinase
inhibitor 2; ADIA: DNA integrity assay; MSI: Microsatellite instability;
GSTP1: Glutathione S-transferase pi 1; HIC1: Hypermethylated in cancer 1;
ATM: Ataxia telangiectasia mutated; APC: Adenomatosis polyposis coli;
hMLH1: Homo mutL homolog 1; HLTF: Helicase-like transcription factor;
SFRP2: Secreted frizzled-related protein 2.

[47]

[48]

[49]
[50]
[51]
[17]
[52]
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Table 3 MicroRNAs found in colorectal cancer but not in
normal tissue

Table 4 MicroRNA biomarkers in the blood and stool of
colorectal cancer patients

Up-regulated

Markers

miR-7, miR-17, miR-18a, miR-19a, miR-20a, miR-20,
miR-21, miR-25, miR-29a, miR-29b, miR-32, miR-33a,
miR-34a, miR-34b, miR-92a, miR-93, miR-95, miR-96,
miR-101, miR-106a, miR-106b, miR-130, miR-135a, miR135b, miR-181b, miR-182, miR-183, miR-191, miR-200c,
miR-203, miR-222, miR-223, miR-224, miR-378, miR-155
Down-regulated miR-30a, miR-30c, miR-34a, miR-125a, miR-126, miR133a, miR-133b, miR-143, miR-145, miR-191, miR-192,
miR-195, miR-215, miR-342, miR-497, miR-375, miR-378,
miR-1, miR-9, miR-129, miR-137, miR-139

Blood
miR-21

miR-601/
miR-760
miR-21
miR-29a

The underlined genes miR-34a, miR-191 and miR-378 were reported to be
up-regulated in some studies[71-73] and down-regulated in others[74-76].

miR-141
miR-92a

has been well documented that many miRNAs are regulated by the methylation of their promoter region, and
some miRNAs target epigenetic activity. For example,
miR-29b has been reported to induce DNA hypomethylation and the re-expression of tumor suppressor genes
in acute myeloid leukemia by targeting DNMT[68]. These
results suggest that there is a strong relationship between
miRNA expression and epigenetic mechanisms. Notably,
many miRNAs have been found in CRC, and researchers have quantified specific miRNAs for the purpose of
CRC diagnosis and prognosis in patient blood, stool and
tissue samples. In vitro studies have also been conducted
to identify any correlation between epigenetic aberrations
and therapy response.

miR-29a

miR-221
miR-17-3P
miR-92a
Stool
miR-21

miR-92a

miR-144*
miR 17-92
cluster
miR-135

In vitro studies
Currently, 54 miRNAs have been identified that are
regulated either up or down in CRC cells relative to nontumor cells (Table 3)[69,70]. Of these, miR-17, miR-20,
miR-21, miR-31, miR-92a, miR-93, miR-183 and miR-203
were upregulated in CRC cells, while miR-30a, miR-30c,
miR-133a, miR-143, miR-145 were downregulated. These
observations have been validated in subsequent studies.
The upregulated miRNAs were associated with chromosomal regions that are often amplified in CRC, and the
downregulated miRNAs often associated with chromosomal regions that were typically deleted. These changes
may be closely related to genetic alterations as well as
epigenetic modification.
However, there are some discrepancies between studies. For example, miR-34a, miR-191 and miR-378 were
reported to be upregulated in some studies[71-73] and yet
were down regulated in others[74-76]. This may have been
caused by heterogeneity between the different studies with regards to tumor stage, tumor location, genetic
background and technical issues. We believe that the accumulation of further studies will allow us to determine
which miRNAs will be the most effective biomarkers and
also better understand their role in colorectal cancer.

miR-21
miR-92a
miR-21

Sensitivity

Specificity

Ref.

186 CRC
43 A
53 controls
90 CRC
48 AA
58 controls
30 CRC
30 controls
258 plasma
sample
102 CRC
120 CRC
37 AA
59 controls
120 CRC
37 AA
59 controls
103 CRC
37 controls
90 CRC
50 controls
90 CRC
50 controls

76.8%-82.8%
91.9%

81.1%-90.6%
81.1%

[77]

83.3%
72.1%

69.1%
62.1%

[78]

90.0%

90.0%

[79]

75.0%

75.0%

[80]

77.1%-90.9%
84.0%
64.9%

77.1%-89.7%
71.2%
81.4%

[81]
[82]

69.0%
62.2%

89.1%
84.70%

[82]

86.0%

41.0%

[83]

64.0%

70.0%

[84]

89.0%

70.0%

[84]

88 CRC
57 polyps
101 controls
88 CRC
57 polyps
101 controls
75 CRC
197 CRC
119 controls
197CRC
119 controls
197 CRC
119controls
59 CRC
74 controls
59 CRC
74 controls

55.7%
43.9%

73.3%

[85]

71.6%
56.1%

73.3%

[85]

74.0%
69.5%

87.0%
81.5%

[86]
[87]

46.2%

95.0%

[87]

14.7%

91.6%

[87]

50.0%

80.0%

[88]

50.0%

83.0%

[88]

A: Adenoma; CRC: Colorectal cancer.

cells via exosomes and survive in a stable form in the circulation. Many studies have been performed to quantify
miRNAs in the blood for use as a biomarker (Table 4)[77-88].
miR-92a, located on chromosome 13q13, is a member
of the miR-17-92 gene cluster. This cluster promotes cell
proliferation, suppresses apoptosis, induces angiogenesis
and accelerates tumor progression. miR-92a was first
identified by Ng et al[84] as a potential noninvasive biomarker for CRC detection with a sensitivity of 89% and
specificity of 70%. miR-17-3p, another member of the
miR-17-92 gene cluster, was also evaluated in this study as
a detection biomarker. This miRNA produced a sensitivity of 64% and a specificity of 70%.
To follow this study, Huang et al[82] performed a receiver-operating characteristic (ROC) analysis on 120 CRC
patients, 37 patients with advanced adenomas and 59

miRNA biomarkers in blood
It is widely believed that miRNAs can shed from tumor
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and 101 healthy controls. These results showed that patients with CRC had significantly higher levels of miR-21
(P < 0.01) and miR-92a (P < 0.0001) in their stool compared with normal controls. miR-92a levels provided a
higher sensitivity for distal rather than proximal CRC (P
< 0.05). In addition, stool miR-21 and miR-92a levels
decreased significantly (P < 0.01) after surgical resection
of tumor, which suggests that miR-92a and miR-21 from
stool samples could serve as screening biomarkers for
colorectal cancer.
In addition, miR-144* and miR-106a were found to
be significantly overexpressed in adenomas and in the
stool of CRC patients compared with healthy individuals[86,89]. These studies have confirmed that miRNAs from
stool samples require validation as diagnostic biomarkers
for CRC.

Table 5 Relationship between microRNAs and screening,
diagnosis and prognosis in colorectal cancer
Screening

Diagnosis
Prognosis

Treatment

miR-17-92, miR-20a, miR-21, miR-92, miR-96, miR-106a,
miR-135, miR-144, miR-203, miR-326, miR-181b, miR-601,
miR-760
miR-133b, miR-143, miR-145, miR-17-92, miR-18a, miR20a, miR-21, miR-31, miR-92, miR-96, miR-135b, miR-183
miR-18a, miR-21, miR-20a, miR-31, miR-143, miR-145,
miR-155, miR-181b, miR-200c, miR-203, miR-106a,
miR-17-92, miR-135a, miR-335, miR-206, miR-10b, miR146a/b, let7a/b
miR-21, miR-17, miR-215, miR-125b, miR-137, miR-143,
miR-145, miR-192, miR-622, miR-630

healthy controls. In this analysis, the researchers found
that they could not only discriminate CRC from controls (miR-29a yielded an area under the curve (AUC) of
0.844, and miR-92a yielded an AUC of 0.838), but also
discriminate advanced adenomas from controls (the AUC
was 0.769 for miR-29a and 0.749 for miR-92a). Furthermore, combined ROC analyses using these two miRNAs
revealed an increased AUC with an 83.0% sensitivity and
84.7% specificity in discriminating CRC, and an AUC
demonstrating 73.0% sensitivity and 79.7% specificity in
discriminating advanced adenomas. These results suggested that plasma miR-29a and miR-92a have potential
as novel noninvasive biomarkers for CRC detection and
that a combination of different miRNAs may provide a
higher sensitivity and specificity than a single miRNA.
More recently, miR-21, miR-601, miR-760 and miR-221
from plasma were also reported to be potential CRC biomarkers. In these studies, miR-221 and miR-21 were upregulated in the plasma of CRC patients compared to
healthy controls[79,83], while miR-601 and miR-760 were
down-regulated[78]. Moreover, a study conducted in two
independent CRC cohorts suggested that high levels of
plasma miR-141 could predict poor survival, and thus
miR-141 may serve as an independent prognostic factor
for advanced CRC patients[81].

Brief summary
miRNAs have been closely linked to colorectal cancer
development. They can serve as screening and diagnosis
markers for CRC and also as potential prognostic and
predictive markers. As a rough outline for the reader, we
provide here a table to display the relationship between
currently identified miRNAs and screening, diagnosis,
prognosis and treatment in colorectal cancer (Table 5).
As research continues, more miRNAs correlated with
CRC will be discovered, and the mechanism of miRNA
regulation will be deciphered. Therefore, it is highly likely
that more effective miRNA biomarkers for CRC patients
will be found in the future.

HISTONE MODIFICATION
Although DNA methylation has been the most extensively studied epigenetic alteration in CRC, increasing
numbers of studies have also explored how histone
modifications in tumor cells compared to normal
colorectal cells. Only tissue samples can be used for histone profiling, so these biomarkers are most useful for
the postoperative prognosis of CRC patients. Thus far,
the best studies on histone modification have addressed
post-translational methylation and acetylation by multiple
enzymes. Tamagawa et al[90] created duplicate 2-mm-core
tissue microarrays from 54 paraffin-embedded samples
of primary colorectal adenocarcinomas and corresponding liver metastases to evaluate the methylation patterns
of histone H3 lysine 27 (H3K27), H3 lysine 36 (H3K36)
and the expression of H3K27 methylase EZH2. These
microarrays were then probed in immunohistochemical
assays to search for biomarkers that could identify these
patients. These results revealed that H3K27me2 levels
were lower in liver metastases than in the corresponding
primary tumors, and these levels correlated with tumor
size and poorer survival rates. H3K36me2 levels were
higher in liver metastases than in the corresponding primary tumors and correlated with histological type and
lymph node metastasis. In addition, this study conducted
a multivariate survival analysis and suggested that the
methylation level of H3K27me2 detected by immuno-

miRNA biomarkers in stool
Stool-based miRNA detection has been widely studied
as a noninvasive screening method for CRC (Table 4).
Koga et al[87] conducted an miRNA expression analysis
of exfoliated colonocytes isolated from the feces of 197
CRC patients and 119 healthy controls. They analyzed
the miRNA expression of the miR-17-92 cluster (including miR-17, miR-18a, miR-19a, miR-19b, miR-20a and
miR-92a), miR-21, and miR-135 by quantitative real-time
PCR and found that expression of the miR-17-92 cluster and miR-135 was much higher in CRC patients than
in healthy controls (P < 0.0001). miR-21, on the other
hand, could not discriminate between the two groups.
The miR-17-92 cluster detected distal tumors better than
proximal tumors, as the sensitivity of miRNA expression
for these tumors was 81.5% and 52.9%, respectively.
In another study, Wu et al[85] evaluated the feasibility
of miR-21 and miR-92a detection in stool samples from
88 patients with CRC, 57 patients with colorectal polyps
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histochemistry may be an independent prognostic factor
for metachronous liver metastasis in colorectal cancer
patients. In fact, prior to this study, this group used the
same method to validate other histone patterns, including histone H3 lysine 4 (H3K4) dimethylation, histone
H3 lysine 9 (H3K9) dimethylation and histone H3 lysine
9 (H3K9) acetylation. They found that dimethylation of
H3K4 and acetylation of H3K9 correlated with tumor
histological type, and lower levels of H3K4 dimethylation
correlated with a poor survival rate. Multivariate survival
analysis showed that H3K4 dimethylation status is an
independent prognostic factor for colorectal cancer patients[91].
Using chromatin immunoprecipitation (ChIP) coupled
with quantitative PCR and high-throughput sequencing,
Gezer et al[92] observed reduced plasma levels for two histone methylation biomarkers, H3K9me3 and H4K20me3,
in patients with CRC and characterized these modifications in the circulation. They found that lower H3K9me3
levels had potential as biomarkers for CRC. These studies
have provided a good start for the examination of histone modification for the prognosis of CRC. Research is
ongoing to find histone biomarkers useful for colorectal
cancer patients.

assays in small sample volumes with relatively simple and
cheap assays.
Regarding the comparison between stool and blood
biomarkers, we know that both of these sample types
have been under investigation and improvements continue to be made. In a biomarker search, sample collection, storage and handling have a significant impact on
the performance of a specific test. Indeed, using stool
samples to detect new biomarkers is not standardized;
for example, the buffers used to collect and store stool
samples were different in each study, and the methods of
DNA or RNA isolation also varied. Therefore, it is difficult to compare the performance of different biomarkers based on the current research. By contrast, blood
detection is more standardized and readily accepted by
the general population. Moreover, biomarkers in blood
are more stable than in stool because of the absence of
microflora. DNA, miRNA and proteins have all been
shown to be stable in unprocessed EDTA tubes or noncentrifuged clotted blood for 24 h or longer at room
temperature. This is particularly true for miRNA, which,
as a result of its short length, is more stable in blood than
other types of nucleic acids. So, at a practical level, degradation problems for biomarkers during storage and transport should be taken into account, and it is important to
standardize detection procedures. For example, the bias
will be enormous and the results will not be interpretable
if comparing the data from newly collected samples of
CRC patients with those from archived samples of adenoma patients or healthy persons. Thus, various samples
should be collected in the very same manner at the very
same time according to the REMARK guidelines to improve the comparability between various results. Studies
specifically addressing these questions are highly desirable

DISCUSSION
As we have discussed above, a variety of DNA methylation, miRNA and histone biomarkers from stool, blood
and tissue have been reported for CRC detection. Some
of the markers identified are derived from tumor cells
and others are derived from non-tumor cells in the tumor
microenvironment or blood. DNA and miRNA biomarkers mostly shed from tumor cells, and so, theoretically,
these molecules should be more specific than protein
biomarkers such as carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9, CA242 and CA724, which
are currently applied widely in the clinic. This is because
nucleic acid-based markers can be amplified and thus
produce a stronger signal, thereby permitting a greater
sensitivity. In addition to the superior assay performance
of DNA and miRNA, these samples are easier to store
because effective preservation buffers that can prevent
DNA and miRNA degradation in stool samples are available. In contrast, no preservation buffer for proteins in
stool samples has been reported so far. In comparison
with DNA and miRNA, protein biomarkers show lower
specificity because tumors often induce inflammatory reactions, and some of the biomarkers that initially showed
promise for cancer detection now appear to also detect
a wide range of bowel diseases, such as ulcerative colitis
and Crohn’s disease. Moreover, protein biomarkers have
often been altered in more than one type of cancer. For
example, CEA has been reported as a biomarker for various malignancies, including colorectal, pancreatic, lung,
renal and breast cancers[93-96]. In spite of these issues, protein biomarkers may still be useful for large-scale screening for CRC because proteins can be observed through
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CONCLUSION
Epigenetic biomarkers and the use of blood and stool
samples each have their own advantages and disadvantages for clinical screening, diagnosis and prognosis. Although many studies on these biomarkers are preliminary,
some markers have demonstrated better performance
than the current FOBT test. No biomarker-based assay is
ready for large-scale population screening, however.
The standardization of sample preparation and testing
protocols is very important for the widespread deployment of techniques and the comparison of results from
different studies. Moreover, large well-controlled studies
are urgently needed to identify the accuracy of epigenetic
biomarkers for CRC detection in asymptomatic populations. Much work remains before such observations can
be translated into routine clinical practice.
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croRNA studies in one of the most common cancers,
colorectal cancer, especially the identification of those
specifically altered microRNAs in colorectal cancer,
validation for their relevance to clinical pathological parameters of patients, functional analyses and potential
applications of these microRNAs.
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Core tip: MicroRNAs represent one of the important epigenetic modifications for gene expression and play important roles in all aspects of cellular activities. Altered
expression of microRNAs has been found in various human diseases including cancer. Aberrant microRNAs can
be detected not only intracellularly within the cancer
cells, but also extracellularly in plasma of patients, postulating the potential of aberrant microRNAs as promising diagnostic/prognostic markers and attracting therapeutic targets. This review focuses on recent advances
in identification, validation and functional analyses for
such microRNAs in colorectal cancer, and potential applications of these altered microRNAs.

Abstract
MicroRNAs are evolutionarily conserved small noncoding RNA molecules encoded by eukaryotic genomic
DNA, and function in post-transcriptional regulation of
gene expression via base-pairing with complementary
sequences in target mRNAs, resulting in translational
repression or degradation of target mRNAs. They represent one of the major types of epigenetic modification and play important roles in all aspects of cellular
activities. Altered expression of microRNAs has been
found in various human diseases including cancer. Many
efforts have been made to discover the characteristic
microRNA expression profiles, to understand the roles
of aberrantly expressed microRNAs and underlying
mechanisms in different cancers. With the application
of DNA microarray, real-time quantitative polymerase
chain reaction and other molecular biology techniques,
increasing evidence has been accumulated which reveal that aberrant microRNAs can be detected not only
intracellularly within the cancer cells, but also extracellularly in plasma of patients, postulating the potential of
aberrant microRNAs as promising diagnostic/prognostic
markers and attracting therapeutic targets. This review
is intended to provide the most recent advances in mi-
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INTRODUCTION
Colorectal cancer is one of the most common malignancies worldwide, with 1233700 new cases and 608700
deaths estimated in 2008[1]. Prevention, early diagnosis
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and treatment can greatly reduce the incidence and mortality. All these depend on the achievements in a comprehensive understanding of every aspect of colorectal
cancer at molecular and cellular levels. More and more
evidence shows that epigenetic modifications, such as
hyper- or hypo-methylation at specific sites in DNAs or
proteins, acetylation or de-acetylation of nucleosome histones and conditionally specifically expressed non-coding
RNAs like microRNAs, are involved in the carcinogenesis
of many types of cancer including colorectal cancer[2-4],
and some of the epigenetic modifications can serve as
markers for diagnosis, treatment efficacy monitoring and
prognosis, or be developed into targets for therapeutic
interventions.
MicroRNAs are evolutionarily conserved small noncoding RNA molecules that are encoded by eukaryotic
genomic DNA. Located in the spacer regions between
protein-coding genes or in the introns of protein-encoding genes, microRNA coding sequences have their own
promoters or utilizes the same promoters as proteincoding genes, and are transcribed as primary microRNAs
(pri-microRNAs) in the same manner as the messenger
RNAs of the protein-coding genes do. Pri-microRNAs
are processed into microRNA precursors (pre-microRNAs) in the nucleus and transported to the cytoplasm
and further processed into mature microRNAs, and function in post-transcriptional regulation of gene expression via base-pairing with complementary sequences in
target mRNAs, resulting in translational suppression of
imperfectly matched mRNAs or degradation of perfectly
matched mRNAs[5]. Both strands of a pre-microRNA
may be processed into two mature microRNAs, with
similar efficiencies which are discriminated by -5p and
-3p, or with one dominantly processed and the recessive
one star-labeled (*), which function differently against
different target genes. This post-transcriptional regulation of expression of multiple genes represents one of
the major types of epigenetic modification and exhibits
important impacts in all aspects of cellular activities,
under both physiological and pathological conditions.
Many of the known microRNAs appear in clusters on a
single polycistronic transcript[6], which may modulate the
expression of genes whose products work together to
fulfill the same task.
It is now well documented that microRNAs play important roles in the pathogenesis of many human diseases including cancer. Aberrant expression of microRNAs
has been observed in cancers of various tissues such as
lung, breast, liver, colon and rectum, and prostate. Upregulation of certain specific microRNAs may suppress
genes responsible for growth/proliferation inhibition,
down-regulation of other specific microRNAs may augment genes responsible for growth/proliferation promotion, and either may result in the development and progression of cancer. The specifically altered microRNA
expression patterns may serve as diagnostic/prognostic
markers, and correction of these aberrant microRNAs
may reverse the malignant phenotypes of cancer cells and
therefore provide means for cancer treatment[7-9].
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Numerous investigations on screening for altered
expression of microRNAs in various types of cancer
have been conducted during the past decade, with more
and more functional validations in recent years. The aberrantly expressed microRNAs exert their functions by
modulating oncogenic or tumor-suppressive genes and
play important roles in the development and progression
of cancers, therefore exhibit their potentials as “oncogenic” or “tumor-suppressive” microRNAs. Some of the
alterations are common among different cancers, while
others are type-specific. MicroRNAs function in a multitarget manner that one microRNA may modulate the
expression of multiple genes, and one target gene may
also be modulated by multiple microRNAs. While the
microRNA-modulated gene expression is one kind of
epigenetic modification, the expression of microRNA itself is modulated by other epigenetic modifications such
as hyper- or hypo-methylation. This review focuses on
the most recent advances in studies on some extensively
investigated microRNAs in colorectal cancer, especially
with regards to the potentials as bio-markers or therapeutic targets.

ONCOGENIC MICRORNAS AS
POTENTIAL MARKERS AND TARGETS IN
COLORECTAL CANCER
MiR-21
MiR-21 is one of the most extensively investigated oncogenic microRNAs whose expression is frequently upregulated in colorectal cancer. The identified target genes
regulated by miR-21 include programmed cell death 4,
RhoB and transforming growth factor beta receptor 2
(TGFBR2). MiR-21 regulates cell proliferation, invasion and apoptosis, and induces stemness. Through its
pro-metastatic effect, ectopic stromal miR-21 expression associates with increased epithelial invasiveness.
The expression level of miR-21 correlates with clinical
stage, and increases with advanced disease, decreased
recurrence-free cancer-specific survival and shorter overall survival (OS). There is higher stool level of miR-21 in
patients with colorectal cancer but not polyps. Plasma/
serum miR-21 can be served as a potential diagnostic and
prognostic marker. The post-therapeutic miR-21 level in
colorectal cancer is lower and can predict the pathological
tumor response to chemotherapy. Down-regulation of
miR-21 reduces cell proliferation, migration and invasion,
induces apoptosis and inhibits cell cycle progression, upregulates Spry2 and phosphatase and tensin homologue
deleted on chromosome 10 and enhances the cytotoxic
effects of 5-fluorouracil and metformin, and also leads
to differentiation of chemoresistant cells, therefore inhibition of miR-21 may serve as a novel therapeutic approach[10-30].
MiR-155
Up-regulation of oncogenic miR-155 in colorectal cancer
cells promotes cell proliferation, migration and inva-
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sion, increases chemoresistance and correlates with poor
prognosis. Claudin-1, a member of integral membrane
proteins that constitute tight junctions, is the identified
target gene modulated by miR-155[30-33]. Low expression
of claudin-1 is associated with lymphatic involvement,
histological differentiation, extent of poorly differentiated component, reduced disease-free and overall survival
of colorectal cancer patients[34].

logic factors, suggesting the possibility that miRNAs in
cancer stroma are crucially involved in cancer progression,
a similar phenomenon observed for stromal miR-21[10].
MiR-135a and miR-135b
Oncogenic miR-135a[24,48] promotes the growth and invasion of colorectal cancer cells in vitro by repressing its
target gene metastasis suppressor 1. The level of miR135b[17,20,49] is also elevated in colorectal cancer, which
correlates with clinical stage, liver metastasis, and both
disease-free survival (DFS) and cancer-specific survival
of patients, and inhibition of miR-135b leads to decreased viability of colorectal cancer cells in vitro.

MiR-31
With rat sarcoma viral oncogene homolog (RAS) p21
Guanosine-5’-triphosphatase (GTPase) activating protein
1 (RASA1) gene as the target gene, miR-31 overexpression activates oncogene RAS by repressing RASA1, and
elevated expression of miR-31[35-38] is associated with aggressive mucinous phenotype. For metastatic colorectal
cancer patients with wild-type kirsten rat sarcoma viral
oncogene homolog/v-raf murine sarcoma viral oncogene
homolog B (KRAS/BRAF) who received anti-epidermal
growth factor receptor (EGFR) monoclonal antibody
(mAb) treatment, significant miR-31* up-regulation appeared in progressive disease vs disease control, and can
be used to predict the benefits of anti-EGFR mAb treatment.

TUMOR SUPPRESSIVE MICRORNAS AS
POTENTIAL MARKERS AND TARGETS IN
COLORECTAL CANCER

MiR-17
Elevated in colon cancer, miR-17[18,42-45] expression is
associated with poor survival and is an independent
prognostic marker. By targeting tumor suppressor gene
Rho family GTPase 3 (RND3), miR-17 promotes proliferation, growth and cell cycle progression. Moreover,
elevated oncofoetal miR-17-5p expression resulted in
shorter overall survival rates by repressing its target gene
retinoblastoma-like protein 2 (P130), but caused a better
response to adjuvant chemotherapy.

Let-7
The let-7 family is one of the most ancient and conserved microRNAs, which functions as a well-recognized
tumor suppressor targeting oncogenic KRAS and whose
expression is deregulated in many types of cancer including colorectal cancer[50,51].
Recent studies on let-7 family members showed that:
let-7a expression is elevated in metastatic colorectal cancer with KRAS mutation compared to normal mucosa or
non-metastatic disease[24], and the high level of let-7a in
KRAS-mutated colorectal cancer may rescue anti-EGFR
therapy effects[52]; decreased expression of let-7b at tumor invasion front is an adverse prognostic marker for
recurrence and OS of colorectal cancer patients[53]; let-7c
is a metastasis suppressor in colorectal cancer by targeting matrix metalloproteinase 11 and pre-B-cell leukemia
homeobox 3[54]; and let-7e is overexpressed in responders
to neoadjuvant chemoradiotherapy[55].
Another current research focus is the correlation between a functional polymorphism in let-7 complementary
site within the 3’ untranslated region (3’-UTR) of KRAS
(rs61764370) and the risk for development of colorectal
cancer, pathological and clinical parameters, clinical outcome, progression-free survival (PFS) or OS in metastatic
colorectal cancer patients[52,56-58].
All these novel findings for the Let-7 family member
microRNAs provide us further predictive/prognostic
markers in the management of colorectal cancer patients.

MiR-106a and miR-106b
MiR-106a[46,47] is highly expressed in metastatic colorectal
cancer cells and regulates migration and invasion. Tumor
suppressor Rb1 is one of the target genes of miR-106a,
and the regulatory role for Rb1 may happen in sporadic
colorectal cancer. Similar to miR-21, miR-106a also inhibits the expression of TGFBR2, leading to increased
colorectal cancercell migration and invasion.
Interestingly, miR-106b[42] is upregulated in cancer stromal tissues compared with normal stroma, and the stromal
miR-106b expression level is associated with clinicopatho-

MiR-143
MiR-143[28,37,53,59-65] targets hexokinase 2 (HK2) gene and
metastasis-associated in colon cancer-1 gene, and inhibit
invasion/migration of colorectal cancer cells. Loss of
miR-143-mediated repression of HK2 can promote
glucose metabolism in cancer cells. The complementary
strand miR-143* is down-regulated in colon cancer cells
and forced expression significantly abrogated invasive
potential.
MiR-143 is often down-regulated in colorectal cancer, especially at liver invasion front, and the reduced ex-

MiR-92a
The overexpression of miR-92a[14,26,39-43] correlates with
tumor metastasis and poor prognosis. Higher miR-92a
level in stool in patients with colorectal cancer and polyps can be detected. BCL-2-interacting mediator of Cell
Death (BIM) is the target gene of miR-92a. As the downregulation of BIM gene by over-expressed miR-92a in
colon cancer cells may lead to the evasion of apoptosis,
anti-miR-92a strategy effectively induces apoptosis of
colorectal cancer cells, which suggests a potential new
therapeutic approach.
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level and lead to inhibition of tumor growth by targeting
p21 protein-activated kinase 4.
MiR-145 is down-regulated in plasma and cancer tissues and liver invasion front of colorectal cancer patients.
Down-regulation of fecal miR-145 is proposed as a
potential marker for colorectal cancer. Decreased expression of miR-145 occurs before the mutation of APC
gene and is involved in the initiation step of colorectal
cancer. Similar to miR-143, the post-therapeutic level of
miR-145 increases, predicting the response to treatment
and prognosis. Overexpression of miR-145 inhibits cell
proliferation, migration and invasion due to its proapoptotic and antiproliferative role, showing its potential in
miRNA-replacement therapy of colorectal cancer.

Table 1 Colorectal cancer-associated microRNAs with identified
targets
MiR (family)

Role/
potential

Identified targets

Ref.

9
16

ON
TS

[36,81,82]
[84-86]

17
21
22
31
33a
34 family
92a
95
139
143
145 family
148 family
155
215
320a
339-5p
342
365
373
499-5p
506
1915
Let-7 family

ON
ON
TS
ON
TS
TS
ON
ON
TS
TS
TS
TS
ON
TS
TS
TS
TS
TS
TS
ON
ON
TS
TS

E-cadherin
COX-2, cyclin D1,
survivin, CDK6
RND3, P130
PDCD4, RhoB, TGFBR2
p21
RASA1
Pim-1
Axin2
BIM
Nexin 1
RAP1B, IGFR-1
HK2, MACC1
PAK4, NRAS, IRS1
Bcl-2, CCK-2 receptor
Claudin-1
DTL
Neuropilin 1, β-catenin
PRL-1
DNMT1
Cyclin D1, Bcl-2
RAB22A
FOXO4, PDCD4
PPARα
Bcl-2
MMP11, PBX3

[18,42-45]
[10-30]
[90-93]
[14,17,35-38]
[67]
[33,70,101-103]
[14,26,39,40-43]
[106]
[37,121,122]
[28,37,53,59-65]
[14,28,53,60,64,66-68]
[69-72]
[30-33]
[20,55,73-75]
[147,148]
[151]
[152]
[155]
[157]
[162]
[164]
[170]
[24,38,52-57]

MiR-148a and 148b
Tumor suppressive miR-148a[69-71] promotes apoptosis via
repressing anti-apoptotic Bcl-2 expression. Hypermethylation leads to down-regulation of miR-148a in advanced
CRC. Low miR-148a expression is associated with significantly shorter DFS, a worse therapeutic response, and
poor OS. The miR-148a level can serve as a disease progression follow-up marker, and has prognostic/predictive
value in chemotherapy as well.
MiR-148b[72] also acts as a tumor suppressor in colorectal cancer by targeting the choecystokinin-2 receptor
which functions depending on the gastrin in colorectal
cancer, and suppresses the growth of cancer cells. The
expression of miR-148b is significantly down-regulated
in human colorectal cancer tissues and correlates with
tumor size, and is important in the cancer transformation
process. Forced expression of miR-148b in colorectal
cancer cells inhibits cell proliferation in vitro and suppresses tumorigenicity in vivo. miR-148b can be further
evaluated as a biomarker and therapeutic tool against
colorectal cancer.

TS: Tumor suppressor; ON: Oncogene; COX-2: Cyclooxygenase-2; CDK6:
Cyclin-dependent kinase 6; RND3: Rho family GTPase 3; PDCD4: Programmed cell death 4; TGFBR2: Transforming growth factor beta receptor
2; RASA1: RAS p21 protein activator 1; BIM: Bcl-2 interacting mediator of
cell death; RAP1B: RAS related protein 1b; IGFR-1: Insulin-like growth factor receptor-1; HK2: Hexokinase 2; MACC1: Metastasis associated in colon
cancer 1; PAK4: p21 protein-activated kinase 4; NRAS: Neuroblastoma RAS
viral oncogene homolog; IRS1: Insulin receptor substrate 1; CCK-2: Cholecystokinin-2; DTL: Denticleless E3 ubiquitin protein ligase homolog; PRL-1:
Phosphatases of regenerating liver-1; DNMT1: DNA methyltransferase 1;
FOXO4: Forkhead box O4; PDCD4: Programmed cell death 4; PPARα: Peroxisome proliferator-activated receptor alpha; Bcl-2: B-cell leukemia/lymphoma 2; MMP11: Matrix metallopeptidase 11; PBX3: Pre-B-cell leukemia
homeobox 3.

MiR-215
As a tumor suppressor candidate, miR-215[20,73-75] level is
decreased in cancer tissues of colorectal cancer patients,
especially those relapsed patients. The expression level of
miR-215 is an independent predictive marker for relapse
and associated with poor OS. However, overexpressed
miR-215 can be observed in non-responders to neoadjuvant chemoradiotherapy, and the high miR-215 level
confers chemoresistance due to cell cycle arrest and reduced proliferation by targeted inhibition of thymidylate
synthase, dihydrofolate reductase and denticleless protein
homolog, genes that play essential roles in DNA synthesis, cell cycle progression, proliferation, and differentiation.

pression correlates with aggressive mucinous phenotype.
MiR-143 also inhibits tumor growth and angiogenesis
and sensitizes chemosensitivity to oxaliplatin. The posttherapeutic level of miR-143 increases and can be used
for predicting response to treatment and prognosis.
Down-regulation of fecal miR-143 is a potentional marker for colorectal cancer, and the miR-143 level in blood
and tissue can be used as a new diagnostic marker and
therapeutic target as well.
MiR-145
MiR-145[14,28,53,60,64,66-68] exerts its tumor suppressive function by modulating several target genes: it can block the
activation of AKT and ERK1/2 pathways and the expression of HIF-1 and vascular endothelial growth factor
via directly targeting neuroblastoma RAS viral oncogene
homolog and insulin receptor substrate 1, down-regulate
phosphorylated-extracellular signal-regulated kinase 1
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OTHER COLORECTAL
CANCER-ASSOCIATED MICRORNAS
In addition to the above microRNAs, there are other
microRNAs that have been identified to be involved in
the development/progression of colorectal cancer. A
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493, 493*
497
502
574-5p
592
601
608
625-3p
627
638
760
1224-5p
1275

Table 2 Colorectal cancer-associated microRNAs without
identified target
MiR (family)
1
7
10b
15a
18a
19 family
23a
27b
29 family
30a-5p
32
93
96
101
103/107
106 family
122
124
125 family
126
127-3p
129
130a/301a/454
133 family
135 family
137
140
141
144
146a
149
150
181a
182
185
186, 216b, 337-3p
190b
192
193a-3p, 338-5p
194
19, 512, 801, 246
196a2
199a-5p
206
211
212
218
221*, 224
222
223
297
328
330
340
345
362-3p
367
372
375, 422a
378
409-3p
424*
429
450 family, 99a*
451
486-3p

Role/potential

Ref.

TS
TS
Marker, +, chemo
TS
ON
Marker, +, chemo
ON
TS
Marker, +
TS
ON
TS
Marker, +
TS
ON
ON
ON
TS
TS
Marker, +
Marker, +
TS
ON
Marker, ON
TS
Marker, +
Circ, Marker, +
Marker, SNP
Marker, Marker, ON
Marker, +
Marker, +
TS
Marker, +, chemo
Marker, Circ, Marker, +
Marker
Marker, +
SNP
TS
Marker, +
ON
TS
TS
TS
TS
TS
TS
TS
TS
TS
TS
TS
SNP
Marker, +
TS
Marker, Cirl, Marker, +
TS
ON
Marker, -, chemo
TS
Marker, +

[76-78]
[79,80]
[83]
[84]
[87,88]
[18,53,89]
[94,95]
[96]
[55,87,97,98]
[99]
[100]
[79,104,105]
[17]
[14,107,108]
[109]
[14,42,46,47]
[110]
[111-113]
[114]
[115]
[40]
[116]
[117]
[78,118]
[17,20,24,48,49]
[112,119,120]
[38,123]
[124]
[125,126]
[127,128]
[129]
[130]
[131]
[36,132]
[118]
[133]
[55]
[74]
[94]
[53,74]
[123]
[134-138]
[139]
[24]
[140]
[141]
[142]
[143]
[144]
[145]
[146]
[149]
[150]
[112]
[153]
[154]
[156]
[21]
[20]
[20,40]
[79]
[65]
[158]
[55]
[159]
[40]
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TS
TS
TS
ON
Marker, +
Marker, +
SNP
Marker, +, chemo
TS
Marker, Marker, +
Marker, Marker, -

[160]
[161]
[163]
[165]
[38]
[166]
[167]
[168]
[169]
[53]
[133, 66]
[38]
[53]

TS: Tumor suppressor; ON: Oncogene; Marker, +: Up-regulated marker;
Marker, -: Down-regulated marker; Chemo: Chemosensitivity-associated;
SNP: Single nucleotide polymorphism-associated.

collection of the most recently investigated/concluded
colorectal cancer-associated microRNAs are listed in
Tables 1 and 2 for reference.

CONCLUSION
As discussed above, a number of alterations of microRNAs play important roles in the development and progression of colorectal cancer, and even alterations of the
microRNA processing machinery components are of
prognostic values[171,172]. The expression of microRNAs
is regulated not only by other epigenetic modifications
such as hyper- or hypomethylation, but also by other interacting molecules, i.e., LIN28 and let-7[173], and in a clustered manner. Moreover, the polymorphisms of either
microRNAs or targeted genes have a significant impact
on colorectal cancer risk[174,175], even in population-based
studies[176-178], and the responses to chemotherapy and
prognosis[179,180] as well.
We can expect that the altered expression of microRNAs detection will serve as effective biomarkers for
screening, diagnosis, monitoring therapy and prognosis
of colorectal cancer in the future, as they can be detected from various kinds of samples including cell-free
plasma/serum[181-184], circulating tumor cells[185], mucosal
wash fluid[186], feces[187,188] and formalin-fixed paraffinembedded tissues[189].
Based on the achievements in this field, we can also
expect that novel therapeutics be developed to re-normalize the altered microRNAs in colorectal cancer[190], not
only by directly restoring down-regulated microRNAs or
knocking down the up-regulated microRNAs, but also by
epigenetic therapy[191].
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Core tip: Chronic liver disease is a heterogeneous and
dynamic condition. So, noninvasive exact estimations
of the status and changes in hepatic fibrosis and portal
hypertension are essential in the management of this
disease. Recently, a few tests, such as liver stiffness
measurement based on transient elastography (TE) or
magnetic resonance have shown promising results in
this field. However, the reproducibility of these noninvasive tests needs to be validated in diverse clinical
situations and etiologies. Especially, it is important to
study about the long term prognostic value of non-invasive tests in hepatic fibrosis and portal hypertension
that can leads to new paradigm in the tailored management of chronic liver disease. Notably, the integration
of serologic tests with other non-invasive tests, such as
TE, allows the progression in the management of patients with chronic liver disease in the future.

Abstract
With advances in the management and treatment of
advanced liver disease, including the use of antiviral
therapy, a simple, one stage description for advanced
fibrotic liver disease has become inadequate. Although
refining the diagnosis of cirrhosis to reflect disease heterogeneity is essential, current diagnostic tests have not
kept pace with the progression of this new paradigm.
Liver biopsy and hepatic venous pressure gradient measurement are the gold standards for the estimation of
hepatic fibrosis and portal hypertension (PHT), respectively, and they have diagnostic and prognostic value.
However, they are invasive and, as such, cannot be
used repeatedly in clinical practice. The ideal noninvasive test should be safe, easy to perform, inexpensive,
reproducible as well as to give numerical and accurate
results in real time. It should be predictive of long term
outcomes related with fibrosis and PHT to allow prognostic stratification. Recently, many types of noninvasive
alternative tests have been developed and are under investigation. In particular, imaging and ultrasound based
tests, such as transient elastography, have shown promising results. Although most of these noninvasive tests
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INTRODUCTION
Regardless of its underlying etiology, fibrosis is the main
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component of chronic liver damage that directly relates
to the severity and prognosis of the disease. Hepatic fibrosis and its secondary result, portal hypertension (PHT)
are currently viewed as a dynamic process that can be
reversible in some situation, if the underlying insult that
has caused the fibrosis and cirrhosis has been removed[1].
Over time, the excess fibrous tissue of cirrhotic liver may
also regress. Therefore, an accurate estimation of the
severity of fibrosis and PHT is essential to evaluate the
disease state and prognosis and is the first step towards
the optimization of the treatment and estimation of its
response so, the diagnosis of the heterogeneity of cirrhosis and PHT has become even more important for effective treatment[2,3].
Liver biopsy is the gold standard for assessing fibrosis. However, standard liver biopsy procedures have
several limitations, including sampling errors, inter- and
intraobserver variability, and invasiveness[4].
PHT, a frequently presenting clinical syndrome, is
defined as a pathological increase in portal venous pressure between the portal vein and the inferior vena cava
to higher than the normal range (≤ 5 mmHg). Increased
portal pressure is the main factor determining the clinical course of cirrhosis. Presently, the favored method for
determining portal venous pressure involves the catheterization of the hepatic vein and the measurement of the
hepatic venous pressure gradient (HVPG). HVPG is one
of the best surrogate markers in chronic liver disease;
however, the measurement of the HVPG also has limitations, such as its invasiveness[5].
The ideal noninvasive test for diagnosing fibrosis and
PHT should be simple and reproducible, readily available, less expensive than a biopsy, and able to predict the
full spectrum of fibrosis and reflect any changes induced
by therapy[6]. Moreover, recent advances in knowledge
and treatment have led to proposals for more detailed
histological diagnoses of fibrosis and these have made
it even more difficult to find an ideal noninvasive substitute for liver biopsy[7,8]. In addition, it should be predictive of long-term outcomes related with fibrosis and
PHT to allow prognostic stratification. Recently, many
trials aimed at identifying such a test have been conducted, but no test has yet satisfied all of the aforementioned
requirements.
In this report, we review the role of the gold-standard
methods for the estimation of hepatic fibrosis and PHT
and also recently studied alternative, non-invasive methods with suggestion of future directions.

histologic scoring systems assess the grade and stage
of chronic hepatitis. The grade is used as a measure of
necro-inflammatory activity, and the stage is used as a
measure of fibrosis and architectural changes. These
scoring systems use scales of four (1-4), five (0-4), or
seven (0-6) stages for chronic hepatitis[7,9-12]. For biopsies,
an adequate specimen needs to have a length of at least
1.5 cm or the presence of six to eight portal tracts[4].
However, the width of the biopsy core is also important
because the hepatic architecture is difficult to appreciate
in thin biopsies[13], and biopsy specimens obtained from
subcapsular locations generally contain more fibrous tissue, which should be considered.
However, in clinical practice, liver biopsies have
important limitations, such as invasiveness, potential
for complications, sampling error, and inter- and intraobserver variability. Another important limitation is that
a biopsy only represents approximately 1/50000 of the
liver parenchyma[14]. Furthermore, the histologic diagnosis of cirrhosis maybe impossible in cases with large
parenchymal nodules or so-called incomplete septal cirrhosis. However, despite these limitations, liver biopsy
and histologic analysis have revolutionized the assessment of disease severity in chronic liver disease. Hepatic
fibrosis is currently viewed as a dynamic process, in some
cases, even the excess fibrous tissue of cirrhotic liver may
regress over time. Distinguishing between the amount
of hepatic fibrosis and the disease stage, which is related
to both fibrosis and architectural changes, is important
for the assessment of the effects of antifibrotic treatments. Nevertheless, a one-stage description of cirrhosis
is inadequate, and subclassification has potential clinical
utility[15,16]. From the aspect of histology, such subclassifications might allow better the prediction of prognosis
and be helpful clinically. A few recent studies have shown
the possibility of the clinical application of histological
subclassification. In these studies, fibrosis scores, derived
from nodule size and septal thickness, showed a significant correlation with the clinical stage[8] and prognosis[17]
as well as the HVPG (Figure 1)[18,19].
Currently, the proportion of the liver biopsy specimen
occupied by collagen (collagen proportion area, CPA)
on Picro-Sirius stained histologic sections, as assessed by
computer-assisted digital image analysis, has emerged as
a useful continuous variable for the quantitative assessment of fibrosis in various clinical situations. The CPA
measurement is based on the segmentation of digital
images to measure the area occupied by collagen compared with the entire area of liver tissue[20,21]. The CPA
has been reported to correlate with the HVPG in liver
transplant recipients with hepatitis C virus infections,
with or without cirrhosis, and the CPA measured at 1-year
post-transplantation was found to be a predictor of clinical decompensation in later years[21]. This parameter has
also been found to correlate with the liver stiffness (LS)
measurements, as assessed by transient elastography (TE),
in patients with chronic viral hepatitis[22,23]. Therefore, the
quantitative assessment of hepatic fibrosis in liver biopsy

DIRECT ESTIMATION OF HEPATIC
FIBROSIS AND PHT
Liver biopsy and histological analysis
Cirrhosis is defined by anatomical changes within the
liver parenchyma, including fibrosis and the development
of regenerating nodules, and its assessment is based on
histologic examination. A liver biopsy is considered the
gold standard for the diagnosis of cirrhosis. In general,
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Figure 1 Heterogeneity of cirrhosis in histology. All pictures are histological finding of cirrhosis however, they show different feature in thickness of sepata and the
size of nodules. A: Shows mild cirrhosis with thin septa (MTC stain, × 100); B: Shows moderate cirrhosis with at least two broad septa; C: Shows severe cirrhosis with
at least one very broad septa (MTC stain, respectively, × 200). A, B, C are correspond to subclass of Laennec fibrosis scoring system F4A, F4B and F4C respectively,
The widths between two arrows show the significant difference among subclass of cirrhosis. n: Regenerating nodule; MTC: Masson trichrome stain[8].

specimens is promising as a prognostic marker and as a
means to validate other noninvasive markers of fibrosis.

relation with the therapeutic response which suggested
that the repeated HVPG measurements could be helpful
in estimating the progression or regression of cirrhosis
in patients with advanced hepatitis C virus (HCV)-related
chronic liver disease[31,32]. HVPG also showed usefulness
in identifying those patients who were at highest risk of
decompensation by the recurrence of severe hepatitis C
among those who had undergone post-liver transplantation for HCV-related cirrhosis[33-35]. CSPH is an independent predictor of the risk of developing hepatocellular
carcinoma (HCC)[36], and it also increases the risk of
liver failure and death after liver resection in patients
with compensated chronic liver disease or hepatocellular carcinoma[37,38]. However, in case of non-cirrhotic
portal fibrosis (NCPF) and extra-hepatic PV obstruction (EHPVO) which present only with features of
PHT without any evidence of significant parenchymal
dysfunction, HVPG is normal in EHPVO, whereas it is
normal or slightly elevated in NCPF (median 7 mmHg).
So, HVPG is not useful in the estimation of the severity
of PHT and EV bleeding risk in EHPVO or NCPF[39].
The HVPG response to pharmacological therapy enables the identification of those patients with PHT who
are most likely to benefit from treatment. The development of esophageal varices is less likely if the HVPG is
< 10 mmHg. The development of variceal bleeding and
the presence of ascites have been known to occur when
the HVPG is ≥ 12 mmHg[40]. If the HVPG falls to ≤ 12

HVPG measurement for PHT
The measurement of the HVPG is the gold standard
technique for the evaluation of PHT in liver disease. The
HVPG is the difference between the wedged hepatic
venous pressure (WHVP) and the free hepatic venous
pressure (FHVP). The WHVP is measured by occluding
the hepatic vein as stopping the blood flow causes a static
column of blood to be formed, which is equal in pressure to the hepatic sinusoids. FHVP is a measure of the
pressure of the non-occluded hepatic vein. In cirrhosis,
WHVP provides an accurate estimate of portal pressure,
as has been demonstrated in both alcoholic and viral cirrhosis patients[5,24].
In patients with cirrhosis, HVPG measurements
provide independent prognostic information on survival
and the risk of decompensation. Clinically significant
PHT (CSPH, HVPG ≥ 10 mmHg) is necessary for the
formation of esophageal varices, its bleeding, and the
development of decompensation[15,25-27]. In patients who
have already developed decompensation, HVPG provides predictive information about the risk of mortality
in the future[28]. HVPG can also reflect liver parenchymal
function[29], and correlates with the degree of histological
liver fibrosis[8,24,30]. In addition, in some studies on HCVrelated fibrosis and cirrhosis, HVPG showed a good cor-
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a single marker[55], and various panels of direct markers
have been described.
The original European Liver Fibrosis panel is an
example of such a panel of biomarkers shown to be accurate in diagnosing significant fibrosis in a large, mixed
liver disease population[56]. This panel incorporates hyaluronic acid, tissue inhibitor of matrix metalloproteinases-1, procollagen type Ⅲ propeptide and age. The panel
has since been simplified by removing age while maintaining diagnostic accuracy, as the enhanced liver fibrosis
(ELF) test, which has been shown to be accurate in predicting significant liver fibrosis in independent populations[57-60]. ELF score predicts liver outcomes, with people
having the highest ELF scores being significantly more
likely to have clinical outcomes than those in lower-score
groups with hazard ratios of 75 (ELF score 12.52-16.67),
20 (10.426-12.51) and 5 (8.34-10.425) compared with patients with ELF < 8.34[61]. In non-alcoholic fatty liver disease (NAFLD), one study reported favorable results of
AUROC = 0.90, sensitivity 80%, and specificity 90% for
advanced liver fibrosis, but this test needs to be further
investigated[58].
A Cytokeratin-18 fragment in plasma indicates the
apoptosis of liver cells and is the marker of NASH[62-64].
Plasma cytokeratin-18 fragment levels increased significantly in patients with steatohepatitis compare to
normal or simple fatty liver patients. CK-18 fragment
level showed a possibility as a screening test for NASH
by showing favorable results (sensitivity 78%, specificity
87%, AUROC = 0.82) in meta-analysis[62]. However, this
marker is currently unavailable in the clinical practice yet
and the standard cut-off value for diagnosis also has to
be established.
NAFLD Fibrosis Score (NFS) is one of the most
widely-studied biochemical panels for the diagnosis of
fibrosis in NAFLD, and it is composed of 6 markers
(age, BMI, diabetes/impaired glucose tolerance, platelet
count, albumin level, AST/ALT ratio) which are clinically or biochemically measured and calculated easily in
the website (http://nafldscore.com). NFS has two cutoff values, [< -1.455 (low probability) and > +0.676 (high
probability)] in evaluating liver fibrosis. According to a
meta-analysis of 13 studies performed on 3064 patients,
NFS showed a high AUROC value of 0.85 in diagnosing
liver fibrosis greater than stage F3. By taking < -1.455 as
cut-off, sensitivity was 90% and specificity was 60% in
excluding advanced liver fibrosis. By taking > +0.676 as
cut-off, sensitivity was 67% and specificity 97% in diagnosing advanced liver fibrosis. However, about 20%-58%
of patients showed middle values between those two cutoff values (indeterminate probability), so in these case,
liver biopsy has to be considered[62,65].
About the noninvasive estimation of PHT using
laboratory test, just a few studies have been reported.
Direct markers such as serum laminin levels, serum hyaluronic acid and procollagen type Ⅲ propeptide were
evaluated in an old small population studies and laminin
and hyaluronic acid showed correlation with HVPG,

mmHg with drug therapy, such as nonselective β blockers, the development of variceal bleeding can be prevented, and varices that are already present may decrease
in size[41,42]. However, even if this target is not achieved,
a decrease in the HVPG of ≥ 20% from baseline levels
has shown similar effects to having an HVPG of < 12
mmHg[41]. In addition, this response markedly decreases
the rebleeding risk in secondary prevention[42]. In addition, a good hemodynamic response was independently
associated with a decreased risk of ascites and spontaneous bacterial peritonitis on follow-up and was an independent predictor of survival[43,44].
The evaluation of the acute HVPG response to intravenous propranolol therapy has been known to be useful
for predicting the efficacy of nonselective β blockers at
preventing the first bleed or rebleeding[45,46]. Furthermore,
the acute HVPG response to propranolol is independently associated with survival in patients with cirrhosis
and PHT[45].
However, although the HVPG measurement procedure is very well tolerated, its invasiveness and limited
availability at hospitals has led to attempts to develop
noninvasive alternatives, such as laboratory tests, imaging
techniques, and LS measurements[47,48]. However, there
has been no noninvasive alternative that can replace the
HVPG measurement until now.

NON-INVASIVE DIAGNOSIS OF HEPATIC
FIBROSIS AND PHT
Laboratory tests
Because of the attractiveness, such as offering a sampling
that reflects the whole liver, allowing repeated testing,
reducing invasiveness, and increasing simplicity, many
hematological and biochemical serum markers of fibrosis
have been studied. In general, serum markers of fibrosis can be divided into two groups: “indirect markers”,
which reflect the degree of fibrosis indirectly, and “direct
markers”, which directly measure liver matrix components or enzymes that participate in matrix regulation[49].
Indirect markers in blood test include parameters
related to cell lysis or inflammation (AST and ALT), cholestasis (γGT and bilirubin), hepatocyte synthetic function
(INR, cholesterol, ApoA1, haptoglobin, and N-glycans),
and hypersplenism due to PHT (platelet count)[49]. Many
scores or indices of indirect parameters have been studied and the Fibrotest [α2-macroglobulin (α2M), ApoA1,
bilirubin, γGT, and haptoglobin combination[50] and AST
to platelet ratio index (APRI)][51] have been the most
widely validated. In some studies, these indices have been
shown to be good predictors of fibrosis and cirrhosis
(AUROC = 0.92, 0.80, respectively)[52,53], but in a metaanalysis of chronic hepatitis C[54], they lacked reliability in
the discrimination of the fibrosis stage.
Direct markers allow the quantitative assessment of
the total amount of the hepatic extracellular matrix and
its deposition or removal[51]. To improve accuracy, the use
of a combination of markers is preferable to the use of
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A

B

HVPG: 16 mmHg

HVPG: 11 mmHg

Figure 2 Doppler ultrasonography showing change in the hepatic vein waveform and damping index (A) before and (B) 3 mo after propranolol treatment in
a patient with liver cirrhosis. Hepatic vein waveform changed from biphasic to near triphasic, quantitative measurement of damping index (DI) decreased from 0.61
to 0.33 in association with a hepatic venous pressure gradient (HVPG) decrease from 18 to 11 mmHg[92]. HVPG: Hepatic venous pressure gradient.

however these markers has limitations in clinical application because of low predictive values for the presence of
severe PHT and EVs[66-68]. In case of Fibrotest, it has a
significant correlation with HVPG (Pearson correlation
coefficient = 0.58), however, the correlation was weaker
in cirrhosis patients (Pearson correlation coefficient =
0.24) and the AUROC for the diagnosis of severe PHT
(HVPG > 12 mmHg) was only 0.79[69]. Additional study
is needed to estimate the clinical usefulness of Fibrotest
for the diagnosis of PHT. The platelet count, and the
ratio of the platelet count to spleen diameter have shown
to be able to exclude the existence of EVs, however, in
the other studies, the results were not constant[70-72]. In
case of APRI score also showed low AUROC in recent
study in the prediction of the presence of EVs (EVs 0.62,
large EVs 0.71)[73,74].
In summary, noninvasive laboratory markers are still
insufficient for evaluating the dynamic changes in fibrosis
and especially in PHT, and wider validations in various
clinical situations are needed (Table 1).

the US-based evaluation of hepatic fibrosis or PHT in
chronic liver disease[75-82]. However, although US can provide a qualitative assessment of the composition of the
hepatic parenchyma, it is both subjective and operator
dependent. In addition, some studies have shown that the
sensitivity and specificity of US for hepatic fibrosis are
unacceptably low and that there is no correlation between
US findings and the histological stage of fibrosis on liver
biopsy[83,84].
Regional hepatic and systemic hemodynamic changes
are essential findings in liver fibrosis [85]. Therefore,
Doppler US has been used to detect the hemodynamic
changes that are known to be present from the pre-cirrhotic stages of hepatic fibrogenesis. Doppler US indices
include the PV blood volume, mean or maximum PV
velocity, portal blood flow, congestion index of the PV,
effective portal liver perfusion, and resistance indices of
arteries in the liver and spleen[77,85-90]. Furthermore, pulsed
wave Doppler can be applied to determine the changes
in the waveforms of the proper hepatic arteries, PV, and
hepatic vein (HV). Although the normal flow pattern
in the right HV is triphasic, patients with biphasic or
monophasic flow patterns tend to have advanced fibrosis
(Figure 2)[88,91-93]. In addition, HV waveform also showed
promising data for the prediction of severe PHT (HVPG
≥ 12 mmHg). Especially, damping index (DI) that was
calculated by the minimum velocity/maximum velocity of downward HV flow showed high accuracy with
AUROC = 0.860 for the prediction of severe PHT with
sensitivity 75.9% and specificity 81.8% and positive and
negative predictive values 91.1% and 58.1% respectively
in the value of 0.6 of DI[93]. In addition, it showed a parallel change to the change of HVPG after nonselective β
blocker[93], so more studies for the ability in estimation of
portal hemodynamic change are needs. However, Doppler measurement is influenced by many patient-related
factors, such as respiration and the timing of meals, as
well as observer variability and equipment differences.
Furthermore, collateral pathways, hepatic steatosis, and
inflammation further contribute to the variability in the
Doppler measurements[94-96].

DIAGNOSTIC IMAGING MODALITIES
In chronic liver disease, the imaging diagnosis plays several significant roles in patient management, both in terms
of diagnosing hepatocellular carcinoma and predicting
its progression to cirrhosis. The basic diagnostic imaging
modalities consist of ultrasound (US), computed tomography (CT), and magnetic resonance (MR) based methods, and many specific techniques derived from these
basic methods are currently being developed to achieve
convenient, non-invasive, and accurate diagnoses.
US based approaches
Gray scale and Doppler US are noninvasive, relatively
simple, and inexpensive tests that are used to study and
follow-up patients with chronic liver disease and cirrhosis. Various factors, including the liver size, bluntness of
the liver edge, coarseness of the liver parenchyma, nodularity of the liver surface, portal vein (PV) velocity, and
spleen size, have been suggested as useful parameters for
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Table 1 Diagnostic performance of serum biomarkers of fibrosis for significant fibrosis (F ≥ 2) and cirrhosis (F4) in patients With
hepatitis B or C
Biomarkers

Component

Etiologies

Patients (n )

F ≥ 2 (%)

F4 (%)

AUROC ≥ F2

AUROC F4

FibroTest[52]

GGT, haptoglobin, bilirubin,
apolipoprotein A1, alpha-2-macroglobulin
Age, GGT, cholesterol, platelets
AST, platelets
N-terminal propeptide of collagen type Ⅲ,
hyaluronic acid, TIMP-1, age
Age, sex, alpha-2-macroglobulin,
hyaluronate, bilirubin, GGT
Platelets, prothrombin time, macroglobulin,
AST, hyaluronate, age, urea
Age, ALT, AST, platelets

HCV

339

80

-

0.87

-

HCV
HCV
Mixed

476
270
1021/4961

26
50
40

17
12

0.81
0.80
0.78

0.89
0.89

HCV

211

57

16

0.82

0.89

Mixed

598/5032

56

37

0.89

0.81

HCV
HCV
HBV
Mixed
Mixed

847
183
173
146/871

74
50
48

17
25
8
16

0.83
0.81
0.89
0.98

0.85
0.95
0.93
0.979
0.99

Forns Index[162]
APRI[53]
ELF[56]
Hepascore[163]
Fibrometer[164]
FIB-4[165]
Fibroscan[110]
Fibroscan[115]
ARFI imaging[134]
MRE[161]
1

Number of HCV patients; 2Number of patients with viral hepatitis. AUROC: Area under ROC curve; CC: Correctly classified: true positive and negative;
HBV: Chronic hepatitis B; HCV: Chronic hepatitis C; NA: Not available; Se: Sensitivity; Sp: Specificity.

Taken together, gray scale and Doppler US are safe,
inexpensive and simple to use at the bedside or for outpatients, and combining multiple US indices can improve the
diagnostic accuracy of cirrhosis under some conditions.
Contrast-enhanced ultrasound (CEUS) imaging represents a new US modality for the assessment of chronic
liver disease. CEUS involves the intravenous administration of minute, gas-filled microbubbles that strongly
enhance the intensity of signals from the intravascular
flow. The various commercially available contrast agents
differ in their designs and kinetics, and can therefore
yield different results[97]. Bolus injections of microbubble
agents can be used for first-pass kinetics studies and to
assess transit times. Hepatic vein transit times (HVTT)
have been shown to be reduced with worsening liver
disease[98-102]. In theory, shorter hepatic vein transit times
in patients with chronic liver disease mainly present
secondary to arteriovenous shunting, sinusoid remodeling and arterialization of the capillary beds in the liver
and, to a lesser degree, shunting in the pulmonary and
gastrointestinal capillaries. In our study for compensated
cirrhosis, HVTT showed a significantly strong correlation
with PHT and the AUROC of HVTT for the diagnosis
of CSPH was 0.973. In addition, a shorter HVTT was
associated with worse Child-Pugh score (P < 0.001) and
esophageal varices (P = 0.018) (Figure 3)[102]. In addition,
the time intensity curve differs significantly between the
normal liver parenchyma and the cirrhotic liver, and the
level of decrease is related to the degree of liver damage
present or PHT[102,103].
Berzigotti et al[104] reported that the regional hepatic
perfusion (RHP, which was calculated as microbubbles
velocity X microbubble) increased in patients with cirrhosis and correlated with the degree of liver failure. RHP
increased along with liver functional reserve decrease
which was measured by indocyanin green clearance and
they suggested CEUS as a feasible novel, objective, quantitative, non-invasive tool for the estimation of RHP. Es-
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pecially in this study, RHP showed slight positive correlation with HVPG (R = 0.279, P = 0.041) and a tendency
to decrease after intravenous propranolol administration
(P = 0.08). In other study[104], the signal intensity of a region of interest within the liver parenchyma have also revealed that the accumulation of microbubbles in the liver
parenchyma is decreased in nonalcoholic steatohepatitis,
but not in nonalcoholic fatty liver disease or chronic viral
hepatitis.
CEUS-based tests for hepatic fibrosis and PHT could
be simple and noninvasive tests based on contrast agent
transit or the parenchymal enhancement pattern for reliably excluding cirrhosis. In particular, CEUS-based tests
could be useful in the assessment of intrahepatic or
systemic hemodynamic changes which are essential in advanced chronic liver disease. However, this method also
has some limitations, such as the requirements for the
injection of a contrast agent, considerable operator skill,
and access to the relevant technology. More intensive
studies and validation are needed
US based lS measurement: TE, acoustic radiation force
impulse, supersonic shear-wave elastography, and realtime elastography
The increase in LS associated with chronic liver disease
is primarily due to the presence of fibrosis[105]. Tissue
elastography, which was introduced in 1992, is used to
visualize differences in the mechanical properties among
tissues[106]. The most attractive advantage of tissue elastography is its ability to quantify the viscoelasticity of
the tissue, which means that it can be used to measure
hepatic fibrosis in the liver. To date, two US elastography
techniques have been used to measure LS: shear-wave
based elastography and real-time elastography. Shearwave based elastography includes TE (Fibroscan®), which
is the most widely evaluated and used, acoustic radiation
force impulse (ARFI) imaging, and supersonic shearwave elastography (SSWE). Shear-wave based elastog-
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10 s injection
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E
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r 2 = 0.545
P < 0.001

25.0
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15.0
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Figure 3 Hepatic vein enhancement with microbubble contrast-enhanced ultrasound and measurement of Hepatic vein arrival time and the correlation
between Hepatic Venous Pressure Gradient and Hepatic vein arrival time. A: Ultrasound images showing the HV (white arrows) before the contrast injection; B:
Arrival of microbubble contrast agent in the HV after contrast enhancement; HVAT was calculated as the time (in seconds) from injection to a sustained increase in
signal in the TIC to more than 10% above baseline; C: Recorded TIC profile shows early HVAT (11.0 s; the 10-s lead time was subtracted from 21.0 s) in a patient with
cirrhosis with HVPG of 20 mmHg; D: Recorded TIC profile shows an HVAT of 27.0 s (37.0 min 10 s) in a healthy control; E: HVAT was significantly linearly correlated
with HVPG in the patients with compensated cirrhosis (r2 = 0.545; P < 0.001). HV: Hepatic vein; CEUS: Contrast-enhanced ultrasonography; HVAT: Hepatic vein arrival time; HVPG: Hepatic venous pressure gradient; TIC: Time intensity curve[102].

raphy involves using an ultrasonic beam to measure the
propagation velocity of a shear wave through the soft tissue under investigation, and LS is displayed in kilopascals
(kPa) or centimeters per second (cm/s).
TE is the first commercialized elastography protocol
that was developed to noninvasively assess the stiffness
of deep soft tissues such as the liver. A mechanical vibrator generates a low-frequency elastic wave at 50 Hz to
produce a shear stress in the target tissue at a distance of
4 cm, after which, as mentioned above, the velocity of
the shear wave is measured using an ultrasound signal.
TE has been validated extensively by numerous investigations targeted at patients with chronic liver disease
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and cirrhosis, and TE findings are generally accepted
to be strongly correlated with the stage of liver fibrosis.
However, it does not provide a B-mode image which is
very helpful for targeting, and it has a high measurement
failure rate (15%-20%), mainly due to limiting factors
such as obesity and ascites[107]. ARFI imaging and SSWE
use focused high-intensity, short-duration acoustic pulses
instead of the mechanical vibration used in TE to produce a shear wave in the target tissue[108]. Similar to TE,
the shear-wave velocity is observed by aiming repeated
ultrasound beam pulses across the region of interest
(ROI). SSWE is a new type of the shear-wave based
US elastography technique and uses multiple acoustic
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radiation force impulses[109]. It can assess the viscoelastic
properties in all areas within the ROI, and the results are
displayed on a color-coded lookup table. ARFI imaging
and SSWE are expected to overcome the limitations of
TE, such as measurement failures due to severe obesity,
thick subcutaneous fat, and ascites. Moreover, they are
able to display a gray scale US image on the background
of the elastography and are thus more reliable and familiar to physicians who use conventional US. However, a
high level of clinical experience and evidence are needed
to apply either ARFI imaging or SSWE for the diagnosis
of liver fibrosis.
Most clinical studies about TE have focused on
its ability to identify significant fibrosis and cirrhosis,
because of an indication for antiviral treatment and initiating surveillance program for the early detection of
hepatocellular carcinoma (HCC) development. A number of studies have demonstrated that TE values are
significantly correlated with histological fibrosis stage
and have high diagnostic accuracy. In chronic hepatitis
C (CHC), the AUROC of TE ranged from 0.77 to 0.90,
with a cutoff value of 6.2-8.7 kPa for assessment of significant fibrosis (F ≥ 2), and an AUROC of 0.90-0.97
and cutoff value of 9.6-14.8 kPa for assessment of cirrhosis[22,110-114]. For chronic hepatitis B (CHB), AUROC
and cutoff value of TE for predicting significant fibrosis
and cirrhosis are 0.81-0.95, 6.3-7.9 kPa and 0.80-0.98 kPa,
9-13.8 kPa respectively[115-118]. In a recent meta-analysis,
TE also showed high sensitivity and specificity in hepatic
fibrosis assessment of NAFLD[119-123]. However, in case
of obesity [(body mass index (BMI) ≥ 30 kg/m2] which
is commonly associated in patients with NAFLD, the accuracy of TE decreases, and test may not be performable
in some cases (5%-13%)[62]. Recently introduced CAP is
known to relatively accurately evaluate the degree of fatty
infiltration, and a large number of clinical studies are anticipated to report meaningful results[124-126].
TE also reflects a progressive rise in PHT due to increased hepatic vascular resistance related with hepatic
fibrosis. TE has a good performance in discriminating
between patients with and without CSPH (AUROC =
0.82-0.94)[127]. In addition, TE value < 13 kPa exclude reliably CSPH, while values > 21 kPa had an accuracy equal
to that of HVPG ≥ 10 mmHg for the prediction of first
clinical decompensation in patients with compensated
cirrhosis[128]. As variceal bleeding is the most important
complication of PHT, the relationship between TE values and the presence of EVs has been also investigated
in several studies[73,129,130], and these studies showed that
there is a significant correlations between TE values and
the presence of EVs. However, TE still has limitations in
clinical application because of the cutoff values (range,
13.9-21.5 kPa) and performance of TE variability among
the studies (AUROC: 0.76-0.85)[73,129,130].
Recently a few studies have shown that the combination of TE, platelet count and spleen size by ultrasound
have superior diagnostic values in the identification of
the presence of CSPH and esophageal varices than single
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methods in patients with compensated cirrhosis of different etiologies[127]. Kim et al[131] recently proposed a
novel prediction model, LS-spleen diameter to platelet
ratio score (LSPS), using TE values and spleen diameter
to platelet ratio that reflect PHT in patients with CHB.
This model showed excellent diagnostic accuracy for prediction of high risk esophageal varices (AUROC = 0.953;
negative predictive value 94.7%, positive predictive value
93.3%). Another prospective study showed that LSPS
can be a reliable predictor of the development of variceal
bleeding. In this prospective, CHB patients with LSPS ≥
5.5 had higher cumulative incidence rates of esophageal
variceal bleeding during the follow-up period and LSPS
score ≥ 6.5 was an independent risk factor of variceal
bleeding from high risk esophageal varices, indicating
that prophylactic treatment should be considered in these
high risk patients[132]. A recent validation study for LSPS
showed that more than 80% of patients were accurately
classified using LSPS. Additionally, in this study, a new
modified LSPS, varices risk score were suggested and it
was superior to all other noninvasive tests for identifying
patients with EVs (AUROC = 0.909) with 85% correct
classification of patients[133].
ARFI imaging has similar accuracy with TE or ELF
for significant fibrosis with AUROC = 0.879 (0.861 and
0.764, for TE and ELF, respectively) and cirrhosis (0.936,
0.918, and 0.841) and the combination of ELF with
ARFI imaging or TE increased the negative and positive
predictive values of single tests for the diagnosis of significant fibrosis and cirrhosis[134]. A recent meta-analysis
included 13 studies in which 1163 patients with chronic
liver diseases showed similar sensitivity and specificity between ARFI imaging and TE for detection of significant
fibrosis (≥ F2) (Se and Sp were 0.74 and 0.83 for ARFI
imaging, 0.78 and 0.84 for TE) and cirrhosis (0.87 and
0.87 for ARFI imaging, 0.89 and 0.87 for TE)[135]. For
the relationship with PHT, just a little data can be found
and ARFI imaging also showed a good correlation with
HVPG (R = 0.709) and AUROC = 0.874 for predicting
CSPH[136]. However, in the prediction of EVs, ARFI imaging just has shown low AUROC = 0.58 and more data
is needed for establishment of its clinical significance[137].
In case of SSWE, one study evaluated 133 patients
with chronic hepatitis C by means of SSWE, TE and, in
a subgroup of patients, with liver biopsy. The AUROCs
of SSEW were 0.948 for ≥ F2, 0.962 for ≥ F3 and 0.968
for F4 cirrhosis[138]. Because just a little data has been reported, more data is needed for establishment of its clinical usefulness.
Another new trial in this field is to measurement of
spleen stiffness (SS). As well known, spleen congestion
is a specific feature of PHT; SS using TE or ARFI imaging has been recently applied to diagnose of CSPH and
esophageal varices, and had a higher accuracy than other
noninvasive parameters such as LSPS or platelet/spleen
ratio and MR elastography (MRE)[132,133,139]. In a recent
study, SS using TE showed AUROC = 0.941, 0.966 and
0.957 for the prediction of EV, CSPH and severe PHT
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Morphologic changes: In the advanced stages of cirrhosis, the morphologic changes in the liver can be clearly
demonstrated by both CT and MRI. Although the imaging features are highly specific for cirrhosis, the sensitivity
is very low for early cirrhosis. As cross-sectional imaging
can be used for the diagnosis of cirrhosis, several imaging
signs related to morphologic changes of the liver have
been investigated. A modified caudate: right-lobe ratio is
one of these morphologic CT signs[146,147], and is defined
by using the bifurcation of the right PV as a landmark,
which is considered to be a lateral boundary for the
caudate lobe and a medial boundary for the right lobe.
According to that study, the sensitivity and accuracy for
diagnosing cirrhosis was approximately 72% and 74%,
respectively, when using a modified caudate: right-lobe
ratio cut-off of greater than 0.90. The use of these signs
produces a very high specificity and positive predictive
value for diagnosing cirrhosis, but usually a low sensitivity. In other words, the morphologic changes associated
with cirrhosis that is visible on CT and MRI is usually
only observed in advanced cases. As such, CT and MRI
are not suitable for the early diagnosis of cirrhosis.

(HVPG ≥ 12 mmHg) respectively and these were similar with LS using TE[139]. In case of SS using ARFI, SS
showed better accuracy in the prediction of EV than LS
(AUROC = 0.933 vs 0.746)[140]. In addition, in a study
for 65 patients with EHPVO, LS and SS were higher in
patients with EHPVO (6.7 ± 2.3 kPa and 51.7 ± 21.5
kPa, respectively) than in control subjects (4.6 ± 0.7 kPa
and 16.0 ± 3.0 kPa, respectively) and patients with a history of a bleed had a higher SS than did those without
a bleed(60.4 ± 5.4 kPa vs 30.3 ± 14.2 kPa, P = 0.01). So,
SS showed a possibility as a predictor for variceal hemorrhage in this disease population[141]. However, measurement of SS with TE could have substantial limitations in
real performance and reproducibility, more validation has
to be followed.
Because advanced liver fibrosis and cirrhosis are the
most important risk factors of HCC development, several studies have evaluated the clinical role of TE for predicting HCC development[142,143]. In CHC patients study,
patients with higher TE values had a significantly higher
risk of HCC development according to the increase of
TE values (hazard ratio of 16.7 with 10.1-15 kPa, 20.9
with 15.1-20 kPa, 25.6 with 20.1-25 kPa, 45.5 with over
25 kPa) as compared to under 10 kPa[142]. Similarly, in
populations with CHB, TE value was also identified as an
independent risk factor for HCC development, with relative risks of 3.07, 4.68, 5.55, and 6.60 for respective TE
values of 8-13 kPa, 13-18 kPa, 18-23 kPa, and > 23 kPa
compared TE value to less than 8 kPa[143].
In summary, the development of various promising
techniques for measuring LS have helped overcome the
limitations not only for evaluating hepatic fibrosis or
CSPH but also for predicting the development of fatal
complications related to chronic liver disease and the
patient’s prognosis. Therefore, they can be considered a
useful tool to reduce the need of HVPG measurement
and endoscopy, and to improve the selection of patients
requiring further risk stratification. However, despite the
above mentioned advances in non-invasive assessment of
PHT, HVPG measurement cannot be fully replaced. In
addition, they cannot accurately predict the hemodynamic
response to non-selective β blocker[144]. Further investigations in this field have to be followed.

Hemodynamic changes: Hemodynamically, the cirrhotic liver is highly resistant to portal inflow, and the
systemic response that increase the splanchnic circulation
aggravates the situation, creating a vicious cycle that may
result in the development of PHT, hyperdynamic circulation and its complications[148]. Because conventional CT
and MRI are not functional imaging modalities, they are
not appropriate for evaluating the hemodynamic changes
in the liver. However, they are useful for observing the
secondary changes of PHT in a cirrhotic patient, such as
portosystemic collateral formation, splenomegaly, portal
hypertensive gastropathy, portal hypertensive colopathy,
and ascites.
Esophageal and paraesophageal varices are common
complications of cirrhosis, and arise from the impaired
venous drainage of the esophageal vein due to increased
portal venous pressure. A gastric varix is less common
than an esophageal varix and occurs in approximately
20% of patients with PHT[149]. In general, the estimation of the risk of variceal bleeding is made by using
endoscopic findings such as the size, color, and location
of varices[150]. However, in the era of multidetector CT,
which enables CT scanning at a submillimeter thickness,
CT can be used to obtain information not only about
the cirrhotic liver itself but also about the PHT caused
by cirrhosis. Various portosystemic collateral veins can
also be depicted in the CT scan, and physicians can plan
a strategy for the treatment of varices, including the
insertion of a transjugular intrahepatic portosystemic
shunt and balloon-occluded retrograde transvenous
obliteration. Moreover, as with endoscopy, demonstrating the presence of esophageal and gastric varices is
now possible using CT[151]. The sensitivity and specificity
of CT were found to be 96% and 55%, respectively, to
detect esophageal varices and 93% and 80%, respectively

CT- and MRI-based approaches
Cross-sectional imaging studies such as CT and MRI are
useful imaging modalities for the diagnosis of cirrhosis.
These modalities are considered to be standard methods
for the diagnosis of HCC on the background of chronic
liver disease, including cirrhosis[139,140,145]. The radiologic
features of advanced cirrhosis are normally obvious
and include surface nodularity, prominent fibrous septa,
shrinkage of liver volume, and an enlarged portal venous
system including varices and splenomegaly due to PHT.
However, it is difficult to diagnose the early stage of cirrhosis. As such, various functional techniques using CT
and MRI have been developed recently and described in
many hepatology and radiology journals.
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to detect high-risk esophageal varices[152]. Using the 1to 3-mm multiplanar reformat or surface-shaded display
can also increase the specificity of CT for the risk stratification of esophageal varices101. With regard to gastric
varices, the sensitivity and specificity were 83%-89% and
75%-79%, respectively[153,154]. Although these results are
not bad, the accuracy for small varices remains low.

3
4
5

6

MRE: MRE is an emerging technology that is used to
quantitatively assess the elasticity of the liver[86]. This modality can improve the contrast between different tissues
in the body compared with other imaging modalities,
such as ultrasound, CT, and conventional MRI. MRE
has been used in clinical practice for the assessment of
hepatic fibrosis since 2006[155,156]. Several clinical studies
have established the feasibility of MRE for the evaluation
of hepatic fibrosis[156-160], and in a recent meta-analysis,
the overall sensitivity, specificity, and AUROC of MRE
for histological grade ≥ F2 were 0.94, 0.95, and 0.98 and
for ≥ F4 were 0.99, 0.94, and 0.99 respectively[161].
There are several advantages of MRE over US based
elastography[158,166], such as not being influenced by body
habitus, not being operator dependent, and its potential
ability to assess the entire liver. However, this technique
is expensive and cannot yet be regularly used in all medical institutions and further research is required to validate
liver MRE against long-term clinical outcomes.

7

8

9
10
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CONCLUSION
Chronic liver disease is a heterogeneous and dynamic
condition. The exact estimations of the stage and the
changes in hepatic fibrosis and PHT are essential in the
management of patients with this disease. Until now, no
non-invasive diagnostic tests have satisfied such clinical needs. Recently, a few tests, such as LS measurement
based on TE or MR and CEUS-based hemodynamic
analysis, have shown promising results in this field[167].
However, the reproducibility of these non-invasive tests
needs to be validated in diverse clinical situations and
etiologies. Especially, it is important to study about the
long term prognostic value non-invasive tests in hepatic
fibrosis and PHT that can leads to new paradigm in the
tailored management of chronic liver disease. Notably,
the integration of information derived from serologic
tests with that of other non-invasive tests, such as TE, allows the progression in the management of patients with
chronic liver disease in the future.
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suppressor FBP-interacting repressor for cancer therapy
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missible, Sendai virus (SeV) vector encoding FIR cDNA,
SeV/dF/FIR, was prepared. SeV/dF/FIR was examined
for its gene transduction efficiency, viral dose dependency of antitumor effect and apoptosis induction in
HeLa (cervical squamous cell carcinoma) cells and
SW480 (colon adenocarcinoma) cells. Antitumor efficacy in a mouse xenograft model was also examined.
The molecular mechanism of the anti-tumor effect and
c-Myc suppression by SeV/dF/FIR was examined using
Spliceostatin A (SSA), a SAP155 inhibitor, or SAP155
siRNA which induce c-Myc by increasing FIR∆exon2 in
HeLa cells.
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RESULTS: FIR was found to repress c-myc transcription and in turn the overexpression of FIR drove apoptosis through c-myc suppression. Thus, FIR expressing
vectors are potentially applicable for cancer therapy.
FIR is alternatively spliced by SAP155 in cancer cells
lacking the transcriptional repression domain within
exon 2 (FIR∆exon2), counteracting FIR for c-Myc protein expression. Furthermore, FIR forms a complex
with SAP155 and inhibits mutual well-established functions. Thus, both the valuable effects and side effects
of exogenous FIR stimuli should be tested for future
clinical application. SeV/dF/FIR, a cytoplasmic RNA
virus, was successfully prepared and showed highly
efficient gene transduction in in vivo experiments.
Furthermore, in nude mouse tumor xenograft models,
SeV/dF/FIR displayed high antitumor efficiency against
human cancer cells. SeV/dF/FIR suppressed SSA-activated c-Myc. SAP155 siRNA, potentially produces FIR
∆exon2, and led to c-Myc overexpression with phosphorylation at Ser62. HA-FIR suppressed endogenous
c-Myc expression and induced apoptosis in HeLa and
SW480 cells. A c-myc transcriptional suppressor FIR
expressing SeV/dF/FIR showed high gene transduction
efficiency with significant antitumor effects and apoptosis induction in HeLa and SW480 cells.

Abstract
AIM: To investigate a novel therapeutic strategy to
target and suppress c-myc in human cancers using far
up stream element (FUSE)-binding protein-interacting
repressor (FIR).
METHODS: Endogenous c-Myc suppression and apoptosis induction by a transient FIR-expressing vector
was examined in vivo via a HA-tagged FIR (HA-FIR)
expression vector. A fusion gene-deficient, non-trans-
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CONCLUSION: SeV/dF/FIR showed strong tumor growth
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required for correct P27Kip1 (P27) pre-mRNA splicing,
after which P27 arrests cells in G1[8]. Third, SAP155 is
required for correct FIR pre-mRNA splicing and thus the
FIR/FIR∆exon2/SAP155 interaction bridged c-myc and
p27 expression[9]. Accordingly, SAP155-mediated alternative splicing of FIR serves as a molecular switch for c-myc
expression[9]. Finally, spliceostatin A (SSA), a natural SF3b
inhibitor, markedly inhibited P27 expression by disrupting its pre-mRNA splicing and reducing cdk2/cyclinE
expression[10]. Taken together, these findings suggest that
exogenous FIR stimuli potentially affect the FIR/FIR∆
exon2/SAP155 interaction which is pivotal for the cell
cycle, cancer development and differentiation.
In this study, a fusion gene-deficient human FIR-expressing Sendai virus vector (SeV/dF/FIR) was prepared
for future cancer therapy for the following reasons; Sendai virus (SeV), a member of the Paramyxoviridae family,
has envelopes and a nonsegmented negative-strand RNA
genome. The SeV genome contains six major genes in
tandem on a single negative-strand RNA. Three proteins,
the nucleoprotein (NP), phosphoprotein (P) and large
protein (L; the catalytic subunit of the polymerase) form
a ribonucleoprotein complex (RNP) with the SeV RNA.
Matrix proteins (M) contribute to the assembly of viral
particles, hemagglutinin-neuraminidase (HN) and fusion
proteins (F) engage in the attachment of viral particles
and infiltration of RNPs into infected cells. Importantly,
SeV does not transform cells by integrating its genome
into the cellular genome[11]. Therefore, SeV can mediate
gene transfer and expression to a cytoplasmic location
using cellular tubulin[12], thereby avoiding possible malignant transformation due to the genetic alteration of host
cells. These are the safety advantages of SeV. Recently,
a novel SeV vector was established where an enhanced
green fluorescent protein (EGFP) reporter gene was
inserted at the 3’-end of fusion gene-deficient SeV genomic RNA (SeV/dF/EGFP)[13]. This SeV/dF/EGFP
is incapable of self-replication, but capable of infecting
various cells, including human smooth muscle cells, hepatocytes, and endothelial cells, thus the SeV/dF/EGFP
has a broad spectrum of gene transfer activity[9,10]. In this
study, SeV/dF/FIR was prepared following the method
for SeV/dF/EGFP[12,13]. The validity of SeV/dF/FIR for
cancer therapy was examined in animal xenograft models
as SeV/dF vectors have been shown to be applicable for
clinical use[14-18]. The clinical use of SeV/dF/FIR for cancer therapy is also discussed.

suppression with no significant side effects in an animal
xenograft model, thus SeV/dF/FIR is potentially applicable for future clinical cancer treatment.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Cancer gene therapy; c-myc suppressor;
Far up stream element-binding protein-interacting repressor; Sendai virus vector
Core tip: The authors performed in vivo experiments
and included an animal model to examine the Sendai
virus/dF/Far Up Stream Element-Binding Protein-Interacting Repressor for cancer gene therapy to minimize
side effects for clinical use.
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Tomonaga T, Matsubara H, Nomura F. Non-transmissible Sendai virus vector encoding c-myc suppressor FBP-interacting
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INTRODUCTION
c-Myc plays an essential role in cell proliferation and
tumorigenesis. c-myc activation was also shown to be required for skin epidermal and pancreatic beta-cell tumor
maintenance in c-MYC-ERTAM transgenic mice[1]. High
c-myc expression level in colorectal cancer tissues was
associated with poor long-term survival of colorectal
cancer patients[2]. The far up stream element (FUSE) is a
sequence required for correct expression of the human
c-myc gene[3]. The FUSE is located at 1.5 kb upstream of
c-myc promoter P1, and binds the FUSE binding protein (FBP), a transcription factor which stimulates c-myc
expression in a FUSE-dependent manner[4]. Yeast twohybrid analysis revealed that FBP binds to a protein that
has transcriptional inhibitory activity termed the FBP
interacting repressor (FIR). FIR interacts with the central
DNA binding domain of FBP[5]. Recently, FIR was found
to engage the TFIIH/p89/XPB helicase and repress c-myc
transcription by delaying promoter escape[5,6]. Furthermore, exogenous FIR expression represses endogenous
c-myc transcription, and drives apoptosis due to the decrease in c-Myc[7]. Although these observations indicate
that cancer therapies targeting c-myc suppression by FIR
may be a useful strategy, the mechanism of the antitumor
effect of FIR should be determined in detail prior to clinical testing. For example, first, FIR is alternatively spliced
in colorectal cancer lacking the transcriptional repression
domain within exon 2 (FIR∆exon2)[7]. Second, FIR and
FIR∆exon2 form a homo- or hetero-dimer, which complexes with SAP155, a subunit of the essential splicing
factor 3b (SF3b) subcomplex in the spliceosome, and is
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MATERIALS AND METHODS
Plasmids
Full-length FIR cDNA (HA-FIR) was cloned into the
pCGNM2 vector plasmid to introduce the hemagglutinin (HA)-tag at the amino termini[7]. Full-length FIR
cDNA was cloned into the p3xFLAG-CMV-14 vector
(Sigma, MO, United States) to introduce the Flag-tag at
the amino termini for the selection of FIR-Flag in 293T
cells (performed by Dr. T.N.). Plasmids were prepared by
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CsCl ultra-centrifugation or the Endofree® Plasmid Maxi
Kit (Qiagen, MD, United States) and the DNA sequences
were verified.

of the parental SeV vector cDNA, pSeV18+b(+)/dF[15], to
generate pSeV18+hFIR/dF. pSeV18+hFIR/dF was transfected to LLC-MK2 cells which were preliminarily infected with
psoralen- and long-wave UV-treated vaccinia virus vTF7-3,
expressing T7 polymerase. The cells were then washed
twice with DMEM, and cultured for 24 h in DMEM containing cytosine β-D-arabinofuranoside (AraC; 40 μg/ml)
and trypsin (7.5 μg/ml). LLC-MK2/F7/A cells expressing the F protein were suspended in DMEM containing
AraC and trypsin, and layered onto the transfected cells,
and cultured at 37 ℃ for an additional 48 h. The recovered
vector in the culture supernatants was propagated using the
LLC-MK2/F7/A cells. A GFP expression vector (SeV/
dF/GFP) was prepared as previously described[8]. The viral
vectors were further amplified by several rounds of propagation. The virus titers of the recovered vectors were determined by their infectivity and expressed using cell-infectious
units (CIU). These vectors were frozen at -80 ℃ until use.

Tumor cell lines
HeLa cells (human cervical squamous cell carcinoma
cells), LoVo and SW480 cells (human colon cancer cell
lines) and LLC-MK2 a rhesus monkey kidney cell line
were purchased from the American Type Culture Collection (Manassas, VA, United States). Yes-5, a human
esophageal squamous cell carcinoma cell line was established by Dr Takuo Murakami (Yamaguchi University,
Yamaguchi, Japan). All cell lines were cultured at 37 ℃ in
a humidified atmosphere containing 5% CO2. All tumor
cell lines, except LLC-MK2 cells [which were maintained
in DMEM; Dulbecco’s Modified Eagle’s Medium (Gibco
BRL, NY, United States)] were cultured in tissue flasks or
Petri dishes containing RPMI-1640 (Gibco, NY, United
States) supplemented with 10% heat-inactivated FBS and
penicillin (100 units/mL), streptomycin (0.1 mg/mL),
and 2 mmol/L glutamine.

SeV/dF/GFP-mediated green fluorescent protein
transduction efficiency
One million LLC-MK2 cells and HeLa cells were seeded
in six-well plates and transduced with SeV/dF/GFP when
monolayers reached 60%-80% confluence. As the standard inoculation procedure for vaccination, the monolayers were washed twice with PBS and overlaid with serumfree medium containing SeV/dF/GFP at a multiplicity
of infection (MOI) of 0, 1, 10, 50, 100, or 300. After
incubation at 37 ℃ for 90 min, non-adsorbed virus was
removed, medium containing 10% FBS was added, and
the cells were incubated for more than 48 h at 37 ℃. The
transduction studies were carried out in triplicate for each
MOI. Microscopy was used to detect transduced cells by
GFP fluorescence. At 72 h after transduction, the GFPtransduced cells were analyzed for GFP expression using
a FACS Calibrator (BD Pharmingen, Franklin Lakes, NJ,
United States).

Immunocytochemistry, protein extraction and
immunoblotting
Immunocytochemistry was performed as described previously[7]. Protein extraction and immunoblotting are described elsewhere[8,9].
siRNA against FIR or SAP155
SAP155 siRNA duplexes were purchased from Sigma
Aldrich. The target sequences for SAP155 siRNA oligonucleotides were listed previously[8]. Luciferase GL2
duplex was used as a negative control for siRNA targeting
5’-CGTACGCGGAATACTTCGA-3’. Transient transfection of siRNA was carried out using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions.
The transfected cells were cultured for 72 h at 37 ℃ in a
5% CO2 incubator.

MTS assay to assess cell viability
The inhibitory effects of viruses on the proliferation of
cultured cells were examined using the CellTiter96™ AQueous
One Solution Proliferation Assay (Promega, Madison, WI,
United States). In brief, five thousand cells were plated in
each well on day 0. On day 1, 24 h later, HeLa cells were
infected with SeV/dF/FIR or SeV/dF/GFP as the control
at 0.1 to 10 MOI, and cultured for 2 d. On day 3, cell viability was quantified by measuring the absorbance at 570 nm
after incubation with the tetrazolium compound [3-(4,5-dimethylthiozol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS), and an electron
coupling agent, phenazine ethosulfate (PES)] (Promega,
Madison, WI, United States) for 4 h. The absorbance at
570 nm was measured by a Mutiabel Counter™, ARVOSX
WAIIAC™ (Perkin Elmer, MA, United States). The results
are shown as percentages of the uninfected control cells.

Apoptosis detection
Apoptotic cells were detected by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay
according to the manufacturer’s instructions (Apoptosis
Detection System, Fluorescein, Promega, WI, United
States) as described previously[7]. Apoptosis detection by
APOPercentage apoptosis assay™ (Funakoshi Co., Ltd.,
Tokyo, Japan) was performed according to the manufacturer’s instructions[9].
Construction of SeV vector
Human FIR cDNA was amplified with a pair of NotI
site-tagged primers containing SeV-specific transcriptional
regulatory signal sequences, (End and Start, italicized
below) 5’-ATTGCGGCCGCCAAGGTTCAATGGCGACGGCGACCATAGC-3’ and 5’-ATTGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCACGCAGAGAGGTCACTGTTATCAAAACGC-3’.
The amplified fragment was introduced into the NotI site
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Mice
Six- to eight-week male immuno-competent Balbc/nu/
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nu mice were purchased from Clea Japan (Tokyo, Japan)
and housed in the Animal Maintenance Facility at Chiba
University under specific pathogen-free conditions. All
animal experiments were approved by the Committee
of the Ethics on Animal Experiments in the Faculty of
Medicine, Chiba University and carried out following the
Guidelines for Animal Experiments in the Faculty of
Medicine, Chiba University, Chiba, Japan and The Law
and Notification of the Government. Mouse experiments
were carried out at least twice to confirm the results.

the experiments.
Transduction efficiency of the SeV/dF/GFP vector in
various human tumor cell lines
Nine human and five murine tumor cell lines plus nontumor cells, propagated in vitro were collected, transduced
by SeV/dF/GFP, and examined for gene transduction
efficiency. Flow cytometric analyses showed dose-dependent GFP expression, and optimal expression was obtained at a MOI of 10-100; > 90% GFP-positive tumor
cell lines were detected at a MOI over 10 (Figure 3A and
data not shown). Furthermore, SeV/dF/FIR, but not
SeV/dF/GFP significantly suppressed HeLa cell (human
cervical squamous carcinoma) growth as shown by the
APOPercentage assay (Figure 3B), indicating SeV/dF/
FIR suppresses tumor cell growth by apoptosis in vivo.

Tumor xenograft experiments
The in vivo inhibition of tumorigenicity of HeLa cells
(human cervical squamous cell carcinoma cells) was
examined by SeV/dF/FIR or SeV/dF/GFP injection
(as the control). 5 × 106 cells/50 μl PBS of HeLa cells
were injected under the skin in the right thigh of nude
mice (6-wk old males). Tumor growth was observed and
the long and short diameter measured for tumor volume
calculation. Thirty days after inoculation, tumors grew
up to 5-8 mm in diameter in 18 of 18 mice (100%). Tumor size was calculated using the formula, (a × b2)/2,
where a and b represent the larger and smaller diameters,
respectively, and was monitored every 3 d.

SeV/dF/FIR vector showed anti-tumor activity in the
mouse xenograft model
SeV/dF/FIR, but not SeV/dF/GFP, significantly suppressed cell growth in HeLa cells (Figure 4A) and SW480
cells when analyzed by Dunnet’s test for multiple comparisons (Figure 4B). Of note, xenograft tumors 2 cm in
diameter disappeared completely following SeV/dF/FIR
treatment, indicating that SeV/dF/FIR has immunological effects (Figure 5)[24,25].

FIR-binding protein identification
The methods for the direct nanoflow liquid chromatography-tandem mass spectrometry system with FIR-FLAG
transiently transfected 293T nuclear extracts have been
described previously[19-23].

FIR was co-immunoprecipitated with SAP155
If SeV/dF/FIR is to be tested clinically, endogenous
FIR-interacting proteins should be identified to avoid
unexpected side effects. For this purpose, the FIR-FLAG
tag vector was transiently expressed in 293T cells and
co-immunoprecipitated with anti-FLAG conjugated
beads to detect FIR-binding proteins[19-23] (Table 1). As
reported previously, FBP (Far upstream element-binding
protein)[26,27], SAP155[28], and SRp54 (splicing factor, arginine/serine rich-12)[28] were identified as candidate FIRbinding proteins. To date, no significant side effects have
been observed following SeV/dF/FIR treatment including our study[29].

RESULTS
HA-FIR suppresses endogenous c-Myc expression with
apoptosis induction in vivo
To examine endogenous c-myc gene suppression by FIR,
HA-FIR expression plasmids were transfected into HeLa
cells, and c-Myc expression was visualized by immunostaining with anti-c-Myc antibodies (Figure 1A; upper
panels: HA-FIR is red; c-Myc is green). c-Myc levels were
greatly diminished in HA-FIR expressing cells (arrows),
demonstrating that FIR represses endogenous c-Myc expression in SW480 (Figure 1A; middle panels) and LoVo
cells (Figure 1A; lower panels). After HA-FIR expression
plasmids were transfected into HeLa, SW480 or LoVo
cells, apoptotic cells were visualized by TUNEL assay.
HA-FIR transfected cells were definitively associated with
apoptosis (Figure 1B).

SeV/dF/FIR suppressed SSA-activated c-Myc
We previously reported that the adenovirus vector encoding FIR∆exon2 (Ad-FIR∆exon2) activates not only c-myc
transcription, but also c-Myc protein expression in HeLa
cells[8]. However, the extent of c-Myc protein activation
by Ad-FIR∆exon2, evaluated by western blot analysis,
could not be explained solely by c-myc transcription activation[8]. Therefore, we hypothesized that c-Myc protein
should be modified by Ad-FIR∆exon2 to be more stable.
Ad-FIR∆exon2 expression leads to increased levels of
c-Myc phosphorylated at Ser62 (data not shown), indicating that stable c-Myc protein accumulates in cells[30,31]. As
reported previously, SAP155 siRNA inhibited FIR premRNA splicing and generated FIR∆exon2[8,9]. In fact,
SAP155 siRNA increased levels of c-Myc phosphorylated
at Ser62 and Ad-FIR∆exon2 (Figure 6A). In other words,
Ad-FIR∆exon2, which lacks the transcriptional repressor

FIR protein expression by fusion gene-deficient SeV/dF/
FIR
SeV/dF/FIR and SeV/dF/GFP were prepared as described in Materials and Methods (Figure 2A, B). SeV/
dF/FIR vectors were infected into LLC-MK2 or HeLa
cells. FIR protein expression level was examined by western blot with anti-FIR antibody (6B4) (Figure 2C). At
least 1 × 1010 CIU of fusion gene-deficient SeV/dF/FIR
virus particles were prepared at amplification for use in
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c-Myc

HA-FIR
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LoVo
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Merge

LoVo
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B

Figure 1 Far up stream element-binding protein-interacting repressor suppresses endogenous c-Myc in SW480 and LoVo cells as well as HeLa cells. A:
100 fmol of HA-FIR was transfected into the colon cancer cell lines, SW480 and LoVo cells, as well as HeLa cells (cervical squamous cell carcinoma cells) in a 6-well
plate. After 48 h transfection, cells were fixed and immunostained against c-Myc (left, green) or HA (middle, red) antibodies. Arrowheads (HeLa), thick arrows (SW480)
and thin arrows (LoVo) show the cells in which HA-FIR plasmids were expressed. c-Myc expression (left, green) was markedly reduced in most HA-FIR-expressing
cells (middle, red) (indicated by arrowheads and arrows); B: HA-FIR transfected cells were definitively associated with apoptosis as revealed by TUNEL assay in
HeLa, SW480 and LoVo cells. Nuclear DNA was stained with DAPI (right, blue). FIR: FBP Interacting Repressor; FBP: FUSE-Binding protein; FUSE: Far Upstream
Element.
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Figure 2 Structures and procedures for generating fusion gene-deficient Sendai virus/dF/far up stream element-binding protein-interacting repressor (SeV/
dF/FIR) or Sendai virus/dF/green fluorescent protein vectors (SeV/dF/GFP) from Sendai virus genome RNA. A: Schematic genome structures of wild-type (SeV)
and fusion gene-deficient (SeV/dF; non-transmissible) vector carrying the human FIR (hFIR) gene or jellyfish green fluorescent protein (GFP). The open reading frame
or the FIR or GFP gene was inserted with the SeV-specific transcriptional regulatory signal sequences. T7; T7 promoter, Rbz; hepatitis delta virus ribozyme sequence;
B: Schematic representation of the procedure for generating the fusion gene-deficient SeV/dF/FIR or SeV/dF/GFP. SeV/dF/FIR or SeV/dF/GFP virus particles were
propagated using fusion protein-expressing packaging cells (LLC-MK2/F7/A) after preparation in LLC-MK2 cells using the four plasmids driven by a recombinant vaccinia virus expressing T7 RNA polymerase which had been inactivated with psoralen and long-wave UV light (UV-vTF7-3); C: SeV/dF/FIR virus vectors were infected
into HeLa cells and whole cell proteins were extracted for western blot analysis. SeV/dF/FIR expresses FIR proteins. FIR: FBP Interacting Repressor; FBP: FUSEBinding protein; FUSE: Far Upstream Element; SeV: Sendai virus; NP: nucleoprotein; P: phosphoprotein; L: the catalytic subunit of the polymerase large protein
forms a ribonucleoprotein complex (RNP) vector and was transfected separately with the SeV RNA. See Materials and Methods.

domain, directly or indirectly activated c-myc expression
not only through transcription, but also through protein
level, suggesting that FIR∆exon2 acts in opposition to
the repressor function by FIR[8].
In this study, the effect of SeV/dF/FIR was examined to determine whether it suppresses the increase in
c-Myc after SSA treatment. SeV/dF/FIR suppressed
SSA-induced c-Myc activation (Figure 6B, compare lane
2 with lane 1), but not basal c-Myc expression (Figure
6B, compare lanes 4 to 3 and 6 to 5, respectively). These
results were consistent with previous reports that FIR
suppresses activated, but not basal, c-myc transcription[6].
These observations suggest that the increase in c-myc by
either SAP155 siRNA or SSA treatment is due to reduced
FIR activity, or an increase in the ratio of FIR∆exon2/
FIR in HeLa cells. Taken together, these results suggest
that SeV/dF/FIR is potentially clinically applicable for
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cancer therapy as it counteracts SSA-activated c-Myc
(Figure 6B, compare lane 2 with lane 1) as well as endogenous c-Myc (Figure 1A).
SeV/dF vector transduction
F gene-deficient SeV vectors (SeV/dF) can transduce
cells in a wide range of tissues such as respiratory, nervous, muscular, epithelial and immune tissues[11,32-35].
Transduction efficiency to cell lines from various tissues
was examined and compared to the adenovirus vector expressing LacZ (Ad5/LacZ) at the same MOI. The transduction efficiency of SeV/dF to those cells was even
higher than that of adenovirus vector (Figure 7).

DISCUSSION
Overexpression of c-Myc has been known to promote
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SeV/dF/GFP 10 MOI 3 d
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SeV/dF/GFP
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Figure 3 High efficiency of Sendai virus/dF/green fluorescent protein vectors to HeLa cells and Sendai virus/dF/green fluorescent protein vectors indicates significant cell growth inhibition with apoptosis. A: HeLa cells were infected with a 10 MOI of SeV/dF/FIR virus vector and cultured in DMEM for 3 d (72
h). The same amount of 10 MOI SeV/dF/GFP was also used to infect the control. As shown in the left lower panel, SeV/dF/GFP infected almost 100% cells (green).
Under these conditions, SeV/dF/FIR significantly inhibited cell growth as shown in the left upper panel. Mock and 10 MOI SeV/dF/GFP showed no cell growth inhibition as seen in the right upper and lower panels; B: HeLa cells infected by 10 MOI SeV/dF/FIR for 3 d showed significant cell damage revealed by the APO Percentage apoptosis assay™, compared to mock or the same conditions of SeV/dF/GFP virus infected HeLa cells. 5 mmol/L H2O2 was used as a positive control. FIR: FBP
Interacting Repressor; FBP: FUSE-Binding protein; FUSE: Far Upstream Element; SeV: Sendai virus; GFP: green fluorescent protein; MOI: multiplicity of infection.

Ectopic c-myc expression in hematopoietic cells using the
tetracycline regulatory system caused malignant T cell
lymphomas and acute myeloid leukemia; subsequent inactivation of the transgene caused regression of established
tumors[36]. These observations have provided encourage-

cell growth, proliferation and immortalization, whereas a
reduction in c-Myc induces apoptosis. The recent genetic
construction of the mouse in which the expression of
c-myc can be switched on or off in vivo has emphasized
the significance of c-Myc expression in tumorigenesis.
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Figure 4 Sendai virus/dF/far up stream element-binding protein-interacting repressor decreased HeLa cell growth in vitro and in a xenograft animal model.
HeLa cells (A) and SW480 cells (B) were infected with 0, 0.1, 1, and 10 MOI of SeV/dF/FIR or SeV/dF/GFP vectors and cell growth was measured by MTS assay (see
Materials and Methods). Results are shown as the percentage of cell number at day 0. Points, mean of three separate experiments; bars, SD. Statistical significance
was analyzed by Dunnett’s test for multiple comparisons (SeV/dF/FIR vs SeV/dF/GFP, P < 0.007). Two weeks after 5 × 106 HeLa cells were xenografted into the right
thigh of Balbc/nu/nu mice, the tumor size was approximately 7-8 mm. 3.0 × 107 CIU of SeV/dF/FIR or SeV/dF/GFP vector were injected directly around the tumor, and
the tumor growth was observed and measured every three days as described in Materials and Methods. Results are shown as the ratio of tumor volume compared to
the size at day 0. The tumor volume at day 0 of SeV/dF/FIR (n = 6), SeV/dF/GFP (n = 5), and control (n = 5) were 1173.1 + 259.2, 836.0 + 259.2, and 972.2 + 327.0
(average ± SD) mm3, respectively. The average tumor volume at day 0 was estimated as 1 in each experiment. Arrows indicate the injection of SeV/dF/FIR or SeV/dF/
GFP vectors. FIR: FBP Interacting Repressor; FBP: FUSE-Binding protein; FUSE: Far Upstream Element; SeV: Sendai virus; GFP: green fluorescent protein; MOI:
multiplicity of infection.
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Figure 5 Sendai virus/dF/Far up stream element-binding protein-interacting repressor vector showed anti-tumor activity in a mouse xenograft model. 106
Yes-5 cells were xenografted into the right thigh of Balbc/nu/nu mice, and the tumor size was approximately 15 mm in diameter at Day 0. 3.0 × 107 CIU of SeV/dF/FIR
vectors were injected directly around the tumor every two days, seven times in total. Tumor growth was observed and measured every two days as described in Materials and Methods. Ulcer formation was observed in the center of the tumor (day 14 after SeV/dF/FIR injection). Tumor size was significantly diminished with ulcer
formation (day 90) and disappeared completely during surveillance (day 140). Thick arrows in the images indicate the tumor margin. Thin arrows indicate the injection of SeV/dF/FIR vectors into the tumor. FIR: FBP Interacting Repressor; FBP: FUSE-Binding protein; FUSE: Far Upstream Element; SeV: Sendai virus; CIU: cellinfectious units.
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Table 1 Co-immunoprecipitaed proteins with far up stream element-binding protein-interacting repressor in 293T cells
Hit preys
CDKN2AIP
CDYL
DAZAP1
DDX17
DDX5
ELAVL1
FAM120A
FUBP1|FUBP3|KHSRP
FUBP1|KHSRP
HNRNPA1
HNRNPA1|HNRNPA1L2
HNRNPA1|HNRNPA1L2|LOC402562
HNRNPA2B1
HNRNPA3
HNRNPAB
HNRNPAB|HNRNPD
HNRNPD
HNRNPH1
HNRNPK
HNRNPL
HNRNPM
HNRNPR
HNRNPU
HNRNPUL1
HNRPDL
IFIT5
IGF2BP1
IGF2BP1|IGF2BP3
IGF2BP2
IGF2BP3
ILF2
KHDRBS1
KHDRBS1|KHDRBS2|KHDRBS3
KHSRP
KIAA1967
LARP1
LRPPRC
LSM12
MAGOH|MAGOHB
MATR3
MOV10
MSI2
PABP3|PABPC1|PABPC3
PABPC1
PABPC1|PABPC1L|PABPC5
PABPC1|PABPC4
PABPC1L2B|PABPC4
PABPC4
PABPC4|PABPC4L
PABPN1
PCBP1|PCBP2|PCBP3|PCBP4
PCBP2|PCBP3
PTBP1
SF3B1
SF3B14
SF3B3
SF3B4
SFPQ
SFRS11
SFRS12
SNRPD1
SSB
SYNCRIP
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CDKN2A interacting protein
Chromodomain protein, Y chromosome-like
DAZ associated protein 1
DEAD box polypeptide 17
DEAD (Asp-Glu-Ala-Asp) box polypeptide 5
ELAV-like 1
Oxidative stress-associated Src activator
Far upstream element-binding protein family
Far upstream element-binding protein family
Heterogeneous nuclear ribonucleoprotein A1
Heterogeneous nuclear ribonucleoprotein; A1 or A1-like
Nuclear ribonucleoprotein A1 family
Heterogeneous nuclear ribonucleoprotein A2/B1
Heterogeneous nuclear ribonucleoprotein A3
Heterogeneous nuclear ribonucleoprotein A/B; isoform a
Heterogeneous nuclear ribonucleoprotein; A/B or D
Heterogeneous nuclear ribonucleoprotein D; isoform c
Heterogeneous nuclear ribonucleoprotein H1
Heterogeneous nuclear ribonucleoprotein K
Heterogeneous nuclear ribonucleoprotein L
Heterogeneous nuclear ribonucleoprotein M; isoform a
Heterogeneous nuclear ribonucleoprotein R
Heterogeneous nuclear ribonucleoprotein U; isoform a
Heterogeneous nuclear ribonucleoprotein U-like 1
Heterogeneous nuclear ribonucleoprotein D-like
Interferon-induced protein with tetratricopeptide repeats 5
Insulin-like growth factor 2 mRNA binding protein 1
Insulin-like growth factor 2 mRNA binding protein; 1 or 3
Insulin-like growth factor 2 mRNA binding protein 2
Insulin-like growth factor 2 mRNA binding protein 3
Interleukin enhancer binding factor 2
KH domain containing, RNA binding, signal transduction associated 1
KH; domain containing, RNA binding, signal transduction associated 1
Or domain-containing, RNA-binding, signal transductionKH-type splicing regulatory protein
p30 DBC protein
La related protein
Leucine-rich PPR motif-containing protein
LSM12 homolog
Mago-nashi homolog; or B
Matrin 3
Mov10, Moloney leukemia virus 10, homolog
Musashi 2; isoform a
Poly (A) binding protein, cytoplasmic 1
Or poly (A) binding protein, cytoplasmic 3
Poly (A) binding protein, cytoplasmic 1
Poly (A) binding protein, cytoplasmic 1 or poly(A) -binding protein,
Cytoplasmic 1-like or poly (A) binding protein, cytoplasmic 5
Poly (A) binding protein, cytoplasmic 1
Or poly A binding protein, cytoplasmic 4
Poly (A) binding protein, cytoplasmic 1-like 2B
Or poly A binding protein, cytoplasmic 4
Poly A binding protein, cytoplasmic 4
Poly A binding protein, cytoplasmic 4
Poly (A) binding protein, nuclear 1
Poly (rC) binding protein; 1 or 2 or 3 or 4
Poly (rC) binding protein; 2 or 3
Polypyrimidine tract-binding protein 1; isoform d
Splicing factor 3b, subunit 1
Splicing factor 3B, 14 kDa subunit
Splicing factor 3b, subunit 3
Splicing factor 3b, subunit 4
Splicing factor proline/glutamine rich (polypyrimidine tract binding
Splicing factor, arginine/serine-rich 11 (SRp54)
Splicing factor, arginine/serine-rich 12
Small nuclear ribonucleoprotein D1 polypeptide 16 kDa
Autoantigen La
Synaptotagmin binding, cytoplasmic RNA interacting protein

4324

April 21, 2014|Volume 20|Issue 21|

Matsushita K et al . FIR-encoding Sendai virus vector for cancer gene therapy
THADA
TRMT1
TROVE2
XRN2
Total hit preys:

Thyroid adenoma associated
tRNA methyltransferase 1
TROVE domain family, member 2; isoform 2
5'-3' exoribonuclease 2
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Figure 6 SAP155 siRNA induces c-Myc activation with ErK phosphorylation, but suppresses phosphorylated-cdk2/cyclinE expression. HeLa cells were
treated with SAP155 siRNA for three days (72 h). A: SAP155 siRNA, as well as SSA treatment, increased not only c-Myc expression level, but also c-Myc phosphorylation at both Ser62, but suppressed phosphorylated-cdk2 and cyclinE in a dose-dependent manner. Thus, SAP155 siRNA activates c-Myc potentially via inhibiting endogenous FIR pre-mRNA splicing; B: FIR Sendai virus (SeV/dF/FIR) reversed the cytotoxicity of SSA by suppressing activated endogenous c-Myc. HeLa cells
were treated with 50 ng/mL SSA for 48 h with control (MetOH and H2O). 10 MOI of SeV/dF/FIR apparently suppressed activated c-Myc expression, whereas SeV/dF/
FIR did not influence basal expression (MetOH or H2O). FIR: FBP Interacting Repressor; FBP: FUSE-Binding protein; FUSE: Far Upstream Element; SeV: Sendai
virus; GFP: green fluorescent protein; MOI: multiplicity of infection; SSA: Spliceostatin.

ment for the future development of cancer therapies
based on targeting individual oncogenes such as c-myc. We
have previously reported that FIR strongly represses endogenous c-myc transcription, and induces apoptosis[7] and
is thus applicable for cancer treatment. In this study, first,
we demonstrated that c-myc suppressor FBP-interacting
repressor (FIR) strongly repressed endogenous c-myc transcription and induced apoptosis in SW480, LoVo (human colon cancer cell lines) as well as HeLa cells (human
cervical squamous cancer cell line). Second, SeV/dF/FIR
showed strong anti-tumor effects in both cultured cells
and xenograft tumor growth in an animal model. These
results provide new insight into a new therapeutic target
for tumor treatment.
What type of suitable vector should be selected and
how should FIR expressing vectors be conveyed to cancers? Sendai virus is an RNA virus and exists only in the
cytoplasm, hence it is relatively safe as it does not affect
chromosomes. In addition, SeV does not transform
cells by integrating its genome into the cellular genome,
thereby avoiding possible malignant transformation due
to the genetic alteration of host cells; this is a safety ad-
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vantage of SeV. For this reason, we chose SeV and prepared a fusion gene-deficient SeV/dF/FIR vector. The
fusion gene-deficient SeV vector cannot transmit to F
protein-non-expressing cells as F protein is essential for
viral infection. The fusion gene-deficient SeV vector in
this study does not require helper virus for reproduction,
but is self-replicable in infected cells. Thus, the fusion
gene-deficient SeV vector has several advantages over
expressing vectors as a gene delivery system for human
disease including cancer treatment. First, the fusion
gene-deficient SeV vector is not pathogenic in humans.
Second, the virus replicates only in the cytoplasm, therefore does not affect chromosome DNA in host cells.
Third, SeV vector shows highly efficient gene transfer
to a wide spectrum of cells, even to smooth muscle
cells, nerve cells, or endothelial cells which are generally
difficult to infect. Fourth, the SeV vector shows highly
efficient gene transfer to a wide spectrum of cells, even
to smooth muscle cells and does not generate wild-type
virus in packaging cells. Recently, a gene-deficient SeV
(SeV/dF) vector alone demonstrated tumor suppression
by activating dendritic cells (DCs)[24], or if granulocyte
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SeV/dF/LacZ

Ad2/LacZ
MOI 3

MOI 0.1

MOI 3

A549

MDCK

HeLa

LLC-MK2

MOI 0.1

Figure 7 Sendai virus/dF/LacZ transduction efficiency was examined in some human and animal cell lines. Confluent culture of LLC-MK2 (macaque kidney
fibroblasts), HeLa (human adenocarcinoma cells), MDCK (canine kidney cells), and A549 (human lung carcinoma cells) were infected with LacZ expressing SeV vector (SeV/dF/LacZ) at a MOI of 0.1 or 3.0. LacZ expressing Adenovirus vector (Ad5/LacZ) was used as a control. Two days after infection, the cells were stained with X
Gal. SeV: Sendai virus.

macrophage colony-stimulating factor was encoded, it
produced autologous tumor vaccines[25]. Therefore, the
SeV/dF/FIR vector in this study may suppress tumor
growth by a dual function through c-Myc suppression of
tumor cells and DC activation. Furthermore, SeV/dF/
FIR showed a synergistic effect with cisplatin in the treatment of malignant pleural mesothelioma[29]. FIR-binding
proteins are basically classified into four categories (Table
1); (1) RNA binding proteins and splicing factors; (2)
transcription factors and chromatin remodeling proteins;
(3) actin-binding proteins; and (4) signal transduction and
protein kinase families. This suggests that FIR potentially
engages in some different intracellular events, such as
RNA transport, DNA damage repair and pre-mRNA
splicing. Accordingly, the side effects of SeV/dF/FIR
need to be considered before clinical use, such as premRNA splicing disturbance[8,9], DNA damage repair[37]
or intracellular protein transport interference. For clinical
safety, SeV/dF/FIR is preferable for local tumor growth
control rather than systemic cancer therapy.
Taken together, these findings show that SeV/dF/
FIR is a promising approach for cancer gene therapy, al-
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though further clinical and basic research are required to
explain the precise mechanism of tumor suppression by
FIR expressing vectors.
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Case-control study of factors that trigger inflammatory
bowel disease flares
Linda A Feagins, Ramiz Iqbal, Stuart J Spechler
indeterminate colitis) were enrolled; 66 patients had
flares of their IBD and 68 were controls with IBD in remission (for Crohn’s patients, average Crohn’s disease
activity index was 350 for flares vs 69 in the controls;
for UC patients, Mayo score was 7.6 for flares vs 1 for
controls in those with full Mayo available and 5.4p for
flares vs 0.1p for controls in those with partial Mayo
score). Only medication non-adherence was significantly more frequent in the flare group than in the control group (48.5% vs 29.4%, P = 0.03) and remained
significant on multivariate analysis (OR = 2.86, 95%CI:
1.33-6.18). On multivariate regression analysis, immunomodulator use was found to be associated with
significantly lower rates of flare (OR = 0.40, 95%CI:
0.19-0.86).
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CONCLUSION: In a study of potential triggers for
IBD flares, medication non-adherence was significantly
associated with flares. These findings are incentive to
improve medication adherence.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To explore the association between inflammatory
bowel diseases (IBD) flares and potential triggers.

Key words: Inflammatory bowel diseases; Flare; Nonadherence; Crohn’s disease; Ulcerative colitis

METHODS: Patients evaluated for an acute flare of
IBD by a gastroenterologist at the Dallas VA Medical
Center were invited to participate, as were a control
group of patients with IBD in remission. Patients were
systematically queried about nonsteroidal anti-inflammatory drug use, antibiotic use, stressful life events,
cigarette smoking, medication adherence, infections,
and travel in the preceding 3 mo. Disease activity
scores were calculated for each patient at the time of
enrollment and each patient’s chart was reviewed. Multivariate regression analysis was performed.

Core tip: Flares of Crohn’s disease and colitis are often
unpredictable and physicians and patients alike search
for triggers for these flares in an attempt to prevent
future flares. In this study, we prospectively enrolled
and queried patients with flares of inflammatory bowel
diseases (IBD) and compared their responses to IBD
patients in remission. We found that medication nonadherence was the only significant trigger for flares of
IBD, while nonsteroidal anti-inflammatory drug use,
antibiotic use, infections, smoking, travel and emotional
stress were not associated with flares. Clinicians should
be aware the significant role that non-adherence plays
in flare-ups of IBD in order to counsel their patients appropriately.

RESULTS: A total of 134 patients with IBD (63 with
Crohn’s disease, 70 with ulcerative colitis, and 1 with
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IBD[10]. Moreover, a survey of a population-based registry found that high-perceived stress was associated with
an increased risk of flare[11]. Lastly, poor adherence with
prescribed medications for IBD has been reported to
increase the risk of flares. A systematic review on the use
of 5-aminosalicylates in UC found the relative risk for a
flare in nonadherent patients to be at least 3.65[12].
The veterans affairs (VA) health system offers a unique
system in which to study patients in that the patients who
served in the military simply have to enroll in the VA system and can receive free or low cost health care. No prior
studies have addressed the question of triggers for flares
in this unique population. We performed a case-control
study to explore systematically the association between
IBD flares and potential triggering factors in our veteran
population.

Feagins LA, Iqbal R, Spechler SJ. Case-control study of factors that trigger inflammatory bowel disease flares. World J
Gastroenterol 2014; 20(15): 4329-4334 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4329.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4329

INTRODUCTION
The inflammatory bowel diseases (IBDs), Crohn’s disease
(CD) and ulcerative colitis (UC), are lifelong ailments
whose courses are characterized by recurring cycles of
exacerbation and remission. These times of disease exacerbation, or flares, can be debilitating to patients causing
significant pain and discomfort, need for hospitalization
and/or surgery, and time lost from work and normal
activities of daily life. A number of disparate factors
(e.g., certain drugs, infections, tobacco, stress, and poor
treatment adherence) have been proposed as triggers for
flares of IBD. If physicians and patients were better able
to identify modifiable triggers for these flares, these times
of disease exacerbation might be fewer.
In some retrospective studies, the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) and antibiotics has
been associated with flares of IBD[1,2]. It has been proposed that NSAIDs might contribute to those flares by
altering prostaglandin production, by increasing leukotriene production, or by altering nuclear factor (NF)-κB
signaling in the gut[1]. Antibiotics can alter bowel flora,
which might promote flares by decreasing gut levels of
protective bacteria or by increasing levels of potentially
harmful microorganisms. Enteric infections associated
with antibiotic use, such as Clostridium difficile, are now
well known to be associated with IBD flares[3]. However,
antibiotics also are used to treat active IBD (specifically
CD), and there are some data to suggest that antibiotic
use, at least in CD, actually might protect against flares[2].
Thus, the frequency with which NSAIDs and antibiotics
contribute to IBD exacerbations remains unclear.
Tobacco usage, specifically active smoking in CD
patients and smoking cessation in UC patients, has been
linked to flares of IBD for reasons that are not clear[4,5].
Proposed mechanisms for the effects of tobacco use in
IBD are numerous and include modulation of cellular
and humoral immunity, changes in cytokine levels, modification of eicosanoid-mediated inflammation, reduction
of antioxidant capacity, release of endogenous glucocorticoids, colonic mucus effects, alterations of mucosal
blood flow, prothrombotic effects and promotion of
microvascular thrombosis, alteration of gut permeability,
and modification of gut motility[6]. Many patients blame
emotional stress as the trigger for exacerbation of their
IBD[7]. Some studies have demonstrated that experimental stress plays a role in activating gut inflammation in
animal models of colitis[8,9]. Stress has been suggested to
modulate the release of proinflammatory cytokines, to alter the activity of immune and inflammatory cells, and to
increase gut permeability, all of which might exacerbate
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MATERIALS AND METHODS
This study was approved by the Institutional Review
Board of the Dallas VA Medical Center. Informed consent was obtained from each patient included in the
study.
Between July 2009 and April 2012, all patients with
flares of UC or CD who were evaluated by the Division
of Gastroenterology during the course of their clinical
care at the Dallas VA Medical Center, either in clinics or
as inpatients, were invited to participate in this study. A
control group of IBD patients followed in our IBD clinic
who were in clinical remission for at least 6 mo also were
invited to participate. Disease activity was measured at the
time of enrollment using the Crohn’s Disease Activity Index (CDAI) score (for CD patients) or the Mayo score (for
UC patients) with CDAI > 150 or Mayo > 2 (or partial
Mayo ≥ 2) defining a flare[13,14]. This was calculated by the
study team at enrollment. Control patients were required
to have CDAI < 150 or Mayo score ≤ 2 (or < 2 for
partial Mayo). Patients were systematically queried about
recent (within the previous 3 mo) infections (including
upper respiratory tract, gastrointestinal, urinary tract and
skin infections), NSAID use, antibiotic use, stressful life
events (divorce/separation, death in the family, birth of
a child, loss or change of job, and other perceived stressful situations), pertinent tobacco use (discontinuation for
UC, ongoing or starting smoking for CD patients), adherence with IBD-specific medications, and travel away from
home. A written list of all potential NSAIDs, prescription
and over-the-counter, was reviewed with the patient. Patients were queried with regard to how often they missed
a dose of their IBD medications (on aggregate) and categorized as never, once per month, 2-4 times per month,
1-3 times per week, four or five times per week, or at least
once a day. Patients were considered to be noncompliant
with their medications if they missed a dose of medication at least 2-4 times per month. In addition to the data
collected during the study enrollment, as detailed above,
each patient’s chart was reviewed and data were collected
with regard to recent laboratory work (within 1 mo), dis-
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the analysis of risk factors for flares, the variables evaluated were immunomodulator use, NSAID use, smoking,
antibiotics, stress, non-adherence, infections, and travel.
For the analysis of risk factors for non-adherence, the
variables evaluated were type of medication used for
IBD (5-ASA, immunomodulator, and biologics; too few
patients were taking steroids or antibiotics to be included
in the analysis), number of medications taken, age, disease type (UC or CD), disease duration, and race. Age
was evaluated as a continuous variable. The final model
for flares contained three retained predictors: immunomodulator use, non-compliance, and infection. The final
model for non-compliance contained one retained predictor, age. This study is registered at ClinicalTrials.gov, #
NCT01405105.

Table 1 Patient characteristics
Flares (n = 66) Controls (n = 68) P value
Age (yr, mean ± SD)
Age at diagnosis
(yr, mean ± SD)
Disease duration
(yr, mean ± SD)
Sex (male/female)
Race
White
Black
Hispanic
Medication use
5-ASAs
Immunomodulators
Biologics
Antibiotics
Steroids
CD
Colonic disease
Ileal disease
Ileocolonic
UC
Extensive
Left-sided
Proctitis
Indeterminate colitis

49.0 ± 14.3
37.7 ± 13.6

53.1 ± 15.7
39.3 ± 15.1

0.09
0.68

12.1 ± 10.4

14.2 ± 11.4

0.15

59/7

63/5

0.56

49 (74.2)
15 (22.7)
2 (3.0)

54 (79.4)
12 (17.6)
2 (2.9)

0.54
0.52
1.00

50 (75.8)
17 (25.8)
12 (18.2)
0 (0)
3 (4.5)
33
11 (16.7)
9 (13.6)
12 (18.2)
33
18 (27.3)
15 (22.7)
1 (1.5)
0

54 (79.4)
30 (44.1)
15 (22.1)
0 (0)
0 (0)
30
8 (11.8)
7 (10.3)
15 (21.1)
37
19 (27.9)
13 (19.1)
5 (7.4)
1

0.68
0.03
0.67
0.12

RESULTS

0.47
0.60
0.67

A total of 134 patients with IBD (63 CD, 70 UC, and 1
indeterminate colitis) were enrolled in the study; 66 patients had flares of IBD and 68 were controls with IBD
in remission. The two groups (flares and controls) had no
significant differences with regard to age, sex, race, medication use, and disease type and location (Table 1). However, the use of immunomodulators (6-mercaptopurine,
azathioprine or methotrexate) was significantly higher in
the control group.
As would be expected, the mean CDAI score of the
patients with flares of CD was significantly higher than
that of control patients with CD in remission (356 vs 69,
P < 0.0001) (Table 2). Similarly, the mean Mayo scores
of patients with flares of UC were significantly higher
than those of control patients with UC in remission (7.55
vs 1 in patients with a full Mayo score, and 5.41 vs 0.1 in
those with a partial Mayo score, both P < 0.0001). In addition, the flare group had significantly lower hemoglobin
and albumin levels, as well as significantly higher levels
of C-reactive protein (CRP) and higher erythrocyte sedimentation rates than the controls. Although routine stool
studies were not done in our patients in remission, most
those with exacerbation of their disease did have their
stools analyzed. Of 40 assessed, two were positive for
Clostridium difficile toxin (5%), none had a positive stool
culture, and none had a positive stool evaluation for ova
and parasites.

1.00
0.67
0.21
1.00

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

ease characteristics, and demographics. Repeat laboratory
work was not mandated by study participation and data
were only available if these tests were clinically indicated
by their treating provider. Therefore, stool tests were typically collected only in patients with flares who were willing
to produce a stool sample.
Statistical analysis
Analyses were performed using Fisher’s exact test for
categorical variables, and the unpaired t test (normally
distributed) or Mann-Whitney test (not normally distributed) for continuous variables. Numbers are expressed
as mean ± SD. Multivariate logistic regression analysis
was performed using SAS and the macro by Bursac and
colleagues (2008) Purposeful Selection of Analyses[15].
The macro by Bursac and colleagues is a SAS algorithm
that automates the variable selection process for logistic
regression analysis. Any variable having a significant univariate test at P = 0.25 is selected as a candidate for the
multivariate analysis. In the iterative process of variable
selection, covariates are removed from the model if they
are nonsignificant and not a confounder. Significance is
evaluated at the 0.1 α level and confounding as a change
in any parameter estimate > 20%. The macro allows the
user to specify all decision criteria. At the end of this iterative process, the model contains significant covariates
and confounders. At this point any variable not selected
for the original multivariate model is added back one at a
time, with significant covariates and confounders retained
earlier. Any that are significant at the 0.1 level are put in
the model, and the model is iteratively reduced as before
but only for the variables that are additionally added. For
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Potential factors for exacerbation of IBD
No significant differences between the flare and control
groups were observed (Figure 1) for recent NSAID use
(62.1% flares vs 61.8% controls, P > 0.99, OR = 1.02,
95%CI: 0.505-2.04), pertinent tobacco usage (9.1%
flares vs 8.8% controls, P > 0.99, OR = 1.03, 95%CI:
0.316-3.384), recent antibiotic use (25.8% flares vs 23.5%
controls, P = 0.84, OR = 1.13, 95%CI: 0.514-2.476), major life stressors (47.0% flares vs 39.7% controls, P = 0.49,
OR = 1.35, 95%CI: 0.678-2.669), recent infections (33.3%
flares vs 45.6% controls, P = 0.16, OR = 0.60, 95%CI:
0.296-1.202), and recent travel (31.8% flares vs 29.4%
controls, P = 0.85, OR = 1.12, 95%CI: 0.537-2.336). Of
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One of two values for Mayo score per patient, patients had either full
score (n = 19) or partial score (n = 51) depending on whether the patient
had sigmoidoscopy. ESR: Erythrocyte sedimentation rate. CDAI: Crohn's
Disease Activity Index; CD: Crohn’s disease; UC: Ulcerative colitis.
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Figure 1 Frequency of potential triggers in patients with a flare of inflammatory bowel disease and in control patients in remission for at least 6
mo. NSAID: Nonsteroidal anti-inflammatory drug.

all the potential triggers, only non-adherence with prescribed medication was significantly associated with IBD
flares (48.5% flares vs 29.4% controls, P = 0.03, OR =
2.26, 95%CI: 1.110-4.599).
We performed separate subgroup analyses comparing
the frequency of potential triggers in patients who had
CD in the flare group with that in patients who had CD
in the control group, and comparing the frequency of potential triggers in patients who had UC in the flare group
with that in patients who had UC in the control group.
There was no significant difference between flares and
controls with CD in the frequency of medication nonadherence (39.4% flares vs 26.7% controls, P = 0.42). For
patients with UC, however, medication non-adherence
was significantly more frequent in the flare group (57.6%
flares vs 32.4% controls, P = 0.05). Subgroup analyses for
all other potential triggers revealed no significant differences between the flare and control groups.
Multivariate logistic regression analysis revealed that
medication non-adherence and immunomodulator use
were significantly associated with flares. The adjusted
OR for medication non-adherence was 2.86 (95%CI:
1.33-6.18), indicating that patients who were not compliant were almost three times more likely to have a flare
than those who took their medications as prescribed. The
adjusted OR for immunomodulator use was 0.40 (95%CI:
0.19-0.86), indicating that patients using immunomodulators were 60% less likely to have a flare.
Patients were questioned regarding the frequency
with which they missed doses of their medications. Approximately half of them admitted to missing a dose at
least once a month or more, and 28.4% missed a dose at
least 2-4 times per month or more. The most common
reasons given for missing a dose was running out of
medication or having difficulty remembering to take the
medication (Figures 2 and 3).
We performed multivariate logistic regression analyses
to identify predictors of non-adherence. We evaluated
several factors that could contribute to non-adherence
including: number of medications being prescribed for
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Average partial Mayo score
(UC)1
C-reactive protein
(mg/dL) (normal 0-1.0)
ESR (MM/HR) (normal 0-30)
Albumin (g/dL)
(normal 3.0-5.0)
Hemoglobin (g/dL)
(normal 11.5-15.3)

Flares

Controls
Flares

P > 0.99

NS
AI
D

Disease indices

Patients reporting exacerbating factor (%)

Table 2 Disease indices in patients with a disease exacerbation
(flares) and those in remission (controls)

IBD, type of medications prescribed to treat IBD (5-ASA,
immunomodulator, or biologics), age, disease type (CD
or UC), disease duration, and race. Of these, only age was
a significant predictor for non-adherence, with younger
patients more likely to be noncompliant. When age was
evaluated as a continuous variable, the OR for age was
0.96 (95%CI: 0.93-0.98), indicating that for every 1 year
older, the patient was 4% more likely to be compliant.
When evaluated on a yearly basis, for every 5 years older,
the patient was 18.5% more likely to be compliant and
for every decade older, the patient was 33.5% more likely
to be compliant.

DISCUSSION
In this case-control study in which we systematically
searched for a number of IBD triggers in our veteran
patients with CD and UC, only medication non-adherence was significantly associated with flares of IBD. We
found no significant differences between flare patients
and controls in the frequency of other proposed triggers
including recent infections, NSAID use, antibiotic use,
stressful life events, travel away from home, and cigarette
smoking. This is an interesting finding, particularly in a
veteran population in which access to medications should
not be a limiting factor. The two most common reasons
reported for medication non-adherence were failure to
refill medication prescriptions and forgetting to take
the medications as prescribed. When the groups were
subdivided by type of IBD (UC vs CD), non-adherence
to medications remained a significant predictor of flare
only for patients with UC. Multivariate logistic regression
analysis confirmed that non-adherence was significantly
associated with flares, increasing the risk of flare almost
threefold.
Multivariate logistic regression analysis for predictors
of non-adherence revealed only age to be a significant
factor, with younger patients being less compliant. Specif-
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Figure 2 Frequencies of missing a dose of medication to treat inflammatory bowel disease.

Figure 3 Reasons for medication non-adherence.

3 mo. To minimize this potential bias regarding medication triggers, we reviewed the medical records to identify
recent medications (NSAIDs and antibiotics) that were
dispensed by the VA pharmacy. However, this review did
not identify the use of over-the-counter drugs. NSAID
use recall during patient interviews was assisted by reviewing with the patients a list of available proprietary
NSAID medications that included their commercial and
generic names. Medication adherence was also assessed
by patient recall, as a written drug log was not possible
with our study design of enrolling patients when they
presented to the hospital or clinic with an IBD flare (i.e.,
patients could not be identified 3 mo prior to the start
of a log). To minimize recall bias regarding medication
adherence, we asked multiple questions about adherence
including queries about the frequency of missing medications, of running out of medications, of problems in
tolerating medications, and of failure to take the medication.
In conclusion, our study suggests that medication
non-adherence is the most important of the proposed
triggers for IBD flares. We found no association between
flares and other putative triggers including NSAIDS,
antibiotics, recent infections, tobacco use, travel and
emotional stress. Our findings suggest that these factors
either are not triggers at all, or are only weak triggers for
IBD flares that might be identified only in much larger
studies. Our report highlights the importance of medication adherence for patients with IBD.

ic medications (5-ASAs vs immunomodulators vs biologics), number of medications prescribed, disease type (UC
vs CD), disease duration, and race did not significantly
affect adherence.
Non-adherence to prescribed medication regimens
is a common problem in patients with chronic diseases
that require lifelong maintenance therapies. One study of
patients with UC found that those who did not take their
mesalamines as prescribed had a fivefold higher risk of
flare than patients who were compliant with mesalamine
therapy[16]. Another study explored factors associated with
adherence in 106 IBD patients, and found lower adherence with medications dosed three or more times per
day[17]. In our study, our patients taking mesalamines were
dosed two or three times per day, because once-daily
doses of mesalamine were not available at our institution
during the time of this study. We assessed type of medication being taken (with the assumption that mesalamines
are dosed several times per day), but found no increased
risk of non-adherence for treatment with mesalamines
as compared to other IBD treatments. The only factor
that we identified as associated with non-adherence was
younger age. These findings, in our unique study population of veterans, in which access to or cost of medications should not be a limiting factor, highlights the notion
that other factors apart from cost or access are involved
in non-adherence.
On multivariate regression analysis, immunomodulator use was found to be significantly associated with
lower rates of flares. This did not seem to be related to
adherence because we evaluated specific medications
(5-ASAs vs immunomodulators vs biologics) in a multivariate analysis for predictors of non-adherence and did
not find these to be a significant predictor. These findings
suggest that using an immunomodulator lowers the risk
of flares, at least in our population of patients.
The major limitation of our study was recall bias,
because patients were queried and asked to remember
possible triggers or exposures occurring in the preceding
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COMMENTS
COMMENTS
Background

Several factors have been proposed as triggers for flares of inflammatory bowel
diseases (IBD), including medications [nonsteroidal anti-inflammatory drugs
(NSAIDs) and antibiotics], infections, travel, emotional stress, tobacco use, and
poor adherence with prescribed medications. Data implicating these factors
have come largely from retrospective, uncontrolled studies.

Research frontiers

A number of disparate factors (e.g., certain drugs, infections, tobacco, stress,
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and poor adherence) have been proposed as triggers for flares of IBD. Flares
of IBD decrease quality of life greatly and carry a high burden of disease. If
physicians and patients were better able to identify modifiable triggers for these
flares, these times of disease exacerbation might be fewer.

7

Innovations and breakthroughs

The authors enrolled patients with IBD and active flares of their disease and
queried them about exposure to potential triggers for their flares (NSAIDs,
antibiotics, stress, tobacco use, medication adherence, infections, and travel).
Disease activity indices were calculated and data on any available laboratory
studies and endoscopy studies were collected. The authors also enrolled patients with IBD in remission and collected the same data.

8

9

Applications

The results suggest that medication non-adherence is the most important of
the proposed triggers for flares of IBD. Moreover, use of an immunomodulator,
such as azathioprine, mercaptopurine or methotrexate, was associated with a
decreased risk of flares. Physicians should be aware of these findings to assist
in counseling their patients on the importance of medication adherence.

10

Peer review

This is a well written report of a case-control study that studied the association
between IBD flares and potential triggering factors. The research question studied was an important one given the physical, emotional, and economic costs of
disease relapse. The results are interesting and suggest that medication nonadherence is an important trigger for flares.
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Pediatric non-alcoholic steatohepatitis: The first report on
the ultrastructure of hepatocyte mitochondria
Joanna M Lotowska, Maria E Sobaniec-Lotowska, Sylwia B Bockowska, Dariusz M Lebensztejn
fixed in a solution containing 2% paraformaldehyde
and 2.5% glutaraldehyde in 0.1 mol/L cacodylate buffer. The specimens were postfixed in osmium tetroxide,
subsequently dehydrated through a graded series of
ethanols and propylene oxide, and embedded in Epon
812. The material was sectioned on a Reichert ultramicrotome to obtain semithin sections, which were
stained with methylene blue in sodium borate. Ultrathin
sections were contrasted with uranyl acetate and lead
citrate, and examined using an Opton EM 900 transmission electron microscope.
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RESULTS: Ultrastructural analysis of bioptates obtained from children with non-alcoholic steatohepatitis
revealed characteristic repetitive mitochondrial abnormalities within hepatocytes; mainly mitochondrial
polymorphisms such as megamitochondria, loss of mitochondrial cristae, and the presence of linear crystalline inclusions within the mitochondrial matrix of an increased electron density. The crystalline inclusions were
particularly evident within megamitochondria (MMC),
which seemed to be distributed randomly both within
the hepatic parenchymal cell and the zones of hepatic
lobule, without special variations in abundance. The
inclusions appeared as bundles viewed longitudinally,
or as an evenly spaced matrix in cross section, and
frequently caused mitochondrial deformation. The average diameter of these linear structures was 10 nm and
the average space between them 20 nm. Sometimes
enlarged intramitochondrial granules were seen in their
vicinity. Foamy cytoplasm of hepatocytes was found,
resulting from the proliferation of smooth endoplasmic
reticulum and glycogen accumulation. The perivascular
space of Disse was frequently dilated, and contained
transitional hepatic stellate cells, as well as mature
and/or newly forming collagen fiber bundles.

Abstract
AIM: To investigate the ultrastructure of abnormal
hepatocyte mitochondria, including their cellular and
hepatic zonal distribution, in bioptates in pediatric nonalcoholic steatohepatitis (NASH).
METHODS: Ultrastructural investigations were conducted on biopsy liver specimens obtained from 10
children (6 boys and 4 girls) aged 2-14 years with previously clinicopathologically diagnosed NASH. The disease was diagnosed if liver biopsy revealed steatosis,
inflammation, ballooned hepatocytes, Mallory hyaline,
or focal necrosis, varying degrees of fibrosis in the absence of clinical, serological, or histological findings of
infectious liver diseases, autoimmune hepatitis, metabolic liver diseases, or celiac disease. For ultrastructural
3
analysis, fresh small liver blocks (1 mm volume) were
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CONCLUSION: Marked ultrastructural abnormalities
observed in hepatocyte mitochondria, especially their
polymorphism in the form of MMC and loss of mitochondrial cristae, accompanied by foamy cytoplasm,
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Histopathological investigations of liver biopsy specimens from NASH patients have revealed, aside from steatosis accompanied by lobular inflammatory infiltration,
evidence of hepatocyte injury in the absence of clinical,
serological, or histological findings of infectious liver
diseases, autoimmune hepatitis, metabolic liver disease,
or celiac disease[1,4,7,8,15]. Damage to liver parenchymal
cells have been demonstrated in the form of hydropic
change (ballooning cell injury), Mallory’s hyaline bodies,
and focal lytic necrosis causing sinusoidal distortion, and
reduced intrasinusoidal volume and microvascular blood
flow[1,3,4,7,8,15-17].
It has been reported that in the course of non-alcoholic steatohepatitis, cell types other than hepatocytes
are involved, i.e., non-parenchymal hepatic cells: hepatic
stellate cells (HSCs), Kupffer cells, sinusoidal endothelial
cells, and inflammatory cells and platelets. This leads to
deregulation of microvascular blood flow and may result
in pericellular/perisinusoidal fibrosis and cirrhosis[5,6,17-19].
However, the diagnostic criteria of NASH have not yet
been established.
In spite of increasing interest in the morphogenesis
of non-alcoholic steatohepatitis, there are only a few
reports, mainly limited to adult patients, on the ultrastructure of hepatocytes in this pathology[20-24]. We could
not find any other publications to compare to the current findings, apart from our Letter to the Editor of the
American Journal of Gastroenterology[25] on the ultrastructure
of hepatocyte mitochondria in five children with NASH
published 10 years ago.
Thus, the study objective was to analyze the image of
abnormal electron microscopic findings observed in the
hepatocytes of liver biopsy material collected from a larger group of children with clinicopathologically diagnosed
NASH. The search for repetitive specific ultrastructural
indices of this disease in liver bioptates would facilitate
its early morphological diagnosis, which may result in undertaking targeted therapy.

clearly indicate a major role of these organelles in the
morphogenesis of pediatric NASH. Our findings seem to
prove the high effectiveness of electron microscopy in
the diagnosis of the disease.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Our electron-microscopic analysis of liver
bioptates, being the first known investigation into pediatric non-alcoholic steatohepatitis (NASH), revealed
characteristic repetitive mitochondrial abnormalities
within hepatocytes, mainly mitochondrial polymorphism
in the form of megamitochondria, loss of cristae, and
the presence of linear crystalline inclusions within the
mitochondrial matrix of increased electron density,
frequently accompanied by foamy cytoplasm. As the
discovery of these morphological indices of hepatocyte
injury may be very useful in the diagnosis of NASH in
pediatric patients, the ultrastructural analysis of liver
biopsy can be recommended as an effective diagnostic
method.
Lotowska JM, Sobaniec-Lotowska ME, Bockowska SB, Lebensztejn DM. Pediatric non-alcoholic steatohepatitis: The first
report on the ultrastructure of hepatocyte mitochondria. World J
Gastroenterol 2014; 20(15): 4335-4340 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4335.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4335

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), regarded
as a hepatic manifestation of metabolic syndrome, is a
growing health problem worldwide both among children
and adults. Importantly, the more severe form of this
condition, non-alcoholic steatohepatitis (NASH), may
progress to fibrosis, as well as cryptogenic cirrhosis and
its complications, including hepatocellular carcinoma[1-6].
Unfortunately, the pathogenesis of NASH still remains
unknown.
The last decade has brought increasing evidence that
mitochondrial dysfunction, more specifically respiratory
chain deficiency, plays a causative role in the pathophysiology of NASH, whatever its initial cause[2,7-14]. Basaranoglu et al[2] have noted that the pathogenesis of NASH is
multifactorial, and that excess intracellular fatty acids, oxidant stress, ATP depletion, and mitochondrial dysfunction are essential for hepatocyte injury in this condition.
Despite clinical symptoms, laboratory data, and imaging findings, the microscopic analysis of liver biopsies
still remains the golden standard for the diagnosis of
non-alcoholic steatohepatitis[4,7].
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MATERIALS AND METHODS
Patients
This study was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association. Ultrastructural investigations were conducted
on liver specimens obtained by needle biopsy from 10
children (6 boys and 4 girls) aged 2-14 years (mean 5
years) with previously clinicopathologically diagnosed
NASH. Laboratory tests revealed increased serum alanine transaminase activity, and ultrasound examination
showed liver brightness in all study patients. NASH was
diagnosed if the liver biopsy revealed steatosis, inflammation, ballooned hepatocytes, Mallory hyaline, focal
necrosis, or varying degrees of fibrosis in the absence of
clinical, serological, or histological findings of infectious
liver diseases (hepatitis B, hepatitis C, cytomegalovirus, or
Toxoplasma gondii), autoimmune hepatitis, metabolic liver
diseases (Wilson’s disease, cystic fibrosis, galactosemia, or
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alpha 1-antitrypsin deficiency), and celiac disease. Alcohol
consumption was excluded in all the children.
The study was carried out in the Department of
Medical Pathomorphology, Medical University of Bialystok, by an electron microscopist blinded to the clinical
information.

nally, or as an evenly-spaced matrix in cross section (Figure
1). The average diameter of these linear structures was 10
nm and the average space between them 20 nm. Sometimes in their vicinity there were enlarged intramitochondrial dense granules (Figure 1C, E, F).
The megamitochondria with characteristic crystalline
inclusions (MMC) seemed to be distributed randomly,
both within the hepatic parenchymal cell and the zones
of the hepatic lobule, without special variations in abundance. They were found in close vicinity to lipid material
(Figure 1C, E, F), and also in hepatocytes with no distinct
features of steatosis.
We also observed a wide range of changes in hepatocellular ultrastructure, including the foamy cytoplasmic
appearance resulting from smooth endoplasmic reticulum
proliferation (Figure 1A, B, D) and glycogen accumulation (Figure 1C, E, F), mainly in the nuclear regions (Figure 1C). Heterogeneous lipofuscin pigment granules of
various size and shapes were occasionally found.
The sinusoids with the adherent vascular pole of hepatocytes that showed distinct mitochondrial lesions had
markedly swollen endothelial linings (Figure 1A). Kupffer
cells in the sinusoidal lumen were considerably activated,
sometimes showing features of erythrophagocytosis (their
morphology in children with NASH was described in our
earlier paper)[18].
The perivascular space of Disse was frequently dilated
and contained transitional (i.e., activated) hepatic stellate
cells (t-HSCs) (Figure 1B), deposits of electron-dense
material, as well as mature and/or collagen forming fiber
bundles (Figure 1A, B).

Ultrastructural analysis
For transmission electron microscopic investigations,
fresh small tissue blocks (1 mm3 volume) from the liver
bioptates were fixed in a solution containing 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 mol/L
cacodylate buffer (pH 7.4) at room temperature. Subsequently, the specimens were postfixed in 2% osmium
tetroxide (OsO4) in 0.1 mol/L cacodylate buffer (pH
7.4) for 1 h. The material was then dehydrated through a
graded series of ethanols and propylene oxide, embedded
in Epon 812, and sectioned on a Reichert ultramicrotome
(Reichert Ultracut S) to obtain semithin sections. Next,
the sections were stained with 1% methylene blue in 1%
sodium borate and preliminarily examined under a light
microscope to select Epon blocks. The blocks were then
used to prepare ultrathin sections ca. 75 nm thick, which
were placed on grids, double stained with uranyl acetate
and lead citrate, examined, and photographed via an Opton EM 900 transmission electron microscope (Zeiss,
Oberkochen, Germany). This processing procedure had
been used in our earlier ultrastructural investigations of
the liver in children[18,25,26].

RESULTS
Out of 10 clinicopathologically diagnosed cases of pediatric NASH, nine presented with repetitive mitochondrial
abnormalities observed within hepatic parenchymal cells
under transmission electron microscope. In 7 patients,
the majority of mitochondria were affected, especially
within ballooned hepatocytes; in 2 cases the abnormalities were found in a smaller number of hepatic parenchymal cells. The mitochondrial lesions showed no particular
differences in quality or topography. They were similarly
pronounced in the organelles located both in the vicinity
of the cell nucleus, at a certain distance from the nucleus,
and on the cell periphery (Figure 1).
The major submicroscopical exponent was the polymorphism of these organelles, with the presence of the
so-called megamitochondria, accompanied by variously
pronounced defects of the cristae, including their complete loss and increased electron-density of the matrix to
its condensation (Figure 1). Frequently, remnants of such
cristae, resembling bristles, were found on the periphery
of enlarged organelles.
The characteristic feature of the ultrastructure of the
altered mitochondria, especially megamitochondria, was
the presence of intramitochondrial linear crystalline inclusions within the changed matrix, seen as long parallel
strands that often caused deformation of these organelles. They appeared as bundles when viewed longitudi-
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DISCUSSION
Although light microscopy is routinely used to evaluate liver biopsy specimens from NASH patients, the
ultrastructural investigations that make the diagnosis
more profound are conducted in a limited number of
cases, especially with respect to children. No reports
have been published, apart from those in our center, on
the electron-microscopic picture of liver bioptates from
pediatric patients with NASH. We focused not only on
hepatocytes[25,27], but also on the changes concerning
non-parenchymal liver cells, especially Kupffer and liver
progenitor/oval cells[18,26,28].
The current ultrastructural observations of hepatocytes obtained from pediatric NASH biopsies were consistent with our preliminary findings presented recently at
the 186th Falk Symposium[27], as well as in the previously
mentioned Letter to the Editor[25]. The studies revealed
numerous mitochondrial abnormalities similar to those
found in adults[20,24], including polymorphisms such as
megamitochondria, loss of cristae, increased electrondensity of the matrix, and the presence of characteristic
linear crystalline inclusions within the matrix. The megamitochondria with crystalline inclusions were seen as parallel strands, and reduced cristae were the major repetitive
ultrastructural abnormalities in pediatric NASH cases
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Figure 1 Ultrastructural appearance of polymorphic hepatic mitochondria, with megamitochondria at the foreground, containing linear crystalline inclusions and reduced cristae in bioptates from different pediatric patients with non-alcoholic steatohepatitis. Abnormal mitochondria distributed randomly in topographically varied parts of hepatocytes. A-F: Linear inclusions - cut longitudinally (arrows) and in cross section (arrowheads) in the matrix of moderately or markedly
increased electron density in the majority of altered mitochondria, especially elongated and rounded megamitochondria. A, B: Megamitochondria (MMC) located in the
vascular pole of hepatocytes; the mitochondrial lesions are accompanied by the proliferation of smooth endoplasmic reticulum; considerably swollen endothelial cell
(En) of the sinusoidal vessel; transitional hepatic stellate cells (t-HSC), accumulation of electron-dense material, and collagen formed (asterisk) in the dilated space
of Disse (original magnification × 7000); C: The MMC located in the nuclear region of hepatocyte is accompanied by glycogen accumulation; the megamitochondrium
shows enlarged intramitochondrial dense granules in the vicinity of linear crystalline inclusions; hepatocyte nucleus (N); lipid material (Li) within hepatocyte cytoplasm
(original magnification × 12000); D: MMC distributed randomly within the biliary pole of hepatocytes accompanied by the proliferation of smooth endoplasmic reticulum; bc - biliary canaliculus (original magnification × 7000); E, F: MMC located at a certain distance from the nucleus of hepatocyte; mitochondrial abnormalities are
accompanied by glycogen accumulation; some MMC show enlarged intramitochondrial dense granules in the vicinity of linear crystalline inclusions; lipid material (Li)
(original magnification × 12000, × 20000, respectively).

analyzed in the current study. These MMC seemed to be
distributed randomly, both within the hepatocytes and
the zones of the hepatic lobule.
In addition to mitochondrial alterations, we quite
frequently observed foamy cytoplasm of hepatocytes
resulting from the proliferation of smooth endoplasmic
reticulum and glycogen accumulation, which was also
reported by Ahishai et al[20] in adult patients with NASH.
The space of Disse was frequently dilated and contained
t-HSCs, which were accompanied by electron-dense material and collagen accumulation. However, the sinusoids
were lined with distinctly swollen endothelium and markedly activated Kupffer cells.
The mitochondrial abnormalities showing varying
degrees of cristae loss and increased matrix density evidently indicate decreased intra-mitochondrial protein
synthesis and respiratory chain dysfunction, which was
also emphasized by Ahishali et al[20] with respect to adult
patients with NASH. However, according to Caldwell et
al[21] and Le et al[22], the formation of megamitochondria
with crystalline inclusions of unknown composition may,
in patients with NASH, represent an adaptive process to
oxidative stress rather than a secondary injury.
The formation of crystalline inclusions in the mitochondrial matrix has been noted in a variety of other con-
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ditions. Similar crystal-like structures have been reported
mainly in the early phase of alcoholic steatohepatitis or in
copper metabolism disorders such as Wilson’s disease[29,30].
As already mentioned, they have been recently described
in non-alcoholic fatty liver in adult patients, where their
presence is correlated indirectly with oxidative stress[20,24],
and their absence is noted when cirrhosis develops[21,24].
According to Le et al[22], as well as in our own observations concerning children, in NASH the MMC seem to
be distributed randomly within the hepatic zones and
without variation in abundance, regardless of the stage
of fibrosis. In contrast, rodent models of NASH do not
develop mitochondrial crystalline inclusions. The major
electron-microscopic changes in rodents include severe
mitochondrial swelling with coexisting proliferation of
the smooth endoplasmic reticulum and abnormal granular endoplasmic reticulum[31].
Considering the role of mitochondria in the pathophysiology of NASH, it has been emphasized that
hepatic oxidative stress increases the release of lipid peroxidation products, as reflected by increased fatty acid
beta-oxidation and cytokines, which together trigger liver
lesions[2,7,9,10,12,13,19,24].
In conclusion, this is the first full report on the hepatocyte ultrastructure in pediatric NASH. In our study, the
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most significant repetitive electron microscopic alterations in this pathology involved the appearance of randomly distributed megamitochondria within hepatocytes,
with characteristic crystalline inclusions seen as parallel
strands and reduced mitochondrial cristae, including their
complete loss. Additionally, foamy cytoplasm of liver
parenchymal cells was found, resulting from the proliferation of smooth endoplasmic reticulum and glycogen
accumulation. The submicroscopic changes observed in
hepatocytes, especially mitochondrial abnormalities, may
play a major role in the morphogenesis of pediatric nonalcoholic steatohepatitis.
We hope that similar reports will appear in other centers to provide comparative material for our current study
in children. The discovery of submicroscopic repetitive
indices of damage to liver parenchymal cells, specific to
this pathology, may have both diagnostic and therapeutic
implications for the treatment of fatty liver disease in pediatric patients.
Considering the great usefulness of transmission
electron microscopy in the diagnosis of NASH in children, ultrastructural analysis of liver bioptates should be
recommended as an effective diagnostic tool, at least in
diagnostically difficult cases, despite its high costs and effort.
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Role of triamcinolone in radiation enteritis management
Eren Cetin, Aysen Sevgi Ozturk, Haluk Orhun, Sukran Ulger
group, 5 patients had Grade 2 toxicity and 9 patients
had Grade 1 toxicity. For the genitourinary system side
effect follow up, 4 patients had Grade 2 toxicity and 6
patients had Grade 1 toxicity. Additionally, 2 patients
had Grade 2 toxicity and 2 patients had Grade 1 toxicity. The neutrophil counts did not differ between the TA
group and the control group. There was no meaningful
difference between age groups and primary cancers.
th
At the 12 mo of follow up, there were no differences
between groups for chronic side effects.
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CONCLUSION: Triamcinolone is a moderately potent
steroid, that is inexpensive and has a good safety profile. It would be beneficial for reducing medical expenses related to treatment of radiation induced enteritis.

Abstract

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

AIM: To investigate the role of triamcinolone in the
management of acute and chronic enteritis caused by
pelvic radiotherapy.

Key words: Radiotherapy; Enteritis; Cystitis; Triamcinolone

METHODS: Twenty-eight patients with rectum adenocarcinoma or endometrium adenocarcinoma were studied. We compared the results of 14 patients treated
with injected triamcinolone acetonide (TA) with those
of 14 patients who were not treated with TA. For the
TA group, 40 mg of TA was injected intramuscularly
st
th
st
on the 1 , 11 and 21 d of radiotherapy; the control
group received no injections. All of the study participants had a median age of 65 years, had undergone
postoperative radiotherapy and were evaluated weekly
using Radiation Therapy Oncology Group and the European Organization for Research and Treatment of Cancer Acute Morbidity Score Criteria, and complete blood
counts for every 10 d.

Core tip: Radiation enteritis, proctitis and cystitis are
acute side effects of radiotherapy of the pelvic region
that change patients’ performance status and can interrupt the radiotherapy program. An important effort
should be made to treat the side effects and to provide
patient follow-up. Many drugs are available to treat the
side effects, and although supportive digestive supplements may be used, the medical expenses associated
with tratment are increasing, and the patients are suffering. In this study, we evaluated the role of triamcinolone acetonide, which is moderately effective, lowpriced and easy to use, in the management of acute
gastrointestinal and genitourinary system side effects.

RESULTS: Triamcinolone was found to effectively prevent and treat radiation-induced acute gastrointestinal
(enteritis) and genitourinary (cystitis) side effects (P =
0.022 and P = 0.023). For the lower GI side effect follow up, 11 patients in the control group had Grade 2
toxicity and 3 patients had Grade 1 toxicity. In the TA

Cetin E, Ozturk AS, Orhun H, Ulger S. Role of triamcinolone
in radiation enteritis management. World J Gastroenterol 2014;
20(15): 4341-4344 Available from: URL: http://www.wjgnet.
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Morbidity Scoring Criteria, and complete blood counts
were performed every 10 d (http://www.rtog.org/ResearchAssociates/AdverseEventReporting/AcuteRadiationMorbidityScoringCriteria.aspx).

INTRODUCTION
Radiotherapy of the pelvic region is commonly used for
a significant percentage of patients with rectosigmoid
and genitourinary system tumors to target the lymphatic
region and the primary tumor bed. Radiation enteritis,
proctitis and cystitis are acute side effects that change
patients’ performance status and may interrupt the radiotherapy program. Intestinal mucosa with a high mitotic
rate, is affected by radiotherapy, and tenesmus, diarrhea
and hematochezia may be seen. To treat these side effects, antispasmotics, antidiarrhetics, analgesics, antiinflammatory drugs and intravenous serum replacement
are often used in certain cases. Chemotherapy, older age,
pelvic inflammatory disease, peritoneal adhesion after operation, diabetes mellitus, hypertension and collagen vascular diseases are also risk factors for radiation induced
side effects. The total radiation dose, dose of fractions
and scheme of radiotherapy affect the situation directly.
Many studies have examined reducing the rate of radiation enteritis by treatment positioning or by providing
palliative medical treatments. Doctors make as an important efforts to treat the side effects and provide patient
follow-up; however, the associated medical expenses are
increasing, and patients are suffering as a result. Although
the use of steroids for radiation-induced proctitis is reported in the literature, in this study, we evaluated the role
of triamcinolone asetonide (TA), which is moderately
effective and easy to use, for the management of acute
gastrointestinal system (GIS) and genitourinary system
(GUS) side effects of pelvic radiotherapy.

Statistical analysis
Statistical assessment was conducted using SPSS V13
program. Normality was tested using Shapiro-Wilk W
test (P < 0.05) and Pearson’s χ 2 test was used to test for
meaning (P < 0.05).

RESULTS
For the lower GI side effect follow-up, 11 patients in
the control group had Grade 2 toxicity and 3 patients
had Grade 1 toxicity. In the TA group, 5 patients had
Grade 2 toxicity and 9 patients had Grade 1 toxicity. For
the GUS side effect follow-up, 4 patients in the control
group had Grade 2 toxicity and 6 patients had Grade 1
toxicity. In the TA group, 2 patients had Grade 2 toxicity
and 2 patients had Grade 1 toxicity. For GIS and GUS,
Grade 2 toxicities occured on the 21st (median) day and
Grade 1 toxicities occured on the 14th (median) day. The
neutrophil numbers decreased with Grade 1 toxicity in
3 patients from each group on the 21st day. The patient
score frequencies are summarized in Table 2.
The statistical analysis showed that TA was effective
for preventing and treating acute radiation-induced GIS
side effects from pelvic radiotherapy when Grade 1 and
Grade 2 toxicities were compared (P = 0.022). TA was
also effective for preventing and treating acute radiationinduced GUS side effects from pelvic radiotherapy when
Grade 0 and Grade 1-2 toxicities were compared (P =
0.023). The neutrophil counts did not differ between the
groups. There was no meaningful difference between
age groups and primary cancers. At the 12 mo follow up,
there were no differences between groups in terms of
chronic side effects.

MATERIALS AND METHODS
Patients
Patients with diabetes mellitus, pelvic inflammatory disease, hypertension, collagen vascular disease, and fungalviral infections were excluded. From December 2008
to December 2010, 28 patients had pelvic conformal
radiotherapy with conventional fraction sizes of 4 fields
for a total of 50.0 to 50.4 Gy that was planned postoperatively. The upper limit of the treatment field was the
L5-S1 intervertebral space, and the lower limit of V40
of the intestines within the treatment volume was 90%.
Six of the patients had endometrial cancer, and 22 had
rectal cancer. The median age of all the patients was 65.
Chemotherapy was applied for the rectal cancer patients
concomitantly as 5-fluorouracil (425 mg/m2 twice every
3 wk) and folinic acid (25 mg/m2). The patients were divided into two equal groups. The patients’ characteristics
are summarized in Table 1.
For the TA group patients, 40 mg of TA was injected
intramuscularly on the 1st, 11th and 21st d of radiotherapy;
the patients in the control group received no injections.
For both groups, medical support was also planned if
needed. Evaluations were performed weekly during
radiotherapy using the Radiation Therapy Oncology
Group and the European Organization for Research and
Treatment of Cancer (RTOG/EORTC) Acute Radiation
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DISCUSSION
Small bowels are highly sensitive, dose-limiting organs
for pelvic or abdominal radiotherapy[1]. The fraction size,
fractionation schema, dose and volume of the treatment
site are important factors in radiation-induced enteropathy. Additionally, patient-dependent factors, such as
genetic factors, are minimally defined, as the methods for
this treatment are not highly sensitive[2]. During radiation,
matrix metalloproteinase2 (MMP2) and tumor necrosis
factor (TNF) are secreted by the cells at the site[3,4]. After
their induction by radiation, transient mucosal atrophy
and plasma cells and polymorphonuclear leucocytes are
accommodated. Inflammatory reactions and endothelium
loss, microabcesses, mucosal ulcers, water-electrolyte loss
and bacterial infiltration are seen as a cascade[5-7]. Typically, 8 to 12 mo after radiotherapy, obliterative endarteritis occures as a vascular occlusion, followed by tissue
growth factor (TGF)-induced tissue ischemia, necrosis
and fibrosis[8,9]. Additionally, angiogenesis and chronic
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Table 1 Patient properties

Patient number
Median age
Female
Male
TA group
Control group

Table 2 Score frequencies for acute radiation morbidity

Rectum Ca

Endometrium Ca

Total

22
66
12
10
11 (6 male)
11 (4 male)

6
64
6

28
65

3
3

14
14

TA

Control

TA: Triamcinolone acetonide.

GIS

GUS

Neutrophils

0
9
5
0
3
11

10
2
2
4
6
4

11
3
0
11
3
0

GIS: Gastrointestinal system; GUS: Genitourinary system; TA: Triamcinolone acetonide.

inflammation are seen after vascular endothelial growth
factor (VEGF) secretion[10].
There are many studies using patient positioning
and medical palliation to decrease the rate of radiationinduced enteritis. There are varying results for the prone
positions during radiotherapy. A 16% decrease in the
small bowel median dose has been reported with the use
of belly board, but its applicability for patients has been
criticized[11,12]. No wide-range study has evaluated the
treatment effects of aminosalicylates. For the treatment
of radiation-induced enteropathy, there are preliminary
results for amifostine, but additional data are needed[13].
According to a double-blind Phase Ⅲ study of pelvic radiotherapy in 120 patients, glutamine is not effective for
the treatment of acute radiation enteritis[14].
In contrast, glucocorticoids are used for a vast number of inflammatory diseases. Long term use cause side
effects. These drugs inhibit MMP2 secretion and prevent
leucocytes infiltrations and TNF-induced inflammatory
and angiogenic steps. Steroids are effective agents for
preventing leucocyte infiltration, mucosal inflammation
and edema[15,16]. Based on these molecular aspects, steroids would be appropriate agents to prevent or attenuate
the tissue reaction to radiation.
In a study of 24 patients receiving radiation therapy,
the steroid treatment methylprednisolone was reported
to improve parenteral nutrition and clinical effects in 8
wk[17]. The rectal use of beclamethasone was also reported to be effective for preventing radiation-induced mucosal changes and rectal bleeding in a randomized study of
120 patients[18].
Periocular injections of TA have been reported to
be effective for treating symptomatic macular edema
and retinopathy after radiotherapy. The same group designed a prospective randomized study of 163 patients
and reported that TA is effective for preventing macular
edema[19,20].
In our study, the acute GIS and GUS side effects of
pelvic radiotherapy patients were evaluated. These patients often require relevant medication and follow up. It
is likely that the acute side effects of radiation arise from
patient-dependent factors in the first weeks of conventional fractions rather than the total radiotherapy dose itself. A steroid drug would be preferable because it might
prevent the tissue reactions to radiation at some molecular steps.
The long-term use of oral or intravenous steroids

WJG|www.wjgnet.com

Grade 0
Grade 1
Grade 2
Grade 0
Grade 1
Grade 2

may have many side effects; consequently, doctors usually
avoid such use. Nevertheless, TA has a good safety profile
and is a member of a moderately effective steroid group.
In our study, TA was used every 10 d intramuscularly,
which is an easy pattern of administration. As a result,
TA was found to be effective for preventing and treating
radiation-induced acute GIS and GUS side effects.
Compared with other drugs and support products,
TA would be beneficial for reducing the medical expenses associated with treating radiation-induced enteritis. To
precisely assess the role of TA in preventing and treating
radiation-induced side effects, a double-blind randomized
study and laboratory confirmation are needed. We think
that, our study contributes additional data about preventing and treating radiation-induced side effects and the
safety of steroid use in radiation oncology.
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associated with the treatment of radiation-induced enteritis.
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sian blue reaction, respectively. Stat-3 phosphorylation
was assessed by Western blot analysis. Hematological
parameters, iron and transferrin levels, and transferrin
saturation were also measured. Additionally, the ability
of iron, pathogen-derived molecules and IL-6 to induce
hepcidin expression in HT-29 cells was evaluated.
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RESULTS: Repeated TNBS administration to rats resulted in macroscopically and microscopically detectable colon lesions and elevated colonic myeloperoxidase activity. Hepcidin-25 protein levels were increased
in colonic surface epithelia in colitic rats (10.2 ± 4.0
pg/mg protein vs 71.0 ± 8.4 pg/mg protein, P < 0.01).
Elevated IL-6 levels (8.2 ± 1.7 pg/mg protein vs 14.7 ±
0.7 pg/mg protein, P < 0.05), TNF-α levels (1.8 ± 1.2
pg/mg protein vs 7.4 ± 2.1 pg/mg protein, P < 0.05)
and Stat-3 phosphorylation were also observed. Systemic alterations in iron homeostasis, hepcidin levels
and anemia were not detected in colitic rats. Iron deposition in the colon was only observed during colitis.
Hepcidin gene expression was increased in HT-29 cells
after IL-6 and lipopolysaccharide [a toll-like receptor 4
(TLR-4) ligand] treatment. Deferoxamine, ferric citrate
and peptidoglycan (a TLR-2 ligand) were unable to alter the in vitro expression of hepcidin in HT-29 cells.

Abstract
AIM: To investigate hepcidin expression, interleukin-6
(IL-6) production and iron levels in the rat colon in
the presence of trinitrobenzene sulfonic acid (TNBS)induced colitis.

CONCLUSION: Colitis increased local hepcidin-25 expression, which was associated with the IL-6/Stat-3 signaling pathway. An increase in local iron sequestration
was also observed, but additional studies are needed to
determine whether this sequestration is a defensive or
pathological response to intestinal inflammation.

METHODS: In rats, we evaluated the severity of colitis
induced by repeated TNBS administration using macroscopic and microscopic scoring systems and myeloperoxidase activity measurements. The colonic levels of
hepcidin, tumor necrosis factor alpha (TNF-α), IL-10 and
IL-6 were measured by Enzyme-Linked Immunosorbent
Assay, and hepcidin-25 expression and iron deposition
were analyzed by immunohistochemistry and the Prus-
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ecules and whole pathogens can also induce hepcidin synthesis as part of the host response to infection because
reducing available iron is an important antimicrobial
mechanism[8]. Hepcidin has been proposed to be directly
involved in IBD pathogenesis because in Hfe knockout
mice, which have low hepcidin expression, the severity of
lipopolysaccharide (LPS)- and Salmonella-induced enterocolitis is attenuated[9]. On the other hand, antimicrobial
peptides, such as hepcidin, are induced in response to gut
microbe invasion during colonic inflammation and affect
colitis progression[10,11]. Furthermore, hepcidin has been
found to be expressed in human gastric parietal cells and
colorectal cancer tissue[12,13], but no data are currently
available regarding the expression of hepcidin in the colon during IBD.
Therefore, we investigated rat colonic hepcidin expression in trinitrobenzene sulfonic acid (TNBS)-induced
colitis[14] and correlated hepcidin expression with local
IL-6 production and iron levels. This experimental model
included periods of relapse and remission that resembled
the colonic inflammation present in human IBD[14]. The
ability of HT-29 cells[15] to express hepcidin was also assessed.

Core tip: Hepcidin is an endogenous peptide with weak
antimicrobial properties that regulates changes in iron
metabolism during inflammation. However, infectionassociated cytokines, pathogen-derived molecules or
whole pathogens can induce hepcidin synthesis as part
of the host response to infection. This is the first study
to describe that colitis induces hepcidin expression in
colons associated with the interleukin-6/Stat-3 signaling pathways and local iron sequestration. This finding
suggests a host response to infection because reducing
the iron available to pathogens is an important antimicrobial mechanism. However, we could not exclude
the possibility that hepcidin expression contributes to
increased local inflammation by stimulating pro-inflammatory macrophages.
Gotardo EMF, Ribeiro GA, Clemente TRL, Moscato CH,
Tomé RBG, Rocha T, Pedrazzoli Jr J, Ribeiro ML, Gambero
A. Hepcidin expression in colon during trinitrobenzene sulfonic acid-induced colitis in rats. World J Gastroenterol 2014;
20(15): 4345-4352 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i15/4345.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4345

MATERIALS AND METHODS
Animals
Specific pathogen-free male Wistar rats (200-250 g, 6-8
wk old) were obtained from CEMIB (State University of
Campinas, Campinas, SP, Brazil). All experiments were
performed in accordance with the principles outlined
by the Brazilian College for Animal Experimentation
and received approval from the Ethics Committee of
São Francisco University, Bragança Paulista, SP, Brazil
(Protocol 002.09.09). Rats were maintained in a room
with controlled humidity and temperature in collective
cages and were exposed to 12 h light-dark cycles. Twelve
hours prior to experimental procedures, the animals were
deprived of food (standard chow) but not water. Each
study used 5-7 rats per group.

INTRODUCTION
In addition to intestinal inflammation, Crohn’s disease
(CD) and ulcerative colitis (UC) patients present with
several extraintestinal symptoms, including systemic iron
deficiency. Iron deficiency is the main cause of anemia
in inflammatory bowel disease (IBD) patients, which occurs as result of several factors, such as intestinal blood
loss, absorptive deficiencies and/or undertreatment of
anemia[1]. Anemia of chronic disease (ACD), also known
as anemia of inflammation, is the second most common
cause of anemia in IBD patients; it frequently occurs
with iron deficiency[2,3]. ACD is normally associated with
low serum iron levels and low transferrin saturation.
However, in this case, hypoferremia is a consequence of
macrophage iron sequestration; therefore, the total body
iron content may be increased[4].
Inflammatory cytokines produced during inflammation, most notably interleukin-6 (IL-6), have been
hypothesized to contribute to systemic iron deficiency
through their effects on hepcidin synthesis[5]. Hepcidin
is a 25-amino acid cysteine-rich peptide with weak antimicrobial properties that is regulated by a number of
factors such as liver iron levels, inflammation, hypoxia
and anemia. Hepcidin is mainly expressed and released by
the liver in response to increased circulating iron levels,
but hepcidin synthesis also occurs to a lesser degree in
adipose tissue, the heart, placenta and kidneys. However,
the functions of hepcidin in these tissues are currently
unknown[6]. Furthermore, hepcidin decreases intestinal
iron absorption and blocks macrophage iron efflux, thus
protecting the body against excessive iron levels[7].
Infection-associated cytokines, pathogen-derived mol-
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TNBS-induced colitis
Animals were anesthetized with ketamine/xylazine (1:1,
v/v), and colitis was induced by the intracolonic administration of 3 mg TNBS dissolved in 0.3 mL of 50%
ethanol (Sigma, St. Louis, MO, United States). The solution was injected into the colon 8 cm proximal to the
anus using a catheter. TNBS administration lasted only
a few seconds, and the rats were maintained in a vertical
position until they recovered from anesthesia. The same
procedure was repeated 14 and 28 d after the first TNBS
administration, and the rats were sacrificed on 35th day.
Control rats received saline through the same route. An
additional colitis induction protocol was performed, and
the rats were evaluated 24 h after the first TNBS administration.
Serum and hematological parameters
Blood samples were collected from the rat vena cava un-
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der anesthesia (1:1, v/v of xylazine 2%-ketamine 10%).
Blood/ethylenediamine tetraacetic acid (EDTA) was used
to analyze the hematological parameters (ABX Pentra
120, Horiba Instruments Brazil, Jundiai, SP, Brazil), and
serum samples were obtained from collected blood lacking anticoagulant solution for the enzymatic assay (EIA)
quantification of transferrin (GenWay, San Diego, CA,
United States) and hepcidin (USCN Life Science, Wuhan,
China) levels. Iron levels and the iron binding capacity
were also measured in serum samples using colorimetric
commercial kits (Bioclin, Belo Horizonte, MG, Brazil).

scribed above for colon samples.
For protein analysis by Western blot (WB) assay,
supernatant aliquots were treated with Laemmli sample
buffer containing 100 mmol/L dithiothreitol, and the
samples were then heated in a boiling water bath for 5
min. The samples were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
in a Bio-Rad miniature slab gel apparatus (Mini-Protean).
For WB experiments, 0.15 mg of protein extracted from
tissue samples was separated by SDS-PAGE, transferred
to nitrocellulose membranes and blocked for 2 h with 5%
blocking agent (GE Healthcare, United Kingdom) in Tris
buffer solution. The membranes were then incubated
overnight with anti-Stat-3 and anti-phospho-Stat-3 antibodies (1:1000; Santa Cruz Biotechnology, CA, United
States) and developed using a commercial chemiluminescent kit (GE Healthcare, United Kingdom). The band
intensities were quantified by optical densitometry (Scion
Image software, ScionCorp, Frederick, MD) from the developed autoradiography.

Colitis characterization by macroscopic damage and
myeloperoxidase activity
Colons were immediately removed from the animals,
opened lengthwise and evaluated for macroscopically visible damage by two observers who were blinded to the
experimental groups. The criteria for macroscopic colonic
damage were as follows: no damage (0 points), hyperemia
without ulcers (1 point), linear ulcer with no significant
inflammation (2 points), linear ulcer with inflammation
at one site (3 points), two or more sites of ulceration/inflammation (4 points), and two or more major sites of
ulceration and inflammation or one site of ulceration/inflammation extending 1 cm along the length of the colon
(5 points). If the damage extended at least a 2 cm length
of colon tissue, the score was increased by 1 point for
each additional centimeter of involvement (6-10 points).
Lengthwise colon samples obtained from a site of
macroscopically detectable inflammation (or a corresponding tissue site with no macroscopically detectable inflammation) were homogenized in 0.5% (w/v)
hexadecyltrimethylammonium bromide in 50 mmol/L
potassium phosphate buffer, pH 6.0. For the myeloperoxidase assay, 50 µL of each sample was added to 200
µL of o-dianisidine solution (0.167 mg/mL o-dianisidine
dihydrochloride and 0.0005% hydrogen peroxide in 50
mmol/L phosphate buffer, pH 6.0) immediately prior to
measuring the absorbance at 460 nm over a 5-min period
using a microplate reader (Multiscan MS, Labsystems).

Immunohistochemistry, Prussian blue reaction and
Microscopic damage assessments in the colon
Hydrated, 5.0 µm sections of paraformaldehyde-fixed,
paraffin-embedded colon tissue were used for immunohistochemistry (IHC) and the Prussian blue reaction. Sections stained with hematoxylin and eosin (HE) were used
to microscopically score determination. IHC sections
were probed with an anti-rabbit hepcidin-25 antibody
(1:100; Abcam, Cambridge, MA, United States) and biotinylated anti-rabbit secondary antibody, and developed
with DAB (ImmunoCruz ABC Staining System, Santa
Cruz Biotechnology, Santa Cruz, CA, United States). Additionally, hematoxylin staining was used to reveal the
nuclear morphology. For the Prussian blue reaction, slides
were incubated with a 5% potassium ferrocyanide aqueous solution and a 5% hydrochloric acid aqueous solution.
After washing in distilled water, sections were counterstained with Nuclear Fast Red. Microscopic tissue damage was scored on a scale from 0 to 20 according to the
criteria previously described by Rodríguez-Cabezas et al[16].
Six parameters were scored: neutrophil infiltration into the
epithelium (0-2), lamina propria (0-2), submucosa (0-2),
muscularis propria (0-2) and serosa (0-2); fibrin deposition
into the mucosa (0-1) and submucosa (0-1); submucosa
neutrophil margination (0-1); submucosal edema (0-2);
epithelial necrosis (0-2); and epithelial ulceration (0-1).

Cytokine measurements and Western blot analysis
To measure cytokine concentrations by EIA, colon tissue
samples were collected as described above, excised and
immediately homogenized in solubilization buffer at 4 ℃
(1% Triton X-100, 100 mmol/L Tris-HCl, 100 mmol/L
sodium pyrophosphate, 100 mmol/L sodium fluoride,
10 mmol/L EDTA, 10 mmol/L sodium orthovanadate,
2.0 mmol/L phenylmethylsulfonyl fluoride, and 0.1 mg/
mL aprotinin). The insoluble fraction was removed by
centrifugation at 9000 g for 20 min at 4 ℃. The protein
supernatant concentrations were determined using the
Biuret method. Hepcidin, tumor necrosis factor alpha
(TNF-α), IL-10 and IL-6 levels were quantified using
commercial kits (hepcidin, USCN Life Science; TNF-α
and IL-10, GE Healthcare, United Kingdom; and IL-6, R
and D Systems, Minneapolis, MN, United States). Liver
biopsies were also used for hepcidin quantification as de-
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In vitro hepcidin expression
HT-29 cells (Rio de Janeiro Cell Bank, RJ, Brazil) were
incubated with 20 µmol/L ferric citrate (Sigma) for 72
h, 30 mmol/L deferoxamine (Sigma) for 4 h, 40 ng/mL
IL-6 (Peprotech, Rocky Hill, NJ, United States) [12], 1
µg/mL of the toll-like receptor 2 (TLR-2) ligand peptidoglycan [peptidoglycan (PGN); Sigma] or 10 µg/mL
of the TLR-4 ligand lipopolysaccharide (LPS; Sigma)
for 6 h[12]. Then, cells were harvested, and total RNA
was isolated according to the manufacturer’s instruc-
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Table 1 Macroscopic evaluation, myeloperoxidase activity,
body weight and cytokine production in colon tissues
Control
Damage score
Myeloperoxidase activity (U/g tissue)
Initial body weight (g)
Final body weight (g)
Microscopic score
TNF-a (pg/mg protein)
IL-6 (pg/mg protein)
IL-10 (pg/mg protein)

0 (0-1)
2.2 ± 0.6
299 ± 8
405 ± 9
2 (0-3)
1.8 ± 1.2
8.2 ± 1.7
23.5 ± 3.4

Table 2 Hematological parameters in the control and colitis
groups

Colitis
a

6

5 (4-9)
18.2 ± 4.8b
303 ± 3
368 ± 4a
11 (6-14)a
7.4 ± 2.1a
14.7 ± 0.7a
12.1 ± 1.7b

Red blood cells (10 /μL)
Hemoglobin (g/dL)
Hematocrit (%)
White blood cells (cells/μL)
b

Colitis

7.6 ± 0.2
15.2 ± 0.2
44.1 ± 0.3
5.2 ± 0.7

8.1 ± 0.2
14.8 ± 0.1
43.7 ± 0.3
8.8 ± 0.5b

P < 0.01 compared with the control group (n = 5).

Table 3 Serum parameters in the control and colitis groups

a

P < 0.05 and bP < 0.01 compared with the control group (n = 5-7). TNF-a:
Tumor necrosis factor-alpha; IL: Interleukin.

Hepcidin (pg/mL)
Transferrin (ng/mL)
Iron (μg/dL)
Transferrin saturation (%)

tions (RNeasy Mini Kit; Qiagen Valencia, CA, United
States). cDNA was synthesized with a High-capacity
cDNA archive kit (Applied Biosystems, Foster City, CA,
United States) according to the manufacturer’s protocol. Quantitative polymerase chain reaction and melting
curve analyses were performed as previously described[17].
The primer sequences were as follows: hepcidin sense,
5’-CAGGGCAGGTAGGTTCTACG-3’; hepcidin antisense, 5’-CACTTCCCCATCTGCATTTT-3’; β-actin
sense, 5’-ACACTGGCTCGTGTGACAAGG-3’;
and β -actin antisense, 5’-CGGCTAATACACACTCCAAGGCG-3’.

Control

Colitis

241.9 ± 59.5
18.0 ± 0.4
69.0 ± 4.5
26.1 ± 2.4

280.4 ± 65.8
20.4 ± 1.5
72.9 ± 10.0
25.5 ± 1.2

Colonic hepcidin and cytokine levels
In colon extracts, hepcidin levels were increased in colitic
animals compared with control animals (Figure 1G), and
hepcidin was predominantly expressed in the surface epithelium of colitic animals (Figure 1).
In the colon, hepcidin levels were correlated with increased levels of IL-6 and TNF-α and decreased levels of
IL-10 (Table 1). In an additional group, rats were evaluated
24 h after the first TNBS administration, and the level of
IL-6 was significantly higher in the colitic group compared
with the control group (9.1 ± 0.8 pg/mg protein and 39.8
± 7.1 pg/mg protein for the control and colitis groups,
respectively; P < 0.01, n = 5), but the hepcidin levels were
not significantly different (11.8 ± 4.2 pg/mg protein and
30.9 ± 11.8 pg/mg protein for the control and colitis
groups, respectively; P = 0.22, n = 5).

Statistical analysis
All data are expressed as means ± SE. Non-parametric
data (histological scores) are expressed as the median
(range) and were analyzed using the Mann-Whitney
test. Comparisons between groups were performed using the unpaired Student’s test. Statistical analyses were
performed using GraphPad InStat (GraphPad Software,
La Jolla, CA, United States). An associated probability (P
value) of less than 0.05 was considered significant.

Serum and liver hepcidin, iron and transferrin levels
The serum hepcidin levels were similar between the colitic
and control rats, and the iron and transferrin levels and
iron saturation were also unchanged (Table 3). Furthermore, the liver hepcidin levels were not modified by colitis
(653 ± 27 pg/mg protein and 675 ± 27 pg/mg protein
for the control and colitis groups, respectively, n = 4).

RESULTS
Colitis and hematological assessments
Repeated intracolonic TNBS administration to Wistar
rats resulted in macroscopic lesions characterized by
hyperemia and small ulcers in the colon. In association
with these observed macroscopic lesions, the colonic myeloperoxidase levels, a marker of neutrophil infiltration,
were increased (Table 1). Histological assessment of colon tissues revealed the presence of ulcers and extensive
neutrophil infiltration in the mucosa and submucosa. Severe edema and, in some cases, transmural inflammation
were observed. The median score of the colitis group
was elevated compared with the control group (Table 1).
Additionally, colitis development corresponded with a
low body weight at the end of the experimental protocol (Table 1). The red blood cell count, hemoglobin and
hematocrit levels in colitic rats were similar to the levels
observed in control rats. Leukocytosis was observed in
colitic rats (Table 2).

WJG|www.wjgnet.com

Control

Colonic Stat-3 phosphorylation and iron levels
In colitic rats, Stat-3 phosphorylation was increased compared to the controls (Figure 2). Iron deposition in the
colons of colitic animals was observed using the Prussian blue reaction, and no reaction was evident in control
colon tissues (Figure 3). In colitic rats, the observed blue
precipitate was not localized to the surface or crypt epithelium, which suggested that iron might have accumulated in immune cells.
IL-6 and TLR-4 regulate HT-29 hepcidin expression
The human colon adenocarcinoma cell line HT-29 was
used to model colonic hepcidin expression. Upon stimu-
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Figure 1 Colonic hepcidin expression in control and colitis rats. A: Immunohistochemistry of control rat tissue (x 100); B: Immunohistochemistry of an adjacent
colitic area (x 100); C: Immunohistochemistry of a colitic area (x 100); D: Immunohistochemistry of control rat tissue (x 400); E: Immunohistochemistry of an adjacent
colitic area (x 400); F: Immunohistochemistry of a colitic area (x 400); G: Enzymatic assay detection of hepcidin expression levels. Data are expressed as the means
± SE (n = 4 per group), and bP < 0.01 compared with control.

lation with IL-6 and LPS (a TLR-4 ligand), hepcidin expression significantly increased (Figure 4). Deferoxamine,
ferric citrate and PGN (a TLR-2 ligand) were unable to
modify hepcidin expression in these human colon cells
(Figure 4).

Conversely, macrophages also produce hepcidin, and this
autocrine production is related to the downregulation of
ferroportin expression and iron sequestration in these
cells[19]. Macrophage iron accumulation correlates with a
more pro-inflammatory phenotype and consequent increased cytokine release[20]. In this study, we used a well-established experimental colitis model, induced by repeated
TNBS administration, to examine hepcidin expression in
the infected/inflamed colon. In this experimental model,
moderate colonic inflammation and alterations in mesenteric adipose tissue are observed, simulating some aspects
of CD[14]. Although increased hepcidin expression has
been described in adipose tissue in obese patients[21] and
in subcutaneous adipose tissue during cardiac surgery[22],
no alterations in hepcidin expression were observed in the
mesenteric adipose tissue in our study (data not shown).
We demonstrated that colonic hepcidin expression was

DISCUSSION
Iron is an important factor in the competition for nutritional resources between microbial pathogens and their
hosts. In humans, host defense responses to infectious
agents modulate local and systemic iron availability, interfering with infections such as malaria and tuberculosis[8].
Hepcidin is the major regulator of iron homeostasis in
humans and other mammals. Increased iron levels and innate immunity (most likely through Toll-like receptor activation/IL-6 induction) can induce hepcidin expression[8,18],
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pro-inflammatory cytokines may induce hepcidin expression. Our in vitro experiments demonstrating that IL-6
induced hepcidin expression in HT-29 cells support this
hypothesis. A direct activation of TLR-4 but not TLR-2
also induced hepcidin expression, suggesting that PAMPs
and cytokines could stimulate colonic hepcidin expression. Several pro-inflammatory cytokines are candidates
for this effect, but the most well-characterized is IL-6,
which signals through the Jak/Stat-3 pathway[24]. Colonic
hepcidin production did not alter serum or liver hepcidin,
iron or transferrin levels. Additionally, our experimental
rats were not anemic, suggesting a localized role for hepcidin in intestinal inflammation. In an initial report, low
serum hepcidin-25 levels were found in IBD patients with
or without iron deficiency anemia[25]. A subsequent report
demonstrated that serum hepcidin-25 levels are increased
in UC and CD patients compared with healthy control
patients, and in UC patients, this increase was related to
disease activity but not iron deficiency[26]. Furthermore, in
a recent report, serum hepcidin-25 levels were implicated
in the differential diagnosis of IBD-associated anemia,
but hepcidin-20 levels were independently regulated by
inflammation[27]. Moreover, increased IL-6 and hepcidin
serum levels were measured in CD patients with ACD[28],
but no studies have examined colonic hepcidin expression
in human IBD.
The main site of dietary iron absorption in adults
is the proximal small intestine, whereas the distal small
intestine and colon are absorb only small amounts of
iron[29]. Curiously, the Prussian blue reaction in the colons
of the control group did not reveal the presence of iron,
as observed in inflamed tissue. Hepcidin acts by triggering ferroportin internalization and degradation through a
mechanism most likely involving ferroportin ubiquitination[30]. Ferroportin downregulation results in intracellular

Figure 2 Stat-3 phosphorylation levels in control and colitic rats. A:
Representative Western blot images (from one individual experiment); B: Bar
graph densitometry quantifications of phospho-Stat-3 expression levels that
were normalized to colonic Stat-3 expression levels (n = 4 per group). Data are
expressed as the means ± SE, and aP < 0.05 compared with control.
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Figure 4 Analysis of hepcidin mRNA expression (hepcidin to β-actin ratio)
in HT-29 cells. Untreated control cells were compared with cells treated with interleukin-6 (IL-6) (40 ng/mL), iron citrate (20 μmol/L), deferoxamine (30 mmol/L),
lipopolysaccharide (LPS) (1 μg/mL) or peptidoglycan (PGN) (10 μg/mL). Data
are expressed as the means ± SE of 2 experiments performed in triplicate. aP <
0.05 and bP < 0.01 compared with control.
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Figure 3 Prussian blue reaction assessing the presence of ferric iron and
ferritin in colons. A: Control (× 200); B: Colitis (× 200). Arrows denote areas
of Prussian blue reactivity.

increased in experimental inflammation. Previously, in
two experimental models of the acute-phase response,
increased hepcidin gene expression was observed in both
the small intestine and colon[23]. Hepcidin immunoreactivity in colorectal tissue and increased urinary hepcidin
levels have also been described in cancer patients[13]. Here,
the increased colonic hepcidin expression observed during inflammation was associated with elevated levels of
pro-inflammatory cytokines such as IL-6 and a significant
increase in Stat-3 phosphorylation. Increased IL-6 levels
were observed 24 h after the first TNBS administration, in
the absence of increased hepcidin levels, suggesting that
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iron accumulation and unavailable local or plasma iron.
As previously discussed, local iron sequestration could
participate in an antimicrobial response associated with
intestinal inflammation, but we could not exclude the
possibility that it contributes to increased local inflammation by recruiting macrophages with a pro-inflammatory
phenotype. In the treatment of iron deficiency anemia
in patients with IBD, oral iron supplementation induced
adverse gastrointestinal events that resulted in drug discontinuation in 20.8% of patients[31]. A recent study also
demonstrated that dietary iron intake was negatively associated with quality of life in mildly active IBD patients[32].
In conclusion, we are the first to demonstrate that colonic inflammation can increase local hepcidin-25 expression in association with IL-6 production and Stat-3 activation. Although local iron deposition was also observed,
additional studies are necessary to understand whether
this observation constitutes a defensive or pathological
response to intestinal inflammation.
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Risk factors associated with Barrett’s epithelial dysplasia
Mikiko Fujita, Yuri Nakamura, Saeko Kasashima, Maiko Furukawa, Ryoichi Misaka, Hikaru Nagahara
= 48). The incidence of dysplasia or adenocarcinoma
from BE of the SCE type was significantly higher than
that of the other two types (p < 0.01). The univariate
analysis revealed that sex, H. pylori infection, body
weight, p53 overexpression, and low diastolic blood
pressure (BP) were associated with BE dysplasia. In
contrast, body mass index, waist circumference, metabolic syndrome complications, and variables related to
glucose or lipid metabolism were not associated with
dysplasia. Multivariate logistic analysis showed that
overexpression of p53 [odds ratio (OR) = 13.1, p =
0.004], H. pylori infection (OR = 0.19, p = 0.066), and
diastolic BP (OR = 0.87, p = 0.021) were independent
risk factors for epithelial dysplasia in BE patients with
the SCE type.
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CONCLUSION: Overexpression of p53 is a risk factor
for dysplasia of BE, however, H. pylori infection and diastolic BP inversely associated with BE dysplasia might
be protective.

Abstract

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

AIM: to elucidate risk factors associated with dysplasia of short-segment Barrett’s esophagus (BE).

Key words: Barrett’s esophagus; dysplasia; Helicobacter

METHODS: A total of 151 BE patients who underwent
endoscopic examination from 2004 to 2008 in Aoyama
Hospital, Tokyo Women’s Medical University, Japan and
whose diagnosis was confirmed from biopsy specimens
were enrolled in the study. BE was diagnosed based
on endoscopic findings of gastric-appearing mucosa
or apparent columnar-lined esophagus proximal to the
esophagogastric junction. Dysplasia was classified into
three grades - mild, moderate and severe - according
to the guidelines of the Vienna Classification System
for gastrointestinal epithelial neoplasia. Anthropometric
and biochemical data were analyzed to identify risk factors for BE dysplasia. The prevalence of Helicobacter
pylori (H. pylori ) infection and the expression of p53 by
immunohistological staining were also investigated.

pylori ; p53 ; risk factors

Core tip: Barrett’s esophagus (BE) is known to be a
precancerous state of adenocarcinoma will become
common in Asian countries, therefore, it is important
to establish a high-risk group or strategy for screening
or follow-up of BE. We present here the results of univariate and multivariate analysis to identify variables
associated with dysplasia of BE. p53 expression in immunohistochemistry was associated with dysplasia,
and Helicobacter pylori infection and high diastolic
blood pressure may act as protective factors against
dysplastic change of BE. These three factors may be
candidates to establish a high-risk group for esophageal adenocarcinoma.

RESULTS: Histological examination classified patients
into three types: specialized columnar epithelium (SCE)
(n = 65); junctional (n = 38); and gastric fundic (n
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ated with BE and adenocarcinoma[10-16]. In this study, we
investigated the risk factors associated with BE dysplasia.

Nagahara H. Risk factors associated with Barrett’s epithelial dysplasia. World J Gastroenterol 2014; 20(15): 4353-4361 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i15/4353.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i15.4353

MATERIALS AND METHODS
Study population
A total of 151 patients (105 male, 46 female) with histologically diagnosed BE were enrolled. All cases were
incident cases and enrolled in a consecutive series from
April 2004 to March 2008. Patients who had received
antibiotics, steroids, or nonsteroidal anti-inflammatory
drugs were excluded from the study. Patients were also
excluded if they had peptic ulcer, underwent partial gastrectomy, consumed alcohol excessively, or had comorbid diseases such as liver cirrhosis and uremia. Written
informed consent was obtained from all patients.

INTRODUCTION
Barrett’s esophagus (BE) is defined as a condition in
which normal squamous mucosa is replaced by columnar epithelium. This intestinal metaplasia of the distal
esophagus is considered to be a premalignant condition
where metaplasia may progress to dysplasia and subsequently to adenocarcinoma[1-6]. BE is generally regarded
as a complication of chronic and severe gastroesophageal reflux disease (GERD). Elevation of the intraabdominal pressure by obesity is a factor contributing to
GERD, suggesting that obesity is a risk factor for BE[7-10].
GERD and BE appear to be metabolic syndrome (MS)related complications, given that waist circumference,
obesity, and body mass index (BMI) are associated with
GERD[11-16].
Moreover, Helicobacter pylori (H. pylori) infection may
play a key role in suppression of BE. Two main inhibiting roles for development of BE have been postulated
in H. pylori infection: H. pylori-induced atrophic gastritis
resulting in less gastric acid secretion; and neutralization
of the gastric acid by ammonia produced by H. pylori
independently of gastric atrophy[17-23]. Cag-A positive H.
pylori infection is strongly associated with a reduced risk
of esophageal adenocarcinoma, and the association is
independent of gastric atrophy, suggesting the involvement of a mechanism other than reduced acidic gastric
reflux[24-26]. In Japan, the prevalence of H. pylori is declining and it can be easily eradicated; however, it remains
uncertain whether the incidence of BE will increase or
decrease as a consequence of the low prevalence of H.
pylori infection[27,28].
BE is characterized by three types of columnar epithelium, namely, cardiac type (junctional type), fundic
type, and intestinal metaplasia type [specialized columnar
epithelium type (SCE) type]. It has been shown that
there is a high incidence of adenocarcinoma in the distal
esophagus arising from SCE in patients with BE[29,30].
BE is classified as either long-segment type (length ≥
3 cm) or short-segment type (length < 3 cm). In western
countries, long-segment Barrett’s esophagus (LSBE) is
more prevalent, while short-segment Barrett’s esophagus
(SSBE) is more common, and the incidence of adenocarcinoma arising from SSBE is steadily increasing in
Japan[27,28,31-33].
Several studies have shown that most patients with
BE do not progress to cancer, although some do[1-3,29,30].
Thus, it is important to determine how BE progresses
to dysplasia and adenocarcinoma and to identify the type
of BE patients who may have a possibility of malignant
transformation in SCE. It has been reported that central
adiposity, metabolic syndrome, and high BMI are associ-
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Endoscopic examination
BE was diagnosed based on endoscopic findings of
gastric-appearing mucosa or apparent columnar lined
esophagus proximal to the esophagogastric junction. The
esophagogastric junction was defined as the pinch at the
end of the tubular esophagus coinciding with the proximal margin of the gastric folds of the hiatal hernia. BE
was defined as columnar mucosa proximal to the distal
ends of esophageal longitudinal palisading vessels according to the Japanese Society of Esophageal Disease[34,35].
These veins are visible endoscopically when a conscious
patient takes a deep breath.
SSBE was defined as an epithelium length < 3 cm
and LSBE as an epithelium length > 3 cm, as described
previously[1,2,29,30] The length of BE were measured by
measuring forceps (Olympus, Tokyo, Japan).
When abnormal columnar mucosa characteristics
such as erosions, red flares, elevated regions, or mucosal
breaks were observed between the proximal limit of
the gastric folds and squamous epithelium, we detected
metaplastic change by chromoendoscopy and staining
mucosa with crystal violet (Figure 1a, b). For chromoendoscopy 200000 U pronase (Pronase MS; Kaken
Pharmaceutical Co., Matsumoto, Japan) dissolved in 300
ml warm water was sprayed around the esophagogastric
junction area with a spray tube, and a 0.03% solution of
crystal violet was applied to the same area. A few minutes later, the sprayed area was washed thoroughly with
water. When mucosa showing a tubular or villous pit
pattern, which is typical of SCE in BE, was observed in
the esophagogastric junction, we performed a targeted
biopsy in that area. BE was confirmed by histological
findings from biopsy specimens in all patients.
Histology
All biopsy specimens were fixed in formalin, embedded in paraffin, sectioned, mounted on slides and then
stained with hematoxylin and eosin using standard techniques. Dysplasia was classified into three grades: mild,
moderate and severe, according to the guidelines of the
Vienna Classification System for gastrointestinal epithe-
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A

B

Figure 1 Barrett’s esophagus stained by crystal violet. A: Regular observation of Barrett’s esophagus; B: Staining with crystal violet in the same region.

lial neoplasia[17,36]. To perform immunohistological staining of p53, an anti-human p53 antibody (DO-7 mouse
monoclonal antibody, IR616; Dako, Denmark) was used
according to the manufacturer’s protocol. The expression level of p53 protein was determined and graded
based on the intensity of nuclear staining in columnar
cells as follows: no staining (-), positive nuclear staining
in 5%-10% of cells (+), and positive nuclear staining in
> 10% of cells (++), according to the work of Keswani
et al[37] (Figure 2). All biopsy specimens were examined
by an experienced gastrointestinal pathologist.

ence ≥ 85 cm Japanese men, ≥ 90 cm Japanese women)
plus any two of the following; raised triglycerides ≥ 150
mg/dl or specific treatment for this lipid abnormality;
reduced high density lipoprotein (HDL)-cholesterol < 40
mg/dl in men and women; raised blood pressure (systolic ≥ 130 mmHg or diastolic ≥ 85 mmHg) or treatment of hypertension; fasting glucose ≥ 110 mg/dl or
previously diagnosed type 2 diabetes mellitus.
After a 12-h overnight fast, venous blood samples
were taken for the standard biochemical data.
Statistical analysis
Statistical analysis was performed using SPSS for Windows version 17.0 (SPSS, Tokyo, Japan). Results for continuous variables were expressed as mean ± SD for each
subject group. The statistical difference was determined
by two-sided Student’s t test (for equal variance cases) or
Welch’s t test (for unequal variance cases). Non-normally
distributed variables were compared by the Mann-Whitney U test. Variables given as proportions were compared using the c2 test. The relationships between risk
factors and dysplasia including adenocarcinoma of BE
were examined by multivariate logistic regression analysis. p < 0.05 was considered to be statistically significant.
Differences in mean laboratory data and anthropometric
data across three categories were evaluated using oneway analysis of variance (ANOVA).

H. pylori infection
The presence of gastric H. pylori was determined based
on the results of Giemsa and/or Steiner’s silver staining
in a minimum of three gastric surveillance biopsies (one
each obtained from the antral greater curvature, greater
curvature of the mid to distal body, and lesser curvature
in the proximal body). H. pylori colonization was assessed
by an experienced pathologist blinded to the clinical
data. Patients who were not confirmed H. pylori infection
by using above histological analysis were retested by other methods. We confirmed H. pylori negativity by combination of serum HP-specific antibody test with 13Curea breath test or H. pylori antigen test in the stools.
Anthropometry and blood pressure
The body weights of patients, while not wearing heavy
outdoor clothing or shoes, was measured to the nearest 0.1 kg using a digital scale. Height (barefoot) was
measured using a portable stadiometer. Waist circumference was measured to the nearest 0.1 cm using a plastic
tape just above the umbilical portion while standing in
a relaxed position after gentle expiration. BMI was calculated as weight in kilograms divided by the square of
height in meters (kg/m2). Blood pressure was measured
with a mercury sphygmomanometer on each arm after at
least 10 min of rest.

RESULTS
Endoscopic findings of BE by crystal violet staining
Crystal violet staining was performed when we recognized
BE during routine endoscopic examination. The intestinal
metaplastic lesion was stained with a violet color, resulting
in easy recognition of the targeted biopsy (Figure 1a, b).
Dysplasia in SCE-type BE
The average age of the 151 BE patients was 62.9 ± 10.6
years and there were 105 men to 46 women (ratio 2.3:1).
The demographic characteristics of the patients according to pathological classification are shown in Table 1.
BE patients were classified into three categories: SCE
type (n = 65), junctional type (n = 38), and gastric fundic

Definition of MS and biochemical analysis
MS was diagnosed according to the criteria set out by
the Japanese Committee for the Diagnostic Criteria of
Metabolic Syndrome[38]: central obesity (waist circumfer-
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A

No dysplasia, p53 (-)

40 ×, p53

40 ×, HE

B

Moderate dysplasia, p53 (+)

40 ×, p53

40 ×, HE

C

Adenoca., p53 (++)

40 ×, p53

40 ×, HE

Figure 2 Immunostaining of p53. The upper panel shows hematoxylin and eosin staining and the lower panel shows immunostaining of p53 using the identical
sample. A: (-), no p53 expression; B: (+), moderate p53 expression characterized by positive nuclear staining in 5%-10% of cells; C: (++), high p53 expression characterized by positive nuclear staining in > 10% of cells.

0.02 and p = 0.002, respectively).

Table 1 Characterization of the three types of Barrett’s esophagus

Variables associated with dysplasia in SCE-type BE
We focused on the SCE type of BE because of the high
rate of dysplastic change associated with this condition,
as shown in Table 1. We compared variables between
SCE-type BE patients with and without dysplasia (Table
2). H. pylori infection, p53 overexpression (Figure 2), body
weight, and diastolic BP were identified as risk factors
strongly associated with dysplastic change. In contrast,
BMI, waist circumference, MS complications, and variables related to glucose or lipid metabolism were not
associated with dysplasia. We then conducted multivariate logistic analysis of those variables that showed low P

Specialized columnar
P value
Epithelium type Junctional type Gastric fundic type
(n = 65)
(n = 38)
(n = 48)
Sex
52/13
10/28
25/23
0.005
Age (yr)
62.9 ± 10.6
65.0 ± 8.2
58.8 ± 11.9
0.07
Dysplasia 20/65 (30.8%)
3/38 (7.9%)
2/48 (4.2%)
0.003

type (n = 48), and the incidence of dysplasia in these
three groups was 30.8% (20/65), 7.9% (3/38) and 4.2%
(2/48), respectively. The ratio of dysplasia in patients
with SCE-type BE was significantly higher than in patients with junctional- and gastric-fundic-type BE (p =
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Table 2 Univariate analysis of variables associated with Barrett’s epithelial dysplasia

Sex (male/female)
Age (yr)
Length of BE (SSBE/LSBE)
H. pylori infection rate
p53 positive rate
Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
GERD
Hypertension (BP > 130/85)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Diabetes
Fasting blood glucose (mg/dL)
HbA1c (%)
Dyslipidemia
TG (mg/dL)
TC (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Fatty liver
γ-GT (U/L)
AST (IU/L)
ALT (IU/L)
hs-CRP (mg/dL)
MS

Normal (n = 45)

Dysplasia (n = 20)

P value

OR

95%CI

Dec-33
65.0 ± 9.8
Feb-43
34/9 (2)
4/41
61.0 ± 9.7
23.1 ± 2.8
86.9 ± 7.9
19/26
29/14 (2)
127 ± 16
76 ± 10
14/25 (6)
118 ± 32
5.6 ± 1.0
24/19 (2)
144 ± 58
202 ± 30
55 ± 13
118 ± 26
17/13 (15)
55 ± 48
24 ± 8
24 ± 15
0.107 ± 0.142
15/14 (16)

19/1
64.2 ± 11.3
18/2
7/12 (1)
13/7
68.2 ± 10.6
23.7 ± 3.2
88.4 ± 9.0
9/11
9/10 (1)
121 ± 16
69 ± 8
10/9 (1)
111 ± 19
5.5 ± 0.7
11/8 (1)
139 ± 98
189 ± 33
53 ± 9
107 ± 30
6/8 (6)
59 ± 77
25 ± 10
24 ± 12
0.101 ± 0.116
6/8 (6)

0.073
0.730
0.402
0.0021
< 0.0011
0.019
0.451
0.585
0.835
0.094
0.264
0.009
0.188
0.447
0.804
0.322
0.807
0.141
0.850
0.152
0.395
0.781
0.769
0.906
0.890
0.586

0.145
0.991
2.389
0.154
19.036
1.081
1.074
1.022
1.120
0.395
0.980
0.907
2.071
0.992
0.919
0.576
0.999
0.987
0.996
0.985
0.574
1.001
1.009
0.998
0.706
0.700

0.017-1.202
0.940-1.044
0.312-18.294
0.047-0.506
4.800-75.499
1.013-1.154
0.891-1.295
0.945-1.105
0.387-3.235
0.133-1.172
0.946-1.015
0.843-0.976
0.701-6.124
0.971-1.013
0.470-1.798
0.193-1.715
0.991-1.007
0.969-1.005
0.950-1.043
0.964-1.006
0.159-2.066
0.992-1.011
0.948-1.075
0.958-1.039
0.005-98.830
0.194-2.530

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BP: Blood pressure; GT: Glutamyl transpeptidase; HbA1c: Hemoglobin A1c; HDL-C:
High-density lipoprotein cholesterol; hs-CRP: High sensitivity C-reactive protein; LDL-C: Low-density lipoprotein cholesterol; TG: Triglyceride; TC: Total
cholesterol; H. pylori: Helicobacter pylori.

significantly associated with alteration of SCE from nondysplasia to high-grade dysplasia: length of BE, H. pylori
infection, p53 overexpression, body weight, GERD, and
low diastolic BP. Only two of these six variables showed
a linear correlation with alteration to high-grade dysplasia;
that is, H. pylori infection and p53 overexpression (Table 4).

Table 3 Multivariate analysis of variables associated with Barrett’s epithelial dysplasia
Risk factor

P value

OR

95%CI

p53
H. pylori
Diastolic BP

0.004
0.066
0.021

13.107
0.187
0.874

2.275-75.504
0.031-1.116
0.780-0.980

Correlation between p53 expression and progression
of SCE from non-dysplasia to low- and high-grade
dysplasia
Given the strong association observed between p53 overexpression and dysplasia seen in the multivariate logistic
analysis (Table 3), we analyzed the level of p53 expression
and its association with progression of nondysplastic
SCE to low- and high-grade dysplasia including adenocarcinoma. The expression of p53 was categorized as
no expression (-), moderate expression characterized by
positive nuclear staining in 5- 10% of cells (+), and high
expression, characterized by positive nuclear staining in
> 10% of cells (++) (Figure 2). As shown in Table 5,
only 10% of patients in the nondysplastic SCE group expressed p53 at a low level, whereas expression was high in
the group with high-grade dysplasia (p < 0.01).

H. pylori: Helicobacter pylori; BP: Blood pressure.

values in the univariate analysis shown in Table 2; namely,
sex, H. pylori infection, body weight, p53 overexpression,
and low diastolic BP. Among these these variables, p53
overexpression, H. pylori infection, and low diastolic BP
were independent risk factors associated with dysplasia
complicated in patients with BE of the SCE type (Table 3).
The p value of H. pylori infection was 0.066 (not less than
0.05), but the odds ratio was 0.187, which seemed to give
a relatively strong effect on the association with Barrett
epithelial dysplasia. Thus, we included it in Table 3.
Risk factors associated with progression of SCE from
nondysplastic epithelium to low-grade and high-grade
dysplasia
We assesed the linearity of the relationship between risk
factors and progression. We classified dysplasia into three
groups: no dysplasia (n = 45), low-grade dysplasia (n =
14), and high-grade dysplasia (n = 6) including adenocarcinoma (Table 4). Based on ANOVA, six variables were
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DISCUSSION
Several studies, based on endoscopic, biochemical and
anthropometric data, have identified GERD, absence of
H. pylori infection, MS, waist circumference, and body
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Table 4 Analysis of variance for the three categories of Barrett’s epithelium: non-dysplasia, low-grade dysplasia, and high-grade dysplasia

Sex (male/female)
Age (yr)
Length of BE (SSBE/LSBE)
H. pylori infection rate
p53 positive rate
Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
GERD
Hypertension (BP > 130/85)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Diabetes
Fasting blood glucose (mg/dL)
HbA1c (%)
Dyslipidemia
TG (mg/dL)
TC (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Fatty liver
γ-GTP (U/L)
AST (IU/L)
ALT (IU/L)
Hs-CRP (mg/dL)
Metabolic syndrome

No dysplasia (n = 45)

Low grade (n = 14)

Dec-33
65.0 ± 9.8
Feb-43
Sep-34
4/41
61.0 ± 9.7
23.1 ± 2.8
86.9 ± 7.9
19/26
29/14
127 ± 16
76 ± 10
14/25
118 ± 32
5.6 ± 1.0
24/19
144 ± 58
202 ± 30
55 ± 13
118 ± 26
17/13
55 ± 48
24 ± 8
24 ± 15
0.107 ± 0.142
15/14

13/1
64.3 ± 12.4
14/0
6/7
7/7
69.5 ± 9.8
24.0 ± 3.1
88.1 ± 9.6
9/5
6/7
120 ± 19
69 ± 9
7/6
113 ± 19
5.5 ± 0.7
5/8
118 ± 71
195 ± 36
55 ± 9
112 ± 33
5/7
40 ± 31
26 ± 10
25 ± 13
0.104 ± 0.126
4/7

High grade (n = 6)
6/0
63.8 ± 9.4
4/2
1/5
6/0
65.5 ± 12.5
23.3 ± 3.7
89.3 ± 8.4
0/6
3/3
125 ± 6
71 ± 6
3/3
108 ± 20
5.5 ± 0.8
3/3
183 ± 137
174 ± 25
48 ± 7
97 ± 17
1/1
101 ± 126
24 ± 10
21 ± 10
0.084 ± 0.029
2/1

P value
0.177
0.941
0.044
0.002
< 0.001
0.033
0.689
0.848
0.020
0.155
0.473
0.016
0.425
0.712
0.971
0.612
0.190
0.124
0.407
0.201
0.744
0.097
0.837
0.803
0.973
0.604

SSBE: Short segment Barrett esophagus; BMI: Body mass index; LSBE: Long-segment Barrett’s esophagus; GERD: Gastroesophageal reflux disease; BP:
Blood pressure; TG: Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; hs-CRP: High sensitivity C-reactive protein; GTP: Guanosinetriphosphate.

non-dysplasia to those with low- to high-grade dysplasia
including adenocarcinoma. In our cohort, 94% of BE
cases were the SSBE type (Table 2). Overexpression of
p53 was the most important risk factor associated with
dysplasia and adenocarcinoma (Table 3), and the level
of p53 expression was strongly related to the grade of
dysplasia (Table 5). Several studies have shown that p53
overexpression is increased in parallel with progression of
histological changes from metaplasia to high-grade dysplasia and adenocarcinoma[41-44]. In specimens obtained from
surgical resection, expression of p53 has been observed
in the region of adenocarcinoma as well as in adjacent
dysplastic epithelia. In addition, in many cases, p53 gene
mutations are found at the specific position resulting in a
change in a specific amino acid residue in both adenocarcinoma and adjacent dysplastic epithelia[41,42]. These results
suggest that p53 mutation, which is relatively uncommon
in nondysplastic BE, is an important step in the progression to adenocarcinoma. Galipeau et al[45] have shown that
inactivation of p53 by mutation is strongly associated with
progression to aneuploidy, possibly through the loss of
p53-mediated apoptosis and cell-cycle arrest. The accumulation of these aneuploid cell populations has been shown
to increase the risk of developing adenocarcinoma[46].
The possible causal role of p53 in tumorigenesis as
well as tumor progression in BE has been postulated,
based on histological evidence showing that p53 mutations are more frequent in advanced stages in histology.
Thus, it is important to address the hypothesis that p53

Table 5 Relationship between the level of p53 expression
and grade of dysplasia

p53 (-)
p53 (+)
p53 (++)

Normal
(n = 45)

Low grade
(n = 14)

High grade and Ca
(n = 6)

41
4
0

7
4
3

0
4
2

Pearson χ 2 test, P < 0.001.

weight as risk factors associated with the presence of
BE[7-16]. One of the most notable findings from epidemiological reports has been a strong inverse association
between H. pylori infection and dysplasia of Barrett’s epithelium[17,18,21-26].
Esophageal adenocarcinoma derived from BE is not
common in Japan as compared with western countries,
whereas gastric carcinoma is more prevalent in Japan.
This inverse relationship may reflect the high prevalence
of H. pylori infection in Japan and the low prevalence in
western countries[24,39,40].
Another notable epidemiological difference between
these regions is the length of BE; that is, SSBE is common in Japan but LSBE is more prevalent in western
countries[27,28,30,31]. The underlying reasons for this difference are not currently known.
Here, we identified risk factors associated with the
presence of BE dysplasia by comparison of patients with
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overexpression could predict progression of nondysplastic BE to adenocarcinoma. Younes et al[47] studied p53
accumulation via immunohistochemistry in 54 patients
with Barrett’s metaplasia, dysplasia, or adenocarcinoma;
p53 accumulation increased in parallel with histological progression from metaplasia to adenocarcinoma.
Follow-up biopsies were available in 23 of 54 patients
who had dysplasia in at least one biopsy specimen. They
showed that only one of 21 (4.8%) patients who were
all p53 negative in multiple biopsies had histological
progression. In contrast, two of three patients with p53positive biopsies progressed to high-grade dysplasia or
intramucosal carcinoma (one patient was lost to followup). These retrospective data suggest that p53 accumulation increases the risk of progression from low- to highgrade dysplasia. These data are also consistent with our
results showing that the level of p53 expression was correlated with the grade of dysplasia (Table 5), suggesting
that mutated p53, which is expressed at an early stage,
may stimulate the tumor progression in the metaplasia–
dysplasia-adenocarcinoma sequence of BE.
We found a strong inverse association between H.
pylori infection and dysplasia in BE (Table 2); the lowest
prevalence of H. pylori was observed in the high-grade
dysplasia group (Table 4). Many studies have reported
that the absence of H. pylori colonization is associated
with a greater likelihood of developing esophageal
dysplasia and adenocarcinoma[18,20-23]. Hence, H. pylori
infection appears to have a protective effect against the
development of dysplasia and adenocarcinoma in BE.
The mechanism through which the absence of H. pylori
colonization is associated with dysplasia in BE is unknown, but there are several possibilities. First, H. pylori
infection, in particular the more virulent Cag-A-positive
strain, may lead to gastric atrophy resulting in suppression of acid production; this may lower the risk of BE
and esophageal adenocarcinoma[24,25].
We analyzed the degree of gastric atrophy according
to the Kimura-Takemoto Classification[48] to confirm the
association of low acidity and BE dysplasia. We could
not find any significant difference in the ratio of atropy
and distribution of degree of atrophy in normal individuals and patients with dysplasia (data not shown).
With regard to the possible outcome of H. pylori
eradication in BE, only a few studies have reported that
the SSBE developed at 24 mo after H. pylori eradication,
suggesting induction of SSBE by the eradication[49]. In
Japan, the prevalence of H. pylori infection has been
decreasing recently and the use of H. pylori eradication
therapy has flourished. For this reason, the incidence of
BE and adenocarcinoma is likely to increase, and it is
therefore important to determine risk factors for malignant changes associated with the development of dysplasia and adenocarcinoma in BE after H. pylori eradication.
In our multivariate logistic analysis, diastolic blood
pressure was an independent risk factor associated with
progression of BE from nondysplastic to dysplastic
epithelium (Table 3). When we evaluated users of anti-
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hypertensive drugs, especially Ca antagonists, in normal
individuals and patients with dysplasia, we could not find
any significant difference (data not shown). Although
this is believed to be the first report of a relationship between diastolic blood pressure and dysplasia in BE, the
underlying mechanisms are unclear.
When we analyzed the relationship variables among
three categories such as patients with no dysplasia, lowor high- grade dysplasia by ANOVA, we detected no
difference in diastolic BP (Table 4). We hypothesized the
nonlinear relationship of diastolic BP among the three
groups shown in Table 4 as follows: if the variables were
associated with malignant potential of Barrett’s epithelium, it may show the linear relationship among the three
groups, normal, low-grade and high-grade dysplasia. The
diastolic BP, however, may be associated with the step
such as columnar epithelial metaplasia, which is a relatively early step of transformation.
In our univariate analysis, body weight was extracted
as a risk factor for dysplasia in BE, but BMI and waist
circumference were not. In a Swedish study of 189
cases of newly diagnosed esophageal adenocarcinoma, a
strong positive association was found between BMI and
esophageal adenocarcinoma when controlling for GERD
symptoms[11]. A study from the Veterans Association in
the United States found that individuals with a BMI >
30 had a fourfold greater risk for BE as compared with
controls with a BMI < 25[7]. More recently, several studies have revealed that waist circumference, but not BMI,
has a modest independent associations with the incidence
BE, dysplasia and adenocarcinoma. Other studies have
reported that a higher waist-to-hip ratio is associated with
BE when data are adjusted for GERD symptoms and
BMI[14,50]. In our multivariate logistic analysis, anthropometric variables were not extracted as risk factors.
In conclusion we demonstrated that p53 overexpression, absence of H. pylori infection, and low diastolic
BP are independent risk factors associated with the
dysplastic changes of BE. Future studies such as welldesigned prospective studies are needed to elucidate the
mechanisms underlying the association of these risk
factors with the sequence of progression of dysplasia
to adenocarcinoma in BE and establish a high-rsk group
progressing to adenocarcinoma.
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Abstract
AIM: To evaluate the efficacy and safety of esomeprazole-based triple therapy compared with lansoprazole
therapy as first-line eradication therapy for patients
with Helicobacter pylori (H. pylori ) in usual post-marketing use in Japan, where the clarithromycin (CAM)
resistance rate is 30%.
METHODS: For this multicenter, randomized, openlabel, non-inferiority trial, we recruited patients (≥ 20
years of age) with H. pylori infection from 20 hospitals
in Japan. We randomly allocated patients to esomeprazole therapy (esomeprazole 20 mg, CAM 400 mg,
amoxicillin (AC) 750 mg for the first 7 d, with all drugs
given twice daily) or lansoprazole therapy (lansoprazole
30 mg, CAM 400 mg, AC 750 mg for the first 7 d, with
all drugs given twice daily) using a minimization meth-
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PPIs in combination with antibiotics has increased the
eradication rate of H. pylori[3,4]. Acid inhibition increases
eradication efficacy because antibiotics are more stable
in a less acidic gastric environment and induces a higher
antibiotic sensitivity in the bacteria[5].
PPI-containing triple therapy with clarithromycin
(CAM) and amoxicillin (AC) is a standard regime for H.
pylori eradication in Japan. This triple therapy in patients
with gastric or duodenal ulcers has been covered under
Japan’s national health insurance scheme since 2000,
and in 2013 its indication was expanded for H. pylori
eradication, including H. pylori-positive atrophic gastritis.
In 2007, a second-line eradication therapy, substituting
metronidazole (MTZ) for CAM was also approved. The
recent subsequent increase in bacterial resistance to CAM
in Japan, however, led to a decline in the eradication rate
by first-line therapy[6]. The Japanese Society for Helicobacter Research conducted a CAM sensitivity study to examine the prevalence of bacterial resistance from 2002 to
2006 in Japan. Surveillance revealed that the CAM resistance rate was 18.9% from 2002 to 2003, and then gradually increased to 21.1% from 2003 to 2004, to 27.7%
from 2004 to 2005[7]. Due to the increased resistance to
CAM, it is recommended that drug sensitivity tests be
performed before initiating eradication therapy. Sensitivity tests are not common, however, because other antibiotics are not approved for first-line eradication therapy.
Esomeprazole, the S-isomer of omeprazole, is a
second-generation PPI that became available in 2011
in Japan. Esomeprazole is considered to induce greater
acid secretion suppression than first-generation PPIs
because of pharmacologic advantages over the racemic
compound[8], and is less likely to be affected by CYP2C19
polymorphisms[9]. Several studies have reported eradication data comparing esomeprazole to first-generation
PPIs[10], but it is not known whether the H. pylori eradication rates of esomeprazole are equal to those of lansoprazole, a first-generation PPI, under circumstances of
increased resistance to CAM. Therefore, in this study, we
compared 7 d triple therapy with esomeprazole or lansoprazole containing AC and CAM.

od with age, sex, and institution as adjustment factors. Our primary outcome was the eradication rate by
intention-to-treat (ITT) and per-protocol (PP) analyses.
H. pylori eradication was confirmed by a urea breath
test from 4 to 8 wk after cessation of therapy.
RESULTS: ITT analysis revealed the eradication rates
of 69.4% (95%CI: 61.2%-76.6%) for esomeprazole
therapy and 73.9% (95%CI: 65.9%-80.6%) for lansoprazole therapy (P = 0.4982). PP analysis showed
eradication rate of 76.9% (95%CI: 68.6%-83.5%)
for esomeprazole therapy and 79.8% (95%CI:
71.9%-86.0%) for lansoprazole therapy (P = 0.6423).
There were no differences in adverse effects between
the two therapies.
CONCLUSION: Esomeprazole showed non-inferiority
and safety in a 7 day-triple therapy for eradication of H.
pylori compared with lansoprazole.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Amoxicillin is a standard regime for Helicobacter pylori (H. pylori ) eradication in Japan. Esomepra-

zole is a second-generation PPI that became available
in 2011 in Japan. Several studies have reported eradication data comparing esomeprazole to first-generation
proton pump inhibitors (PPIs), but it is not known
whether the H. pylori eradication rates of esomeprazole
are equal to those of lansoprazole, a first-generation
PPI, under circumstances of increased resistance to
clarithromycin in Japan.
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Ishihara R, Yura M, Komori M, Egawa S, Iijima H, Takehara T.
Comparative study of esomeprazole and lansoprazole in triple
therapy for eradication of Helicobacter pylori in Japan. World J
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http://www.wjgnet.com/1007-9327/full/v20/i15/4362.htm DOI:
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MATERIALS AND METHODS
Patients and study design
This was a prospective, randomized, controlled study. At
baseline, patients were evaluated for inclusion and exclusion criteria and written informed consent was obtained.
Patients aged at least 20 years, diagnosed with gastric
ulcers, duodenal ulcers, or gastric mucosa associated lymphoid tissue lymphoma, idiopathic thrombocytopenic
purpura, or early gastric cancer with H. pylori infections
who met the inclusion criteria and who wished to receive
eradication therapy for H. pylori were enrolled into the
study. Those diseases are covered for H. pylori eradication
by Japanese health insurance. In patients with gastric ulcers, H. pylori eradication therapy was administered after
the active gastric ulcer healed because 1 wk of H. pylori
eradication therapy is insufficient to heal gastric ulcers[11].

INTRODUCTION
Proton pump inhibitors (PPIs) are widely used for the
treatment of acid-peptic diseases. Their mechanism of
action involves inhibition of the H-K-adenosine triphosphatase enzyme in the parietal cells of the gastric mucosa.
Helicobacter pylori (H. pylori) eradication therapy is effective
for accelerating healing and inhibiting the recurrence of
gastric or duodenal ulcers, and is strongly recommended
in various guidelines as a first-line therapy for H. pyloripositive gastric or duodenal ulcers[1,2]. Treatment with
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breath test but measurement of H. pylori antigen in the
feces could be used instead of the urea breath test according to institution availability. The eradication rate was
defined as the number of successfully treated patients
divided by the number of all treated patients.
The study was performed according to the Declaration
of Helsinki and was approved by each institution’s ethics
committee. This trial is registered with UMIN Clinical trials:
http://www.umin.ac.jp/ctr/, number UMIN000007733.
Signed informed consent was obtained from each patient
before study enrollment.

Table 1 Participating hospitals attending the osaka gut forum
Hospital

1
Osaka Kaisei Hospital
2
Itami City Hospital
3
Osaka University Hospital
4
Osaka Seamen’s Insurance Hospital
5
Ashiya Municipal Hospital
6
Osaka General Medical Center
7
Yao Municipal Hospital
8
Osaka National Hospital
9
Sumitomo Hospital
10 Nishinomiya Municipal Central Hospital
11
Osaka Police Hospital
12
Higashiosaka City General Hospital
13
Ikeda Municipal Hospital
14
Toyonaka Municipal Hospital
15
Otemae Hospital
16 Hyogo Prefectural Nishinomiya Hospital
17
Osaka Medical Center for Cancer and
Cardiovascular Disease
18
Minoh City Hospital
19
Osaka Rosai Hospital
20
Kansai Rosai Hospital
Total

Patients
(esomeprazole/
lansoprazole)
52 (28/24)
39 (20/19)
26 (12/14)
24 (11/13)
17 (6/11)
17 (7/10)
16 (9/7)
13 (7/6)
11 (6/5)
9 (4/5)
7 (3/4)
6 (2/4)
6 (3/3)
6 (3/3)
5 (3/2)
4 (2/2)
4 (1/3)

%

19.4
14.6
10.1
9.0
6.3
6.3
6.0
4.9
4.1
3.4
2.6
2.2
2.2
2.2
1.9
1.5
1.5

Statistical analysis
The trial was designed as a non-inferiority trial to compare a 7 d triple therapy with esomeprazole vs lansoprazole, AC, and CAM for H. pylori infection in patients
naïve to therapy. The eradication rate was evaluated by
intention-to-treat (ITT) and per protocol (PP). In the
ITT analysis, all enrolled patients that were lost during
follow-up or did not get the breath test or stool antigen
test to evaluate eradication or withdrew due to AE were
classified as failed to eradicate.
Our primary outcome was the eradication rate by ITT
and PP analyses of the two therapies. The secondary outcomes were drug adherence and adverse events. In the PP
analysis, patients who were lost during follow-up or did not
follow the protocol were excluded from the analyses.
We calculated the sample size based on a non-inferiority
margin of 10%, a successful eradication rate of at least
70%, a two-sided test at the 5% level, and a power of 80%.
Based on this, a sample size of 119 patients per therapy
group was calculated to be sufficient. We decided to increase the number to 130 patients per therapy group, however, to compensate for a potential 10% loss at follow-up.
The significance level was set at P < 0.05. The 95%CI
were constructed by normal approximation. Univariate
logistic regressions were performed to predict successful
eradication. Statistical analysis was performed using JMP
software (ver. 10.0.2d1, SAS Institute Inc., Cary, NC).

3 (1/2)
1.1
2 (1/1)
0.7
1 (0/1)
0.4
268 (134/134) 100

In patients with active duodenal ulcers, however, 1 wk of
H. pylori eradication therapy is considered sufficient[12].
At entry, a patient was diagnosed as H. pylori-positive
if at least one of the following tests was positive histochemically-detectable H. pylori (hematoxylin and eosin
staining), rapid urease test, urea breath test, or stool antigen test. Exclusion criteria were as follows: past history
of drug allergy to PPIs, AC or CAM; previous therapy
for H. pylori; clinically significant renal or hepatic disease,
or any other clinically significant medical condition that
could increase risk; pregnancy; alcohol abuse; drug addiction; and previous partial or total gastrectomy.
Patients were enrolled by a gastroenterologist at each
participating institute after assessment of the appropriate indications and ruling out any contraindications to
the therapies. Patients were then randomly allocated to
the esomeprazole group (esomeprazole 20 mg, CAM 400
mg, AC 750 mg for the first 7 d; with all drugs given twice
daily) or lansoprazole therapy (lansoprazole 30 mg, CAM
400 mg, AC 750 mg for the first 7 d; with all drugs given
twice daily) by the minimization method with age, sex,
and institution as adjustment factors, using an allocation
system, Waritsuke-kun® (Mebix, Inc., Tokyo, Japan). The
dose of CAM could be reduced to 200 mg twice daily at
the attending doctor’s discretion according to patients age
or physical size. Adverse events (AE) were evaluated using
the Common Terminology Criteria version 4.0. Compliance was measured based on patient’s medication diary at
each visit. Compliance was calculated using the following
formula: compliance = actual number of internal use/14
(total number of internal use/7 d) × 100 (%).
Determination of eradication was made from 4 to 8
wk after the completion of eradication therapy. Determination of H. pylori eradication was made using a urea
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RESULTS
Patients
In total, 268 patients evaluated at 20 hospitals attending the Osaka Gut Forum were enrolled from May 2012
to February 2013 (Table 1). We randomly assigned the
patients to receive esomeprazole therapy (n = 134) or
lansoprazole therapy (n = 134) (Figure 1). Patients were
diagnosed with gastric ulcers (n = 163), duodenal ulcers
(n = 59), both gastric and duodenal ulcers (n = 7), gastric
mucosa associated lymphoid tissue lymphoma (n = 2),
idiopathic thrombocytopenic purpura (n = 1), or early
gastric cancer after endoscopic therapy (n = 36) with H.
pylori infection at entry. The demographic and clinical
characteristics of the patients in the two groups were
comparable (Table 2). Mean age ± SD was 61 ± 14 years.
There were 186 men (69%). There were no significant
differences found in age, sex, body mass index, smoking
habit, alcohol use, underlying diseases, or CAM dose be-
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Enrolled patients
n = 268

Full intention-to-treat population

R

Esomeprazole

Lansoprazole

n = 134

n = 134

Excluded
n =3

Excluded n = 1
Withdraw
consent n = 1
Ceased due to
adverse events
n =2

Withdraw
consent n = 1

7-d triple therapy with esomeprazole vs
lansoprazole, amoxicillin and clarithromycin
for H. pylori eradication

Ceased due to
adverse events
n =1

Lost to follow-up
n =5

Lost to follow-up
n =3

Protocol violation
n =4

Protocol violation
n =2

n = 121

Per protocol population

n = 124

(42%), blood antibody test in 110 patients (41%), stool
antigen test in 7 patients (2.6%), histopathology of biopsy specimens in 25 (9.3%) patients, and urea breath
test in 13 patients (4.9%). Figure 1 shows the flow chart
for this study. After randomization, 4 patients were excluded 2 patients in the lansoprazole group had a history
of gastrectomy, 1 patient in the lansoprazole group had
comorbid gastric cancer, and 1 patient in the esomeprazole group had a history of penicillin allergy. One patient
in each group withdrew their informed consent before
therapy. Two patients in the esomeprazole and 1 patient
in the lansoprazole group withdrew due to adverse effects
(Grade 3 vomiting and Grade 1 diarrhea in the esomeprazole group and Grade 1 vomiting in the lansoprazole
group). Three patients in the lansoprazole group and 5
patients in the esomeprazole group were lost to followup. Two patients in the lansoprazole group and four in
the esomeprazole group were excluded due to a protocol
violation about judging method for H. pylori eradication
or internal method (Figure 1).

Table 2 Demographic and baseline characteristics of the
study population
Characteristics

Figure 1 Study flow chart. H. pylori: Helicobacter
pylori.

Total
Esomeprazole Lansoprazole
patients
therapy
therapy
n = 268 n = 134
n = 134

Age (yr) (mean ± SD)
61 ± 14
range
23-92
Sex, male, %
186, 69%
BMI (mean ± SD)
22.9 ± 3.5
Alcohol1, n, (%)
119, 44%
Smoking (%)
75, 28%
Underlying diseases
Hypertension, n, %
69, 26%
Diabetes mellitus, n, %
35, 13%
Lipid disorder, n, %
31, 12%
Chronic lung disease, n, %
7, 3%
Disease for H. pylori eradication
Gastric ulcer, n, %
163, 61%
Duodenal ulcer, n, %
59, 22%
Gastroduodenal ulcer, n, %
7, 3%
Gastric MALT lymphoma, n, %
2, 0.7%
ITP, n, %
1, 0.4%
EGC after endoscopic
36, 13%
therapy, n, %
Therapy and test for H. pylori eradication
Clarithromycin
28/233
400 mg/800 mg per day
Urea breath test/stool antigen 230/17/4
test/others
Compliance2
Good, n, %
226 (84%)

61 ± 13
25-84
92, 69%
22.7 ± 3.5
54, 42%
37, 28%

61 ± 14
23-92
94, 70%
23.0 ± 3.5
65, 49%
38, 28%

35, 26%
18, 13%
12, 9%
4, 3%

34, 25%
17, 13%
19, 14%
3, 2%

82, 61%
29, 22%
5, 4%
0, 0%
1, 0.8%
17, 13%

81, 61%
30, 22%
2, 1.5%
2, 1.5%
0, 0%
19, 14%

12/118

16/115

113/8/3

117/9/1

110 (82%)

116 (87%)

Eradication of H. pylori infection and adverse events
The efficacy of the two eradication therapies is shown
in Figure 2. ITT analysis showed eradication rates
69.4% (95%CI: 61.2%-76.6%) for esomeprazole therapy
and 73.9% (95%CI: 65.9%-80.6%) for lansoprazole
therapy. The PP eradication rate was 76.9% (95%CI:
68.6%-83.5%) for esomeprazole therapy and 79.8%
(95%CI: 71.9%-86.0%) for lansoprazole therapy. Comparisons of the two therapies, both in the ITT and PP
analyses, showed non-inferiority (ITT, P = 0.4982; PP, P
= 0.6423). Univariate logistic regression analysis showed
that there were no predicting factors (sex, age, habit of
smoking or alcohol, body mass index, dose of CAM, and
underling diseases) for successful eradication (Table 3).
Figure 3 shows eradication rates in the PP analysis stratified by age.
The incidence of AE was comparable between the

1

Alcohol habit was defined as drinking more than twice a week, consumption
of more than 15 g of ethanol on each occasion in this study, 100 (%) If compliance was more than 75%, it graded as good; 2Compliance = actual number
of internal use/14 (total number of internal use/7 d). BMI: Body mass index;
MALT: Mucosa associated lymphoid tissue; ITP: Idiopathic thrombocytopenic purpura; EGC: Early gastric cancer; H. pylori: Helicobacter pylori.

tween the two groups.
For the initial determination of H. pylori infection
status, a rapid urease test was performed in 113 patients
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Eradication rates of H. pylori (%)

80.0

Omeprazole and lansoprazole (first-generation PPIs)
have anti-acid properties and demonstrated efficacy for H.
pylori eradication. The second-generation PPIs (rabeprazole and esomeprazole) have demonstrated even higher
acid inhibition[13,14]. Kirchheiner et al[13] reported that the
relative potencies of the PPIs compared to omeprazole
based on mean 24 h gastric pH were 0.9 and 1.6 for lansoprazole and esomeprazole, respectively. Even though
considering the difference of dose of each PPI in this
study, second-generation PPIs, esomeprazole are considered to more effectively suppress acid secretion than
first-generation PPIs, lansoprazole. One of the reasons is
considered that esomeprazole is less likely to be affected
than omeprazole by CYP2C19 polymorphisms[9]. More
acid inhibition is considered to increase eradication efficacy because antibiotics are more stable in a less acidic
gastric environment and induce higher antibiotic sensitivity in the bacteria[5]. Moreover, PPIs themselves may
have direct antibacterial properties. Benzimidazole PPIs
inhibit the growth of H. pylori[15]. Omeprazole competitively inhibits the extracellular urease enzyme of H. pylori
in a dose-dependent manner[16]. Miwa et al[17] reported that
rabeprazole is equivalent to omeprazole and lansoprazole
in the PPI/AC triple therapy in Japan Differential inhibitory effects of esomeprazole and lansoprazole on urease,
however, have not been demonstrated.
Esomeprazole, the S-isomer of omeprazole (a racemic mixture of S- and R-optical isomers), is the first PPI
to be developed as a single optical isomer. Esomeprazole
has been available in Japan since 2011. Esomeprazole is
effective for H. pylori eradication. Our findings indicated
non-inferiority and safety in 7 day-triple therapy based
on esomeprazole compared with lansoprazole. A number
of studies have compared esomeprazole with other firstgeneration PPIs. Wang et al[18] reported that the mean
H. pylori eradication rate (ITT) with esomeprazole plus
antibiotics was 86%, a rate comparable to that of other
PPI therapies, 81% (ITT); the odds ratio (OR) was 1.38
(95%CI: 1.09-1.75) in 11 randomized controlled trials
including 2159 subjects in a meta-analysis. The OR by a
focused meta-analysis of six selected high-quality studies
was 1.17 (95%CI: 0.89-1.54) and sub-analysis that included only studies comparing different doses of esomeprazole with omeprazole or pantoprazole revealed no significant differences[18]. Another recently meta-analysis (35
studies, 5998 patients) showed higher eradication rates
for esomeprazole than for first-generation PPIs [82.3% vs
77.6%; OR = 1.32 (95%CI: 1.01-1.73)][10]. After excluding some studies due to methodological differences, the
OR was increased to 1.52 (95%CI: 1.19-1.95). In subanalyses based on esomeprazole dose, esomeprazole 40
mg twice daily had an OR of 2.27 (95%CI: 1.07-4.82),
while esomeprazole 20 mg twice daily had an OR of
1.04 (95%CI: 0.80-1.1.35). Thus, it seemed that the newgeneration PPIs esomeprazole or rabeprazole are more
effective than first-generation PPIs, omeprazole or lansoprazole, for H. pylori eradication when using a higher dose
of esomeprazole.
The most common causes for failed eradication are

PP

100.0
79.8

76.9
69.4

ITT
73.9

60.0
40.0
20.0
0.0

Esomezorazole

Lansoprazole

Age (yr)

Eradication rate in the PP analysis (%)

Figure 2 Eradication rates of esomeprazole and lansoprazole and noninferiority comparisons. PP: Per protocol; ITT: Intention to treat; H. pylori:
Helicobacter pylori.

100
75
50

85.0
72.4

81.3

80.3

75.0

60-69

70 ≤

61
76

54
72

25
0

No of H. pylori eradicated pts
Total number

< 40 40-49 50-59
39
17 21
20 29
48

Figure 3 Eradication rate in the per protocol analysis stratified by age. H.
pylori: Helicobacter pylori; PP: Per-protocol.

two therapies (Table 4). The incidence of AE incidence
of all grades was 56% (75/134) in the esomeprazole
group and 53% (71/134) in the lansoprazole group. Most
AEs were Grade 1 (85% in both groups). In both groups,
diarrhea was the AE with highest incidence (27% in the
esomeprazole group and 31% in the lansoprazole group).
AEs were severe enough to discontinue therapy in 2
patients (1.4%) in the esomeprazole group and 1 (0.7%)
in the lansoprazole group. One patient stopped therapy
due to Grade 1 diarrhea. One patient in the lansoprazole
group had Grade 3 diarrhea, but discontinued to take the
medicine every day or every other day based on his own
judgment. He was excluded from the PP analysis due to a
protocol violation. Compliance of all patients except for 3
patients (50%, 79%, 86%) was 100% in the PP population
and excellent based on all the patients’ medication diaries.

DISCUSSION
The present study compared esomeprazole and lansoprazole therapy in H. pylori eradication. Generally, PPIs
are used for H. pylori eradication. Two mechanisms are
assumed to underlie the increased eradication rate: enhancement of antibiotic efficacy induced by acid control[10], and direct antibacterial effect of PPIs.
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Table 3 Univariate analysis of predictors for successful H.pylori
eradication in per-protocol analysis

Table 4 Adverse effects in each therapy
Adverse events

OR
Sex
Male
Female
Age (yr)
< 60
≥ 60
Smoking
No
Yes
Drinking
No
Yes
BMI
< 25
≥ 25
Clarithromycin
400 mg/d
800 mg/d
Diabetes Mellitus
No
Yes
Hypertension
No
Yes
Lipid disorder
No
Yes
Chronic lung disease
No
Yes

95%CI

P value

1
0.963

0.507-1.88

0.909

1
1.1

0.594-2.09

0.754

1
1.14

0.578-2.38

0.708

1
0.644

0.347-1.18

0.157

0.73

0.361-1.52

0.387

1
1.96

0.752-4.75

0.162

1
0.665

0.295-1.61

0.352

1
0.64

0.336-1.28

0.209

1
1.75

0.638-6.16

0.295

1
1.68

0.278-32.0

0.616

Diarrhea
Bitter taste
Nausea
Vomiting
Eruption
Headache
Fatigue
Appetite loss
Stomatitis
Cheilitis
Thirst
Belch
Bad breath
Sore throat
Joint paint
Leg edema
Chest discomfort
Floating
Abdominal wind
Constipation
Pruritus ani
Total

G2

32
13
1
2
1
0
1
2
0
0
2
1
1
1
1
0
2
1
1
2
0
64

3
3
0
0
2
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
9

Lansoprazole therapy

G3 Total, % G1
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2

36, 27%
16, 12%
1, 0.7%
3, 2.2%
3, 2.2%
0, 0%
1, 0.7%
3, 2.2%
0, 0%
0, 0%
2, 1.5%
1, 0.7%
1, 0.7%
1, 0.7%
1, 0.7%
0, 0%
2, 1.5%
1, 0.7%
1, 0.7%
2, 1.5%
0, 0%
75, 56%

33
14
1
0
2
2
0
1
1
2
0
0
0
0
0
1
0
0
0
2
1
60

G2
7
2
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
10

G3 Total, %
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

41, 31%
16, 12%
1, 0.7%
0, 0%
3, 2.2%
2, 1.5%
0, 0%
1, 0.7%
1, 0.7%
2, 1.5%
0, 0%
0, 0%
0, 0%
0, 0%
0, 0%
1, 0.7%
0, 0%
0, 0%
0, 0%
2, 1.5%
1, 0.7%
71, 53%

to eradicate H. pylori can be problematic because patients
often need to take as many as three different medications. Sasaki et al[21] suggested that packs of eradication
medicine are useful for increasing eradication success. A
drug pack, Lansap® (Takeda Chemical Industries, Ltd,
Osaka, Japan) to simplify dosing has been available since
2002 in Japan. Lansap® provides daily dose cards for a
7 d therapy cycle. Each dose card contains three different prescription drugs for 1-d therapy. Nagahara et al[22]
reported PP analysis using data from 57 patients in the
Lansap group and 67 patients in a separate tablets group
whose compliance was equal to or greater than 80%. The
cure rates for the groups receiving Lansap® and the separate tablets were 86.0% (95%CI: 74%-94%) and 76.1%
(95%CI: 64%-86%), respectively, in the PP analysis. The
eradication rates did not differ significantly between these
two groups, although the eradication rate was about 10%
higher with the Lansap®. Kawai et al[23] also reported that
a medication package might be useful to prevent mistakes regarding medicine dosage. In the present study,
patients in the lansoprazole group could use Lansap® at
the attending doctor’s discretion, whereas patients in the
esomeprazole group were used separate tablets, suggesting that the packaging did not have a significant influence
on the eradication efficiency. Drug compliance was suggested to be positively related to age over 60 years[24]. In
the present study, however, eradication rate stratified by
age was not significantly different among ages (Figure 3).
In conclusion, esomeprazole was not inferior and safe
in 7 d triple therapy for eradication of H. pylori compared
with lansoprazole.

BMI: Body mass index.

the presence of H. pylori resistance against antibiotics or
compliance of therapy, or both. Recently, a subsequent
increase in bacterial resistance to CAM was reported in
Japan, leading to a decline in the eradication rate of firstline therapy[6]. Generally, the best approach for H. pylori
eradication is the use of regimens that have proven to be
reliably excellent locally[19]. Unfortunately, sensitivity tests
are not common in Japan because antibiotics other than
the PPI/AC/CAM triple therapy have not been approved
for first-line eradication. The eradication rate of PPI/
AC/MTZ triple therapy, which was approved as a second- line therapy has remained consistently high, about
90%[20], and eradication is successful in most patients who
are positive for H. pylori infection.
The history of the patient’s prior antibiotic use and any
prior therapies will also help to identify which antibiotics
are likely to be successful and those for which resistance is
probable. In this study, we excluded patients with prior H.
pylori eradication therapy. To evaluate the patient’s antibiotic
use history, we examined patients with chronic lung disease
because those patients often used CAM. In the present
study, however, patients background was not significantly
different between groups. All but 3 patients were 100%
compliant in per protocol population and compliance was
excellent. Therefore, drug compliance might not have influenced the eradication rate in this study.
On the other hand, actual compliance with therapy

WJG|www.wjgnet.com

Esomeprazole therapy
G1

ACKNOWLEDGMENTS
Study investigators: Hideharu Ogiyama, Eriko Nakamura,

4367

April 21, 2014|Volume 20|Issue 15|

Nishida T et al . Comparison of Nexium and Takepron for H. pylori

Yukako Taniguchi, Yoshiko Sugimoto, Koichiro Watabe
(Osaka Kaisei Hospital); Yoshito Hayashi, Tomofumi
Akasaka, Motohiko Kato, Shinichiro Shinzaki (Osaka
University Hospital); Yoko Murayama (Itami City Hospital); Tadaharu Takemura (Ashiya Municipal Hospital);
Kosaku Ohnishi, Yasutoshi Nozaki, Osamu Nishiyama
(Osaka General Medical Center); Naoki Kawai, Akiyoshi
Okada (Osaka Police Hospital); Tadashi Kegasawa, Fumitaka Terabe (Yao Municipal Hospital); Tetsuya Iwasaki,
Yuko Sakakibara, Takuya Yamada (Osaka National Hospital); Kazuo Kinoshita (Sumitomo Hospital); Hirofumi
Kashihara (Nishinomiya Municipal Central Hospital);
Katsumi Yamamoto, Shiro Hayashi, Mitsuhiko Shibuya
(Toyonaka Municipal Hospital); Akihiro Nishihara(Minoh
City Hospital); Daisuke Utsunomiya, Rui Mizumoto,
Yasushi Matsumoto (Ikeda Municipal Hospital); Masako
Sato (Osaka Rosai Hospital).

2

3
4
5
6

COMMENTS
COMMENTS
7

Background

Esomeprazole is a second-generation proton pump inhibitors (PPIs) that
became available in 2011 in Japan. Esomeprazole is considered to induce
greater acid secretion suppression than first-generation PPIs because of
pharmacologic advantages over the racemic compound. Several studies have
reported eradication data comparing esomeprazole to first-generation PPIs, but
it is not known whether the Helicobacter pylori (H. pylori) eradication rates of
esomeprazole are equal to those of lansoprazole, a first-generation PPI, under
circumstances of increased resistance to clarithromycin.

8

Research frontiers

Esomeprazole, the S-isomer of omeprazole, is the first PPI to be developed
as a single optical isomer. Esomeprazole is considered to more effectively
suppress acid secretion than first-generation PPIs. More acid inhibition is considered to increase eradication efficacy because antibiotics are more stable in
a less acidic gastric environment and induce higher antibiotic sensitivity in the
bacteria.

9

Innovations and breakthroughs

10

Applications

11

Recently meta-analysis showed higher eradication rates for esomeprazole
than for first-generation PPIs. In sub-analyses based on esomeprazole dose,
esomeprazole 40 mg twice daily had higher eradication rates, while esomeprazole 20 mg twice daily did not show the significant eradication rates.
The study results showed that esomeprazole was not inferior and safe in 7-d
triple therapy for eradication of H. pylori compared with lansoprazole under circumstances of increased resistance to clarithromycin in Japan.

Terminology

Determination of eradication was made from 4 to 8 wk after the completion of
eradication therapy. Determination of H. pylori eradication was made using a
urea breath test but measurement of H. pylori antigen in the feces could be
used instead of the urea breath test according to institution availability. The
eradication rate was defined as the number of successfully treated patients
divided by the number of all treated patients.

12

Peer review

13

Generally clarithromycin-containing eradication therapy should not be considered as first-line therapy for H. pylori eradication if clarithromycin resistance
rate is over 15%-20%. Unfortunately, Japanese health insurance dose not allowed other regimens but clarithromycin containing triple therapy. Therefore the
regimens containing clarithromycin in the present study are standard regimens
as first-line therapy for H. pylori eradication in Japan.
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Clinical meaning of BRAF mutation in Korean patients with
advanced colorectal cancer
Bun Kim, Soo Jung Park, Jae Hee Cheon, Tae Il Kim, Won Ho Kim, Sung Pil Hong
RESULTS: Of 136 patients, 80 (58.8%) were male
and the mean age was 59 years. BRAF and KRAS
mutations were detected in 9.6% and 35.3% of patients, respectively. Only 4.3% of patients had MSIhigh tumors and there were no MSI-high in tumors
with a BRAF mutation. BRAF mutations tended to be
more frequent in stage Ⅳ than in stage Ⅲ (11.76%
vs 5.88%, p = 0.370). Patients with a BRAF mutation
had a lower incidence of KRAS mutation than those
without (7.69% vs 38.21%, p = 0.033). Overall survival was significantly shorter in the BRAF mutation
group than in the BRAF wild-type group both by univariate analysis (p = 0.041) and multivariate analysis
(HR = 2.195; 95%CI: 1.039-4.640; p = 0.039), while
progression-free survival was not different according
to BRAF mutation status.
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CONCLUSION: CRCs with a BRAF mutation have distinct molecular features and resulted in a poor prognosis in Korean patients with advanced CRC.

Abstract

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

AIM: To evaluate the clinicopathological features of
colorectal cancer (CRC) with a v-Raf murine sarcoma
viral oncogene homolog B1 (BRAF ) mutation and its
molecular interaction with microsatellite instability (MSI)
and v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS ) in patients with advanced CRCs.

Key words: BRAF ; Colorectal cancer; Molecular features; Chemotherapy response; Prognosis
Core tip: This study identified the clinicopathological
features of colorectal cancer (CRC) with BRAF mutation and its molecular interaction with microsatellite instability and KRAS targeting only to stage Ⅲ/Ⅳ CRCs.
These molecular markers enable the classification of
CRCs into meaningful subtypes for prognosis. Our data
strongly support the prognostic role of BRAF mutation
in Korean patients with advanced CRC.

METHODS: From October 2009 to December 2011,
141 patients with stage Ⅲ (n = 51) or Ⅳ (n = 90)
CRCs who were tested for the BRAF mutation at Severance Hospital were included. Among 141 patients, five
were excluded due to follow-up loss. Therefore, 136
patients were included in the study. The clinicopathological data, MSI status, and KRAS /BRAF mutation status were reviewed retrospectively. In addition, to evaluating the value of BRAF mutation status, progressionfree survival and overall survival in all patients were
collected and compared between the BRAF wild-type
group and BRAF mutation group.
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tus in patients with stage Ⅲ or Ⅳ CRC.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i15/4370.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i15.4370

MATERIALS AND METHODS
From October 2009 to December 2011, 141 patients in
stage Ⅲ (n = 51) and Ⅳ (n = 90) CRC underwent molecular testing, including MSI analysis and determination
of KRAS and BRAF mutation status in Severance Hospital. Among the 141 patients, five were excluded due to
follow-up loss. In total, 136 patients were included in the
present study. After an initial staging work-up including
a CT scan, patients without metastasis or with resectable
liver or lung metastasis received surgery and adjuvant
chemotherapy with FOLFOX. Patients with unresectable metastatic disease received palliative chemotherapy
with FOLFOX or FOLFIRI [19,20]. The clinicopathological data, including age, sex, family history of CRC,
BMI (body mass index), Eastern Cooperative Oncology
Group (ECOG) performance status tumor stage, tumor
location, tumor grade, initial CEA and chemotherapeutic
regimen were reviewed retrospectively. This study was
approved by the Institutional Review Boards of Yonsei
University College of Medicine.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in Western countries. In Korea, CRC is the second
most common cancer in males and the third in females,
with an estimated 25782 new cases and 7645 deaths each
year[1]. TNM staging of CRC has become a promising
tool in determining treatment and prognosis, but it is
evident that CRC has a significant clinical heterogeneity
even within the same pathologic stage[2-4]. Recent advances in molecular genetics enable the classification of
CRC using molecular markers, including microsatellite
instability (MSI) and v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS) and v-raf murine sarcoma
viral oncogene homolog B1 (BRAF) mutations, to predict prognosis and treatment response[5-8].
BRAF is a part of the Ras/Raf/mitogen-activated
protein kinase kinase (MAP2K)/mitogen-activated protein kinases (MAPK) signaling pathway. Many of the
transcription factors activated by the Ras/Raf/MAP2K/
MAPK pathway are involved in cell proliferation and
differentiation and many growth factor genes have binding sites for transcription factors activated by the Ras–
ERK pathway, located in their promoter regions. Thus,
aberrant activation of this pathway may provoke selfsufficiency in proliferative signals and continuous stimulation of cell growth[9]. Mutations of KRAS or BRAF
activate this pathway and are an established mechanism
that drives colorectal carcinogenesis[10]. The most common mutation of BRAF is the classic GTG-GAG substitution at position 1799 of exon 15, which results in the
V600E amino acid change and the subsequent constitutive activation of the EGFR signaling pathway. Generally, 10% to 20% of CRCs have BRAF mutations, and
the incidence of BRAF mutation varies according to
the status of the MSI. It has been reported that 34% to
70% of CRCs classified as MSI-high have BRAF mutations[11-13]. Compared to KRAS mutations, patients with
CRC and BRAF mutations show some different clinical
manifestations. It is well known that CRCs with KRAS
mutations respond poorly to cetuximab[14]. However,
the predictive role of BRAF mutations in response to
cetuximab is not yet clear. As for prognostic markers,
CRC with BRAF mutations have been shown to have
significantly poor prognosis compared to those with BRAF
wild-type[15-17], while KRAS mutations have no prognostic role[18].
Although CRCs have rapidly increased in Korea, the
incidence of BRAF mutation and its clinical meaning
have not yet been explored in Korean patients with CRC.
The aim of this study was to evaluate the clinicopathological features of CRC with a BRAF mutation and its
molecular interaction with MSI and KRAS mutation sta-
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DNA extract, MSI analysis, BRAF and KRAS sequencing
Before obtaining tissue samples, written informed consent was obtained from all patients. Tissue samples from
the tumor and normal colonic mucosa were obtained
from each patient after resection. DNA extracted from
each tumor was amplified by a standard polymerase
chain reaction using five Bethesda guidelines panel loci
(BAT25, BAT26, MFD15, D2S123, and D5S346)[21]. In
accordance with the consensus definitions of the National Cancer Institute, tumor samples were classified as
displaying high-degree microsatellite instability (MSI-H,
instability at 30% or more of the markers tested), lowdegree microsatellite instability (MSI-L, instability at
less than 30% of the markers tested), or microsatellite
stability (MSS, stability at all of the markers tested). Due
to the similar biological properties between MSI-L and
MSS, these two molecular phenotypes were grouped together in all analyses.
KRAS and BRAF were charged at ISU ABXI (Seoul,
South Korea). Genomic DNA was extracted from
10-μm-thick paraffin sections containing a portion of
tumor tissue by the QIAamp DNA Mini kit (Qiagen,
Hilden, Germany). Fifty nanograms of DNA were amplified in a 20 μl reaction solution containing 10 μl
of 2 X concentrated HotStarTaq Master Mix (Qiagen,
Hilden, Germany), including polymerase chain reaction (PCR) buffer with 3 mmol/L MgCl2, 400 μmol/L
of each dNTP, and 0.3 μmol/L of each primer pair
(KRAS F: 5’-ttatgtgtgacatgttctaat, R: 5’-agaatggtcctgcaccagtaa/BRAF, F: 5’-atgcttgctctgataggaaaatga, R: 5’
-agcagcatctcagggcca). Amplifications were performed
using a 15-min initial denaturation at 95 ℃, followed
by 35 cycles of 30 s at 94 ℃, 30 s at 59 ℃, and 30 s
at 72 ℃, and a 10-min final extension at 72 ℃. PCR
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0.111

with BRAF mutation to those with BRAF wild-type. The
secondary outcome was to evaluate the gene-gene interaction between BRAF mutation and KRAS mutation or
MSI. Continuous variables were expressed as mean ±
SD. Each patient’s baseline characteristics were analyzed
by descriptive statistics. OS was calculated from the
time of diagnosis until death or the last follow-up visit,
and PFS was calculated from the time of diagnosis until
disease recurrence or progression. OS and PFS were
analyzed using the Kaplan-Meier method, and survival
curves were compared using the log-rank method. Cox
proportional hazards modeling was used to control multiple risk factors that have been shown to influence CRC
survival by computing 95% confidence intervals (CIs). A
P-value < 0.05 was considered statistically significant. All
statistical analyses were performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, United States).

0.370

RESULTS

Table 1 Baseline characteristics of enrolled patients n (%)
BRAF wild-type
(n = 123)

BRAF Mutant P value
(n = 13)

Sex Male/Female
74 (60.2)/49 (39.8) 6 (46.2)/7 (53.8)
Age (mean ± SD, age)
58.54 ± 12.91
61.08 ± 7.87
Age (< 60 yr)
60 (48.8)
5 (38.5)
BMI (mean ± SD, kg/m2)
22.77 ± 3.64
22.70 ± 3.31
Family history of colorectal
25 (20.3)
1 (7.7)
cancer
ECOG performance status
0-1
116 (94.3)
13 (100.0)
2-3
7 (5.7)
0 (0.0)
Tumor type
Colon
97 (78.9)
10 (76.9)
Rectum
26 (21.1)
3 (23.1)
Tumor location
Proximal
35 (28.5)
6 (46.2)
Distal
88 (71.5)
7 (53.8)
Histology
WD and MD
113 (91.9)
10 (76.9)
PD and UD
10 (8.1)
3 (23.1)
AJCC tumor stage
Stage Ⅲ
48 (39.0)
3 (23.1)
ⅢA
5 (4.1)
1 (7.7)
ⅢB
30 (24.4)
1 (7.7)
ⅢC
13 (10.6)
1 (7.7)
Stage Ⅳ
75 (61.0)
10 (76.9)
ⅣA
27 (22.0)
3 (23.1)
ⅣB
48 (39.0)
7 (53.8)
MSI
MSS and MS-low
110 (89.4)
12 (92.3)
MSI-high
5 (4.1)
0
Unchecked
8 (6.5)
1 (7.7)
K-ras
Wild
76 (61.8)
12 (92.3)
Mutant
47 (38.2)
1 (7.7)
Initial CEA (mean ± SD,
251.41 ± 1520.96
14.29 ± 23.90
ng/mL)

0.329
0.488
0.479
0.950
0.462
0.421

0.871

0.211

Patient characteristics
Of 136 patients, 107 (78.7%) patients were diagnosed
with colon cancer and 29 (21.3%) with rectal cancer.
Fifty-one (37.5%) patients were stage Ⅲ and 85 (62.5%)
were stage Ⅳ. Thirteen patients (9.6%) had BRAF mutations, and 48 (35.3%) patients had KRAS mutations.
The most frequent mutation at KRAS was G12D, which
accounted for 29.2% of KRAS mutations (14/48). The
second most frequent mutation was G13D (12/48), and
the remainder occurred in the following order: G12V
(9/48), G12C (6/48), G12S (4/48), G13C (2/48) and
G12A (1/48). Five (4.3%) patients had MSI-high tumors. Molecular characteristics such as MSI status and
KRAS and BRAF mutation status were not significantly
different according to the tumor location.
The clinicopathological characteristics of patients according to BRAF mutation are summarized in Table 1.
Tumors with BRAF wild-type tended to exhibit more
differentiated histology (91.9% vs 76.9%, P = 0.211) and
an earlier stage (stage Ⅲ, 39.0% vs 23.1%; P = 0.370) than
tumors with BRAF mutation. There was no MSI-H in tumors with BRAF mutation. Tumors with BRAF wild-type
had significantly more KRAS mutations than tumors with
BRAF mutation (38.2% vs 7.7%, P = 0.033). Only one
(7.7%) tumor with BRAF mutation had KRAS mutation.
The other clinicopathological findings, such as sex, age,
BMI, family history of CRC, ECOG performance status,
tumor location and initial CEA level, were not different
between tumors with BRAF wild-type and mutation.
Treatment modalities in enrolled patients are summarized
in Table 2. Ninety-three (75.6%) patients with BRAF wildtype and nine (69.2%) with BRAF mutation received surgery (P = 0.737). One hundred nineteen (96.7%) patients
with BRAF wild-type and 11 (84.6%) with BRAF mutation received chemotherapy (P = 0.182). Chemotherapy
regimens and targeted agents were not significantly different between the two groups. The mean ± SD follow-up
duration in all patients was 21.5 ± 13.3 mo.

0.604

0.033

0.576

SD: Standard deviation; BMI: Body mass index; ECOG: Eastern Cooperative Oncology Group; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; UD: Undifferentiated; AJCC: American
Joint Committee on Cancer; MSI: Microsatellite instability; MSS: Microsatellite stable; CEA: Carcinoembryonic antigen.

products separated in 2% gel were purified with a QIAgen gel extraction kit (Qiagen). DNA templates were
processed for the DNA sequencing reaction using the
ABI-PRISM BigDye Terminator version 3.1 (Applied
Biosystems, Foster City, CA, United States) with both
forward and reverse sequence-specific primers. Twenty
nanograms of purified PCR products were used in a
10 μl sequencing reaction solution containing 1 μl of
BigDye Terminator v3.1 and 0.1 μmol/L of the same
PCR primer. Sequencing reactions were performed using 25 cycles of 10 s at 96 ℃, 5 s at 50 ℃, and 4 min
at 60 ℃. Sequence data were generated with the ABI
PRISM 3730 DNA Analyzer (Applied Biosystems) and
analyzed by Sequencing Analysis 5.1.1. software (Applied
Biosystems) to compare variations.
Statistical analysis
The primary outcome was to compare overall survival
(OS) and progression-free survival (PFS) of patients
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Table 3 Prognostic factors in colorectal cancer patients in
multivariate analysis

Table 2 Treatment modality of the patients n (%)
BRAF wild-type BRAF Mutant P value
(n = 123)
(n = 13)
Surgery
Yes
No
Chemotherapy
Yes
No
Chemotherapy regimen
FOLFOX
FOLFIRI
FL
Xeloda
SOX
Target agent use
No
Bevacizumab
Cetuximab

Age (older than 60 yr vs younger)
Sex (male vs female)
Tumor type (rectum vs colon)
Initial stage (stage Ⅳ vs Ⅲ)
Histology (PD and UD vs WD and MD)
Surgical treatment (no vs yes)
BRAF mutation (mutant vs wild-type)
KRAS mutation (mutant vs wild-type)

0.737
93 (75.6)
30 (24.4)

9 (69.2)
4 (30.8)

119 (96.7)
4 (3.3)

11 (84.6)
2 (15.4)

97 (82.2)
5 (4.2)
7 (5.9)
8 (6.8)
1 (0.8)

9 (81.8)
0
2 (15.4)
0
0

91 (74.0)
19 (15.4)
13 (10.6)

8 (61.5)
5 (38.5)
0

0.441

HR (95%CI)

P value

1.164 (0.682-1.984)
0.927 (0.541-1.586)
0.931 (0.511-1.697)
3.183 (1.517-6.679)
2.821 (1.378-5.776)
3.694 (1.972-6.918)
2.195 (1.039-4.640)
1.305 (0.766-2.221)

0.578
0.781
0.816
0.002
0.005
< 0.001
0.039
0.327

CI: Confidence interval; PD: Poorly differentiated; UD: Undifferentiated;
WD: Well differentiated; MD: Moderately differentiated; CEA: Carcinoembryonic antigen.
0.128

a BRAF mutation[3,22]. The BRAF mutation is associated
with MSI-H through hMLH1 promoter hypermethylation, which is known to be associated with a high
level of CpG island methylator phenotype (CIMP)[11].
Several reports have revealed a low incidence of BRAF
mutations in CRC. Although it is not clear if ethnicity affects the status of the BRAF mutation, previous
studies with small sample sizes of Koreans reported only
3.8%-7% of BRAF mutant CRCs in Korean patients[23,24].
A few studies showed that BRAF mutations were extremely uncommon in rectal cancer, with an incidence of
0%-2%[25,26]. However, the present study indicated that
the incidence of BRAF mutation was not affected by
ethnicity or tumor location. Although it is known that
BRAF genes are exclusively mutated with KRAS genes,
coincident mutations of KRAS and BRAF rarely occur in CRC with an incidence of 0.001%[27]. Herein, we
found that one case had both KRAS (G12V) and BRAF
mutations. This patient was a 49-year-old male and had
rectosigmoid junction cancer of MSS type in MSI. It is
not clear whether these tumors have a different biology
and natural history than KRAS or BRAF only mutant
tumors or which of the two mutations is the dominant
oncogene driving tumor proliferation because coincident KRAS and BRAF mutation were infrequently observed[27].
The present study showed a small number of MSI-H
tumors compared to previous studies[5,28] and thus failed
to demonstrate the relationship between MSI status and
BRAF mutation. This may have been due to the advanced stage of CRCs in the present study. Our previous
study demonstrated that MSI-H tumors were strongly
associated with early tumor stage, and only 6% of stage
[29]
Ⅲ/Ⅳ CRC had MSI-H tumors . Compared with colon
cancer, rectal cancer has a low incidence of MSI-H tumors and this may have affected the results of the present study[29].
CRC has significant clinical heterogeneity based
on several molecular markers such as MSI, KRAS and
BRAF [2-4]. It has been well documented that MSI-H
tumors have a better prognosis than MSS/MSI-L tumors[5,29]. In contrast, BRAF mutant tumors have a poor
prognosis compared to BRAF wild-type tumors[6,7]. The

Tumor response and survival according to BRAF
mutation status
To determine the value of BRAF mutation status as a
prognostic marker, PFS and OS were compared between
patients with BRAF wild-type and BRAF mutation (Figure 1). PFS was not statistically different between the
two groups (BRAF wild type vs BRAF mutation, 10.1
± 7.8 mo vs 7.2 ± 5.0 mo; P = 0.135). The OS was significantly shorter in patients with BRAF mutation than
those with BRAF wild-type (BRAF wild type vs BRAF
mutation, 22.2 ± 13.2 mo vs 18.8 ± 13.6 mo; P = 0.041).
In contrast to BRAF mutation, KRAS mutation status
was not associated with PFS or OS in patients with stage
Ⅲ/Ⅳ CRCs.
Univariate and multivariate analyses were performed
to validate the prognostic factors for survival in patients
with stage Ⅲ/Ⅳ CRC. Univariate analysis revealed that
histology, tumor stage, surgery and BRAF status were
significant prognostic factors for survival (p = 0.001, p
< 0.001, p < 0.001 and p = 0.041, respectively). Multivariate analysis showed that TNM stage Ⅳ (HR = 3.183;
95%CI: 1.517-6.679; p = 0.002), poor differentiation
and lack of differentiation in histology (HR = 2.821;
95%CI: 1.378-5.776; p = 0.005), no surgery (HR = 3.694;
95%CI: 1.972-6.918; p < 0.001) and BRAF mutation (HR
= 2.195; 95%CI: 1.039-4.640; p = 0.039) were significant poor prognostic factors for survival in patients with
stage Ⅲ/Ⅳ CRC (Table 3).

DISCUSSION
This retrospective study demonstrated that stage Ⅲ or
Ⅳ CRC in Korean patients have distinct molecular characteristics, including exclusive mutations between KRAS
and BRAF genes and a low incidence of MSI-H. BRAF
mutant tumors showed significantly shorter survival than
BRAF wild-type tumors, while the KRAS mutation had
no prognostic impact.
It has been reported that 10% to 20% of CRCs have
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Figure 1 Progression-free survival and overall survival according to BRAF or KRAS mutation status. A: PFS was not significantly different by the BRAF mutation status (p = 0.135); B: OS was significantly poorer in the BRAF mutant group than in the BRAF wild-type group (p = 0.041); PFS (C) and OS (D) were not significantly different by the KRAS mutation status (p = 0.954 and p = 0.536, respectively). PFS: Progression-free survival; OS: overall survival.

BRAF mutation has been used as a strong prognostic
factor for overall survival in patients with CRCs, which
was also confirmed in the present study. Thus, CRCs
can be classified into four subtypes by these two distinct
prognostic markers of MSI status and BRAF mutation[7]. MSS/BRAF mutant tumors are known to exhibit
the worst prognosis, while MSI-H/BRAF wild-type tumors have the best prognosis. MSI-H/BRAF mutant or
MSS/BRAF wild-type tumors have been suggested as
intermediate subtypes[7]. However, several recent studies
suggested that the association of BRAF mutation with
poor prognosis is limited to MSS tumors[16,30]. Thus, further studies are necessary to adapt this molecular classification for clinical practice.
This study has several limitations. First, a retrospective study design has inherent limitations. Second, because of the small number of MSI-H tumors, the present study failed to evaluate the association of BRAF mutation with MSI status. Finally, even for advanced cancer,
the follow-up period was relatively insufficient at a mean
of 21 mo.
In conclusion, CRCs have distinct molecular features,
including MSI status and mutations of KRAS and BRAF.
These molecular markers enable the classification of
CRCs into meaningful subtypes for prognosis. Our data
strongly support the prognostic role of BRAF mutation
in Korean patients with advanced CRC.
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COMMENTS
Background

Approximately 10% of colorectal cancers (CRCs) have BRAF mutations and
these CRCs have a worse prognosis than those with BRAF wild-type. In addition, the BRAF gene is thought to be closely associated with several molecular
markers such as microsatellite instability (MSI) and KRAS in CRCs. However,
although the prevalence of CRCs has rapidly increased in South Korea, the incidence of BRAF mutation and its clinical meaning are unknown in Korean CRC
patients.

Research frontiers

Recent advances in molecular genetics enable the classification of CRC by molecular markers, including MSI and KRAS and BRAF mutations, to predict prognosis and treatment response. It is well known that CRCs with KRAS mutations
respond poorly to cetuximab. However, the predictive role of BRAF mutations
in cetuximab response is not clear. As for prognostic markers, MSI-high tumors
have a better prognosis than MSS/MSI-low tumors. In contrast, CRC with BRAF
mutations have a worse prognosis than those with BRAF wild-type, while KRAS
mutations have no prognostic role. Future research should aim to uncover the
role and purpose of molecular markers in CRC and to identify their potential usage clinically.

Innovations and breakthroughs

This study identified the clinicopathological features of CRC with a BRAF mutation and its molecular interaction with MSI and KRAS targeting for stage Ⅲ/Ⅳ
CRC.

Applications

Molecular markers such as BRAF, KRAS, MSI may be used to classify cases of
colorectal carcinoma into subtypes for prognosis.

Terminology

BRAF: BRAF is a human gene that makes a protein called B-Raf. The gene is
also referred to as proto-oncogene B-Raf and v-Raf murine sarcoma viral onco-
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gene homolog B1, while the protein is more formally known as serine/threonineprotein kinase B-Raf. The B-Raf protein is involved in sending signals inside
cells, which are involved in directing cell growth. KRAS: KRAS is a human gene
that makes a protein called KRAS. Like other members of the Ras family, the
KRAS protein is a GTPase and is an early player in many signal transduction
pathways. The protein product of the normal KRAS gene performs an essential
function in normal tissue signaling, and the mutation of a KRAS gene is an essential step in the development of many cancers.

12

Peer review

The BRAF mutant tumors had a significantly shorter survival than that of BRAF
wild-type tumors, while the KRAS mutation had no prognostic impact. These results are interesting and this finding allows these molecular markers to be used
to classify cases of colorectal carcinoma into subtypes for prognosis.
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RESULTS: Seventy-two patients were endoscopically
evaluated. Twenty-seven patients (37.5%) had primarily
a lymphoproliferative tumor and 45 (62.5%) had solid
tumors. In 50 patients (69.4%) the endoscopic examination revealed lesions in the same anatomical areas
as the FDG-PET findings. Among these 50 patients,
malignant and premalignant lesions i.e. , adenomatous
polyps were found in 16 (32%) and 9 (18%) patients,
respectively. Inflammation was noted in an additional
20 patients (40%). Compared to primary solid tumors,
a background of primary lymphoproliferative malignancy was more likely to reveal an additional primary
malignancy (15.6% vs 33.3%, respectively, P < 0.01).
EGD compared to colonoscopy, revealed altogether 11
(25.6%) new malignancies compared to 5 (17.2%),
respectively, P = 0.12. No GIT clinically significant findings were overseen by the FDG-PET.
CONCLUSION: Unexpected FDG uptake in the GIT
is commonly encountered and may contain significant
findings. Endoscopy evaluation is justified in order to
detect these additional findings.

Abstract
AIM: To investigate the nature and significance of
unexpected positron emission tomography with fluorodeoxyglucose (FDG-PET) uptake within the gastrointestinal tract (GIT).

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

Key words: Positron emission tomography with fluorodeoxyglucose; Gastrointestinal tract; Malignancy; Endoscopy; Unexpected findings

METHODS: Patients with unexpected FDG-PET findings
in the GIT were evaluated. All patients had a previous
confirmed malignancy, either solid or lymphoproliferative. The radiologic reports were performed by experienced radiologists with an exclusive PET expertise.
Endoscopy, i.e. , esophagogastroduodenoscopy (EGD)
and colonoscopy, and histopathological evaluation of all
findings was performed in all patients in accordance to
the FDG-PET results. The findings from each of these
modalities were compared to each other. Both clinically
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Core tip: Positron emission tomography with fluorodeoxyglucose (FDG-PET) is gradually gaining acceptance
as a first line radiological modality for both solid and
hematological malignancies. While both technology
and expertise is improving, incidental findings are more
frequently encountered. The gastrointestinal tract is
a common source for these unexpected findings. In
this manuscript we assessed the significance of these
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uptake. 18-F FDG uptake is also associated with Crohn’s
disease (CD), autoimmune pancreatitis, liver and gastrointestinal neoplasms[14-19]. Long-segment diffuse uptake
in the GIT is most often associated with physiological
uptake, whereas focal uptake in the GIT is more likely to
be considered a pathological finding[20].
PET imaging using 18-F FDG (FDG-PET) is well
accepted in the imaging work-up or follow-up of many
malignancies[1,20]. Incidental or unexpected FDG uptake
in the GIT is not rare[21-23], and the significance of such
uptake in patients with suspected or confirmed malignancy is yet to be established[24]. The aim of this study was to
retrospectively assess the significance of FDG uptake in
the gastrointestinal tract in patients who underwent PETcomputer tomography (CT) due to a preexisting malignancy.

findings and correlated them with upper and lower endoscopy findings. Surprisingly, we encountered much
clinical significant information. More so, the FDG-PET
was considerably sensitive to gastrointestinal findings.
These results suggest that gastrointestinal incidental
findings should be evaluated.
Goldin E, Mahamid M, Koslowsky B, Shteingart S, Dubner Y,
Lalazar G, Wengrower D. Unexpected FDG-PET Uptake in the
Gastrointestinal Tract: Endoscopic and Histopathological correlations. World J Gastroenterol 2014; 20(15): 4377-4381 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i15/4377.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i15.4377

INTRODUCTION

MATERIALS AND METHODS

Positron emission tomography (PET) with fluorodeoxyglucose (FDG) has recently been established as a diagnostic tool for the evaluation of patients with suspected
or confirmed malignancy[1]. The normal distribution of
18-F FDG uptake has been described in both children
and adults[2-4]. A number of physiologic variants are commonly encountered, including normal physiologic uptake
in the head and neck, heart, breast, liver, spleen, gastrointestinal tract (GIT), genito-urinary system, bone marrow,
muscles, and brown adipose tissue. Benign lesions with
increased 18-F FDG uptake are commonly seen and are
frequently misinterpreted as malignancies[5-7]. 18-F FDG
is glucose analog labeled with a positron-emitting isotope,
F (fluorine)-18. It is transported into the cells by glucose
transporters, subsequently phosphorylated by hexokinase and trapped within the cell[8]. Malignant tissues
accumulate 18-FDG more rapidly than normal tissues
due to their increased glucose metabolism rate, increased
expression of glucose transporters, and highly active
hexokinase bound to tumor mitochondrial compared to
normal tissue[9]. 18-F FDG uptake is also known to occur
in nonmalignant conditions, mainly inflammation and infection[10]. Increased uptake in inflammation is due to an
increased number of glucose transporters[11]. Imaging of
inflammation with 18-F FDG PET is also based on the
fact that infiltrated granulocytes and tissue macrophages
use glucose as an energy source[12]. 18-F FDG uptake in
the normal GIT is highly variable and can range from
mild to intense with a focal, diffuse, or segmental distribution. The origin of 18-F FDG uptake in the GIT
is not fully understood and is most likely multifactorial.
Many nonmalignant conditions in the GIT can influence
18-F FDG uptake. Patients with esophagitis caused by
gastroesophageal reflux disease or due to radiation therapy
may reveal marked uptake in the esophagus. Barrett’s
esophagus, a premalignant esophageal finding, may also
demonstrate increased uptake in the distal esophagus.
Gastric uptake may be associated with Helicobacter pylori
infection[13]. Differentiating malignancy or inflammation
from a normal variant is quite challenging in colonic
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A dual center retrospective study conducted between
October 2009 to December 2011, included 72 patients
who underwent a FDG PET-CT scan due to a confirmed
malignancy. Patients who were found to have incidental
uptake in the GIT were included in the study. Primary
malignancy in any solid tumor or hematologic malignancies were included. Patients whose primary malignancy
was in the GIT, i.e., colorectal, gastric or esophageal
cancer who demonstrated increased uptake in the area
of the primary malignancy were excluded. All participants underwent FDG PET-CT following a 6 h fast. In
selected cases intravenous furosemide was administered
to enhance urinary clearance of excreted FDG. These
cases were chosen according to the discretion of the radiologist performing the examination. Intravenous FDG
was given at doses that ranged between 185 to 444 MBq.
Unenhanced CT scan was routinely obtained for attenuation correction and for diagnostic purposes. PET and
PET-CT scans were reviewed on a computer workstation
using a 3D-volume and obtaining coronal, sagittal, and
trans-axial views by a PET-accredited nuclear physician.
The radiographs were all interpreted by a doctor with a
minimum of five year experience. Additionally, all cases
were presented at a forum which included very experienced radiology experts in PET-CT. The clinical data of
all participants were available to the nuclear physician
performer. Incidental GIT uptake was the primary inclusion criteria into the study.
Esophagogastroduodenoscopy (EGD) was conducted
in all patients with any PET finding that correlated with
the upper GIT. A full colonoscopy was performed when
findings suggested a lower GIT lesion. All procedures
were carried out by an accredited gastroenterologist. The
examination was directed to correspond with the FDG
uptake in the GIT; if any endoscopic irregularity was detected, multiple biopsies were taken for histopathological
analysis. The histopathologic diagnoses were grouped as
malignant lesion, premalignant lesion (polyps with any
degree of dysplasia), or as inflammation. The outcome
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Figure 1 Primary malignancy origin. ENT: Ear, nose and throat.

was measured as the correlation between the imaging
data compared to the endoscopic and histopathology
findings.

carcinoma of the esophagus, and 4 were identified with
colorectal cancer. Carcinoma in-situ was found in another
patient. Premalignant lesions, i.e., polyps in the colon
were found in 9 patients, all corresponding to the PETFDG uptake. A total of 25/72 patients (34.7%) were diagnosed with malignant or premalignant lesions in areas
corresponding to the FDG uptake. 12 (18%) patients had
additional endoscopic findings which were not detected
by the PET-FDG examination. All of these findings
were small polyps less than 5 mm. No malignant lesions
were unidentified by the PET-FDG uptake. Among the
72 participants, 27 (37.5%) had a primary lymphoproliferative malignancy, while 45 (62.5%) had a primary solid
tumor.
Comparing the primary lymphoproliferative group
to the primary solid tumor group, a new malignancy was
found in 9/27 (33%) and 7/45 (15.5%), respectively, (P <
0.01) (Figure 2A). When comparing the diagnostic yield
of EGD vs colonoscopy, 43/72 (59.7%) underwent EGD
and 29/72 (40.3%) underwent a colonoscopy. Eleven malignancies were found by EGD, with a diagnostic yield of
25.6%. Colonoscopy revealed 5 malignancies achieving a
diagnostic yield of 17.2% (P = 0.12) (Figure 2B). The difference was not statistically significant.

Statistical analysis
Case details were computerized and analyzed using SPSS
version 17.0 software (Chicago, IL, United States). Data
was analyzed using a standard unpaired two-tailed Student’s t-test. All P values were two-sided and considered
statistically significant if < 0.05.

RESULTS
The study population comprised of 72 patients (38 male,
34 female) with a mean age of 62 ± 7 years (range 32-86
years) who were diagnosed with various types of malignancies. The origin of the primary malignancy is listed
in Figure 1. Twenty-seven patients (37.5%) had a lymphoproliferative tumor and 45 (62.5%) had solid tumors.
Forty-seven patients had undergone surgical intervention
and 34 were receiving chemotherapy and/or radiotherapy. Forty-three patients underwent EGD and 29 patients
underwent colonoscopy. No participant underwent both
examinations.
Fifty patients (69.4%) had a positive endoscopic finding corresponding to the PET-FDG uptake. Among
them, 16 (32%) were found to have a malignant lesion
and 9 (18%) had a premalignant lesion (i.e., polyps). 19
(38%) patients were found to have an inflammation
other than inflammatory bowel disease such as gastritis,
duodenitis or nonspecific colitis, and 1 patient (2%) had
findings compatible with CD. Five patients (10%) had an
endoscopic impression of an irregularity but the histological findings were normal. Excluding these 5 patients
with a normal biopsy a total of 45 patients (62.5%) had a
significant endoscopic finding corresponding to the FDG
uptake. Among the 16 patients with new malignancies, 4
had adenocarcinoma of the stomach, 5 were diagnosed
with stomach lymphoma, 2 were found to have adeno-
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DISCUSSION
FDG-PET has been successfully used to aid in the diagnosis, staging, and monitoring of variable malignancies [1,3]. Unfortunately increased FDG uptake is not
specific to cancerous cells[5-7]. Accordingly, FDG-PET
has a low specificity. FDG is accumulated in several types
of inflammatory cells such as lymphocytes, neutrophils,
and macrophages due to their increased glucose metabolism[10]. Thus in addition to identification of malignant
tumors, the possibility of false-positive findings must be
kept in mind to prevent over diagnosis and therapeutic
mistakes. Histological analysis is used to distinguish between malignancies and other causes.
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findings.

50

33.3%

15.6%

9

7

Lymphoproliferative

Solid tumor

50

No malignancy

45

Malignancy

Number of patients

40
35
30
25
20
15

32

10
5
0

24
25.6%

11
Gastroscopy

COMMENTS
COMMENTS
Background

17.2%

Positron emission tomography with fluorodeoxyglucose (FDG-PET) has been
successfully used to aid in the diagnosis, staging, and monitoring of variable
malignancies. Unfortunately increased FDG uptake is not specific to cancerous
cells.

5
Colonoscopy

Research frontiers

Figure 2 Risk of additional malignancy. A: Primary was lymphoproliferative
(33%) vs solid tumor (15.5%), P < 0.01; B: Primary endoscopic modality was
gastroscopy (25.6%) vs colonoscopy (17.2%), P = 0.12.

Several large sample size studies have shown that FDG-PET is a useful tool for
detecting premalignant and malignant lesions. These foci were found to be correspondent to three carcinomas and 10 adenomas found during colonoscopy.

Innovations and breakthroughs

Several large sample size studies have shown that FDGPET is a useful tool for detecting premalignant and malignant lesions. Gutman et al[25] reviewed a series of 1716 PETCT scans of patients with various malignant diseases other
than colorectal cancer and found focal FDG uptake in
the colon in 20 patients. These foci were found to be correspondent to three carcinomas and 10 adenomas found
during colonoscopy. Israel et al[26] found 58 foci or intense
FDG uptake in the GIT in a series of PET-CT scans of
4390 patients. Among the 34 patients who underwent
GIT studies, 24 (71%) had abnormal findings, including
malignant and premalignant lesions.
This study shows a higher rate of FDG uptake in the
GIT than found in previous studies. A partial explanation lies in the advances in the technology and equipment
combined with a higher level of interpretation expertise.
Additional multifactor explanations are: age, primary malignancy and indication for the exam, which among others may influence GIT uptake.
Our results indicate that patients with a primary lymphoproliferative or solid malignancy with a focal FDG
uptake are at a higher risk for an additional primary malignancy. As many as one third of these findings may have
a clinical significance and up to one fifth may provide a
complete new diagnosis. Primary lymphoproliferative disease adds a considerable risk. As this tool is increasingly
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This study shows a higher rate of FDG uptake in the gastrointestinal tract than
found in previous studies. A partial explanation lies in the advances in the technology and equipment combined with a higher level of interpretation expertise.

Applications

The results indicate that patients with a primary lymphoproliferative or solid malignancy with a focal FDG uptake are at a higher risk for an additional primary
malignancy.

Peer review

This paper a very interesting manuscript, well done and well written and of potential interest for the readers. The high sensitivity and specificity in finding new
pathologies during follow up is impressive.
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a total duration of 40 min. Hepatic ultrasound, fasting
blood tests, anthropometrics and body composition by
dual energy X-ray absorptiometry were assessed. At
baseline and follow-up, patients filled out a detailed
semi-quantitative food frequency questionnaire reporting their habitual nutritional intake. Steatosis was
quantified by the hepatorenal-ultrasound index (HRI)
representing the ratio between the brightness level of
the liver and the right kidney. The HRI has been previously demonstrated to be highly reproducible and was
validated against liver biopsy and proton magnetic
resonance spectroscopy.
RESULTS: Eighty two patients with primary NAFLD were
randomized to receive 3 mo of either RT or stretching.
After dropout or exclusion from analysis because of protocol violation (weight change > 3 kg), thirty three patients in the RT arm and 31 in the stretching arm completed the study per protocol. All baseline characteristics
were similar for the two treatment groups with respect
to demographics, anthropometrics and body composition, blood tests and liver steatosis on imaging. HRI
score was reduced significantly in the RT arm as compared to the stretching arm (-0.25 ± 0.37 vs -0.05 ±
0.28, P = 0.017). The RT arm had a significantly higher
reduction in total, trunk and android fat with increase in
lean body mass. There was no correlation between the
reduction in HRI in the RT arm and weight change during the study, but it was positively correlated with the
change in trunk fat (r = 0.37, P = 0.048). The RT arm
had a significant reduction in serum ferritin and total
cholesterol. There was no significant difference between
arms in dietary changes and these did not correlate with
HRI change.

Abstract
AIM: To evaluate the effect of resistance training (RT)
on non alcoholic liver disease (NAFLD) patients.
METHODS: A randomized clinical trial enrolling NAFLD
patients without secondary liver disease (e.g. , without
hepatitis B virus, hepatitis C virus or excessive alcohol
consumption). Patients were randomly allocated either
to RT, three times weekly, for 3 mo or a control arm
consisting of home stretching. The RT included leg
press, chest press, seated rowing, latissimus pull down
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CONCLUSION: Three months RT improves hepatic fat
content accompanied by favorable changes in body composition and ferritin. RT may serve as a complement to
treatment of NAFLD.
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fective in reducing hepatic fat content[8].
NAFLD patients report a poorer health-related quality of life compared with healthy United States population both on physical and mental health scores[9]. Furthermore, fatigue is a common symptom in NAFLD
patients[10], and they report low scores for vitality[9]. Although NAFLD patients understand the benefits of exercise, they lack the confidence to perform it and express
a fear of falling[11]. The potential benefits of RT are not
only to cardiovascular health and to weight management
but it also improves balance and reduces the risk of
falls[12-14]. RT improves several components of physical
function, contributes to health-related quality of life[15,16],
and is well tolerated even among patients with coronary
heart disease or the elderly[15,17]. In recent years, increasing attention has been paid to RT as a useful adjunctive
tool of exercise in various metabolic diseases including
diabetes and heart disease[4,18,19]. Indeed, the American
Heart association and American College of Sport Medicine (ACSM) recommend RT at least twice a week in addition to aerobic training[4]. For those patients who may
have physical limitation or low motivation that prevents
them from performing aerobic PA, RT can serve as an
alternative option.
Therefore we conducted a randomized controlled
trial of RT vs stretching. Our main aim was to evaluate the effect of 3 mo RT on the presence of fatty liver
measured by abdominal ultrasound and on the hepatorenal index (HRI) as a quantitative objective measurement of steatosis. We also evaluated the effect of the
RT program on liver enzymes, metabolic parameters and
body composition.

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

Key words: Resistance exercise; Obesity; Nutrition; Physical activity; Abdominal fat
Core tip: Resistance training is viewed as a complement
to aerobic training. However, data on the effect of resistance training on non alcoholic liver disease (NAFLD) is
scant. A three month resistance training in NAFLD patients exerted a significant reduction in liver fat as well
as reduction in total body and trunk fat with increase
in lean body mass. Furthermore, resistance training led
to reduction in serum ferritin and cholesterol. In NAFLD
patients, compliance to aerobic training may be low
due to fatigue. Therefore, resistance training can serve
as an easier alternative or a complement form of exercise in these patients.
Zelber-Sagi S, Buch A, Yeshua H, Vaisman N, Webb M, Harari G,
Kis O, Fliss-Isakov N, Izkhakov E, Halpern Z, Santo E, Oren R,
Shibolet O. Effect of resistance training on non-alcoholic fattyliver disease a randomized-clinical trial. World J Gastroenterol
2014; 20(15): 4382-4392 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i15/4382.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4382

INTRODUCTION
Lifestyle modifications, including weight reduction and
physical activity, improve many of the risk factors for
non alcoholic liver disease (NAFLD)[1] and have become
the primary treatment modalities for the disease[2]. The
role of physical activity (PA) as a potential treatment for
NAFLD has been tested in several observational studies and a few clinical trials, mostly testing the effect of
aerobic training. Resistance training (strength training)
is a means for developing and maintaining muscular
strength, endurance, power, and muscle mass that has
grown in popularity over the past two decades[3,4]. In a
study of the general population, resistance training (RT)
was inversely associated with NAFLD. This association
remained significant after adjusting to multiple confounders including body mass index (BMI), homeostasis model
assessment (HOMA), nutritional factors, adiponectin,
and resistin[5]. Two small trials found beneficial effects for
RT as a single treatment in NAFLD patients, but results
regarding reduction in steatosis were conflicting[6,7]. In
a randomized clinical trial (RCT) in 19 sedentary adult
NAFLD patients, 8 wk of RT, consisting of 45 min sessions trice weekly, led to a reduction in liver fat without
weight loss[7]. In an uncontrolled clinical trial in 12 obese
adolescents, a three-month RT program consisting of 1
h sessions twice weekly did not change hepatic fat content but improved hepatic insulin sensitivity[6]. In a recent
RCT among type-2 diabetic patients, it was demonstrated
that resistance training and aerobic training are equally ef-
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MATERIALS AND METHODS
We conducted a RCT (sealed envelopes randomization
stratified by gender) in consecutive patients with ultrasound diagnosed fatty liver attending the liver clinic at
the Tel-Aviv Medical center during 2010-2012 and community regional HMO’s clinics. Inclusion criteria were
age between 20-65 years and a diagnosis of fatty liver
by ultrosound in the past 6 mo and on the baseline US
examination. Exclusion criteria were any known secondary liver disease including the presence of hepatitis
B surface antigen or anti-hepatitis C virus antibodies,
excessive alcohol consumption defined as ≥ 30 g/d
in men or 20 g/d in women, administration of medical treatment that may elevate alanine aminotransferase
(ALT) or lead to hepatic steatosis, known diabetes, major
chronic diseases including: renal, cardiovascular, lung,
uncontrolled hypertension, inflammatory bowel disease,
active cancer, autoimmune disorders and orthopedic
contraindications for RT. Adults with diabetes were excluded to avoid a confounding effect, since it is unclear
whether they would have the same response to physical
training and since changes in antidiabetic medications
during the trial might occur. We also excluded patients
regularly performing RT in the 3 mo or 6 mo prior to
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study enrolment for novice and progressive trainee respectively (novice-trained continuously less than 2 mo,
progressive-trained continuously more than 2 mo). Patients performing vigorous aerobic PA in the 3 mo prior
to the study, defined as aerobic exercise ≥ 5 d a week 30
min at moderate pace or 3 d a week 20 min at vigorous
pace or 4 times a week with combination of both and
patients with recent weight reduction (more than 3 kg in
the last 3 mo) were also excluded.
A sample size of 32 patients in each group was calculated to be needed for a 90% power to detect a difference of 0.25 with a standard deviation of 0.30, based
on previously published data on HRI change following
weight change[20], with a 0.050 two-sided significance
level. Additional 20% patients were recruited taking into
consideration attrition or protocol violation.
The study was approved by the Tel-Aviv Medical
center ethics committee and all patients signed an informed consent. The study was pre-registered in the
NIH registration website (TRIAL no. NCT01264198).

formed in all subjects both at baseline and at follow up
with the same equipment (EUB-8500 scanner Hitachi
Medical Corporation, Tokyo, Japan) and by the same
experienced radiologist (Webb M) as described previously[22,23,25]. The radiologist was blinded to patient allocation and to laboratory values and medical history
of the participants. During the ultrasonography, a histogram of brightness levels, i.e., a graphical representation
of echo intensity within a region of interest (ROI) was
obtained. In the liver, the ROI was measured in the 7th
or 8th intercostal space in the mid or anterior axillary line
in the superficial aspect of the liver. In the right kidney,
the ROI was determined as the cortical area between the
pyramids. The brightness level for each organ was recorded and the ratio between the median brightness level
of the liver and the right kidney cortex was calculated to
determine the HRI. The HRI has been previously demonstrated to be highly reproducible (r = 0.77, P < 0.001,
kappa = 0.86) and was validated against liver biopsy[26].
HRI ≥ 1.5 indicates fatty liver.

Lifestyle and medical evaluation
Each patient underwent at baseline a face-to-face interview by the same trained interviewer. The questionnaire
was assembled by the Israeli center for disease control
and was used in the first Israeli National Health Survey.
It consists of structured questions about alcohol consumption, medications and medical history. PA evaluation was performed by a questionnaire that was tailored
and validated for the Israeli population[21], according to
which a summarized index of all questions was calculated and used as an indicator of PA levels.
At baseline, patients filled out a detailed semi-quantitative food frequency questionnaire (FFQ) reporting
their habitual nutritional intake in the past year. The
FFQ was assembled by the Food and Nutrition Administration, Ministry of Health and was previously described
in detail[5,22,23]. The FFQ is composed of 120 food items
with specified serving sizes or standard weight and volume measures of the servings commonly consumed in
this study population. The nutrient components of each
food item were taken from the Israeli National Nutrient Database. At the end of the trial patients filled out
the same FFQ but reported their nutritional intake in
the past 3 mo in order to evaluate changes in nutritional
habits during the trial.
Blood pressure was measured by an experienced nurse
following a uniform protocol. Each participant underwent biochemical testing, following a 12 h fast, for liver
enzymes, serum lipid profile, and fasting serum glucose
and insulin levels. The HOMA was calculated as fasting
[serum insulin (μU/mL) × fasting plasma glucose (mmol/
L)]/22.5.

Anthropometric and body composition evaluation
Height, weight and waist circumference were measured
following a uniform protocol and BMI was calculated.
Lean body mass (LBM) and fat mass (FM) were evaluated by the dual energy X-ray absorptiometry (DEXA)
method[27,28] by a blinded technician at the Metabolic Nutrition Clinic.
All participants were instructed to maintain their pretrial PA habits, regular nutritional intake, medications
and nutritional supplements. A weight change during
the study of more than 3 kg in either direction, which is
clinically significant for NAFLD[20] and other metabolic
parameters[29,30], was pre-defined as a protocol violation.
Intervention
Patients were randomly allocated either to RT, three
times weekly, for 3 mo or a control arm consisting of
home stretching.
RT training: The RT program was according to the
ACSM 2009 position paper on “Progression Models in
Resistance Training for Healthy Adults”[31]. Exercises
included: leg press, leg extension, leg curl, seated chest
press, seated rowing, latissimus pull down, biceps curl
and shoulder press with 8-12 repetitions, 3 sets for
each exercise with 1-2 min rest between sets, for a total
duration of about 40 min. Participants performed the
training in a community setting in one of the hosting
gyms closest to their house or place of work. On the
first training meeting, the researchers performed a personal training session and provided explanation on the
RT equipment using a comfortable load (determined by
volitional fatigue reached with 10-12 repetitions). The
load was gradually increased by 2%-10% in the following training sessions, according to the individual ability
of the patient (when the patient felt he can perform 1-2
extra repetitions) and with consultation of the profes-

Ultrasonographic examination for determination of
NAFLD and quantification of steatosis
Fatty liver was assessed by abdominal ultrasonography
using standardized criteria[24]. Ultrasonography was per-
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sional trainers of the hosting gym. All changes were
routinely documented. Standardization of the RT for
all participants was ensured by the highly controlled
environment at the gyms and a uniform protocol including: a uniform and meticulous familiarization with the
training, all participants (treatment and control) received
a comprehensive booklet graphically illustrating by pictures all exercises. Participating gyms (all belonging to a
single regional chain) have uniform standard equipment
and all the gyms instructors, certified by the sports ministry, were given detailed and comprehensive instructions
regarding the training protocol. Using equipment that
was not included in the study protocol was not allowed.
Every 2 wk phone calls were made to ensure adherence
to the training protocol and participants were repeatedly instructed not to perform aerobic training (cycling,
treadmill, etc.) during the sessions. All patients were observed for an entire exercise session at least twice during
the trial by the researchers.

(87%) completed the study. Two patients dropped out of
the RT group due to adverse events (knee pain, shoulder
pain), and one from the stretching arm (back pain). Five
patients were excluded from analysis because of protocol violation reaching a weight change of more than the
pre-defined 3 kg. Hence, thirty three patients in the RT
arm and 31 in the stretching arm completed the study
per protocol. A flow chart of trial participation is described in Figure 1. The average age was 46.47 ± 10.76
years, with 34 (53%) males. Average BMI was 31.02 ± 4.32
kg/m2. The average fasting insulin levels were elevated,
but in accordance with the exclusion criteria fasting glucose levels were within the normal range.
All baseline characteristics were similar for the two
treatment groups with respect to demographics, anthropometrics and body composition, blood tests including
liver enzymes and liver steatosis on imaging as assessed
by the HRI (Table 1). Furthermore, no difference in dietary intake at baseline was observed between arms (P ≥
0.40 for all comparisons, data not shown).
The average number of training sessions at the gym,
that was automatically recorded every time a patient
entered the gym with his personal chip, was 2.2 ± 0.65
times a week, representing 73% ± 20.5% of the recommended number of sessions of 3 times a week during
the 12 wk trial. There was a significant increment in the
weight lifted during the trial: leg press increased from
39.73 ± 31.83 to 63.87 ± 44.56 kg (P < 0.001), and chest
press increased from 20.61 ± 22.34 to 32.09 ± 27.55 kg (P
< 0.001).

Active control arm: The home stretching routine followed the ACSM’s guidelines for a general stretching
program[32]. The program included 8 stretching exercises
for the major muscle/tendon groups using the static
stretching technique. The participants performed 4 repetitions of these static stretches each lasting 20 s. Each
session was performed on 3 non-consecutive days a
week[32]. Participants received a booklet with instructions
on the stretching training illustrated by pictures.
Statistical analysis
Statistical analyses were performed using SPSS version
19 (SPSS Inc., Chicago, IL, United States) software and
SAS® version 9.1 (SAS Institute, Cary North Carolina).
Continuous variables are presented as mean ± SD.
Paired t-tests were used to evaluate within group changes
from baseline to end of treatment. To test baseline differences in continuous variables between the two groups
the independent samples t-test was performed. The
Wilcoxon signed ranks test or the Mann-Whitney test
were used if non-parametric tests were required based
on data distribution. Analysis of variance using repeated
measurements model was applied for testing the group
X time interactions and exact F statistics was performed.
Associations between nominal variables were performed with the Pearson Chi-Square test. Pearson correlation was used to test the correlation between change
in HRI and change in other parameters. P < 0.05 was
considered statistically significant for all analyses.

Primary outcome
HRI score was significantly reduced in the RT arm as
compared to the stretching arm (-0.25 ± 0.37 vs -0.05 ±
0.28, P = 0.017), representing an 11% vs 3.5% relative reduction from the baseline in the two groups respectively
(Figure 2).
The RT arm had a significant but small reduction in
weight (-0.39 ± 1.43 kg vs 0.33 ± 1.21 kg) and BMI (Table
2) compared to the stretching arm.
The RT arm had a significant reduction in total FM,
trunk fat and android fat and increase in LBM compared
to the stretching arm (Figure 3). There was no correlation between the reduction in HRI in the RT arm and
weight change or BMI change during the study (r = 0.25,
P = 0.17) nor with total FM change (r = 0.29, P = 0.13)
as observed by DEXA. However, the change in HRI was
positively correlated with the change in trunk fat (r = 0.37,
P = 0.048). In contrast, in the stretching arm the change
in HRI was positively correlated with weight change (r =
0.35, P = 0.055) and BMI change (r = 0.36, P = 0.049).
There was no significant difference between arms in
dietary change during the study in total calories, carbohydrates, protein, fat and different types of fat (P ≥ 0.114
for all comparisons) (Table 2). Furthermore, there was no
correlation between the reduction in HRI in the RT arm
and change in dietary intake of total calories and different dietary components (P ≥ 0.42 for all correlations).

RESULTS
Trial participants and compliance
Eighty two patients with primary NAFLD were randomized to receive 3 mo of either RT or stretching.
Forty four were randomized to the RT group of which
36 (82%) completed the 3 mo follow up period. Thirty
eight were randomized to the stretching arm and 33
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Consecutive NAFLD patients from:
Tel-Aviv hospital liver clinic and referred from regional HMO'S
and Approaching following advertising in the hospital's website

82 met the inclusion criteria and were randomized

44 in the RT arm

2 withdrew
from study

38 in the control arm

4 lost to
follow up

2 withdrew
from study

2 lost to
follow up

2 quit due to
adverse events
(knee pain,
shoulder pain)

1 quit due to
adverse events
(back pain)

36 completed the trial

3 excluded
1
from analysis

33 completed the trial

2 excluded
1
from analysis

33 in analysis

31 in analysis

Figure 1 Flow chart of trial participants. 1Excluded from analysis due to > 3 kg weight change. RT: Resistance training; NAFLD: Non alcoholic liver disease.

Table 1 Comparison between the two treatment arms (mean ± SD)
Parameter

Normal range

Gender (males)
Age (yr)
HRI (score)
BMI (kg/m2)
Waist circumference (cm)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Trunk fat
Android fat
Total fat
Lean body mass
Physical activity (index)
Glucose (mg/dL)
Insulin (mcu/mL)
HOMA (score)
HbA1C
Cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
ALT (U/L)
AST (U/L)
GGT (U/L)
Ferritin (ng/mL)

20-25

70-110
5-25

150-200
50-175

5-39
5-40
5-50
7.1-151

Total population

Resistance training

Stretching

(n = 64)

(n = 33)

(n = 31)

53.1%
46.47 ± 10.76
2.04 ± 0.45
31.02 ± 4.32
105.85 ± 10.43
120.79 ± 11.94
76.52 ± 7.49
43.45% ± 6.21%
47.49% ± 6.41%
39.81% ± 7.89%
58.20% ± 7.50%
5.18 ± 1.84
84.44 ± 9.28
27.40 ± 10.34
5.80 ± 2.55
5.59 ± 0.47
186.94 ± 41.07
143.80 ± 66.03
47.51 ± 11.17
110.72 ± 33.56
51.61 ± 36.13
33.19 ± 16.14
50.74 ± 56.6
152.89 ± 135.81

48.5%
46.32 ± 10.32
2.11 ± 0.44
30.75 ± 4.52
105.05 ± 10.77
119.24 ± 11.74
75.89 ± 7.40
44.28% ± 5.99%
48.10% ± 6.30%
40.64% ± 7.29%
57.34% ± 6.89%
5.23 ± 1.80
83.82 ± 8.50
26.75 ± 9.69
5.65 ± 2.41
5.59 ± 0.49
192.18 ± 50.81
144.88 ± 75.69
48.32 ± 12.29
114.94 ± 40.37
53.00 ± 35.61
34.30 ± 17.49
55.69 ± 73.88
162.15 ± 128.24

58.1%
46.64 ± 11.4
1.96 ± 0.46
31.30 ± 4.14
106.71 ± 10.16
122.44 ± 12.13
77.19 ± 7.64
42.55% ± 6.42%
46.88% ± 6.57%
38.92% ± 8.52%
59.11% ± 8.12%
5.13 ± 1.92
85.10 ± 10.15
28.10 ± 11.11
5.97 ± 2.72
5.59 ± 0.46
181.35 ± 26.92
142.65 ± 55.15
46.65 ± 9.96
106.23 ± 24.22
50.13 ± 37.20
32.00 ± 14.76
45.65 ± 30.44
142.64 ± 145.39

P
0.443
0.909
0.203
0.617
0.527
0.288
0.492
0.268
0.47
0.390
0.349
0.82
0.586
0.605
0.616
0.976
0.288
0.894
0.553
0.296
0.753
0.572
0.486
0.586

HRI: Hepatorenal-ultrasound index; BMI: Body mass index; BP: Blood pressure; HOMA: Homeostasis model assessment; HbA1C: Hemoglobin A1c; HDL:
High-density lipoprotein; LDL: Low-density lipoprotein; ALT: Alanine transaminase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyltransferase.
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A

B

Resistance arm

3.5

3

3

2.5

2.5

HRI index

HRI index

3.5

P = 0.017 vs the stretching arm

Stretching arm

2

2

1.5

1.5

No significant
change

1

1
Baseline

3 mo

Baseline

3 mo

Figure 2 Change (absolute) in hepatorenal-ultrasound index values between baseline and end of trial by treatment arm. A: Resistance arm; B: Stretching
arm. Each line represents a single patient. HRI: Hepatorenal-ultrasound index.

Table 2 Between group comparisons of changes from baseline to end of treatment and within group comparisons (mean ± SD)
Parameter

Normal range

HRI (score)
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Glucose (mg/dL)
Insulin (mcu/mL)
HOMA (score)
HbA1C
Cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
ALT (U/L)
AST (U/L)
GGT (U/L)
Ferritin (ng/mL)
Total calories (kcal)
Total fat (g)
Carbohydrates (g)
Protein (g)
Saturated fat (g)
MUFA (g)
PUFA (g)

20-25

70-110
5-25
3.9-6
150-200
50-175

5-39
5-40
5-50

Resistance training (n = 33)

Stretching (n = 31)

P value between groups

-0.25 ± 0.37b
-0.39 ± 1.43
-0.13 ± 0.49
-0.79 ± 2.00a
1.27 ± 11.54
-2.53 ± 5.61a
2.24 ± 10.30
0.82 ± 7.04
0.37 ± 2.04
-0.01% ± 0.13%
-8.61 ± 29.2
-13.48 ± 62.30
0.13 ± 6.43
-6.09 ± 26.38
-5.30 ± 9.65b
-2.76 ± 7.75a
-4.25 ± 13.03
-18.29 ± 48.63a
-527.55 ± 786.37b
-15.09 ± 35.24b
-84.08 ± 121.11b
-21.58 ± 41.54b
-6.13 ± 10.39b
-4.00 ± 15.23
-3.45 ± 13.55

-0.05 ± 0.28
0.33 ± 1.21
0.12 ± 0.41
0.70 ± 2.62
-1.19 ± 7.44
-0.11 ± 4.43
-0.23 ± 6.59
-0.62 ± 7.97
-0.24 ± 1.75
0.04% ± 0.14%
6.1 ± 17.25
11.55 ± 51.65
0.16 ± 5.64
3.61 ± 14.57
-5.10 ± 14.43
-2.68 ± 6.95a
2.35 ± 16.48
8.25 ± 51.09
-274.29 ± 871.19
-5.87 ± 47.82b
-39.38 ± 98.72a
-19.30 ± 34.38b
-3.07 ± 11.66
-2.44 ± 18.29
0.19 ± 16.64

0.017
0.036
0.036
0.012
0.328
0.066
0.262
0.447
0.209
0.186
0.018
0.086
0.984
0.076
0.946
0.965
0.082
0.046
0.230
0.386
0.114
0.813
0.276
0.713
0.344

For paired samples t-test, aP < 0.05, bP < 0.01 within group comparisons. HRI: Hepatorenal-ultrasound index; BMI: Body mass index; BP: Blood pressure;
HOMA: Homeostasis model assessment; HbA1C: Hemoglobin A1c; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; ALT: Alanine transaminase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyltransferase; MUFA: Monounsaturated fat; PUFA: Polyunsaturated fat.
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1.40

Android fat %
Trunk fat %
Total fat %
Total LBM %

of aerobic exercise in NAFLD is supported by clinical trials demonstrating a relative reduction of hepatic
triglyceride concentration by 21%-35%[33-35] following
supervised training such as cycling. However, in a trial
of a more modest activity that included brisk walk, there
was a relative reduction of 10.3% in liver fat[36], similar
to the one observed by the present study. In previous
published trials about the effect of RT in adult NAFLD
patients, there was a significant improvement in glycemic
control and no improvement in liver enzymes[7,8]. Our
study did not demonstrate improved glucose metabolism, this discrepancy may stem from the exclusion of
diabetic patients from our study. It was previously shown
that RT improves hyperglycemia, only in patients with
disturbed glucose metabolism or diabetes[37-41]. Our study
showed significant improvement in the liver enzymes
(ALT and aspartate aminotransferase-AST) within group
but with no difference between arms. Interestingly, there
seems to be a limited correlation between exercise and
liver enzyme reduction. Aerobic PA led to a significant
reduction in liver enzymes in some trials [42] while no
reduction was seen in other trials despite reduced steatosis[8,34,35]. With specific reference for resistance training,
it has been shown that weightlifting exercise resulted in
increases in liver enzymes; AST and ALT, though the
underlying mechanisms are unknown[43]. Thus, it may be
in our study that the reduction of liver enzymes in the
RT arm was masked and is underestimated.
Serum ferritin was significantly reduced only in the
RT group. This novel effect of RT in NAFLD patients,
that has been previously demonstrated with aerobic training[42] and lifestyle intervention[44], is of importance due
to the strong association of ferritin with fibrosis and
inflammation[45,46] and with insulin resistance (IR)[23,47] in
NAFLD patients. The mechanisms by which PA, and
specifically RT, reduces serum ferrtin are unknown. Serum ferritin is associated with insulin resistance[23,48] and is
an acute phase protein that can be induced in the setting
of systemic or hepatic inflammation[49-52]. Serum ferritin
was demonstrated to be a predictor of histologic severity
including steatosis[46]. Thus, we can assume that a reduction in liver fat demonstrated in our study or improved
hepatic insulin sensitivity by RT, that was demonstrated
in another study[6], led to a reduction of serum ferritin.
Furthermore, RT may have an anti-inflammatory effect,
as demonstrated by increasing adiponectin levels[53], and
serum ferritin was found to be inversely correlated with
serum adiponectin[54]. However, it is unclear if hyperferritinemia in NAFLD is simply a consequence of disease
severity or actively contributes to disease progression[46].
Ferritin was found to inhibit the secretion of apolipoprotein B and in this way may alter cholesterol and triglyceride transport in the liver[55]. Interestingly, some studies
reported that PA plays an important role in reducing
serum ferritin concentration[56,57] and this may be another
explanation for the reduction in liver fat in our study.
Another beneficial effect of RT in our study was a
significant reduction of serum cholesterol. Although
data regarding the effect of RT on lipid metabolism are

P = 0.002

0.90

Mean change

0.40
-0.10
-0.60
-1.10

P = 0.029 P = 0.002
P = 0.034

-1.60
Stretching arm

Resistance arm
Error bars: +/-1 SE

Figure 3 Change (absolute) in body composition parameters between
baseline and end of trial by treatment arm. P represents the significance of
difference between resistance and stretching arm for each parameter (n = 55).
LBM: Lean body mass.

Secondary outcomes
The RT arm had significantly higher reduction in serum
ferritin and total cholesterol. There was no significant
difference in reduction of liver enzymes between arms.
ALT was significantly reduced only in the RT arm in
within group comparison. RT had no significant impact
on serum glucose, insulin, glycosylated hemoglobin and
triglycerides (Table 2).

DISCUSSION
In this randomized controlled trial, NAFLD patients
without diabetes underwent either RT trice weekly or
static stretching. The results suggest that RT exerts beneficial effects on several clinical and biochemical parameters including liver fat and body composition.
The 2007 update of the American Heart Association dealing with resistance exercise concludes that RT
should be viewed as a complement to aerobic exercise[14].
However, the beneficial effect of RT for patients with
steatosis was so far not supported by strong evidence.
The present trial is one of the first to test this question on a large group of patients. We have demonstrated
a significant reduction in steatosis as measured by an
objective ultrasonographic tool, the HRI. The modest
relative reduction of about 10% is similar to the 13%
relative reduction in steatosis previously demonstrated[7].
Although the RT arm had a nonsignificant reduction in
caloric intake and a small but significant weight reduction of less than half a kg, these changes did not correlate with HRI change. Our results suggest that the
reduction in steatosis in the RT arm cannot be explained
by weight loss or dietary change. RT also improved body
composition, most importantly trunk fat mass that was
positively correlated with the change in HRI.
The weight-reduction independent beneficial effect
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equivocal, reduction of serum total cholesterol and LDL
by resistance training has been previously demonstrated
in a meta-analysis of randomized controlled trials[58]. It is
well established that liver steatosis is associated with IR
and lipid abnormalities including alteration in cholesterol
metabolism[59-62]. Recent data show that increased IR
contributes to the shift in cholesterol metabolism to increased synthesis and decreased absorption, independent
of body weight[63-65]. Several studies have demonstrated
that resistance training improves IR, including hepatic
IR[6,66], and therefore may contribute to decreased synthesis of hepatic cholesterol. However, the precise mechanisms involved still need to be clarified[67].
Professional societies recommend ≥ 30 min of moderate-intensity aerobic PA on most, and preferably all,
days of the week, or vigorous-intensity PA ≥ 3 times
per week for ≥ 20 min each time. However, only 27.7%
United States adults meet recommended levels of either
moderate or vigorous physical activity, whereas 29.2%
report no regular PA outside of their work[68,69]. Moreover, the prevalence of physically active adults among
patients with diabetes is lower than in those without
diabetes[70] and they are less likely to meet PA recommendations[71]. In NAFLD patients, compliance may be
even lower because fatigue has been demonstrated to be
markedly higher in NAFLD patients compared to controls, and is associated with inactivity and excessive daytime sleepiness[10]. Therefore, an alternative or a complement form of exercise that may be easier to perform or
to adhere to, such as RT, may be helpful in the treatment
of NAFLD patients.
The major limitation of this study is that due to ethical
and practical considerations we were unable to perform
repeated liver biopsies in our short term study preventing
any inference regarding the effect of RT on inflammation and fibrosis. Ideally, quantification of liver fat is performed by liver biopsy or magnetic resonance spectroscopy (1H-MRS) that is an accepted noninvasive method to
reliably quantify steatosis[72,73].
HRI has been validated vs liver biopsy and provides a
highly sensitive, objective and quantitative tool for liver
fat evaluation with a high correlation (r = 0.82, P < 0.001)
and a kappa of 0.75 as compared with histological steatosis[26]. Another group compared HRI to 1H-MRS as a
reference standard, demonstrating high correlation (r2 =
0.92, P < 0.0001) and therefore confirming that HRI can
be a valuable analytic tool in clinical investigation[72]. It
was also recently shown that HRI highly correlates with
biochemical surrogate markers of liver steatosis: the fatty
liver index (FLI) (r = 0.55, P < 0.001) and the SteatoTest
(r = 0.52, P < 0.001)[74]. Furthermore, since a baseline
biopsy wasn’t performed, we were unable to distinguish
between patients with simple steatosis or NASH. NASH
is the NAFLD variant that needs to be treated more
urgently due to a worse natural history of progression
to cirrhosis, hepatocellular carcinoma[75] and increased
liver related mortality[76]. Recently, ultrasonographic FLI,
another semi-quantitative evaluation tool of hepatic ste-
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atosis, was demonstrated to successfully predict biopsy
diagnosed NASH[77].
In conclusion, this relatively large randomized clinical trial demonstrated a significant reduction in steatosis,
as assessed by HRI, during 3 mo RT accompanied by
favorable changes in body composition and reduction of
serum ferritin.
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Background

Lifestyle modifications, including weight reduction and physical activity, improve
many of the risk factors for non alcoholic liver disease (NAFLD) and have become the primary treatment modalities for the disease. The role of physical activity as a potential treatment for NAFLD has been tested in several observational
studies and a few clinical trials, mostly testing the effect of aerobic training.

Research frontiers

Resistance training (RT) (strength training) is a means for developing and
maintaining muscular strength, endurance, power, and muscle mass that has
grown in popularity over the past two decades. In a study of the general population, resistance training was inversely associated with NAFLD. This association
remained significant after adjusting to multiple confounders including body
mass index, homeostasis model assessment, nutritional factors, adiponectin,
and resistin. Small trials found beneficial effects for RT as a single treatment in
NAFLD patients, but results regarding reduction in steatosis were conflicting.

Innovations and breakthroughs

Aerobic training is a recommended treatment for NAFLD. Resistance training
is viewed as a complement to aerobic training. However, data on the effect of
resistance training on NAFLD is scant. In this study, three months of resistance
training in NAFLD patients exerted reduction in liver fat as well as reduction in
total body and trunk fat with increase in lean body mass. Furthermore, resistance training led to reduction in serum ferritin.

Applications

In NAFLD patients, compliance to aerobic training may be low due to fatigue.
Therefore, resistance training can serve as an easier alternative or a complement form of exercise in these patients.

Terminology

Hepato-renal index (HRI): During the ultrasonography, a histogram of brightness levels, i.e., a graphical representation of echo intensity within a region
of interest (ROI) is obtained in the liver and in the right kidney. The brightness
level for each organ is recorded and the ratio between the median brightness
level of the liver and the right kidney cortex is calculated to determine the HRI.
Resistance training (strength training) is a means for developing and maintaining muscular strength, endurance, power, and muscle mass.

Peer review

The study is an independent study focusing on the physical exercise pattern
and the improvement of vital parameters in NAFLD patients. The study demonstrates an important aspect of resistance training that can be added to the
therapeutic approach benefiting patients with NAFLD. This randomized trial is
of potential interest given the paucity of data on effective NAFLD treatment.
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rates in the perioperative and follow-up periods between the LDLT and DDLT groups.

Ping Wan, Jian-Jun Zhang, Qi-Gen Li, Ning Xu, Ming
Zhang, Xiao-Song Chen, Long-Zhi Han, Qiang Xia, Department of Liver Surgery, Ren Ji Hospital, School of Medicine,
Shanghai Jiao Tong University, Shanghai 200127, China
Author contributions: Xia Q is the guarantor and designed the
study; Wan P conducted the majority of the study and wrote the
manuscript; Xia Q, Zhang JJ, Li QG, Xu N, Zhang M, Chen XS
and Han LZ offered suggestions for this work and revised the
manuscript.
Supported by Key Discipline and Specialty Foundation of
Shanghai Municipal Commission of Health and Family Planning; Training Program for Superb Academic Leaders in Shanghai Health System, No. XBR2011029; Special Fund for Building of Leading Talent Teams in Shanghai
Correspondence to: Qiang Xia, Professor, Department of Liver Surgery, Ren Ji Hospital, School of Medicine, Shanghai Jiao
Tong University, No. 1630 Dongfang Road, Shanghai 200127,
China. xiaqiang@medmail.com.cn
Telephone: +86-21-68383775 Fax: +86-21-58737232
Received: September 29, 2013 Revised: December 30, 2013
Accepted: February 17, 2014
Published online: April 21, 2014

RESULTS: The clinicopathological characteristics of the
enrolled patients were comparable between the two
groups. The duration of operation was significantly longer (553 min vs 445 min, P < 0.001) in the LDLT group
than in the DDLT group. Estimated blood loss (1188 mL
vs 1035 mL, P = 0.055) and the proportion of patients
with intraoperative transfusion (60.0% vs 43.8%, P =
0.093) were slightly but not significantly greater in the
LDLT group. In contrast to DDLT, LDLT was associated
with a lower rate of perioperative grade Ⅱ complications (45.0% vs 65.0%, P = 0.036) but a higher risk
of overall biliary complications (27.5% vs 7.5%, P =
0.003). Nonetheless, 21 patients (52.5%) in the LDLT
group and 46 patients (57.5%) in the DDLT group experienced perioperative complications, and overall perioperative complication rates were similar between the
two groups (P = 0.603). No significant difference was
observed in 5-year overall survival (74.1% vs 66.6%, P
= 0.372) or relapse-free survival (72.9% vs 70.9%, P =
0.749) between the LDLT and DDLT groups.

Abstract
AIM: To compare the surgical outcomes between living-donor and deceased-donor liver transplantation in
patients with hepatic carcinoma.
METHODS: From January 2007 to December 2010,
257 patients with pathologically confirmed hepatic
carcinoma met the eligibility criteria of the study. Forty
patients who underwent living-donor liver transplantation (LDLT) constituted the LDLT group, and deceaseddonor liver transplantation (DDLT) was performed in
217 patients. Patients in the LDLT group were randomly matched (1:2) to patients who underwent DDLT
using a multivariate case-matched method, so 40 patients in the LDLT group and 80 patients in the DDLT
group were enrolled into the study. We compared the
two groups in terms of clinicopathological characteristics, postoperative complications, long-term cumula-
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CONCLUSION: Although biliary complications were
more common in the LDLT group, this group did not
show any inferiority in long-term overall survival or
relapse-free survival compared with DDLT.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Liver cancer; Hepatocellular carcinoma; Liver transplantation; Living donor; Survival; Recurrence;
Complication
Core tip: Several retrospective studies from single cen-
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liver cancer patients in terms of perioperative and longterm survival outcomes.

ters have shown that living-donor liver transplantation
(LDLT) might be associated with higher rates of tumor
recurrence than deceased-donor liver transplantation (DDLT). In this study, we compared the surgical
outcomes between LDLT and DDLT in patients with
hepatic carcinoma using a multivariate case-matched
method, which minimized the disparity from case selection and thus made our results statistically more
persuasive than others. Our results suggest that LDLT
did not show any inferiority in long-term overall survival or relapse-free survival in comparison with DDLT.

MATERIALS AND METHODS
Patients and case-matching procedure
From January 2007 to December 2010, 281 patients
underwent either LDLT or DDLT for clinically diagnosed primary liver cancer in the Department of Liver
Surgery, Ren Ji Hospital, Shanghai, China. Twenty-four
patients were excluded for the following reasons: (1) 11
patients who received preoperative downstaging treatment had complete tumor necrosis; (2) 7 patients had
possible metastatic disease before LT; (3) coexistence
of gallbladder carcinoma was pathologically found with
hepatocellular carcinoma (HCC) in 2 patients after LT; (4)
one patient underwent additional left nephrectomy for
concurrent renal carcinoma; (5) one patient underwent
combined liver-kidney transplantation; (6) one patient
was pathologically diagnosed with hepatic diffuse large B
cell lymphoma after LT; and (7) one patient was pathologically diagnosed with hepatic sarcomatoid carcinoma
after surgery.
A total of 257 patients with pathologically confirmed
hepatic carcinoma met the eligibility criteria of the
study, of whom 40 consecutive patients who underwent
LDLT constituted the LDLT group, leaving 217 patients
in the DDLT pool from which the case-matching was
performed. To minimize any disparity in case selection between the two groups, we used a 1:2 multivariate
matching analysis of similar patient cohorts. Each case
in the LDLT group was exactly matched to 2 cases from
the DDLT pool. We set 4 exact matching variables and
3 relative matching variables. Gender, age (± 5 years),
within or outside the Milan criteria (the Pittsburgh staging system was used to classify the cases outside the
Milan criteria[17]) and history of hepatic surgery were selected as exact matching variables by which each case in
the LDLT group should have been absolutely matched
to the corresponding 2 cases in the DDLT pool. After
more than two matches were identified, we used relative
matching variables to select the best candidates for the
DDLT group. Child-Pugh classification, MELD score (±
5 points), and serum alpha-fetoprotein (< 400 or ≥ 400
ng/mL) were defined as relative matching variables. After two rounds of matching, a random selection through
the use of computer software was performed to determine the final members of the DDLT group. Finally,
40 patients in the LDLT group and 80 patients in the
DDLT group were enrolled into the study.

Wan P, Zhang JJ, Li QG, Xu N, Zhang M, Chen XS, Han LZ,
Xia Q. Living-donor or deceased-donor liver transplantation
for hepatic carcinoma: A case-matched comparison. World J
Gastroenterol 2014; 20(15): 4393-4400 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4393.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4393

INTRODUCTION
Liver cancer is the sixth most common cancer and the
third leading cause of cancer-related death, accounting
for 7% of all cancers worldwide[1]. In the United States
and Japan, the incidence of liver cancer is highest in
the elderly population (approximately 70 years), with a
strong male preponderance[2,3], while the mean age of
patients with liver cancer in the Chinese population is
appreciably younger. Patients who develop liver cirrhosis
after hepatitis B virus (HBV) infection have a high risk
of developing liver cancer. Owing to the high incidence
of HBV infection, China has a large population of patients with HBV-related cirrhosis, which makes Chinese
cases of and deaths from liver cancer constitute 55% of
the global total[4].
A significant proportion of patients with liver cancer are accompanied by serious liver cirrhosis or liver
dysfunction, so radical liver resection is limited in such
patients. Liver transplantation (LT) is the best option for
patients with a hepatic tumor ≤ 5 cm in diameter and
concurrent decompensated cirrhosis (Child-Pugh class
B or C)[5]. However, due to the severe shortage of donor
organs, a considerable number of patients with liver cancer die from a lack of donors every year. As a solution,
living-donor liver transplantation (LDLT) is currently an
effective alternative. Currently, approximately 70% of
patients undergoing LDLT are from Japan, South Korea,
Hong Kong and Taiwan, but worries exist that LDLT
may be associated with higher rates of tumor recurrence[6-10] and biliary complications[11,12] than deceaseddonor liver transplantation (DDLT). Which group has
better postoperative results is not certain, as results from
various centers differ from one another[13-16]. Whether
LDLT can have more benefits on perioperative and longterm outcomes than DDLT is still disputable. Based on
our long-term follow-up experience, we carried out this
study to compare the two approaches of LT for primary
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Methods and clinical data collection
The clinicopathological characteristics and surgical data
of the two groups were retrospectively reviewed from
our prospectively collected database of LT. All the surgeons involved in the study were from the same surgical team. Preoperative down-staging treatment for size
reduction of the tumors included transcatheter arterial
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Immunosuppressive regimens
After LT, a triple drug regimen of tacrolimus or cyclosporine (CsA) combined with methylprednisolone
and/or mycophenolate mofetil (MMF) was used. Immunosuppression was started during surgery with 500 mg
methylprednisolone, followed by tapering from 240 mg
on postoperative day 1 to 40 mg on postoperative day 6.
Maintenance prednisone at an initial dose of 20 mg daily
was gradually reduced every week and was withdrawn 3
mo post-transplantation. The initial dose of tacrolimus
was 0.06-0.15 mg/kg every 24 h with a target trough
level of 8-10 ng/mL during the first 30 d. MMF was
administered orally after LT at 0.5-0.75 g twice a day. If
tacrolimus did not reach the target level, it was replaced
with CsA at 6-10 mg/kg per day. The target C0 and C2
levels for CsA were 150-200 ng/mL and 800-1200 ng/
mL, respectively.

chemoembolization, radiofrequency ablation, percutaneous ethanol injection and stereotactic body radiation
therapy (gamma knife), thereby facilitating LT. Data of
oncological characteristics (tumor within or outside the
Milan criteria, tumor size, tumor number, vascular invasion and tumor pathological type) were based on the intraoperative findings and confirmed pathologically after
LT. Tumor size was measured with the maximal tumor
diameter in the resected specimens. The duration of the
operation was collected from operation or anesthesia records. Follow-up data were obtained through outpatient
visits or telephone inquiries. All of the living organs
were donated with informed consent. Cadaveric donors
involved in the study were obtained from brain-dead or
no-heart beating donors.
All the surgical procedures were performed by specialists with experience with the LT technique in the
Department of Liver Surgery, Ren Ji Hospital, Shanghai,
China. Surgery was performed using standard techniques. Classic orthotopic LT was the only surgery type
in the DDLT group. All patients undergoing LDLT were
operated on using right liver grafts without the middle
hepatic vein. Biliary tract reconstruction was performed
using a duct-to-duct anastomosis. The posterior anastomosis line was sutured continuously with 7-0 Prolene,
while an interrupted suture was applied to the anterior
anastomosis line.

Statistical analysis
Statistical analyses were performed with SPSS for Windows version 13.0 to compare the differences between
the LDLT group and DDLT group. Categorical data
were analyzed with the χ 2 test. The test of normality
for all related variables was checked by the Shapiro-Wilk
method, and a nonparametric statistical method (MannWhitney test) was applied to the variables without a
normal distribution. The Kaplan-Meier method was
used to estimate the cumulative overall survival (OS) and
relapse-free survival (RFS). A log-rank method was used
to test the equality of survival distributions between the
two groups. P values < 0.05 were considered statistically
significant.

Evaluation of complications
The definition of postoperative complication introduced by Copeland et al[18] does not cover many common complications after LT, so complications that were
confirmed clinically were also included. Perioperative
complications occurring during the initial hospital stay
for LT were compared between the two groups. The
modified Clavien-Dindo classification system of surgical
complications was used to evaluate the severity of perioperative complications[19]. As for biliary complications,
a bile leak was diagnosed through abdominal drains or
reexploration findings, while an anastomotic stenosis
was detected on the basis of an overt dilatation of the
intrahepatic duct according to computed tomography or
ultrasonography, or on the basis of direct visualization
using endoscopic retrograde cholangiopancreatography
(ERCP). Wound infection not requiring pharmacological treatment was defined as a grade Ⅰ complication, so
it was not included in postoperative bacterial infection
of grade Ⅱ. Suspected cases of acute rejection were
confirmed by liver biopsy. Postoperative hypertension
was defined as hypertension lasting longer than 3 d after
surgery in the absence of a history of hypertension. If
a patient died of a grade Ⅳ complication, the reason of
death was not listed in the complications, but other coexistent complications were still recorded. Furthermore,
we compared the overall biliary complication rates in the
perioperative and long-term follow-up periods between
the LDLT and DDLT groups.
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RESULTS
Patient characteristics
The clinical characteristics of the LDLT and DDLT groups
are summarized in Table 1. Matching in terms of age,
sex distribution, MELD score, Child-Pugh score and
proportion of patients with previous hepatic resection
was well achieved in all cases. Twelve patients (30.0%) in
the LDLT group and 29 patients (36.3%) in the DDLT
group received down-staging treatment before LT, with
no significant difference between the two groups. One
hundred and sixteen patients (96.7%) suffered cirrhosis
due to HBV infection. One patient in the LDLT group
had no cirrhosis, and the DDLT group included one
case with alcoholic cirrhosis, one case with autoimmune
cirrhosis and a third case without cirrhosis. No significant difference was seen in the overall distribution of
different causes of liver cirrhosis. The proportions of
patients who had particular comorbidities, including
hypertension, diabetes mellitus, cardiac diseases, cerebrovascular diseases and previous history of abdominal
surgery were also similar between the two groups. Table
2 shows the outcomes of preoperative serological detection in the two groups; there was no significant dif-
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Table 3 Perioperative outcomes and oncological characteristics n (%)

Table 1 Clinical characteristics n (%)
LDLT (n = 40) DDLT ( n = 80) P value

Variable
Age (yr)
Gender
Male
Female
MELD score
6-9
10-19
20-29
30-40
Child-Pugh score
A
B
C
Previous hepatic resection
Preoperative downstaging treatment
Liver cirrhosis
Hepatitis B cirrhosis
Alcoholic cirrhosis
Autoimmune cirrhosis
No cirrhosis
Comorbidities
Hypertension
Diabetes mellitus
Cardiac disease
Cerebrovascular disease
Previous abdominal
surgery

48.6 ± 9.7

49.5 ± 8.9

34 (85.0)
6 (15.0)

68 (85.0)
12 (15.0)

7 (17.5)
28 (70.0)
3 (7.5)
2 (5.0)

22 (27.5)
49 (61.2)
8 (10.0)
1 (1.3)

Variable

0.614
> 0.999

Duration of operation (min)
Estimated blood loss (mL)
Intraoperative transfusion
Tumor pathological type
HCC
ICC
cHCC-CC
Tumor size (cm)
Tumor number
Single
Multiple
Vascular invasion
Within Milan criteria
Outside Milan criteria
(Pittsburgh staging)

0.354

0.898
12 (30.0)
18 (45.0)
10 (25.0)
3 (7.5)

25 (31.2)
38 (47.5)
17 (21.3)
6 (7.5)

> 0.999

12 (30.0)

29 (36.3)

0.496

Ⅰ
Ⅳa

> 0.999
39 (97.5)
0
0
1 (2.5)

77 (96.3)
1 (1.3)
1 (1.3)
1 (1.3)

4 (10.0)
4 (10.0)
0
1 (2.5)
11 (27.5)

8 (10.0)
8 (10.0)
1 (1.3)
4 (5.0)
13 (16.3)

Ⅳb

> 0.999
> 0.999
> 0.999
0.872
0.146

LDLT (n = 40) DDLT (n = 80) P value
0.331
25 (62.5)
15 (37.5)

57 (71.2)
23 (28.8)

10 (25.0)
11 (27.5)
2 (5.0)
17 (42.5)
40 (100.0)

25 (31.3)
28 (35.0)
9 (11.3)
18 (22.5)
76 (95.0)

20 (50.0)
20 (50.0)
0

32 (40.0)
48 (60.0)
0

0.132

0.369
0.297

39 (97.5)
0
1 (2.5)
3.8 ± 1.9

79 (98.8)
1 (1.3)
0
4.1 ± 2.3

27 (67.5)
13 (32.5)
3 (7.5)
24 (60.0)

62 (77.5)
18 (22.5)
4 (5.0)
48 (60.0)

12 (30.0)
2 (5.0)
2 (5.0)

24 (30.0)
4 (5.0)
4 (5.0)

< 0.001
0.055
0.093
0.557

0.708
0.238

0.890
> 0.999
> 0.999

Postoperative complications
Details of all perioperative complications are listed in
Table 4. Multiple complications were possible in a single
patient, so the sum of the individual complications was
not equal to the total number of patients with complications. Twenty-one patients (52.5%) in the LDLT group
and 46 patients (57.5%) in the DDLT group experienced
perioperative complications. No significant difference
was observed between the 2 groups in terms of overall
number of patients with complications, whereas a significantly higher incidence of grade Ⅱ complications
was noted in the DDLT group than in the LDLT group,
and postoperative bacterial infection accounted for the
majority of grade Ⅱ complications. The 3 most common complications during the initial hospital stay for LT
were postoperative bacterial infection, intra-abdominal

> 0.999

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation; HBVsAg: Hepatitis B virus surface antigen; HCV: Hepatitis C virus.

ference in serum alpha-fetoprotein, blood group or the
proportion of patients with positive hepatitis B virus
surface antigen (HBVsAg) or positive hepatitis B virus
DNA (HBV DNA). No patient with positive hepatitis C
virus antibody was found in either group.
Perioperative and oncological outcomes
As shown in Table 3, the duration of operation was sig-
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445 ± 75
1035 ± 1072
35 (43.8)

nificantly longer (P < 0.001) in the LDLT group than in
the DDLT group. Estimated blood loss (P = 0.055) and
the proportion of patients with intraoperative transfusion (P = 0.093) were slightly but not significantly greater in the LDLT group. Tumor pathological type, tumor
size, tumor number and the proportion of patients with
vascular invasion were similar between the two groups.
The mean tumor sizes in the LDLT and DDLT groups
were 3.8 ± 1.9 cm and 4.1 ± 2.3 cm, respectively. The
proportions of patients who met the Milan criteria and
of patients staged by the Pittsburgh system who did not
meet the Milan criteria were exactly matched; 60% of
the entire cohort of patients with hepatic carcinoma met
the Milan criteria, and 10% of the enrolled patients fell
within stage Ⅳ according to the Pittsburgh staging system[17].

Table 2 Preoperative serological detection outcomes n (%)

Serum alpha-fetoprotein
< 400 ng/mL
≥ 400 ng/mL
Blood group
A
B
AB
O
HBVsAg positive
HBV DNA
< 1000 copies/mL
≥ 1000 copies/mL
HCV antibody positive

553 ± 105
1188 ± 824
24 (60.0)

Data are expressed as absolute mean ± SD or numbers (percentage). LDLT:
Living-donor liver transplantation; DDLT: Deceased-donor liver transplantation; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; cHCC-CC: Combined hepatocellular carcinoma and cholangiocarcinoma.

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation; MELD: Model for end-stage liver disease.

Variable

LDLT ( n = 40) DDLT (n = 80) P value
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Table 4 Perioperative complications (modified Clavien-Dindo
classification) n (%)

Table 6 Survival outcomes n (%)
Variable

LDLT ( n = 40) DDLT (n = 80) P value

Grade
Grade Ⅰ
Wound infection
Mental symptom
Grade Ⅱ
Postoperative bacterial
infection
Virus infection
Bile leak
Hypertension
Mental symptom
Acute rejection
Peripheral nerve injury
Intra-abdominal bleeding
Subdural hematoma
Grade Ⅲa
Biliary stricture
Hepatic artery thrombosis
Wound dehiscence
Grade Ⅲb
Intra-abdominal bleeding
Bile leak
Wound dehiscence
Biliary stricture
Hepatic artery thrombosis
Grade Ⅳa
Renal insufficiency
Grade Ⅳb
MODS
Grade Ⅴ
Death
Overall

3 (7.5)
3
0
18 (45.0)
11
2
2
1
1
0
0
1
0
3 (7.5)
1
1
1
2 (5.0)
0
2
0
0
0
0
0
1 (2.5)
1
1 (2.5)
1
21 (52.5)

5 (6.3)
4
1
52 (65.0)
35
2
0
2
4
5
1
2
1
0
0
0
0
10 (12.5)
5
1
2
1
1
2 (2.5)
2
1 (1.3)
1
4 (5.0)
4
46 (57.5)

Survival status
Alive without relapse
Alive with disease
Died of relapse
Died of other causes
Overall survival
1-yr
5-yr
Relapse-free survival
1-yr
5-yr

> 0.999

0.036

0.063

0.333

0.552

2 (2.5)
1
1
4 (5.0)
4
6 (7.5)

0.872
0.603

0.073

0.129
0.003

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation.

bleeding and biliary complications. Most intra-abdominal
bleeding (5 out of 8) and biliary complications (5 out of
7) were solved through reoperation or biliary stent placement by ERCP.
It is worth highlighting here that during the perioperative period, the LDLT group had more biliary complications (12.5% vs 2.5%, P = 0.073), while postoperative
bacterial infection (27.5% vs 43.8%, P = 0.084) and intraabdominal bleeding (2.5% vs 8.8%, P = 0.365) seemed to
be more common in the DDLT group. However, only
a slight difference existed in the 3 kinds of complications between the two groups. In the long-term followup period after the first hospital stay for LT, 6 patients
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89.8%
74.1%

84.9%
66.6%

81.2%
72.9%

80.3%
70.9%

0.372

0.749

Survival and recurrence after LT
The median follow-up period of this cohort of patients
was 50 mo (range, 1-76 mo) from the surgery day. Table
6 shows the details of survival outcomes between the
two groups. With a median follow-up period of 57 mo
(range, 1-75 mo) in the LDLT group and 48 mo (range,
1-76 mo) in the DDLT group, the two groups were
comparable in the follow-up period (P = 0.236). The 1and 5-year OS rates in the two groups were, respectively,
89.8% vs 84.9% and 74.1% vs 66.6% (Figure 1A, P =
0.372). Moreover, the RFS rate also did not differ between the two groups. The 1- and 5-year RFS rates were
81.2% vs 80.3% and 72.9% vs 70.9% in the LDLT vs
DDLT group, respectively (Figure 1B, P = 0.749). In the
LDLT group, recurrence occurred in 10 patients (25.0%)
and caused 5 deaths (12.5%). In contrast, 22 recurrences
(27.5%) occurred and 16 patients (20%) died of recurrence in the DDLT group. Three patients with relapse
in the LDLT group (7.5%) and 3 patients with that in
the DDLT group (3.8%) were still alive by the end of
follow-up. In patients treated with LDLT, 3 deaths were
caused by biliary complications and 2 deaths were caused
by severe bacterial infection. On the other hand, 10
deaths from non-recurrent causes in the DDLT group
included the following causes: severe bacterial infection (n
= 4), cerebral hemorrhage (n = 2), biliary complication
(n = 1), gastrointestinal tract hemorrhage (n = 1), severe
coagulation disorder (n = 1) and hemothorax after thoracentesis (n = 1).

> 0.999

LDLT (n = 40) DDLT (n = 80) P value
5 (12.5)
4
1
6 (15.0)
6
11 (27.5)

51 (63.8)
3 (3.8)
16 (20.0)
10 (12.5)

in the LDLT group (15.0%) and 4 patients in the DDLT
group (5.0%) experienced biliary stricture, so the LDLT
group had a higher proportion of patients suffering biliary stricture (P = 0.129). Consequently, total biliary complications in the LDLT group reached a rate of 27.5%,
which was significantly higher than that in the DDLT
group (27.5% vs 7.5%, P = 0.003) (Table 5).

Table 5 Overall biliary complications n (%)

Perioperative period
Bile leak
Biliary stricture
Long-term follow-up period
Biliary stricture
Overall

27 (67.5)
3 (7.5)
5 (12.5)
5 (12.5)

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation.

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation; MODS: Multiple organ dysfunction syndrome.

Biliary complications

LDLT (n = 40) DDLT (n = 80) P value

DISCUSSION
In recent decades, more and more patients with endstage liver diseases have been saved thanks to the rapid
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Figure 1 Long-term survival outcomes. A: Overall survival rate (P = 0.372); B: Relapse-free survival rate (P = 0.749). LDLT: Living-donor liver transplantation;
DDLT: Deceased-donor liver transplantation.

progress in LT technology. Mazzaferro et al[5] put forward
the Milan criteria for LT in HCC patients in 1996. Nevertheless, patients’ chance of cure has been restricted by
such a strict indication, and whether the criteria could be
expanded to enable more patients to qualify as transplant
candidates has been a moot point. The EASL-EORTC
clinical practice guidelines have mentioned that the criteria of “up-to-seven” in patients without microvascular
invasion could be considered for LT for HCC[1,20]. Additionally, extended indications for LT in patients with
hepatic carcinoma having similar survival outcomes with
the Milan criteria have been reported by some transplant
centers[21-24].
Theoretically speaking, LDLT calls for preservation
of the inferior vena cava and a long internal structure of
the hepatoduodenal ligament, which seems to render it
less radical and thus less effective than DDLT. Moreover,
it may expose the living donors to the risk of surgery.
Therefore, most reported expanded indications are currently based on DDLT. However, several studies from
Japan have shown encouraging outcomes of extended
criteria for LDLT[25-27]. In the current study, tumors were
staged according to the intraoperative findings and pathological outcomes of the resected specimens. Patients
with tumor invasion were confirmed after LT. The Pittsburgh staging system seemed to have a direct correlation
with the tumor-free survival rate based on the clinical
data in our medical center, so we used it to match the
patients of the two groups who did not meet the Milan
criteria. Although 40% of the enrolled patients did not
meet the Milan criteria, the OS and RFS turned out to
be favorable on the whole.
Organs from donation after cardiac death (DCD)
cannot meet the needs of LT. Consequently, a large
number of patients die of a shortage of liver donors every year, making living donors another important source
of organs. However, animal experiments have suggested
that the regenerating liver might have a potential effect
on the growth of HCC[28,29], and LDLT has been criticized for its higher HCC recurrence rate than DDLT.
Based on our experience, the long-term follow-up results
do not support such a conclusion. Therefore, we carried
out this multivariate case-matched comparison to maximize the comparability of the LDLT and DDLT groups.
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Our results show similar overall and relapse-free survival
rates between the two groups, and LDLT conferred a
7.5% survival benefit compared with DDLT, so LDLT
did not compromise the survival of patients or increase
tumor recurrence. In addition, for emergency patients
with fulminant hepatic failure, LDLT is often an optimal
choice and can provide a timely graft to save their lives.
Patients with HCC, now widely accepted as legitimate
transplant candidates, require special consideration to
achieve timely transplantation. A study by Mizuno et al[30]
showed that the median period between the registration
for LDLT and the occurrence of extrahepatic metastasis,
macroscopic vascular invasion or rupture of HCC was
12.2 mo (range, 3.8-32.9 mo), indicating that the waiting period suitable for a liver transplant is quite limited
for HCC patients. Many patients with hepatic carcinoma
lose their chance of LT or die of tumor progression
during the waiting period, whereas the waiting period has
greatly shortened and the survival has greatly improved
with the advent of LDLT[31]. In the present study, the
median preoperative waiting time for LT in the LDLT
group was 14 d (range, 5-63 d), which was significantly
less than the 45 d (range, 20-235 d) in the DDLT group.
However, LDLT can only be feasible when a suitable
volunteer is available, even though it is in theory a good
alternative to DDLT. In Hong Kong, the policy of a
6-mo wait for cadaveric liver allocation benefits the HCC
patients who have practically no chance of undergoing
LDLT. These modifications of the cadaveric liver allocation policy could result in transplants for as many HCC
patients as possible but would not deprive non-HCC
patients of a fair chance of undergoing LT[32].
Another important criticism of LDLT is that biliary
complications in patients who undergo LDLT are more
common than in DDLT patients[11,12]. Our data showed a
similar pattern that LDLT was associated with a significantly increased rate of biliary complications compared
with DDLT. In the 5 patients of the LDLT group who
died of non-recurrent causes, 3 deaths (60%) were caused
by biliary complications, which may be a weak point of
LDLT. There were 5 bile leak cases in this study, all of
them diagnosed within the first month, of whom 2 underwent reexploration. Continuous abdominal drainage
was the most important treatment modality for bile leaks.
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fective alternative to alleviate organ shortage, but it has been criticized for its
underlying higher cancer recurrence rate than DDLT. As for the surgical selection for patients with hepatic carcinoma, the research hotspot is whether LDLT
will result in more postoperative complications or tumor recurrences than DDLT.

Unlike bile leaks, the stenoses (10 out of 12 cases) were
mostly detected in the outpatient clinic after worsening
of liver function, symptoms of cholangitis, or intrahepatic duct dilatation on computed tomography scans or
magnetic resonance cholangiopancreatography. However,
they could be successfully controlled by placement of a
biliary stent through ERCP in most cases.
By and large, the LDLT and DDLT groups were
comparable in the total number of patients with perioperative complications, but it should be noted that complications occurring in the DDLT group seemed to be
more serious than those in the LDLT group. For example, in the DDLT group 10 patients (12.5%) underwent
surgical or endoscopic interventions under general anesthesia due to grade Ⅲb complications, and 7 patients
(8.8%) suffered complications higher than grade Ⅲb.
Our data of perioperative complications and followup results revealed that DDLT tended to result in more
bleedings after surgery, including intra-abdominal bleeding, cerebral hemorrhage and gastrointestinal tract hemorrhage. In our comparison, 5 intra-abdominal bleedings
needed a second operation, and another 4 patients died
of hemorrhage in the DDLT group. A slight but not significant difference was observed in these findings, which
prompts the question whether a difference exists in the
coagulation function among liver grafts from different
sources. Further large-scale, prospective, randomized
trials are needed to address the question. Postoperative
bacterial infection is always the most common complication in the field of LT. In our comparative study the
DDLT group showed a significantly higher proportion
of patients with grade Ⅱ complications, which were
mainly composed of postoperative bacterial infections.
At times, bacterial infections after LT are not accompanied by fever, so identifying and preventing the development of infections after LT is particularly important.
In conclusion, grade Ⅱ complications occurred more
frequently in the DDLT group than in the LDLT group,
but the overall proportions of patients with perioperative complications were comparable between the two
groups. Although LDLT led to a higher rate of biliary
complications, it did not show any inferiority in longterm OS or RFS. Large-scale, prospective, randomized
controlled trials are needed to reveal the inherent characteristics of complications between the two groups.

Innovations and breakthroughs

It remains controversial whether LDLT can achieve similar or better long-term
survival than DDLT. In the present study, the authors used a multivariate casematched method to compare the results of LDLT and DDLT in patients with
hepatic carcinoma. In spite of a higher rate of biliary complications in the LDLT
group, DDLT was associated with more grade Ⅱ complications, while the
overall perioperative complication rates were similar between the two groups.
Furthermore, compared with the DDLT group, the LDLT group had comparable
long-term follow-up survival. The present data do not suggest that LDLT results
in more tumor recurrences than DDLT.

Applications

The study results suggest that LDLT not only could greatly shorten the waiting
period of patients with hepatic carcinoma but also would not compromise longterm survival or increase tumor recurrence, so LDLT is a favorable alternative to
solve the problem of organ shortage.

Terminology

Liver transplantation is a surgical technique that removes a diseased liver and
replaces it with a healthy donor liver in patients with end-stage liver disease.
Case-matched comparison is a comparative study between groups in which
each case is matched by one or more comparable cases (1:1 or 1:N) in terms
of several measurable parameters.

Peer review

The study used a special statistical method to compare the surgical outcomes
of LDLT and DDLT in patients with hepatic carcinoma, which is a good way to
establish greater parity between the two surgery groups. The results suggested
that LDLT could have similar survival outcomes as DDLT. This study has significant merits.
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RESULTS: In this study, the mean age of patients
was 57 years with a range from 19-89 years. A higher
incidence was found in patients over 60 years of age.
In the study population, 67.38% of patients were male
and 32.62% were female. Women had a higher disease incidence than men in patients less than 40 years
of age (P < 0.001). No obvious change of patient age
and gender was observed in the last 18 years. The
rates of disease by location were the following: antrum
(44.57%), followed by fundus/ body (24.95%) and
cardia/gastroesophageal junction (23.00%). The mean
tumor diameter was 5.57 cm, and advanced gross type
Borrmann Ⅲ was most common. Most patients were
at advanced stages when first diagnosed, and patients
with early stage disease were relatively rare. More
early stage patients were detected in recent years, especially after 2000 (P < 0.001). Gastric carcinoma has
different features in young and old patients. The young
patients had the following features: more frequently
female, tumors in the antrum, larger tumor size, poorly
differentiated carcinoma, high rate of metastasis to
other sites and advanced stages (P < 0.05).

Abstract

CONCLUSION: In southern China, gastric carcinoma
was more frequent in old men and young women.
Young and old patients should be treated differently
for having different features.

AIM: To investigate the clinicopathological features of
gastric carcinoma in southern China and disease trends
changes over the last 18 years.

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

METHODS: We designed a retrospective study in the
Department of Gastrointestinal Surgery, the first affiliated hospital, Sun Yat-sen University. A total of 2100
adult patients with definitely diagnosed, histologically
proven gastric carcinomas treated with radical gastrectomy from 1994 to 2013 were examined retrospectively. In all cases patient age, gender, tumor location,
Borrmann type, histopathological type and grade, and
pTNM stage were identified and recorded. The information was obtained from hospital records. The data
were analyzed with Stata12.0 software.
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Key words: Gastric carcinoma; Retrospective study;
Clinicopathological features; Southern China; Youth
Core tip: Gastric carcinoma is one of the most common malignant tumors in the digestive tract and is the
second leading cause of cancer-related death. This
study retrospectively examined 2100 adult patients
from southern China. Gastric carcinomas were found
frequently in old men and young women. No obvious
changes of patient age and gender were observed in
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the last 18 years. Although most patients were at advanced stages when first diagnosed, early detection
rates have increased. The young and the old patients
differed in gender composition, tumor size, predilection
site, pathological type and prognosis. Therefore, these
patients should be treated differently in the clinic.

Table 1 Age and sex n (%)
Age
Age Group
≤ 40
40-49
50-59
≥ 60
Number of periods
1994-1999
2000-2005
2006-2013
Total
Mean ± SD age (yr)
Mean age of periods
1994-1999
2000-2005
2006-2013

Peng JJ, Xiao P, Xu JB, Song W, Liao B, He YL. Clinicopathological
features and trend changes of gastric carcinoma in southern china.
World J Gastroenterol 2014; 20(15): 4401-4406 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i15/4401.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i15.4401

INTRODUCTION
Gastric carcinoma (GC) is one of the most common
malignant tumors of the digestive tract and is the second
leading cause of cancer related death[1]. The geographical
distribution of GC is characterized by wide international
variations. More than 70% of cases occur in developing
countries, and half of the world’s cases occur in Eastern Asia[2]. China has a high incidence of gastric cancer,
and it accounts for over 40% of all new gastric cancer
cases[3]. This study retrospectively examined 2100 adult
patients from southern China and enrolled in the first affiliated hospital, Sun Yet-sen University from 1994-2013.
We have summarized the clinicopathological features of
GC in Southern China and evaluated the changes over
the last 18 years.

Female

91 (4.33)
196 (9.33)
412 (19.62)
716 (34.10)

122 (5.81)
136 (6.48)
181 (8.62)
246 (11.71)

Total

P value

213 (10.14)
332 (15.81)
593 (28.24)
962 (45.81) < 0.001

278 (13.24)
106 (5.05)
384 (18.29)
407 (19.38)
216 (10.29)
623 (29.67)
730 (34.76)
363 (17.29) 1093 (52.05)
1415 (67.38)
685 (32.62) 2100 (100)
58.69 ± 11.34 53.49 ± 13.73 57.00 ± 12.41

0.056

58.97 ± 10.87 53.99 ± 14.14 57.59 ± 12.05
58.08 ± 11.84 51.78 ± 13.72 55.90 ± 12.87
58.93 ± 11.23 54.36 ± 13.56 57.41 ± 12.24

patients were male and 32.62% were female. The patient
ages ranged from 19 to 89 years, and the mean age was
57.00 ± 12.41 years. The data indicated that 45.81% of
cases were diagnosed in patients over 60 years of age,
and 25.95% of cases occurred in patients under the age
of 50. Women had a higher disease incidence than men
in cases under 40 years old. There were significantly
more male patients over age 40.
We also analyzed the changes in patient age and gender for GC over the last 18 years. The results indicated
there was no change of mean age in the population or
in the frequency of male and female patients. The incidence of female cases showed a trend of increasing
frequency after 2000. However, this trend was not statistically significant. These data are listed in Table 1.

MATERIALS AND METHODS

Morphologic features
Table 2 summarizes the morphological features of GC.
The mean tumor diameter was 5.57 ± 3.43 cm. Tumors
with diameters between 2.1 and 5 cm were most common, and accounted for nearly half of all cases. The
tumor sites was most common in the antrum (44.57%),
followed by fundus/body (24.95%) and cardia/gastroesophageal junction (23.00%) (GEJ). As for macroscopic
type, Borrmann Ⅲ was more common (59.62%) than
Borrmann Ⅱ. WHO pathologic classifications showed
tubular/papillary adenocarcinoma was the most common histopathological type (79.57%). Most of the tumors were poorly differentiated.

Data collection
The data were collected from 2100 adult patients with
definitely diagnosed, histologically proven gastric carcinomas treated at the Department of Gastrointestinal
Surgery, the First Affiliated Hospital, Sun Yet-sen University between 1994 and 2013. The data included the
following information: gender, age, tumor location, Borrmann type, pathological type (based on the WHO classification)[4], and pTNM stage (based on the criterion of
the American Joint Committee on Cancer, AJCC)[5]. All
information was obtained retrospectively from hospital
records (including pathologic and operative reports).
Statistical analysis
The data were examined and confirmed by a controller
after entering and were then analyzed by using Stata12.0
software. The χ 2 test, Fisher’s exact test, ANOVA test
and Student’s t-test were used to analyze data. A P < 0.05
was considered statistically significant.

pTNM stage
Tumor stages and the changes over the last 18 years are
illustrated in Table 3. Most patients were at advanced
stages (pTNM stage Ⅱ, Ⅲ and Ⅳ), when they were first
diagnosed. Only a few tumors were detected at early
stages (pTNM stage 0 and Ⅰ). However, the detection
rates of early patients substantially improved after 2000.
The results are listed in Table 3.

RESULTS
Age and gender
This study evaluated 2100 cases with GC identified from
1994 to 2013. Within the study population, 67.38% of
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Clinicopathological features of different ages
Table 4 shows that patients of different ages had differ-
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accounts for approximately 1/5 of all cancer deaths[6,7].
We investigated the clinicopathological features of
GC in southern China. Consistent with previous research, this study showed GC was prevalent in men. The
overall male:female ratio was 2.07:1. The average patient
age is 57 years, and the highest morbidity occurs in patients over 60 years[8,9]. A major cause of GC in middleaged and older people may be the long-term repeated
action of carcinogenic substances that cause cellular
damage and malignant transformation. In addition, a declining immune system and a reduced ability to eliminate
mutant cells may also be involved in disease development in the elderly. We analyzed the age changes of the
past 18 years, but found no obvious differences of mean
age. This result differs from reports in South Korea and
Japan, which showed that GC patients are getting older
and the proportion of elderly patients continues to increase[10,11]. Additionally, the mean age of GC patients
in China is younger than that reported in South Korea,
Japan and the West.
In the study, women had a higher incidence of GC
than men before 40 years of age, while GC in male
patients was more frequent than in females after age
40. This result may be related with sex hormone levels.
Both estrogen and androgen may be involved in disease
pathogenesis. Studies have shown high estrogen receptor expression in many GC patients, including male
patients[12]. Estrogen levels are especially high in women
with diffusely infiltrative GC and poorly differentiated
adenocarcinoma[13]. Previously published studies have
shown the influences of estrogens on GC are controversial. Whether estrogen increases or decreases the risk
of GC is still unclear[14]. The androgen receptor was also
found in GC, and it was an independent unfavorable
prognostic factor[15,16]. Independent of sex hormones,
male incidence increases significantly after 40 years of
age. This result may also be related to the use of cigarettes and alcohol, irregular life, heavy social pressure
and other factors[17]. Chung et al[18] thought hormonal
factors were more commonly associated with females,
whereas environmental factors were more commonly
associated with males in young GC patients. Although
there was no significant difference over the last 18 years
for incidence of disease by gender, there is a trend of
increasing female incidence after 2000.
This research showed the mean tumor diameter was
5.57 cm. Most tumor diameters were between 2.1 and
5 cm. Only 12.81% tumors were less than 2.0 cm. Advanced gross type Borrmann Ⅲ was the most common
tumor type. Moreover, most patients were at advanced
stage (pTNM stage Ⅱ, Ⅲ and Ⅳ) when first diagnosed,
and cases of early stage disease (pTNM stage 0 and Ⅰ)
were relatively rare. According to our results, the mean
tumor size is larger and the detection rates of early
gastric carcinoma are lower in China than in Japan and
South Korea[10]. Fortunately, the detection rates of early
tumors have increased, especially after 2000. This may
be related to gradually increased use of gastroscopy in

Table 2 Morphologic features n (%)
Size (cm)

Mean ± SD
0-2.0
2.1-5.0
5.1-10
> 10
Cardia/EGJ
Fundus/body
Antrum
Diffuse
Remnant
Multiple

Location

Borrmann type

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Pathologic type

Differentiation

Tubular/papillary adenocarcinoma
Mucinous carcinoma
Signet cell carcinoma
Neuroendocrine neoplasm
Squamous carcinoma
Others
Well
Moderate
Poor

5.57 ± 3.43
269 (12.81)
969 (46.14)
723 (34.43)
139 (6.62)
483 (23.00)
524 (24.95)
936 (44.57)
75 (3.57)
74 (3.52)
8 (0.38)
97 (4.62)
510 (24.29)
1252 (59.62)
241 (11.48)
1617 (79.57)
127 (6.05)
255 (12.14)
9 (0.43)
32 (1.52)
6 (0.29)
87 (4.14)
613 (29.19)
1400 (66.67)

Table 3 pTNM stage and time periods
Stage 1994-1999 2000-2005 2006-2013
0
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲa
Ⅲb
Ⅲc
Ⅳ

Total

1
10
17
35
61
90
57
24
89
384

1
56
54
89
132
75
45
9
162
623

10
105
88
133
193
134
109
85
236
1093

Total

P value

12 (0.57%)
171 (8.14%)
159 (7.57%)
257 (12.24%)
386 (18.38%)
299 (14.24%)
211 (10.05%)
118 (5.62%)
487 (23.19%)
2100
< 0.001

ent clinicopathological features. With respect to gross
features, patients older than 50 years of age had a smaller mean tumor size and fewer patients had tumors larger
than 10 cm. The frequency of Borrmann Ⅳ (diffuse
gastric cancer) tumors decreased significantly and the incidence of cardia/GEJ carcinoma increased significantly
with age. Microscopically, signet ring cell carcinoma
decreased significantly after 60 years of age. Increased
age was associated with fewer poorly differentiated carcinomas and significantly more well-differentiated carcinomas. The proportion of pTNM stage Ⅳ and distant metastasis gradually declined with age. All of these results
were statistically significant.

DISCUSSION
Gastric carcinoma is one of the most prevalent malignant tumors in China. According to the latest GLOBOCAN statistics on Chinese gastric cancer for 2008, the
total incidence rate in Chinese patients has increased
from 42% to 47% since 2002. Thus, gastric cancer now
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Table 4 Clinicopathological features of different ages n (%)

Size (cm)

Mean ± SD
0-2.0
2.1-5.0
5.1-10
> 10
Cardia/GEJ
Fundus/body
Antrum
Diffuse
Remnant
Multiple

Location

Borrmann type

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Pathologic type

Differentiation

pTNM stage

Tubular or papillary adenocarcinoma
Mucinous carcinoma
Signet cell carcinoma
Neuroendocrine neoplasm
Squamous carcinoma
Others
Well
Moderate
Poor
0
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲa
Ⅲb
Ⅲc
Ⅳ

Metastasis

M0
M1

40-49 yr

50-59 yr

≥ 60 yr

5.83 ± 4.03
34 (1.62)
88 (4.19)
69 (3.29)
22 (1.05)
21 (1.00)
77 (3.67)
103 (4.9)
9 (0.43)
2 (0.10)
1 (0.05)
10 (0.48)
48 (2.29)
116 (5.52)
39 (1.86)
164 (7.81)
9 (0.43)
37 (1.76)
0 (0.00)
3 (0.14)
0 (0.00)
5 (0.24)
15 (0.71)
193 (9.19)
1 (0.05)
21 (1.00)
14 (0.67)
25 (1.19)
29 (1.38)
29 (1.38)
18 (0.86)
11 (0.52)
65 (3.10)
148 (7.05)
65 (3.10)

5.96 ± 3.95
44 (2.10)
140 (6.67)
119 (5.67)
29 (1.38)
47 (2.24)
101 (4.81)
162 (7.71)
18 (0.86)
3 (0.14)
1 (0.05)
8 (0.38)
84 (4.00)
179 (8.52)
61 (2.90)
265 (12.62)
12 (0.57)
48 (2.29)
2 (0.10)
5 (0.24)
0 (0.00)
8 (0.38)
66 (3.14)
258 (12.29)
1 (0.05)
27 (1.29)
31 (1.48)
33 (1.57)
53 (2.52)
35 (1.67)
36 (1.71)
23 (1.10)
93 (4.43)
239 (11.38)
93 (4.43)

5.38 ± 3.27
80 (3.81)
290 (13.81)
183 (8.71)
40 (1.90)
146 (6.95)
148 (7.05)
258 (12.29)
25 (1.19)
15 (0.71)
1 (0.05)
37 (1.76)
146 (6.95)
335 (15.95)
75 (3.57)
456 (21.71)
36 (1.71)
91 (4.33)
2 (0.10)
6 (0.29)
2 (0.10)
23 (1.10)
169 (8.05)
401 (19.10)
1 (0.05)
48 (2.29)
56 (2.67)
82 (3.90)
99 (4.71)
80 (3.81)
65 ( 3.10)
29 (1.38)
133 (6.33)
460 (21.90)
133 (6.33)

5.49 ± 3.17
111 (5.29)
451 (21.48)
352 (16.76)
48 (2.29)
269 (12.81)
198 (9.43)
413 (19.67)
23 (1.10)
54 (2.57)
5 (0.24)
59 (2.81)
229 (10.90)
605 (27.86)
89 (4.24)
786 (37.43)
70 (3.33)
79 (3.76)
5 (0.24)
18 (0.86)
4 (0.19)
51 (2.43)
363 (17.29)
548 (26.10)
9 (0.43)
75 (3.57)
58 (2.76)
117 (5.57)
205 (9.76)
155 (7.38)
92 (4.38)
55 (2.62)
196 (9.33)
766 (36.48)
196 (9.33)

< 0.001

0.013

< 0.001

< 0.001

0.001

< 0.001

0.006
0.002

cardia carcinoma[22]. Reports from Turkey, Iran and Korea demonstrated the antrum is the most common site
of GC[10,23,24]. The incidence of cardia has not increased
and this result may be related to the local environment,
habits and customs. In southern China the people have a
bland diet, and less smoking and drinking are popular.
We found young patients differed from the older
patients not only in the sex ratio but also in the morphologic features and clinical stages. In the young, the
tumors were larger and the proportion of Borrmann
Ⅳ (diffuse gastric cancer) was higher than in the older
patients. The incidence of cardia/GEJ carcinoma increased significantly with age. Microscopically, poorly
differentiated and signet ring type carcinoma decreased
significantly after 60 years of age. Clinically, the proportion of pTNM stage Ⅳ and distant metastasis gradually declined with age. The above data suggest that GC
in young adults has more aggressive infiltration ability,
higher malignancy, faster progress, and worse prognosis
than GC in older patients.
Although the predominant tumor site is the antrum
in China, we found the risk of occurrence of cardia/
GEJ carcinoma significantly increased in patients more
than 50 years old. The following may be the possible
reasons: (1) the degeneration of esophageal smooth

China, particularly in the east and south of China where
there are better economic and health conditions. Earlier
diagnosis leads to better effect of treatment for gastric
carcinoma. However, there is no nationwide screening
program for GC. Therefore, the early detection of GC
relies on opportunistic screening[19].
In our research, GC predominantly occurred in the
gastric antrum, followed by body and cardia, which is
similar with most statistics. Recently, scholars found the
incidence of proximal GC was increasing. The Chinese
and European/American literature report the incidence
of distal GC was significantly declining and cardia/GEJ
carcinoma was significantly increasing[20,21]. In the United
States, male cardia carcinoma incidence is increasing
annually, and it is becoming one of the fastest growing tumors. The incidence of this tumor type accounts
for nearly half of GCs. Smoking, drinking, obesity, and
esophageal reflux are risk factors of cardia carcinoma.
Additionally, cardia carcinoma is related to diet, especially reduced cereal fiber intake and high protein, fat and
salt consumption. These dietary problems may increase
the incidence of cardia carcinoma. Increasing cereal fiber
intake can reduce the risk of cardia carcinoma. In addition, the eradication of Helicobacter pylori (H. pylori) reduces distal GC and relatively increases the incidence of
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muscle in older people, the lower esophageal sphincter
muscle tension, disorders of nervous regulation mechanism are commonly seen simultaneously, which causes
gastroesophageal reflux and repeated reflux results in
inflammatory injury, repair and hyperplasia, and finally
cancerous changes of the membrane of cardia area; (2)
the fundic glands atrophy, the junction of fundus and
body moves up in the old, which results in weakening of
the mucosal barrier; and (3) as the patients age, the gastric mucosa epithelium degenerates and intestinal metaplasia develops to the fundus from the antrum[25]. The
difference of predilection site between the young and
the old may mainly relate to the above, but the specific
mechanism is still unclear.
In southern China, GC is predominant in old men
and young women and is mostly located at the gastric
antrum. Although most patients have advanced stage
disease at diagnosis, more patients are being detected at
early stages. The detection and treatment of early GC
needs further improvement. Patients of different ages
have different clinicopathological features. Young and
old patients differ in the gender composition, predilection site, pathological type and disease prognosis. Thus,
these diseases should be treated differently in clinical settings.
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RESULTS: In total, 180 HBeAg-positive CHB patients
[IT group (n = 72), IC-Mild group (n = 72), and ACLF
group (n = 36)] were enrolled in this study. The median serum HBsAg levels varied among the groups (P <
0.001): IT, 4.86 log10 IU/mL; IC-Mild, 3.97 log10 IU/mL;
and ACLF, 3.57 log10 IU/mL. Serum HBsAg level showed
a moderate positive correlation with serum HBV-DNA
level in the IC-Mild group (r = 0.60, P < 0.001), but
exhibited a weaker correlation in the IT (r = 0.52, P
< 0.001) and ACLF groups (r = 0.51, P = 0.001). The
ratio of HBsAg/HBV DNA did not differ significantly
among the IT, IC-Mild, and ACLF groups (medians: 0.56,
0.55, and 0.56, respectively; P = 0.179).
CONCLUSION: Serum HBsAg levels varied significantly in HBeAg-positive patients with different immune
conditions. These findings may have important implications for understanding the immune clearance of HBV
in HBeAg-positive CHB patients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To investigate hepatitis B surface antigen (HBsAg)
levels in patients with HBeAg-positive chronic hepatitis
B (CHB) and different immune conditions.

Key words: Chronic hepatitis B; Hepatitis B surface
antigen; Hepatitis B e antigen; Immune tolerance; Immune clearance; Acute on chronic liver failure

METHODS: HBeAg-positive CHB patients with different
immune conditions were enrolled in this cross-sectional
study. These patients were grouped according to the
following criteria: immune-tolerant patients, IT group;
patients with a mild immune response in the immune
clearance phase, IC-Mild group; and patients with a dramatic immune response in the immune clearance phase
and exhibiting acute on chronic liver failure (ACLF), ACLF
group. All these patients had not previously received antiviral therapy and were enrolled at a pre-settled ratio of
2:2:1. Serum HBsAg levels and the correlation between

Core tip: This study showed that a dramatic immune
response demonstrated that acute on chronic liver failure results in lower serum hepatitis B surface antigen
levels compared with a mild immune response in patients in the immune clearance phase. These findings
may have important implications for understanding the
immune clearance of hepatitis B virus in these patients.
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patients were enrolled in this study: immune-tolerant patients, IT group; patients with a mild immune response in
the immune clearance phase, IC-Mild group; and patients
with a dramatic immune response in the immune clearance phase and exhibiting ACLF, ACLF group. The HBsAg levels were compared among these three groups.
In different phases of the HBV infection, the connection between HBsAg production and HBV replication is
not stable[2]. This study also aimed to evaluate the correlation between serum HBsAg levels and serum HBV DNA
levels among these three groups.

with different immune conditions. World J Gastroenterol 2014;
20(15): 4407-4413 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i15/4407.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4407

INTRODUCTION
Hepatitis B surface antigen (HBsAg) is considered a milestone in the research history of hepatitis B virus (HBV)
and has been used for more than 40 years to confirm
HBV infections[1]. With the second generation of standard HBsAg samples introduced by the World Health
Organization, quantitative HBsAg tests have been performed[2,3].
Studies have shown the potential application of HBsAg quantification in predicting responses to interferonbased therapy and nucleos(t)ide therapy[4-7]. In addition,
the quantified serum HBsAg level has been used as a potential surrogate or supplemental marker of HBV DNA
to identify the phase of the natural history of the disease
and to predict seroconversion in CHB[8,9].
In the HBeAg-positive condition, the natural course
of CHB patients is divided into the immune tolerance
and immune clearance phases. The serum HBsAg level is
higher in the immune tolerance phase and declines in the
immune clearance phase[10-12], indicating different immune
conditions associated with various HBsAg levels.
In addition to the different immune conditions between the immune tolerance and immune clearance
phases, the degree of host immune response is different
when immune clearance begins[13,14]. In general, patients
show moderately increased alanine aminotransferase
(ALT) levels without hepatic decompensation, indicating
a mild immune response. However, when a dramatic immune response occurs in the immune clearance phase,
liver function decompensates or deteriorates to acute on
chronic liver failure (ACLF), which is usually described
as acute hepatic injury manifested as jaundice and coagulopathy[15,16]. Although all patients in the IC phase have
been evaluated as a whole, the serum HBsAg levels in
these patients with different immune responses in the
immune clearance phase have not been evaluated individually. Lee et al[17] showed that baseline serum HBsAg
levels can be used as a prognostic factor of the anti-HBV
treatment response in HBeAg-positive CHB patients
during the immune clearance phase. Thus, studies should
be conducted to investigate whether a dramatic immune
response exhibiting ACLF will yield different HBsAg
levels compared with a mild immune response in patients
in the immune clearance phase, which may indicate antiviral therapy results. In addition, the HBsAg levels should
be compared with those in immune-tolerant patients to
determine whether different characteristics are observed
when patients in the immune clearance phase are subdivided according to different immune clearance conditions.
Therefore, three groups of HBeAg-positive CHB

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and study design
Three groups of HBeAg-positive CHB patients with different immune conditions were recruited into this crosssectional study. Each group was classified as follows: IT
group, high HBV DNA levels and ALT < upper limit
of normal (ULN); IC-Mild group, increased HBV DNA
levels, 2 ULN < ALT < 10 ULN, total bilirubin (TB) < 2
ULN (42 μmol/L), international normalized ratio (INR)
(a laboratory test representing coagulopathy) < 1.27, and
approximate prothrombin time activity percentage (PTA)
> 60%; ACLF group, increased HBV DNA levels, ALT
> 2 ULN, extreme fatigue with severe digestive symptoms, serum TB level > 171 μmol/L, INR > 1.50, and
approximate PTA < 40%.
Patient history showed that all patients had not received antiviral therapy and were HBsAg positive for
longer than six months. The patients had no clinical
or ultrasonographic findings of cirrhosis. The patients
were recruited from the First Affiliated Hospital, College of Medicine, Zhejiang University with a pre-settled
ratio of 2:2:1 in the IT, IC-Mild, and ACLF groups,
respectively, from October 2011 to May 2013. The target number of patients in each group was estimated
according to the serum HBsAg levels of the first 50 patients enrolled (data not shown). In this study, the ULN
of ALT was 40 U/L, whereas the ULN of TB was 21
μmol/L.
Patients in the IT group met the criteria of the IT
phase according to the Asian-Pacific Consensus Statement on the Management of Chronic Hepatitis B: A
2008 Update[14]. Patients in the IC-Mild group represented patients without liver function decompensation
in the IC phase, and this definition is consistent with the
same consensus statement regarding CHB. Patients in
the ACLF group met the criteria according to the ACLF
consensus recommendations of the Asian Pacific Association for the Study of the Liver[15].
None of the enrolled patients suffered from coinfection with viruses, such as hepatitis A, hepatitis C,
hepatitis D, hepatitis E, or human immunodeficiency
viruses. Patients with cirrhosis, drug-induced liver injury,
autoimmune hepatitis, alcoholic liver diseases, genetic and
other liver diseases, chemo/immunotherapy, or cancer
were excluded. All pediatric patients were also excluded.

4408

April 21, 2014|Volume 20|Issue 15|

Zhang YM et al . HBsAg levels in different HBeAg-positive patients
Table 1 Baseline characteristics of three groups of hepatitis B e antigen -positive chronic hepatitis B patients
IT group (n = 72)

Variables
Age (yr)
Gender (male/female)
HBV DNA (log10 IU/mL)
HBsAg (log10 IU/mL)
ALT (IU/mL)
TB (μmol/L)
INR
PLT (109/L)

IC-Mild group (n = 72)

25 (22-29)
44/28
8.39 (8.15-8.65)
4.86 (4.54-4.97)
25 (19-32)
11 (9-15)
1.01 (0.81-1.07)
210 (187-273)

30 (24-37)
55/17
7.58 (7.11-8.79)
3.97 (3.67-4.43)
220 (118-282)
16 (10-29)
1.08 (0.85-1.17)
172 (152-298)

ACLF group (n = 36)

Kruskal-Wallis test P value

34 (28-41)
32/4
6.33 (4.67-7.17)
3.57 (2.74-4.03)
468 (244-779)
314 (248-443)
2.24 (1.74-2.71)
124 (103-167)

< 0.001
0.006
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Data are expressed as the median (interquartile range) or as a ratio. CHB: Chronic hepatitis B; IT: Immune-tolerant patients; IC-Mild: Patients with a mild
immune response in the immune clearance phase; ACLF: Patients with a dramatic immune response in the immune clearance phase and exhibiting acute
on chronic liver failure; ALT: Alanine aminotransferase; WBC: White blood cell; PLT: Platelet; TB: Total bilirubin; INR: International normalized ratio.

For the IT and ACLF patients, serum HBsAg and HBV
DNA levels were determined once at the time of enrollment. IC-Mild patients had a median follow-up of three
weeks (minimum 2 wk, maximum 8 wk); serum HBsAg
and HBV DNA levels were determined once at the time
of enrollment and repeated at least once during the follow-up period. Serum samples for the HBsAg and HBV
DNA tests were collected at the same time points during
enrollment or follow-up. The patients who experienced
liver function decompensation, but did not meet the criteria of the IC-Mild group were excluded.
Serum HBsAg levels were compared among the three
groups in this study. The correlation between serum HBsAg level and serum HBV DNA level was determined.
This study was conducted according to the guidelines
of the Declaration of Helsinki and was approved by
the Review Board of the Ethics Committee of the First
Affiliated Hospital, College of Medicine, Zhejiang University. Written informed consent was obtained from the
patients or their relatives.

rank test was conducted for correlation analyses. Multivariate linear regression with the HBsAg concentration as
an independent factor was performed. Statistical calculations were performed using GraphPad Prism (Version 5.0,
GraphPad Software, San Diego, United States). A P value
of 0.05 (two-tailed) was considered significant.

RESULTS
Patient characteristics
In total, 180 HBeAg-positive CHB patients were enrolled
in this cross-sectional study (72 in the IT group, 72 in the
IC-Mild group, and 36 in the ACLF group). A predominance of males (131/180, 72.8%) was observed in the
study population. The patient characteristics, including
age, gender, serum HBV DNA levels, serum HBsAg levels, ALT, TB, INR, and platelets, are described in detail in
Table 1. All these parameters were significantly different
among the IT, IC-Mild, and ACLF groups.
Distribution of serum HBsAg levels
The distribution of serum HBsAg levels in the three
groups was evaluated as described in Figure 1. The median serum HBsAg levels in each group were as follows:
IT group, 4.86 log10 IU/mL; IC-Mild group, 3.97 log10
IU/mL; and ACLF group, 3.57 log10 IU/mL. The serum
HBsAg levels were significantly different in each group
(IT vs IC-Mild, P < 0.001; IT vs ACLF, P < 0.001; ICMild vs ACLF, P = 0.001).

Laboratory tests
Biochemical parameters were analyzed by routine automated methods (Hitachi 7600, Japan). HBeAg was qualitatively analyzed, and HBsAg levels were quantitatively
analyzed using the Abbott ARCHITECT assay (Abbott
Diagnostics, Germany) according to the manufacturer’
s instructions. The dynamic range of HBsAg levels was
0.05-250 IU/mL. The samples were diluted to 1:500 or
1:1000 using ARCHITECT HBsAg Manual Diluent (Abbott Diagnostics) if the HBsAg levels were greater than
250 IU/mL. Serum HBV DNA was quantified using
a determination kit for HBV DNA (Life River, China)
at a detection range of 5 × 102-1 × 108 IU/mL; for the
samples with > 108 IU/mL HBV DNA levels, the HBV
DNA assay was repeated after dilution to 1:1000.

Correlation between serum HBsAg levels and serum
HBV DNA levels
The HBsAg/HBV DNA ratio was evaluated (Figure 2).
The median levels of the HBsAg/HBV DNA ratio in the
IT, IC-Mild, and ACLF groups were 0.56, 0.55, and 0.56,
respectively. The results showed no significant differences
among these three groups (P = 0.179).
The correlations between serum HBsAg levels and
HBV DNA levels in each group are shown in Figure 3. A
modest correlation was found between HBsAg and HBV
DNA in the IC-Mild group (r = 0.60, P < 0.001). Serum
HBsAg level was weakly correlated with HBV DNA in
the IT group (r = 0.52, P < 0.001) and the ACLF group (r

Statistical analysis
The data are presented as medians (interquartile range),
except when stated otherwise. The Kruskal-Wallis test
was performed for multivariate comparisons. The MannWhitney test and Fisher’s exact test were performed for
univariate comparisons, as appropriate. The Spearman
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Figure 1 Distribution of serum hepatitis B surface antigen levels in the
three groups of hepatitis B e antigen-positive chronic hepatitis B patients.
Median values are presented. There was a significant difference between these
three groups (IT vs IC-Mild, P < 0.001; IC-Mild vs ACLF P = 0.001; IT vs ACLF,
P < 0.001). CHB: Chronic hepatitis B; IT: Immune-tolerant patients; IC-Mild:
Patients with a mild immune response in the immune clearance phase; ACLF:
Patients with a dramatic immune response in the immune clearance phase and
exhibiting acute on chronic liver failure; HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus.
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Figure 2 Ratio of hepatitis B surface antigen/hepatitis B virus DNA in the
three groups of hepatitis B e antigen-positive chronic hepatitis B patients.
Median values are presented. There was no significant difference among these
three groups (P > 0.05). CHB: Chronic hepatitis B; IT: Immune-tolerant patients;
IC-Mild: Patients with a mild immune response in the immune clearance phase;
ACLF: Patients with a dramatic immune response in the immune clearance
phase and exhibiting acute on chronic liver failure; HBsAg: Hepatitis B surface
antigen; HBV: Hepatitis B virus.
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Figure 3 Correlation between serum hepatitis B surface antigen levels
and hepatitis B virus DNA levels in the three groups of Hepatitis B e
antigen-positive chronic hepatitis B patients. A: Immune-tolerant patients
(IT) group; B: Patients with a mild immune response in the immune clearance
phase (IC-Mild) group; C: Patients with a dramatic immune response in the
immune clearance phase and exhibiting acute on chronic liver failure (ACLF)
group. HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

= 0.51, P < 0.001) compared with the IC-Mild group.

DISCUSSION
Several research programs have been established to investigate HBsAg levels in the natural history of CHB
in Asian and European ethnicities[10-12]. With regard to
HBeAg-positive status, a higher and more stable titer
of serum HBsAg (median 4.5-4.9 log10 IU/mL) is observed in the IT phase when the host’s immune response
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6

against HBV-infected hepatocytes has not been triggered[10-12]. When immune clearance has been triggered
and a fraction of the HBV-infected hepatocytes has been
destroyed, decreased serum HBsAg levels have been
found in the IC phase (median 3.7-4.3 log10 IU/mL)[10-12],
which was proven in our study. The degree of a host’s
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et al[12] reported that HBsAg production is poorly correlated with viral replication (r = 0.30, P = 0.09). Our study
showed a stronger correlation between HBsAg and HBV
DNA in the IT patients (r = 0.52, P < 0.001). This result
may be attributed to the unavailable HBV genotype composition of the patients and the relatively large number
of patients enrolled in the IT group compared with those
in previous studies.
Early studies described rapid viral clearance with undetectable serum HBsAg and HBV DNA in HBV-related
liver failure[21,22]. However, the test methods for HBsAg
and HBV DNA are qualitative. A recent study noted a
consequential, rapid decrease in the HBV viral load within four days in chronic hepatitis B-induced liver failure[23].
A positive correlation between HBsAg and HBV DNA
in ACLF patients was found (r = 0.51, P = 0.001) in our
study. This result is possible evidence that the serum HBsAg level rapidly decreases in ACLF as the HBV DNA
rapidly declines.
The ratio of HBsAg/HBV DNA is stable in HBeAgpositive patients before HBeAg seroconversion, indicating a stable correlation between virus replication and
HBsAg secretion[24]. This stable correlation was proven in
our study. The HBsAg/HBV DNA ratios were approximately 0.55 in the three groups in this study.
This study also has certain limitations. First, it is a
cross-sectional study, whereas a longitudinal investigation
would be more useful. However, long-term follow-up
without the influence of anti-HBV therapy is difficult because antiviral therapy was administered to almost all patients in the IC-Mild or ACLF groups. Second, the HBV
genotype cannot be used in this study. Investigations
should also be conducted to determine the influence of
genotypes on the production of HBsAg under different
immune conditions. In addition, the distribution of serum HBsAg levels does not show significant differences
in genotype B or C HBeAg-positive patients[12]. This finding partly resolves such limitations.
In conclusion, serum HBsAg levels are significantly
different in HBeAg-positive CHB patients with different
immune conditions. In particular, the highest, moderately
high, and lowest HBsAg levels were found in the IT, ICMild, and ACLF groups, respectively. These findings may
have important implications in elucidating the immune
clearance and sequential immune control of HBV infection in HBeAg-positive CHB.

immune response has been shown to be different when
immune clearance begins. However, scientists have often considered all patients in the IC phase as a whole
or have excluded ACLF patients from their studies[10-12].
This study is the first to subdivide HBeAg-positive CHB
patients into groups according to the different immune
responses. The results revealed that the median level of
serum HBsAg was significantly lower in the ACLF group
than in the IC-Mild group (3.57 log10 IU/mL vs 3.97 log10
IU/mL). The explanation for this difference may be the
dramatic immune response in the ACLF group compared
with the mild immune response in the IC-Mild group.
Although the HBsAg clearance mechanism is complex
in HBeAg-positive ACLF patients, several clues have
revealed that the mechanism appears related to the remarkable immune response in which pro-inflammatory
cytokines play an important role[18].
Changes in serum HBsAg levels in HBeAg-positive
CHB patients with different immune conditions may
provide useful information regarding the HBV life cycle.
Chan et al[10] performed a longitudinal study and showed
that the median serum HBsAg level in IC patients was
similar before HBeAg seroconversion was achieved.
Another study demonstrated that the early decrease in
the amount of HBsAg in HBeAg-positive patients can
predict sustained response to pegylated interferon. Pegylation enhances the half-life of interferon compared
with its native form[5]. In this study, a dramatic immune
response in the ACLF group caused a significant reduction in HBsAg levels compared with the IC-Mild group.
The decreased HBsAg levels in the ACLF group suggest
that HBeAg seroconversion may be achieved after this
dramatic immune response. For these reasons, longitudinal follow-up is recommended.
HBsAg synthesis during persistent HBV infection is
complex and differs from HBV DNA synthesis. HBsAg
is synthesized in the endoplasmic reticulum and from
HBV DNA integrated into a host’s genome[19]. Three
forms of HBsAg are found in serum HBsAg: part of
an HBV virion, the filament, and spheroid particles; the
amount of HBsAg produced is usually 102-105 greater[19]
than the value required for virion assembly[2]. The methods used to quantify serum HBsAg cannot differentiate
these three forms. Furthermore, the synthesis ratio of
these three forms of HBsAg is complex in the natural
history of CHB. Previous studies showed a strong correlation between HBsAg production and HBV DNA
replication in the early phase of immune clearance, such
as in acute hepatitis B[11] or in patients responding to PegIFN treatments[20]. In addition, a positive association was
observed between serum HBsAg and HBV DNA in the
IC phase in patients with genotypes B, C, and D according to previous studies[2]. Patients in China predominantly
exhibit genotype B or C, and thus, we also found a positive correlation between serum HBsAg and HBV DNA
in the IC-Mild group (r = 0.60, P < 0.001). Studies demonstrating the relationship between HBsAg and HBV
DNA in the IT phase are limited. For example, Nguyen

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Quantitative serum Hepatitis B surface antigen (HBsAg) levels have been characterized in four typical phases of the natural history of chronic hepatitis B (CHB),
indicating the dynamic interaction between hepatitis B virus and its host’s immune system. However, the severity of the immune response is different in the
immune clearance phase, and HBsAg levels have not been evaluated in these
subdivided patients and compared with those in immune-tolerant patients.
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Studies on HBsAg quantification should focus on predicting the responses to
antiviral therapy according to the baseline HBsAg levels or according to changes in the HBsAg levels during therapy. Therefore, studies should be conducted
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Caspase-3 expression in metastatic lymph nodes of
esophageal squamous cell carcinoma is prognostic of
survival
Xiu-Shen Wang, Kong-Jia Luo, Amos Ela Bella, Shan-Shan Bu, Jing Wen, Shui-Shen Zhang, Yi Hu
RESULTS: The level of caspase-3 expression was significantly higher in LN metastases than in primary tumors (P
< 0.001). Caspase-3 expression in the primary tumors
was associated with longer median survival (23 mo vs
21 mo, P = 0.033), whereas higher expression in paired
metastatic LNs was associated with shorter median survival (20 mo vs 22 mo, P = 0.043). Multivariate analysis
showed that both were independent prognostic factors.
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CONCLUSION: Caspase-3 expression in metastatic
LNs may be a potential independent predictor of poorer overall survival in patients with resected ESCC and
LN metastasis. Protein expression in metastatic tumors
may be a biomarker prognostic of survival.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Reduced caspase-3 expression in primary esophageal squamous cell carcinoma (ESCC) is associated with
poorer outcomes, but the prognostic value of caspase-3
in metastatic lymph nodes (MLNs) is unclear. Analysis
of 122 patients with primary ESCCs and paired MLNs
showed that higher caspase-3 expression in MLNs from
ESCC was associated with poorer prognosis. To the
best of our knowledge, this study is the first to report
the potential prognostic value of caspase-3 expression
in MLNs of ESCC. Additional studies are needed to assess the prognostic importance of this biomarker.

Abstract
AIM: To assess whether differential expression of caspase-3 in paired metastatic lymph nodes (LNs) is prognostic of survival in patients with resectable esophageal squamous cell carcinoma (ESCC).

Wang XS, Luo KJ, Bella AE, Bu SS, Wen J, Zhang SS, Hu Y.
Caspase-3 expression in metastatic lymph nodes of esophageal
squamous cell carcinoma is prognostic of survival. World J
Gastroenterol 2014; 20(15): 4414-4420 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4414.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4414

METHODS: Capases-3 expression was evaluated immunohistochemically in 122 pairs of primary ESCCs and
regional metastatic LNs assembled on tissue microarrays. The impact of caspase-3 expression on survival
outcomes was analyzed by the Kaplan-Meier method
and Cox proportional hazards regression model.
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tients provided written informed consent before surgery
and all had undergone transthoracic esophagectomy (the
Sweet or Mckeown procedure) with standard or total
dissection of thoracic and abdominal lymph nodes.

INTRODUCTION
Esophageal carcinoma is the eighth most common malignancy worldwide[1]. In China, esophageal squamous
cell carcinoma (ESCC) accounts for most esophageal
malignant tumors, where it bears more than half of the
global burden[2]. Despite incorporation of new therapeutic approaches, it remains an aggressive disease with
a dismal prognosis[3]. Biomarkers predictive of patient
prognosis may help design more effective and targeted
therapies for ESCC.
Caspase-3 (also known as CPP32, YAMA, and apopain) is a cysteine protease related to interleukin-1betaconverting enzyme (ICE) and the human homologue
of Ced-3, a protein in Caenorhabditis elegans required for
programmed apoptosis[4]. The normal apoptotic process
can be initiated by a cascade of specific death-inducing
signals with the activation of caspase-3 acknowledged as
a penultimate step generally. The dysregulation of apoptotic pathways in many malignances can extend cell life
span and may support anchorage-independent survival
during metastasis[5-7]. Immunohistochemical studies have
shown that caspase-3 is expressed in 55.4% to 79.7%
of primary ESCCs[8-11], with reduced expression of caspase-3 associated with enhanced malignant potential and
decreased survival.
Genomic instability is a hallmark of cancer caused by
constant selection pressure. Specific populations of tumor cells may be more prone to metastasis than others,
which is likely to result in an enrichment of the former
and maintenance of their genetic aberrations in metastases. Alternatively, tumor cells may acquire new genetic
modifications after spreading to metastatic sites[12]. Substantial genetic differences may therefore exist between
primary tumors (PTs) and their metastases. Although the
association between caspase-3 expression and clinical
outcomes has been analyzed in PTs, it is unclear whether
caspase-3 expression in lymphatic metastases is prognostic of patient outcomes. Therefore, the purposes of
our study were to assess possible changes in caspase-3
expression between PTs and paired metastatic lymph
nodes (PMLNs) and analyze whether capase-3 expression in the latter is associated with clinical outcomes.

Metastatic lymph node selection
Of the 1120 patients who had undergone esophagectomy during the study period, 288 were deemed eligible for
this study. We obtained 288 PT and 3720 regional lymph
node samples from these patients. All samples were collected in the operating room and were routinely fixed
immediately after collection in 10% neutral buffered
formalin for approximately 24 h at room temperature.
After fixation, the samples were dehydrated, incubated
in xylene, infiltrated with paraffin, and finally embedded
in paraffin (Oxford Labware, St Louis, MO). Each tissue
sample was identified on hematoxylin-and-eosin stained
slides, and the corresponding paraffin-embedded tissue
blocks were obtained. Two trained pathologists, blindly
to clinical data, selected those lymph node samples according to the following eligibility criteria: histologic
proof of squamous cell carcinoma of the metastatic
lymph node, and the diameter of metastatic lesion more
than 3 mm. Forty-two patients had multiple lymph
nodes satisfying these criteria. We randomly selected one
lymph node from each. Finally, 164 pairs of surgically
resected ESCC PTs and corresponding metastatic lymph
nodes were selected.
Tissue microarray construction
Tissue microarrays (TMA) were constructed using a tissue microarrayer (Beecher Instruments, Sun Prairie, WI).
During sample selection, the pathologists marked areas
containing viable tumor on the paraffin wax tissue blocks.
For each case, three 1-mm tissue cores from marked areas of the same tissue block were selected (three cores
per case)[13] and transferred to a TMA. Hematoxylinand eosin-stained sections from each TMA block were
checked by the pathologists to ensure that adequate targeted tissues were included.
Immunohistochemical staining
Immunohistochemical (IHC) staining was performed on 4
μm sections obtained from tissue microarray blocks. Rabbit polyclonal caspase-3 antibody (CPP32 Ab-4, Lab Vision Corporation, Cheshire, Unite Kingdom) was applied
at a 1:100 dilution and incubated overnight at 4 °C. Immunoperoxidase staining was carried out using EliVison™
plus Kit (Maxim Bioscience, Fuzhou, China) according
to the manufacturer’s instructions. Briefly, the slides were
incubated with polymer enhancer for 15 min, washed
three times in PBS, and incubated with secondary antibody for 30 min at room temperature. As a negative
control, the slides were incubated with nonimmune rabbit immunoglobulin G. After staining, the pathologists
checked the sections again to ensure that interpretable
results were obtained from each pair of PT and matched
metastatic lymph node samples. Interpretable results
could not be obtained from 42 pairs of specimens due

MATERIALS AND METHODS
Patient selection
Between June 1997 and December 2004, 1120 consecutive patients with ESCC underwent esophagectomy in
the Department of Thoracic Surgery at Sun Yat-sen
University Cancer Center. Patients were included with
the following eligibility criteria: (1) histological proof
of thoracic ESCC; (2) pathological evaluation of lymph
node metastasis; (3) no neoadjuvant therapy; and (4)
complete surgical resection (R0). Patients were excluded
with the following criteria: history of other cancer or
death during the perioperative period. The study protocol was approved by the Institutional Review Board
of the Cancer Center of Sun Yat-sen University. All pa-
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pression and clinicopathologic parameters was analyzed
by Mann-Whitney U-test or χ 2 test where applicable.
For graphical representations, the log10 of the ratio of
PMLNs to PTs was calculated, with log10 (ratios) of < 0
and > 0 indicating higher and lower levels of expression,
respectively, in PMLNs. Disease-specific survival (DSS)
was calculated from the time of surgery to the time of
death from ESCC. If the patient was lost to follow-up or
died of a cause other than ESCC, data were censored at
the time of last follow-up or death. Survival curves were
constructed by the Kaplan-Meier method and analyzed
by log-rank test. Multivariate analysis using Cox proportional hazards regression model with a forward stepwise
procedure was performed to determine factors independently predictive of survival. A significant difference was
defined as a two-tailed P value less than 0.05.

Table 1 Demographic and clinicopathologic characteristics of
the patient cohort
Characteristic
Age at diagnosis (yr)
≤ 58
> 58
Gender
Male
Female
Surgical approach1
Sweet
McKeown
Tumor location
Upper
Middle
Lower
Tumor grade
G1
G2
G3
pT category
T2
T3
T4a2
pN category
N1
N2
N3

n (%)
61 (50)
61 (50)
102 (83.6)
20 (16.4)
58 (47.5)
64 (52.5)
13 (10.6)
69 (56.6)
40 (32.8)
28 (22.9)
59 (48.4)
35 (28.7)

RESULTS

12 (9.8)
103 (84.4)
7 (5.7)

Clinical and pathological data
Following selection, 122 patients with paired PTs and
MLNs were included. They consisted of 102 men and
20 women, ranging in age from 34 to 78 years (mean of
58.2 years). Other clinical and pathological characteristics are shown in Table 1. Eighteen patients received
postoperative chemotherapy [cis-diaminedichloroplatinum (CDDP) plus fluorouracil]. Follow-up data were
obtained from all patients, with a median survival of 19
mo (range, 3-123 mo).

64 (52.5)
45 (36.9)
13 (10.6)

1

The sweet procedure consists of esophagectomy with standard dissection
of thoracic and abdominal lymph nodes through left thoracotomy; the
McKeown procedure consists of esophagectomy with extended dissection
of thoracic and abdominal lymph nodes through thoracic-abdominal-cervical incision; 2T4a, resectable tumor invading pleura (n = 4), pericardium
(n = 1), and diaphragm (n = 2).

Discordant caspase-3 expression in primary ESCCs and
metastatic lymph nodes
Representative tissue samples of IHC are depicted in
Figure 1. Most ESCC specimens showed cytoplasmic
expression, with nuclear staining being rare. Eighty-eight
of 122 PTs (72.1%) and 116 of 122 PMLNs (95.1%)
showed positive expression of caspase-3 (P < 0.001,
McNemar’s test). High level expression was observed in
54 of 122 PTs (44.3%) and 94 of 122 PMLNs (77.0%).
This discordance was statistically significant (P < 0.001,
McNemar’s test). As shown in Figure 2, the log10 ratio
of caspase-3 expression in PLMNs to PTs was > 0 in 94
of the 122 patients (77.0%), indicating that, in individual
patients the level of caspase-3 expression was higher in
PMLNs than in PTs from the same patient (P < 0.001,
Wilcoxon signed-rank test).

to secondary technical issues, including sectioning artifacts and obscuring debris.
Staining evaluation
Two trained pathologists, blindly to clinical data, evaluated all results independently at first and then reviewed
together. The intensity (I) and proportion (Prop) of caspase-3 cytoplasmic staining in tumor cells were recorded
individually for each core, with I defined as: none = 0,
weak = 1, moderate = 2, strong = 3, Prop as the percentage of positive cells with at least 200 nuclei counted and
the total score for each core calculated as I × Prop[14]. For
statistical analysis, the minimum score was set at 1.00
with scores ranging from 1 to 300. The final score for
each tumor was defined as the average of the score of
three cores in the same case. Based on previous studies[9,11], we defined positive expression as a final score ≥
80 and high level expression as a final score ≥ 160.

Correlation of caspase-3 expression with
clinicopathologic factors
Based on the 7 th edition AJCC staging system [15] and
previously assessed prognostic factors, patients’ clinicopathologic features were dichotomized for statistical
analysis (Table 2). The levels of caspase-3 expression in
PT and PMLN differed significantly in patients with pT2
(P < 0.001, Mann-Whitney U-test) and pT3/4 (P = 0.016,
Mann-Whitney U-test) tumors. There was no association
between caspase-3 expression and other clinicopathologic features.

Statistical methods
All statistical analyses were performed using SPSS 13.0
for Windows software (SPSS Inc, Chicago, IL). Differences in caspase-3 expression between group of PTs and
PMLNs were analyzed by McNemar’s test, with intra-patient paired comparisons analyzed by Wilcoxon signedrank paired tests. The correlation between caspase-3 ex-
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A

B

Figure 1 Representative immunohistochemical staining for caspase-3 in a primary tumor (A) and a paired metastatic lymph node (B) resected from the
same patient (original magnification × 200).
2.5
2
1.5
1

Log10 (ratio)

0.5
0
-0.5

Patients

-1

Figure 2 Log10 ratio1 of caspase-3 expression in a metastatic lymph node and primary tumor for each patient. 1Log10 ratio > 0 and < 0 indicate higher and lower
expression, respectively, in metastatic lymph nodes.

Table 2 Correlations between caspase-3 protein expression and clinicopathologic features
Characteristic

Number of patients

Caspase-3 expression in PT
Mean rank

Gender
Male
Female
Age (yr)
≤ 58
> 58
Tumor location
Upper/middle
Lower
Tumor grade
G1
G2/G3
pT category
T2
T3/T4a
LN metastases2
N1
N2/N3

P value1

Caspase-3 expression in PMLN
Mean rank

P value1

102
20

60.22
68.05

0.365

63.18
52.95

0.237

61
61

62.23
60.77

0.820

63.1
59.9

0.617

82
40

62.27
59.92

0.731

64.76
54.82

0.145

28
94

66.11
60.13

0.432

55.32
63.34

0.292

12
110

103.7
56.9

< 0.001

84.92
58.95

0.016

64
58

62.36
60.55

0.778

58.23
65.11

0.283

1

Mann-Whitney U-test; 2Number of involved lymph nodes. PT: Primary tumors; PMLN: Paired metastatic lymph nodes.

Caspase-3 expression as a prognostic factor in ESCC
Kaplan-Meier analysis (Table 3) showed that, median
DSS was significantly longer in patients with PTs positive
than negative for caspase-3 expression (23 mo vs 21 mo;
P = 0.033, log-rank test; Figure 3A). In contrast, median

WJG|www.wjgnet.com

DSS was significantly shorter in patients with PMLNs
showing high level than low level caspase-3 expression (20
mo vs 22 mo; P = 0.043, log-rank test; Figure 3B).
Cox multivariate analysis of demographic and clinicopathologic characteristics, including gender, age, tu-
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A

Characteristic

Number of
patients

Expression in PT
Negative
Positive
Expression in PT
Low level
High level
Expression in PMLN
Negative
Positive
Expression in PMLN
Low level
High level

Disease-specific survival (mo) P value

Cumulative survival (%)

Table 3 Disease-specific survival analyses according to caspase-3 expression in primary esophageal squamous cell carcinoma and paired metastatic lymph nodes
1

Caspase-3 expression in PT

100.0

Negative expression
Positive expression
Negative expression-censored
Positive expression-censored

80.0
60.0

Mean

Median

34
88

22
39

21
23

0.033

68
54

32
37

21
19

0.586

20.0

6
116

81
32

NR
21

0.0172

0.0

28
94

48
30

22
20

0.043

P = 0.033

40.0

0

12

24

36

48

B
Cumulative survival (%)

Kaplan-Meier method (log-rank test); 2The results were uncertain, due
to few patients in the negative subgroup. PT: Primary tumors; NR: Not
reached; PMLN: Paired metastatic lymph nodes.

Caspase-3 expression in PMLN

100.0

Low level expression
High level expression
Low level expression-censored
High level expression-censored

1

mor location, differentiation grade, surgery approach,
adjuvant therapy, pT category, pN category, caspase-3
expressions in PT, and high level caspase-3 expression in
PMLN, showed that only age, lymph node involvement,
caspase-3 expression in PT, and high level caspase-3 expression in PMLN were independent factors for longterm survival (Table 4).

80.0

P = 0.043

60.0
40.0
20.0
0.0

0

12

24

36

48

60

Disease-specific survival (mo)

DISCUSSION

Figure 3 Disease-specific survival curves relative to caspase-3 expression in (A) primary tumor and (B) paired metastatic lymph node. PT: primary tumor; PMLN: paired metastatic lymph node.

Numerous studies have been performed to identify useful
markers associated with cancer progression and clinical
outcomes. Most of these studies are performed on PTs,
whereas others have not mentioned the origin of tumor
tissue. The parallel progression model hypothesizes that
tumor cells depart the primary lesion before the acquisition of fully malignant phenotypes undergoing somatic
progression and metastatic growth at distant sites[16,17].
Thus, early dissemination and divergent progression of
PT and disseminated tumor cells, the latter toward metastasis, suggest that assays of PTs may not be predictive of
clinical outcomes. We therefore evaluated the patterns of
caspase-3 expression in paired tissue samples from PTs
and metastatic lymph nodes obtained from patients with
ESCC in a single institution. This enabled an investigation of possible differences in caspase-3 expression in
metastatic lymph nodes.
High level expression of caspase-3 was observed
in a significantly higher fraction of metastatic lymph
nodes than in PTs. In general, there was a trend toward
increased expression of caspase-3 in metastases, a finding confirmed by comparisons of individual patients,
which showed that caspase-3 expression was upregulated
in metastatic lymph nodes compared with PTs. Neoplasms are biologically heterogeneous and contain subpopulations of cells with different malignant properties.
By IHC method, the patterns of biomarker expression
were previously analyzed in samples of PTs and corre-
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60

Disease-specific survival (mo)

sponding metastatic lesions. Conflicting results on some
biomarkers, such as epidermal growth factor receptor
(EGFR), have been observed. For example, differential
expression of EGFR was observed in 33% of primary
lung cancers and metastases, with EGFR down-regulated
in the latter[14,18]. In contrast, high degrees of concordant
EGFR expression were observed in breast and colon
cancers and their respective metastases[19,20]. According
to limited previous studies on ESCC, the patterns of
some biomarkers, including E-cadherin, VEGF, MMP-9,
and CD44V6, have been shown to differ between ESCCs and their metastases[21-23]. The present findings were
novel, showing that the level of caspase-3 protein expression was higher in metastatic lymph nodes of ESCC
than in PTs.
After correlation analysis of protein expression and
clinical outcomes, we found that there was no association
between caspase-3 expression and any clinicopathological
factors, although high caspase-3 expression in PT was associated with a favorable prognosis. Moreover, multivariate analysis of clinical factors and biomarkers indicated
that caspase-3 expression in PT was an independent
prognostic factor of improved survival, consistent with
previous immunohistochemical[9,11] and flow cytometry[24]
findings in ESCC. Caspase-3 is the main effecting caspase
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which mediates the differentiation of embryonic stem
cells (ESCs) and hematopoietic stem cells (HSCs), respectively. These findings suggested that caspase-3 protein is involved in regulating stem cell development and
differentiation. Tissue development and maintenance
that affect tumor metastasis are dependent on a complex interplay of stem cell self-renewal, differentiation,
and apoptosis[29]. Further studies assessing the biological
mechanisms by which caspases affect cancer stem cells
may enhance our understanding of metastasis in ESCC.
In conclusion, our study revealed a novel phenomenon
that the level of caspase-3 protein expression differed substantially between primary ESCCs and metastatic lymph
nodes. In contrast to PTs, in which caspase-3 expression
was associated with better survival, caspase-3 expression in
metastatic lymph nodes was independently prognostic of
poorer survival in patients resected for ESCC and lymph
node metastasis. Based on our findings, it finally underlined
that protein expression in metastatic tumors could be considered for prognostic prediction and further studies on
caspase-3 will provide a new visual angle to make a better
understanding of this familiar biomarker in ESCC.

Table 4 Univariate and multivariate analyses1 of factors associated with disease-specific survival in 122 patients with
esophageal squamous cell carcinoma
Prognostic factor
Univariate survival analysis
Gender (male vs female)
Age (≤ 58 vs > 58)
Location(lower vs upper/middle)
Differentiation (grade 1 vs grade 2/3)
Surgical approach (Sweet vs McKeown)
Adjuvant therapy (No vs Yes)
pT category (T2 vs T3/T4a)
pN category (N1 vs N2/N3)
Caspase-3 expression in PT
(negative vs positive)
Caspase-3 expression in PMLN
(low vs high level expression)
Multivariate survival analysis
Age (≤ 58 vs > 58)
pN category (N1 vs N2/N3)
Caspase-3 expression in PT
(negative vs positive)
Caspase-3 expression in PMLN
(low vs high level)

P value

RR

95%CI

0.91
0.012
0.293
0.051
0.637
0.501
0.61
< 0.001
0.037

1.031
1.661
0.877
1.623
0.91
0.907
1.186
2.19
0.627

0.611-1.740
1.118-2.469
0.687-1.120
0.998-2.641
0.615-1.347
0.683-1.205
0.616-2.285
1.463-3.277
0.404-0.973

0.03

4.909 1.164-20.708

< 0.001
< 0.001
0.021

2.122 1.404-3.207
2.422 1.590-3.690
0.584 0.370-0.921

0.01

1.991 1.180-3.359

1

Cox proportional hazards regression analysis (Forward stepwise); RR:
Relative risk; PT: Primary tumor; PMLN: Paired metastatic lymph node.
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in apoptotic process. The active form of caspase-3 is generated by proteolytic cleavage of procaspase-3 into two
subunits with molecular masses of 17 kDa and 12 kDa,
respectively. The antibody we used to detect caspase-3
protein in paraffin sections recognizes the inactive form
of caspase-3, i.e. procaspase-3 or full length human caspase-3 protein. A previous study using an antibody against
pro-caspase-3 showed a concordance between caspase-3
expression in ESCC and apoptotic index, as assessed by
TUNEL technique[8]. Another study, in which caspase-3
activation and procaspase-3 expression were determined
using specific antibodies, reported that the absence of
caspase-3 activation was significantly correlated with loss
of procaspase-3 expression[25]. Thus, immunohistochemical analysis of caspase-3 protein expression could be considered as a feasible method for detecting apoptosis in our
cohort. The high level of caspase-3 expression in primary
ESCC could therefore reflect increased apoptosis and may
suppress the progression of ESCC.
Interestingly, we found that caspase-3 expression in
metastases of ESCC was associated with an unfavorable
outcome. DSS was significantly poorer in patients with
higher than lower level caspase-3 expression in PMLN.
Further, Cox multivariate analysis showed that caspase-3
expression in PMLN was independently prognostic of
poor prognosis. Apoptosis in esophageal lesions has
been reported to increase gradually during the progression of esophageal carcinogenesis[26]. Caspase-3 expression in metastatic lesions does not accord with increased
apoptosis, implying that this protein has a function other
than the execution of cell death programs. Recently,
Fujita et al[27] and Janzen et al[28] conducted a series of elegant studies to explore the unexpected role of caspase-3
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Esophageal squamous cell carcinoma (ESCC) remains an aggressive disease
with poor prognosis despite incorporation of new therapeutic approaches. Recent
research focused on biomarkers, including caspase-3, may help to find out more
effective therapies for patients with ESCC. Previous studies suggest that reduced
caspase-3 expression in primary tumors (PTs) is associated with poorer outcomes,
but the prognostic value of caspase-3 expression in metastatic lymph nodes (MLNs)
is unclear. Based on the question of tumor heterogeneity, additional studies are
needed to assess the prognostic importance of this biomarker in MLNs.

Research frontiers

Primary tumors and regional metastatic lymph nodes assembled on tissue
microarrays in pairs were evaluated by immunohistochemical analysis for caspase-3. The impact of caspase-3 expression on survival outcome was analyzed
by the Kaplan-Meier method and Cox proportional hazards regression model.

Innovations and breakthroughs

In analyzing 122 patients with primary ESCC tumors and paired MLNs, we
found that reduced caspase-3 expression in ESCC from different lesions was
associated with different prognoses. To the best of our knowledge, this study
is the first to report the potential prognostic value of caspase-3 expression in
MLNs. It suggested that ongoing studies should be needed to make a better
understanding of this familiar biomarker.

Applications

Our results suggested that the level of caspase-3 expression was significantly
increased in lymphatic metastases compared with primary tumors. Positive caspase-3 expression in PTs was associated with a favorable prognosis, but high
level expression in paired MLNs was associated with a poor outcome. Multivariate analysis demonstrated that they were both independent prognostic factors.

Terminology

Tissue microarrays consist of paraffin blocks in which up to 1000 separate
cores from different tissue blocks are assembled in a new paraffin block. They
can enable the high throughput analysis of a large number of tissue samples.

Peer review

This is an interesting study analyzing relations between caspase-3 expression
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in MLNs and clinical outcomes of ESCC. The main results in this study show
that the level of caspase-3 expression in MLNs is higher than in PTs, implying
the existence of tumor heterogeneity, and caspase-3 expression in MLNs is
also a biomarker independently predictive of survival. Further study is needed
to indentify the different role of caspase-3 during the progression of ESCC.
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AIM: To investigate the expression and prognostic value of CCL2 in gastric cancer, as well as its relationship
with tumor hypoxia.

Core tip: The authors have performed immunohistochemical analysis of CCL2 and hypoxia-inducible factor
1 alpha (HIF-1α) in consecutive formalin-fixed paraffin-embedded sections of 68 gastric tumor samples
taken from gastric cancer patients. The expression
of the monocyte chemotactic protein-1/CCL2 is associated with the expression of HIF-1α. The research
results showed a correlation between the expression
of both proteins in gastric carcinoma. The authors
have statistically analyzed the relationship of CCL2
expression with the clinicopathological characteristics
of the patients and their survival time. The expression
of CCL2 could be used as a prognostic biomarker for
gastric cancer.

METHODS: Tumor tissues from 68 gastric cancer patients (GC) were analyzed, and the expression of CCL2
and hypoxia-inducible factor 1 alpha (HIF-1α) in tumor
tissues was detected by immunohistochemistry. Statistical evaluations that were used included univariate logrank tests of Kaplan-Meier curves and multivariate Cox
regression model analysis.
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Abstract

RESULTS: CCL2 was highly expressed in 66.2% (45/68)
of gastric cancer specimens. The distribution of CCL2
expression in tumor tissue was consistent with that
of HIF-1α. Patients with high CCL2 expression in GC
had a lower overall survival rate [50.6 mo (95%CI:
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INTRODUCTION
Gastric cancer (GC) is one of the most prevalent malig-
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nancies in the world[1], and it is the fourth most common
cancer in men and the fifth in women around the world.
Approximately 8% of the total diagnosed cases and 10%
of annual cancer deaths are attributed to gastric cancer
worldwide[2]. Presently, surgical resection remains the only
curative treatment option. However, most patients have
advanced cancer in stages Ⅲ or Ⅳ and show lymphatic
metastasis at the time of diagnosis. Currently, there is no
specific biomarker that has been detected in GC for clinically diagnostic and prognostic purposes[3]. Therefore,
a set of prognostic molecular biomarkers is needed for
gastric cancer to improve the design and evaluation of
individualized therapeutic strategies for this lethal disease.
Hypoxia is a characteristic of the tumor microenvironment that may play a critical role in tumor angiogenesis, survival response, invasion and metastasis[4].
Accumulating evidence suggests that tumor hypoxia is an
independent marker of poor prognosis in patients with
various types of cancer, including cervical cancer, breast
cancer, head and neck cancer, soft-tissue sarcoma, cutaneous melanoma and prostatic adenocarcinoma[5]. Hypoxia
can activate relevant gene expression through hypoxiainducible factors (HIF), an important transcription factor
family that includes HIF-1, HIF-2 and HIF-3. HIF is a
heterodimer composed of an alpha and a beta subunit,
in which the HIF-1α protein is a master regulator of the
hypoxic response[6].
Hypoxic regions of solid tumors are often characterized by the large accumulation of macrophages, which
contribute to tumor angiogenesis and development[7].
The trophic effect of tumor hypoxia on tumor-associated
macrophages (TAMs) is clinically relevant, as a high TAM
number is considered to be a negative prognostic marker
in various human malignancies, including Hodgkin’s disease, glioma, cholangiocarcinoma and breast carcinoma[8].
Monocyte chemotactic protein-1 (MCP-1/CCL2), a
member of the CC family of chemokines, is known to
recruit monocytes and macrophages to inflammation
sites and tumors[9]. The elevated expression of a number
of monocyte chemoattractants, including CCL2, by both
cancer and stromal cells has been shown to positively
correlate with increased TAM numbers in several human tumors[10]. CCL2 has been demonstrated to regulate
monocyte and macrophage infiltration and reported to
be present in tumor sites, suggesting a role for this chemokine in TAM recruitment.
To better characterize the clinicopathological significance of CCL2 in gastric cancer, we hypothesized that
CCL2 might be a potential prognostic biomarker for gastric cancer, and its expression would be associated with
HIF-1α expression.

Department of Jinling Hospital. All of the pathological
diagnoses were confirmed by two independent pathologists. None of the patients had received any preoperative
treatments. Of all the patients, 73.5% were male, 26.5%
were female, and the mean age was 49.86 years. All patients were followed from the date of surgery to the
date of their death or the end of the study in December
2011. The data of patients who were lost to follow-up or
who died of causes other than GC were censored in the
survival analysis. The study was approved by the Ethics
Committee of Jinling Hospital.
Immunohistochemistry
To evaluate the CCL2 protein expression in clinical
samples that had been embedded in paraffin blocks,
we stained the sections as follows. Three micrometer
continuous sections were cut on slides for immunohistochemical analysis. Antigen retrieval was achieved by pressure cooking the slides with citric acid buffer at pH 6.0
for 1 min. Endogenous peroxidase activity was blocked
by immersing the slides in 3% H2O2 for 10 min, and the
background, nonspecific binding was reduced by incubating the slides with 5% bovine serum albumin (BSA)
in PBS for 5 min. The continuous slides were incubated
overnight at 4 ℃ with rabbit monoclonal CCL2 antibody
(1:500 dilution, Santa Cruz) and mouse monoclonal HIF1α antibody (1:100 dilution, MAB1935, R and D), respectively. Finally, the slides were washed five times in PBS 1 ×,
pH 7.4, for 5 min. To reduce variability, all samples were
processed at the same time in a single experiment using a
single batch of antibody diluted in PBS with BSA. Slides
were then washed in PBS and incubated sequentially with
biotinylated goat anti-rabbit/mouse IgG at a dilution
of 1:500 for 30 min at 37 ℃. The reaction product was
developed using diaminobenzidine tetrahydrochloride.
Finally, the slides were counterstained with hematoxylin.
Subsequently, the tissues were washed in distilled water
for 5 min, dehydrated sequentially and mounted in resinous mountant.
Evaluation of immunohistochemical analysis
The evaluation of CCL2 expression was performed
independently by two experienced pathologists, who
were blinded to the clinical data. The staining results for
CCL2 were scored semi-quantitatively by calculating the
immunostaining intensity and the distribution of the
percentage of positive cells. The percentage of positive
tumor cells was determined in at least 5 areas under 400
× magnification and averaged. The mean percentage was
then divided into five categories: 0, < 5%; 1, 5%-25%;
2, 26%-50%; 3, 51%-75%; and 4, > 75%. The staining
intensity was calculated by assigning no coloring, slightly
yellow, brown yellow and tan stains to values of 0, 1, 2
and 3, respectively. Finally, we calculated the product of
staining intensity and positive cell percentage: ≤ 5 was
defined as low expression, and ≥ 6 as high expression.
To further study the relationship between CCL2 and

MATERIALS AND METHODS
Patients and tumor samples
Formaldehyde-fixed and paraffin-embedded gastric
carcinoma samples were obtained from the Pathology
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Expression pattern of CCL2 in human gastric cancer
The expression levels of MCP-1 protein in GC were detected by immunostaining. Typical immunohistochemical
findings of CCL2 in gastric tumor tissue are shown in
Figures 1 and 2. CCL2 protein was found to be located
in the cytoplasm of the malignant cells, and we repeated
the experiment twice to exclude false positive results. Immunohistochemical analysis showed that, in gastric carcinoma, 45 (66.2%) of 68 tumor samples had high CCL2
expression.

Table 1 Relationship between clinicopathological characteristics
and CCL2 expression in gastric cancer
Clinical characteristic
Gender
Male
Female
Age (yr)
< 49.82
≥ 49.82
Tumor diameter (cm)
≤5
5-10
> 10
Differentiation grade
Well
Moderate
Poor
Histopathology
Tubular
Poorly
Signet-ring
Mucinous
Lymph node metastasis
Yes
No
AJCC stage2
Ⅰ/Ⅱ
Ⅲ/Ⅳ

CCL2 expression level
High

Low

36
9

14
9

16
29

9
14

8
8
29

2
5
16

2
16
27

2
10
11

14
19
7
5

6
11
1
5

14
31

7
16

21
24

14
9

P value1
0.091

0.772

0.595

Correlation between the expression of CCL2 and HIF-1α
To evaluate whether the expression of the inflammatory
cytokine CCL2 was associated with HIF-1α expression,
the expression levels of CCL2 and HIF-1α were measured in consecutive sections. The expression of HIF-1α
was consistent with the spatial distribution of CCL2 in
tumor cells (Figure 1). The consistency of spatial distribution of the expression of these two proteins also suggests that CCL2 expression is related to tumor hypoxia.

0.571

0.387

0.954

Statistical analysis
Survival curves were calculated using the Kaplan-Meier
method and compared using the log-rank test. The
follow-up time was censored if the patient died from another cause rather than gastric cancer or was lost during
the follow-up period. Patients with high levels of CCL2
expression in gastric cancer (P < 0.005) had a statistically
significant correlation with poor overall survival. (Figure
3; 50.6 mo (95%CI: 44.44-56.93) vs 64.6 mo (95%CI:
60.27-68.94), P = 0.013)). The independent effects of all
significant factors were evaluated in a multivariate Cox
regression model. The result demonstrated that tumor
CCL2 expression level (P = 0.045, HR = 2.311, 95%CI:
1.019-5.241) and AJCC stage (P = 0.004, HR = 3.242,
95%CI: 1.467-7.163) were independent prognostic factors for gastric cancer patients, and other factors showed
no statistical significance with prognosis (Table 2).

0.268

1 2

χ or Fisher exact test; 2AJCC: American Joint Committee on Cancer.

HIF-1α in gastric cancer, the spatial distributions of
CCL2 and HIF-1α expression were analyzed in pairs.
Statistical analysis
Differences between clinicopathological variables and
the expression of CCL2 were examined by the χ 2 test.
Survival curves were calculated using the Kaplan-Meier
method and compared by the log-rank test. Multivariate
Cox regression model analysis was applied to assess the
prognostic values of protein expression. The confidence
level for statistical inference was 95% (P < 0.05). Statistical analysis was performed using SPSS software (Version
16.0, Chicago, IL, United States).

DISCUSSION
Advanced gastric cancer is characterized by the rapid
emergence of systemic metastasis, resulting in poor
prognosis due to a lack of curative treatment options.
However, there is no single marker for GC. Therefore,
research to identify specific markers for this malignant
tumor is important and necessary. Solid tumors need
new blood vessels to support their growth by providing
enough nutrients and oxygen. As tumors grow, the diffusion distance from the existing vascular supply increases,
which results in hypoxia[11]. Hypoxia is a common feature
of the microenvironment of a diverse range of solid tumors including gastric cancer. Hypoxia plays a critical role
in various cellular and physiologic events, including cell
proliferation, survival, angiogenesis, immunosurveillance,
metabolism, and tumor invasion and metastasis, and it is
often associated with poor prognosis[4,12].

RESULTS
Follow-up visits
Patients with gastric cancer were interviewed by telephone, and additional data were collected from the medical records. The clinicopathological characteristics of the
68 patients are shown in Table 1. The ages of the patients
ranged from 24 to 59 years, with a mean age of 49.82
years. According to the American Joint Committee on
Cancer (AJCC, 2010) classification, there were 33 stage
Ⅲ/Ⅳ patients and 35 stage Ⅰ/Ⅱ patients. The patients
were followed for a period of 1-84 mo. Two patients did
not receive a full follow-up, and 37 patients died during
the follow-up period.
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Figure 1 The expression patterns of CCL2 and hypoxia-inducible factor 1α were detected in consecutive human gastric cancer tissues sections. A: Expression pattern of hypoxia-inducible factor 1 alpha (HIF-1α) in human gastric cancer tissues (100 ×); B: Expression pattern of CCL2 in the human gastric cancer tissues (400 ×). The spatial distribution of HIF-1α expression was consistent with that of CCL2 in tumor sections. (A-1 vs B-1, A-2 vs B-2).

A

D

C

B

E

100 mm

Figure 2 Immunohistochemical detection of the expression pattern of CCL2 in human gastric cancer tissue. A: Expression pattern of CCL2 in gastric cancer (100
×); C, E: Positive staining for CCL2; D, E: Expression pattern of CCL2 in gastric cancer (400 ×); The images in D and E are the amplified sections corresponding to B
and C. B, D: Negative staining for CCL2.

HIF-1α is one of the principal mediators of homeostasis in response to hypoxia in human tissues. Under hypoxic conditions, HIF-1α produces an active heterodimer
and drives the transcription of a number of genes important for cell survival, immune reaction and chemokine
production[6]. Hypoxic tumors secrete higher amounts of
chemoattractants and other factors that enhance monocyte/macrophage attachment to and migration through
the tumor vasculature. Recent evidence has shown that

WJG|www.wjgnet.com

TAM may accumulate in high numbers in hypoxic areas
of breast, prostate and ovarian carcinoma due to the hypoxic release of macrophage chemoattractants[13].
CCL2, also known as MCP-1, is a small cytokine and
a highly potent chemokine that attracts and activates
monocytes/macrophages to sites of tissue injury and inflammation, as well as to tumor sites. CCL2 acts as an immune inhibitor in tumors. CCL2 is produced by endothelial cells, fibroblasts, epithelial cells, smooth muscle cells,
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Table 2 Evaluation of all significant factors in the multivariate
Cox regression model

Low CCL2 expression

Cum survival

0.8

Survival time

0.6

Gender
Male vs female
Tumor volume
> 5 cm vs < 5 cm
Differentiation
Mid + High vs Low
Lymph node
Yes vs No
AJCC stage
Ⅰ/Ⅱ vs Ⅲ/Ⅳ
CCL2 expression
High vs Low

High CCL2 expression
0.4
0.2
0
0

20
40
60
Survival time (mo)

80

Figure 3 Relationship between the expression of CCL2 and overall survival time in gastric cancer patients. Patients with high CCL2 expression
had a poor overall survival [50.6 mo (95%CI: 44.44-56.93) vs 64.6 mo (95%CI:
60.27-68.94), P = 0.013].

P value

1.198 (0.531-2.703)

0.664

1.086 (0.660-1.788)

0.744

0.637 (0.310-1.310)

0.221

1.109 (0.484-2.541)

0.806

3.242 (1.467-7.163)

0.004

2.311 (1.019-5.241)

0.045

AJCC: American Joint Committee on Cancer.

suggests that CCL2 expression within tumors may be a
critical determinant of monocyte recruitment, as CCR2
is highly expressed in classical monocytes. Based on the
expression patterns of CCL2 and CCR2, we hypothesize
that this ligand/receptor pair is a critical determinant of
the recruitment of classical monocytes. It has also been
reported that CCL2 may be a candidate molecular tumor
marker, which could be targeted for cancer immunotherapy[26].
Consistent with the clinicopathological significance,
gastric cancer patients with high expression levels of
CCL2 in tumor cells exhibited poor overall survival in our
study. Thus, high expression of CCL2 was an indicator
of poor clinical prognosis. Therefore, we propose that
CCL2 might be a valuable predictive marker of gastric
carcinoma, as it is correlated with cancer stage according to the AJCC tumor staging system. Because CCL2
is involved in many aspects of the tumor microenvironment, it may be a potential molecular target for malignant
tumor therapy.

astrocytes, macrophages, microglial cells, and even certain
tumor cells themselves[14]. Furthermore, several recent investigations have shown that CCL2 gene expression was
upregulated in hypoxic regions. CCL2 expression levels
were dependent on the O2 concentration and duration of
the hypoxic exposure[15]. The CCL2 gene contains several
binding sites for HIF in the promoter, which is believed
to account for increased CCL2 expression in response to
hypoxia-induced HIF stabilization[16]. However, the biological significance of CCL2 in the tumor microenvironment appears particularly complex, and the relationship
between HIF-1α and CCL2 in gastric tumors has not
been clarified.
In our study, we analyzed the expression of CCL2
and HIF-1α in gastric cancer samples and found high
expression levels of CCL2 in primary gastric cancer by
immunohistochemical analysis. Both the tumor cells and
stromal cells were observed to express CCL2, and the
distribution of HIF-1α expression was consistent with
that of CCL2 expression in tumor sections. The consistency of the spatial distribution of the two proteins
indicated that CCL2 expression was related to tumor
hypoxia.
Studies have demonstrated that CCL2 is expressed in
several tumors including glioma[17], melanoma[18], ovarian carcinoma[19], and uterine cervical tumors[20]. Significantly higher levels of CCL2 expression were found in
the epithelial region of various tumors, including breast
cancer[21]. It has also been shown that CCL2, both at the
mRNA and protein levels, is expressed mainly in the epithelial regions of prostate cancer tissues[22].
Because tumor cells produce CCL2, it is considered
to have an important role in the progression and invasion
of cancer. This role has been confirmed in many types
of cancer, such as prostate cancer[23] and breast cancer[24].
In addition, interrupting the CCR2/CCL2 interaction using a CCL2 specific antibody or CCR2 siRNA markedly
reduced the recruitment of monocytes/macrophages
and delayed tumor progression and metastasis[25]. This

WJG|www.wjgnet.com
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Preliminary study correlating CX3CL1/CX3CR1 expression
with gastric carcinoma and gastric carcinoma perineural
invasion
Cheng-Yu Lv, Tao Zhou, Wei Chen, Xin-Dao Yin, Jian-Hong Yao, Yi-Fan Zhang
Expression levels of CX3CL and CX3CR1 in tumour tissues were significantly higher than those in adjacent
tissues (P < 0.01), and were significantly higher in tumour tissues from the PNI-positive group compared to
the PNI-negative group (P < 0.01).
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CONCLUSION: CX3CL1/CX3CR1 expression may be
associated with the occurrence and development of
gastric carcinoma as well as gastric carcinoma PNI.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This preliminary study determined the relationship between the CX3CL1/CX3CR1 system and gastric carcinoma/gastric carcinoma perineural invasion
(PNI). The results revealed that the CX3CL1/CX3CR1
system may be associated with the occurrence and
development of gastric carcinoma, and had an obvious
relationship with gastric carcinoma PNI.

Abstract
AIM: To study the relationship between the CX3CL1
chemokine, its receptor CX3CR1, and gastric carcinoma/gastric carcinoma perineural invasion (PNI).

Lv CY, Zhou T, Chen W, Yin XD, Yao JH, Zhang YF. Preliminary study correlating CX3CL1/CX3CR1 expression with gastric carcinoma and gastric carcinoma perineural invasion. World
J Gastroenterol 2014; 20(15): 4428-4432 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4428.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4428

METHODS: Thirty cases of gastric carcinoma were
surgically resected (radical resection or palliative resection) between February 2012 and July 2012. Tumour
and tumour-adjacent tissues were evaluated for the
presence of CX3CL1 (ELISA) and CX3CR1 (immunohistochemistry and Western blotting) in an effort to
analyse the relationship between CX3CL1/CX3CR1 and
gastric carcinoma/gastric carcinoma PNI.

INTRODUCTION

RESULTS: Of these 30 cases, 14 were PNI-positive
(46.7%). No significant differences in CX3CL and
CX3CR1 expression in tumour-adjacent tissues were
found between the PNI positive and negative groups.

WJG|www.wjgnet.com

Gastric carcinomas are one of the most common malignant tumours, and often undergo metastasis. Studies
have increasingly reported tumour perineural invasion,
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ing metric used: If the cytoplasm of the tumour cells
contained stained granules and the tumour cell staining
was > 10%, it was considered positive; if the tumour
was unstained or the staining was less than 10%, the result was considered negative.

Table 1 Comparison of CX3CL1 levels (pg/mg) in gastric
carcinoma perineural invasion-positive and negative groups

Tumor tissue
Adjacent tissue
t

PNI positive
group

PNI negative
group

(mean ± SD)
674 ± 16.09
479 ± 14.51
5.888 (P < 0.01)

(mean ± SD)
515 ± 12.31
445 ± 11.13
2.916 (P < 0.02)

t

4.859 (P < 0.05)
1.190 (P > 0.05)

Western blot assay for CX3CR1 protein expression
Tissues were extracted using the whole protein extraction kit KGP250 (Nanjing KGI Biological Technology
Development Co. Ltd.). Extracted proteins (X amount)
were mixed with loading buffer, denatured, and polyacrylamide gel electrophoresis performed to separate
the proteins. The gel was blotted to a nitrocellulose
membrane, the membrane was stained with Ponceau red,
and the band(s) of interest excised and blocked with 8%
skim milk. Rabbit anti-human CX3CR1 antibody (Abcam
Co. Ltd.) was added and incubated overnight at 4 ℃.
The membrane was washed and goat anti-rabbit IgG
(Jackson Co. Ltd.) added and incubated for X time at Y
temperature. The membrane was washed and electrochemiluminescence (ECL) was used to detect the labelled
protein(s).

PNI: Perineural invasion.

although this phenomenon has not been explored. In
1835, Cruveilhier[1] reported perineural invasion (PNI), a
particular biological behaviour in tumour cells, in which
the tumour approaches nerves and covers approximately
33% (or more) of the nerve perimeter or penetrates any
of the 3 nerve-sheath layers[2]. The role of chemokines
in the pathogenesis of gastric carcinoma and gastric
carcinoma PNI is of interest. However, relative to other
subfamilies, the current research on CX3CL1 is relatively
sparse.
The aim of this study was to study the expression of
CX3CL1 and CX3CR1 in gastric carcinoma and explore
their relationship with gastric carcinoma and gastric carcinoma PNI.

Statistical analysis
SPSS17.0 was used for statistical analysis of the data,
and the t-test was used where needed to compare data
sets. P < 0.05 was considered statistically significant.

MATERIALS AND METHODS
Specimens
Thirty patients underwent gastric carcinoma surgery in
the Department of General Surgery, Nanjing Affiliated
Hospital of Nanjing Medical University, between February 2012 and July 2012. Tumour tissue and 5 cm of adjacent tissue samples from the tumour boundary (control)
were collected.

RESULTS
CX3CL1 expression in PNI-positive and negative groups
(ELISA)
Samples were divided into PNI-positive and PNI-negative groups based on CX3CL1 expression in the tumour
and adjacent tissues detected by ELISA (Table 1). Of the
30 cases of gastric carcinoma, 14 cases were PNI-positive
(46.7%). In tumour tissues, CX3CL1 levels in the PNIpositive group were significantly higher than those in the
PNI-negative group (P < 0.05). When the PNI-negative
and PNI-positive groups were compared, CX3CL1 expression in the tumour tissue was significantly higher (P
< 0.05) than that in the adjacent tissue.

CX3CL1 ELISA
Proteins were extracted from the samples and the protein content was quantified using the Bradford method.
Samples were evaluated using the Chemokine C-X3-Cbasic ligand 1 (CX3CL1) ELISA kit (USCN Co., Ltd.)
according to the instructions provided with the kit, and
read at 450 nm. The CX3CL1 concentration in each
sample was determined by comparison to appropriatelydiluted standards.

CX3CR1 expression in the PNI-positive and negative
groups (immunohistochemistry)
CX3CR1 expression was evaluated in the tumour and
adjacent tissues (Figure 1). Tumour tissues from the PNInegative group contained CX3CR1 positive cells and
nerve cells were unstained. In the PNI-positive group,
CX3CR1 expression was seen in both tumour and nerve
cells.

Immunohistochemical detection of CX3CR1 (LP method)
Paraffin sections were dewaxed in water, treated with 3%
H2O2 to inactivate endogenous peroxidase and incubated
with CX3CR1 rabbit anti-human monoclonal antibody
(Abcam Co., Ltd.). Bound antibody was detected with
the Universal One-Step Hypersensitive Detection Kit
(Xiya Golden Bridge Biotechnology Co. Ltd.) using
DAB as the peroxidase substrate (brown precipitate).
Slides were counterstained with hematoxylin, dehydrated
and coverslipped.
Ten randomly-selected high-power fields (400 ×)
were evaluated in a double-blind manner and the follow-

WJG|www.wjgnet.com

CX3CR1 expression levels in the tumour tissues and
adjacent tissues of PNI positive/negative groups by
Western blot assay
CX3CR1 expression in tumour tissues from the PNI
positive/negative groups was higher than that in adjacent tissues (Figure 2) and the expression of CX3CR1
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A

B

Figure 1 CX3CR1 expression. A: CX3CR1 expression (× 200) in perineural invasion (PNI)-positive tumour cells and nerve cells; B: CX3CR1 expression was present
in tumour cells and absent in nerve cells from the PNI-negative group (× 200).

A

a

b

c

d

B

a

b

c

d

Figure 2 CX3CR1 expression levels in the perineural invasion-positive group (A) and perineural invasion-negative groups (B). a and b are from tissues adjacent to the tumour, while c and d are tumour tissues, and β-actin is shown below.

reports of the Association of American Pathologists[4],
head and neck cancers are the only tumours which require the assessment of the perineural invasion state.
The relationship between PNI and the prognosis of
gastric carcinoma patients has attracted more attention
in recent years, and although no consensus has been
reached, some scholars have indicated that PNI is not
an independent factor affecting prognosis[5]. Clinical
pathology data[6] from 178 cases of gastric carcinoma revealed that overall survival time and disease-free survival
time in PNI-positive patients were statistically different
when compared with PNI-negative patients. Multi-factor
analysis also revealed that PNI was an independent risk
factor affecting the prognosis of gastric carcinoma patients, which was consistent with data reported by Bilici
et al[7] and Tianhang et al[8]. Although there was significant
correlation between PNI and the prognosis of tumour
patients, the pathogenesis is still unclear.
Among the 4 chemokine subfamilies, relatively little
work has been carried out on CX3CL1. CX3CL1 is reported[9] to have a dual function, acting as a chemical
inducer to stimulate the anti-tumour effect of leukocytes,
while the combination of CX3CL1 and CX3CR1 can
induce the aggregation/adherence of NK cells, CD8+T
and CD4+T on/near tumour cells, where they can exert their anti-tumoural effect. However, little has been
published on the role of CX3CL1 in clinical assessments. Ohta et al[10] found that colorectal cancer patients
with high expression of CX3CL1 had a higher density

Table 2 Comparison of CX3CR1 levels in gastric carcinoma
perineural invasion positive/negative groups

Tumor tissues
Adjacent tissues
t

PNI positive
group

PNI negative
group

(mean ± SD)
1.01 ± 0.13
0.34 ± 0.06
7.572 (P < 0.01)

(mean ± SD)
0.59 ± 0.11
0.28 ± 0.08
8.538 (P < 0.01)

t

4.632 (P < 0.01)
1.175 (P > 0.05)

PNI: Perineural invasion.

in the tumour tissues from the PNI-positive group was
significantly higher than that in the PNI-negative group (P
< 0.01) (Table 2). No statistically significant differences
were seen in CX3CR1 levels in the adjacent tissues of
the PNI-positive and negative groups (P > 0.05). Mean
CX3CR1-positive values in the PNI positive/negative
groups were significantly higher than those in the adjacent tissues, and the difference was statistically significant (P < 0.01).

DISCUSSION
PNI is significantly correlated with a poor prognosis in
prostate, pancreatic and especially head and neck cancer
patients, and is an important pathological index, indicating a shorter survival period, increased local recurrence
rate, and shorter recurrence time [3]. While PNI is an
important factor which affects survival, according to the

WJG|www.wjgnet.com
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of tumour-infiltrating immune cells, and therefore better prognosis than patients with low CX3CL expression.
Others[11] detected CX3CL1 expression by immunohistochemistry, and combined with the prognosis, suggested
patients with high CX3CL1 expression had a longer survival time than those with low expression. Vitale et al[12]
reported that invasion and metastasis of colon cancer
cells which expressed CX3CL1 was reduced, and the
growth of metastases slowed, the membrane type and
secreting type performed different roles in tumour development.
For gastric carcinoma, few reports exploring the relationship between CX3CL1 and gastric carcinoma have
been published. Hyakudomi[13] evaluated CX3CL1 expression in 158 cases of T2/T3 stage gastric carcinoma
and used two antibodies (anti-CD57 and anti-CD8) to
assess the infiltration of NK cells and CD8+T cells, respectively. These data, combined with clinical pathology
and follow-up, suggested that patients in the CX3CL1high-expression group had a better prognosis and
disease-free survival period compared to the CX3CL1low-expression group. Multivariate analysis showed the
expression of CX3CL1 was the independent factor
which affected the disease-free survival period of gastric
carcinoma patients.
In this study, ELISA data indicated that CX3CL1 content in the tumour tissues, irrespective of PNI-negative or
PNI-positive, was higher than in adjacent tissues. Western
blotting revealed that expression of the receptor CX3CR1
in PNI-positive and negative groups was significantly
higher in the tumour tissues than in the adjacent tissues.
Taken together, these data suggested that CX3CL1/
CX3CR1 may be associated with the occurrence and development of gastric carcinoma.
Another function of CX3CL1 is to act as an adhesion
molecule, and combined with the receptors expressed by
tumour cells, may be the key factor leading to the clinical differences seen in the CX3CL1/CX3CR1 system
response against tumours[9]. In certain tumours, the potential anticancer effect of CX3CL1 was overcome by
its actions promoting tumour development. In prostate
cancer, CX3CL1 expressed by bone marrow endothelial
cells could induce the aggregation of CX3CR1 inside
tumour cells, playing an important role in the bone metastasis of prostate cancer[14]. In breast cancer, although
there was no significant correlation between CX3CL1/
CX3CR1 and the overall survival rate and disease-free
survival rate of patients, expression did indicate the occurrence of brain metastases[15]. Recently, the CX3CL1/
CX3CR1 system has been reported to play an important
role in the bone metastasis of neuroblastoma[16]. The
adhesion effect of CX3CL1 in the nervous system also
suggests a role in nerves peripheral to other tumours,
which may be an underrated source of metastases. In
addition to the traditional routes of tumour metastasis
(blood, lymphatic and implantation metastasis), cancer
cells could also move along the nerve (PNI).
Literature addressing the relationship between CX-

WJG|www.wjgnet.com

3CL1 and PNI in digestive tract tumours primarily studied
pro-nerve tumours, such as pancreatic ductal adenocarcinoma (PDA) which accounted for the majority, while no
relevant literature on tumours in the gastrointestinal tract
have been found. In PDA, PNI occurs in the early stage
of the disease[17-19], and when biopsies are evaluated,
tumour cells show an elevated expression of CX3CR1
compared to normal pancreatic cells. When examined in
vitro, the CX3CR1-positive PDA cells directionally migrate towards the CX3CL1 expressed on other cells and
specifically adhere to the nerve cells, where pathogenesis
involved the activation of a Gi protein and adhesion
molecules (β1 integrin and focal adhesion kinase)[17].
Postoperative pathology confirmed that for PNI-positive
pancreatic cancer, 90% were CX3CR1 positive and 56%
exhibited a strong positive expression, while systematic
assessment of the relationship between tumour CX3CR1 expression and PNI revealed that elevated levels
of CX3CR1 were closely related to the early localized
recurrence of the tumour.
In this study, the results of immunohistochemistry
revealed that when PNI occurred, tumour and nerve
cells expressed CX3CR1, whereas when PNI was absent, CX3CR1 expression was seen in tumour cells only.
ELISA and Western blotting of CX3CL1/CX3CR1
revealed that CX3CL1 and CX3CR1 expression in tumour tissues was significantly higher in the PNI-positive
group compared to the PNI-negative group. No statistical significance was seen for CX3CL1 and CX3CR1 in
the adjacent tissues, suggesting that high expression of
CX3CL1/CX3CR1 may be correlated with gastric carcinoma PNI. However, whether expression of the CX3CL1/CX3CR1 system was involved in the stimulation
of gastric carcinoma-associated PNI could not be clearly
determined in this study, and will be further explored.
In summary, this research determined the relationship between the CX3CL1/CX3CR1 system and gastric
carcinoma/gastric carcinoma PNI, and indicated that
PNI may be related to the occurrence and development
of gastric carcinoma. Although overexpression could
be significantly associated with gastric carcinoma PNI,
how the combination of CX3CL1 and CX3CR1 complete signal transduction inside the intracellular pathway,
whether or not it is involved in the occurrence of PNI,
and the specific relationship between CX3CL1/CX3CR1
and the prognosis of gastric carcinoma should be studied further.
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hepatectomy, the inflow and outflow of segment 5
were maintained. There was no perioperative mortality, postoperative abdominal bleeding or bile leakage
in this group. Alpha-fetoprotein (AFP) returned to the
normal range within 2 mo after the operation in all the
patients. One patient died 383 d postoperatively due
to obstructive suppurative cholangitis. One patient suffered from severe liver dysfunction shortly after surgery and had intrahepatic recurrence 4 mo postoperatively. Postoperative lung metastasis was found in one
patient. No tumor recurrence was found in the other
patients and the parameters including liver function
and AFP level were in the normal range.

Abstract

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

CONCLUSION: Anatomic liver resection of segments
6, 7 and 8 can be a conventional operation to improve
the overall resection rate for hepatocellular carcinoma.

AIM: To report the devised anatomic liver resection of
segments 6, 7 and 8 to improve the resection rate for
patients with right liver tumors.

Key words: Anatomic hepatectomy; Hepatocellular carcinoma; Selective occlusion; Alpha-fetoprotein; Liver
tumor

METHODS: We performed anatomic liver resection
of segments 6, 7 and 8 to guarantee the maximum
preservation of the remaining normal liver tissue. Segment 5 was determined by two steps of Glissonean
pedicle occlusion. And a “┏┛” shaped broken resection line was marked upon the diaphragmatic surface
of the liver. Selective right hemihepatic inflow occlusion
was used to reduce blood loss during parenchymal
transection between segments 6 and 5 and between
segments 8 and 5. If needed, total hepatic Glissonean
pedicle occlusion was used during parenchymal transection between segment 8 and the left liver.

Core tip: Hepatic resection is the only curative treatment for patients with huge and multifocal tumors.
However, patients with huge or multifocal tumors in
the right liver and with a small volume of left liver cannot undergo right hemihepatectomy because of the
possibility of postoperative liver failure, thus leading to
a low overall resection rate for hepatocellular carcinoma. To increase the number of resectable patients and
improve the overall resection rate, we devised anatomic liver resection of segments 6, 7 and 8 in patients
with right liver tumors.

RESULTS: Compared to right hemihepatectomy, the
percentage of future liver remnant volume was increased by an average of 13.9% if resection of segments 6, 7 and 8 was performed. Resection of segments 6, 7 and 8 was completed uneventfully. After
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hepatic veins as landmarks for segmental division[9]. The
volumes of the total liver, left liver, segment 5 and tumor were calculated. The percentage of future liver remnant volume (%FLRV) was expressed using the formula:
%FLRV = (remnant liver volume × 100)/(total liver
volume - tumor volume)[10]. If right hemihepatectomy
was performed, %FLRV would be < 40% in all of the
patients. The risk of postoperative liver failure would be
high due to insufficient remnant functional liver because
all these cases had liver cirrhosis. However, if resection
of segments 6, 7 and 8 was performed, %FLRV would
increase by an average of 13.9% (Table 1). The risk of
postoperative liver failure would be low due to sufficient
remnant functional liver. Therefore, we designed anatomic resection of liver segments 6, 7 and 8, with retention of segment 5, to guarantee the maximum preservation of remnant functional liver tissue.

wjgnet.com/1007-9327/full/v20/i15/4433.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i15.4433

INTRODUCTION
Hepatic resection is the only curative treatment for patients with huge and multifocal tumors. These patients
are less likely to benefit from liver transplantation or
local ablative therapy[1-4]. In many such cases, complete
resection of hepatocellular carcinoma (HCC) can only
be achieved by hepatectomy that removes a significant
proportion of the liver parenchyma. Recent advances in
preoperative imaging, understanding of liver anatomy,
surgical techniques, and anesthetic monitoring have increased the safety of liver resection[5-7]. Unfortunately,
in some cases, hepatic failure occurs after major liver
resection and carries poor prognosis due to the lower
remnant liver volume[8]. So it restrains those patients
who have much less remnant liver volume from radical
operations. For example, patients with huge or multifocal tumors in the right liver and with a small volume of
left liver cannot undergo right hemihepatectomy because
of possible postoperative liver failure. To increase the
number of resectable patients, we devised anatomic liver
resection of segments 6, 7 and 8 using the technique
of selective occlusion of hepatic inflow in patients with
right liver tumors. This is a radical operation and benefits
patients with huge or multifocal tumors in the right lobe.

Surgical procedures
Selective occlusion of hepatic inflow was the key to
complete anatomic liver resection of segments 6, 7 and
8. Segment 5 was determined by two steps of Glissonean pedicle occlusion. After cholecystectomy, the
porta hepatis was dissected based on Glissonean pedicle
anatomy[11-13]. The right hemihepatic Glissonean pedicle
and the segment 6 and 7 Glissonean pedicle were sequentially divided (Figure 2A). After occlusion of the
right hemihepatic Glissonean pedicle, the right liver developed obvious ischemia. So, the demarcation between
the right and left liver could be easily determined (Figure
2B). After demarcation, the right hemihepatic Glissonean pedicle was left unoccluded. Then the segment 6
and 7 Glissonean pedicle was dissected and ligated, and
segments 6 and 7 showed obvious ischemia (Figure 2C).
The interface between segments 6 and 5 could be easily demarcated. Intraoperative ultrasound B was used to
form the demarcation between segments 8 and 5, with
a transverse marked line upon the diaphragmatic surface of the liver. This line was located 1-2 cm below the
tumor in segment 8. Finally, segment 5 was determined
and a “┏┛” shaped broken resection line was marked
upon the diaphragmatic surface of the liver (Figure 2D).
Short hepatic veins were dissected, isolated and ligated.
Parenchymal transection was performed along the broken resection line using an ultrasonic scalpel and cavitron
ultrasonic surgical aspirator. Selective right hemihepatic
inflow occlusion was used to reduce blood loss during
parenchymal transection between segments 6 and 5 and
between segments 8 and 5. If needed, total hepatic Glissonean pedicle occlusion was used during parenchymal
transection between segment 8 and the left liver.

MATERIALS AND METHODS
Patients
Six patients undergoing anatomic liver resection of segments 6, 7 and 8 from December 2011 to November
2013 in our department were included in this study. All
these patients were male with a mean age of 55 years
(range: 43-61 years), and had a history of hepatitis B
virus infection. All the tumors were located in the right
liver with multifocal tumors in two patients and huge
tumors in four (Table 1). Preoperative imaging showed
that segment 5 was free of tumor in all patients (Figure
1). Serum α-fetoprotein (AFP) level was elevated in all
patients. Conventional follow-up was done, ranging from
6 to 23 mo.
Preoperative assessment
Liver function, hepatic functional reserve and hepatic
imaging, including ultrasound B and computed tomography (CT), were carried out preoperatively. Liver function
was classified by Child-Pugh score and hepatic functional reserve was evaluated by the indocyanine green
retention at 15 min (ICG-R15) test. Contrast-enhanced
CT scans were generated with a helical scanner. Manual
3D reconstructions of the liver were made using reconstructed 5-mm-thick axial slices from 2-3-mm original
slices. The total liver, left liver and segment 5, as well
as the tumors were manually outlined using portal and
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Postoperative treatment
Postoperative follow-up was done with conventional liver function tests and measurement of serum AFP level.
Abdominal ultrasonography and CT were performed at
intervals of 30 d in the first 3 mo postoperatively, and at
intervals of 2-3 mo thereafter. Chest X-ray, whole-body
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Table 1 Clinical features and postoperative outcomes
No. Sex Age (yr)
1
2
3
4
5
6

Male
Male
Male
Male
Male
Male

61
43
59
54
53
60

Diagnosis
Multifocal tumors
Huge tumor, 12.2 cm × 9.3 cm
Huge tumor, 11.5 cm × 10.7 cm
Huge tumor, 13.2 cm × 10.6 cm
Multifocal tumors
Huge tumor, 13.5 cm × 11.6 cm

ICG-R15 Child-Pugh liver %FLRV for right %FLRV for 6-8
function grade hemihepatectomy segmentectomy
6.8%
5.5%
13.8%
8.3%
2.6%
7.9%

A
A
B
A
A
A

29.8
34.5
32.6
31.8
37.5
33.4

44.7
46.2
46.9
48.6
50.3
46.5

Survival period (d)
690, DFS
383, dead
270, intrahepatic recurrence, alive
256, lung metastasis, alive
239, DFS
181, DFS

DFS: Disease-free survival; FLRV: Future liver remnant volume.

A

B

Figure 1 Preoperative imaging showed that segment 5 was free of tumor in all patients. A: Multiple tumors were found in segments 6, 7 and 8 by contrastenhanced computed tomography scans (arrows) in Case 1; B: Huge tumor located in the right liver in Case 4. Arrow: Middle hepatic vein; Arrowhead: Right anterior
portal vein; Triangular arrow: Right posterior portal vein; Curved arrow: Gallbladder.
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A

B

C1

D

C2

Figure 2 Surgical procedures. A: Right hemihepatic Glissonean pedicle and segment 6 and 7 Glissonean pedicle in Case 4 were sequentially divided. Arrow: Segment 6 and 7 Glissonean pedicle; arrowhead: Segment 5 and 8 Glissonean pedicle; curved arrow: Right hemihepatic Glissonean pedicle; B: After occlusion of the
right hemihepatic Glissonean pedicle in Case 4, the right liver showed obvious ischemia. The demarcation between the right and left liver could be easily determined
(arrowheads); C: After the segment 6 and 7 Glissonean pedicle of Case 4 was ligated, segments 6 and 7 showed obvious ischemia. The interface between segments
6 and 5 could be easily demarcated. Arrow: Demarcation between segments 6 and 5 upon the diaphragmatic surface of the liver; Arrowheads: Demarcation between
the right and left liver; Bold arrows: Demarcation between segments 6 and 5 on the visceral surface of the liver; Curved arrow: Fossa of gallbladder (C1, C2); D: Segment 5 was determined and a “┏┛” shaped broken resection line was marked upon the diaphragmatic surface of the liver in Case 4. Arrowheads: Demarcation
between segments 5 and 8; Arrow: Segment 5.

bone scan, or other imaging studies were undertaken in
patients who had suspected metastasis. All the patients received three sessions of postoperative transcatheter arterial chemoembolization (TACE). If affordable, sorafenib,
a multi-targeted tyrosine kinase receptor inhibitor was
used for metastatic or recurrent cases.

were maintained (Figure 3A). Gross specimens showed
that tumors were completely resected and postoperative pathology verified a diagnosis of HCC (Figure 3B).
There was no perioperative mortality, postoperative abdominal bleeding, or bile leakage. Serum AFP decreased
to the normal range within 2 mo postoperatively.
Case 2 survived well with normal AFP level and liver
function for about 12 mo postoperatively. However, he
was hospitalized 381 d postoperatively due to fever and 15
d progressive elevation of jaundice at home without any
treatment. CT and ultrasound B showed no tumor recurrence and metastasis inside or outside the liver. Serum total
bilirubin was 193.4 μmol/L (normal range: 1.7-20 μmol/L)

RESULTS
All hepatectomies were uneventfully completed with an
average operation time of 326 min (range: 260-470 min)
and average blood loss of 758 mL (range: 400-1800 mL).
After hepatectomy, the inflow and outflow of segment 5

WJG|www.wjgnet.com
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A

B

7

8

6

Figure 3 Surgical results. A: After hepatectomy, the inflow and outflow of segment 5 were maintained. Triangular arrow: remnant segment 5 in Case 1; arrow: Remnant segment 5 in Case 4; B: Gross specimen showed that tumors in Case 4 were completely resected. Segments 6, 7 and 8 are indicated.

patic metabolic demands after major hepatectomy[14,15].
Therefore, patients with huge or multifocal tumors in
the right liver and a small volume of left liver cannot
undergo right hemihepatectomy because of possible
postoperative liver failure. These patients are excluded
from radical operations. In the present study, all %FLRV
would have been < 40% if right hemihepatectomy was
performed. The risk of postoperative liver failure would
have been high because of liver cirrhosis and insufficient
remnant functional liver. However, if resection of segments 6, 7 and 8 was performed, %FLRV would increase
by an average of 13.9%. The risk of postoperative liver
failure would be low because of sufficient remnant functional liver. Therefore, all patients underwent anatomic
liver resection of segments 6, 7 and 8, with retention
of segment 5. The patients underwent radical surgery
with tumor-free margins and maximum preservation of
remnant functional liver tissue[16-19]. This technique could
improve the resection rate in patients with huge or multifocal tumors in the right liver. No remnant tumor was
found on imaging shortly after the operation and AFP
decreased to the normal range within 2 mo postoperatively. The tumors were completely resected by anatomic
liver resection of segments 6, 7 and 8. These six patients
have survived > 6 mo with satisfactory quality of life
postoperatively. We demonstrated that this operation had
a good therapeutic efficacy.

at admission with direct bilirubin being 129.1 μmol/L
(normal range: 0-6 μmol/L). Two days after admission, this
patient died from obstructive suppurative cholangitis.
Case 3 had Child-Pugh score 7 and 13.8% ICG, which
indicated severe postoperative liver dysfunction. His serum total bilirubin increased constantly and peaked at
142.5 μmol/L on postoperative day 8. Ascites and hepatoencephalopathy occurred consecutively due to liver
dysfunction. These symptoms resolved gradually as liver
dysfunction improved. However, intrahepatic recurrence
was found by CT and digital substraction angiography
4 mo postoperatively. Although AFP level increased to
219.9 ng/mL at that time, it decreased to the normal
range after two sessions of TACE. To date, this tumorbearing patient has had > 6 mo survival.
Lung metastasis was found by CT 5 mo postoperatively in Case 4. Sorafenib was administered to this patient. To date, this patient has had > 4 mo tumor-bearing
survival with AFP in the normal range.
No tumor recurrence was found in the other patients
and the parameters including liver function and AFP
level were in the normal range. Postoperative outcome
and quality of life are summarized in Table 1.

DISCUSSION
Inadequate future liver remnant may not meet the heWJG|www.wjgnet.com
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operation is radical and benefits these patients because it avoids postoperative
liver failure.

It is worth mentioning that the hepatectomies were
performed with a “┏┛” shaped broken resection line.
This naturally increased the resection length, area, operation time and blood loss. However, the blood loss in our
study (mean: 758 mL) was no more than that previously
reported for huge HCC (e.g., 1015[20] and 780 mL[21]).
There were no severe complications such as perioperative mortality, postoperative abdominal bleeding, and
bile leakage. We demonstrated that liver resection of segments 6, 7 and 8 is safe and effective for the treatment
of HCC. Anatomic liver resection of segments 6, 7 and
8 could become a conventional operation for patients
whose tumors do not involve segment 5, to enable maximum preservation of remaining normal liver tissue. It
may be an alternative modality for maximal hepatectomy
in the treatment of HCC.
Finally, selective occlusion of right hemihepatic inflow
was applied during parenchymal transection between
segments 6 and 5 and between segments 8 and 5. If
needed, total hepatic inflow occlusion was used during
parenchymal transection between segment 8 and the left
liver. Selective right hemihepatic Glissonean pedicle occlusion enables blood inflow to the left liver and avoids
splanchnic stasis during hepatectomy[22-24]. Thus, liver
ischemia-reperfusion injury and hemodynamic instability
were reduced during the operation. It particularly benefits
patients with cirrhosis[25-27].

Terminology

%FLRV is an important measure for patients undergoing major liver resection.
Selective occlusion of hepatic inflow was the key procedure for anatomic liver
resection.

Peer review

Partial hepatectomy is a powerful tool for HCC patients. Selective resection of
right anterior/posterior segments often requires an experienced surgeon. The
procedures may involve a unique technique. Surgical technique of parenchymasparing liver resection for right liver HCC (huge or multiple) developed on liver
cirrhosis. This is a description of an atypical technique of anatomic liver resection.
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RESULTS: Tumor-positive status for HER2 and DcR3
was found in 18.33% and 58.33% of the 300 colorectal carcinoma specimens, respectively. HER2 tumorpositive status showed a significant correlation with
tumor size (P = 0.003) but not with other clinicopathological parameters. DcR3 tumor-positive status showed
a significant correlation with tumor differentiation (P
< 0.001), pTNM stage (P < 0.001), and lymph node
metastasis (P < 0.001). However, correlation coefficient
analysis did not indicate that a statistically significant
correlation exists between tumor-positive status for the
HER2 and DcR3 overexpression (P = 0.236). Patients
with specimens classified as DcR3-overexpressing had
a significantly worse overall survival (OS) rate than
those without DcR3 overexpression (median OS: 42.11
vs 61.21 mo; HR = 50.27, 95%CI: 44.90-55.64, P <
0.001). HER2 overexpression had no significant impact
on median OS (35.10 mo vs 45.25 mo; HR = 44.40,
95%CI: 39.32-49.48, P = 0.344). However, patients
with specimens classified as both HER2- and DcR3overexpressing had a significantly poorer median OS
than those with only HER2 overexpression (31.80 mo
vs 52.20 mo; HR = 35.10, 95%CI: 22.04-48.16, P =
0.006).

Abstract
AIM: To evaluate human epidermal growth factor receptor 2 (HER2) and death decoy receptor (DcR3) as
colorectal cancer prognostic indicators.
METHODS: Colorectal carcinoma specimens from 300
patients were analyzed by immunohistochemistry to detect the staining patterns of HER2 and DcR3. Classification of HER2 staining was carried out using the United
States Food and Drug Administration semi-quantitative
scoring system, with scores of 0 or 1+ indicating a
tumor-negative (normal expression) status and scores
of 2+ and 3+ indicating a tumor-positive (overexpression) status. Classification of DcR3 was carried out by
quantitating the percentage of positive cells within the
stained section, with < 10% indicating a tumor-negative status and ≥ 10% indicating a tumor-positive status. Correlation of the HER2 and DcR3 staining status
with clinicopathological parameters [age, sex, tumor
size, differentiation, and the tumor, node, metastasis
(pTNM) classification] and survival was statistically as-
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CONCLUSION: HER2 overexpression is not an independent prognostic marker of colorectal cancer, but
DcR3 overexpression is highly correlated with lymph
node metastasis and poor OS.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Colorectal carcinoma; human epidermal
growth factor receptor 2; death decoy receptor; Immunohistochemistry; Prognosis
Core tip: Overexpression of the human epidermal
growth factor receptor 2 (HER2) and death decoy re-
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protect tumor cells from apoptosis and to promote invasiveness and metastasis. Abnormal DcR3 expression has
been reported in clinical specimens of lung, gastrointestinal, renal and ovarian cancers, as well as colon cancer[18-22].
Thus, the protein expression levels of HER2 and
DcR3 may represent prognostic markers of colorectal
cancer and may reflect malignant potential of resected
tumor specimens. This study was designed to investigate
the correlations between immunohistochemical staining
patterns of HER2 and DcR3, individually and in combination, and clinicopathological parameters of colorectal
cancer in order to evaluate their potential prognostic
value.

ceptor (DcR3) has been observed in clinical specimens
of colorectal cancer, but their roles in prognosis remain
unknown. In this systematic investigation of the immunohistochemistry staining patterns of HER2 and DcR3 in
300 clinical specimens, only DcR3 overexpression was
identified as a potential prognostic marker of colorectal cancer. Specifically, DcR3 tumor-positive staining
showed a strong statistical correlation with lymph node
metastasis and poor overall survival. Moreover, HER2positive patients with DcR3 overexpression had poorer
overall survival than their DcR3-negative counterparts.
Zong L, Chen P, Wang DX. Death decoy receptor overexpression and increased malignancy risk in colorectal cancer. World J
Gastroenterol 2014; 20(15): 4440-4445 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4440.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4440

MATERIALS AND METHODS
Patient information
This retrospective study involved 300 treatment-naïve
patients who had undergone elective surgical resection
for colorectal cancer at the Department of General Surgery of Su Bei People’s Hospital of Yangzhou University
(China) between January 2003 and December 2010. The
study population was composed of 177 males and 123 females, ranging in age from 21 to 85 years (mean age: 56.3
years). For each patient, data on the clinicopathological
parameters were collected from the medical records database and included patient age and sex, and tumor size,
differentiation, and pathological classification according
to the tumor, node, and metastasis (pTNM) scoring system.
All patients provided informed consent for storage
and future use of their resected tumor specimens for
research purposes, and this study was authorized by the
Ethics Committee of Su Bei People’s Hospital of Jiangsu
Province.

INTRODUCTION
Colorectal cancer remains one of the most common malignancies diagnosed worldwide. Extensive research effort
has been put forth to elucidate the molecular mechanisms underlying progression to metastatic colorectal
carcinoma, yet there remains a notable absence of accurate and convenient prognostic biomarkers[1]. Disease
management of both non-metastatic and metastatic
cases consists of surgical resection and chemotherapeutic
drug delivery (systemic, as well as cancer cell-targeted).
However, cases of resistance to the cytotoxic agents are
not infrequent, and this condition represents a particular
clinical challenge as no other treatment options are available.
The multistep carcinogenic process of colorectal cancer is known to involve perturbed activation and signaling
of inflammation and oxidative stress pathways. Two key
factors of these pathways are the pro-inflammatory human epidermal growth factor receptor 2 (HER2) and the
anti-inflammatory death decoy receptor 3 (DcR3), both
of which have been observed as overexpressed in clinical
samples of colorectal cancer[2,3]. Moreover, response to
adjuvant chemotherapy with 5-fluorouracil is associated
with the DcR3 chromosomal locus[4].
HER2 is a transmembrane tyrosine kinase receptor
that regulates cell growth and differentiation. As such,
abnormal HER2 expression and/or activity can promote
growth and progression of malignant cells[5,6], and its
carcinogenic role has been defined in several human cancers[5-11]. In breast cancer, chemotherapy treatment based
on herceptin, an anti-HER2 monoclonal antibody, has
been shown to significantly improve the overall survival
(OS) rate[12,13].
DcR3 is a tumor necrosis factor (TNF) receptor that
counteracts activation of signals of the inflammation
pathway by competitively binding to the TNF ligands
[Fas ligand (FasL), LIGHT, and TL1A][14-17]. The DcR3mediated inhibition of TNF signaling has been shown to
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Immunohistochemical staining of HER2 and DcR3
Formalin-fixed paraffin-embedded sections of surgical
specimens on glass slides were deparaffinized in xylene
and rehydrated through an ethanol gradient. Endogenous
peroxidase was blocked by a 10-min incubation with 0.3%
H2O2 in methanol, after which antigen retrieval was performed by 15 min of heating in 10 mmol/L sodium citrate (pH 6.0). After the sample was cooled for 20 min to
room temperature and washed with phosphate-buffered
saline (PBS), non-specific binding sites were blocked by a
10 min pre-incubation with 10% fetal calf serum in PBS
with 0.01% sodium azide. The primary antibody against
HER2 (1:100 dilution; HercepTest™ kit from Dako,
Glostrup, Denmark) or DcR3 (1:200; Dako) was added
and the slide incubated for 1 h in a humidified chamber.
Following a triplicate wash with PBS, the appropriate
secondary antibody (undiluted; Envision-HRP Complex
from Dako) was added and the slide incubated for an
additional 60 min in the humidified chamber. Immunoreactivity was visualized by incubation with the chromagen
3’-3’-diaminobenzidine. All sections were counterstained
with hematoxylin. For each specimen, a negative control
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A

B

C

Figure 1 Immunohistochemical detection of human epidermal growth factor receptor 2 and death decoy receptor expression in colorectal cancer. Serialsection specimens from one representative case are shown (× 200). A: human epidermal growth factor receptor 2 (HER2)-positive tumor section, scored as 2+
(arrow); B: HER2-positive tumor section, scored as 3+ (arrow); C: death decoy receptor-positive tumor section showing staining in > 10% of the tumor cells (arrow).

was generated by replacing the primary antibody with
PBS alone.

RESULTS
Immunohistochemical staining patterns of HER2 and
DcR3 in human colorectal cancer specimens
Of the total 300 colorectal cancer specimens examined,
55 (18.33%) showed HER2 overexpression, with the immunostaining scores being mostly moderate (2+, n = 45)
(Figure 1A) and only 10 having strong scores (3+) (Figure
1B). In contrast, a remarkably larger percentage of the
specimens showed DcR3 overexpression (58.33%) (Figure
1C).

Scoring of HER2 and DcR3 immunostaining
Each processed slide was assessed by two pathologists
working independently. Instances of interobserver variability were resolved by consensus discussion during simultaneous dual re-evaluation.
Scoring of the HER2 staining was carried out according to the semi-quantitative strategy recommended
by the United States Food and Drug Administration[23],
as follows: no staining or membrane staining in < 10%
of the tumor cells = 0; incomplete membrane staining
in > 10% of tumor cells = 1+; weak-to-moderate complete membrane staining in > 10% of tumor cells = 2+;
moderate-to-strong complete membrane staining in >
10% of tumor cells = 3+. Specimens with scores of 0 or
1+ were classified as tumor-negative for HER2 (normal
expression), and specimens with scores of 2+ or 3+ were
classified as tumor-positive for HER2 (overexpression).
Classification of DcR3 was carried out by quantitating the percentage of positive cells within the stained section, with < 10% indicating a tumor-negative status and
≥ 10% indicating a tumor-positive status.

Correlation of HER2 or DcR3 overexpression with
clinicopathological features of colorectal cancer
The correlation of HER2 and DcR3 immunostaining
patterns with clinicopathological features is presented in
Table 1. HER2 overexpression was found to be significantly correlated only with tumor size. In contrast, DcR3
overexpression was found to be significantly correlated
with tumor differentiation, lymph node metastases, and
pTNM stage (p < 0.05).
Association between HER2 and DcR3 overexpression in
colorectal cancer specimens
A little more than half (65.45%) of the specimens showing HER2 overexpression also showed DcR3 overexpression, which was not significantly different from the percentage of specimens showing normal HER2 expression
and DcR3 overexpression (56.73%) (p = 0.236).

Follow-up
Patients were followed to December 2010 or until death.
The median follow-up interval was 50.3 mo (2-93 mo).
Follow-up examinations included imaging analysis to detect any signs of recurrence.

Correlation of HER2 or DcR3 overexpression with
survival
HER2 immunostaining status had no impact on OS;
the median OS of patients with HER2-positive tumor
specimens was 35.10 mo, compared to 45.25 mo for
the patients with HER2-negative tumor specimens (HR
= 44.40, 95%CI: 39.32-49.48, p = 0.344) (Figure 2A).
In contrast, DcR3-positive status was associated with a
poorer OS (median OS of 42.11 mo vs DcR3-negative
status: 61.21 mo; HR = 50.27, 95%CI: 44.90-55.64,
p < 0.001) (Figure 2B). Moreover, patients whose tu-

Statistical analysis
All statistical analyses were carried out with the SPSS
statistical software for Windows, version 17 (SPSS Inc.,
Chicago, IL, United States). The significance of associations between HER2 and DcR3 immunostaining and the
various clinicopathological parameters was analyzed by χ 2
test. OS curves were generated using the Kaplan-Meier
method, and the significance of differences between the
curves was analyzed by log-rank testing. The threshold
for statistical significance was set at a p value < 0.05.
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A

P

HER2
Positive Negative

Age
< 60
182
34
≥ 60
118
21
Sex
Male
171
30
Female
129
25
Tumor size (cm)
<5
194
26
≥5
106
29
Differentiation grade
Well
73
11
Moderate 174
31
Poor
53
13
Lymph node status
Negative 161
32
Positive
139
23
Distant metastasis
M0
273
49
M1
27
6
Perineural invasion
Negative 285
51
Positive
18
4
pTNM stage
Ⅰ
50
4
Ⅱ
110
18
Ⅲ
90
23
Ⅳ
50
10

148
97

0.847

141
104

P

DcR3

1

Positive Negative

value

1

109
66

73
52

0.497

0.684

102
73

69
56

0.595

168
77

0.003

106
51

88
55

0.279

62
143
40

0.385

29
101
45

44
73
8

129
116

0.457

74
101

87
38

< 0.001

224
21

0.774

157
18

116
9

0.357

231
14

0.9002

163
12

119
6

0.459

46
92
67
40

0.0692

16
52
66
41

34
58
24
9

< 0.001

B

0.6
0.4
0.2

0.00

20.00

40.00
60.00
80.00
Month of follow-up

0.00

20.00

40.00
60.00
80.00
Month of follow-up

100.00

1.0
0.8
0.6
0.4
0.2
0

C

2

mor specimens showed double positivity [HER-2(+)/
DcR3(+)] had worse OS than their counterparts without
DcR3 overexpression [HER-2(+)/DcR3(-)] (median OS:
31.80 mo vs 52.20 mo, respectively; HR = 35.10, 95%CI:
22.04-48.16, p = 0.006) (Figure 2C).

100.00

1.0
0.8
0.6
0.4
0.2
0

DISCUSSION

0

In this investigation of 300 human colorectal cancer
specimens, immunohistochemical detection of DcR3,
and not HER2, overexpression showed promise as a
clinical marker of disease prognosis. Similar to the findings from a previous study of growth factor expression
in Chinese patient specimens (i.e., the pro-angiogenic vascular endothelial growth factor (VEGF) in relation to the
HER2 growth factor receptor)[24], immunohistochemical
detection of HER2 overexpression showed a correlation
with only tumor size and had no significant relation with
survival. However, in the previous study, HER2 overexpression showed a statistical correlation with distant
metastasis; this inconsistency could be explained by a
variance due to limited sample size.
In the present study, immunohistochemically detected
DcR3 overexpression reflected features of colorectal
cancer progression. Specifically, the specimens showing
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0.8

< 0.001

Pearson’s χ test; 2Adjusted χ test. HER2: human epidermal growth
factor receptor 2; DcR3: death decoy receptor; pTNM: the tumor, node,
metastasis classification.
2

1.0

0

Overall survival probability

1

value

Overall survival probability

n

Variable

Overall survival probability

Table 1 Correlation of colorectal cancer clinicopathological
variables with immunohistochemical staining patterns of
human epidermal growth factor receptor 2 and death decoy
receptor expression

20
40
Month of follow-up

60

Figure 2 Kaplan-Meier overall survival curves. A: Kaplan-Meier overall survival curves for the 300 colorectal cancer patients, according to immunohistochemical detection of human epidermal growth factor receptor 2 normal (green)
and overexpression (blue). The difference between the curves did not reach
statistical significance (p = 0.344); B: Kaplan-Meier overall survival curves for
the 300 colorectal cancer patients, according to immunohistochemical detection
of death decoy receptor normal (green) and overexpression (blue). The difference between the curves was significant (p < 0.001); C: Kaplan-Meier overall
survival curves for the 300 colorectal cancer patients, according to immunohistochemical detection of human epidermal growth factor receptor 2 overexpression in isolation (blue) or coincident with (green) death decoy receptor overexpression. The difference between the curves was significant (p = 0.006).

DcR3-positive immunostaining were less differentiated
and more invasive. Moreover, the patients with DcR3positive tumors were more likely to have lymph node
metastases at the time of resection and poorer OS. Thus,
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target of anticancer drugs.

DcR3 may represent a useful prognostic marker of
colorectal cancer malignancy and risk of death.
Coincident overexpression of DcR3 significantly
worsened the OS in patients with HER2 overexpression.
Malignant transformation of a tumor cell requires molecular signals that promote growth and inhibit apoptosis,
as well as those that allow a cell to migrate and invade
surrounding tissues. While HER2 overexpression may
contribute to the unrestricted growth of a cancer cell,
DcR3 may play a key role in promoting metastasis, which
is related to higher risk of cancer-related death and complicates the clinical management.
In summary, colorectal cancer specimens from Chinese patients show both isolated and coincident overexpression of HER2 and DcR3. Isolated DcR3 overexpression may be a clinical prognostic marker of malignancy
and survival, and coincident DcR3/HER2 overexpression may indicate more robust malignancy risk. Future
studies need to elucidate the molecular mechanism of
DcR3-mediated carcinogenesis to further define its relation to patient prognosis (in various ethnicities and disease conditions) and its potential as a target of molecularbased therapies.
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Comparative study of intestinal tuberculosis and primary
small intestinal lymphoma
Qing-Qiang Zhu, Wen-Rong Zhu, Jing-Tao Wu, Wen-Xin Chen, Shou-An Wang
found significantly more frequently in PSIL than in ITB
patients (P < 0.05). Ring-like and rodent-like ulcers
occurred significantly more often in ITB than in PSIL
patients (P < 0.05), however, enterorrhagia and raised
lesions were significantly more frequent in PSIL than
in ITB patients (P < 0.05). The rate of granuloma was
significantly higher in ITB than in PSIL patients (87.8%
vs 13.5%, χ 2 = 43.050, P < 0.05), and the incidence of
confluent granulomas with caseous necrosis was significantly higher in ITB than in PSIL patients (47.2% vs
2
0.0%, χ = 4.034, P < 0.05). Multi-segmental lesions,
mural stratification, mural gas sign, and intestinal stricture were more frequent in ITB than in PSIL patients
(P < 0.05), however, a single-layer thickening of bowel
wall, single segmental lesions, and intussusception
were more common in PSIL than in ITB patients (P <
0.05). Necrotic lymph nodes, comb sign and inflammatory mass were more frequent in ITB than in PSIL
patients (P < 0.05). The bowel wall enhancement in
ITB patients was greater than that in PSIL patients (P
< 0.05), while the thickening and lymph node enlargement in PSIL patients were higher than those in ITB
patients (P < 0.05).
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Abstract
AIM: To characterize the clinical, radiological, endoscopic and pathological features of intestinal tuberculosis (ITB) and primary small intestinal lymphoma (PSIL).

CONCLUSION: Combined evaluation of clinical, radiological, endoscopic and pathological features is the key
to differentiation between ITB and PSIL.

METHODS: This was a retrospective study from February 2005 to October 2012 of patients with a diagnosis of ITB (n = 41) or PSIL (n = 37). All patients with
ITB or PSIL underwent computed tomography (CT)
and pathological examination. Thirty-five patients with
ITB and 32 patients with PSIL underwent endoscopy.
These patients were followed for a further 18 mo to
ascertain that the diagnosis had not changed. Clinical,
endoscopic, CT and pathological features were compared between ITB and PSIL patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Treatment for intestinal tuberculosis (ITB) differs completely from that for primary small intestinal
lymphoma (PSIL). Differentiating ITB from PSIL continues to be a challenge. Combined evaluation of clinical, radiological, endoscopic and pathological features
is the key to differentiation between ITB and PSIL. For

RESULTS: Night sweating, fever, pulmonary TB and
ascites were discovered significantly more often in ITB
than in PSIL patients (P < 0.05), however, abdominal
mass, hematochezia and intestinal perforation were
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with PSIL underwent upper GI endoscopy.

example, night sweating, ascites, ring-like and rodentlike ulcers, granuloma, multi-segmental lesions, mural
stratification, necrotic lymph nodes, comb sign, and
inflammatory mass are more suggestive of ITB. However, abdominal mass, hematochezia, enterorrhagia,
raised lesions, single-layer thickening of bowel wall,
single segmental lesions, and intussusception are more
suggestive of PSIL.

Methods
The diagnosis of ITB complied with the established
clinical, CT, histological and microbiological criteria. The
diagnosis of PSIL conformed with the 1961 Dawson
standards. All patients with ITB or PSIL were followed
for a further 18 mo to ascertain that the diagnosis had
not changed.

Zhu QQ, Zhu WR, Wu JT, Chen WX, Wang SA. Comparative
study of intestinal tuberculosis and primary small intestinal
lymphoma. World J Gastroenterol 2014; 20(15): 4446-4452
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i15/4446.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i15.4446

Statistical analysis
Two gastrointestinal radiologists analyzed the images
together, which resulted in a consensus interpretation.
Statistical analysis was undertaken using SPSS version 17.0
(SPSS, Chicago, IL, United States). Numerical data are
expressed as mean and standard deviation, and categorical
data are expressed as percentages. Evaluated characteristics were compared using the χ 2 test or independent-samples t test. P < 0.05 was considered statistically significant.

INTRODUCTION
Intestinal tuberculosis (ITB) is a specific chronic intestinal disease caused by Mycobacterium tuberculosis (M. tuberculosis) infection[1]. In recent decades, with improvement
of economics, quality of life, and sanitary conditions,
the incidence of TB has declined and the prevalence of
ITB has gradually decreased[2]. However, there is still no
sensitive, accurate, convenient and specific marker to diagnose ITB. Therefore, clinicians still need to pay much
attention to ITB.
The clinical manifestations of primary small intestinal lymphoma (PSIL) are nonspecific, such as abdominal
pain, vomiting, weight loss and intestinal perforation[3].
Although the incidence is not high, it is similar to ITB
in clinical manifestations and still needs to be distinguished[4].
Many studies have reported that ITB is similar to
PSIL with regard to clinical, endoscopic, pathological
and computed tomography (CT) features[5,6]. Treatment
for ITB is completely different from that for PSIL.
The first-line therapy for ITB is the combined anti-TB
medication, while the major therapies for PSIL patients
include surgery and radiotherapy[7]. It is clear that misdiagnosis between ITB and PSIL leads to severe clinical
events, such as M. tuberculosis diffusion and delaying the
medical management of PSIL[8]. An accurate diagnosis is
important for appropriate treatment. Therefore, the aim
of this study was to investigate the clinical, CT, endoscopic and pathological features in 41 cases of ITB and
37 of PSIL.

RESULTS
Comparative study of clinical features in ITB and PSIL
Night sweating, fever, pulmonary TB, and ascites were
discovered significantly more often in ITB than in PSIL
patients (P < 0.05). However, abdominal mass, hematochezia and intestinal perforation were significantly more
frequent in PSIL than in ITB patients (P < 0.05) (Table 1).
Comparative study of endoscopic and pathological
features in ITB and PSIL
Rodent-like (Figure 1) and ring-like (Figure 2) ulcers
were found significantly more often in ITB than in PSIL
patients (P < 0.05). However, enterorrhagia (Figure 3)
and raised lesions (Figure 4) were found significantly
more frequently in PSIL than in ITB patients (P < 0.05).
The rate of granuloma was significantly higher in ITB
than in PSIL patients (87.8% vs 13.5%, χ 2 = 43.050, P <
0.05), and the incidence of confluent granulomas with
caseous necrosis was significantly more frequent in ITB
than in PSIL patients (47.2% vs 0.0%, χ 2 = 4.034, P <
0.05) (Table 2).
Comparative study of CT features in ITB and PSIL
Multisegmental lesions, mural stratification (Figure 1),
mural gas sign, and intestinal stricture (Figure 1) were
seen significantly more often in ITB than in PSIL patients (P < 0.05). Single-layer thickening of the bowel
wall, single segmental lesions, and intussusception were
significantly more frequent in PSIL than in ITB patients
(P < 0.05). Necrotic lymph nodes (Figure 2) and comb
sign were discovered significantly more often in ITB
than in PSIL patients (P < 0.05). Bowel wall enhancement in ITB patients was significantly greater than that
in PSIL patients (83.3 ± 7.6 HU vs 55.9 ± 4.2 HU, P <
0.05), while lymph node enlargement (Figure 3) (19.6 ±
3.2 mm vs 9.8 ± 2.7 mm) and bowel thickening (Figure 4)
(18.6 ± 3.3 mm vs 11.1 ± 3.7 mm) were more common

MATERIALS AND METHODS
Patients
Upon searching our hospital pathology and image archiving and communications system, we found 41 patients with ITB and 37 with PSIL who were admitted to
our hospital from February 2005 to October 2012. All
patients with ITB or PSIL underwent CT and pathological examination. Thirty-five patients with ITB and 32
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Table 1 Comparative study of clinical features of intestinal tuberculosis and primary small intestinal lymphoma, n (%)

ITB
PSIL
χ 2 value
P value

Diarrhea

Ascites

Febrility

Night sweating

Hematochezia

Pulmonary TB

12 (29.2)
10 (27.0)
0.048
0.826

22 (53.6)
8 (21.6)
8.434
0.004

23 (56.1)
2 (5.4)
22.948
0.000

25 (60.9)
5 (13.5)
18.510
0.000

3 (7.3)
19 (51.3)
18.623
0.000

26 (63.4)
2 (5.4)
28.441
0.000

ITB: Intestinal tuberculosis; PSIL: Primary small intestinal lymphoma.

A

B

C

D

Figure 1 Computed tomography, endoscopic and pathological changes of intestinal tuberculosis in a 38-year-old man. A: Plain computed tomography (CT)
scan showed bowel-wall thickening (7.2 mm) and intestinal stricture in the ileocecum; B: During the arterial phase, contrast-enhanced CT demonstrated moderately
stratified enhancement; C: Endoscopic examination showed rodent-like ulcer, ring-like ulcer and intestinal stricture in the ileocecum; D: Microscopic findings showed
granulomas with caseous necrosis (hematoxylin and eosin staining; original magnification, 400 ×).

Table 2 Comparative study of endoscopic features of intestinal tuberculosis and primary small intestinal lymphoma, n (%)
Ring-like ulcer
ITB
PSIL
χ 2 value
P value

13 (37.1)
0 (0)
14.747
0.000

Rodent-like ulcer
12 (34.3)
0 (0)
13.365
0.000

Enterorrhagia
3 (8.6)
17 (53.1)
15.846
0.002

Raised lesions
0 (0)
21 (65.6)
33.454
0.000

Stricture
22 (62.8)
6 (18.7)
13.369
0.000

ITB: Intestinal tuberculosis; PSIL: Primary small intestinal lymphoma.

in PSIL than in ITB patients (P < 0.05) (Tables 3 and 4).

and reliable diagnostic method. Current clinical research
demonstrates that ITB and PSIL have marked overlap in
clinical, CT and endoscopic features, thus, differentiating
between ITB and PSIL can be a major diagnostic challenge, particularly in developing countries where ITB
remains common[9]. The misdiagnosis of ITB and PSIL

DISCUSSION
The differential diagnosis between ITB and PSIL is still
a challenge because of the lack of an economic, simple
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A

B

C

D

Figure 2 Computed tomography and endoscopic changes of intestinal tuberculosis in a 43-year-old man. A: Plain computed tomography (CT) scan showed
bowel-wall thickening in the ileocecum; B: During the arterial phase, contrast-enhanced CT scan demonstrated moderate homogeneous enhancement; C: Mesenteric
necrotic lymph nodes and comb sign were noted on coronal CT imaging; D: Endoscopic examination showed a ring-like ulcer in the ileocecum.

A

B

Figure 3 Computed tomography and endoscopic changes of primary small intestinal lymphoma in a 37-year-old man. A: Plain computed tomography scan
showed mesenteric lymphadenectasis (19 mm); B: Endoscopic examination showed intestinal hemorrhage in the ileocecum.

Table 3 Comparative study of computed tomography imaging features of intestinal tuberculosis and primary small intestinal lymphoma, n (%)

ITB
PSIL
χ 2 value
P value

Mural stratification

Mural single layer

24 (58.5)
4 (10.8)
19.251
0.000

6 (14.6)
27 (73.0)
27.119
0.000

Bowel gas sign
13 (31.7)
0 (0)
14.078
0.000

Multi segmental lesions
35 (85.4)
8 (21.6)
31.947
0.000

ITB: Intestinal tuberculosis; PSIL: Primary small intestinal lymphoma.

can lead to serious problems in the subsequent treatment
of these two conditions[10]. Therefore, it is particularly
important to distinguish ITB from PSIL.

WJG|www.wjgnet.com

In our study, we found that the first symptom of ITB
was abdominal discomfort or pain, while that of PSIL
tended to be hematochezia or intestinal perforation. This

4449

April 21, 2014|Volume 20|Issue 15|

Zhu QQ et al . Intestinal tuberculosis and lymphoma

A

B

C

Figure 4 Computed tomography and endoscopic changes of primary small intestinal lymphoma in a 39-year-old man. A: Plain computed tomography (CT)
scan showed bowel thickening in the distal ileum; B: During the arterial phase, contrast-enhanced CT scan demonstrated mild enhancement; C: Endoscopic examination showed a raised lesion in the ileum.

Table 4 Comparative study of mesenteric findings and complications of intestinal tuberculosis and primary small intestinal lymphoma, n (%)
Inflammatory mass
ITB
PSIL
χ 2 value
P value

5 (12.2)
0 (0)
4.821
0.0285

Comb sign

Peritoneal abscess

Necrotic lymph nodes

26 (63.4)
4 (10.8)
22.738
0.000

3 (7.3)
1 (2.7)
0.851
0.356

19 (46.3)
2 (5.4)
16.565
0.000

Intussusception
0 (0)
21 (56.7)
31.844
0.000

ITB: Intestinal tuberculosis; PSIL: Primary small intestinal lymphoma.

differed from diarrhea as the first symptom of Crohn’s
disease (CD). We speculated that ITB lesions were not
only inflammatory ulcers[11], but also proliferative lesions,
whereas in PSIL, inflammation and ulcers were both
involved in intestinal wall thickening and damage[12].
Therefore, when symptoms in patients are complex and
lack specificity, the first symptom plays a role in differentiating ITB and PSIL.
Both ITB and PSIL are chronic granulomatous conditions and show an overlap in their histological features.
PSIL lesions are located in the ileocecum and more limited than those of ITB[13]. PSIL endoscopic mucosal biopsies are mainly taken from a single lesion, whereas for
ITB, there are multiple biopsy sites due to the wide range
of lesions. This may have an impact on the efficiency of
endoscopic biopsy[14].
Mucosal hallmarks of CD, such as ulcer shape, also
contribute to the differential diagnosis between CD and
ITB[15]. For example, ring-like and rodent-like ulcers suggest a diagnosis of ITB, while enterorrhagia and raised
lesions suggest PSIL. However, longitudinal and gridlike ulcers and cobblestone pattern suggest a diagnosis
of CD.
In our study, granuloma detection rate in the ITB
and PSIL groups was 87.8% (n = 36) and 13.5% (n =
5), respectively. Among these lesions, the incidence of
confluent granulomas with caseous necrosis in the ITB
group was 47.2% (n = 17), while that in the CD group
was zero. Caseous granuloma remains a specific diagnostic marker for ITB. Therefore, if pathological examination only finds noncaseating granuloma, it is not imme-

WJG|www.wjgnet.com

diate evidence of PSIL, which requires a combination of
other pathological changes[16]. If pathological examination finds both noncaseating granuloma and submucosal
lymphocyte aggregation, the patient is more likely to
have a diagnosis of PSIL[17].
Abdominal CT has a certain value for the differential
diagnosis between ITB and PSIL[18]. These two diseases
have their own characteristic distribution of lesions, so
it is important to master lesions by perfecting checks for
the differential diagnosis of the diseases.
Bowel wall thickness normally measures 1-3 mm in
distended small bowel, and generally ranges from 5 to
10 mm in bowel affected by ITB. Wall thickening is the
most consistent imaging finding of ITB and has been
shown to correlate with the presence and severity of disease[19]. However, wall thickness generally ranges from 15
to 20 mm in bowel affected by PSIL. We noted significant differences in bowel wall thickness in patients with
ITB and PSIL (P < 0.05).
Bowel wall enhancement plays an important role in
determining disease severity and may be one of the earliest signs of disease[20]. Enhancement can be assessed
during several phases based on the timing of the scan
relative to contrast injection. The optimal scan time has
still not been determined. Peak wall enhancement in
normal volunteers was 60-70 s (portal venous phase).
However, Zappa et al[21] have found that differentiation
is best achieved by the level of enhancement in delayed
phase images. In our study, the enhancement was lower
in PSIL than in ITB patients in the portal venous phase (P
< 0.05).
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Increased mesenteric blood flow resulting in vascular
engorgement, known as the comb sign, has mostly been
reported in active ITB disease[22,23]. There was a significant difference in the comb sign in patients with ITB
and PSIL. Mesenteric necrotic lymph nodes on CT scanning are suggestive of ITB, while lymph node enlargement in PSIL was more frequent than in ITB. Lymph
node enlargement and the percentage of necrotic mesenteric lymph nodes were greater in ITB than in CD.
In our study, PSIL patients with hematochezia and
intestinal perforation were common, however, these
manifestations are rare in ITB patients[24,25]. These differences may be due to mild progression of ITB in China,
but the exact cause needs to be further studied. Besides,
emergency surgery is more common in PSIL patients
because of the serious complications[26], whereas medicinal treatment is more common in ITB because complications of ITB are less severe and the disease course is
chronic[27]. This phenomenon indicates that complications are more frequent in PSIL than in ITB patients and
their progression is faster. This indicates that patients
with serious complications and surgical procedures are
more likely to have a diagnosis of PSIL[28].
In conclusion, differentiating ITB from PSIL continues to be a challenge. At present, combination of clinical, endoscopic, radiological and pathological features
continues to be the key to differentiation between the
two conditions. We need to continue to develop new differential diagnostic tests. Our study was limited by the
relatively small number of patients with these two diseases. Further research is needed to verify these findings
in larger patient populations.

The paper has novel information on comparison between ITB and PSIL. This
article presents useful information about differential diagnosis of intestinal
diseases. The study was well designed and the experimental and statistical
methods used are described in detail.
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Squamous cell carcinoma after radiofrequency ablation for
Barrett's dysplasia
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carrying carcinogenic mutations once a dominant clonal
population has been eradicated.
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Core tip: The development of squamous cell cancer
of the oesophagus after endoscopic ablation can happen and may add further weight to the argument for
continued surveillance after radiofrequency ablation for
Barrett’s related pathologies.
Zeki SS, Haidry R, Justo-Rodriguez M, Lovat LB, Wright NA,
McDonald SA. Squamous cell carcinoma after radiofrequency
ablation for Barrett’s dysplasia. World J Gastroenterol 2014;
20(15): 4453-4456 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i15/4453.htm DOI: http://dx.doi.
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Abstract
Barrett’s oesophagus (BO) is a usually indolent condition that occasionally requires endoscopic therapy. Radiofrequency ablation (RFA) is an effective endoscopic
treatment for high grade dysplasia (HGD) and intramucosal cancer in BO. It has a good efficacy, durability and
safety profile although complications can occur. Here
we describe a case of RFA in a patient with high grade
dysplasia. Although the response to treatment was
initially very good with the development of neosquamous epithelium, the patient very rapidly developed a
squamous cell cancer of the oesophagus confirmed on
radiology, histology and immunohistochemistry. Sanger
sequencing confirmed that the original HGD and the
squamous cell cancer (SCC) were derived from separate clonal origins. The report highlights the fact that
SCC of the oesophagus has been noted after endoscopic ablation for BO previously and suggest that ablation of BO may encourage the clonal expansion of cells
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INTRODUCTION
Radiofrequency ablation (RFA) is an effective and safe
treatment for the eradication of Barrett’s oesophagus (BO)
related high grade dysplasia (HGD) and intramucosal
cancer[1]. Recent evidence suggests that Barrett’s related
pathology can still recur after RFA[2,3]. There are also
case reports on the occurrence of squamous carcinomas occurring after endoscopic ablation. Some evidence
suggests that the a stem cell origin of Barrett’s mucosa
may be common between squamous and columnar lined
epithelium[4] although this relationship has not been demonstrated either with synchronous or metachronous Barrett’s and squamous carcinoma. Here we describe the first
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Figure 1 Endoscopic, genetic and histological figures of the patient before and immediately after radiofrequency ablation for Barrett’s related high grade
dysplasia. A: Sanger sequencing from columnar lined oesophagus taken in June 2010 (2) showing a mutation in CDKN2A c.286 G > A (p.V100M) (starred). A control
sequence is also shown (1); B: Haematoxylin and eosin stain at × 10 magnification from a biopsy taken in June 2010. This demonstrates high grade dysplasia with
nuclear pleiomorphism, increased nuclear: cytoplasmic ratio and disordered nuclei (arrow); C: Endoscopic view of the patient’s columnar-lined oesophagus (April
2009) showing classical salmon pink mucosa between 28cm and 36cm from the incisors; D: Endoscopic view of the patient’s re-epithelialized oesophagus (September
2010) after radiofrequency ablation.

documented case of squamous carcinoma occurring after
radiofrequency ablation and investigate its clonal relationship to the pre-treatment Barrett’ related HGD.

metaplasia was seen.
Apart from two short tongues of Barrett’s that were
separate to the ulcerating lesion the entire oesophagus
was otherwise squamous-lined (Figure 1). The ulcerating lesion was characterized histologically as a squamous
carcinoma (Figure 2) and confirmed immunophenotypically by p63 positivity (Figure 2B). A staging computed
tomography scan confirmed the squamous cell cancer
to involve loco-regional lymph nodes without distant
metastases. The patient died prior to undergoing chemoradiotherapy due to an unrelated pneumonia.
In order to further characterise the genotypic features of the Barrett’s related HGD and the squamous
carcinoma, the samples underwent laser microdissection
and sequencing of exons 5-9 of TP53 and exon 2 of
CDKN2A as previously described[5]. These are known to
be commonly mutated in both squamous cell cancer and
Barrett’s HGD[6].
The biopsy samples of HGD demonstrated a mutation of CDKN2A c.286 G>A (p.V100M) (Figure 1A)
only. However the squamous cell cancer did not contain
the mutation detected in HGD, but demonstrated a different mutation of TP53 (c.817 C>T p. R273C) (Figure 2D).

CASE REPORT
A 52-year-old man was admitted to the endoscopy unit in
November 2008 for routine surveillance of Barrett’s oesophagus which he had undergone since 2005. The Barrett’s segment extended between 26 and 38 cm. Quadrantic biopsies demonstrated columnar-lined non-dysplastic
epithelium throughout the segment apart from biopsies
taken at 38 cm which demonstrated a high grade dysplasia. This was confirmed on subsequent endoscopies in
December 2008 and February 2009.
In April 2009 the patient underwent focussed radiofrequency ablation [RFA (HALO™ 90)] with a further session
of circumferential RFA in June 2009. Further focal RFA
was applied to several Barrett’s islands in December 2009
and June 2010. A follow up gastroscopy in September 2010
with quadrantic biopsies showed normal, non-dysplastic
squamous re-epithelialisation in all biopsies between 28 to
38 cm apart from two isolated areas at 35 and 38 cm which
showed intestinal metaplasia only on histology.
The patient underwent a further surveillance gastroscopy in August 2011. A large, ulcerating mass was found
between 35 to 39 cm involving the GOJ. No intestinal
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DISCUSSION
A number of therapeutic modalities are now available
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Figure 2 Endoscopic, genetic and histological figures of the patient after radiofrequency ablation. A: Endoscopic view of a 4cm ulcerating mass between 35 to
39 cm; B: Example of positive p63 stain of the biopsies taken from the ulcerating mass (arrow); C: Haematoxylin and eosin stain of biopsies taken from the ulcer crater demonstrating invasive squamous cell cancer (arrow); D: Sanger sequencing of a mutation in TP53 c.817 C>T p. R273C (upper panel, starred) Wild type Sanger
sequence of TP53 (lower panel).

for the treatment of Barrett’s oesophagus. Endoscopic
therapies are now widely used and robust analyses have
demonstrated efficacy in the treatment of HGD and intramucosal cancer[3,7]. Radiofrequency ablation of Barrett’s
mucosa is a relatively safe technique with perforation and
stricturing occurring less commonly than other endoscopic ablation techniques[1].
Our case is unique in that it shows the first demonstration of a squamous carcinoma occurring rapidly in an
oesophageal segment recently treated with radiofrequency
ablation for high-grade dysplasia.
There is a literature on the development of subsquamous Barrett’s after RFA with case reports demonstrating
the rare development of adenocarcinoma in these areas[8].
There are also reports of squamous carcinoma occurring after ablation[9] although we have described the first
case after RFA. The presence of squamous carcinoma in
this and other reports so soon after a normal endoscopy
subsequent to a successful ablation of Barrett’s related
pathology indicates that patients may still warrant surveillance of neo-squamous epithelium after RFA. We have
previously found somatic mutations in one case of normal squamous epithelium after radiofrequency ablation
(accepted for publication by Am J Gastro). The fact that
this may be a complication of RFA itself is indicated firstly by the absence of risk factors for squamous carcinoma
development in this patient and secondly by the rapidity
of its growth after RFA thermal injury. Thermal injury is
already implicated as a causative factor in squamous carcinoma development[10,11] albeit over longer time courses.
Several studies have recently demonstrated a potential common progenitor for squamous and columnar
epithelium by using mitochondrial and DNA mutations[4,5,12]. The fact that the two cancers are not clonally
related on targeted sequencing of genes commonly mutated in both adenocarcinoma and squamous cell cancer
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indicates a different clonal origin of the two neoplasias.
Given the squamous tumour was found at the same
location as the previous Barrett’s HGD and morphologically was not a mixed adenosquamous type tumour, an
alternative and interesting conjecture is that the eradication of Barrett’s dysplasia has allowed a protumorigenic
clonal squamous population to proliferate. Such clonal
competition has been suggested to occur in a number
of different neoplasias including Barrett’s oesophagus[5].
An interesting and related issue also pertains to why metachronous squamous carcinoma and Barrett’s is so uncommon given the number of shared risk factors[13] and adds
further weight to the idea that the clonal populations
that characterise BO, or the phenotype of the tissue itself may protect against the development of squamous
carcinoma.
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Colonic perforation by a transmural and transvalvular
migrated retained sponge: Multi-detector computed
tomography findings
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a ring-shaped hyperdense intraluminal material was
also noted. At surgery, the ascending colon appeared
irregularly thickened and folded with a focal wall interruption and a peri-visceral abscess at the level of the
hepatic flexure, but no diverticula were found. A right
hemi-colectomy was performed and on dissection of
the surgical specimen a retained laparotomy sponge
was found in the bowel lumen.
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Core tip: Transmural migrated retained sponges usually impact at the level of the ileo-cecal valve leading
to a small bowel obstruction. We report the case of
a 52-year-old female with a past surgical history and
recurrent episodes of abdominal pain. Contrast-enhanced multi-detector computed tomography findings
were consistent with a perforated right colonic diverticulitis with additional evidence of hyperdense intraluminal material. At surgery, a right hemi-colectomy
was performed and on dissection of the surgical specimen a retained laparotomy sponge was found in the
bowel lumen.

Abstract
Transmural migrated retained sponges usually impact
at the level of the ileo-cecal valve leading to a small
bowel obstruction. Once passed through the ileo-cecal
valve, a retained sponge can be propelled forward by
peristaltic activity and eliminated with feces. We report
the case of a 52-year-old female with a past surgical
history and recurrent episodes of abdominal pain and
constipation. On physical examination, a generalized
resistance was observed with tenderness in the right
flank. Contrast-enhanced multi-detector computed tomography findings were consistent with a perforated
right colonic diverticulitis with several out-pouchings
at the level of the ascending colon and evidence of
free air in the right parieto-colic gutter along with an
air-fluid collection within the mesentery. In addition,
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of C-reactive protein. At this time, a contrast-enhanced
CT scan was performed after oral administration of 1 L
of 2% diluted Diatrizoate-Dimeglumine (Gastrografin,
Bayer, Berlin, Germany).
Multi-detector row CT (Aquilion 64, Toshiba, Japan)
was performed using a detector configuration of 2 mm ×
16 mm, section thickness 5 mm, table speed of 36 mm/s
and a gantry rotation time of 0.75 (pitch factor = 0.844),
120 kVp and automatic dose modulation. A mono-phasic
caudo-cranial acquisition was performed 80 s. after iv bolus injection of 150 mL of non-ionic iodinated contrast
medium (Ultravist 370; Bayer, Berlin, Germany) at a rate
of 2 mL/s.
On contrast-enhanced CT, concentric wall thickening
was seen at the level of both the ascending and proximal
transverse colon with several out-pouchings consistent
with colonic diverticula (Figure 1A) and associated hyperplasic ileo-colic lymph nodes (Figure 1B). A small airfluid collection was also observed within the mesentery
with associated fat-stranding (Figure 1B). Extra-luminal
air was also evident at a more caudal level (Figure 1C) as
best shown on the pulmonary window setting (Figure
1D). CT findings were considered to be consistent with
a perforated right colonic diverticulitis. However, a ringshaped hyperdense intra-luminal material was also noted
in both the ascending colon and the proximal transverse
colon (Figure 1A-D).
The patient underwent urgent laparotomy. At surgery,
there was free air discharge on opening the peritoneum
with evidence of multiple adhesions between the terminal
ileum, the adjacent small bowel loops and the right colon.
The latter appeared irregularly thickened and folded with
evidence of a focal wall interruption and a peri-visceral
abscess at the level of the hepatic flexure. A right hemicolectomy was performed and on dissection of the surgical specimen a retained laparotomy sponge was found
within the bowel lumen (Figure 2).
Retrospective Maximum Intensity Projection reconstructed images clearly showed the transmural and transvalvular migrated sponge extending from the ileo-cecal
valve to the proximal transverse colon (Figure 3).
The post-operative period was uneventful and the patient was discharged the following week.

INTRODUCTION
Retained foreign bodies represent a relatively uncommon complication of abdominal or pelvic surgery with
a reported incidence of 1 every 1000-1500 operations.
However, the real frequency of retained foreign bodies
may be higher because of underreporting due to medicolegal concerns[1].
The commonest retained foreign bodies are surgical
sponges left behind during abdominal or pelvic surgery,
mainly after emergency or gynaecological interventions[2].
Clinical manifestations of retained surgical sponges can
be extremely variable and often non-specific with patients
being either asymptomatic or complaining of recurrent
and/or intermittent episodes of abdominal pain occurring from the immediate post-operative period to several
years after surgery[3].
This is largely based on the type of reaction, fibrinous or exudative, induced by the retained sponge in the
surrounding tissues. In the former, the retained sponge is
also referred to as gossypiboma[2]. Imaging characteristics
of gossypibomas have been well described on both abdominal plain film[4] and cross-sectional imaging[5,6].
More rarely, the retained sponge may migrate into
the gut lumen as a result of an exudative reaction leading
to a fistula within the bowel wall[7-9]. In this instance, the
patient will manifest signs and symptoms of small bowel
obstruction as the retained sponge impacts at the level of
the ileo-cecal valve[10].
Herein, we report a case of a 52-year old woman with
multi-detector computed tomography (CT) findings consistent with a perforated right colonic diverticulitis who
was found at surgery to have a retained sponge migrated
into both the ascending and proximal transverse colon
through the ileo-cecal valve.

CASE REPORT
A 52-year-old female was admitted to our hospital with a
5-d history of abdominal pain and constipation with tenderness in the right flank.
Her past medical history included a hysterectomy performed 5 years before for uterine fibromatosis with several episodes of intermittent abdominal pain and alternate
alvus thereafter. Abdominal ultrasonography showed a
concentric wall thickening at the level of both the terminal ileum and the ascending colon. Based on these clinical
and instrumental findings, a presumed diagnosis of inflammatory bowel disease was formulated and the patient
received treatment with mesalazine (500 mg × 3/d). An
abdominal magnetic resonance imaging (MRI) scan was
also performed and no remarkable findings were noted.
On physical examination, a pale abdomen was observed with a generalized resistance, more evident in the
right flank, with no rebound. Laboratory tests were unremarkable except for mild leucocytosis (WBC 15.8 × 103/
mL) and increased levels (17.2 mg/dL; n.v. < 1.0 mg/dL)
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DISCUSSION
Surgical sponges are the commonest foreign bodies left
behind after abdominal or pelvic operations. However,
while a retained sponge certainly represents an unusual
complication, its reported incidence is underestimated
due to medico-legal concerns[1].
As the cotton matrix is inert, the fate of a retained
surgical sponge is largely dependent on the type of reaction induced by the foreign material in the surrounding
tissues[3]. The first type is an aseptic fibrinous reaction
which generates adhesions and encapsulation of the cotton matrix. This usually results in a foreign body granu-

4458

April 21, 2014|Volume 20|Issue 15|

Camera L et al . Colonic perforation by a retained sponge

A

B

C

D
*

*

Figure 1 Multi-detector contrast-enhanced computed tomography. Transverse images of the lower abdomen are shown (A-D). A-B: Concentric thickening of the
bowel wall can be seen at the level of both the ascending and proximal transverse colon (arrow-heads) with evidence of several out-pouchings and associated hyperplasic ileo-colic lymph-nodes; In B a small air-fluid collection is also depicted within the mesenteric fat with associated fat-stranding (arrow); C: At a more caudal level,
extra-luminal air can also be seen, as best shown with pulmonary window settings (D). Retrospectively, a cluster of small bowel loops (arrow) is noted proximal to the
cecum. There is evidence of hyperdense ring-shaped intra-luminal material in all images; Orally administered iodinated contrast medium (Gastrografin) can be seen in
the small bowel loops which appear mildly dilated.
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Figure 2 Right hemi-colectomy. A huge laparotomy sponge (arrow-heads)
can be seen on dissection of the surgical specimen which included a cluster of
small bowel loops (sb) and the appendix (arrow).

Figure 3 Multi-detector contrast-enhanced computed tomography. An 80
mm thick maximum intensity projection (MIP) reconstructed image is shown;
The laparotomy sponge (arrow-heads) is clearly depicted in the right flank
extending from the ileo-cecal valve to the proximal transverse colon where the
perforation occurred; Stomach (*) and jejunal loops (°) appear opacified by
orally administered iodinated contrast medium (Gastrografin).

loma often referred to as gossypiboma, from the Latin
word Gossypium, meaning cotton, and the Swahili word
boma, meaning place of concealment[6]. This type of reaction is the most common and often clinically asymptomatic. As a result, gossypibomas are usually incidentally
detected on both abdominal plain films as well as crosssectional imaging and exhibit characteristic features[4-6].
More rarely, a surgical sponge may induce an exudative reaction leading to a phlegmon or abscess formation
resulting in the erosion and perforation of a hollow vis-
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°

cus followed by migration of the foreign body into the
gut lumen[7]. This process can take several years in which
the patient most often manifests unspecific symptoms
such as intermittent abdominal pain, weight loss, nausea,
anorexia and even mild fever[7-9].
Most commonly, the sponge migrates into the small
bowel lumen where it is pushed forward by peristaltic
activity and, as long as it does not encounter adhesions or
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strictures, it reaches the ileo-cecal valve where it usually
becomes impacted leading to a small bowel obstruction[10].
Once the sponge passes through the ileo-cecal valve it can
be propelled forward and eliminated with feces[11]. To the
best of our knowledge, there is no reported case in which
a transmural and transvalvular migrated surgical sponge
manifested clinically with a colonic perforation.
Our patient had long been complaining of recurrent
episodes of abdominal pain which had been erroneously
thought to be consistent with an inflammatory bowel disease. As we do not have any explanation as to how such
a diagnosis could only be based on clinical and ultrasonographic findings, the patient was under treatment with
mesalazine (500 mg × 3/d) and underwent an abdominal
MRI scan 3 mo prior to admission at our Institution. As
the MRI report did not mention any pathological signal
alteration within the peritoneal cavity, we can reasonably
assume that the perforation found at surgery was recent.
As far as the missed MRI diagnosis of an intra-luminal
foreign body is concerned, it is well known that retained
surgical sponges can be difficult to detect on MR images
due to the diamagnetic properties of the radiopaque filaments and the very few free protons contained in the
cotton matrix[12]. In our case, we can reasonably argue that
the surgical sponge was likely mistaken for normal fecal
content given its intraluminal localization, whereas an intra-abdominal gossypiboma may appear as a well-defined
mass of mixed signal intensities on MR images[13].
Surgical findings accounted for the concentric wall
thickening observed at the level of both the ascending
and proximal transverse colon (Figure 1A) as well as the
fluid collection and the nearby fat stranding depicted
within the mesentery (Figure 1B). At surgery, however,
no diverticula were found. Following dissection of the
surgical specimen (Figure 2), it was assumed that the retained sponge eroded the colonic wall from the inside. As
it is unknown why the perforation occurred at the level
of the proximal transverse rather than the ascending colon, it can be argued that it involved the more distal portion of the retained intraluminal sponge because it had
been lying there for a longer period of time.
As far as the oral administration of water-soluble
iodinated contrast medium is concerned, this is still a
controversial practice in the clinical setting of an adhesive
small bowel obstruction. As the patient had a past surgical history with recurrent episodes of abdominal pain
and constipation, it was wrongly assumed to be an adhesive small bowel obstruction by the on-call radiologist.
Indeed, a recent meta-analysis showed a beneficial effect
of orally administered Gastrografin in terms of both reducing the need for surgery and shortening hospital stay
for patients with adhesive small bowel obstruction[14].
However, in the present case, the presence of intraluminal contrast agent did not affect the correct interpretation of CT images as it did not reach the ileo-cecal valve
as shown by the coronal Maximum Intensity Projection
(MIP) reconstructed image (Figure 3).
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As the latter was not obtained in the prospective image analysis, the present case underscores the added diagnostic value of the coronal reformatted or reconstructed
multidetector CT (MDCT) images in the setting of acute
abdomen[15]. If it had been generated prospectively, the
coronal MIP image (Figure 3) would have pointed to the
correct diagnosis of an iatrogenic perforation as assessed
by laparotomy (Figure 2).
We report the case of a transmural and transvalvular
migration of a retained surgical sponge which manifested
with a colonic perforation.
To the best of our knowledge, no such cases have
been reported in the literature.
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Core tip: A patient with persisting constipation following STARR or transanal stapled rectal resection, carried out for rectal internal prolapse, needed a diverting
sigmoidostomy. She also had proctalgia due to retained
staples. Despite normal manometry and intestinal transit times, a deep rectal biopsy showed marked alterations of the intrinsic plexus, which was the main cause
of symptoms. Both morphology and function of the anorectum should be carefully investigated prior to indicate surgery. Obstructed defecation may be considered
an “Iceberg syndrome”: the rectal internal prolapse is
just the tip of the iceberg, and occult underlying lesions
should be properly diagnosed and cured.

Abstract
A rare case of a severely constipated patient with rectal aganglionosis is herein reported. The patient, who
had no megacolon/megarectum, underwent a STARR,
i.e. , stapled transanal rectal resection, for obstructed
defecation, but her symptoms were not relieved. She
started suffering from severe chronic proctalgia possibly
due to peri-retained staples fibrosis. Intestinal transit
times were normal and no megarectum/megacolon was
found at barium enema. A diverting sigmoidostomy was
then carried out, which was complicated by an early
parastomal hernia, which affected stoma emptying.
She also had a severe diverting proctitis, causing rectal
bleeding, and still complained of both proctalgia and tenesmus. A deep rectal biopsy under anesthesia showed
no ganglia in the rectum, whereas ganglia were present and normal in the sigmoid at the stoma site. As she
refused a Duhamel procedure, an intersphincteric rectal
resection and a refashioning of the stoma was scheduled. This case report shows that a complete assessment of the potential causes of constipation should be
carried out prior to any surgical procedure.
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INTRODUCTION
Chronic constipation may present in form of reduced
frequency or evacuation or as obstructed defecation,
which is usually characterized by frequent attempts to
evacuate with a lot of straining and without the sensation to have the rectum emptied. It may also require selfdigitation and it is frequently associated with a rectal
internal mucosal prolapse. Constipation may also be
present since the childhood and may be due to a defect
of rectal ganglia and to an uneffective peristalsis, usually
showed by abnormal anorectal manometry and intestinal
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transit time[1]. To find both conditions causing constipation in the same patient is rather unusual. Even more
unusual, the first time to our knowledge, is that, despite
normal manometry and transit times, the patient had a
rectal aganglionosis. Therefore we thought it was worth
publishing this rare case.

CASE REPORT
A 56 years-old nulliparous female patient presented at
our Unit complaining of severe proctalgia, tenesmus and
rectal bleeding two years after a STARR procedure for
obstructed defecation and six months after a diverting
sigmoidostomy. She also had a parastomal hernia. The patient looked anxious, but was in good general conditions.
Routine blood tests, EKG and Chest X-ray were normal.
The study of large bowel transit, carried out eight months
before by means of radiopaque markers was also normal,
as 80% of the markers had been expelled within 72 h.
Nevertheless she complained of constipation, i.e., infrequent and difficult emptying of the stoma. At the digital
exploration a tender painful mass was felt at the level of
the lower rectum, just above the anal canal, on both the
posterior and the anterior aspects, in correspondence of
retained staples, two of which could be detected by palpation. Proctoscopy showed a marked inflamed rectum,
with bleeding ulcerations and a hyperemic fragile mucosa.
As the patient reported that her constipation started in
the childhood an adult hypoganglionosis was suspected
and a deep rectal biopsy under anesthesia was carried out,
despite the anorectal manometry, performed one year before, had shown a normal recto-anal inhibitory reflex. A
deep colonic biopsy at the site of the sigmoidostomy was
also carried out, as shown in Figure 1.
The G.I. pathologist (V.V.) diagnosed a diversion
proctitis and a marked rectal alteration of the ganglion
cells, whereas the intrinsic innervations at the deep colonic biopsy looked normal (Figures 2-4).
As the patient’s symptoms were worsening, a surgical
operation was advised consisting of rectosigmoid resection and Duhamel anastomosis at the anal canal. The
patient, once informed that this major operation had to
be scheduled in two stages (recto-sigmoid resection and
diverting ileostomy, plus closure of the stoma after six
months), refused to undergo a restorative procedure as
was afraid to become incontinent. An intersphincteric
resection of the rectum and the lower sigmoid with a refashioning of the stoma, i.e., correction of the parastomal
hernia with a mesh and fashioning of a terminal sigmoidostomy was then scheduled.

Figure 1 Details of the lesions and the procedures carried out in our
patient. The drawing shows the staple line anastomosis of the STARR with
the peristaples fibrosis (grey) triggering the nerve spindles (black dots) located
above the puborectalis muscle and the levator ani. The blue circles indicate the
deep rectal and colonic biopsies, aimed at evaluating the intrinsic nerves. The
red spots in the rectum indicate the diversion proctitis and the asterix on the
small bowel loop indicates the parastomal hernia, due to the diastasis of the
abdominal wall muscle.

Figure 2 Diversion proctitis. Presence of minimal architectural distortion of
the crypts and lymphoyd follicular hyperplasia in the lamina propria (arrow):
hematoxylin and eosin × 20.

rectal aganglionosis, or Hirschprung’s disease, usually
have a megarectum-megacolon, an absence or alteration
of the recto-anal inhibitory reflex at anorectal manometry and slowered intestinal transit times[3], whereas rectoanal reflex and transit time were normal in our patient.
Moreover, patients with rectal a- or hypoganglionosis and
those with neuronal dysplasia are likely to have a slow
transit constipation with an empty rectum and a reduced
frequency of the evacuations, whereas our patient more
often suffered from obstructed defecation, i.e., various
ineffective attempts to empty the bowel, requiring straining and sometime self-digitation, accompanied by pelviperineal heaviness and sense of incomplete evacuation.
Due to these symptoms, she underwent her first operation, i.e., a STARR procedure, which is a double stapled
resection of the anterior and posterior wall of the lower
rectum, aimed at correcting the recto-rectal or recto-anal
intussusception. Boccasanta et al[4] achieved good results
on the short-term, but also reported 20% of painful
defecation and proctalgia in 20% of their patient at one

DISCUSSION
Constipation may be due to several causes, among them
rectal aganglionosis, which may also occur in the adult.
In this case a complete absence of the ganglia is unlikely,
whereas either an hypoganglionosis or a ganglion dysplasia is much more frequent[2]. However, patients with
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Figure 3 Microscopic findings (deep rectal biopsy). A: Rectal mucosa hematoxylin and eosin (HE) × 20; B: Nervous plexus in the muscular layer; absence of
mature gangliar cells HE × 40; C: S-100 immunostain: nervous intramuscular plexus. Absence of gangliar cells, positivity of glial cells × 40; D: NSE immunostain: Nervous intramuscular plexus. Absence of gangliar cells, × 40.

year, which was the symptom reported by our patient.
Moreover, pain may arise at the site of staple line due to
the peristaple fibrosis, triggering the nervous network on
the puborectalis muscle[5], exactly the same area where
our patient felt the maximum pain at the digital exploration. Recurrence of symptoms, i.e., constipation, following STARR is widely reported by the literature: according
Gagliardi et al[6] 55% of the patients still are constipated
18 mo after surgery. This was the case of our patient.
Symptoms are likely to have persisted because a
complete assessment for the potential causes for constipation was not carried pre-operatively. According to
our theory of obstructed defecation as an “iceberg syndrome”, based on a prospective study carried out on 100
patients, the recto-anal intussusception is just “the tip of
the iceberg” and a number of potential both functional
and organic “underwater rocks”, i.e., underlying occult
lesions, should be investigated prior to indicate surgery,
e.g., altered psychological pattern[7]. Should we have seen
the patients first, we would have performed a deep rectal
biopsy, which would have revealed the disordered ganglia,
and a psychological assessment, which would have probably shown a high level of anxiety. Then, in case of unsuccessful biofeed-back, colonic irrigation and psychological
support, we would have carried first a non-invasive Lynn
rectal myectomy, a procedure often effective in case of
short rectal aganglionosis and then, in case of failure, a
Duhamel procedure.
Due to both proctalgia and recurrent severe constipa-
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tion after STARR, she underwent a stoma creation in another hospital. Stoma creation is an alternative treatment
to restorative surgeries for persisting constipation not responding to conservative and other surgical treatment[8].
Finally, parastomal hernia is the most frequent complication after stoma formation[9].
Diversion proctitis, which affected our patient, may
arise after fecal diversion due to the alteration of the trophism of the rectal mucosa, which is due to the passage
of the stool[10]. Bleeding is one of the more common
symptoms in patient s with diverting proctitis.
The fact that our patient refused a major restorative
operation is comprehensible, as Duhamel procedure may
be followed by fecal incontinence in a number of cases[11].
Therefore an intersphincteric resection of the rectum
and the lower sigmoid, which may be carried out by a
combined transanal and abdominal route with a cosmetic
Pfannestiel incision seemed to us a valid alternative. The
excision of the peristapled fibrosis, aimed at curing the
proctalgia, was also planned.
In conclusion, this clinical case seemed to us worth
to be reported as it seems quite unusual, due to the absence of rectal ganglia in an adult with normal anorectal
manometry and intestinal transit time study. This discrepancy might be due to the fact that the pathological
disorders of the intrinsic nerves was not severe enough
to completely impair large bowel motility. Moreover, the
present report may offer a warning against the abuse of
a novel high-cost procedure, such as the STARR opera-
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Figure 4 Microscopic findings (deep sigmoid biopsy). A: Afferent loop of the sigmoidostomy HE × 20; B: Nervous plexus in the muscular layer; presence of mature gangliar cells (arrows) HE × 40; C: S-100 immunostain: nervous intramuscular plexus. Presence of gangliar cells (arrows), positivity of glial cells × 40; D: NSE
immunostain: nervous intramuscular plexus. Presence of gangliar cells positive at immunostain (arrows), × 40.
through the stoma, and her anxiety, which might have worsened constipation
prior to the STARR, was mainly due to the loss of an adoptive son.

tion, which may carry high recurrence ad reintervention
rate, without a proper complete assessment of the patient
prior to surgery.

Term explanation

STARR is a transanal stapled resection of the rectum, aimed at excising rectocele and rectal internal prolapse, which carries 20% of chronic proctalgia and
occasional life-threatening complications.
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empty her stoma, and severe proctalgia following STARR and sigmoidostomy.

Differential diagnosis

This study suspected that constipation was also due to other reasons rather
than simply the rectal internal mucosal prolapse causing obstructed defecation,
for which the STARR had been carried out, and we wanted to investigate if the
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manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.
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PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used
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section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer, 2002:
30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and
end page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
USD per article. All invited articles are published free of charge.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
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Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
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Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin

WJG|www.wjgnet.com

David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona

WJG|www.wjgnet.com

Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
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Increased susceptibility of aging gastric mucosa to injury:
The mechanisms and clinical implications
Andrzej S Tarnawski, Amrita Ahluwalia, Michael K Jones
leads to activation of the early growth response-1
(egr-1) transcription factor. Activation of egr-1, in turn,
upregulates the dual specificity phosphatase, phosphatase and tensin homologue deleted on chromosome
ten (PTEN) resulting in activation of pro-apoptotic caspase-3 and caspase-9 and reduced expression of the
anti-apoptosis protein, survivin. The imbalance between
pro- and anti-apoptosis mediators results in increased
apoptosis and increased susceptibility to injury. This
paradigm has human relevance since increased expression of PTEN and reduced expression of survivin were
demonstrated in gastric mucosa of aging individuals.
Other potential mechanisms operating in aging gastric
mucosa include reduced telomerase activity, increase
in replicative cellular senescence, and reduced expression of vascular endothelial growth factor and importinα-a nuclear transport protein essential for transport of
transcription factors to nucleus. Aging gastropathy is
an important and clinically relevant issue because of: (1)
an aging world population due to prolonged life span;
(2) older patients have much greater risk of gastroduodenal ulcers and gastrointestinal complications (e.g. ,
NSAIDs-induced gastric injury) than younger patients;
and (3) increased susceptibility of aging gastric mucosa
to injury can be potentially reduced or reversed pharmacologically.
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Abstract
This review updates the current views on aging gastric mucosa and the mechanisms of its increased susceptibility to injury. Experimental and clinical studies
indicate that gastric mucosa of aging individuals-“aging gastropathy”-has prominent structural and functional abnormalities vs young gastric mucosa. Some of
these abnormalities include a partial atrophy of gastric
glands, impaired mucosal defense (reduced bicarbonate and prostaglandin generation, decreased sensory
innervation), increased susceptibility to injury by a variety of damaging agents such as ethanol, aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDs),
impaired healing of injury and reduced therapeutic efficacy of ulcer-healing drugs. Detailed analysis of the
above changes indicates that the following events occur
in aging gastric mucosa: reduced mucosal blood flow
and impaired oxygen delivery cause hypoxia, which
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Core tip: This review focuses on aging gastric mucosa
and its increased susceptibility to injury. The following
events occur in aging gastric mucosa: reduced mucosal
blood flow and hypoxia, upregulates PTEN that activates pro-apoptotic caspases and reduces anti-apoptosis protein, survivin. The imbalance between pro- and
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anti-apoptosis mediators results in increased apoptosis
and increased susceptibility to injury. Aging gastropathy is an important and clinically relevant issue because
of: (1) an aging world population; (2) older patients
have much greater risk of gastroduodenal ulcers and
gastrointestinal complications (e.g. , non-steroidal antiinflammatory drugs-induced gastric injury) than younger patients; and (3) increased injury of aging gastric
mucosa can be reversed pharmacologically.
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INTRODUCTION
Experimental and clinical studies indicate that the gastric
mucosa of aging individuals (which we refer to herein
as aging gastric mucosa and/or “aging gastropathy”-the
term that we proposed earlier[1]) has prominent structural
and functional abnormalities vs young gastric mucosa[1-3]
that impair gastric mucosal defense.
Gastric mucosal defense and its impairment in aging
Mucosal defense in normal stomach, its particular components, and the mechanism of gastric mucosal injury
have been reviewed in detail in previous papers[4-6]. Under
normal conditions, gastric mucosal integrity is maintained
by defense mechanisms (Figure 2), which include pre-epithelial, epithelial and post-epithelial components[4,5]. The
pre-epithelial component: mucus-bicarbonate-phospholipid “barrier”-constitutes the first line of gastric mucosal
defense[4]. The epithelial component consists of a continuous layer of surface epithelial cells interconnected by
tight junctions and forming the epithelial “barrier”. These
epithelial cells generate and secrete bicarbonate, mucus,
phospholipids, trefoil peptides, prostaglandins (PGs) and
heat shock proteins[4]. The integrity of the epithelial cell
layer is maintained by continuous cell renewal that is accomplished by proliferation of progenitor cells regulated
by growth factors, prostaglandin E2 and survivin-an antiapoptosis and mitosis-promoting protein[4]. The post-ep-
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Figure 2 Gastric mucosal defense. Schematic representation of gastric mucosal defense mechanisms. Reproduced with permission from Laine, Takeuchi and Tarnawski[4]. (1) “Unstirred” layer of mucus/bicarbonate/phospholipids above surface epithelial cells constitutes the first line of defense. It maintains a pH of approximation
7.0 (close to the physiological cell pH) at the surface epithelial cells, while pH in the lumen is about 1.0-3.0; (2) the surface epithelial cells secrete mucus, bicarbonate
and synthesize prostaglandins and heat shock proteins; (3) mucosal cell renewal from mucosal progenitor cells is driven by growth factors (transforming growth factor
α and insulin like growth factor-1α) utilizing the epidermal growth factor receptors). Expression of survivin in epithelial progenitor cells prevents apoptosis and is the
key for “immortality” of these cells under normal conditions; (4) “Alkaline tide”-parietal cells secreting HCl into the gastric gland lumen concurrently secrete bicarbonate
into the lumen of adjacent capillary blood vessels. Bicarbonate is transported to the surface and contributes to the first line of defense; (5) mucosal microcirculation
through the capillary microvessels is essential for delivery of oxygen and nutrients. Endothelial cells of microvessels generate prostaglandins, mainly PGI2 (prostacyclin)
and nitric oxide, which exert vascular and mucosal protective actions; (6) sensory nerve stimulation by H+-ion or other irritants causes release of neurotransmitters
such as calcitonin gene related peptide (CGRP) and substance P in nerve terminals, which induce vasodilatation and enhance mucosal blood flow; and (7) continuous
generation of prostaglandin E2 (PGE2) and prostacyclin (PGI2) by the gastric mucosal cells is crucial for the maintenance of mucosal integrity. Almost all of the above
(1-6) mucosal defense mechanisms are stimulated or facilitated by endogenous or exogenous prostaglandins. CRF: Corticotrophin-releasing factor; TRF: Thyrotropinreleasing factor; CCK: Cholecystokinin.

ation of PGs and nitric oxide[4,5]. The structural elements
of normal gastric mucosal defense were reviewed and
discussed in detail in our previous paper[4] and are presented in Figure 3. Importantly, gastric mucosal defense
is also regulated by the central nervous system through

ithelial component of mucosal defense includes continuous blood flow through mucosal microvessels lined with
endothelial cells forming an endothelial “barrier”, sensory
nerves releasing calcitonin gene-related peptide (CGRP)
and hence regulating mucosal blood flow; and, the generWJG|www.wjgnet.com
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Figure 3 Structural components of gastric mucosal defense: surface epithelial cells, progenitor cells and blood microvessels. Reproduced with permission from Laine, Takeuchi and Tarnawski[4]. A: Histology of upper part of human gastric mucosa visualizing surface epithelial cells (SEC), foveoli (F), and upper gland
area. (Hand E staining; original magnification, × 50). Blood microvessels with erythrocytes in the lumen are present in the lamina propria (arrows); B: Scanning electromicrograph of human gastric mucosal luminal surface. The unstirred mucus gel layer is not seen because of dissolution during fixation. Individual SEC are clearly
visible as are lumina of the gastric pits (white arrows). Reproduced with permission from Tarnawski et al[7]; C: Immunostaining of human gastric mucosa with survivin
(anti-apoptosis protein) antibody. Survivin is strongly expressed (brown-red staining) in the epithelial progenitor cells located in the foveolar/neck area (arrowheads).
Reproduced with permission from Tarnawski et al[1]; D: Vascular cast study of capillary blood vessels in the gastric mucosa using Mercox resin. The remaining components of the mucosa were dissolved with concentrated NaOH. Reproduced with permission from Ichikawa, Tarnawski et al[8]; E: Transmission electron micrograph
of normal human gastric mucosa. SEC contain dark mucus granules (MG, arrows). Below the surface epithelial cells, a capillary blood vessel (CAP) with erythrocytes
(E) in the lumen is present in the lamina propria. N, nucleus of endothelial cell lining capillary vessel (original magnification, × 2000). Reproduced with permission from
Tarnawski et al[9]; F: Transmission electron micrograph of a portion of human gastric capillary blood vessel. The structure of the capillary wall and endothelial cell cytoplasm is normal with a characteristic fenestration (arrows) allowing transport. BM: basement membrane; E: erythrocytes in the capillary lumen; J: junction between
two neighboring endothelial cells; CF: collagen fibers. Original magnification, × 17400. Reproduced with permission from Tarnawski et al[9].

is significantly reduced in aging vs young rats; and, that
aging rats are more susceptible to aspirin-induced acute
gastric mucosal injury[10]. Gronbech and Lacy examined
in young and aged Fisher 344 rats damage of gastric
mucosa by exposure to either 80% ethanol for 30-45
s or 1 mol/L NaCl for 10 min followed by saline in a
chambered stomach model[11]. They found that the mucosal lesions were significantly more extensive, and epithelial restitution was significantly reduced and delayed
in aging vs young rats after both types of injury[11]. In
separate experiments, they monitored changes in gastric
mucosal blood flow using a laser-Doppler flow-meter
and demonstrated that young rats had a marked increase
in gastric mucosal blood flow in response to 1 mol/L
NaCl, luminal acid challenge, and capsaicin treatment;
and, that these responses were abolished in aging rats[11].
Moreover, aging rats had a lower density of CGRP (+)
positive nerve fibers around gastric submucosal blood

vagal innervation, the release of corticotrophin-releasing
factor, thyrotropin-releasing factor, melatonin and others;
by hormones including gastrin, cholecystokinin, adrenal
corticosteroids; and by growth factors and cytokines[4].
Gastric mucosal injury occurs when injurious factors
“overwhelm” a normal, intact mucosal defense or when
the mucosal defense is impaired[4,5]. The mechanisms of
mucosal injury and its repair were described in detail in
our previous publications[5,6].
Impaired gastric mucosal defense in aging individuals
Previous studies showed that aging gastric mucosa has
impaired mucosal defense including reduced mucus
and bicarbonate secretion, decreased prostaglandin
generation, reduced nitric oxide synthase (NOS) activity; and, impaired sensory nerve responses to luminal
acid[10-16]. Lee and Feldman demonstrated in Fisher 344
rats in vivo that gastric mucosal prostaglandin synthesis

WJG|www.wjgnet.com
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Figure 4 Photomicrographs of gastric mucosa in young and aging rats. In gastric mucosa of aging rats there is partial atrophy of gastric glands in the basal
mucosa and their replacement with connective tissue (*). A: Hematoxylin and eosin staining at low magnification (x 100) is shown in the upper panels and higher
magnification (x 500) is shown in the lower panels; B: Quantification of connective tissue in the lower one third of the gastric mucosa shows a significant increase in
connective tissue replacing glandular cells in aging rats. Quantification of the number of inflammatory cells in gastric mucosa shows no inflammation (only a minimal
number of inflammatory cells) and no difference between young and aging rats indicating that atrophic changes are not accompanied by an inflammation. Reproduced
with permission from Tarnawski et al[1].
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Figure 5 transmission electron microscopy. A: Transmission electron micrograph of perivascular connective tissue from a 3-month-old control rat from the basal
portion of the oxyntic mucosa. The connective tissue shows numerous collagen fibers (C); L, Microvessel lumen. Magnification x 19000; B: Transmission electron micrograph of perivascular connective tissue from an old rat. In the basal portion of the oxyntic mucosa, collagen fibers are mostly absent and replaced by rudimentary
collagen fibers (arrows) and deposits of amorphous fibrillar material (F). P: parietal cells; L: Blood microvessel lumen; N: nerve bundle. Magnification x 19000. Reproduced with permission from Hollander, Tarnawski et al[2].

vessels and decreased mucosal release of prostaglandin
E2 compared to young rats[11]. These data demonstrated
impaired gastric mucosal defense and reduced gastric
epithelial restitution in aging rats, which were related to
the lack of hyperemic response to mucosal injury likely

WJG|www.wjgnet.com

due to reduced CGRP (+) nerve fibers and decreased
prostaglandin generation in aging gastric mucosa[11]. Other studies demonstrated aging-related changes in gastric
mucosal glycoprotein synthesis, reduced gastric mucosal
bicarbonate secretion and reduced gastric mucosal blood
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Figure 6 Gastric mucosal blood flow measured with BLF21 Laser-Doppler flow meter and mucosal hypoxia visualized by Hypoxy probe-1. A: In gastric
mucosa of aging rats at baseline, mucosal blood flow, expressed in perfusion units, is significantly reduced by approximation 60% (vs young rats; p = 0.0015). Such
a dramatic reduction in blood flow likely leads to chronic hypoxia; B: Photomicrographs of rat gastric mucosa. Gastric mucosal hypoxia is visualized by immunohistochemical staining utilizing the small molecular marker, pimonidazole HCl (Hypoxy probe-1), which binds selectively to oxygen starved cells[30]. In young rats, Hypoxy
probe-1 staining is negative in both connective tissue and epithelial cells of the gastric mucosa demonstrating the absence of hypoxia. In aging rats, positive staining
is strongly expressed (brown staining) in the upper and mid-mucosa, mainly in the progenitor and parietal cell zone (arrows), reflecting severe hypoxia in these cells.
As a positive control we used gastric mucosa of young rats that had all major gastric arteries ligated for 1 h. A strong accumulation Hypoxy probe-1 is present in the
majority of epithelial cells (brown staining) reflecting profound cell hypoxia. Reproduced with permission from Tarnawski et al[1].

flow in aging vs young rats[12-14]. Importantly human studies confirmed clinical relevance of these experimental
findings. Cryer et al[17] and Goto et al[18] demonstrated in
humans an age-associated decrease in gastric mucosal
prostaglandin concentration vs young individuals. In another human study, Feldman and Cryer[19] showed that
aging is associated with a significant reduction in gastric
bicarbonate, sodium ion and non-parietal fluid secretion.
Since mucosal defense is significantly reduced in aging
gastric mucosa, not surprisingly one can anticipate increased susceptibility of aging gastric mucosa to injury.

ly increased gastric mucosal injury by aspirin and other
NSAIDs[23,26-29]. Older patients taking low-dose aspirin
or NSAIDs also have a much greater absolute risk of
gastrointestinal (GI) complications than younger patients.
Patrono et al[28] reported that the risk of ulcer complications in subjects under 50 years of age was below 0.5%
while the risk was nearly 4% in subjects aged 70-79 years
and approximately 6% in subjects over 80 years of age.
Even though a 2-fold increase in risk with low-dose aspirin is consistent across the different age groups, the incidence of complications and the absolute increase in complications with aspirin vs controls is dramatically higher in
the older population due to their higher baseline risk[28].
Furthermore, the concurrent use of other medications
(e.g., NSAIDs) that increase the risk of bleeding in lowdose aspirin users also increases with age[26-29].

Increased susceptibility of aging gastric mucosa to
injury
Experimental studies showed that gastric mucosa of aging rats has increased susceptibility to injury by a variety
of damaging agents such as ethanol, aspirin and other
NSAIDs, hypertonic saline, bile acids, cold restraintinduced stress and other factors[10,11,20-25]. Human studies
fully confirmed these experimental findings and demonstrated that patients over 65 years of age have significant-

WJG|www.wjgnet.com

Structural abnormalities of aging gastric mucosa
In a previous study we analyzed structural changes in
gastric mucosa of aging (vs young) rats by quantitative
histology[1]. That study demonstrated a partial atrophy of
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Figure 7 Increased expression of early growth response-1 and increased early growth response-1 transcriptional activity in gastric mucosa of aging vs
young rats. A: Representative Western blotting demonstrate increased early growth response-1 (egr-1) protein expression in gastric mucosa of aging (vs young) rats;
B: Assessment of egr-1 transcriptional activity in gastric mucosa of young and aging rats was performed using the TranSignal™ TF-TF Interaction Array (Panomics,
Redwood City, CA). The egr-1 cis-element is spotted in duplicate: in the first row DNA was spotted without dilution; in the second row DNA was diluted ten times (1:10).
In gastric mucosa of aging rats there is a significant, 2.7-fold increase (vs that of young rats; p < 0.02) in binding of egr-1 protein to its GC-rich cis elements that are
highly expressed in the PTEN gene promoter. Reproduced with permission from Tarnawski et al[1].

gastric glands and their replacement with increased connective tissue in the basal one third of the mucosa (Figure
4A). Quantification of connective tissue in the lower one
third of the gastric mucosa shows a significant approximately 3 fold increase in connective tissue replacing glandular cells in aging rats (Figure 4B). These findings were
independently confirmed later by another group[3].
In a separate study using transmission electron microscopy (TEM) (Figure 5) we demonstrated prominent
histologic and ultrastructural alterations in gastric mucosa
of aging rats including disorganized collagen fibrils in
connective tissue immediately adjacent to capillary blood
vessels (Figure 5B)[2]. We postulated that these changes
could interfere with nutrient and oxygen transport and
hence lead to hypoxia as well as the accumulation of
toxic metabolites[2].

using the specific Hypoxy-1 probe, which visualizes tissue and individual cell hypoxia[30]. In addition, we also
examined expression of early growth response-1 (egr-1),
a transcription factor (which is activated by hypoxia)
and expression of dual phosphatase and tensin homologue deleted on chromosome ten (PTEN). PTEN is a
dual specificity phosphatase that inhibits the PI3K/Akt
signaling pathway crucial for cell survival and therefore
promotes apoptosis[31-34]. Furthermore, the same study[1]
examined apoptosis in the gastric mucosa of aging vs
young rats using the terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate (dUTP) nick-end
labeling (TUNEL) method and also quantified expression
and activation of the apoptosis-inducing executioner proteases: caspase-3 and caspase-9 described in our previous
paper[35], as well as the anti-apoptosis protein, survivin
described in our previous studies[36,37]. That experimental
study[1] showed that gastric mucosa of aging rats exhibits:
(1) Significantly reduced mucosal blood flow (by approximation 60%) compared with gastric mucosa of young
rats (Figure 6A) resulting in marked hypoxia (reflected by
the accumulation of Hypoxia-1 probe) of the upper and
middle gastric mucosa, mainly in parietal and progenitor
cells (Figure 6B). It should be noted that a recent human

Mechanisms of aging gastropathy-novel insight
While previous studies showed reduced gastric mucosal
blood flow in aging rats, those studies did not examine
mucosal hypoxia directly. To fill this gap we examined
gastric mucosal blood flow in young (3 mo of age) and
aging (24 mo of age) rats using a laser Doppler flowmeter as well as determined mucosal oxygenation [1]

WJG|www.wjgnet.com
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Figure 8 Increased expression of dual phosphatase PTEN and reduced expression of survivin in gastric mucosa of aging vs young rats. A: Real time PCR;
B: Representative Western blotting showing a significant increase in phosphatase and tensin homologue deleted on chromosome ten (PTEN) mRNA and protein expression, respectively in gastric mucosa of aging vs young rats; C: Representative Western blotting showing a significant decrease in survivin (anti-apoptosis protein).
Reproduced with permission from Tarnawski et al[1].

ing survivin and inducing apoptosis[33,34]; (4) Significantly
increased apoptosis demonstrated by TUNEL assay (Figure 9A and B); (5) Significantly increased expression of
cleaved caspase-3 and caspase-9, which induce apoptosis
(Figure 10); and (6) Significantly increased susceptibility
to ethanol-induced injury compared with gastric mucosa
of young rats (Figure 11A). The crucial mechanistic role
of PTEN in the increased susceptibility of aging gastric
mucosa to injury is evidenced by the finding that downregulation of PTEN protein expression by local admin-

study fully confirmed these experimental findings and
demonstrated abnormalities in gastric submucosal vessels
and gastric submucosal arteriolar dysfunction in elderly
patients, which may lead to reduced blood supply[38]; (2)
Increased expression of egr-1 protein, which is activated
by hypoxia, and increased egr-1 transcriptional activity
(Figure 7); (3) Increased expression of PTEN mRNA and
protein, and reduced expression of survivin (Figure 8).
This is mechanistically important since increased PTEN
arrests cell growth and inhibits cell survival by reducWJG|www.wjgnet.com
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Figure 9 TUNEL staining for apoptosis in gastric mucosa of young and aging rats. A: The photomicrographs of gastric mucosa of young and aging rats at
baseline (magnification x 100). In situ cell death (apoptosis) detection by terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) was used to
visualize apoptotic-positive cells (brown staining); B: Quantification of the number of positively labeled cells demonstrated that gastric mucosa of aging rats exhibits a
significantly increased number of apoptotic cells vs mucosa of young rats. The increased apoptosis prominently involved epithelial cells at the basal mucosa explaining
atrophy of the basal gastric glands shown in Figure 4. Reproduced with permission from Tarnawski et al[1].
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Figure 10 Expression of cleaved caspase-3 and caspase-9 protein levels by Western blotting in gastric mucosa of young and aging rats. In gastric mucosa
of aging rats there is a significant increase in apoptotic cis-inducing (A) cleaved caspase-3 and (B) caspase-9 compared to gastric mucosa of young rats. Reproduced
with permission from Tarnawski et al[1].
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Mucosal lesion areas (% to control)

A

dation also significantly contribute to impaired gastric
mucosal defense and increased susceptibility to injury of
aging gastric mucosa. Shortening of telomeres or loss of
telomere function seen during aging, results in activation
of DNA damage checkpoint responses[39]. In aging gastric mucosa these events result in a biologically irreversible state of cell-growth arrest or cellular senescence[40],
which increases susceptibility to injury from damaging
agents.
In addition, our recent study in rats identified in aging gastric mucosa reduced expression of vascular endothelial growth factor (VEGF)-which is a pro-angiogenic
factor and protects gastric endothelial cells[41]. Our subsequent study showed that reduced VEGF expression in
aging gastric mucosa is mediated by the downregulation
in gastric endothelial cells of importin-α, nuclear transport protein essential for transport of transcription factors to the nucleus[42].
One of the potential factors and targets operating in
aging may be Klotho-a membrane protein related to β
glucuronidase. Mutation of this protein has been associated with human aging and circulating levels of Klotho
protein decline with age[43]. Klotho deficient mice have
many features of human premature aging syndromeprogeria[43,44]. Klotho overexpression in mice extended
lifespan of mice by 19%-31% vs normal mice[44]. A study
examining Klotho expression in mice demonstrated
that in normal mice Klotho is expressed in the stomach,
mainly in the myenteric plexus and the loss of Klotho (in
homozygous Klotho-/- mice) causes depletion of interstitial cells of Cajal and their progenitors resulting in gastric
motor dysfunction[45]. Our preliminary data indicate that
in contrast to Klotho deficient mice with premature aging
syndrome, in normally aging rats Klotho expression in
gastric mucosa in epithelial and vascular compartments is
similar to that in young rats.
A summary of structural, functional and biochemical abnormalities of aging gastric mucosa is presented in
Table 1.
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Figure 11 extent of ethanol-induced gastric mucosal injury in young and
aging rats. A: Three hours after intragastric administration of 8 ml/kg of 50%
ethanol, gastric mucosal injury is significantly increased in aging rats vs young
rats; B: Intragastric administration of ZnSO4 for 4 h (2 ml 0.5% solution) downregulates phosphatase and tensin homologue deleted on chromosome ten
(PTEN) protein expression in gastric mucosa of aging rats vs placebo control
(PL); C: Intragastric administration of ZnSO4 to aging rats for 4 h completely reverses the increased susceptibility of gastric mucosa to ethanol-induced injury
indicating a causal relationship between PTEN and mucosal injury. Reproduced
with permission from Tarnawski et al[1].

DISCUSSION
Detailed analysis of the above changes indicates the following sequence of events taking place in aging gastric
mucosa: (1) reduced mucosal blood flow and impaired
oxygen delivery causes hypoxia, which leads to activation
of the egr-1 transcription factor; (2) Activated egr-1 in
turn upregulates PTEN, which induces cleavage-mediated activation of the pro-apoptotic proteases, caspase-3
and caspase-9[1]. In addition, upregulated PTEN exerts a
pro-apoptotic action by reducing expression of the antiapoptosis protein, survivin; and (3) This imbalance between pro- and anti-apoptosis factors results in increased
apoptosis and increased susceptibility to injury[1].
We also tested human relevance of this concept and
demonstrated increased expression of PTEN and reduced expression of survivin in human gastric mucosa
of aging individuals[1]. This clearly indicates the human
relevance of our experimental findings and also can ex-

istration of ZnSO4 completely reversed the increased
susceptibility of gastric mucosa of aging rats to ethanolinduced injury[1] (Figure 11B and C).
We also tested human relevance of these experimental
findings. These studies[1] demonstrated that gastric mucosa of aging humans has increased expression of PTEN;
and, reduced expression of survivin, anti-apoptotic and
mitosis-promoting protein (Figure 12)[1], which is a major
target for NSAIDs-induced gastric mucosal injury[36,37].
Other mechanisms of impaired gastric mucosal defense
in aging gastric mucosa
Other abnormalities including reduced telomerase activity[39], cellular senescence[40] and increased lipid peroxi-
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Figure 12 Human relevance: expression of phosphatase and tensin homologue deleted on chromosome ten and survivin in gastric mucosa of young
and aging individuals. A: Quantification of phosphatase and tensin homologue deleted on chromosome ten (PTEN)-positive cells in gastric mucosal sections demonstrated a significantly increased number and significantly increased mucosal area of positively stained cells, mainly epithelial cells in aging (≥ 70 years of age)
vs young patients. The threshold of positive staining was set at level 75 on scale 0-255. Reproduced with permission from Tarnawski et al[1]; B: Photomicrographs of
representative sections of human gastric mucosa of young and aging patients immunostained for survivin[1]. In gastric mucosa of young patients (40 years of age and
younger), survivin expression is strong (brown-red staining) in the nuclei of the progenitor cells; C: Quantification of the number of positively stained cells for survivin
demonstrated significantly reduced survivin expression in the gastric mucosa of aging patients (70 years of age or older) vs young patients as reflected by significantly
fewer positively stained cells. Reproduced with permission from Tarnawski et al[1].

A subsequent study by another group[3] fully confirmed our findings including the basal atrophy of gastric
glands in gastric mucosa of aging rats and the increased
expression of egr-1, PTEN, and caspase-9 and also
showed reduced mRNAs for CGRP and neuronal NOS.

plain the increased susceptibility of aging human gastric
mucosa to injury as a consequence of the mechanisms
leading to the imbalance between pro-apoptotic PTEN
and anti-apoptotic survivin, which were established in
our studies utilizing a rat model[1].
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Table 1 Structural, functional and biochemical abnormalities of aging gastric mucosa
Partial atrophy of gastric glands in the basal one-third of the mucosa and their replacement with connective tissue
Degenerative changes in parietal and chief cells and accumulation of disorganized collagen fibrils in connective tissue immediately adjacent to
capillary blood vessels. The latter most likely interferes with transport of oxygen and nutrients
Reduced sensory innervation and abolished hyperemic response to mild and moderate irritants
Reduced bicarbonate and prostaglandin generation and secretion
Reduced (by 60%) mucosal blood flow and profound hypoxia of epithelial cells
Increased expression of egr-1 and its transcriptional activity-most likely responsible for activation of the PTEN gene
Increased expression of PTEN mRNA and protein (pro-apoptosis protein) and reduced expression of survivin (anti-apoptosis protein); this imbalance
results in increased apoptosis
Increased apoptosis
Other abnormalities: reduced telomerase activity, cellular senescence, increased lipid peroxidation, impaired hypoxia sensor in endothelial (and
epithelial?) cells, increased reactive oxygen species, downregulated or mutated Klotho protein in some submucosal neural elements, and dysregulated
mitochondrial-nuclear communication
Decreased importin-α expression in endothelial cells of gastric mucosa leading to reduced activation and expression of vascular endothelial growth
factor, which is a pro-angiogenic factor and protects gastric endothelial cells
All the above changes underlie increased susceptibility of aging gastric mucosa to injury by a variety of factors including aspirin and other non-steroidal
anti-inflammatory drugs, ethanol, ischemia/reperfusion and others, and these changes most likely impair injury healing. PTEN: Phosphatase and tensin
homologue deleted on chromosome ten.

tric mucosa of aging rats[48]. The authors concluded that
melatonin may reverse changes in aging gastric mucosa
by inhibiting the replicative cellular senescence through
both a stimulatory effect on telomerase activity and a
suppressive effect on lipid peroxidation[48].

It is important to point out that the use of rats for
the studies on aging has several advantages[1]. Fisher
F-344 rats obtained from the National Institute on Aging (NIA, United States) have a very similar, almost identical, genetic background; and, we can analyze the entire
mucosa and gastric wall in a standardized fashion, which
is impossible in human endoscopic biopsy specimens[1].
Importantly, we can ensure the absence of H. pylori and
viral infections because the F-344 strain is tested for
these and the animals sent to investigators are H. pylori
and viral free. Moreover, absence of damaging environmental factors, such as smoking or drugs (e.g., NSAIDs)
in rats eliminates possible confounding influences that
are difficult, if not impossible, to completely control for
with human biopsy specimens[1]. Therefore, the rat model utilized in our studies can differentiate aging-related
mucosal changes from mucosal changes resulting from
various environmental factors[1].
Investigating available mucosal protective agents we
found that hydrotalcite (Al and Mg containing antacid)
exerted a protective action on aging gastric mucosa in
rats, similar to that afforded by ZnSO4[1], and significantly reduced injury of aging gastric mucosa induced by
ethanol and NSAIDs by preserving endothelial cells of
mucosal blood vessels and epithelial progenitor cells[46].
Since hydrotalcite is clinically available in some countries
(e.g., China and most European countries), this finding
may have an important clinical application.
As described above, there is increased apoptosis and
increased executioner caspase activity in gastric mucosa
of aging rats[1,3]. A recent study demonstrated that melatonin given for 3 wk significantly reduced caspase-3 levels
in gastric mucosa of aging rats[47]. In another study, cell
proliferation, telomerase activity and lipid peroxidation
were examined in gastric mucosa of young and aging
rats[48]. Telomerase activity was significantly reduced in
aging vs young rats while lipid peroxidation was increased.
Treatment with melatonin for 3 wk significantly increased
telomerase activity and reduced lipid peroxidation in gas-

WJG|www.wjgnet.com

Significance and clinical implications of increased
susceptibility of aging gastric mucosa to injury
In many countries (e.g., China, Japan, Western Europe
and United States) the population is aging. For example,
in the United States it is estimated that approximates
16% of the population will be ≥ 65 years of age by
2020[49]. This aging population is increasingly using aspirin for cardiovascular and cerebrovascular events and/or
prophylaxis; and, is using aspirin and other NSAIDs (the
most widely used drugs worldwide) for arthritis and musculoskeletal ailments[29,50]. Clinical studies demonstrated
that patients’ age is a significant predictor of gastric injury and its complications[26,29]. In a long-term prospective
study of 34701 arthritic patients, Laine et al[26] examined
the risk factors for NSAIDs-associated upper gastrointestinal events. They found that an age of ≥ 65 years was
a significant predictor of NSAIDs-induced risk of bleeding, perforation, obstruction or ulcer and their complications. They concluded that age ≥ 65 years, prior upper
GI clinical events and low dose aspirin are main risk factors for these complications[26].
Another recent study[29] listed age > 70 years among
the major factors associated with increased risk of upper GI complications in patients on a low dose aspirin
prophylaxis/treatment. Since, aspirin and NSAIDs are
the most widely used drugs worldwide and cause a higher
rate of gastric complications in elderly patients, the issue
of aging gastropathy has important clinical implications.
Moreover, since gastric mucosal defense is impaired in
aging, it is likely that injury caused by other noxious factors such as ethanol, bile reflux, chemotherapeutic agents,
etc. is also increased in aging individuals. Importantly increased injury susceptibility of aging gastric mucosa can
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with preserved gastric acid secretion[66,67].
While the precise effects of H. pylori infection on
mucosal defense in aging gastric mucosa has not been
examined, based on the existing experimental and clinical
studies indicating that H. pylori impairs gastric mucosal
defense, one can speculate that H. pylori infection will further decrease mucosal defense in aging individuals. The
correlation between H. pylori infection and mucosal defense in aging stomach deserves in our opinion a separate
editorial article.

be potentially reduced or reversed pharmacologically e.g.,
by using prostaglandin analogs (misoprostol), Al-Mg containing antacids (hydrotalcite), and/or GI sparing novel
NSAIDs[51], melatonin and others.
H. pylori and gastric mucosal defense in relation to
aging
There is relatively little information pertaining to this
topic and the available information is mainly related to
peptic ulcer disease, GI bleeding, H. pylori and NSAIDs
in relation to aging. The interactions and a molecular
crosstalk between H. pylori and human gastric mucosa
(without focus on aging) were recently reviewed by Ricci
et al[52]. In general, the prevalence of H. pylori infection
increases with age and is present in 40%-60% of asymptomatic elderly individuals and in more than 70% of
elderly patients with gastroduodenal diseases[53-55]. Since
gastric mucosal defense in aging individuals is impaired,
not surprisingly peptic ulcer disease in elderly patients is
an increasingly frequent occurrence[53-55].
The outcome of infection and its pathological consequences depend on the type of H. pylori (e.g., Cag A+),
duration of infection, changes in the gastric mucosa (e.g.,
superficial gastritis, atrophic gastritis, metaplasia, dysplasia), gastric acid secretory status, and many other variables.
H. pylori infection may temporarily activate cyclooxygenase
2 and, consequently, the generation of protective prostaglandins, which in experimental conditions may reduce
acute mucosal damage by ethanol or acid[56]. However,
most studies indicate that H. pylori infection (especially
Cag A+) has a negative effect on gastric mucosal defense
by reducing surface hydrophobicity, impairing mucin production rate, impeding the tightening of tight junctions
between the surface epithelial cells in response to acid,
disrupting the gastric mucosal “barrier” and inducing loss
of survivin and a decrease in gastric cell viability[57-62].
A recent study[63] evaluated gastric mucosal “barrier”
defects using confocal laser endomicroscopy and TEM
in H. pylori (-) vs H. pylori (+) patients. In gastric mucosa
(outside intestinal metaplasia) the paracellular permeability was significantly (18-fold) increased in H. pylori (+)
patients vs H. pylori (-) patients[63]. After eradication of H.
pylori the paracellular “barrier” dysfunction significantly
improved indicating a causal relationship between H. pylori infection and gastric mucosal “barrier” dysfunction[63].
In intestinal metaplasia areas of the gastric mucosa, mucosal permeability was increased in both H. pylori (+) and
H. pylori (-) patients[63]. In elderly patients using NSAIDs
H. pylori infection is associated with an increased ulcer
incidence[53-55,64-67] and H. pylori eradication reduces peptic
ulcer incidence in NSAIDs users, especially those new to
NSAIDs and within the Asian population[65]. The same
paradigm applies to low dose aspirin users[66,67]. Therefore from the practical point of view H. pylori eradication
should be recommended for elderly patients before starting chronic NSAIDs therapy and especially before instituting low dose aspirin therapy in H. pylori (+) patients
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Molecular abnormalities in aging-future directions
Previous and more recent studies identified hypoxia, increased reactive oxygen species, and abnormal expression
of various factors such as PTEN, survivin, caspases 3 and
9, in aging gastric mucosa. However, the key switch that
triggers these changes will need to be elucidated through
future studies. It is conceivable, and perhaps very likely,
that some of the impairments resulting from aging pertain not only to the gastric mucosa but also other tissues;
and, that some key targets and mediators may be similar,
e.g., in endothelial cells from various tissues. While some
cellular and molecular targets and mechanisms operating
in aging tissues have been identified, e.g., increased reactive
oxygen species, mitochondrial dysfunction, reduced sirtuin 1, impaired nuclear-mitochondrial communication[68],
deficiency of the anti-aging transmembrane protein,
Klotho, dysfunction of the hypoxia sensor (HIF-1α)[42,69]
and impairment of the metabolic sensor (AMPK)[42,69],
the fundamental master switch triggering these events still
remains elusive and requires further research.

CONCLUSION
Aging gastric mucosa-“aging gastropathy” has impaired
mucosal defense and increased susceptibility to injury
by aspirin, NSAIDs, ethanol and other injurious factors.
In the last decade research uncovered novel mechanisms underlying impairment of mucosal defense in
aging gastric mucosa including partial atrophy of gastric
glands, reduced gastric mucosal blood flow with resulting profound hypoxia, increased expression of egr-1 and
PTEN, reduced expression of survivin and significantly
increased apoptosis due to increased expression of activated caspase-3 and caspase-9. Other abnormalities identified in aging gastric mucosa include reduced expression
of growth factors (e.g., VEGF), impaired hypoxia sensor,
decreased telomerase activity, cellular senescence, and
increased lipid peroxidation. These findings provide a
better understanding of aging gastropathy, which because
of an increasing aging population and increased use of
aspirin and other NSAIDs (most widely used drugs)
worldwide has major clinical implications and impact.
While some cellular and molecular targets and mechanisms operating in aging tissues have been identified, the
fundamental master switch triggering these events still
remains elusive and requires further research.
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Core tip: Gastric cancer (GC) is the third most common
cancer and the second most common cause of cancer
death in Asia. Highest incidence rates are observed in
Eastern Asia and varies in other parts of Asia. Mortality
rates are slowly declining but remain a significant public health problem. The seroprevalence of Helicobacter
pylori is very closely related to the incidence of GC in
Asia. In contrast to Western world, management of GC
is focused on prevention and early detection in Eastern
Asia.
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Gastric cancer (GC) is the fourth most common cancer
in the world with more than 70% of cases occur in the
developing world. More than 50% of cases occur in
Eastern Asia. GC is the second leading cause of cancer death in both sexes worldwide. In Asia, GC is the
third most common cancer after breast and lung and is
the second most common cause of cancer death after
lung cancer. Although the incidence and mortality rates
are slowly declining in many countries of Asia, GC still
remains a significant public health problem. The incidence and mortality varies according to the geographic
area in Asia. These variations are closely related to the
prevalence of GC risk factors; especially Helicobacter
pylori (H. pylori ) and its molecular virulent characteristics. The gradual and consistent improvements in
socioeconomic conditions in Asia have lowered the H.
pylori seroprevalence rates leading to a reduction in the
GC incidence. However, GC remains a significant public
health and an economic burden in Asia. There has been
no recent systemic review of GC incidence, mortality,
and H. pylori molecular epidemiology in Asia. The aim
of this report is to review the GC incidence, mortality,
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INTRODUCTION
Gastric cancer (GC) is a heterogeneous, multi factorial disease. It endangers human physical and psychosocial wellbeing, causing a significant public health and
economic burden both in the developed and developing countries[1,2]. According to International Agency for
Research on Cancer, the global and regional burden of
GC is enormous[3]. The incidence and mortality vary
widely according to geographic areas, socio-cultural and
economic entities. GLOBOCAN 2008 data revealed
that about one million new cases of GC were estimated
to have diagnosed in 2008, making it the fourth most
common malignancy in the world, after lung, breast, and
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Table 1 Gastric cancer incidence, mortality and prevalence in the world as reported in GLOBOCAN
[3]
2008

World
Asia
Europe
Northern America
Africa

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

988
727
145
24
22

14.0
18.5
10.3
4.2
4.0

737
530
116
12
21

10.3
13.4
7.9
2.1
3.8

1598
1216
201
37
30

Prevalence
5.5%
10.4%
2.4%
0.8%
2.1%

Table 2 Male gastric cancer incidence, mortality and prevalence in the world as reported in GLOBOCAN
[3]
2008

World
Asia
Europe
Northern America
Africa

Total incidence

Incidence rate

Total mortality

(in 1000s)

per 100000

(in 1000s)

Mortality rate 5-yr prevalence
per 100000

(in 1000s)

640
484
86
15
12

19.7
25.9
14.5
5.8
4.7

463
342
68
7
11

14.2
18.3
11.3
2.8
4.5

1050
819
121
23
16

Prevalence
7.8%
15.7%
2.9%
1.0%
3.0%

Table 3 Female gastric cancer incidence, mortality and prevalence in the world as reported in
[3]
GLOBOCAN 2008

World
Asia
Europe
Northern America
Africa

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

348
243
59
9
10

9.1
11.7
7.0
2.8
3.3

273
188
47
5
9

6.9
8.9
5.3
1.5
3.2

548
396
79
13
13

colorectal cancers. More than 70% of GC cases occur
in developing countries with half the world’s total cases
occurring in Eastern Asia[1,2]. Overall, GC incidence and
mortality have fallen dramatically over the past 70 years.
Despite its recent decline, GC is the second leading cause
of cancer death in both sexes worldwide. The highest
mortality rates occur in Eastern Asia while the lowest occur in Northern America. In Asia, GC is the third most
common cancer after breast and lung. But is the second
most cause of cancer death in Asia after lung cancer[2,3].
Although the incidence and mortality rates of GC are
slowly declining in Asia, it still remains a significant health
problem. Asia is the world’s largest and most populous
continent. With approximately 4.3 billion people, it accounts for 60% of the world’s current human population.
Asia’s growth rate is very high for the modern era and has
quadrupled during the last 100 years. It is estimated that
Asia’s growth rate will remain high[3,4]. There has been no
recent systemic review of GC incidence, mortality and
Helicobacter pylori (H. pylori) molecular epidemiology in
Asia.

Prevalence
3.6%
6.2%
1.9%
0.6%
1.5%

2008, accounting for 11.9% of all the cancers diagnosed.
It is the third most common cancer in Asia after breast
and lung cancer[3]. Table 1 shows that the age-standardized rate (ASR) of incidence is highest in Asia (18.5%)
compared to other continents. The ASR of mortality is
also highest (13.4%) and it is second only to lung cancer
(19.15) in Asia. It is the third most prevalent cancer in
Asia after breast and colorectal cancers[3]. The incidence
and mortality rates of GC are also the highest in both
males and females in Asia compared to other continents
(Tables 2 and 3)[3,5].
The incidence and mortality rates are also higher in
Eastern Asia compared to other regions in Asia. This
region includes China, Japan and South Korea, the three
countries with the highest GC incidence and mortality rates, while the lowest rates occur in South-Central
Asia[1,3,5,6]. The age adjusted GC incidence, mortality, and
prevalence rates in the various regions in Asia are summarized in Table 4. In all the four parts of Asia, the rates are
lower in females than males as shown in Tables 5 and 6[1-5].

CURRENT EPIDEMIOLOGY OF GC

CURRENT INCIDENCE TREND OF GC IN
ASIA

More than 727000 cases of GC were diagnosed in Asia in

More than half of the world’s population live in Asia[2]
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Table 4 Gastric cancer incidence, mortality and prevalence in Asia as reported in GLOBOCAN 2008

Eastern Asia
South-Eastern Asia
South-Central Asia
Western Asia

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

601
43
68
14

30.2
8.6
4.8
9.4

418
35
63
13

20.3
7.1
6.5
8.3

1071
56
68
19

[3]

Prevalence
15.2%
3.9%
2.6%
4.2%

[3]

Table 5 Male gastric cancer incidence, mortality and prevalence in Asia as reported in GLOBOCAN 2008

Eastern Asia
South-Eastern Asia
South-Central Asia
Western Asia

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

408
24
42
9

42.4
10.9
6.7
12.6

274
20
39
8

28.1
8.9
6.3
11.2

732
32
42
12

Prevalence
21.0%
6.2%
4.3%
5.8%

Table 6 Female gastric cancer incidence, mortality and prevalence in Asia as reported in GLOBOCAN
[3]
2008

Eastern Asia
South-Eastern Asia
South-Central Asia
Western Asia

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

193
18
26
5

18.3
6.7
3.9
6.7

144
15
23
4

13.0
5.6
3.6
5.9

338
23
26
7

China, Japan and South Korea have reported the highest GC incidence rate both in males and females in the
world. More than half of the total cases of GC are diagnosed in East Asia each year[1,2,5,6]. Overall, the incidence
rate trend of GC in Asia is declining in the last two decades. Although the incidence rate of GC remains somewhat unchanged in some countries of Asia, the overall
incidence rate of GC in East Asia is declining[7]. In China,
the incidence rate of GC in males declined from 41.9
per 100000 in 2000 to 37.1 per 100000 in 2005[8,9]. While
from 2000 to 2005, GC incidence rate decreased from
19.5 to 17.4 per 100000, respectively in females[1,8,9]. In Japan, the incidence rate of GC declined from about 80 to
60 per 100000 from 1980 to 2000. In 2008, the incidence
rate of GC in Japan was 31.1 per 100000 both in males
and females[5,10,11]. In South Korea, the incidence rate of
GC also declined to 65.6 per 100000 in males and 25.8
per 100000 in females[2,6,12]. Many countries of SouthEast Asia (Singapore, Thailand, and Malaysia) have also
observed a slow decline of GC incidence rate over the
last few decades[2,3].
The overall incidence rate of GC in South-Central
Asia is low in comparison to the other parts of Asia.
The incidence of GC in India (3.8 per 100000) is overall less than the worldwide incidence. The age-adjusted
rate of GC among urban registries in India is 3.0-13.2
per 100000[2,3]. Overall, the incidence rate of GC in India is decreasing. However, this declining trend has not
been seen in certain parts of India. Among the major
population-based cancer registries in India, only Mumbai

WJG|www.wjgnet.com

Prevalence
9.5%
2.6%
1.6%
3.0%

and Chennai have reported a decline in incidence. The incidence rate of GC in other parts of South-Central Asia
like Pakistan, Bangladesh and Sri Lanka is also decreasing
slowly[2-4,13,14].
Western Asia is the land of multiple ethnic groups,
principally from three main backgrounds: Semitic (Arabs
and Jews), Indo-European (Persians and Kurdish) and
Turkic (Turkish and Turkmens). Its geographic location,
which has been under continuous influences from Asia,
Europe and Africa, has variable incidence rates of GC.
The GC rate differs in this region from very high in Iran
(26.1 per 100000) to low in Israel (12.5 per 100000)[3,15,16].
GC occurs nearly 7 times more frequently in Iran than
in Iraq[17]. In Jordan, the overall incidence rate is 4.8 per
100000 (males 5.6 and females 4.1)[3,15,16]. The incidence
rate of GC and its trend remains stable or improving
slowly in most of the countries in Western Asia[3,15-17].

GC MORTALITY IN ASIA
The overall GC mortality rate and its variations according
to geographic areas closely follow the distribution of the
GC incidence rate in the world as well as in Asia. In Asia,
the mortality rate is higher in males than females[3]. Similar to the incidence rate, GC mortality rate is the highest
in Eastern Asia (Table 4)[3]. Mortality rates also vary in
different countries in Asia (Table 7). China has the highest mortality rate from GC (30.1 per 100000) followed
by Japan (20.5 per 100000) and South Korea (13.8 per
100000). The mortality rate is moderate to low in South-
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urban areas of India (overall 3.6, male 4.6, and female 2.7
per 100000 in 2008). But in many rural areas, the mortality rate still remains high and unchanged. The mortality
rates in other countries in South-Central Asia remain low
and unchanged. Iran has the highest mortality rate of GC
in South-Central and Western Asia. The overall mortality rate is 14.1 per 100000 (male 19.9 and female 8.2) and
is slowly declining. The mortality rate remains low and
improving slowly in Jordan (overall 4.5, male 5.2 and female 3.8 per 100000) and Israel (overall 4.7, male 6.7 and
female 3.0 per 100000)[3,13-15].

Table 7 Incidence, mortality and prevalence of gastric cancer
in selected countries in Asia as reported in GLOBOCAN
[3]
2008
Country
China
Japan
South Korea
Indonesia
Malaysia
Thailand
India
Bangladesh
Pakistan
Iran
Iraq
Jordan
Saudi Arabia
Israel

Incidence rate per
100000

Mortality rate per
100000

Prevalence

29.9
31.1
12.1
9.4
8.4
3.5
3.8
5.2
6.3
15.6
3.6
4.8
3.3
8.6

22.3
13.5
9.8
8.8
7.4
2.5
3.6
5.0
5.9
14.1
3.5
4.5
3.0
4.7

5.6%
18.1%
7.0%
4.8%
3.3%
1.5%
1.5%
2.8%
3.0%
8.8%
1.9%
2.2%
2.0%
2.4%

EPIDEMIOLOGY OF HELICOBACTER
PYLORI INFECTION IN ASIA
It is well postulated that the seroprevalence of H. pylori
is very closely related to the incidence of GC. There is a
difference in the seroprevalence of H. pylori infection between countries and within specific regions and communities of individual countries, not only in Asia but also
in other countries of the world. In tandem with the socioeconomic development in many countries, a temporal
decrease in the seroprevalence rate has been reported[2].
The seroprevalence rates of H. pylori infection in
under-developed or developing countries are higher than
in developed countries. The highest seroprevalence rate
is reported in Bangladesh (92%) followed by Kuwait
(84%) and India (79%)[2,19,20]. On the other hand, the seroprevalence rates in developed countries are reported to
be lower. Among East Asian countries, the overall seroprevalence rate is 58.07% in China, 39.3% in Japan, 59.6%
in South Korea and 54.5% in Taiwan[21-24]. Among Southeast Asian countries, the reported seroprevalence rate was
35.9% in Malaysia, 31% in Singapore, 75% in Vietnam
and 57% in Thailand[2,7,18,25-27]. The seroprevalence rates
are also high in many countries of the South-Central and
Western Asia - 78% in Jordan, 77% in Iran, 78% in Iraq,
75% in Saudi Arabia and 72% in Israel[15,28]. In addition, a
temporal effect was also evident with the younger population having low prevalence rates similar to developed
Western countries[2].
A temporal effect in H. pylori seroprevalence rate has
also been noted in Asia[29,30]. In a study from Guangzhou
province in China, it was found that the overall H. pylori
seroprevalence rate had decreased from 62.5% in 1993
to 47% in 2003. Among children aged 1-5 years, the
seroprevalence rate was 19.4% and this rose to 63.2%
among subjects aged 40-50 years. In Japan, the overall
seroprevalence rate was 72.7% in 1974, decreased to
54.6% in 1984 and was 39.3% in 1994. In South Korea,
the seroprevalence rate decreased from 66.9% in 1998
to 59.6% in 2005[31]. In addition to a temporal decline in
the overall seroprevalence rate over time, the younger
population generally has a lower seroprevalence rate.
Current evidence suggests that most H. pylori infection is
acquired in childhood. The data from Asia also indicates
that the rate of H. pylori infection has been decreasing
over the last 40-50 years, with an overall decline in H. py-

Eastern Asia (Malaysia 8.5 per 100000), while relatively
low in South-Central Asia (India 4.6 and Bangladesh
5.7 per 100000). The mortality rates vary in Western
Asia (Iran 19.9, Israel 6.7, Jordan 5.2 and Iraq 3.7 per
100000)[1,3,5,6,8,15].

CURRENT MORTALITY TREND OF GC IN
ASIA
In the new millennium, there have been some distinct
and progressive changes in the pattern of gastrointestinal
cancer - especially in GC in Asia. Despite all the recent
changes in screening, diagnosis, treatment and surveillance, GC still remains the second most common cause
of cancer mortality in Asia[3]. The mortality rate of GC
remains statistically unchanged in some countries of Asia,
however, a significant decline in the mortality rate of GC
in Eastern Asia led to an overall decline in the mortality
rate in Asia[7]. In China, the highest mortality rate was observed in rural areas, especially in Gansu, Henan, Hebei,
Shanxi and Shaanxi Provinces in the middle-western part
of China[8,9]. Although there was a slight increase from
the 1970s to early 1990s, a significant decline in GC mortality was noticed in almost the entire population during
the last decade in China. Between 2000 and 2005, Mortality from GC declined in males, while the number slightly
increased in females, despite the significant declining
trend in mortality rates among all age groups in China.
In 2008, the mortality rates of GC in China were 30.1 in
males and 14.6 in females per 100000[1,7,8].
There has been a significant change in the mortality
trend of GC in Japan. This country has had a significant
decline in the mortality rate of GC from 1980 to 2010.
In 2008, the overall mortality rate was 14.7 per 100000
(20.5 and 12.6 per 100000 in males and females, respectively)[2,3,11]. Similar decline was also observed in South
Korea[2,3,12]. The mortality rate also declined in most of
the countries in Eastern and South-Eastern Asia[2,3,7,18].
There was a decline in the mortality rates of GC in
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lori seroprevalence, similar to that of Western developed
countries[2,32-34]. Evidence related to the survival of H.
pylori outside the gastric niche is limited. Principal route
of transmission yet to be confirmed. There is strong evidence that indicates the prevalence of H. pylori infection
has a strong correlation with access to clean water, suggesting a transmission route to the host[35,36].
The Indian enigma is a subset of the Asian enigma,
which refers to the observations that there are regions
where H. pylori infection is high yet the GC incidence
is relatively low. The term was coined based on the epidemiological observation. The regions where these observations are made are India, Bangladesh, Pakistan and
Thailand[2,4,5]. It is to be acknowledged that there are still
gaps in our appreciation of the process of gastric carcinogenesis. There is also a lack of data documenting the
precise gastric histology in these populations with low
GC but high H. pylori seroprevalence rates[37,38].

tion in intestinal-type GC is higher than in the diffuse
type and in the control group. An association was found
between H. pylori infection and GC located distally (antrum/pylorus)[48].

MANAGEMENT AND OUTCOME OF GC
IN ASIA
GC management has been principally focused on the
management of advanced GC in western populations,
where the risk of GC tends to fall into the low-risk
category. But this statement does not hold true for the
highest-risk continent - Asia, where resources have focused on preventive strategies as well as management
of early stage GC[49]. It is widely accepted that GC, like
many other malignancies, progresses through a cancer
cascade[50]. However, why certain individuals and families have a greater propensity to move along the cascade
towards GC, is most certainly a multi-factorial process,
and arises from complex and multifaceted interactions
between host factors, H. pylori and environmental factors.
Diets high in salt and nitrates carry the highest risks, with
salt in particular demonstrating an ability to augment the
effects of carcinogens. Fresh fruits and vegetables are associated with a reduced risk of GC. But fortification of
the diet with ascorbic acid or use of multivitamins does
not appear to confer the same protection. Studies focusing on sustained measurable alterations in diet sufficient
to affect GC incidence and prevalence are underway[51-53].
However, H. pylori infection has proven to be an interesting target and multiple studies have indicated that H.
pylori infection is a necessary, but not a sufficient causal
factor in the development of GC [51]. Unfortunately,
four randomized placebo-controlled trials evaluating
the impact of H. pylori screening and eradication on GC
prevalence did not show a significant reduction in GC
development; however, there was a non-significant trend
towards risk reduction for GC with H. pylori eradication.
The strategy of population screening and treatment of
H. pylori infection appears to be the strategy of choice in
high GC risk populations in Eastern Asia[54-57].
China, Japan and South Korea are the in champions in
the management of early GC, and this has primarily been
driven by need. Given that these countries have some of
the highest GC, screening is done through barium meal
(Japan), gastroscopy (Japan and South Korea) and serum
pepsinogen/gastroscopy (China)[55-57]. Studies from the
eastern Asia examining the techniques of endoscopic mucosal resection and endoscopic submucosal dissection for
early stage GC have proven that with improving technical
expertise and careful surveillance, the outcome is excellent with high 5-year survival[58]. However, the detection
of early GC is difficult and only systematic population
screening has been shown to increase early detection and
confer a survival advantage[59,60]. Health economics modeling indicates that population endoscopic screening for
early GC is cost effective in moderate- to high-risk populations and may not be economically prudent for other

MOLECULAR EPIDEMIOLOGY OF H.
PYLORI IN ASIA
Different H. pylori strains transpire across diverse geographic regions, and the differences in these strains have
been correlated with the variation in GC epidemiology.
Six main geographic strains were identified, the hpEastAsia is the strain from East Asian countries[39]. It has been
perceived that populations with high GC rates correspond almost exactly to populations with the hpEastAsia
strain. In South Asian countries where H. pylori seroprevalence rates are high but GC prevalence rates are low,
the strains were predominantly hpAsia[29,39-41].
In the milieu of GC carcinogenesis, bacterial virulence factors that have been implicated include the
cytotoxin-associated gene A antigen (CagA), vacuolating cytotoxin (VacA), and outer membrane proteins
(OMP)[41]. Huang et al[42] performed a meta-analysis of 16
studies with 2284 cases and 2770 controls to scrutinize
the relationship between CagA seropositivity and the risk
of GC and indicated that infection with cagA-positive
strains of H. pylori amplified the risk for GC over the
risk associated with H. pylori infection alone. CagA protein has been classified into Western and Eastern types.
The East Asian strain has been documented to be more
virulent than the Western CagA with respect to clinical
outcomes[42,43]. Azuma et al[44] validated that in the grades
of inflammation and mucosal atrophy were significantly
higher in patients infected with Eastern CagA-positive
strains than in those infected with Western CagA-positive
strains. Satomi et al[45] revealed that in Okinawa, Japan,
where both Western and East Asian CagA were present,
the prevalence of East Asian CagA-positive strains was
significantly higher in patients with GC (84.6%) than in
patients with duodenal ulcer (27.3%). There are increased
frequencies of GC in individuals with type O blood and
in secretors [expressing Le (b) antigen], but other studies
have not found any relationship between blood groups
and this infection[46,47]. The prevalence of H. pylori infec-
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part of Asia[59,61].
In the management and outcome of advanced GC,
the majority of the studies have been carried out in the
Western world, as most of the cases of GC are diagnosed
at advanced stages[62]. The backbone of the management
of advanced GC is chemotherapy, which is comparable
between Western world and Asia[63]. The S1-cisplatin
doublet remains the standard chemotherapy regimen for
advanced GC in Japan, replacing 5FU-cisplatin. S1-cisplatin is also available in South Korea, Singapore, Taiwan,
Philippines and China for this indication, but is not approved in North America[64,65]. Fluoro-pyrimidines show
less toxicity in Asian populations, possibly secondary to
polymorphisms in genes encoding drug-metabolizing
enzymes, translating into more options for advanced GC
treatments in Asian populations. Better survival differences after gastrectomy for GC favoring Asians patients
may be explained by different disease patterns, the related
need for fewer extensive procedures, and fewer patient
risk factors in Eastern Asia. In other parts of Asia, the
outcomes after surgery are variable[9,58,66]. The overall 1
and 5-year survivals are comparable between Asia, Europe, and North America according to gender and stage.
there are slight variations of outcomes among different
regions of Asia, depending on socioeconomic condition
and access to medical care[9,65,67].
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Gastric cancer research in Mexico: A public health priority
Clara Luz Sampieri, Mauricio Mora
with gastric cancer and the development of the disease
(16/48); relationship between the Epstein-Barr virus
and pathologies associated with gastric cancer and the
development of the disease (3/48); molecular markers
for the development of diseases associated with gastric
cancer and gastric cancer (15/48). Mexico requires a
program for the prevention and control of gastric cancer based on national health indicators. This should be
produced by a multidisciplinary committee of experts
who can propose actions that are relevant in the current national context. The few studies of gastric cancer
conducted on the Mexican population in national institutes highlight the poor connection that currently exists
between the scientific community and the health sector
in terms of resolving this health issue. Public policies for
health research should support projects with findings
that can be translated into benefits for the population.
This review serves to identify national research groups
studying gastric cancer in the Mexican population.
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Abstract

Key words: Gastric cancer; Mexico; Research; Prevention; Public health

This study aimed review studies conducted on Mexican
patients diagnosed with gastric cancer and/or diseases
associated with its development, in which at least one
Mexican institute has participated, and to assess their
contributions to the primary and secondary prevention
of this disease. A search of the Medline database was
conducted using the following keywords: gastric/stomach cancer, Mexico. Studies of the Mexican population
were selected in which at least one Mexican Institute
had participated and where the findings could support public policy proposals directed towards the primary or secondary prevention of gastric cancer. Of the
148 studies found in the Medline database, 100 were
discarded and 48 were reviewed. According to the
analysis presented, these studies were classified as:
epidemiology of gastric cancer (5/48); risk factors and
protectors relating to gastric cancer (9/48); relationship
between Helicobacter pylori and pathologies associated

WJG|www.wjgnet.com

Core tip: The few studies of gastric cancer in the Mexican population included in this review highlight the
poor connection between the scientific community and
the health sector in terms of resolving this health issue. Public policies for health research should support
projects for the creation of gastric cancer research
networks that include experts from different disciplines.
These networks could generate, among other products,
an official Mexican standard (Norma Oficial Mexicana)
for gastric cancer as well as strategies for its prevention, control and treatment.
Sampieri CL, Mora M. Gastric cancer research in Mexico:
A public health priority. World J Gastroenterol 2014; 20(16):
4491-4502 Available from: URL: http://www.wjgnet.
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increase in the rate of gastric cancer mortality during the
years 1980 to 1997, from 4.43 cases per 100000 habitants
(95%CI: 4.27-4.59) in 1980, to 6.46 (95%CI: 6-28-6.64)
cases in 1997[5]. Interestingly, these authors found a differential trend in mortality per gender, which probably
reflected the regional socioeconomic conditions of the
country[5]. Male:female ratio was 1.2:1.0. The SMR per
state showed that the states with the highest rates were
Yucatan at 149.96 (95%CI: 142.64-157.29), Sonora at
144.67 (95%CI: 138.55-150.80), Zacatecas at 135.95
(95%CI: 128.79-143.10) and Michoacan at 135.57 (95%CI:
131.03-139.71), while the states with the lowest SMR values were Quintana Roo at 56.02 (95%CI: 47.95-64.09);
Estado de Mexico at 57.57 (95%CI: 56.05-59.10) and
Guerrero at 73.64 (95%CI: 70.00-77.28). For females, the
highest index of potential years of life lost (IPYLL) was
found in Chiapas at 192.52 (95%CI: 189.3-195.7), Oaxaca
at 155.48 (95%CI: 152.8-158.2) and Yucatan at 130.01
(95%CI: 126.6-133.4), while the lowest IPYLL was found
in the states of Durango at 64.06 (95%CI: 61.6-66.5),
Sinaloa at 69.11 (95%CI: 67.1-71.1) and Nuevo Leon at
71.00 (95%CI: 69.3-72.6)[5]. For males, the highest IPYLL
was in Chiapas at 169.51 (95%CI: 166.8-172.2), Sonora
at 159.02 (95%CI: 156.1-162.0) and Chihuahua at 125.74
(95%CI: 123.4-128.1), while the lowest IPYLL were in
the states of Quintana Roo at 73.19 (95%CI: 68.7-71.7),
Estado de Mexico at 77.05 (95%CI: 76.2-77.9) and Guerrero at 82.48 (95%CI: 80.6-84.4)[5]; and (3) Tovar-Guzmán
et al[6] (2008), who state that over the period 1980 to 2004
cervical-uterine cancer had a crude mortality rate of 20.2
in 1980, 24.2 in 1989 and 14.4 in 2004 per 10000 women
of age 25 years and over. The age-adjusted mortality rate
was 12.8 in 1980, 15.6 in 1988 and 8.8 in 2004 per 100000
women of age 25 years and over. The highest SMR values were found in the states of Colima at 164.6 (95%CI:
153.3-175.8), Nayarit at 151.2 (95%CI: 143.4-159.0) and
Yucatan at 150.6 (95%CI: 144.7-156.5), while the lowest
values were detected in Estado de Mexico at 59.8 (95%CI:
58.6-61.0), Distrito Federal at 68.3 (95%CI: 66.9-69.7) and
Nuevo Leon at 71.9 (95%CI: 69.2-74.6)[6]. The IPYLL
due to cervical-uterine cancer during this period ranged
from 168.8 (95%CI: 156.0-181.5) in Colima, 154.4 (95%CI:
146.9-161.9) in Tabasco and 149.9 (95%CI: 141.3-158.4)
in Nayarit, to 61.6 (95%CI: 60.2-63.0) in Distrito Federal,
64.9 (95%CI: 63.5-66.3) in Estado de Mexico and 68.4
(95%CI: 65.5-66.3) in Nuevo Leon[6].

com/1007-9327/full/v20/i16/4491.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4491

INTRODUCTION
Mexico: A country of inequality
Mexico, according to the most recent data from the
World Bank, had a gross domestic product of 1178 billion United States dollars in 2012; in 2011, 6.2% of its
spending was invested in health, while 5.3% was spent
on education in 2010 and 0.4% was allocated to science
and technology in 2009[1]. It is considered a country of
medium-high income, with a life expectancy at birth of
77 years[1]. In 2012, the population of Mexico was 120.8
million and it was estimated that 83% of the rural population had access to a water supply[1]. At the beginning
of the 1970s, the number of births per year per 1000
individuals was greater than 7, but in 2009 it was 2.4[2]. In
2010, 6.5 million people were reported as vulnerable in
terms of income and 46% of the population was considered to be in a situation of multidimensional poverty[1].
Cancer in Mexico
Cancer has been one of the most important diseases in
Mexico since the end of the twentieth century, representing a public health problem, not only in terms of
its grave clinical manifestations and high mortality, 75.4
per 100000 habitants in 2011[2], but also in the variety of
individual and environmental risk factors with which it is
associated[3]. In 2011, in populations of age 20 and over,
the malignant tumors that caused the highest number of
deaths in women were: breast (13.8%); cervical-uterine
(10.4%); stomach (7.0%); bronchopulmonary (6.4%);
liver-intrahepatic bile duct (5.5%) and colon (4.3%), while
in men these were: prostate (16.9%); bronchopulmonary
(12.8%); stomach (8.6%); liver-intrahepatic bile duct
(5.3%) and colon (5.3%)[2].
Despite the high mortality of cancer in Mexico, few
studies have provided indicators, such as magnitude, transcendence and vulnerability, of utility to the planning of
this public health problem. Of the studies that do exist,
the foremost are: (1) Tovar-Guzmán et al[4] (1999), who
report that during the period 1980 to 1995, the crude
mortality rate of prostate cancer increased from 3.16
to 6.75 cases per 100000 men of age 40 years and over.
The age-adjusted rate for the same period was 2.71 to
7.01 cases per 100000 men of age 40 years and over. The
standardized mortality ratio (SMR) for the different states
of Mexico showed a loose relationship among different regions, with high SMR values in the states of Baja
California Sur at 183.28 (95%CI: 158.36-208.18), Jalisco
at 161.81 (95%CI: 156.18-167.44) and Aguascalientes at
152.21 (95%CI: 136.115-168.27), while the lower SMR
values corresponded to Quintana Roo at 47.87 (95%CI:
35.86-59.98), Guerrero at 57.69 (95%CI: 52.89-62.49)
and Estado de Mexico at 59.91 (95%CI: 57.46-62.36)[4];
(2) Tovar-Guzmán et al[5] (2001), who report a general
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Gastric cancer in Mexico
In Mexico, despite the fact that gastric cancer represents
the third highest cause of death by cancer in people of
age 20 years or more[2], and is a disease that is subject to
epidemiological surveillance[7], no specific program exists
for its prevention, nor is there an official Mexican standard (Norma Oficial Mexicana) for its prevention, detection, treatment and control. An official clinical practice
guide was only published in 2009 for the diagnosis and
treatment of gastric adenocarcinoma in adult patients[8].
It is important to highlight that, in terms of biologi-
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cal behavior and epidemiology, gastric cancers constitute
a highly heterogeneous group of tumors, a fact that is
likely to cause difficulty for the prediction of patient outcome using classifications. Perhaps the best-known classification for gastric cancer is the system of Lauren, which
distinguishes two groups of tumors: intestinal and diffuse. The intestinal type typically presents cohesive neoplastic cells that form gland-like tubular structures, and a
defined pattern of histological changes in healthy gastric
mucosa[9]. In the diffuse type, there is no neoplastic cell
cohesion, so cells infiltrate and thicken the stomach wall
without the formation of a discrete mass[9]. The intestinal
type is normally diagnosed in older people and its development depends on environmental factors[9]. In contrast,
the diffuse type usually occurs in young people, and is associated with individual factors[9]. No specific histological
type of gastric cancer predominates in Mexico, according
to the Lauren classification[10], and gastric cancer exhibits
different behavior in patients under 30 years of age. Nevertheless, delays in diagnosis and behavior of the tumor
are the most important factors in prognosis[11].
Gastric cancer is one of the main causes of hospital
morbidity in Mexican males; the highest rate is found
in the population of 75-79 years of age (47 per 100000
males in this age group), followed by the population of
65 to 74 years of age (38 per 100000)[2]. The most recent
data, produced by the now defunct Histopathological
Register of Malignant Neoplasms (RHNM, by its Spanish
acronym), reported that gastric cancer constituted 3% of
cancer cases diagnosed in Mexico during the year 2000,
with three cases recorded per 100000 habitants[12].
The high mortality[5,13], low survival and the considerable deterioration in life quality of the people suffering
this disease, mean that gastric cancer represents a public
health problem in Mexico that requires research aimed
at proposing health interventions. In theory, prevention
strategies could be effective, given the following factors:
(1) prolonged latency period during which intervention
should be possible[14]; (2) infection with Helicobacter pylori
(H. pylori), which commonly begins in infancy or early
childhood and persists as a chronic gastritis, is a principal
cause of gastric cancer[14]; while chronic infection with H.
pylori is a major force behind the precancerous process,
H. pylori eradication only produces a modest retardation
of the precancerous process[14]; and (3) antioxidant micronutrients may play an etiological role[14]. While there
have been no studies on the incidence of environmental
and inherited gene defects in gastric cancer in Mexico, it
is clear that potentially modifiable factors associated with
the development of the disease can play an important
role in its prevention. According to Anand et al[3], only
5%-10% of all cancers are caused by an inherited gene
defect; although all cancers are a result of multiple mutations, these mutations are the result of interaction with
the environment. In terms of population attributable risk
in gastric cancer, a study conducted in Italy indicated that
approximately 8% of stomach cancers could be related to
this familial component[15]. Most cancers are not heredi-
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tary in origin and potentially modifiable factors, such the
consumption of alcohol and tobacco, diet and infections,
can have an important effect on their development[3].
Given the relevance of gastric cancer to public health
in Mexico, this study aimed to review those studies that
have been conducted on Mexican patients with a diagnosis of gastric cancer, and/or associated diseases, in which
at least one Mexican institute has participated, and that
have generated knowledge of utility to the primary and
secondary prevention of the disease. In this context, it
is important to highlight that the scientific, technological and commercial sectors in Mexico have been tasked
with researching “Malignant neoplasms in Children and
Adults” with the support of the Sectoral Fund for Research in Health and Social Security (Fondo Sectorial de
Investigación en Salud y Seguridad Social, SSA/IMSS/
ISSSTE). This was done with the aim of reducing the
morbidity, mortality and most prevalent complications
among the susceptible population, as well as to improve
the life quality of cancer patients and reduce the costs
of their care[16]. The products expected from this priority
line of research include effective strategies of prevention, procedures for early diagnosis, new schemes of
treatment; strategies to reduce complications and mortality or improve life quality and proposals for molecular
markers[16]. These research funds are administered by the
National Council of Science and Technology (Consejo
Nacional de Ciencia y Tecnología, CONACyT)[17]. The
National Health Institutes, a group of twelve institutions
belonging to the Ministry of Health (Secretaría de Salud)
that conduct scientific research in the field of health, and
specifically the National Cancerology Institute (Instituto
Nacional de Cancerología, INCan), has the task of developing excellent medical care, teaching and oncological
research in Mexico[18].

RESEARCH METHODS
Search strategy
The Medline database was searched on the 21st of
August 2013, using the following combinations of key
words: (1) gastric cancer, Mexico; and (2) stomach cancer,
Mexico. English and Spanish language was selected as a
limit. A total of 148 articles were obtained: 111 in English and 37 in Spanish.
Inclusion and exclusion criteria
The abstract of each article was carefully revised to verify
the following criteria: (1) inclusion criteria: the study
must have involved at least 10 Mexican gastric cancer
patients, with associated pathologies or precursor lesions
of gastric cancer, that were in Mexico at the time of the
study; at least one of the authors of the study had to be
ascribed to a Mexican institute; the studies had to have
findings that could support the proposal of public policy
directed towards the primary or secondary prevention
of gastric cancer. The objectives of prevention were
considered as follows: primary, avoiding the occurrence
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Table 1 Epidemiological studies of gastric cancer in Mexico
Ref.

Year

Institute of
adscription of
corresponding
author-city

Period of
study

Main finding

[23]

2013

NA

[20]

2012

[22]

2012

IMSS
Mexico City
UV
Veracruz, Veracruz
INCan
Mexico City

[21]

2003

INCMNSZ
Mexico City

1978-2001

[5]

2001

INSP
Cuernavaca,
Morelos

1980-1997

There is no association between altitude and the incidence and
mortality of gastric cancer
From a total of 1803 cases of digestive tract cancers, gastric
cancer was the second most common, with 302 cases (16.76%)
From a total of 767464 cases of digestive system cancers,
gastric cancer was the sixth most common with 27659 cases
(4%): the third most common in males and seventh in females
A total of 90% of the cases were diagnosed in people of age 41
years and more
From a total of 11276 cases of digestive system cancers, 3830
(34%) were of gastric cancer
Increase in adjusted mortality rate
Gender-based differential trend in the magnitude and
prematurity of mortality

2005-2009
1993-2002

Source

Epidemiological observations
Hospital registries from 5
institutions of Veracruz state
Data-base of the histopathological
register of malignant neoplasms in
Mexico (RHNM)
Hospital registries from 6
institutions of Mexico City

INEGI

H. pylori: Helicobacter pylori; NA: Non applicable; IMSS: Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; UV: University of
Veracruz/Universidad Veracruzana; INCan: National Institute of Cancerology/Instituto Nacional de Cancerología; RHNM: Histopathological Register
of Malignant Neoplasms/Registro Histopatológico de Neoplasias Malignas; INCMNSZ: National Institute of Medical Science and Nutrition Salvador
Zubiran/Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán; INSP: National Institute of Public Health/Instituto Nacional de Salud
Pública; INEGI: National Institute of Statistics and Geography/Instituto Nacional de Estadística y Geografía.

of the disease and secondary, detection of the disease at
early stages, before presentation of symptoms; and (2)
exclusion criteria: literature reviews; case studies; studies
of tertiary prevention (considered as the reduction of
incapacitation and restoration of patient functionality)
of gastric cancer, diagnostic tests, treatment or detection
in the environment of H. pylori; basic science in vitro or in
vivo models in which the authors omitted recommendations for the primary or secondary prevention of gastric
cancer; studies that did not specify the number of gastric
cancer cases or patients with preneoplastic lesions; and
studies of epidemiological description in a medical unit.
Applying these criteria, 100 studies were discarded
and 48 were reviewed. A further 35 studies were incorporated into the introduction and conclusions sections of
this review.

The trend of mortality in cancer, including gastric
cancer, has remained relatively stable in Mexico for at
least 40 years[2,5,13]. In this context, it is notable that of
the total number of publications found in the Medline
database with the key words stomach/gastric cancer and
Mexico, 73% (108/148) were published after the year
2000. Publications from the 1970s and 1980s are practically non-existent.
Nonetheless, data generated by the National Institute
of Statistics and Geography (Instituto Nacional de Estadística y Geografía, INEGI) has made a considerable
contribution to understanding trends in gastric cancer
mortality in Mexico. Epidemiological studies of gastric
cancer are scarce in Mexico; to the best of our knowledge, only one study has presented indicators with which
to prioritize public health problems since 2001[5]. Other
studies analyzed hospital registers[20,21], a now defunct official database[22] or investigated the possible relationship
between altitude and the risk of development of the disease[23], given that altitude has been reported as a factor
associated with gastric cancer in other Latin American
countries (Table 1).
The natural history of gastric cancer includes a long
period of latency[14]: the latency period for alcohol consumption for the development of gastric cancer has been
estimated theoretically at 20 years[24], during which intervention is possible. Research into strategies for screening
subjects that are or have been exposed to risk factors that
increase the probability of developing gastric cancer is
therefore of great importance. Among these risk factors,
the potentially modifiable factors related to lifestyle (dietary habits, smoking, and alcohol consumption) present
a great window of opportunity in terms of primary prevention of the disease.
The studies found in the Medline database relating to

GASTRIC CANCER RESEARCH IN
MEXICO
While support exists in Mexico for research into strategies of prevention, diagnosis and control of cancer[16],
and gastric cancer is a public health problem because of
its high mortality and high percentage of late-stage detection[2,5,13,19], there are few studies that provide results to
support the development of public policies directed to
the prevention and control of this disease. The paucity
of research into gastric cancer of any form is reflected in
the fact that in the official clinical practice guide for diagnosis and treatment of gastric adenocarcinoma in adult
patients[8], produced only five years ago by the Ministry
of Health, only two of the 33 references correspond to
studies conducted on Mexican patients and in Mexican
institutes.
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Table 2 Studies of risk and protection factors in gastric cancer in the Mexican population
Ref.

Year

Institute of
adscription of
corresponding
author-city

Main finding

Quantity and type of
groups studied

[25]

2012

2012

[28]

2009

INSP
Cuernavaca,
Morelos

[29]

2003

INSP
Cuernavaca,
Morelos

[30]

1999

INSP
Cuernavaca,
Morelos

[26]

1999

[31]

1998

[32]

1998

1994

Risk of gastric cancer: wine consumption at least 10 glasses per month.
No association with risk for gastric cancer: consumption of beer and distilled
alcoholic beverages including brandy, rum and tequila
Potential risk of gastric cancer: chili pepper consumption

220 gastric cancer
752 controls

[33]

NCI1
Bethesda, MD,
United States
INSP
Cuernavaca,
Morelos
INSP
Cuernavaca,
Morelos
INSP
Cuernavaca,
Morelos

Protective effect against gastric cancer: use of mouthwash, refrigeration of food
and regular consumption of fruit and vegetables
Risk of gastric cancer: omission of breakfast and failure to refrigerate food
Risk of gastric cancer: moderate to high capsaicin consumption synergistically in
genetically susceptible individuals (IL-1B-31C allele carriers) infected with more
virulent
H. pylori (CagA positive) strains
Protective effect against gastric cancer: higher intake of cinnamic acids,
secoisolariciresinol and coumestrol.
Main sources of these molecules: pears, mangos, beans, carrots, squash and
legumes
Risk of gastric cancer: high consumption of capsaicin (90-250 mg of capsaicin per
day, 9-25 jalapeno peppers per day), compared to low-level consumption (0-29.9
mg of capsaicin per day, 0-3 jalapeno peppers per day); this effect is independent
of H. pylori status
Protective effect against gastric cancer: intake of polyunsaturated fat,
fiber and vitamin E, independent of the histological type of the tumor
(intestinal or diffuse)
Risk of gastric cancer: consumption of saturated fat and cholesterol
Protective effect against gastric cancer: intake of yellow and orange vegetables.
Risk of gastric cancer: consumption of fresh and processed meat, dairy products,
fish and salty snacks
No association with risk of gastric cancer: consumption of foods prepared with
corn, wheat or rice

49 gastric cancer
162 controls

[27]

UV
Xalapa,
Veracruz
INSP
Cuernavaca,
Morelos

158 gastric cancer
317 controls

257 gastric cancer
478 controls

234 gastric cancer
468 controls

220 gastric cancer
752 controls

220 gastric cancer
752 controls
220 gastric cancer
752 controls

220 gastric cancer
752 controls

1

In collaboration with the INSP. H. pylori: Helicobacter pylori; UV: University of Veracruz/Universidad Veracruzana; INSP: National Institute of Public
Health/Instituto Nacional de Salud Pública; NCI: National Cancer Institute.

H. pylori produces gastritis in almost all infected individuals, with a minority progressing towards chronic atrophic gastritis[35]. Gastritis is an inflammation of the gastric
mucosa, which does not imply serious complications[34];
in contrast, chronic atrophic gastritis is characterized by a
loss of the parietal and principal cells that drives a reduction in the secretion of peptic acid and increases the risk
of developing gastric cancer[34].
The progression, severity and consequences of infection by H. pylori depend on an interaction of multiple
factors. Those relating to the host include genetic background or physiological and immunological state. Factors
relating to the bacteria include bacterial genomic plasticity, capacity for adaptation to the individual conditions of
the host, modulation of the reaction to the host immune
system response and production of various virulence
factors, such as vacuolating cytotoxin and the cytotoxinassociated antigen A (CagA)[36].
The study of the relationship between H. pylori and
the development of gastric cancer is without doubt a
complex process in Mexico, for many reasons: (1) the
diversity of reported strains[37,38]; (2) association with
modifiable factors[39]; (3) host effect in progression of the

factors associated with the development of gastric cancer
in the Mexican population have practically all been conducted in just two national institutions: the University of
Veracruz (Universidad Veracruzana, UV)[25] and the National Institute of Public Health (Instituto Nacional de
Salud Pública, INSP). This latter institute has, on certain
occasions, benefited from international collaboration[26-33].
Among the factors associated with the development of
gastric cancer in Mexico, those which stand out as presenting the highest risk are omission of breakfast[25] and
the high consumption of capsaicin[27], saturated fat[30],
cholesterol[30], and fresh[26] and processed meat[25,26]. Factors that protect against the development of the disease
are: high consumption of fruit[25,28] and vegetables[28]
(Table 2).
In 1984, Marshall and Warren discovered the etiological role of H. pylori in gastritis and peptic ulcers, for
which they received the Nobel Prize in 2005[34]. Infection
by H. pylori is mainly acquired in infancy via fecal-oral and
oral-oral pathways, and it has been estimated that 50% of
the world’s population could be infected with this bacterium, increasing to 80% of the population within some
developing countries[34].
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Table 3 Studies of Helicobacter pylori in pathologies associated with the development of gastric cancer and gastric cancer in a
Mexican population
Main finding

Ref.

Year

Institute of
adscription of
corresponding
author-city

[39]

2013

[46]

2013

[41]

2013

[47]

2013

[48]

2012

ISSSTE
Culiacan,
Sinaloa
IMSS
Mexico City
INSP
Cuernavaca,
Morelos
INSP
Cuernavaca,
Morelos
UNAM
Mexico City

[49]

2012

IMSS
Failure to express cag19 and cag24 in vivo in precancerous lesions might
Mexico City serve as a biomarker of the risk of development of gastric cancer

[40]

2011

INSP
Vac-A neutralizing antibodies might serve as a biomarker of the risk of
Cuernavaca, development of gastric cancer and duodenal ulcer
Morelos

[43]

2009

[50]

2009

UNAM
Tlalnepantla,
Estado de
Mexico
IMSS
Mexico City

[51]

2008

[38]

2008

[52]

2004

[37]

2004

[53]

2001

[45]

1997

[44]

1993

Quantity and type of groups studied

Association between alcohol consumption and H. pylori infection.
No relationship between H. pylori and smoking and coffee consumption

269 H. pylori positive
269 H. pylori negative

Association between H. pylori and p53 expression and between p53 and
intestinal metaplasia
IgG2 response to CagA could be used as a novel serological marker to
identify patients with H. pylori-associated gastric cancer

104 patients with no evidence of acute or
clinically significant gastric pathology
46 intestinal metaplasia
41 gastric cancer
50 controls
67 gastric cancer
368 non atrophic gastritis
124 preneoplastic lesion
14 gastric cancer
5 peptic ulcer
13 bleeding peptic ulcer
12 dyspepsia
11 gastric cancer
10 non atrophic gastritis
10 duodenal ulcer
90 intestinal metaplasia
60 gastric cancer
52 duodenal ulcer
145 non atrophic gastritis
238 chronic gastritis

No association between CagA and gastric cancer

Correlation of antibody subclass titers with Th1/Th2 markers may aid
pathology characterization and diagnosis

Patients with chronic gastritis had a high incidence of infection by H. pylori;
44% of the H. pylori strains may be considered as highly virulent since they
possessed two or three of the virulence markers analyzed: vacA s1 cagA
babA2
30 genes are significantly associated with non-atrophic gastritis, duodenal
ulcer, or gastric cancer and may serve as risk biomarkers

UNAM
H. pylori is uniformly distributed across the stomach in dyspepsia and has
Mexico City preference for fundus and corpus in gastric cancer.
H. pylori genotype diversity across the systematic whole-organ and tumor is
remarkable.
There is insufficient evidence to support the association of one isolate with a
specific disease, due to the multistrain nature of H. pylori
INSP
H. pylori infection and CagA are risk markers for intestinal metaplasia. In
Cuernavaca, gastric cancer, prevalence of these risk markers decreases, probably reflecting
Morelos
the fact that infection reduces when advanced atrophy and metaplasia
develops
UANL
Absence of the HLA-DQA1*0503 allele could be a host risk factor for the
Nuevo Leon, development of gastric cancer.
Nuevo Leon Infection with H. pylori CagA+, VacA+ strains represents a significant risk in
terms of the development of gastric cancer
INSP
There is no association between nitrite and ascorbic consumption or
Cuernavaca, interactions of these nutrients with seropositivity to H. pylori CagA+.
Morelos
Seropositivity to H. pylori CagA+ strains may be an independent factor in
diffuse gastric cancer
SU1
In regions with a high prevalence of chronic atrophic gastritis, serological
California, screening with CagA alone is an effective test for identifying eligible subjects
United States
INSP
H. pylori infection present in 87.2% of cases and 82.5% of controls
Cuernavaca,
Morelos
INCan
In a high-risk population, precursor lesions for adenocarcinoma are
Mexico City universally associated with H. pylori infection

10 non atrophic gastritis
10 duodenal ulcer
9 gastric cancer
16 gastric cancer
14 dyspepsia

368 non atrophic gastritis
126 precancerous lesions
65 gastric cancer
59 duodenal ulcer
22 gastric cancer H. pylori positive
8 high grade dysplasia H. pylori positive
77 matched controls H. pylori positive
211 gastric cancer
454 controls

178 H. pylori positive
155 H. pylori CagA+
109 gastric cancer
177 controls
245 symptomatic patients

1

In collaboration with INCan, UNAM Mexico City and the Colegio de la Frontera Sur, San Cristobal de las Casas, Chiapas. H. pylori: Helicobacter pylori;
ISSSTE: Institute of Social Security and Services of State Employees/Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado; IMSS:
Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; INSP: National Institute of Public Health/Instituto Nacional de Salud Pública;
EBV: Epstein-Barr virus; UNAM: National Autonomous University of Mexico/Universidad Nacional Autónoma de México; UANL: Autonomous
University of Nuevo Leon/Universidad Autónoma de Nuevo León; SU: Stanford University; INCan: National Institute of Cancerology/Instituto Nacional
de Cancerología.
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Table 4 Studies of the Epstein-Barr virus in pathologies associated with the development of gastric cancer and gastric cancer in a
Mexican population
Ref.

Year

Institute of
adscription of
corresponding
author-city

[54]

2013

[56]

2005

IMSS
Mexico City
INCan
Mexico City

[55]

1999

INCan
Mexico City

Main finding

Quantity and type of groups studied

Co-infection with EBV and H. pylori in pediatric patients is associated
with severe gastritis
EBV was detected in 7.3% of cases, all pertaining to patients > 50 years
of age.
Among Latin-American countries, Mexico has the lowest frequency of
EBV associated gastric carcinoma
EBV is detected in 8.15% cases, six occur in males and five in females

333 pediatric patients with chronic abdominal pain
330 gastric cancer

135 gastric cancer

H. pylori: Helicobacter pylori; IMSS: Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; INCan: National Institute of Cancerology/
Instituto Nacional de Cancerología; EBV: Epstein-Barr virus.

infection[40,41]; (4) contrasting socioeconomic, sanitary and
climatological conditions of the country, which could affect the presence of the bacterium in the environment[42];
and (5) the differential occurrence of bacterial strains in
diseases associated with the development of gastric cancer[43], precancerous lesions[38,44] and gastric cancer[38]. Of
the studies selected according to the criteria used in this
review, 16/48 (33%) focused on the relationship between
H. pylori and the development of gastric cancer, and have
made a considerable contribution towards the understanding of this complex phenomenon (Table 3).
Contributions made by studies conducted in Mexico
that could support the design of strategies for the prevention and control of gastric cancer (Table 3) include
the knowledge that, in regions with a high prevalence of
chronic atrophic gastritis, serological screening with CagA
is an effective test for identifying eligible subjects[45] and,
in high-risk populations, precursor lesions for gastric cancer are universally associated with H. pylori infection[44].
The role of the Epstein-Barr virus (EBV) in relation
to the development of gastric cancer in Mexico has been
little studied; however, pediatric patients co-infected with
EBV and H. pylori produce more severe clinical charts[54]
and its incidence in gastric cancer is low[55,56] (Table 4).
International studies have suggested certain molecules
as markers in gastric cancer: some of these findings have
been confirmed in Mexico, for example, adhesion molecules, such as E-cadherin[57]; tumor suppressor genes, for
example p53[58]; extracellular matrix remodeling genes;
matrix metalloproteinases (MMPs), such as MMP-9[59];
inflammatory molecules, TNF[60] and IL-8[61]; cell growth
factors and their receptors, such as human epidermal
growth factor receptor 2[62]; and enzymes that participate
in the metabolism of the methyl groups, such as methylenetetrahydrofolate reductase[63] (Table 5). However,
most of these molecules have failed to become popular
as prognostic tools in gastric cancer, probably because
of limitations in their reliability, sensitivity and specificity. However, these are problems that could be solved by
adopting methods to optimize reproducibility: avoiding
sampling variability, increasing the sample size of tumors,
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extending the number of genes analyzed and creating
partnership platforms to study multicenter trials[64], as
well as following international recommendations in relation to the design and execution of studies[65,66].

DISCUSSION
As part of the Mexican Ministry of Health, the National
Council for the Prevention and Treatment of Cancer in
Infancy and Adolescence (Consejo Nacional para la Prevención y el Tratamiento del Cáncer en la Infancia y la
Adolescencia) directs actions for the prevention of cancer in people below 18 years of age[75]. However, a specific program for gastric cancer is required, based on national health indicators and featuring a consensus for the
timely detection of the disease. Experience in countries
with a high incidence of gastric cancer, such as China and
Japan, has shown that mass screening of the asymptomatic population using endoscopy and actions of vigilance
in higher risk subjects have been cost-effective strategies:
they have been able to detect between 50% and 80% of
cases in the early stages[76]. Thus, individuals identified
as being at highest risk can be monitored endoscopically to detect dysplasia and early cancer[14]. In countries
where the incidence of gastric cancer is not so high, for
example the United States and Canada, mass screening
with endoscopy is not recommended: analysis of costeffectiveness shows no justification for the application
these programs[76].
In Mexico, no studies have been conducted on the
prevalence of gastric cancer in each stage of the disease.
One retrospective cohort study conducted in the INCan
in Mexico City in 2001 reported that, in a set of 834 patients with gastric cancer, only 21 (2.5%) were diagnosed
in the early stages of the disease[77]. It is important to clarify that these data relating to the incidence of early stage
gastric cancer came from a reference hospital, for which
reason they should not be taken to reflect the national
trend. To elucidate trends in gastric cancer per stage in
Mexico, implementation of a system of epidemiological
vigilance is necessary at each different level of care. Data
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Table 5 Studies of molecular markers for the development of gastric cancer and gastric cancer in a Mexican population
Ref.

Main finding

Year Institute of adscription
of corresponding
author-city

[67] 2013

UG
Guadalajara, Jalisco

Quantity and type of
groups studied

EGFR-R521K and ERBB2-1655V polymorphisms are not suitable as markers for
identifying individuals at risk of developing gastric cancer

[62] 2013 INCMSZ Mexico City HER2 amplification is restricted to intestinal gastric cancer.
HER2 amplification is suitable as a marker for screening gastric cancer histotype
[59] 2010
UV
MMP9 expression is enhanced in gastric cancer compared to normal mucosa, and has
Xalapa, Veracruz
potential as a molecular marker
[68] 2010
UNAM
Claudin 6, 7, and 9 expression is related to gastric carcinogenesis, and detection of these
Mexico City
is a useful prognostic marker in intestinal and diffuse gastric cancer
[60] 2010
IMSS
Polymorphisms in TNF and HSP70 have a severity dose-response as risk markers from
Mexico City
preneoplastic lesions to gastric cancer, probably because of their association with an
intense and sustained inflammatory response

[63] 2009

INSP
In subjects with high consumption of folate, choline and vitamin B6, and 5,10-methyle
Cuernavaca, Morelos netetrahydrofolate reductase (MTHFR) 677 TT genotype, there is a reduction in diffuse
gastric risk compared to MTHFR 677 CC + CT carriers.
In subjects with low consumption of methionine and MTHFR 677 TT genotype, there is a
reduced risk of diffuse gastric cancer compared to MTHFR 677 CC + CT carriers.
Carriers of the MTHFR 677 TT genotype with a low consumption of folate have a
significantly increased risk of development of intestinal gastric cancer
[69] 2007
UANL
There is no association between the MTHFR C677T polymorphism and development of
Monterrey, Nuevo gastric cancer
Leon
[57] 2007 INCMSZ Mexico City The -160 C/A polymorphism of E-cadherin has a direct effect on the risk of diffuse
gastric cancer at a young age
[61] 2007

[70] 2006
[71] 2006

[58] 2005

[72] 2005

[73] 2004

[74] 2003

UANL
Monterrey, Nuevo
Leon
INSP
Cuernavaca, Morelos
LSU1
New Orleans, United
States
NYU2
New York, United
States
UANL
Monterrey, Nuevo
Leon
INCan
Mexico City

UANL
Monterrey, Nuevo
Leon

The IL-8-251*A allele could be related to the development of gastric cancer

155 gastric cancer
121 controls
103 general population
269 gastric cancer
6 gastric cancer
11 superficial gastritis
70 gastric cancer
228 non atrophic gastritis
98 intestinal metaplasia
63 gastric cancer
58 duodenal ulcer
132 controls
248 gastric cancer
478 controls

51 gastric cancer
83 controls
39 gastric cancer younger
than 45 years of age
78 controls
78 gastric cancer
259 controls

High prevalence of MTHFR 677T allele may be a contributor to the high rate of morbidity
and mortality in gastric cancer
Identification of the IL-1B-31 promoter polymorphism is a useful marker for the risk of
intestinal type gastric cancer in subjects with CagA+ H. pylori infection

201 gastric cancer
427 controls
183 gastric cancer
377 controls

Carrying the Arg/Arg genotype in the codon 72 exon 4 of p53 is associated with risk of
development of gastric cancer

65 gastric cancer
182 controls

Carrying the proinflammatory IL-1B-31*C allele is associated with increased risk of
gastric cancer

63 gastric cancer
215 controls

There is an association of major histocompatibility complex HLA-DQA1*0601 and
HLA-DQB1*0501 alleles in gastric cancer compared to chronic gastritis and the healthy
condition.
These HLA-DQ alleles may be conferring susceptibility for the development of gastric
cancer
Carrying the pro-inflammatory IL-1B-31*C allele is associated with an increased risk of
gastric cancer and high-grade dysplasia

20 gastric cancer 40 H.
pylori-associated chronic
gastritis
90 controls
33 gastric cancer
8 high-grade dysplasia
25 controls

1

In collaboration with INSP; 2In collaboration with UANL. H. pylori: Helicobacter pylori; UG: University of Guadalajara/Universidad de Guadalajara;
INCMNSZ: National Institute of Medical Science and Nutrition Salvador Zubiran/Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán;
UV: University of Veracruz/Universidad Veracruzana; UNAM: National Autonomous University of Mexico/Universidad Nacional Autónoma de México;
IMSS: Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; INSP: National Institute of Public Health/Instituto Nacional de Salud
Pública; UANL: Autonomous University of Nuevo leon/Universidad Autónoma de Nuevo León; LSU: Louisiana State University; NYU: New York
University; INCan: National Institute of Cancerology/Instituto Nacional de Cancerología.

CagA is an effective test for identifying eligible subjects[45]
and that, in high-risk populations, precursor lesions for
gastric cancer are universally associated with H. pylori infection[44]. Moreover, the scientific evidence provided by
randomized trials in China[78] and Mexico[79] shows that,

from such a system would generate indicators permitting
the design of programs of prevention and control. In
terms of gastric cancer prevention in Mexico, it should
be considered that, in regions of high-prevalence of
chronic atrophic gastritis, serological screening with

WJG|www.wjgnet.com

4498

April 28, 2014|Volume 20|Issue 16|

Sampieri CL et al . Gastric cancer research in Mexico

while curing H. pylori infection produces a modest deceleration of the precancerous process, it does not prove
that eradication of H. pylori decreases cancer risk[14]. Understanding the modifiable factors associated with gastric
cancer in the local population is also of great importance
in terms of prevention of the disease (Table 2).
One window of opportunity in Mexico could be
conducting studies in which questionnaires are used to
identify risk profiles in specific groups of the population.
This could be done with the aim of monitoring more
closely those people that have an elevated risk of developing gastric cancer. In this context, the Gail model for
breast cancer in the United States[80] and the model of
oral cancer risk factors in rural Sri Lanka[81] indicate the
utility of this type of strategy, because it allows the relatively simple and cost-effective identification of people
with a high risk of developing cancer, who can then be
subjected to special control[80,81]. In China, good results
have been obtained from the combined application of
a questionnaire regarding risk factors for colorectal cancer and an immunochemical fecal occult blood test to
identify subjects at risk of suffering cancer[82]. In Mexico,
a risk model for gastric cancer would be difficult to establish because of the wide variety of factors associated
with its development and to the broad diversity of sociocultural, climatological and dietary conditions that exist
in the country. Another challenge would be the validation
of such a model, because it implies a prolonged period
of monitoring of a large cohort of subjects, who would
have to submit to invasive study by endoscopy. The creation of research networks is necessary within Mexico,
which should include the health sector and the academic
community, to approach this health problem with a multidisciplinary focus and propose actions for its prevention
and control within a national context.
The few studies of gastric cancer in the Mexican
population included in this review reveal little or no linkage between the scientific community and the health
sector to resolve this health problem. Public policies in
health research should direct initiatives for the formation
of research networks that include experts from different
disciplines. Such networks could generate, among other
academic products, an official Mexican standard (Norma
oficial Mexicana) for the prevention, detection, treatment
and control of gastric cancer. This review should serve as
a guide to identify the national research groups interested
in the study of gastric cancer in the Mexican population.
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Role of gene polymorphisms in gastric cancer and its
precursor lesions: Current knowledge and perspectives in
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the world. A total of 40 genes or genomic regions and
69 genetic variants, 58% representing markers involved
in inflammatory response, have been used in a number
of studies in which predominates a low number of individuals (cases and controls) included. Polymorphisms
of IL-1B (-511 C/T, 14 studies; -31 T/C, 10 studies) and
IL-1RN (variable number of tandem repeats, 17 studies)
are the most represented ones in the reviewed studies.
Other genetic variants recently evaluated in large metaanalyses and associated with gastric cancer risk were
also analyzed in a few studies [e.g. , prostate stem cell
antigen (PSCA ), CDH1, Survivin ]. Further and better
analysis centered in gene polymorphisms linked to other
covariates, epidemiological studies and the information
provided by meta-analyses and genome-wide association studies should help to improve our understanding
of gastric cancer etiology in order to develop appropriate health programs in Latin America.
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Abstract
Latin America shows one of the highest incidence rates
of gastric cancer in the world, with variations in mortality rates among nations or even within countries belonging to this region. Gastric cancer is the result of a multifactorial complex process, for which a multistep model
of carcinogenesis is currently accepted. Additionally to
the infection with Helicobacter pylori , that plays a major
role, environmental factors as well as genetic susceptibility factors are significant players at different stages in
the gastric cancer process. The differences in population
origin, demographic structure, socio-economic development, and the impact of globalization lifestyles experienced in Latin America in the last decades, all together
offer opportunities for studying in this context the influence of genetic polymorphisms in the susceptibility
to gastric cancer. The aim of this article is to discuss
current trends on gastric cancer in Latin American countries and to review the available published information
about studies of association of gene polymorphisms involved in gastric cancer susceptibility from this region of
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Core tip: This article is a review about the current state
of art of studies carried out in Latin America using gene
polymorphisms to assess gastric cancer susceptibility. Latin America shows one of the highest incidence
rates of gastric cancer in the world, with variations in
mortality rates among nations or even within countries
belonging to this region. Moreover, Latin America is a
region with a particular genetic background, high rates
of Helicobacter pylori infection and lifestyles condition.
This review also gives special emphasis on the importance of the studies conducted in gastric precancerous
diseases.
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determinants. Among possible explanations for this association could be that the host genetic background, as well
as H. pylori genotypes, may cluster more readily in certain
isolated mountainous communities[5].

Chiurillo MA. Role of gene polymorphisms in gastric cancer
and its precursor lesions: Current knowledge and perspectives in Latin American countries. World J Gastroenterol 2014;
20(16): 4503-4515 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4503.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4503

CARCINOGENESIS: MULTISTEP MODEL
It has been proposed a multistep cascade model for the
development of intestinal-type gastric adenocarcinoma,
which consists of a progression from chronic superficial
(non atrophic) gastritis, to chronic atrophic gastritis to intestinal metaplasia, and finally, gastric adenocarcinoma[6].
This model hypothesizes the sequence of precancerous
lesions as a dynamic process from an initial superficial
inflammation caused by H. pylori infection to a fully
malignant neoplasm of the stomach. Thus, the chronic
infection of the gastric mucosa by the H. pylori is a major
attributable risk factor of gastric cancer[7].
More than 50% of the population worldwide is infected with H. pylori with a higher prevalence in developing countries and in groups with poor socio-economic
conditions. The improvements in living conditions in developed countries has determined a declining in the prevalence of infection, while remaining high, about 80%, in
the developing world. In Latin American countries it has
been reported a prevalence of H. pylori infection ranging
from 70% to 90%[8]. However, less than 2% of H. pylori
carriers develop gastric cancer[9]. Moreover, the incidence
of gastric cancer in areas of Africa and South Asia with
high prevalence of H. pylori infections is much lower than
in other countries[10].
Consistent with the multifactorial pathogenesis, the
observed differences in the clinical outcomes and gastric
cancer prevalence worldwide may be due to environmental factors (mainly diet, smoking and alcohol use) often
playing a dominant role. Moreover, the influence of host
factors, especially those governing the severity of the immune response, is also relevant.

EPIDEMIOLOGY OF GASTRIC CANCER IN
LATIN AMERICA
Gastric cancer is one of the most lethal types of cancer, accounting in 2008 for about 800000 deaths, but its
incidence varies substantially worldwide[1]. There were
approximately 870000 noncardia gastric cancer cases and
74.7% of them have been attributed to Helicobacter pylori
(H. pylori) infection[1]. Although the rates of gastric cancer
have been declining over the past 50 years in most Western countries, gastric cancer is still the fourth most common malignancy and the second leading cause of death
due to cancer worldwide. The highest incidence (more
than two-thirds) of gastric cancer is observed in East
Asia, Eastern Europe, and the Andean region of South
America, while North America, Northern Europe and
North and East Africa show the lowest recorded rates[1].
Latin American countries display some of the highest
mortality rates worldwide. For males the estimates agestandardized mortality rates (ASMR) are led by Honduras
(25.9%), Ecuador (24.1%), Costa Rica (23.6%), Chile
(23.1%) and Guatemala (22.3%), while for women the
highest rates are found in Guatemala (22.0%), Honduras
(19.0%), Ecuador (17.5%), Peru (17.1%) and Costa Rica
(10.6%). In contrast, lower ASMR are observed for both
sexes in Puerto Rico, Cuba, Dominican Republic, Mexico
and Argentina[1,2].
Significant variations in the incidence of gastric
cancer have been observed between different ethnic
groups living in the same region; for example, AfricanAmericans, Hispanics and Native Americans are affected
more than Caucasians in the United States[3]. Moreover,
in a comparison between Japanese migrants to the United
States and Brazil, Japanese migrants to the United States
show a significantly lower incidence rate than Japanese
living in Japan, while Japanese migrants to Brazil show a
similar rate to the latter group, suggesting that the geographical distribution of gastric cancer may not be solely
attributable to ethnic differences[4].
Recently, Torres et al[5], with the apparent association
between altitude and the incidence of gastric cancer in
the countries of Western Latin America along the Pacific
Rim, proposed that the altitude may be a surrogate for
the clustering of host, bacterial, dietary, and environmental factors related to gastric cancer risk. The relation
appears to be strongest in the mountainous regions of
Central America and Andean South America, but it is
absent in Chile, where risk is more strongly associated
with the age of H. pylori acquisition and socio-economic
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GENE POLYMORPHISMS, GASTRIC
CANCER AND ETHNICITY
The identification and discrimination of host genetic
variants influencing susceptibility in populations with
high incidence of gastric cancer has been a major challenge. These genetic variants may modulate the effects of
exposure to environmental factors by regulating multiple
biological pathways during gastric carcinogenesis.
Common susceptibility genetic variants have been
identified as significantly associated with gastric cancer
risk by candidate-gene studies, such as inflammatory
[interleukin (IL)-1β, IL-8 and tumor necrosis factor-α
(TNF-α)] and anti-inflammatory cytokines (IL-10), DNA
repair genes and metabolic enzymes (such as the glutathione S-transferase family, cytochrome P450 superfamily,
and metabolism of folate and arachidonic acid)[11-20].
Moreover, recent genome-wide and large scale gene
association studies have focused on analyzing regions of
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the genome in which have been detected candidate genes
involved in cell proliferation, differentiation, and survival, such as MUC1[21], PLCE1[22], PTGER4, PRKAA1,
ZBTB20 [23,24], prostate stem cell antigen (PSCA)[25,26],
genes participating in EGFR and FAS-mediated signaling
pathway[27,28] and DNA repair pathways[29]. Chromosome
9p21.3 and 10q23 regions have been identified as genetic
susceptibility loci for multiple disease phenotypes including gastric cancer[22,30].
The current understanding of host genetic polymorphisms and gastric cancer susceptibility is based largely
on studies in Asians and Caucasians (from Europe and
North America) populations. Moreover, ethnicity has
been proposed as a factor modifying the risk of cancer[2].
The present-day population of Latin American countries is historically and anthropologically admixed, as the
result of a mixing process between Native Americans,
Europeans (mostly Spaniards, Portuguese and Italians)
and Sub-Saharan Africans (mainly from Western Africa),
whom came into contact for five centuries[31]. The populations of Latin America experienced different admixture
processes with varying degrees of ancestral population
proportions that came in different migration waves[32,33].
Therefore, in studies of genetic association to diseases,
the addition of a population structure estimate could be
very effective to identify and correct possible effects of
the population substructure.
Genetic admixture studies have recently helped to
identify variants associated with prostate and oral cancer
in African-American and Hispanics populations, respectively[34,35]. A similar approach was applied recently by
Pereira et al[36] using a panel of 103 ancestry informative
markers (AIM) to test if individual Native American, European and African ancestries are risk factors for gastric
cancer in an urban admixed sample in Peru. This work
determined that Native American individual ancestry is
associated with gastric cancer, but this was explained by
the association of socioeconomic variables with both
gastric cancer and Native American ancestry. Therefore,
indicating that the high incidence of gastric cancer in the
Peruvian population, with a very high Native American
ancestry, does not seem to rely on a genetic basis. More
recently, a study carried out in the Northern region of
Brazil examined the effect of population substructure, by
the analysis of a panel with 48 AIMs, on the association
between five single nucleotide polymorphisms (SNP) of
N-acetyltransferase 2 (NAT2) gene and the susceptibility to breast and gastric cancer[37]. They detected a higher
African contribution in the study group with cancer, and
a significant association of NAT2 282*T allele carriers
with gastric cancer.

humans that were found in the databases of PubMed/
MEDLINE, LILACS and SciELO, published up to 25
October 2013 and with no restriction regarding language.
This review includes the analysis of 61 articles reporting studies of association between genetic variants and
the risk of gastric cancer and/or known precancerous
lesions. All studies correspond to case-control comparisons, including healthy, non-cancer (counting precancerous lesions), asymptomatic and population-based controls[12,37-96].
All reviewed studies were conducted with Latin
American populations: Brazil (22), Chile (1), Colombia
(6), Costa Rica (7), Honduras (1), Mexico (16), Peru (1)
and Venezuela (7). Two-thirds of the articles considered
the detection of H. pylori infection by urease test, culture,
histology, serology or polymerase chain reaction (PCR).
Some studies also included the typing of genetics variants
of bacterial virulence factors by molecular methods. Regarding host genetic variants, studies evaluated 69 polymorphisms from 40 genes or genomic regions, including
2 microsatellites or variable number of tandem repeat
(VNTR), 2 gene deletions, 3 insertion/deletions and 62
nucleotide substitutions (21 of them in protein coding regions, resulting in 3 synonymous and 18 nonsynonymous
substitutions). Figure 1 shows a summary of gene polymorphisms included in the Latin American studies classified by functional categories: inflammatory response,
mucosal protection, metabolic enzymes and transporters,
oxidative damage, cellular adhesion, DNA repair, oncogene/tumor suppressor/stability genes, apoptosis.
Techniques used for detecting gene polymorphisms
were dot blot hybridization, sequencing, conventional
polymerase chain reaction (PCR), PCR-restriction fragment length polymorphism, PCR-single-strand conformation polymorphism, real-time PCR with fluorescent
probes, PCR-sequence specific oligonucleotide probe,
PCR-Sequence-Specific Primer, Amplification-refractory
mutation system-PCR, and KASParTM SNP genotyping
system.
The largest number of studies investigating the association between gene polymorphisms and gastric cancer
(and premalignant lesions) risk in different countries of
the region includes the evaluation of interleukin-1 family
variants: IL-1B (IL-1B-511 C/T, 14 studies -31 T/C, 10
studies, +3954, 8 studies) and IL-1RN (VNTR, 17 studies). Table 1 shows the main characteristics of these studies.
Genetic variants in inflammation-related genes, especially cytokines and their receptors are thought to influence the first stage of the precancerous cascade and are
related to a more intense inflammatory response after
gastritis associated to H. pylori infection[7]. The inflammatory-related genes that have been most frequently studied
in relation to gastric cancer, sometimes with conflicting
results, are the interleukin genes IL-1B, IL-1RN, IL-8 and
IL-10. SNPs within these and other functional cytokine
regions that markedly influence expression and secretion
profiles may modify the intensity of the inflammatory re-

GASTRIC CANCER AND GENETIC
VARIANTS IN LATIN AMERICAN
COUNTRIES
The present overview included studies carried out on
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DNA repair
XRCC1: 580 C/T (A194W),
1196 G/A (A399Q)
XRCC3: 722 C/T (T241M)
OGG1: C1245G (S326C)
Cellular adhesion
CDH1: -347 G/GA, -160 C/A
Oxidative damage
MTHFR: 677 C/T (A222V)
1/1

1/2

3/4

7/12

Oncogene/tumor suppressor/stability
TP53: 215 C/G (R72P),
16 bp Del/Ins
WRN: 4330 T/C (C1367R)
EGFR: 1562 G/A (R521K)
ERBB2: 1963 A/G (I655V)
Apoptosis
Survivin: -31C/G Unknown function
PSCA: -26 C/T (M1T),
40950 T/C, 9011 G/A
4/5
1/1 1/3
Mucosal protection
MUC1: VNTR
1/1

Metabolic enzymes and transporters
GSTT1: Gene deletion
GSTM1: Gene deletion
GSTP1: 313 A/G (I104V)
CYP1A1: 3798 T/C
CYP2E1: -1293 G/C, -1054 C/T
NTA2: 282 C/T, 341 T/C, 481 C/T,
803 A/G, 857 G/A
MDR1: 3435 C/T

21/40

Inflammatory response
IL-1B: -511 C/T, -31 T/C, 3954 C/T
IL-1RN: intron 2 VNTR
IL-4: -590 C/T
IL-4R: -3223 C/T, 398 A/G (I75V)
IL-6: -174 G/C
IL-8: -251 T/A, -845 T/C
IL-10: -1082 A/G, -819 C/T, -592 C/A
TNF-a: -857 C/T, -308 G/A
TNF-β: -252 G/A
IFNG: 874 T/A
IFNGR1: -56 T/C

TLR2: -196 to -174 Ins/Del, 2258 G/A (R753Q)
TLR4: 896 A/G (D299G), 1196 C/T (T399I)
HLA DQA1
HLA DQB1
PTGS1: 128 G/A (Q41Q), 644 C/A (G213G), 709 C/A
(L237M), 762+14delA, 763-45 T/C, 1441G/A (V481I)
PTGS2: 306 G/C (V102V), 8237 T/G, 8473T/C
NOS2: -1173 C/T, -954 G/C, 1823 C/T (S608L), 40519
G/A
HSP70-1: 190 G/C
HSP70-2: 1267 A/G
HSP70-Hom: 2437 T/C

Figure 1 Graphic summary of gene polymorphisms included in the Latin American studies classified by functional categories. The fractions in each section
of the cake indicated total number of genes/number of polymorphisms examined in each group[12,37-96].

IL-1B-511*T+ and IL-10-1082*A+ genotypes prevalence
among the highest reported[45].
The meta-analysis of Xue et al[103] showed that IL-1B511*T and IL-1RN*2 alleles were significantly associated
with an increased risk of developing gastric carcinoma
among Caucasians, but not in Asians or Hispanics. On
the other hand, in the case-controls comparisons carried
out in 2013 by Bonequi et al[105], in which were analyzed
studies from Brazil, Colombia, Costa Rica, Honduras,
Mexico, Peru and Venezuela, it was identified the IL1RN*2 allele associated with a moderate increased risk
for gastric cancer (overall OR = 1.51, 95%CI: 1.15-1.99),
supporting its involvement in gastric carcinogenesis
as has been previously reported in non-Asian populations[104].
Among pro-inflammatory cytokines, IL-8 acts as a
potent chemoattractant and activator of neutrophils that
may play a role in gastric cancer pathogenesis[14,106]. IL-8
exhibits several functional polymorphisms, among them
the IL-8 -251 A/T SNP in the promoter region is associated with an increase in synthesis of that interleukin by
gastric epithelial cells[14,106].
A study conducted in Mexico showed that the IL-8
-251*A allele is a risk factor for the development of noncardia gastric cancer[60]. Similarly, Vinagre et al[95] observed

sponse to infectious agents, thereby contributing to variations in gastric cancer risk[97].
Since the first study of El-Omar et al[98] in 2000, a significant number of studies have evaluated the association
between genetic variations in the IL-1 gene cluster (IL1B-511 C/T, IL-1B-31 T/C, IL-1B+3954 C/T and IL1RN intron 2 VNTR) and gastric cancer. This association
(significantly with noncardia or with intestinal type of
gastric cancer) has a fundamental principle: alleles IL-1B31*C, -511*T, and IL-1RN*2, lead to high-level expression of IL-1β, reduction of acid output, corpus-predominant colonization by H. pylori, pangastritis and atrophic
gastritis, which are considered precursors as well as risk
factors for gastric cancer[98]. Furthermore, H. pylori infection induces IL-1β production, and the consequent hypochlorydria favors further colonization by pH-sensitive H.
pylori[99]. In addition, global meta-analyses have suggested
race-specific associations of some cytokine variants in
Caucasian and Asian populations[97,100-104].
A recent meta-analysis, showed that the profile of IL1B risk alleles in Latin Americans mirrors that found in
Asian populations with low or no associations with gastric cancer[105]. For example, in a high-incidence region of
gastric cancer in Honduras, a sample of healthy (population-based) controls of Hispanic mestizo origin, had the
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Table 1 Association studies of interleukin -1 gene cluster and gastric cancer/precancerous lesions
Year Study population
2004 Brazil
Gatti et al[70]
2005 Costa Rica
Alpizar-Alpizar et al[40]

2005 Mexico
Garza-González et al[12]
2005 Brazil
Rocha et al[73]
2006 Mexico
Sicinschi et al[58]

2006 Honduras
Morgan et al[45]

2007 Costa Rica
Con et al[43]
2008 Costa Rica
Sierra et al[42]
2009 Peru
Gehmert et al[46]

2009 Brazil
Melo Barbosa et al[74]

2009 Costa Rica
Con et al[44]

2009 Venezuela
Cañas et al[84]

2010 Mexico
Martínez-Carrillo et al[56]

2010 Venezuela
Chiurillo et al[85]

2011 Colombia
Martínez et al[88]
2011 Colombia
Martínez et al[91]

Number of populations

Target genes and variants

Main findings associated with increased susceptibility

IL-1B-511C/T; -31T/C
There was no association
IL-1RN intron 2 VNTR
58 GC; 41 nonneoplastic IL-1B-511C/T; -31T/C; +3954C/T Carriers of the IL-1B+3954*T alle had an increased risk
lesions; 58 cancer free IL-10-1082G/A; -819C/T; -592C/A for developing GC (OR = 3.72, 95%CI: 1.34-10.2). IL-1RN
patients; 41 healthy
IL-1RN intron 2 VNTR
heterozygote genotype (*2/*L) was associated with GC
controls
(OR = 2.942, 95%CI: 1.09-7.93).
63 distal GC; 215 nonIL-1B-31T/C
Presence of IL-1B-31*C allele was associated with
cancer lesions
IL-1RN intron 2 VNTR
increased risk of distal GC
TNF-α -308G/A
(OR = 7.631, 95%CI: 1.73-46.94)
168 GC H. pylori +;
IL-1B-511C/T; -31T/C
IL-1RN*2 was associated with noncardia GC
541 asymptomatic
IL-1RN intron 2 VNTR
(OR = 1.93, 95%CI: 1.06-3.49)
controls
TNF-α -308G/A
183 GC; 377 controls
IL-1B-31T/C; +3954 C/T
IL-10-592*C allele carrier was associated with intestinalIL-10-592C/A
type of GC (OR = 2.081, 95%CI: 1.07-4.05). Subjects
IL-1RN intron 2 VNTR
with IL-1B-31 CC genotype and H. pylori CagA positive
serology had an increased risk of intestinal-type GC
(OR = 3.192, 95%CI: 1.05-9.68)
170 GC; 162 healthy
IL-1B-511C/T
IL-1B-511 TT + IL-10-1082 AA combination increased
controls
IL-10-1082G/A
risk of GC (OR = 2.6, 95%CI: 1.0-6.8)
IL-1RN intron 2 VNTR
TNF-α -308 G/A
58 AG; 31 corpus AG; 23
IL-1B-511C/T; +3954C/T
IL-1B+3954*T carrier and IL-1RN homozygous *2 allele
IM
IL-10-1082G/A; -592C/A
were associated with IM (OR = 3.41, 95%CI: 1.2-10.00
IL-1RN intron 2 VNTR
and OR = 3.12, 95%CI: 1.1-9.00, respectively)
25 ABG; 76 AAG; 253
IL-1B+3954C/T
No association was found
NAG; 21 Normal mucosa;
IL-1RN intron 2 VNTR
21 healthy controls
133 GC vs 133 NAG
IL-1B-511C/T
IL-1B-511*C allele carrier and CT and CC genotypes
86 NAG vs 43 ChrAG
IL-1RN intron 2 VNTR
were associated with AG (OR = 5.61, 95%CI: 2.02-15.51;
OR = 4.82, 95%CI: 1.65-13.83; OR = 11.22, 95%CI:
2.27-55.37, respectively) and GC (OR = 2.361, 95%CI:
1.34-4.11; OR = 2.172, 95%CI: 1.23-3.84; OR = 4.152,
95%CI: 1.33-12.93, respectively)
177 gastric benign
IL-1B-511C/T; -31T/C
Carriers of IL-1RN*2 allele with H. pylori CagA-positive
pathologies; 100
IL-1RN intron 2 VNTR
serology had a greater risk of developing GU (OR = 8.82,
asymptomatic controls
TNF-α -308 G/A
95%CI: 1.762-44.181) and GC
(OR = 16.76, 95%CI: 1.99-140.71)
52 GC; 191 non-cancer H.
IL-1B-511C/T; +3954C/T
IL-1B+3954 TC (OR = 2.12, 95%CI: 1.0-4.3), IL-1RN
pylori positive patients
IL-10-1082G/A; -592C/A
*2/*L (OR = 3.52, 95%CI: 1.7-7.3), IL-10-592 AA (OR
IL-1RN intron 2 VNTR
= 3.12, 95%CI: 1.2-8.2) and IL-10-592 CA (OR = 3.22,
95%CI: 1.5-6.8) genotypes, as well the IL-1B+3954 TC,
IL-1RN *2/*L, IL-10-592 CA (OR = 4.7, 95%CI: 1.7-13.0)
combination were associated with GC
84 GC; 84 ChrG
IL-1B-511T/C; +3954C/T
IL-1B+3954*C carrier and IL-IRN *2/*2 genotype were
IL-10-592C/A
associated with GC (OR = 6.21, 95%CI: 1.3-28.8 and OR
IL-1RN intron 2 VNTR
= 7.02, 95%CI: 2.3-21.5, respectively). The IL-IRN *2/*2
genotype was also associated with a well/moderatelydifferentiated adenocarcinoma
(OR = 8.12, 95%CI: 2.5-26.8)
100 ChrG; 28 GU
IL-1B-511C/T; -31T/C
The IL-1B-511 TC genotype and the -511*C allele were
102 healthy controls
associated with ChrG (OR = 3.12, 95%CI: 1.4-6.8 and OR
= 3.01, 95%CI: 1.4-6.3, respectively). The subjects carrying
-31*T were found to be at a higher risk of having ChrG
(OR = 2.81, 95%CI: 1.3-5.8). The IL-1B-511*C/-31*T
haplotype was associated with ChrG
(OR = 2.1, 95%CI: 1.2-3.8).
109 ChrG
IL-1B-511C/T; -31T/C; +3954C/T Carriage of IL-1B-511*T (OR = 5.4, 95%CI: 1.9–15.8) and
IL-1RN intron 2 VNTR
-31*C (OR = 5.1, 95%CI: 1.8–14.7) alleles combined with
iceA2+ H. pylori genotype increased the risk of ChrAG
with severe histopathological changes.
46 GC; 99 NAG
IL-1B-511C/T
IL-1B-511 TT carriers had increased risk of GC
IL-1RN intron 2 VNTR
(OR = 11.312, 95%CI: 1.20-106.54)
56 GC; 56 ChrG

58 GC; 89 DU (54 with
precancerous lesions);
194 ChrG and normals
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2011 Venezuela
Chiurillo et al[86]
2012 Mexico
López-Carrillo et al[57]

2013 Brazil
Mattar et al[94]

2013 Brazil
de Oliveira et al[79]

121 ChrG

IL-1B-511C/T; -31T/C; +3954C/T

158 GC; 317 clinical
controls

IL-1B-31T/C

19 GC; 71 clinical
controls; 196
inflammation of the
upper gastrointestinal
tract; 28 GU; 76 DU
200 GC; 229 ChrG;
240 healthy individuals

IL-1RN intron 2 VNTR

IL-1RN intron 2 VNTR
TNF-α -857C/T
TNF-α -308G/A
TNF-b -252G/A
IL-8-251T/A
IL-8-845T/C
IL-10-592C/A
TLR2–196 to –174 Ins/Del
TLR4+896A/G (D299G);
+1196C/T (T399I)

There was association with severe histological changes
only considering H. pylori genotypes
IL-1B-31*C allele carriers who were both H. pylori
CagA positive and with moderate to high Capsaicin
consumption had increased risk of GC (OR = 3.411,
95%CI: 1.12-10.43)
The carriage of IL-1RN *2/*2 was an independent
risk factor for GC (OR = 5.81, 95%CI: 1.06-31.98). The
carriage of allele *2 had an independent protective effect
on DU (OR = 0.45, 95%CI: 0.22-0.91)
Association with GC was observed for IL-1RN*2 (OR
= 2.601, 95%CI: 1.65-4.10), TNF-α -857*T (OR = 1.701,
95%CI: 1.08-2.67), IL-8-845*C (OR = 3.461, 95 % CI:
1.69-7.07), IL-10-592*A (OR = 2.341, 95%CI: 1.47-3.70),
TLR2 –196 to –174 *Del (OR = 2.201, 95%CI: 1.28-3.78)
and TLR4+896*G (OR = 2.091, 95 % CI: 1.08-4.02) alleles.
Association with ChrG was observed with IL-1RN*2 (OR
= 1.881, 95%CI: 1.25-2.83) and IL-10-592*A (OR = 3.001,
95%CI: 1.99-4.50) alleles

1

Dominant; 2 Co-dominant. H. pylori: Helicobacter pylori; GC: Gastric cancer; ChrG: Chronic gastritis; ChrAG: Chronic atrophic gastritis; DU: Duodenal ulcer;
NAG: Non-atrophic gastritis; GU: Gastric ulcer; AAG: Atrophic antral gastritis; ABG: Atrophic body gastritis; IM: Intestinal metaplasia.

previous studies concluded that the IL-10-592 C/A polymorphism was not a risk factor for gastric cancer. However, when stratifying the data by race, the IL-10-592 AA
genotype was found to be a protective factor against the
development of this neoplasm in Asians but not among
Caucasians and Latinos[110].
Toll-like receptors (TLR2 and TLR4), involved in H.
pylori recognition in gastric mucosa, also have polymorphic variants that modulate their functional pattern[111].
Hence, some reports have studied SNPs in TLRs that are
associated with impaired immune response and induction
of a potent inflammatory response in the gastric mucosa,
being then associated with susceptibility of gastric diseases. In Mexico two studies evaluated the association of
TLR4 +896A/G and +1196C/T SNPs with gastric cancer and precancerous diseases[60,93]. Although no association with gastric cancer was found in these studies, Trejode la et al[93], including also analysis of TLR2 +2258 G/A
SNP, showed that patients with TLR4 polymorphisms
expressed significantly lower levels of IL-1β, IL-6, IL-8
and GRO-α; and higher levels of TNF-α, IL-10, MCP-1
and MIP-1α. Moreover, Silva´s research group in two
recent reports investigated TLR2 -196 to -174 del, TLR4
+896A/G and TLR4 +1196C/T polymorphisms at risk
of chronic gastritis and gastric cancer in a Brazilian population in the state of São Paulo[78,79]. In both studies TLR2
-196 to -174*del and TLR4 +896*G alleles showed an
association with increased risk for gastric cancer.
The study of Garcia de Oliveira et al[79] mentioned
above evaluated ten inflammatory-related gene polymorphisms in 669 samples (200 of gastric cancer, 229
of chronic gastritis, and 240 of healthy individuals), of
which IL-1RN L/2 (P < 0.001), TNF-α-857 C/T (P =
0.022), IL-8-845 T/C (P < 0.001), IL-10-592 C/A (P <
0.001), TLR2 ins/del (P < 0.001), and TLR4+896 A/G (P
= 0.033) polymorphisms were observed associated with

that the AA (P = 0.026) and AT (P = 0.005) genotypes
were most frequent in the group of patients with gastric
adenocarcinoma from the state of Pará, Brazil. Furthermore, they also found the IL-8 -251*A allele associated
with the risk for developing gastric cancer. On the contrary, also in Brazil but in the state of São Paulo, Felipe
et al[96] found the IL-8 -251 AT genotype and *T carriers
associated with an increased risk of gastric cancer. These
authors also observed that individuals with AA genotype
may have protective effect for gastric cancer, while patients harboring the TT genotype presented a lower median survival time. Whereas Garcia de Oliveira et al[79], in
another region of the state of São Paulo, found only the
IL-8 -845 T/C SNP (P < 0.001) associated with risk for
gastric cancer.
These results could suggest that the association between IL-8 -251 A/T polymorphism and gastric cancer
is likely influenced by environmental factors, and even
ethnicity, considering that the geographical conditions
and the proportion of the genetic ancestral contributions differ between the northern and southeast regions
of Brazil[107,108]. Moreover, a recent meta-analysis suggest
the potential influence of ethnicity in the association of
IL-8 -251 A/T polymorphism with gastric cancer, since
it is generally stronger in Asian than in Caucasian population[109].
There are three functional promoter SNPs in the
IL-10 locus: -1082 A/G, -819 C/T and -592 C/A. In this
locus only the -592 C/A SNP was found associated with
gastric cancer in Latin American studies. Con et al[44] in
Costa Rica and Garcia de Oliveira et al in Brazil[79] found
that IL-10-592 AA and CA genotypes were individually
associated with gastric cancer. Contrary, Sicinschi et al[58]
in Mexico identified the IL-10-592 CC genotype associated with more than double of the risk of the intestinaltype gastric cancer. A recent meta-analysis based on 12
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the risk of gastric cancer using a dominant model. In addition, a combined analysis of these six polymorphisms
revealed a profile with two to four combined genotypes,
which confers a higher risk of gastric carcinogenesis.
Regarding polymorphisms in inflammation-related
genes, three genes encoding heat shock proteins (HSP)
were also evaluated in two studies. Partida-Rodríguez et
al[61] studied HSP70-1+190 G/C, HSP70-2+1267 A/G
and HSP70-Hom+2437 T/C SNPs in 447 Mexican patients, including 228 with non-atrophic gastritis, 98 with
intestinal metaplasia, 63 with gastric cancer, 58 with
duodenal ulcer, and 132 asymptomatic individuals. They
also evaluated in this analysis the TNF-α-308 G/A and
TNF-β-252 G/A polymorphisms. Compared with the asymptomatic group, they found significant association of
TNF-β-252*A and HSP70-1*C alleles with gastric cancer.
More recently, Ferrer-Ferrer et al[41] in 2013 addressed the
possible association between HSP70-2+1267 A/G and
HSP70-Hom+2437 T/C polymorphisms and the risk of
developing gastric cancer in a high-risk population in
Costa Rica. These authors found that the GA genotype
of HSP70-2+1267 was associated with increased risk of
gastric cancer as compared to the GG genotype.
With regard to tumor-suppressor genes, seven studies
conducted the analysis of the TP53 Arg72Pro polymorphism related to the risk of gastric cancer. In Mexican
patients, Pérez-Pérez et al[55] identified association of the
Arg/Arg genotype with the increased risk of distal gastric
cancer. Similarly, in Venezuela, individuals carrying the Arg
allele had an elevated risk of developing gastric cancer,
while the Arg/Arg genotype was associated with poordifferentiated gastric cancer[83]. However, the association
of gastric cancer with TP53 Arg72Pro polymorphism in
Latin American countries was not consistent in the metaanalysis of Bonequi et al[105]. Differences in distribution of
TP53 Arg72Pro genotypes could be associated with the
location, stage, and histological differentiation of gastric
cancer. Moreover, a meta-analysis suggests that the TP53
codon 72 polymorphism (Pro allele) may be associated
with gastric cancer, particularly among Asians[112].
A Brazilian case-control study evaluated the effect of
a functional SNP (-31C/G) of Survivin, which is involved
in the regulation of apoptosis and cell cycle control[75].
Although this study included a small sample size, results
suggest that the presence of the *C allele of Survivin gene
promoter -31 C/G polymorphism in combination with
D17S250 microsatellite instability (a marker of TP53
gene) may be used as risk factor for gastric cancer in this
population. Involvement in gastric carcinogenesis of Survivin can be taken from the observation that overexpression of this protein in gastric cells reduces cell death after
infection with H. pylori[113].
The CDH1 gene, encoding E-cadherin protein, is
now established as a tumor suppressor in gastric cancer [114]. Polymorphisms at positions -347 G/GA and
-160 C/A reduce the transcriptional activity of CDH1,
although their association with susceptibility to gastric
cancer is controversial[115,116]. Medina-Franco et al[62] ana-
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lyzed a sample of 39 Mexican patients younger than 45
years old with diagnosis of diffuse gastric cancer and
observed association with -160 CA and AA genotypes.
Moreover, Borges et al[69] observed in Brazilian patients
carrying CDH1 -160*A and -347*GA alleles an increased
probability of developing gastric cancer, especially of the
diffuse-type.
SNPs in the PSCA gene was found associated with
gastric cancer risk in a Genome-wide association study
(GWAS), and subsequently validated in other Asian
and Caucasian populations[26,117,118]. Although its function remains unknown, the expression of PSCA has
been observed downregulated in the gastric tissue with
intestinal metaplasia[119]. Rizatto et al[82] analyzed 3 SNPs
in the PSCA gene (rs2294008 C/T, rs9297976 T/C and
rs12155758 G/A) in gastric biopsies of 2045 subjects
with gastric precancerous lesions and 180 cases of gastric
cancer from a high-risk region of Western Venezuela.
In this study the *T and *A alleles of rs2294008 and
rs12155758, respectively, were found to be associated
with gastric cancer.

GENE POLYMORPHISMS AND GASTRIC
PRECANCEROUS LESIONS
The role of gene polymorphisms in precancerous lesions
remains poorly understood, even for those that have
been identified as associated with increased risk of gastric
cancer. Identification of biomarkers of the precancerous
process is needed for development of screening programs to prevent gastric cancer, as this may contribute to
the understanding of gastric carcinogenesis.
Association between cytokine gene polymorphisms
and gastric precancerous lesions were identified in a work
carried out in Costa Rica by Con et al[43], in which the IL1B+3954*T and IL-1RN *2/*2 genotypes were associated with intestinal metaplasia. Whereas in Peruvians,
Gehmert et al[46] revealed an increased risk of atrophic
gastritis associated with IL-1B-511*C allele. A Brazilian
study in the state of São Paulo demonstrated the existence of an association of the anti-inflammatory cytokine
variant alleles IL-1RN*2 and IL-10-592*A with a higher
risk of developing gastric cancer and chronic gastritis[79].
In a recent meta-analysis Peleteiro et al[120] showed an
association of the IL-1RN *2/*2 genotype with the increased risk of gastric precancerous lesions, supporting a
role for this polymorphism in the early stages of gastric
carcinogenesis.
In the context of H. pylori infection, two studies of
our group in Venezuela showed an association of chronic
atrophic gastritis and severe histopathological changes
with IL-1B-511*T, -31*C, +3954*C and IL-1RN*2
polymorphisms only in presence of specific bacterial
virulence genotypes[85,86]. Similarly, Melo-Barbosa et al[74]
in Brazil, found that carriers of IL-1RN*2 allele with H.
pylori CagA-positive serology had a higher risk of developing gastric ulcer.
A research group have evaluated the prevalence of
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gastric precancerous lesions in a large number of Venezuelans in relation with several genetic polymorphisms,
most of them mediators of inflammation, and their
interactions with other environmental factors. The first
of them, by Kato et al[81], studied IL-10, IL-4 and IL4R SNPs in 2033 patients. Authors identified the IL10-1082*A low activity allele associated with intestinal
metaplasia and dysplasia, while homozygous of the low
activity allele (GG) of the 398 A/G polymorphism in the
IL-4R gene had a modest increase in the risk of atrophic
gastritis.
This group of researchers also evaluated genetic polymorphisms in other mediators of inflammation: IFNG,
IFNGR1, NOS2A, PTGS1, PTGS2[87]. A nonsynonymous substitution Ser608Leu of NOS2A gene (*A carriers) and the -56 C/T SNP located in the promoter of IFNGR1 (CC genotype) were associated with higher risk of
atrophic gastritis. Additionally, two SNPs of PTGS2 were
associated with risk of dysplasia (306 G/C -Val102Valand 8473 T/C). More recently, in a further study of this
group, the *T allele of the functional SNP rs2294008 in
the PSCA gene was associated with atrophic gastritis and
intestinal metaplasia[82].
SNPs of HSP70-1 (+190*C allele) and HSP70-2
(+1267 GA genotype) were associated with an increased
risk of duodenal ulcer in patients of Mexico and Costa
Rica, respectively[41,61]. Moreover, examination of TLR4
+896A/G SNP in a Southeastern Brazilian population
showed that the heterozygous AG genotype and allele *G
frequencies were significantly higher in chronic gastritis
and gastric cancer groups than in controls[78].

could be suggested that they do not influence gastric cancer susceptibility in these populations, or in any case, its
effect cannot be demonstrated.
Some research groups have been investigating the genetic contribution to gastric cancer in subjects of different ethnic backgrounds (mainly in Asians and Caucasians
from United States and Europe), using previous GWASs
information or conducting parallel GWASs with a large
number of genes and new candidate loci for gastric
cancer, as well as employing innovative techniques for
genotyping and statistical analysis[22,27-30]. Therefore, to the
analysis of human genetic risk factors in our populations,
it would be appropriate to exploit and replicate GWASs
findings, since a simple extrapolation of results from
these studies to the use of biomarkers in Latin American
populations is not completely adequate.
Genetic studies in admixed populations are particularly susceptible to confusion due to population stratification resulting from the difference in ancestry between
cases and controls. However, such confounding can be
handled by estimating individuals’ genetic ancestry using AIMs and then adjusting the analysis for individual
ancestry. If in this region the human genetic background
influences the high incidence of gastric cancer then can
be expected that genetic variants harbored in admixed
population account for this high incidence. Therefore, it
would be possible to apply the genome-wide strategy of
admixture mapping to detect these variants.
Finally, it is necessary to advocate for multicenter
studies involving several Latin American research groups
and large number of samples for the analysis of genetic
polymorphisms in relation to precancerous lesions and
environmental variables (lifestyle, dietary habits, H. pylori
infection), in order to contribute to the understanding
of gastric carcinogenesis and for the development of
screening programs to prevent gastric cancer.

CONCLUSION
Latin America is a territorial and cultural entity with a
particular genetic complexity, but also characterized by
wide socio-economic divergences and rapid changes in
life styles throughout the continent with a strong trend
towards urbanization of its population. Therefore, the
study of the etiology of multifactorial diseases, such as
gastric cancer, in this region appears to be a major challenge, but also an opportunity.
Given in Latin America the common scenario of a
population with high rates of infection with H. pylori,
persistent poverty, particular dietary habits, coupled with
secular trends in environmental exposures and lifestyle,
genetic can offer a useful tool to compare populations
and assess gene-environment interactions that underline
gastric cancer development.
Most studies here analyzed were conducted with
samples from populations with high prevalence of H.
pylori infection. Therefore, it is not surprising that most
research in this region of the world have been carried out
with gene variants involved in inducing a more intense inflammatory response after gastritis associated to H. pylori
infection. Moreover, as has been raised in Asians, due to
the distribution of IL-1B high-risk alleles in some Latin
American populations shows an elevated prevalence,
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Adjuvant chemotherapy for gastric cancer: Current
evidence and future challenges
Rosalba Miceli, Gianluca Tomasello, Giacomo Bregni, Maria Di Bartolomeo, Filippo Pietrantonio
the current evidence and future challenges regarding
adjuvant chemotherapy in curatively resected gas‑
tric cancer with particular emphasis on the recently
completed landmark studies and meta‑analyses. The
most recent patient‑level meta‑analysis demonstrated
the benefit of adjuvant chemotherapy over curative
surgery; the same Authors also showed that diseasefree survival may be used as a surrogate end-point for
overall survival. We finally discuss future research is‑
sues such as the need of economic evaluations, devel‑
opment of prognostic or predictive biomarkers, and the
unmet clinical need of trials comparing perioperative
chemotherapy with adjuvant treatment.
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Core tip: Despite the benefit of adjuvant therapy has
been clearly demonstrated, no general consensus has
been still reached on the best treatment option. The
narrow therapeutic index of adjuvant chemotherapy
requires a careful assessment of expected risks and
benefits for individual patients. Many issues, such as
the role of postoperative radiotherapy and the best
chemotherapy regimen, are still under investigation.
Moreover, no prognostic or predictive factors beyond
pathological stage have been prospectively validated.
Despite researchers’ efforts, this issue still represent
an unmet medical need. In this review we describe
the recently completed landmark studies and meta
analyses, and we discuss the future challenges in this
research field.

Abstract
Gastric cancer still represents one of the major causes of
cancer mortality worldwide. Patients survival is mainly
related to stage, with a high proportion of patients
with metastatic disease at presentation. Thus, the cure
rate largely depend upon surgical resection. Despite
the additional, albeit small, benefit of adjuvant chemo‑
therapy has been clearly demonstrated, no general
consensus has been reached on the best treatment
option. Moreover, the narrow therapeutic index of ad‑
juvant chemotherapy (i.e. , limited survival benefit with
considerable toxicity) requires a careful assessment
of expected risks and benefits for individual patients.
Treatment choices vary widely based on the different
geographic areas, with chemotherapy alone more of‑
ten preferred in Europe or Asia and chemoradiotherapy
in the United States. In the present review we discuss
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cades in their approach to GC. D2 gastrectomy has been
a standard of care in Eastern countries since the 1960s[4].
In Europe this procedure became widely used after the
publication of 15-year results of the Dutch D1D2 trial,
showing better locoregional control and lower GC related
deaths in the D2 arm[5]. In 2008 Sasako et al[6] published
the results of a Japanese RCT comparing D2 lymphadenectomy alone vs D2 lymphadenectomy plus para-aortic
nodal dissection, a procedure performed in Japan since
the 1980s. However, patients undergoing wider, D3, dissection did not benefit in terms of disease‑free survival
(DFS) and OS and experienced more surgical complications. Nowadays, D2 resection is the recommended surgical approach for patients with resectable GC and it is the
major determinant of patients’ prognosis.

20(16): 4516-4525 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4516.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4516

INTRODUCTION
Gastric cancer (GC) is a major public health problem,
because of its high incidence, morbidity and mortality rate. Despite a steady incidence decline over the last
decades, GC still represents one of the major causes of
cancer mortality worldwide[1]. This is due to the high
proportion of patients with metastatic disease at presentation or during the clinical course. Indeed, less than 5%
of patients with advanced GC survive up to five years
and the role of surgery as mainstay treatment is limited
to approximately a quarter of all patients[2].
Overall survival (OS) of patients who undergo surgery progressively diminishes as stage increases, ranging
from 75% for stage Ⅰ to 35% or less for stage Ⅱ and
beyond[3]. Recurrences tend to occur at distant sites, suggesting the presence of micrometastatic disease at the
time of surgery. Therefore, these observations led to the
hypothesis that adjuvant chemotherapy should improve
outcomes in curatively resected stage Ⅱ-Ⅲ GC.
Despite the benefit of adjuvant therapy has been
clearly demonstrated, no general consensus has been still
reached on the best treatment option. The narrow therapeutic index of adjuvant chemotherapy (i.e., limited survival benefit with considerable toxicity) requires a careful
assessment of expected risks and benefits for individual
patients. Generally, surgery followed by chemoradiotherapy is the standard protocol in the United States, whereas perioperative or postoperative chemotherapy are recommended in the Europe and Asia. The difference of
this approaches is mainly due to the fact that less than
D2 lymph nodal dissection is routinely used in the United States, whereas D2 surgery is the standard treatment
in Europe. Thus, optimal local control may be obtained
by adding radiotherapy to D0-D1 surgery. Many issues,
such as the role of postoperative radiotherapy and the
best chemotherapy regimen, are still under investigation.
Moreover, no prognostic or predictive factors beyond
pathological stage have been prospectively validated.
Despite researchers’ efforts, this issue still represent an
unmet medical need.
In this review we describe early randomized clinical trials (RCTs) of adjuvant chemotherapy for resected
GC, with particular emphasis on the recently completed
landmark studies and meta‑analyses, and we discuss the
future challenges in this research field.

Adjuvant chemotherapy: An “historical overview”
The debate on surgical dissection is obviously directly
linked to the use of adjuvant therapy.
Over the last few decades numerous RCTs have been
conducted to evaluate the benefit of post‑operative chemotherapy as compared to surgery alone[7-10]. Most of
them failed to demonstrate a statistically significant survival advantage for different reasons, including the lack
of adequate statistical power to detect a survival difference, the use of obsolete surgical techniques or “suboptimal” chemotherapy regimens, and the delay in starting
treatment after gastrectomy.
Among those RCTs demonstrating a benefit, most
were performed in Asia and few in Western countries.
For instance, a Spanish RCT evaluated the efficacy of
the combination of mitomycin plus tegafur vs observation in patients with resected stage Ⅲ GC[11]. After a
median follow-up of 37 mo, both OS and DFS were
significantly better in the chemotherapy group. Five-year
OS and DFS were 56% and 51% in the treatment group
vs 36% and 31% in the control group.
Taking into consideration all the RCTs testing
anthracycline-containing polychemotherapy regimens,
disappointing results were reported. The only positive
trial so far was a multi-institutional study conducted in
Italy in the 90’s which randomly assigned node-positive
GC patients to receive epidoxorubicin, leucovorin and
5-fluorouracil for 7 mo or no treatment[12]. After a median follow-up of 5 years, the median OS was 18 mo for
untreated patients vs 31 mo for treated ones.
This positive experience opened the way to subsequent trials testing more intensive chemotherapy regimens in order to further improve clinical outcomes. The
Italian cooperative research groups played a fundamental
role in this scenario. In fact, three large RCTs were
completed in the attempt of evaluating new polichemotherapy strategies for high-risk resected GC patients.
The Italian Trials in Medical Oncology group conducted a RCT comparing D2 surgery alone vs D2 surgery
followed by 2 cycles of etoposide, adriamycin, cisplatin
and 2 cycles of Machover regimens. The results showed
that at 5 years the sequential regimen led to a 7% re-

CURRENT EVIDENCE
Role of D2 surgery
The extension of surgical dissection is an open issue in
the treatment of potentially curable GC. Asian and Western surgeons have followed different paths in the last de-
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coherently showed a significant OS benefit for adjuvant
chemotherapy; however, when analysing only the Western RCTs, the Janunger et al[19] estimated a non‑significant HR = 0.96 (95%CI: 0.83-1.12). On the opposite
side, the Oba et al[20] including only Japanese studies estimated a HR as low as 0.73.

Table 1 Overall survival results of study based meta-analyses
comparing post-operative chemotherapy vs surgery alone
Ref.
Earle et al[16]
Mari et al[17]
Janunger et al[19]
Oba et al[20]
Liu et al[21]
Zhao et al[22]
Sun et al[23]

Studies analysed (n )

Pooled HR (95%CI)

13
20
21
4
19
15
12

0.80 (0.66-0.97)
0.82 (0.75-0.89)
0.84 (0.74-0.96)
0.73 (0.60-0.89)
0.85 (0.80-0.90)
0.90 (0.84-0.96)
0.78 (0.71-0.85)

Milestone meta-analysis
In 2010 the GASTRIC Group published a patient-level
meta-analysis to quantify the potential benefit of adjuvant chemotherapy over curative surgery in terms of
both OS and DFS[10]. The results obtained using individual patient data are potentially more reliable than those
carried out on aggregate data. Table 2 shows the summary results in terms of pooled HRs; the overall estimates
were practically overlapping for the two end-points and
demonstrated reduced risks in the chemotherapy group.
The HRs were translated in a small absolute benefit: for
OS, 5.8% at 5 years and 7.4% at 10 year, whereas for
DFS the Authors could estimate only a 5.3% absolute
benefit at 5 years. Sub-group analyses by type of regimen showed that the greatest benefit was associated
with monotherapy; however, such estimates were based
only on two RCTs, one of which was Japanese. Even if
no significant heterogeneity was detected across Europe,
Asia, and United States, as we have already pointed out,
the HRs are usually lower in Asian RCTs as compared to
Western ones.
In 2013 the Cochrane Collaboration published a further study-level meta-analysis reviewing RCTs of postsurgical chemotherapy vs surgery alone[24]. A significant
improvement of OS (HR = 0.85; 95%CI: 0.80-0.90;
34 studies) and DFS (HR = 0.79; 95%CI: 0.72-0.87;
15 studies) was confirmed for adjuvant chemotherapy.
Based on these results, the Authors recommended to
offer adjuvant chemotherapy as a routine option - whenever possible - following GC curative resection.
If considering OS results, the HRs obtained in the
three study‑level meta‑analyses with the highest number
of RCTs[17,19,24]; were consistent with those obtained in
the individual‑level meta‑analysis[10].

duction in mortality and 17% reduction in the disease
relapse rate, neither of which were statistically significant. In fact the trial was designed to detect a 15% of
difference in 5-year survival between the two arms. We
want to emphasize in addition that the results obtained
with an adequate surgical treatment were better than expected[13].
The second trial was conducted by the Italian Oncology Group for Clinical Research and published in
2008[14]. Patients with stage IB-IV, completely resected
GC were randomized to receive chemotherapy with 4
cycles of cisplatin, epirubicin, and 5-FU/LV (PELF
regimen) or follow-up alone. Ultimately, chemotherapy
did not lead to a significant increase in either DFS (HR,
in PELF arm vs follow-up arm = 0.92; 95%CI: 0.66-1.27)
or OS (HR = 0.90; 95%CI: 0.64-1.26). In fact, 5-year
OS was almost identical in chemotherapy and follow-up
arms (47.6% vs 48.7%). Statistical concerns were raised
for this trial, since it was underpowered to detect very
modest differences in OS between the two arms. Higher
than expected survival rates were registered in both
groups. Similar results was obtained by a third study
conducted by the Gruppo Oncologico dell’Italia Meridionale[15].
The fourth study compared two different treatment
arms: PELFw regimen, consisting of eight weekly administrations of cisplatin, leucovorin, epidoxorubicin,
5-fluorouracil, and glutathione with the support of filgrastim, and a regimen consisting of six monthly administrations of 5-fluorouracil and leucovorin (5-FU/LV)[9].
Unfortunately, this study did not find any difference
in mortality or relapse between treatment groups, failing to show any benefit from dose‑dense or intensified
strategies. Again, 5-year OS was unexpectedly high in
both arms - approximately 50% - probably reflecting the
high quality of resection procedures. Thus, an optimal
surgery may have reduced the impact of chemotherapy
on outcomes, as well as the critical planned difference in
OS rates may have been inappropriate (expected 5-year
survival of only 20% for the control arm).
Due to the large discordance in outcomes in published RCTs, subsequent study-based meta‑analyses have
been performed to evaluate to role of adjuvant chemotherapy and finally a survival benefit, albeit small, was
demonstrated[16-23]. Table 1 shows summary OS results
of the meta-analyses in terms of pooled HRs comparing
adjuvant chemotherapy vs surgery alone. All the studies
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From the literature to the bedside: new landmark studies
New insights confirming the effectiveness of fluoropyrimidine‑based adjuvant chemotherapy were made available by two landmark Asian RCTs.
The ACTS-GC study was aimed at confirming the
effectiveness on OS of 1-year adjuvant chemotherapy
with the oral fluoropyrimidine S‑1 following D2 gastrectomy[25]. After a median follow‑up of 3 years, 3-year OS
was 80.1% in the S-1 group and 70.1% in the surgery
alone group. S-1 reduced the risk of death by 32% (HR
= 0.68; 95%CI: 0.52-0.87, P = 0.003). In the 5‑year
follow‑up update, OS was 71.7% in the S-1 arm and
61.1% in the surgery-alone arm, therefore S-1 reduced
the risk of death by 33% (HR = 0.67; 95%CI: 0.54-0.83).
The 5-year relapse-free survival (RFS) was 65.4% in
the S-1 arm and 53.1% in the surgery-only arm[26]. The
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Table 2 GASTRIC group meta-analysis
Studies (n )

[10]

Comparison

For OS analysis

For DFS analysis

17
2
3
3

14
1
2
2

Pooled HR (95%CI)

1

Overall
Mono Chemotherapy vs surgery
Fluorouracil + mitomycin C + other without anthracyclines vs surgery
Fluorouracil + mitomycin C + anthracyclines vs surgery

OS

DFS

0.82 (0.76-0.90)
0.60 (0.40-0.84)
0.74 (0.58-0.95)
0.82 (0.71-0.95)

0.82 (0.75-0.90)
0.49 (0.29-0.84)
0.69 (0.48-0.98)
0.80 (0.69-0.94)

1

Analyses were performed on randomized clinical trials with available disease-free survival (DFS) data. OS: Overall survival.

higher in the polychemotherapy arm.
Similarly, the Japanese SAMIT RCT compared 4 different adjuvant regimens: in arm A patients received UFT
alone, in arm B received S-1 alone, while arm C and arm
D patients received sequential therapy with paclitaxel
followed by either UFT or S-1, respectively[32]. The trial
aimed at comparing UFT with S-1, and both single agents
with a sequential, taxane-based regimen. After a median
follow-up of 1875 d and 728 events, the results failed to
show a statistically significant difference of DFS in the
sequential arms as compared to single agent fluoropyrimidine arms (HR = 0.92; 95%CI: 0.80-1.07, P = 0.273).
Comparing the data in arms A + C vs B + D, UFT-based
chemotherapy was clearly less effective than S-1-based
one in the study population.
As a matter of fact, sequential polychemotherapy
does not seem to be the best strategy to improve GC
patients’ outcome in the adjuvant setting and, since fluoropyrimidine and platinum salts have synergistic activity,
their upfront combination may hopefully be more effective than a single agent regimen.

Authors raised some doubts about the possibility of
translating the advantages of such treatment to Western
population because of different pharmacodynamics and
surgery practices. However, following the footsteps of
the ACTS-GC trial, assessing the efficacy of combining
S-1 with other potentially active drugs such as platinumderivatives or taxanes could be an interesting perspective.
Similarly, the CLASSIC RCT was designed to compare the efficacy of adjuvant capecitabine plus oxaliplatin (XELOX regimen) with D2 surgery alone in stage Ⅱ
or Ⅲ GC patients[27,28]. Three‑year DFS was 74% in the
chemotherapy group and 59% in the surgery only group
(HR = 0.56; 95%CI: 0.44-0.72, P < 0.0001); the 5-year
analysis confirmed such results: DFS was 68% vs 53%
(HR = 0.58; 95%CI: 0.47-0.72, P < 0.0001). As regards
OS, the 5-year rates were 78% in the XELOX group and
69% in the surgery alone group (HR = 0.66; 95%CI:
0.51-0.85, P = 0.002). However, the greater limitation
of this study was that the beneficial effect deriving from
the addition of oxaliplatin to fluoropyrimidine should be
assessed by a specific RCT. In fact, a control arm constituted by surgery alone is not appropriate for future trials
since the benefits of adjuvant chemotherapy were clearly
demonstrated[10]. Indeed, the ongoing POTENT study
is moving along this line[29]. This is a RCT that started
enrolling in early 2013 and it is randomizing patients to
receive oxaliplatin and S-1 for six cycles or S-1 for 1 year
after surgery. The primary end point is OS, while secondary end points are DFS and safety.
A further research topic in the adjuvant setting is the
possibility to improve outcome through a sequential,
non cross‑resistant polychemotherapy. This strategy may
allow to sequentially administer several active agents in
order to exploit different mechanisms of drug activity
in the context of a relatively chemoresistant disease. In
such a perspective, ITACA-S was a multicentre, Italian
RCT aimed at comparing two different regimens in GC
patients eligible for adjuvant chemotherapy[30]. Patients
in arm A received a polychemotherapy with 4 cycles of
irinotecan plus 5-FU/LV (FOLFIRI regimen) followed
by cisplatin and docetaxel for 3 cycles, while patients
in arm B received monotherapy with 5-FU/LV alone
(De Gramont regimen) for 9 cycles. After a median
follow up of 49 mo, no significant difference was observed between the two arms in terms of DFS (HR =
0.98; 95%CI: 0.83-1.16, P = 0.830) and OS (HR = 1.00;
95%CI: 0.83-1.20, P = 0.980). Toxicity was consistent
with literature, as previously reported[31], and significantly
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Role of adjuvant chemoradiotherapy
Due to the high risk of local recurrence, different studies have been evaluating the potential benefit of radiotherapy alone or combined to chemotherapy as adjuvant
treatments for GC[33,34].
Early studies of adjuvant radiotherapy demonstrated
reductions of local failure rate despite of lack of OS
benefit[35].
Much more impact on modern management of GC
had the large US Intergroup INT0116 study[36]. This trial
randomly assigned stage IB‑IV GC patients to surgery
plus postoperative chemoradiotherapy or surgery alone.
Chemotherapy with bolus 5‑FU/LV was intermingled
by a “sandwich” chemoradiation phase in which 5‑FU/
LV was given on the first four and the last three days
of radiotherapy. With a median follow-up of 5 years,
median overall survival was 27 mo for surgery alone and
36 mo for adjuvant chemoradiation. Three-year OS was
41% for the surgery-alone group and 50% for surgery
followed by chemoradiation group. Local failures were
reduced from 29% to 19% with the addition of adjuvant
chemoradiation. After more than 10 years of follow-up a
persistent benefit was demonstrated for the experimental
strategy in terms of both OS (HR = 1.32; P = 0.004)
and RFS (HR = 1.51; P < 0.001)[37].
This hallmark trial was largely criticized due to the
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fact that only 10% of patients had a D2 dissection and
more than half of patients did not even have clearance/
examination of the D1 (perigastric) nodes. Furthermore,
most of the patients on this study had T3/T4 disease,
and 85% had nodal metastases. This resulted in a lack of
accurate tumor staging and consequently in a non proper
arm-allocation at randomization - likely contributing to
inferior survival and a 64 percent relapse rate in the surgery alone arm. Finally, approximately one third of patients in the chemoradiation group had to stop treatment
prematurely because of toxicity.
Despite all these issues, the adjuvant strategy as
proposed in this trial became very popular in North
America and still represents a gold standard treatment
in this setting. Moreover, a meta-analysis including RCTs
which compared postoperative chemoradiotherapy vs
postoperative chemotherapy[38] concluded that postoperative chemoradiotherapy improved local relapse-free
survival (HR = 0.53; 95%CI: 0.32-0.87) and DFS (HR =
0.72; 95%CI: 0.59-0.89) but not OS (HR = 0.79; 95%CI:
0.61-1.03). However, the study was based only on three
Asian RCTs and the results may be not extendable to
Western patients.
Following the promising results of the INT00116 trial, the CALGB 80101 aimed at assessing whether replacing 5-FU/LV with Epirubicin, Cisplatin and 5-FU (ECF
regimen) in the adjuvant chemoradiotherapy setting
would improve OS[39]. However, there was no significant
benefit from adding this polychemotherapy regimen to
standard 5‑FU/LV chemoradiation in terms of OS (P =
0.800). Similarly, the ARTIST trial was designed to compare postoperative treatment after D2 dissection with
capecitabine plus cisplatin (XP) vs XP plus capecitabinebased chemoradiation. There was no significant difference in DFS between the two arms, although chemoradiation arm was associated with significantly prolonged
DFS in the retrospectively identified, lymph node-positive subgroup. Estimated 3 year-DFS rate was 78.2% in
the experimental arm vs 74.2% in the control arm (P =
0.086), while estimates were 77.5% vs 72.3% (P = 0.037).
An ongoing phase Ⅲ trial (ARTIST-Ⅱ) was designed
to compare chemotherapy alone vs chemoradiation in
lymph node-positive, resected GC, aiming at prospectively confirm the ARTIST trial hypothesis-generating
data[40].
In conclusion, adjuvant chemoradiation may be offered to patients to reduce the risk of locoregional failure in patients with node positive disease or suboptimal
surgery.

proper information extraction from source documents,
leading to difficulties in conducting trials aimed at investigating both treatment efficacy and related costs.
Besides, in the planning phase another challenge is represented by the sample size, considering that the statistical power adequate to test the main study end-point may
be not sufficient to address also economic questions.
Moving beyond RCTs, it is even more difficult to gather
sufficient information on treatment direct and indirect
costs[42].
There are several kinds of economical evaluations for
comparative evaluation of treatments. The two most used
in clinical settings are the cost-effectiveness analysis (CEA)
and the cost-utility analysis (CUA), both used when the
interventions being assessed are not of equal effectiveness. CEA and CUA are aimed at comparing the effectiveness and costs of two (or more) interventions and
usually the comparison measure is expressed in terms
of ratio (Incremental Cost Effectiveness or Cost-Utility
Ratio, generically referred to as ICER), where the denominator is the gain in effectiveness of an intervention vs its
comparator and the numerator is the differential cost.
Since health is a function of both length and quality of
life, in CUA the outcome measure captures both survival
and health-related quality of life. The latter is measured
by means of the quality adjusted life year (QALY). QALYs are calculated by multiplying survival time by an
utility weight to adjust for the health-related quality of
life experienced during that survival time.
Formal economic evaluations of adjuvant therapy
for GC are very few. Earle et al[43] performed a systematic
review of CUA applications in oncology; from 1975 and
1997 they found 40 CUAs pertaining to cancer and none
to GC. Health Technology Assessment (HTA) has published
a number of reviews on economic analyses of adjuvant
therapy, mainly in terms of costs-effectiveness evaluations. The majority of the studies were related to breast
cancer, colorectal cancer, and lung cancer[44-46], but none
of them has evaluated GC adjuvant treatments.
In the study by Wang et al[47] a cost-effectiveness analysis by Hisashige et al[48] of adjuvant chemoradiotherapy
for resected GC was performed based on the favourable
results of the Intergroup 0116 trial[36]. The costs of adjuvant therapy accounted for included those for radiotherapy, chemotherapy and toxicity management. Carrying out the analyses out from a payer’s perspective (3%
discount rate, lifetime time horizon), it was estimated an
ICER of $38400/QALY, i.e. one would expect to gain
one more year of life lived in perfect health (QALY) for
each additional $38400 spent when treated with chemoradiotherapy.
Recently, the results of a cost-effectiveness analyses
by Hisashige et al[48] evaluating S‑1 adjuvant chemotherapy were published, using as evidence of effectiveness
the results of the ACTS-GC trial[25]. They included the
costs incurred for resources used during the trial and
subsequent follow-up, including costs of adverse events
and recurrences, being the latter the major component

FUTURE CHALLENGES
Economic analyses
Usually, few RCTs perform concurrent economic analyses; recently, recommendations regarding such an issue
included guidelines for data collection of costs, efficacy
and proper sample size[41]. However, prospectively collected information on economic costs require ensuring
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in each of the two groups. The analyses were carried
out from a payer’s perspective with a 3% discount rate.
Over a lifetime time horizon, the mean QALYs per patient were greater in the S‑1 arm than in the surgery arm
(8.65 vs 7.41). On the other hand, the S‑1 arm incurred
greater costs than the surgery arm (mean costs per patient: $13057 vs $9346). The ICER was $3016 per QALY
gained. Braithwaite et al[49] noticed that such ICER estimate was far below the Japan threshold of willingness
to pay for additional QALY (from $53000 to $56000),
very far from the threshold of $109000/QALY suggested by a recent review, and could be ranked to the top
of the league table of cost‑utility in oncology[43]. In the
latter table, the Hisashige et al[48] ICER estimate ranked
immediately before a study of second line treatment
with docetaxel vs paclitaxel for patients with metastatic
breast cancer (ICER = $4100/QALY)[50], and also before a study of adjuvant chemotherapy vs surgery alone
in Duke’s B or C colorectal cancer patients (ICER =
$8100/QALY)[51].
The issue of between study variability of ICER estimates is a current problem, especially because the choice
of a threshold value for considering a treatment as costeffective is depending on such variability. Hisashige et al[48]
estimated ICER was about 8% the value reported in
the Wang et al[47]. However, the two studies differentiate
in many aspects; for instance, methodology, treatments
administered and, besides, they have been performed
in different locations, i.e., United States and Japan, respectively. Location is one of most significant factors
related to the ICER variability. The review by Bell et al[52]
examined cost-utility studies published between 1976
and 2001, 15% of which concerned neoplastic diseases.
Most analyses reported favourable ICERs, which were
statistically associated with location of the study (Europe, United States, Other), methodological quality (low,
medium, high), and sponsorship (non-industry, industry,
not specified). In particular, the likelihood to report ICERs below $20000/QALY was two times more in studies industry sponsored than non-industry sponsored.
Moreover, the studies conducted in Europe and the US
rather than elsewhere were less likely to find ICERs below $20000/QALY.
As noticed by Cleemput et al[53], it is difficult to define
a single ICER threshold value to be used as a policymaking tool, because it depends on many elements: who
is making the decision, what the purpose of the analysis
is, what the available resources are, thus different countries or studies reach disparate conclusions[54]. Ternouth
et al[55] studied the trends in accepted ICER thresholds
by disease type considering all published HTA appraisals
from 2005 to 2010. Findings from Great Britain revealed
that most accepted treatments have an ICER of about
$49000, but accepted ICERs for malignant disease cluster at a higher level, up to about $102000. Data from
Australian websites highlighted that for malignant disease the threshold tended to double.
Based on the above findings, the Wang et al[47] ICER
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of $38400/QALY appears well in line with the Western
studies and it is well below the thresholds accepted for
malignant disease.
Prognostic and predictive factors
Prognostic factor are clinical or biologic characteristic
measured at diagnosis proved to be associated with patients’ prognosis (i.e., recurrence rate, death rate, or other
clinical outcomes) independently of treatment; they may
be utilized for stratifying patients according to their risk
with the aim of selectively administer adjuvant systemic
treatments. Predictive factor are able to predict the likely
benefit from treatment, either in terms of tumor shrinkage or survival, and can be utilized for identifying subpopulations of patients who are most likely to benefit
from treatment. In summary, prognostic factors define
the effects of patient or tumor characteristics on patient’
s outcome, whereas predictive factors define the effect
of treatment on tumor[56].
The prognostic stratification may be more effective
when more factors are combined in a unique prognostic index. In two previous works of ours[57,58] we have
modified an existing index designed for prognostic
classification of GC patients undergoing curative resection[59]. Based on patient’s age, tumor site, extent of wall
invasion and nodal status, the original index classified
patients in three prognostic categories: group Ⅰ (5-year
OS > 70%), group Ⅱ (OS 30%-69%) and group Ⅲ (OS
< 30%). In the modified index we introduced the 1997
American Joint Commission on Cancer 4-level classification of nodal stage[60]. The modified index was also
internally and externally validated.
More advanced and complex tools are nowadays
implemented for estimating patients’ outcome, such as
nomograms. One of the nomogram advantages is that
it is possible to derive a “point” prediction of patient
prognosis and, also, that there is no need to categorize
continuous variables, such as patient’s age or tumor size.
One example in GC is the nomogram developed by Kattan et al[61] which allows predicting the survival probability of GC patients up to nine years after R0 resection;
the predictions were based on the following prognostic
factors: patient’s age and gender, tumor size, tumor
primary location, tumor histology, depth of tumor invasion, percentage of positive nodes, percentage of negative nodes. Both the prognostic index[57-59] and the nomogram[61] were based on established clinical prognostic
factors. However, such tools can potentially be improved
by including powerful prognostic/predictive biomarkers.
Biomarker have great potential for use in clinical oncology; they can be different types of molecular entities
(such as DNA, RNA or proteins), detected in different
tissues or body fluids and associated with a disease process.
Many biomarkers are being evaluated in order to establish prognostic or predictive factors in GC and several
have been identified for their potential key role, but their
clinical use remains controversial[62,63]. Indeed, both in
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the setting of a single biomarker and of a multimarker
predictive signature summarized by a categorical measure, the development and validation studies must be
carefully designed. For prognostic biomarkers, provisional supportive data is possible through small retrospective studies, but it is difficult to achieve robust multisite validation. For instance, Warneke et al[64] investigated
several biomarkers in a retrospective series of about 500
patients and some (KRAS mutation, persistent H. pylori
infection, Mucin 2 and PIK3CA) were found to be associated with patient survival. Bria et al[65] proposed a risk
classification system comprising adenomatous polyposis
coli gene, Fhit and HER2, together with 5 clinicopathological parameters. An external validation is warranted
before applying the model in a clinical setting.
Our research group is conducting an ancillary study
of the ITACA-S trial[30], aiming at identifying the prognostic role of prospectively determined biomarkers on
primary GC tissue. Among several candidates, our preliminary data showed that osteopontin (OPN) immunohistochemical expression is significantly associated with
RFS and OS. Six-year RFS was 49.7%, in OPN negative
group; 34.0% in OPN positive-focal and 22.9% in OPN
positive-extended (P < 0.001). The corresponding figures for OS were 53.0%, 43.2% and 34.2% (P = 0.002).
OPN was confirmed as significant prognostic factor also
at multivariable analysis (P = 0.001 for RFS and 0.014
for OS), independently of treatment[66].
Predictive biomarkers validation must be prospective
in nature and requires more extensive data; the obvious
strategy would be to conduct a properly designed RCT
to test a biomarker by treatment interaction[67]. In recent
years, many molecular target agents have been investigated; however, at the moment no molecular biomarkers
other than Human epidermal growth factor receptor
type-2 (HER-2) for trastuzumab-based treatment[68] have
been validated.

difficult to demonstrate that the effect of treatment on
the surrogate correlates with that of the true end point.
As regards GC, no biomarkers have been demonstrated as good surrogate end-point for OS. A meta-analysis
by Oba et al[69] examined the use of a clinical end point,
i.e., DFS as a surrogate end point for OS in adjuvant trials
of GC. The Authors used the data achieved in a previous
patient‑level meta-analysis of theirs[10] using the 14 RCTs
in which DFS information could be retrieved, and demonstrated that DFS is an appropriate surrogate for OS
in studies of GC in the adjuvant setting. The study also
estimated the “surrogate threshold effect” (STE), defined
as the minimum treatment effect on DFS necessary to
predict a nonzero effect on OS, equal to 0.92; a future
trial would require the HR CI upper limit (UL) for DFS
to fall below 0.92 STE to predict a nonzero effect on OS.
The association between 5-year OS and 4 or 5-year DFS
was good; however, at 2 and 3 years, the number of DFS
events did not allow obtaining precise estimates of STE.
However, considering for instance the CLASSIC trial[27,28],
in the 5-year analysis UL was 0.72 < 0.92; moreover, the
3-year DFS and 5-year OS estimates were super imposable, both in terms of rates and HRs, thus giving support
to the establishment that XELOX effect on 3-year DFS
reliably predicts that on 5-year OS.

CONCLUSION
The role of adjuvant chemotherapy is now clearly established in patients with resected GC. Future studies
are needed to clarify the roles of various chemotherapy
combinations and the ideal dosing schedule and to determine which subgroups of patients obtain a significant
treatment benefit. Despite significant advances in treatment, mortality from GC remains high, and preventing
this disease through global public screening programs is
of paramount importance. Medical oncologists should
keep an open mind, and individual treatment decisions
should be reached after an assessment of patient suitability for adjuvant chemotherapy and after a full discussion
of the risk-benefit profile. In fact, the appropriate selection of patients for adjuvant therapy depends largely on
performance status and accompanying co-morbid conditions. Treatment of the elderly patient with GC a frequently debated topic. Most recent opinions suggest that
physiologic (not chronologic) age should dictate which
patients are most appropriate for therapy. Whether this
may extend to the adjuvant setting would require prospectively designed RCTs. Molecular biomarkers could
better identify which patients should be treated with, or
spared by, chemotherapy and which drugs should be better used (assuming a differential sensitivity to a particular
cytotoxic agent or regimen). This could help clinicians
to increase the therapeutic index of adjuvant treatment
and avoid potentially harmful treatment to patients who
are not likely to gain a significant benefit. However, most
available studies were limited by the small sample size
and retrospective nature, with consequent methodologi-

Surrogate endpoints
In some situations, the end point of interest is expected
to occur far into the future, making RCTs using such an
end point infeasible. A surrogate end point is a substitute for the main clinical end point and potentially enable a more rapid assessment of intervention effectiveness, and, at times, with greater reliability and accuracy
than classic end points such as survival. A surrogate
end-point may be a different clinical end-point but also
biomarkers may be employed as surrogate nonclinical
end points in proof-of-concept studies. Surrogate end
points are challenging to validate, and require data demonstrating both that the surrogate is prognostic for the
true end point independently of treatment and that the
effect of treatment on the surrogate reliably predicts its
effect on the true end point[67]. The statistical validation
of biomarkers surrogacy presents major problems than
validation of clinical surrogate end-points. Indeed, the
supportive data for prognostic biomarkers is possible
even through small retrospective studies, but it is more
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cal limitations, and difficult in distinguishing the predictive or prognostic nature of analyzed factors. Finally, in
view of the evidence of benefit from trastuzumab-based
chemotherapy in patients with metastatic, HER-2 postive GC[68], the addition of molecularly targeted agents to
chemotherapy seems to be a logical next step to improve
outcomes in the adjuvant setting.
Neoadjuvant chemotherapy has recently received increasing attention in an attempt to increase the rate of
complete tumor resection, to combat systemic metastases, and to prolong survival in patients with GC. The
available data indicate that neoadjuvant chemotherapy is
feasible, does not increase post-operative morbidity and
mortality, and it is able to increase the rate of R0 resection. This finding appears to translate into a survival
benefit for those patients who respond to chemotherapy
and have subsequent complete tumour resection. Randomized, controlled, prospective trials are therefore
clearly warranted in order to compare neoadjuvant or
perioperative chemotherapy with adjuvant treatment.
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with advanced gastric or gastroesophageal junction
adenocarcinoma are now routinely tested for HER2. The
ToGA trial must be characterized as a landmark in the
treatment of gastric cancer and it has paved the way
for a number of new HER2 targeted compounds such as
pertuzumab, ado-trastuzumab emtansine, lapatinib, afatinib, and dacomitinib, which are currently undergoing
phase Ⅱ and Ⅲ clinical testing. Overall, this review will
discuss the current status of HER2 in gastric and gastroesophageal junction cancer and the future direction in
relation to HER2 target therapy.

Abstract

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

Amplification of the human epidermal growth factor receptor 2 (HER2 ) gene and overexpression of the HER2
protein is found in 15%-20% of patients with gastric
and gastroesophageal junction cancer. The degree of
HER2 overexpression and amplification varies with the
location of the carcinoma, with higher expression in
the gastroesophageal and proximal parts compared to
the distal parts of the stomach. Further, HER2 overexpression and amplification also seems to be related to
the Lauren histological classification, with higher levels
found in the intestinal phenotype compared to the diffuse and mixed types. The prognostic properties of
HER2 overexpression and amplification are still under
debate, but a large number of studies seem to indicate
that HER2 is a negative prognostic factor. The usefulness of HER2 targeted therapy in gastric cancer was
demonstrated in the ToGA trial, where HER2-positive
patients with advanced gastric and gastroesophageal
junction adenocarcinoma were randomized to receive
5-FU/capecitabine and cisplatin, either alone or in combination with trastuzumab. A statically significant gain in
overall survival was seen in patients who received the
combined treatment of trastuzumab and chemotherapy.
Patients with a strong overexpression of the HER2 protein (IHC3+) specifically benefited from the treatment,
with a median overall survival of 17.9 mo. As a consequence of the positive results of the ToGA trial, patients
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Core tip: Amplification of the human epidermal growth
factor receptor 2 (HER2 ) gene and overexpression of
the HER2 protein can be detected in 15%-20% of patients with gastric and gastroesophageal junction (GEJ)
cancer. Recently, HER2 has proven to be an important
target for treatment with trastuzumab in these patients,
and a positive HER2 status seems to possess both
prognostic and predictive properties. A number of new
compounds directed towards HER2 and other members
of the HER family is currently under development. This
review will discuss the current status of HER2 in gastric
and GEJ cancer and the future direction in relation to
HER2 target therapy.
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INTRODUCTION

A

In gastric and gastroesophageal junction (GEJ) cancer,
human epidermal growth factor receptor 2 (HER2) overexpression has become an important selective biomarker
for treatment with trastuzumab (Herceptin®, Roche/Genentech)[1]. The gene for the HER2 protein (also known
as ErbB-2, c-erbB2, or Her2/neu) is a proto-oncogene
located on the chromosome 17q. This gene encodes a
185-kDa transmembrane tyrosine kinase receptor protein, which is a member of the HER family that consists
of HER1 (EFGR), HER2, HER3, and HER4. HER2
forms both homo- and heterodimers and serves as a critical dimerization partner for other members of the HER
family, and leads to activation of downstream signaling
pathways associated with cell proliferation, differentiation, survival, and angiogenesis[2]. Amplification of the
HER2 gene and overexpression of HER2 in gastric cancer was first described in 1986[3-5], and since then a large
number of studies has confirmed these findings[6].
Gastric cancer is the fourth most commonly diagnosed cancer and the second most common cause of
cancer-related death worldwide[7]. Despite some advances
in the prevention and treatment of the disease, the 5-year
survival still remains around 20%-25% in most parts of
the world. Although the incidence of gastric cancer is declining, the prognosis for the disease remains poor. The
poor survival rate is mainly explained by the advanced
stage of the disease at the time of diagnosis. If screening
for gastric cancer was performed, as in Japan, the tumors
could be detected at an earlier stage and thus surgical
resection performed, which has shown to increase the
5-year survival significantly[8]. When the disease becomes
metastatic the treatment is largely palliative, and different
combinations of chemotherapy have resulted in a median
overall survival of 8-10 mo[9]. Based on data from the
ToGA trial, trastuzumab, in combination with chemotherapy, was approved in 2010 for treatment of patients
with HER2 overexpressing metastatic gastric or GEJ
cancer, and thus became the first targeted anti-cancer
drug for treatment of this serious disease[10,11]. This short
review will discuss HER2 status as a prognostic and selective biomarker in gastric and GEJ cancer, as well as
current and future HER2 directed therapies.

B

Figure 1 Human epidermal growth factor receptor 2 positive gastric
adenocarcinoma. A: Immunohistochemistry (HercepTest™, Dako); B: Fluorescence in situ hybridization (FISH) (Human epidermal growth factor receptor 2
FISH pharmDx™ Kit, Dako).

from the ToGA trial, which will be discussed later, IHC is
the primary test in gastric and GEJ cancer, with FISH being used as a reflex test in cases of an equivocal IHC2+
result. In Table 1 are shown the interpretation and scoring guideline for the HercepTest™ (Dako), which, together with the HER2 FISH pharmDx™ Kit (Dako), are
the only companion diagnostic assays that are currently
approved by the United States FDA in relation to testing
of gastric and GEJ cancer patients for whom treatment
with trastuzumab is under consideration. The reason for
this is that these two assays were those used to select the
patients enrolled in the ToGA trial[10]. As HER2 positivity in the ToGA trial was defined as being either IHC3+
or FISH+ and both tests were performed on almost all
patients, the United States FDA requires that both assays
are used in order to determine the HER2 status[14].
The prevalence of HER2 overexpression in gastric
cancer varies a lot from study to study. In a larger literature survey based on 11860 patients from 38 individually published studies, the calculated weighted mean was
17.9% (95%CI: 14.8-20.9). The corresponding range
for these studies was from 4.4% to 53.4%. This survey
also looked at HER2 amplification; however, here the
number of patients was somewhat lower. The prevalence
estimate was based on 1597 patients from 8 different
published studies and the calculated weighted mean was
12.2% (95%CI: 9.5-14.8). The corresponding range for
these studies was from 8.7% to 18.1%[6]. The explanation

HER2 AND GASTRIC CANCER
Different slide-based assays are available for the detection
of overexpression of the HER2 protein, which is measured by immunohistochemistry (IHC), or amplification
of the HER2 gene, which is measured by fluorescence
in situ hybridization (FISH) or other ISH methods. Examples of a positive HER2 status by IHC and FISH are
shown in Figure 1. Due to differences in tumor biology,
HER2 testing in gastric cancer differs from breast cancer.
The gastric cancer tissue more frequently shows HER2
heterogeneity and incomplete membrane staining, and
as a consequence of this a specific gastric cancer testing
protocol has been developed[12,13]. Based on the results
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Table 1 Interpretation and scoring of human epidermal growth factor receptor 2 immunohistochemistry for gastric cancer, as
approved by the United States Food and Drug Administration in relation to the HercepTest (Dako)
Score
0
1+

2+

3+

Surgical specimen staining pattern

Biopsy specimen staining pattern

No reactivity or membranous reactivity
in < 10% of tumor cells
Faint/barely perceptible membranous
reactivity in ≥ 10% of tumor cells; cells are
reactive only in part of their membrane
Weak to moderate complete, basolateral or
lateral membranous reactivity in ≥ 10% of
tumor cells

HER2 overexpression assessment

No reactivity or no membranous reactivity in any (or
< 5 clustered) tumor cells
Tumor cell cluster (≥ 5 cells) with a faint/barely
perceptible membranous reactivity irrespective of
percentage of tumor cells stained
Tumor cell cluster (≥ 5 cells) with a weak to moderate
complete, basolateral, or lateral membranous
reactivity irrespective of percentage of tumor cells
stained
Strong complete, basolateral or lateral
Tumor cell cluster (≥ 5 cells) with a strong complete,
membranous reactivity in ≥ 10% of tumor basolateral, or lateral membranous reactivity
cells
irrespective of percentage of tumor cells stained

Negative
Negative

Equivocal

Positive

HER2: Human epidermal growth factor receptor 2.

for the large variation found in the HER2 positivity rate
for the IHC studies is likely to be multifactorial, and here
the difference in the populations studied may play a role.
However, the most important factor is probably the use
of non-standardized assays using different antibodies and
the application of different scoring and interpretation
criteria for the stained slides[6].
In the screening program related to the ToGA trial,
3807 patients were screened, which makes it the largest
single study conducted on the prevalence of HER2 positivity in gastric and GEJ cancer. This program showed
an overall HER2 positivity rate of 22.1%, although with
a large variation from country to country. The highest
prevalence rate (33.2%) was found in Australia and the
lowest (5.9%) in Taiwan[11].
A number of studies have shown that HER2 overexpression and amplification are related to the Lauren
histological classification, with higher levels found in the
intestinal phenotype compared to the diffuse and mixed
types [6,11,15-21]. This was also confirmed in the ToGA
screening program, where the HER2 positivity rate was
found to be statistically significantly (P < 0.001) higher
in the intestinal phenotype (32.2%) compared to the diffuse (6.1%) and mixed (20.4%) types[11]. Furthermore, the
degree of HER2 overexpression seems to vary with the
location of the carcinoma, with higher expression in the
proximal part and the GEJ compared to distal parts of
the stomach[21,22]. Again, the ToGA screening program
confirmed this observation with a HER2 positivity rate
of 33.2% when the cancer is located in the GEJ, compared to 20.9% when located in the stomach. Again, this
difference in HER2 positivity related to tumor site was
statistically significant (P < 0.001)[11]. A few studies have
also shown that the expression of HER2 increases with
disease progression[23-26].

with chemotherapy, became the first targeted drug to be
approved for this indication. The study was designed as
an open labeled, randomized multicenter phase Ⅲ study
in HER2-positive patients with histologically confirmed
inoperable locally advanced, recurrent, or metastatic adenocarcinoma of the stomach or GEJ. HER2 positivity
was defined as being either IHC positive (3+) or positive
by HER2 FISH (HER2/CEN17 ratio ≥ 2). However,
both an IHC and FISH test were performed on almost all
patients. After inclusion in the study, patients were randomized to receive chemotherapy (5-FU or capecitabine
and cisplatin) or chemotherapy plus trastuzumab. More
than 3800 patients were screened for the study and 584
of these were randomized. The primary endpoint in the
study was overall survival (OS), with secondary endpoints
including overall response rate (ORR) and progression
free survival (PFS)[10].
For the primary endpoint, the combination of chemotherapy plus trastuzumab was shown to be statistically
superior to chemotherapy alone. The median OS increased from 11.1 to 13.8 mo (P = 0.0046), with a hazard
ratio (HR) of 0.74 (95%CI: 0.60-0.91). The secondary
endpoints of ORR and PFS showed superiority in favor of the combined treatment with chemotherapy and
trastuzumab. The overall tumor response rate was 47% in
combined treatment with chemotherapy and trastuzumab,
compared to 35% in the group with chemotherapy alone.
A pre-planned exploratory analysis looking at the effect
in the different HER2 IHC categories (0, 1+, 2+, 3+)
showed that the survival benefit provided by trastuzumab
seemed to be dependent on the level of HER2 protein
overexpression. The single subgroup of patients with the
greatest survival benefit was the one with a HER2 test
result of IHC3+. Here, the median OS increased to 17.9
mo for the group treated with the combination of trastuzumab and chemotherapy compared to chemotherapy
alone, which achieved an OS of 12.3 mo. Overall, the
survival gain for the group of patients with IHC3+ expressing tumors was nearly 6 mo. The HR for this group
of patients was 0.58 (95%CI: 0.41-0.81)[10]. The results
of the subgroup analysis for the different IHC scores are

TOGA TRIAL
The ToGA trial must be characterized as a landmark in
the treatment of gastric cancer. Following the successful
completion of the study, trastuzumab, in combination
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Figure 3 Human epidermal growth factor receptor 2 testing algorithm developed based on the results of the ToGA trial. Immunohistochemistry (IHC)
is the primary test with reflex testing with Fluorescence in situ hybridization
(FISH) in case of an equivocal IHC result (IHC2+)[27].
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Figure 2 Median overall survival in months for the four individual human
epidermal growth factor receptor 2 immunohistochemistry scores for the
two treatment groups. OS: Overall survival; FC: Fluorouracil/capecitabine plus
cisplatin; FC + T: Fluorouracil/capecitabine plus cisplatin plus trastuzumab[10];
FISH: Fluorescence in situ hybridization; IHC: Immunohistochemistry.

Tumor sample
IHC testing

IHC0

IHC1+

IHC2+

Table 2 Positive human epidermal growth factor receptor
2 status by immunohistochemistry and/or fluorescence in
situ hybridization for the patients enrolled in the ToGA
[10,11,27]
trial
HER2 status
IHC0/FISH+
IHC1+/FISH+
IHC2+ FISH+
IHC3+/FISH+
IHC3+/FISHIHC3+/FISH no results
IHC no results/FISH+
Total

FISH testing

Trastuzumab

n
61
70
159
256
15
16
7
584

FISH+

FISH-

Figure 4 Human epidermal growth factor receptor 2 testing algorithm
with fluorescence in situ hybridization reflex testing for both immunohistochemistry 2+ and immunohistochemistry 3+. This testing algorithm was
recommended by the United States Food and Drug Administration in relation
to approval of trastuzumab for advanced gastric cancer. FISH: Fluorescence in
situ hybridization; IHC: Immunohistochemistry.

patients with IHC3+. Furthermore, when looking at the
HER2 test results for the patients enrolled in the ToGA
trial, the agreement between overexpression of the
HER2 protein and amplification of the gene is found to
be somewhat lower in gastric cancer than that normally
observed in breast cancer. A relatively high number of
HER2 FISH positive cases were found among the IHC0
and IHC1+ tumors as shown in Table 2[10,11,27]. Based
on the subgroup analyses in the ToGA trial, a specific
HER2 testing algorithm was developed as shown in
Figure 3[27]. However, since nearly 95% (533/584) of
the patients enrolled in the ToGA trial had tumors that
were HER2 amplified, it has been argued that the criteria for treatment with trastuzumab should be both gene
amplification and protein overexpression. In relation to
the approval of trastuzumab for treatment of advanced
gastric cancer this was, in fact, the position taken by the
United States FDA, who recommended that reflex testing with FISH should be considered for both IHC2+
and IHC3+[14]. An algorithm taking this into consideration is shown in Figure 4. A recent survey made in the
United States also showed that FISH reflex testing was
performed for both IHC0 and IHC1+ at some cancer
centers[28]. So, despite recommendations from both sci-

N: Number of patients. HER2: Human epidermal growth factor receptor 2;
IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization.

shown in Figure 2.
Based on the information from the pre-planned exploratory analysis, a post-hoc explorative analysis was
performed on a subpopulation of the originally included
patients. This population comprised the patients who
were IHC3+ positive or IHC2+ positive, and those who
were FISH positive. A total of 446 patients fulfilled these
criteria, and the median OS for the group of patients
who had received chemotherapy plus trastuzumab increased to 16.0 mo compared to 11.8 mo for the patients
on chemotherapy alone. The HR for this analysis was 0.65
(95%CI: 0.51-0.83). The median follow-up for all the patients in the ToGA trial was reported to be 17.1 mo[10].
Concerning the selective properties of the two
HER2 companion diagnostic assays, explorative analysis
showed that the IHC test should be used as the primary
test for selection of patients for treatment with trastuzumab. As shown in Figure 2, the effect of trastuzumab
seems to be dependent on the degree of HER2 protein
overexpression, with the best median OS in the group of
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2) the selected articles should include an analysis of the
association between the HER2 status and survival or relevant clinicopathological characteristics. Forty-two publications with a total of 12749 patients fulfilled the two
criteria and were reviewed in detail. The studies described
in these 42 articles were scored according to the strength
of the association between the positive HER2 status and
the prognostic information reported, using a three point
categorical scale.
In 17 of these 42 studies (approximately 40%) an
association between positive HER2 status and poor
survival (++) was found, and an additional 13 studies
(approximately 31%) similarly displayed a relationship
with clinicopathological characteristics (+) such as serosal
invasion, lymph node metastases, disease stage, or distant
metastases. In the last 12 studies (approximately 29%),
no association between positive HER2 status and poor
survival or clinicopathological characteristics could be
detected (-). Overall, 30 (71%) out of 42 studies showed
an association between a positive HER2 status and poor
survival and/or relevant clinicopathological characteristics. Figure 5 illustrates the number of studies and patients in each of the three scoring categories[6].
Based on this analysis of the literature data, it was
concluded that a clear trend towards a potential role for
HER2 as a negative prognostic factor in gastric cancer
was shown[6], which is also in line with another recently
published systematic review based on literature data[31].
Furthermore, with reference to the publication of the
ToGA trial in the Lancet, the data could not support the
hypothesis that positive HER2 overexpression could act
as a positive prognostic factor in gastric cancer[10]. None
of the articles that fulfilled the necessary criteria in the
analysis supported this hypothesis. Possible confounding factors, such as a wider use of second line treatments
and a possible better prognosis related to the intestinal
phenotype, should be taken into consideration when interpreting the data from the ToGA trial[32]. With regards
to the latter, it is worth mentioning that approximately
75% of the patients included in the ToGA trial had tumors of the intestinal type[10], which seems to be high
compared to most of the studies reported in the analysis
of data from the literature. This characteristic might have
influenced the OS seen in the group of patients that received chemotherapy alone. In support of the hypothesis
put forward in the Lancet article, one study was identified
which showed that overexpression of HER2 resulted in a
better prognosis compared to those who did not overexpress the protein. However, this study was not included
in the analysis due to the number of patients being < 100
(thus failing one of the criteria)[6]. Here, samples from 93
patients with advanced gastric carcinoma were investigated using IHC. Overexpression of HER2 was found in
10 patients (11%), and a multifactorial analysis showed a
significantly better prognosis for those patients in relation
to survival[33]. However, after the finalization of the above
described analysis of data from the literature, a relatively
large study has recently been published. This study comprised 381 patients, with 78 (20%) of these being found

n = 5259
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Figure 5 The number of studies and patients (n) in each of the three scoring categories. Symbols: Two pluses (++) indicate the strongest association
with the Human epidermal growth factor receptor 2 (HER2)+ status, one plus (+)
indicates a somewhat weaker association with the HER2+ status, and minus (–)
indicates that no associations with the HER2+ was found[6].

entific and regulatory sides there still seems to be no real
consensus with respect to which testing algorithm to
use.

HER2 AS A PROGNOSTIC MARKER
As described above, the primary analysis of the ToGA
trial showed a median OS of 13.8 mo for the group of
patients that received the combined treatment of chemotherapy and trastuzumab compared to 11.1 mo for the
group that was assigned to chemotherapy alone. In the
discussion section of the paper published in the Lancet
in 2010, it was mentioned that the OS of 11.1 mo in
the group of patients receiving chemotherapy alone was
longer than expected. As a possible explanation for this,
it was stated that HER2 overexpression might already
be conferring a better prognosis across the groups of
patients studied. However, it was also mentioned that
HER2 overexpression leading to a better prognosis, is in
contrast to recent studies that have showed an association between HER2-positive tumors, poor outcome, and
aggressive disease. The authors further concluded that
more studies were needed to address the issue of whether HER2 has an effect on prognosis in gastric cancer, and
whether it confers a good or poor prognosis[6,10].
In breast cancer, HER2 was found to be a negative
prognostic factor very early on, and a number of studies
have subsequently confirmed this[2,29]. However, when it
comes to gastric cancer there still seems to be no definite
conclusion, despite the fact that the first studies demonstrating an association between a positive HER2 status
and poor prognosis appeared more than 20 years ago[26,30].
In order to address this issue, a systematic analysis of
data from the literature was undertaken where a large
number of studies on HER2 and gastric cancer were reviewed[6]. The studies included in this analysis should fulfill the following two criteria: 1) the number of patients
in each study should be ≥ 100 and the HER2 status
should have been determined either by IHC or ISH, and
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Figure 6 Drugs targeting human epidermal
growth factor receptor 2 in clinical development for treatment of gastric, esophageal, or
gastroesophageal junction cancer. The individual
compounds are listed according to the stage of development[35].

Phase Ⅲ

Phase Ⅱ

Phase Ⅰ
ASLAN001
HN781-36B
MGAH22
MM-111

Dacomitinib
Afatinib
Lapatinib
Pertuzumab
Ado-trastuzumab emtansine

Table 3 Overview of the phase Ⅱ and Ⅲ compounds and their targets
Compounds
Dacomitinib (PF-00299804, Pfizer)
Afatinib (Gilotrif, Boehringer Ingelheim)
Pertuzumab (Perjeta, Roche/Genentech)
Ado-trastuzumab emtansine
(Kadcyla, Roche/Genentech)
Lapatinib (Tyverb/Tykerb, GSK)

Type of compound

Target(s)

Clinical phase

Irreversible pan-HER TKI
Irreversible pan-HER TKI
mAb
ADC

HER1 (EGFR) and HER2
HER1 (EGFR), HER2, and HER4
HER2 (subdomain Ⅱ), HER2 hetero dimerization
HER2 (subdomain Ⅳ)

Ⅱ

Reversible pan-HER TKI

HER1 (EGFR) and HER2

Ⅱ
Ⅱ/Ⅲ
Ⅱ/Ⅲ
Ⅲ

TKI: Tyrosine kinase inhibitors; mAb: Monoclonal antibody; ADC: Antibody-drug conjugate.

phase Ⅰ clinical development can be divided into small
molecule inhibitors and antibodies. According to ClinicalTrials.gov there are two small molecule pan HER
inhibitors, ASLAN001 (Aslan Pharmaceuticals) and
HM781-36B (Hanmi Pharmaceuticals), in phase Ⅰ .
When it comes to the antibodies, two compounds are in
phase Ⅰ development, the HER2 monoclonal antibody
MGAH22 (MacroGenics) and the bi-specific antibody
MM-111 (Merrimack Pharmaceuticals) directed towards
HER2 and HER3[35].

to be HER2 positive by IHC or ISH. When the HER2
status was correlated with survival data, patients with
HER2 positive tumors had longer OS compared to the
HER2 negative patients, however, the prognostic value
disappeared in the multivariate analysis[34].
Despite the data in gastric cancer not being as consistent as shown in breast cancer, the majority of studies
seem to point towards HER2 overexpression and/or
amplification as being an indicator of poor prognosis[6].
In line with this conclusion, it has also been suggested recently that HER2 overexpression and/or amplification is
a molecular abnormality that is linked to the development
of gastric cancer[32].

Dacomitinib
Dacomitinib (PF-00299804, Pfizer) is an oral pan-HER
TKI. The compound irreversibly inhibits HER1 (EGFR)
and HER2 tyrosine kinase, as well as blocking HER1/
HER2, HER2/HER3, and HER3/HER4 heterodimerization[36,37]. In different preclinical models, dacomitinib
has shown significant growth-inhibitory effects in HER2amplified gastric cancer cells, such as SNU-216 and
NCI-N87. Furthermore, the combination of dacomitinib
with chemotherapeutic agents (such as 5-FU and cisplatin) or targeted agents (such as trastuzumab) showed a
synergistic effect[36]. However, a clinical phase Ⅱ study
in HER2 positive (IHC3+ or FISH+) patients with advanced gastric cancer, where dacomitinib was given as
monotherapy, showed a response rate of only 7.4% and
an OS of 7.1 mo. The relatively modest clinical effect
may be explained by the advanced stage of the disease
and that the patients had been heavily pretreated[38].

POTENTIAL HER2 TARGETED DRUGS IN
GASTRIC CANCER
Following the initiation and success of the ToGA trial,
a number of other HER2 targeted compounds have
gone into clinical development for treatment of gastric,
esophageal, or gastroesophageal junction cancer. These
compounds represent small molecule tyrosine kinase
inhibitors (TKI) and antibodies, as well as antibody-drug
conjugates (ADC). Most of these compounds, together
with the stage of development, are listed in Figure 6.
However, in this review, emphasis will be placed on the
drugs that are further advanced in clinical development
(phase Ⅱ and Ⅲ). An overview of these compounds and
their targets are given in Table 3. Phase Ⅰ compounds
will only be described briefly.

Afatinib
Afatinib (Gilotrif, Boehringer Ingelheim) is another oral
irreversible pan-HER TKI that targets HER1 (EGFR),

Phase Ⅰ compounds
As is the case for the other phases, the compounds in
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HER2, and HER4[39]. The compound has recently obtained FDA approval for first-line treatment of patients
with metastatic non-small cell lung cancer whose tumors
have tested positive for EGFR mutations. The FDA has
also approved therascreen EGFR RGQ Kit (Qiagen), a
companion diagnostics assay, for use in the detection of
EGFR exon 19 deletions or exon 21 substitution mutations[40]. In relation to gastric cancer, afatinib has demonstrated antitumor activity in a HER2 positive xenograft
mouse model[41]. Additionally, results from a small clinical
phase Ⅱ study in HER2 positive patients with esophagogastric (EG) cancer has recently been presented. Based
on data from this study, the investigators concluded that
single agent afatinib showed clinical efficacy in patients
with trastuzumab refractory EG cancer. However, this
conclusion must be regarded as preliminary, as it was
only based on data from 7 patients and more patients are
expected to be enrolled in the study[42].

chemotherapy alone. However, a pre-specified subgroup
analysis in Asian patients and patients < 60 years showed
a significant improvement with a HR of 0.68 and 0.69,
respectively. A total of 545 HER2 positive patients were
randomized in the LoGIC study[46]. Another phase Ⅲ
clinical trial, TYTAN, in Asian patients with advanced
gastric cancer is still ongoing. In said study, patients with
HER2 amplified tumors are randomized to lapatinib plus
paclitaxel or paclitaxel alone[47]. Based on the clinical data
presented so far, the future role of lapatinib in gastric
cancer must be regarded as unclear.
Pertuzumab
Pertuzumab (Perjeta, Roche/Genentech) is a humanized
monoclonal antibody that binds to sub-domain Ⅱ of the
extracellular part of the HER2 protein, thereby blocking its ability to form heterodimers with other members
of the HER family, including HER1 (EGFR), HER3,
and HER4. Trastuzumab also binds to the extracellular part of the HER2 protein, albeit to a different subdomain (Ⅳ), and it does not possess an inhibitory effect
in relation to dimerization of HER2 with the other HER
receptors[48,49]. Pertuzumab has a mechanism of action
that is complementary to that of trastuzumab, and the
combination of these two monoclonal antibodies has
been demonstrated to be effective as a first-line treatment in metastatic breast cancer[50]. This has recently led
to regulatory approval of the compound for treatment
of HER2 positive metastatic breast cancer in combination with trastuzumab and docetaxel. In gastric cancer,
a tumor mouse xenograft model using the HER2 positive NCI-N87 cells has been used to demonstrate the
preclinical antitumor activity of pertuzumab. Based on
this model, a significantly enhanced antitumor efficacy
of pertuzumab in combination with trastuzumab was
shown compared to monotherapy with each of the two
compounds. Similar antitumor efficacy was shown using another HER2 positive cell line (4-1ST), thus paving
the way for the clinical development of pertuzumab in
gastric cancer[51]. Both clinical phase Ⅱ and Ⅲ trials in
HER2 positive metastatic gastric or gastroesophageal
junction adenocarcinoma have been initiated, which include the large international JACOB study. In this study,
pertuzumab plus trastuzumab and chemotherapy (cisplatin, 5-FU/capecitabine) are compared to placebo plus
trastuzumab and chemotherapy. It is planned that the
JACOB study should enroll 780 patients at approximately
200 sites in 35 countries worldwide[52-54].

Lapatinib
Lapatinib (Tyverb/Tykerb, GSK) is an oral TKI, but,
in contrast to both dacomitinib and afatinib, its inhibitory effect on HER1 (EGFR) and HER2 is reversible.
Lapatinib is currently approved for treatment of HER2
positive metastatic breast cancer in combination with
capecitabine (Xeloda, Roche) or for HER2 positive postmenopausal women with hormone receptor positive
metastatic breast cancer in combination with letrozole
(Femara, Novartis)[43]. The antitumor effect of lapatinib
has been investigated in different gastric cancer cell lines,
and it was shown to induce a selective and potent growth
inhibition in the two HER2-amplified gastric cancer cell
lines SNU-216 and NCI-N87. Furthermore, in the same
model lapatinib combined with 5-fluorouracil, cisplatin,
oxaliplatin, or paclitaxel showed an additive or synergistic effect[44]. These results provide the rationale for the
clinical development of lapatinib for the treatment of
HER2-positive gastric cancer. A phase Ⅱ clinical trial
was performed in patients with unresectable gastric adenocarcinoma, although in this protocol HER2 positivity
was not an inclusion criterion. A total of 47 patients were
enrolled in the study and 44 received lapatinib as monotherapy until disease progression or unacceptable toxicity.
The response rate was relatively modest with 5 patients
(11%) having a confirmed or unconfirmed partial response. The median OS was 4.8 mo (95%CI: 3.2-7.4)[45].
Data from the LoGIC phase Ⅲ trial where lapatinib
plus chemotherapy (capecitabine and oxaliplatin) was
compared to chemotherapy alone in patients with HER2
positive advanced gastric, esophageal, or gastroesophageal junction adenocarcinoma has recently been presented.
The median OS for the lapatinib plus chemotherapy
group was 12.2 mo compared 10.5 mo for the group that
received chemotherapy alone. The primary endpoint for
the study with regards to HR for OS was not reached (HR:
0.91, 95%CI: 0.73-1.12, P = 0.35). The response rate
was 53% for the combined group receiving lapatinib and
chemotherapy, compared to 40% for the group receiving
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Ado-trastuzumab emtansine
Ado-trastuzumab emtansine (Kadcyla, Roche/Genentech) is a novel ADC specifically designed for the treatment of HER2-positive cancer. It is composed of the
potent cytotoxic agent DM1 (a thiol-containing maytansinoid anti-microtubule agent) conjugated to trastuzumab
via a specific linker molecule. Ado-trastuzumab emtansine
binds to the HER2 protein (sub-domain Ⅳ) with an affinity similar to that of trastuzumab. It is hypothesized
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that after binding to the receptor protein, ado-trastuzumab emtansine undergoes receptor-mediated internalization, followed by intracellular release of DM1, which
then exerts its cytotoxicity in the tumor cell[55]. Adotrastuzumab emtansine has been compared with lapatinib
plus capecitabine in a phase Ⅲ trial in HER2-positive
breast cancer patients with metastatic disease. Although
these patients had previously been treated with a taxane
and trastuzumab, the study showed that ado-trastuzumab
emtansine significantly improved PFS and OS compared
to the combination of lapatinib plus capecitabine[56].
Following the successful completion of phase Ⅲ, adotrastuzumab emtansine has recently been approved for
treatment of patients with HER2-positive metastatic
breast cancer who have previously received trastuzumab
and/or a taxane. In gastric cancer ado-trastuzumab emtansine has been tested in a number of different preclinical in vitro and in vivo HER2 positive cell models. Using
the NCI-N87 and OE-19 cells lines in vitro, ado-trastuzumab emtansine was found to be more effective than
trastuzumab. In a mouse xenograft model using the same
cell lines, a similar positive anti-tumor effect was found
in vivo[57]. In another preclinical study, ado-trastuzumab
emtansine showed pronounced antitumor activity in vivo
in two other HER2 expressing cell lines (SCH and 4-1ST).
Furthermore, the effect of combining ado-trastuzumab
emtansine with pertuzumab has also been investigated using NCI-N87 xenografted cells, and here the combination
showed a significant antitumor effect, whereas the use of
the individual compounds as monotherapy did not[58]. Additionally, the positive preclinical findings led to the initiation of a clinical development program, and currently a
phase Ⅱ/Ⅲ trial has been initiated in order to evaluate
efficacy and safety of ado-trastuzumab emtansine compared to taxane treatment in patients with HER2-positive
advanced gastric cancer[59].

regarding the importance of the receptor as a therapeutic
target in gastric cancer. A number of new compounds
targeting HER2 and other members of the HER family
are under development, and several of these have already
reached phase Ⅲ clinical studies. Pertuzumab and adotrastuzumab emtansine, as well as some of the small
molecule pan HER inhibitors, might be potentially useful
for HER2 positive gastric cancer patients that have developed resistance to trastuzumab.

ACKNOWLEDGMENTS
I would like to thank Dako Denmark A/S for their permission to use the microscopic gastric adenocarcinoma
images and Inge Merete Hounsgaard for her excellent
linguistic support.

REFERENCES
1
2

3

4

5

CONCLUSION

6

The ToGA trial must be regarded as a landmark, not
only did the study show that trastuzumab is effective in
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in the bevacizumab arm of the trial. Other clinical trials, especially phase Ⅲ trials that have tested drugs
targeting RTKs, such as cetuximab, panitumumab, gefitinib, erlotinib, figitumumab, sorafenib, sunitinib and
lapatinib, have shown that these drugs have modest
effects against gastric cancer. This review summarizes
the recent results from the clinical trials of molecularly
targeted drugs and suggests that further improvements in the treatment of advanced gastric cancer can
be achieved through the combination of conventional
drugs with the new molecularly targeted therapies.

Abstract

Core tip: Since the finding of receptor tyrosine kinases
(RTKs) about thirty years ago, its functions have been
examined over the years as key regulators of proliferation, differentiation, and metastasis. Several RTKs are
activated in advanced gastric cancer (AGC) and various RTK inhibitors have been developed as tailored
therapy. The results of recent clinical trials evaluate the
effectiveness of targeting RTKs. Unfortunately, recent
progress in the development of RTK-targeted therapy
for AGC patients has been modest. To provide maximal
therapeutic benefits, well-designed clinical trials and
combinations with appropriate drugs are required. In
addition, new predictive biomarkers are immediately
obliged to guide the selection of a drug-sensitive patients’ population.

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

Key words: Receptor tyrosine kinases; Gastric cancer;
Epidermal growth factor receptor; Trastuzumab; Cetuximab; Lapatinib; Panitumumab; Erlotinib; Bevacizumab

Molecularly targeted therapeutic agents are constantly
being developed and have been shown to be effective
in various clinical trials. One group of representative
targeted oncogenic kinases, the receptor tyrosine kinases (RTKs), has been associated with gastric cancer
development. Trastuzumab, an inhibitor of ERBB2, has
been approved for the treatment of gastric cancer, although other receptor tyrosine kinases, such as epidermal growth factor receptor, vascular endothelial growth
factor, platelet-derived growth factor receptor, c-Met,
IGF-1R and fibroblast growth factor receptor 2, are also
activated in gastric cancer. The promising results of
the trastuzumab clinical trial for gastric cancer resulted
in the approval of trastuzumab-based therapy as a
first-line treatment for human epidermal growth factor
receptor 2-positive patients. On the other hand, the
trial examining bevacizumab in combination with conventional chemotherapy did not meet its primary goal
of increasing the overall survival time of gastric cancer
patients; however, a significantly higher response rate
and a longer progression-free survival were observed
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INTRODUCTION

Table 1 Phase Ⅲ trials of targeted Receptor tyrosine kinases
in advenced gastric cancer

Gastric cancer is the second leading cause of cancerrelated death worldwide[1,2]. The high mortality rate is due
to the lack of effective therapy for advanced stages of
the disease. Conventional therapy options for gastric cancer include surgery, chemotherapy, radiation therapy and
combination treatments. In the early stages, the disease
can often be cured through complete surgical removal of
the tumor[3]. However, because gastric cancer results in
few symptoms during the early stages, most patients are
usually diagnosed after the cancer has progressed to an
advanced stage. Moreover, even after surgical resection,
tumors will recur in many patients, resulting in short survival times. The 5-year survival rate of gastric cancer has
remained at 20%-25% in the western world[4]. Therefore,
the high mortality rate underscores the need for effective
medical treatments for patients with advanced stages of
gastric cancer[3].
Receptor tyrosine kinases (RTKs) consist of ligandbinding extracellular domains which identify the subfamilies of RTKs, a transmembrane domain and a tyrosine
kinase motif, and the activation of these kinases has been
shown to play an important role in the control of many
fundamental process, such as growth, differentiation,
adhesion, migration and apoptosis[5-8]. The activation and
overexpression of RTKs were initially reported in various
cancers[9,10]. Currently, RTK inhibitors have been validated
through clinical trials, and some agents have received regulatory approval, such as trastuzumab for the treatment
of advanced breast cancer[10], gefitinib for non-small cell
lung carcinoma[11] and cetuximab for metastatic colon
cancer[12]. Unlike other solid tumors, which are predominantly associated with specific signaling pathways, such as
the HER-2 pathway in breast cancer, the genetic and molecular pathogenesis of gastric cancer may be more complex[13,14]. In gastric cancer, although the amplification of
RTKs, such as ErbB2, c-Met and fibroblast growth factor
receptor (FGFR) 2, is associated with cancer progression,
the only approved inhibitor is trastuzumab, an ErbB2targeting antibody[15]. Trastuzumab came into use after
the release of promising efficacy results from the Trastuzumab for Gastric Cancer (ToGA) trial[16]. Additionally,
other RTKs have also emerged as potential targets for
the future treatment of gastric cancer.
In this review, we delineate the underlying molecular
basis of the RTK pathways and summarize the current
results of the clinical phase Ⅲ trials (Table 1) and ongoing clinical trials that are targeting RTKs in patients with
gastric cancer. Additionally, we also present future possibilities for the improvement of RTK inhibitor efficacy
and for the identification of new strategic targets for gastric cancer treatment.

Line of
treatment

ToGA
AVAGAST
EXPAND
REAL-3
LoGIG
TYTAN

First
First
First
First
First
Second

RTK inhibitor Chemotherapy
Trastuzumab
Bevacizumab
Cetuximab
Panitumumab
Lapatinib
Lapatinib

FP or XP
XP
XP
EOX
OX
T

Status
Completed
Completed
Completed
Completed
Ongoing
Ongoing

ToGA: Trastuzumab for gastric cancer; AVAGAST: Avastin in gastric
cancer; EXPAND: Erbitux in combination with xeloda and cisplatin in advanced esophago-gastric cancer; REAL-3: Randomized ECF for advanced
and locally advanced esophagogastric cancer 3; LoGIG: Lapatinib optimization study in ErbB2 (HER-2) positive gastric cancer; TYTAN: Lapatinib
(Tykerb) with paclitaxel (Taxol) in Asian ErbB2+ (HER+) gastric cancer
study; F: 5-fluorouracil; P: Cisplatin; X: Capecitabine; E: Epirubicin; T: Paclitaxel.

phosphorylation of tyrosine residues on the receptor
and downstream signaling proteins. Fifty-eight of the
90 known protein tyrosine kinases are also receptors[5].
Various RTKs have been normally associated with intracellular signal transduction including growth, differentiation, adhesion, migration, and apoptosis (Hubbard and
Till). In various types of cancer, many signaling pathways
including cell proliferation, differentiation, and metabolism pathways, are activated by RTK dimerization[6,17]. In
general, RTK activation occurs through ligand-induced
dimerization, in which a bivalent ligand and two receptor
molecules form a dimeric complex[18]. Two main processes are required for RTK activation: the enhancement of
the intrinsic catalytic activity and the creation of binding
sites to recruit downstream signaling proteins. Importantly, tyrosine autophosphorylation is critical for both of
these processes. Autophosphorylation of tyrosine residues located in the activation loop of the kinase domain
stimulates kinase activity, whereas autophosphorylation
in the juxtamembrane, kinase insert and carboxy-terminal
regions generates docking sites for modular domains that
recognize the phosphotyrosine residues in specific sequences[19].

RTKS IN GASTRIC CANCER
The RTK family consists of 58 kinases, and each is
characterized by ligand-binding extracellular domains
which identify the subfamilies of RTKs, a tansmembrane
domain and a tyrosine kinase motif[5]. Of those kinases,
the known RTKs are separated into 21 families, such as
the epidermal growth factor receptor (EGFR), vascular
endothelial growth factor receptor (VEGFR) and FGFR
families, which are characterized by similar structures
and the potential of dimerization in gastric cancer[20].
Additionally, it has been reported that the expression
of platelet-derived growth factor (PDGF) and plateletderived growth factor receptor (PDGFR) are involved
in gastric cancer growth[21]. Each RTK inhibitor is dia-

RTKS IN CELLULAR SIGNALING
RTKs are transmembrane glycoproteins that are activated by binding to their cognate ligands, resulting in the
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Receptor tyrosine kinase inhibitors
Trastuzumab
Cetuximab
Panitumumab

Gefitinib
Erlotinib

HER-1

HER-2
Lapatinib

Figitumumab

Bevacizumab

VEGFR

PDGFR

Sorafenib

Sunitinib

Met

IGF-1R

FGFR

GSK089

Ras

PI3K
PTEN

Raf
Akt
MEK

mTOR

ERK

Cell proliferation and survival

Figure 1 Receptor tyrosine kinase inhibitors. VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-derived growth factor receptor; IGF-1R: Insulin-like growth factor 1 receptor; FGFR: Fibroblast growth factor receptor; HER: Human epidermal growth factor receptor; PTEN: Phosphatase and tensin homolog.

gramed in Figure 1 and inactivates various RTKs. Among
these RTK inhibitors, monoclonal antibodies, such as
cetuximab and panitumumab, trastuzumab and fugitumumab directly bind to each RTK and inhibit its signaling. Bevacizumab also binds vascular endothelial growth
factor (VEGF) and inhibit VEGFR signaling. Gefitinib
and erlotinib competes with the binding of ATP to the
tyrosine kinase domain of EGFR and lapatinib blocks
phosphorylation of HER-1 and HER-2. Sorafenib inhibits the enzyme RAF kinase and VEGFR-2/PDGFR-beta
signaling cascade. Sunitinib also blocks VEGFR-2/PDGFR-beta and c-kit. In addition, GSK089 inhibits c-Met
and blocks its signaling (Figure 1).
Common alterations and mutations of RTKs have
been identified in gastric cancer. Interestingly, Deng et
al[22] showed that druggable alterations in RTKs occurred
in 37% of gastric cancer patients; the most frequently
amplified RTK was FGFR2 (9.3%), followed by KRAS
(8.8%), EGFR (7.7%) and ERBB2 (7.2%)[22]. Furthermore, the RTK amplification status was shown to be an
independent marker of poor prognosis in gastric cancer
patients according to Cox multivariate analysis, and this
result was independent of chromosomal instability.
Recently, together with Tyro3, Axl and Mer receptor
tyrosine kinases are aberrantly expressed in numerous
human cancers. It has been reported that Axl and Mer inhibition constitutes a novel therapeutic strategy that may
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enhance the efficacy of standard chemotherapy in glioblastoma multiforme[23], non-small cell lung cancer[24,25]
and breast cancer[26]. In gastric cancer, combination of
Axl and Mer expressions correlated inversely with patient
prognosis[27]. Inhibition of these RTKs may provide potential targets for AGC.
In our recent study, the levels of EGFR, ErbB2,
FGFR1, FGFR2, insulin R and EphA4 were increased in
human gastric cancer tissues compared with normal mucosa according to a protein array[28]. Additionally, ErbB2
was most activated in the human gastric cancer cell lines
MKN45, MKN74, MKN1 and MKN7 [28]. Therefore,
these findings suggest that these molecules may be potential targets for selective therapy in gastric cancer. We
will summarize the clinical trials for the newly established
modalities related to RTK expression in gastric cancer.

RTK TARGETED THERAPY
The insufficient effect of chemotherapy on advanced
gastric cancer has resulted in the development of new
biological therapies that modulate various targets of signal transduction pathways that are overexpressed in gastric cancer. A large number of molecularly targeted drugs
have been clinically developed to inhibit angiogenesis as
well as to specifically inhibit the human epidermal growth
factor receptor, platelet-derived growth factor receptor
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and c-MET receptor.

ditionally, a 2.7 mo gain in median survival was observed
in the intent-to-treat population. In the ToGA study, no
significant overlapping toxicity was evaluated, except for
cardiac dysfunction[16]. Trastuzumab is correlated with
an increased risk of cardiotoxicity[39], similar to anthracyclines, which are frequently used in the treatment of
breast and gastric cancers. Trastuzumab-related cardiac
dysfunction is largely reversible by removal of the antibody[40] and has been classified as type Ⅱ chemotherapyrelated cardiac dysfunction[41]. In the ToGA study, the left
ventricular ejection fraction was monitored every 12 wk
during treatment. The regimen was well tolerated, and
the hematological toxicity for the chemotherapy doublet
was within the expected levels. Interestingly, no additional
toxicity was observed, except for an asymptomatic reduction in the left ventricular ejection fraction to below
the normal range, which was reported in 5.9% of the
patients. Notably, although this patient group has a relatively short life expectancy, the addition of trastuzumab
did not compromise the patients’ quality of life[42].

TARGETING HER-2
HER-2 (ErbB2) is a member of the ErbB2/HER family,
which is comprised of four receptors including HER-1
(EGFR), HER-2, HER-3 and HER-4. Of these receptors, the targeting of HER-2 has been the most successful for the treatment of advanced gastric cancer. HER-2
overexpression is observed in 10%-38% of gastric cancer
patients[29-31]; however, the effect of HER-2 expression
on the prognosis of AGC remains controversial[32-35]. Recently, Bang et al[16] reported that HER-2-positive patients
using Immunohistochemistry (IHC) scoring system had
a superior outcome when treated with conventional chemotherapy with trastuzumab, which selectively binds to
HER-2 and inhibits its downstream signaling pathway, in
the ToGA trial. Although this result suggests HER-2 is
not a negative prognostic factor, it might be confounded
by various factors, such as the second line therapy or
intestinal subtype. Additionally, IHC scoring system in
gastric cancer is different from that of breast cancer[36].
First-line trastuzumab-based trials in AGC patients
were reported in 2006[37]. Prior to the ToGA trial[16], three
phase Ⅱ trials evaluating the effectiveness of trastuzumab in AGC patients were presented. The results from
the first phase Ⅱ trial of trastuzumab combined with cisplatin and docetaxel showed that a radiological response
was observed in 4/5 HER-2-positive patients (defined
as IHC3+ or FISH+) with metastatic gastric cancer or
gastroesophageal junction carcinoma patients[37]. In the
second phase Ⅱ trial, HER-2-positive (defined as IHC2+
and FISH+ or IHC3+) AGC or gastroesophageal junction adenocarcinoma patients were treated with 75 mg/
m2 cisplatin and trastuzumab (8 mg/kg loading dose followed by 6 mg/kg for future cycles) every 21 d until disease regression, and there was a 35% response rate in the
17 evaluable patients who received a median of two cycles of treatment[38]. Taken together, the overall response
rate (ORR) was 35%-44% in the trial arm consisting of
trastuzumab combined with conventional chemotherapy.
The ToGA trial was an open-label, international,
phase Ⅲ, randomized controlled trial that was undertaken in 24 countries[16]. In total, 594 patients with gastric
or gastroesophageal junction cancer that overexpressed
HER-2 protein (as determined by immunohistochemistry
or gene amplification by fluorescence in situ hybridization) were randomly assigned to the study treatments
(trastuzumab plus chemotherapy, n = 298; chemotherapy
alone, n = 296); of these patients, 584 were included in
the primary analysis (n = 294 and n = 290, respectively).
The median overall survival in the trastuzumab plus chemotherapy arm was 13.8 mo (95%CI: 12-16) compared
with 11.1 mo (95%CI: 10-13) in the chemotherapy alone
arm (HR = 0.74, 95%CI: 0.60-0.91, P = 0.0046). The
study met not only the primary endpoint of improved
overall survival but also the secondary endpoint of improved response rates and progression-free survival. Ad-
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TARGETING EGFR
The EGFR is intrinsically expressed in various organs,
including the skin, gut and renal tissues. EGFR overexpression is observed in 27%-64% of gastric cancers,
especially in the more proximal tumors[43,44], and is correlated with older age, more aggressive histology and
higher disease stage; additionally, EGFR expression is a
poor prognostic factor[43].
Cetuximab (Erbitux, Imclone Systems) is a recombinant humanized murine monoclonal antibody against
EGFR and is the most investigated anti-EGFR therapy
in gastric cancer. In the first line phase Ⅱ trials, six nonrandomized trials investigated the addition of cetuximab
to doublet chemotherapy[45-49]. The response rate of the
above studies ranged from 41% to 63%, and the median
overall survival ranged from 9 to 16.6 mo. A randomized
phase Ⅱ study comparing the addition of cetuximab to
three discrete chemotherapies was reported at ASCO
2010. None of the treatment arms that included cetuximab exhibited a better survival outcome compared with
the conventional control arms. In 2011, preliminary data
from another phase Ⅱ study demonstrated that there
was no clinically significant benefit associated with the
addition of cetuximab to docetaxel and oxaliplatin[50].
Additionally, the results of the large, randomized, phase
Ⅲ EXPAND study (NCT00678535), which investigated
the addition of cetuximab to cisplatin and capecitabine
chemotherapy, were presented in 2013[51]. The median
progression-free survival (PFS) for the 455 patients
administered the capecitabine-cisplatin plus cetuximab
treatment was 4.4 mo (95%CI: 4.2-5.5) compared to
5.6 mo (95%CI: 5.1-5.7) for the 449 patients treated
with capecitabine-cisplatin alone (HR = 1.09, 95%CI:
0.92-1.29; P = 0.32). Additionally, 83% of the patients in
the chemotherapy plus cetuximab group and 77% of the
patients in the chemotherapy group experienced grade 3-4
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diarrhea, hypokalemia, hypomagnesemia, rash and handfoot syndrome.
Panitumumab is a humanized monoclonal antibody
that targets EGFR. Van Cutsem et al[52] reported a phase
Ⅲ trial of panitumumab plus best supportive care compared to best supportive care alone in patients with advanced colorectal cancer that failed to respond to 5-FU,
irinotecan and oxaliplatin. However, there are very few
reports of this agent being used to treat AGC patients.
Recently, the results of a randomized, open-label, phase
Ⅲ trial for patients with previously untreated advanced
esophagogastric cancer (REAL3) were revealed; this study
examined two groups of esophagogastric cancer patients
treated with epirubicin, oxaliplatin and capecitabine with
or without panitumumab[53]. The median overall survival
of the 275 patients with advanced esophagogastric adenocarcinoma in the epirubicin, oxaliplatin and capecitabine (EOC) treatment group was 11.3 mo (95%CI: 9.6-13.0)
compared to 8.8 mo (95%CI: 7.7-9.8) in the 278 patients
treated with modified-dose EOC plus panitumumab
(mEOC+P) (HR = 1.37, 95%CI: 1.07-1.76; P = 0.013).
The main adverse events that were observed during this
trial were grade 3-4 diarrhea (48/276 mEOC+P patients 17% vs 29/266 EOC patients 11%), rash (29/276
mEOC+P patients 11% vs 2/226 EOC patients 1%), mucositis (14/276 mEOC+P patients 5% vs 0/226 EOC patients) and neutropenia (35/276 mEOC+P patients 13%
vs 74/226 EOC patients 28%)[53]. On the other hand,
other EGFR monoclonal antibodies, such as matuzumab
and nimotuzumab, resulted in even shorter PFS times
when combined with chemotherapy (compared with chemotherapy alone) in randomized phase Ⅱ trials[54,55].
Gefitinib and erlotinib, which are EGFR tyrosine
kinase inhibitors (TKIs), were assessed in phase Ⅱ trials; however, these drugs produced unsatisfactory results
when used as monotherapies for gastric cancer patients.
These inhibitors were effective first-line treatments
against gastroesophageal cancer (GEJ), but were not effective for gastric cancer patients, when examined in a
phase Ⅱ study[56]. On the other hand, combination therapy with 5-FU, oxaliplatin and erlotinib demonstrated that
the ORR was greater than 50% in patients with esophageal or GEJ cancer[57].

tered to both HER-2+ and HER-2- patients.
Two phase Ⅲ trials are ongoing to determine the utility of lapatinib as a first- and second-line treatment for
AGC patients. The first trial, the Lapatinib Optimization
Study in ErbB2 (HER-2)-Positive Gastric Cancer (LoGIC) trial, is investigating lapatinib as a first-line treatment
in combination with capecitabine and oxaliplatin[60]. The
second trial, the Lapatinib (Tykerb) with paclitaxel (taxol)
in Asian ErbB2+ (HER-2+) Gastric Cancer (TYTAN)
trial, is investigating second-line paclitaxel treatment with
or without lapatinib in Asian patients[61]. Importantly,
HER-2-patients were excluded from the target AGC patients in these trials. The results of these interesting trials
will determine whether lapatinib will be used to treat patients with AGC.

TARGETING VEGFR
Bevacizumab is a monoclonal antibody that inhibits vascular endothelial growth factor-A (VEGF-A), and the
broad clinical activity of bevacizumab in antiangiogenic
therapies has been reported[62-66]. Various phase Ⅱ trials of bevacizumab plus chemotherapy have been reported for AGC patients[67-70]. An ORR of 42%-67% was
achieved, and the median TTP was 6.6-12 mo, whereas
the OS time was 8.9-16.2 mo. Grade 3-4 thromboembolic diseases were reported in approximately 25% of the
patients, and gastric perforation was observed in up to 8%
of the patients in the phase Ⅱ trials.
The phase Ⅲ Avastin in Gastric Cancer (AVAGAST)
trial was designed to evaluate the efficacy of adding bevacizumab to first-line capecitabine-cisplatin treatment
for advanced gastric cancer. In total, 774 patients were
randomly separated and administered capecitabine and
cisplatin with or without bevacizumab[71]. In this trial,
cisplatin was administered for the six cycles; capecitabine
and bevacizumab were administered until the disease progressed or unacceptable toxicity developed. The primary
end point was overall survival (OS). The ORR significantly improved with the addition of bevacizumab (46%
vs 37%; P = 0.0315), and the median PFS was also significantly longer (6.7 vs 5.3 mo; HR = 0.80; 95%CI: 0.68-0.93;
P = 0.0037)[71]. Additionally, the clinical outcomes were
different depending on the geographical region. Survival
was extended in Pan-American patients who were treated
with bevacizumab; however, this was not the case for
Asians or Europeans, despite the better prognosis of the
latter. Differences in population genetics, patient selection and second-line chemotherapy may explain these
results. Furthermore, biomarker studies will elucidate the
reasons underlying the differences in efficacy. Interestingly, Ohtsu et al reported that angiogenic markers, such
as plasma VEGF-A and tumor neuropilin-1, can have
predictive value for the clinical outcomes of patients
with gastric cancer treated with bevacizumab in the AVAGAST randomized phase Ⅲ trials[72]. These results may
lead to a better understanding of the study outcome. The
most common grade 3-5 adverse events in both arms of

COMBINED TARGETING OF HER-2 AND
EGFR
Lapatinib is a receptor tyrosine kinase inhibitor that inhibits both HER-2 and EGFR. A phase Ⅱ trial demonstrated that lapatinib could achieve an ORR of 7% and
a 20% rate of disease stabilization[58]. Regarding adverse
events, one patient each experienced grade 4 cardiac toxicity and vomiting in 47 patients with metastatic gastric
cancer. Additionally, two patients experienced grade 4
fatigue. In another study, lapatinib had restricted singleagent activity. Only two of 21 previously treated patients
had durable, stable disease[59]. Remarkably, these disappointing results were expected, as lapatinib was adminis-
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the trial were neutropenia, anemia and appetite loss, and
these events occurred at similar rates with or without bevacizumab[71].

Ⅱ study of GSK1363089 (GSK089, formerly XL880), a
c-Met TKI, demonstrated that this compound had minimal activity in metastatic gastric cancer patients, and liver
dysfunction, fatigue and venous thromboembolism were
reported as adverse events[80].
Insulin-like growth factor 1 receptor (IGF-1R) expression is correlated with poor outcome in AGC patients[81], and treatment with the IGF-1R antibody figitumumab in conjunction with docetaxel was well tolerated
and in a phase Ⅰ trial of advanced solid tumor patients[82].
FGFR may be a targetable RTK, as the secretion of the
FGF family by fibroblasts stimulates the proliferation of
scirrhous gastric cancer cells[83]. Additionally, mutations
in FGFR are associated with the development of gastric
cancer[84], and selective inhibitors of FGFR may be used
in clinical trials for AGC patients[85].
In addition, AXL receptor tyrosine-kinase family, such
as axl/ufo and nyk/mer protein kinases, co-operatively
correlates with the cancer progression, metastasis and patients’ prognosis in gastric cancer[27]. The specific ligand
growth arrest-specific gene 6 (Gas6) binds to Axl and
Gas6-Axl signaling pathway enhanced cellular survival
and invasion and suppressed apoptosis via Akt family
during gastric carcinogenesis[86]. Gas6-Axl signaling could
be a potential therapeutic target in gastric cancer.
Recently, Singh et al[87] reported combined blockade
of HER-2 and VEGF brings about greater growth inhibition in HER-2 overexpressing gastric cancer xenografts.
This result suggests that new combination therapy using
inhibitors of HER-2 and VEGF may represent a new
approach for the treatment of HER-2 positive AGC patients.

COMBINED TARGETING OF VEGFR AND
PDGFR
Sorafenib and sunitinib are multitargeted TKIs that inhibit angiogenesis by targeting VEGFR, PDGFR and
other signaling pathways. Sorafenib is a multitarget inhibitor of BRAF, VEGF, PDGFR and the Ras/Raf/MERK/
ERK pathway. A phase Ⅱ study was performed to assess
the combination of oxaliplatin and sorafenib as a secondline therapy for AGC after treatment with cisplatin and
fluoropyrimidine first-line therapy. Among 40 AGC
patients, the CR was 2.5%, and the SD was 47.2%. The
median PFS was 3 mo (95%CI: 2.3-4.1), and the median
OS was 6.5 mo (95%CI: 5.2-9.6). The median OS was
9.7 mo when the time-to-progression during the first-line
chemotherapy was > 6 mo and was decreased to 5.6 mo
when the time-to-progression was < 6 mo (P = 0.04)[73].
Grade 3-4 neutropenia (9.8%), thrombocytopenia (7.3%)
and neurotoxicity (4.9%) were reported. The combination
of oxaliplatin and sorafenib in AGC patients previously
treated with cisplatin and fluoropyrimidine appeared safe;
however, these results did not support the implementation of a phase Ⅲ trial[73].
Sunitinib suppresses PDGFR, Kit, rearranged during
transfection (RET), Flt-3 and VEGFR. A phase Ⅱ study
of single-agent sunitinib as a second-line treatment for
AGC patients treated with one prior chemotherapy regimen was performed, and 2.6% of the enrolled patients
had a partial response, whereas 25 patients (32.1%) had
stable disease. The median PFS was 2.3 mo, and the median OS was 6.8 mo. Grade 3-4 thrombocytopenia and
neutropenia were reported in 34.6% and 29.4% of the
patients, respectively[74]. In another phase Ⅱ trial, disease
stabilization was reported in five out of 14 patients[75].
These results suggested that single-agent sunitinib did
not have sufficient clinical value as a second-line treatment for AGC. Sunitinib is unlikely to be further developed into a first-line treatment or to be used in combination with chemotherapy due to the complete failure of
sunitinib to change the survival outcome of other solid
tumors when combined with chemotherapy[76].

CONCLUSION
Effective RTK inhibitors have been developed over the
years, and their potential usefulness will increase further
as preclinical data using gastric cancer models continue to
demonstrate their effectiveness. Several RTKs are activated in advanced gastric cancer; therefore, targeting these
RTKs may lead to tailored therapy. Unfortunately, recent
progress in the development of RTK-targeted therapy
for AGC patients has been modest. Well-designed clinical
trials and combinations with appropriate drugs are required to provide maximal therapeutic benefits. Furthermore, new predictive biomarkers are immediately needed
to guide the selection of a potentially drug-sensitive cohort of patients.

TARGETING OTHER RTKS AND NEW
COMBINED TARGETING OF HER2 AND
VEGF
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Core tip: With the technical development of multiplanar
imaging and 3D reformation, the diagnostic performance of Multidetector row computed tomography for
T-staging has improved. N-staging of advanced gastric
cancer has also improved, but the diagnostic effectiveness of N-staging is limited for patients with early
gastric cancer. The limitations of magnetic resonance
imaging (MRI) once prevented its use in evaluating
gastric cancer; however, the development of highspeed sequences has made MRI a feasible tool. The intrinsic strength of MRI is the ability to produce contrast
in soft tissue, and the use of tissue-specific contrast
agents may aid in gastric cancer staging.

Abstract
Gastric cancer is one of the most common and fatal
cancers. The importance of accurate staging for gastric cancer has become more critical due to the recent
introduction of less invasive treatment options, such
as endoscopic mucosal resection or laparoscopic surgery. The tumor-node-metastasis staging system is the
generally accepted staging system for predicting the
prognosis of patients with gastric cancer. Multidetector row computed tomography (MDCT) is a widely accepted imaging modality for the preoperative staging
of gastric cancer that can simultaneously assess locoregional staging, including the gastric mass, regional
lymph nodes, and distant metastasis. The diagnostic
performance of MDCT for T- and N-staging has been
improved by the technical development of isotropic
imaging and 3D reformation. Although magnetic resonance imaging (MRI) was not previously used to evaluate gastric cancer due to the modality’s limitations, the
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INTRODUCTION
Although its prevalence is decreasing in Western countries, gastric cancer remains the second most common
cause of cancer-related death. Gastric cancer is more
common in Asian countries, particularly China, Japan,
and South Korea[1-3]. Complete surgical resection was
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Table 1 T-staging of gastric cancer, American Joint Committee on Cancer 7 manual
TX
T0
Tis
T1
T1a
T1b
T2
T3

T4
T4a
T4b

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria
Tumor invades the lamina propria, muscularis mucosae, or submucosa
Tumor invades the lamina propria or muscularis mucosae
Tumor invades the submucosa
Tumor invades the muscularis propria
Tumor penetrates the subserosal connective tissue without invasion of the visceral peritoneum or adjacent structures. T3 tumors also include
those extending into the gastrocolic or gastrohepatic ligaments or into the greater or lesser omentum, without perforation of the visceral peritoneum covering these structures
Tumor invades the serosa (visceral peritoneum) or adjacent structures
Tumor invades the serosa (visceral peritoneum)
Tumor invades adjacent structures, such as the spleen, transverse colon, liver, diaphragm, pancreas, abdominal wall, adrenal gland, kidney,
small intestine, and retroperitoneum

once thought to be the only successful option for curing
gastric cancer[4]. However, the development of endoscopic procedures that can be used to treat early gastric
cancer, such as endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection, has reduced the
morbidity and mortality rates with minimally invasive curative therapy[5]. Furthermore, the recent development of
chemotherapeutic agents can prolong the survival of patients with advanced disease. Multiple treatment options
make the choice of the appropriate treatment for each
patient more important, and the accurate staging of a
patient’s disease can have a major role in determining the
final clinical outcome. The tumor-node-metastasis (TNM)
staging system, which is a generally accepted staging system in clinical practice, has been shown to accurately predict patient prognosis[6]. Traditionally, deep tumor infiltration into an adjacent structure (T4) and the presence of
multiple, metastatic lymph nodes (N3 or N4) or distant
metastases limited the resectability of gastric cancer, and
the major function of preoperative staging was to detect
these conditions. However, due to the widespread use of
EMR for treating early gastric cancer, more precise and
accurate staging is required, and differentiating between
T1 and T2 (or even between T1a and T1b) is currently
necessary for endoscopists to determine the appropriate
prognosis[5,7]. Additionally, because the presence of nodal
metastases is a contraindication for EMR, the accuracy
of N-staging (N0 vs N1) now receives more attention.
The standard imaging modalities used for the preoperative staging of gastric cancer include computed
tomography (CT) and endoscopic ultrasonography (US).
Endoscopic US is regarded as the most accurate imaging
tool for evaluating tumor depth, and CT is the principal
imaging modality used for staging because of its ability
to detect distant metastases. Magnetic resonance imaging
(MRI) and diagnostic laparoscopy are other imaging tools
that can be successfully used to stage gastric cancer.
The currently used multidetector row computed tomography (MDCT) with 16 or more channels and thin
collimation can provide 1-mm-thick, high-resolution
imaging, and the effect of motion is very limited due to
the high image acquisition speed of MDCT. Isotropic
imaging can be used to obtain multiplanar reformation
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(MPR) images at any angle, and virtual gastroscopy or CT
gastrography with 3D reformation is also available. Virtual gastroscopy provides 3D-reconstructed, endoluminal
images, such as those used in CT colonography. These
benefits have improved the diagnostic performance of
MDCT when detecting and staging gastric cancer in
daily, clinical practice. Technical developments improving
MRI, such as parallel imaging and fast sequences, have
increased its use in abdominal imaging. Although the
reported results of MRI for abdominal imaging have not
been completely successful, the intrinsic strength of MRI
as a contrast imaging method may allow for T-staging accuracy that is comparable to that of MDCT. Additionally,
new contrast agents can also enhance MRI performance
in N- and M-staging of gastric cancer.
In this manuscript, we provide the review of the
recently revised TNM staging system for gastric cancer
and then discuss the performance of MDCT and MRI
in the preoperative staging of gastric cancer. We will also
discuss some of the state-of-the-art techniques that can
be used to assess gastric cancer, with special emphasis on
preoperative staging.

SEVENTH EDITION OF THE AMERICAN
JOINT COMMITTEE ON CANCER STAGING
SYSTEM FOR GASTRIC CANCER
The latest version of TNM staging by the Union for
International Cancer Control and the American Joint
Committee on Cancer (AJCC) is the seventh edition, released in 2009, and is summarized in Tables 1, 2 and 3[8].
This staging system has been periodically revised based
on newly collected scientific data. In the latest revision,
tumors arising at the esophagogastric (EG) junction
and those arising in the stomach within 5 cm of the EG
junction and involving the EG junction are considered
esophageal cancer. The T-staging system has also been
modified in a manner similar to other bowel tumors (i.e.,
esophagus and small and large bowel); T2 is now defined
as a tumor invading the muscularis propria and T3 as a
tumor invading the subserosal connective tissue. Stage
T2b as defined in the 6th edition was restaged as T3 in
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Table 2 N-staging of gastric cancer, American Joint
th
Committee on Cancer 7 manual

Table 3 Stage and prognostic group of gastric cancer,
th
American Joint Committee on Cancer 7 manual

NX

Regional lymph node(s) cannot be assessed

Stage X

N0
N1
N2
N3

No regional lymph node metastasis
Metastasis in 1 to 2 regional lymph nodes
Metastasis in 3 to 6 regional lymph nodes
Metastasis in 7 or more regional lymph nodes

Stage ⅠA
Stage ⅠB
Stage ⅡA

Stage ⅡB

the 7th edition, and T3 as defined in the 6th edition was
restaged as T4a. As early gastric cancer (EGC) is traditionally defined as a tumor confined to the mucosa and
submucosa, cancers staged T1a and T1b are considered
EGC by definition. The previously adopted Japanese
classification for N-staging, with designations based on
the anatomical location of the involved regional lymph
nodes, is not used now[9,10]. Currently, the number of cancer-involved lymph nodes is the only factor determining
the N-stage. The advantages of this method are its relative ease and independent reporting by pathologists and
the strong correlation between the number of affected
lymph nodes and patient survival rates. However, the current method for N-staging can be biased by the number
of collected lymph nodes; several authors reported that
the total number of collected lymph nodes can influence
a patient’s prognosis[11,12]. Regardless, this opinion is not
yet reflected in the AJCC 7th edition, a version in which
the number of lymph nodes for each N-staging was
decreased (Table 2). Retropancreatic, para-aortic, hepatoduodenal, retroperitoneal, and mesenteric lymph nodes
are considered distant metastases (M1) in gastric cancer.

Stage ⅢA

Stage ⅢB

Stage ⅢC
Stage Ⅳ

NX

MX

T1
T2
T1
T3
T2
T1
T4a
T3
T2
T1
T4a
T3
T2
T4b
T4a
T3
T4b
T4a
Any T

N0
N0
N1
N0
N1
N2
N0
N1
N2
N4
N1
N2
N3
N0 or N1
N2
N3
N2 or N3
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M1

mend air as the preferred oral contrast agent[15]. In our
medical institution, effervescent granules with a minimal
amount of water are orally administered immediately
prior to CT scanning to obtain optimal gastric distention
using air[13]. Each patient receives intravenous contrast
agent at a rate of 3-4 mL/s using a power injector, and
CT images are obtained approximately 70 s following
the injection, which is the optimal time for evaluating the
enhancement of gastric tumor and hepatic metastases. In
some medical institutions, early arterial phase imaging can
be added to assess possible vascular anomalies in the vessels supplying the stomach[19,20]. The left posterior oblique
and right decubitus positions are used for evaluating the
entire distended stomach. In the left posterior oblique
position, the lower part of the stomach, including the antrum, is distended, and residual fluid collects in the fundus of the stomach. In the right decubitus position, the
upper part of the stomach, including the fundus, is fully
extended[21]. When using water as the oral contrast agent,
the supine and prone positions are recommended. An
MDCT unit with 16 or more channels is recommended
to acquire isotropic imaging with less than 1.25-mm collimation. Two-dimensional axial, coronal, and sagittal
images provide a quick view of the stomach and tumor
and allow for instant evaluation of the tumor location
and depth. Three-dimensional rendering, such as virtual
gastroscopy or CT gastrography, can provide additional
information on depth perception, fold change, and superficial lesions[22,23]. In our medical institution, axial CT
images are reconstructed using a 3-mm section thickness
and a reconstruction interval of 2-3 mm; an additional
image set using a 1-mm section thickness and reconstruction interval is reconstructed for 3D rendering. Coronal
and sagittal MPR images are also reconstructed with a
3-mm section thickness and interval. Virtual gastroscopy[24] and barium-study-looking 3D CT gastrography
using a surface-shaded, volume-rendering technique[13] are

MDCT
MDCT protocols
A fasting time of at least six hours is required for complete gastric emptying. Patients usually receive 10-20 mg
of butylscopolamine bromide intramuscularly or intravenously 10-15 min before CT scanning to minimize peristaltic movement[13,14]. Any history of glaucoma, urinary
outflow obstruction, or cardiac arrhythmia is checked
to avoid the use of butylscopolamine in patients with
contraindications. To obtain optimal distention of the
stomach, several types of oral contrast agents are used.
Among them, positive contrast agents, such as diluted
barium or water-soluble iodine, mask the enhancement
of the gastric mucosa and inhibit 3D reformation, both
of which are critical for cancer staging[15,16]. Therefore,
negative (air) or neutral (water or methyl cellulose) contrast agents are generally used. Negative and neutral
agents help to depict the detailed enhancement pattern
of gastric wall layers[17,18]. In 3D reformation and virtual
gastroscopy, air is the preferred oral contrast agent. A recent study reported that MDCT using gas distention and
3D CT gastrography provided T-staging of preoperative
gastric cancer comparable to hydro-CT (i.e., using water
as the oral contrast agent) but that gas distention was
more effective for lesion detection. We therefore recom-
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Figure 1 T1a gastric cancer in a 53-year-old female patient. A: Coronal 2D image shows small mucosal enhancement (arrow) in the lesser curvature side of the
antrum; B: Computed tomography gastrography shows a small mucosal irregularity (arrow) in the same area; C: Virtual gastroscopy delineates a shallow, depressed
lesion (arrow); D: Endoscopy reveals a small mucosal irregularity confined to the mucosa (arrow). Endoscopic submucosal dissection was performed and pathological
examination revealed pT1a early gastric cancer.

submucosal layer[14] (Figure 2). T3 tumors have subserosal
invasion, and discrimination between a gastric mass and
the outer layer is visibly impossible, and smooth outer
margin of the outer layer or a few small linear strandings in the perigastric fat plane can be noted[30]. Stage
T4a tumors also demonstrate serosal involvement, which
makes differentiating between T3 and T4a using MDCT
very difficult (the gastric serosa is not delineated on CT
images). In addition, the amount of adipose tissue in the
subserosal area varies from person to person[16] (Figures
3 and 4). In our experience, T4a tumors frequently show
micronodules or dense, band-like stranding and can be
found in the perigastric area. Stage T4b tumors show
direct extension into an adjacent organ or structure and
show obliteration of the fat plane between the gastric
mass and adjacent organs.
Two meta-analyses of preoperative gastric cancer
staging have been reported[31,32]. However, these two studies are collections of data from the 1990s to 2006 or 2009
and have not been adapted to the updated AJCC staging
system. Additionally, most of the data used in the two
meta-analyses were obtained using MDCT with fewer
than 4 channels. Kwee et al[31] reported that the diagnostic
accuracy of MDCT for overall T-staging varied between
77.1% and 88.9%. Sensitivities and specificities for serosal invasion (T4a or T4b in the AJCC 7th edition) have
been reported to be between 82.8% and 100% and between 80% and 96.8%, respectively[13,17,33,34]. The authors
also reported that the overall T-staging and identification

reconstructed with thin-section, isotropic data (Figure 1).
Lesion detectability and T-staging
Pathologically, the gastric wall consists of the following
five layers: mucosa, submucosa, muscularis propria, subserosa, and serosa. However, on CT images, the gastric
wall is observed as three layers: well-enhancing mucosa,
submucosa as a low attenuated stripe, and musculoserosal
layers of slightly elevated attenuation[25]. Gastric cancers
manifest as having enhancing wall thickening on CT, and
the destruction of normal gastric wall structures can suggest the possible depth of invasion. Therefore, the extent
of gastric wall thickening and the degree of enhancement
can influence the detection rate and T-staging accuracy.
T1 tumors are sub-staged as T1a and T1b: a stage T1a
tumor is confined to the mucosa, and T1b tumors have
invaded the submucosa. Because the incidence of lymph
node involvement is much higher in T1b tumors than in
T1a tumors (17.9% vs 2.2%) and endoscopic procedures
for a tumor invading the submucosa are challenging, tumor sub-staging has a substantial clinical impact[14,26-28].
EUS is known to be effective for differentiating between
T1a and T1b tumors[29]. On MDCT images, T1a tumors
are usually not visible, and T1b tumors more frequently
show mucosal thickening and enhancement. To differentiate between T1b and T2, T1b tumors show a low-attenuated stripe at the base of the tumor, which suggests a
submucosa layer, while T2 tumors show loss of a low-attenuated stripe, which indicates involvement of the entire
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Figure 2 T2 gastric cancer in a 66-year-old female patient. A: Sagittal 2D image shows enhancing wall thickening with ulceration (arrow) in the lesser curvature
side of the low body of the stomach; B: Left posterior oblique axial 2D image also delineates enhancing wall thickening (arrow) in the lesser curvature side of the low
body of the stomach. The enhancing lesion involves the entire gastric wall layer, and no low attenuated stripe is visible at the base of the tumor; C: Endoscopy reveals
a protruding mass with ulceration (arrow). The impression of the endoscopist was early gastric cancer; D: Subtotal gastrectomy was performed and pathological examination revealed pT2 gastric cancer (arrow).

A

B

C

Figure 3 T3 gastric cancer in a 63-year-old male patient. A: Right decubitus 2D axial image shows thickening of the gastric wall (arrow) involving the entire layer.
Perigastric infiltrations are noted outside of the tumor; B: Endoscopy reveals a large ulcerative tumor; C: Surgical specimen showing the tumor (arrowheads) and tumor extension to perigastric fat (arrow).
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Figure 4 T4a gastric cancer in a 72-year-old male patient. A: Left posterior oblique axial 2D image shows prominent wall thickening of the gastric body (arrow)
abutting the pancreas (arrowheads); B: Sagittal 2D image delineates reserved fat plane (black arrow) between the gastric mass (white arrow) and pancreas (curved
arrow); C: Right decubitus 2D image delineates a change in positions between the mass (arrow) and pancreas (arrowheads). This finding is called a “sliding sign” and
is considered evidence of non-invasion of an adjacent organ on imaging.

of serosal invasion were comparable using EUS and
MDCT[31]. In their meta-analysis, Seevaratnam et al[32] only
reported the accuracy of overall TNM staging, indicating
that T-staging was more accurate in ≥ 4 channel MDCT
with MPR images than in scanners with < 4 channels.
The detection rate of early gastric cancer (T1) has recently been studied by several researchers using advanced
technology. Yu et al[35] reported that 98% of the gastric
cancers not visualized on optimally performed 2D CT
imaging were EGC without LN involvement. Another
study of early gastric cancer evaluated hydro-stomach CT
(water as the oral contrast agent) without 3D reformation
using blinded reviews and unblinded reviews in which
the reviewer had knowledge of the tumor location, and
no significant difference in EGC detection was found
between blinded and unblinded reviews. The sensitivities
and specificities for the blinded and unblinded reviews
were 19%-27% and 98%-100%, respectively[36]. The results of these studies are disappointing, though a recent
study using 64-channel MDCT did report a 90%-94.7%
detection rate for EGC[30,37]. Other studies have also discussed the additional value of virtual gastroscopy for detecting EGC, reporting a sensitivity of 78.7%-84.0%[13,38].
Although virtual gastroscopy cannot delineate the color
change of mucosa and image interpretation is time
consuming for radiologists, adding virtual gastroscopy
information to 2D images can enhance the diagnostic
performance of MDCT for the detection of EGC. Coronal and sagittal MPR images without virtual gastroscopy
or CT gastrography were not helpful for improving the
ECG detection rate or accuracy of T-staging[39]; however,
3D reformation images do improve ECG detection.
Using 3D reformation of MDCT images can help clinicians make correct treatment decisions. Shallow tumors
are good candidates for less invasive procedures, such as
EMR or laparoscopic surgery.
Kim et al[30] reported on the diagnostic performance
of 64-channel MDCT using 2D MPR images and virtual gastroscopy for T-staging according to the AJCC 7th
edition guidelines. In that study, the sensitivities for correct T-staging were 62.5%-93.0%, and the specificities
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were 90.5%-97.9%; the overall T-staging accuracy was
77.2%[30]. Using the 6th edition AJCC staging guidelines,
Chen et al[40] reported an improved T-staging accuracy of
89% when using 2D and MPR images compared to 73%
accuracy when using only 2D images. Kim et al[39] also
reported improved T-staging in advanced gastric cancer
(AGC) patients when MPR images were added. These
results suggest that the use of both MPR images and
axial images improves the T-staging accuracy, especially in
AGC.
N-staging
To determine the optimal treatment method for each
patient, accurate N-staging is as important as T-staging.
N-staging provides critical information that is needed to
appropriately predict a patient’s prognosis. For EMR or
endoscopic submucosal dissection, N0 should be confirmed using EUS or MDCT. Additionally, as extensive
lymphadenopathy detected surgically is known to be associated with higher morbidity and mortality, aggressive
surgical procedures should be avoided for the patients
with extensive lymphadenopathy. Indeed, proper evaluation of the lymph node status could be very helpful
for determining the optimal treatment options and for
planning the extent of lymphadenectomy. Lymph node
status is an important prognostic factor for predicting the
overall survival rate of patients with gastric cancer[28,41].
The reported five-year survival rates based on the 6th
AJCC system for N0, N1, N2, and N3 are 86.1%, 58.1%,
23.3%, and 5.9%, respectively [28]. As enlarged lymph
nodes are frequently the only measurable lesions in patients with gastric cancer, evaluation of a patient’s treatment response to chemotherapy might depend on the
observable lymph node status.
However, the results of studies evaluating the accuracy of MDCT N-staging are somewhat disappointing. According to the meta-analysis by Kwee et al[42], the
sensitivity and specificity of MDCT N-staging varied
between 62.5% and 91.9% and 50.0% and 87.9%, respectively[13,37,39,40]. These poor and variable results may
be due to the lack of standard CT criteria for diagnos-

4551

April 28, 2014|Volume 20|Issue 16|

Choi JI et al . Preoperative imaging staging of gastric cancer

A

B

Figure 5 A prominent lymph node in a 57-year-old male patient with advanced gastric cancer. A: Left posterior oblique axial 2D image shows a large gastric
mass (arrowheads) in the posterior wall of the gastric body and an enlarged lymph node (arrow). The LN diameter was 12 mm; B: Coronal 2D image shows a gastric
mass (arrowheads) and two enlarged lymph nodes (arrows).

M-staging
The presence of distant gastric cancer metastases is a
contraindication for surgical resection. Distant metastases
can be classified into the following three groups: hematogenous metastases, lymphatic metastases, and peritoneal carcinomatosis. The liver is the most common location
for hematogenous metastases in gastric cancer, and the
lungs, bones, and adrenal glands are other organs affected
by metastases. Tumor involvement in the lymphatic pathway also informs M-staging. Metastasis in distant lymph
nodes, such as the retropancreatic, para-aortic, or retroperitoneal lymph nodes, may be classified as distant metastases (M1). Lymphatic metastases can also invade the
liver or lungs. Compared with the limited field of view of
EUS or MRI, MDCT is an ideal modality for evaluating
distant metastases in patients with gastric cancer. A metaanalysis of data from 1994 to 2010 reported CT sensitivities and specificities for hepatic metastases and peritoneal
carcinomatosis of 74% and 99% and 33% and 99%,
respectively[48]. However, most of the data used in this
meta-analysis were obtained prior to 2005, and the performance of contemporary MDCT might be improved.
Pan et al reported more than 96.6% accuracy in M-staging
350 patients with gastric cancer using MDCT[49]. As the
meta-analysis results indicate, peritoneal carcinomatosis
is one of the weak areas for accurate M-staging using CT.
Preoperative detection of peritoneal carcinomatosis can
prevent unnecessary laparotomy, and some surgeons prefer staging laparoscopy when peritoneal carcinomatosis
is suspected[50,51]. One study reported that the sensitivity
and specificity for detecting peritoneal carcinomatosis
were 50.9% and 96.2% with 16- and 64-channel MDCT,
respectively[51]. Known CT findings of peritoneal carcinomatosis include ascites, soft-tissue plaques or nodules on
the peritoneal surface and bowel wall, prominent intraabdominal fat stranding, and irregular peritoneal thickening with enhancement[52] (Figure 6). In addition, a larger
gastric tumor size (3-4 cm or more), T3 or T4 staging,
and Borrmann type 3 or 4 suggest peritoneal carcinomatosis[51-53]. The presence of greater than 50 mL of ascites
is correlated with peritoneal carcinomatosis in 75%-100%

ing metastatic lymph nodes. Although many radiologists
classify malignant lymph nodes as those with short axis
diameters of 6-8 mm for perigastric lymph nodes[43],
other criteria are frequently used, including roundness
and central necrosis, heterogeneous enhancement, more
than 1 cm without fatty hilum, marked enhancement (over
80 or 100 HU), and clustering of more than three lymph
nodes[13,37,39,40] (Figure 5). To date, the accuracy of predicting lymph node metastasis has not been satisfactory using
any criteria, and there is still no worldwide consensus for
diagnosing metastatic lymph nodes using CT. N-staging
of gastric cancer is one of the inherent limitations of CT.
Although there is a clear correlation between the lymph
node size and metastasis, microscopic nodal metastases in
normal-size lymph nodes and lymph node enlargement
resulting from reactive or inflammatory change are common in gastric cancer patients[16,44,45]. Microscopic metastases can frequently be found in normal-sized lymph
nodes of patients with EGC, which makes accurate
N-staging more difficult in EGC cases than in patients
with AGC[14,44].
The use of MPR images and 3D reformation of isotropic MDCT data did not prevent inaccurate N-staging
of gastric cancer. In recent studies, N-staging accuracy
was not found to be improved by MPR images or virtual endoscopy[13,40]. Another study reported improved
N-staging performance when MDCT with MPR images
was used in AGC cases, though there was no improvement in the EGC N-staging accuracy[39]. Therefore, MPR
images are expected to be helpful for the evaluation of
the preoperative N-staging of AGC.
Some updated techniques for effective lymph node
evaluation in gastric cancer have been reported. Kim et
al[46] reported on the feasibility of mapping the sentinel
node (the initial draining node from the tumor) using
ethiodized oil in an animal and human study. This CT
lymphography technique may help to minimize lymph
node dissection in patients with EGC. Quantitative measurement of iodine concentrations using dual-energy
spectral CT with monochromatic images has also been
reported to improve the accuracy of N-staging[47].
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A

Figure 6 Peritoneal carcinomatosis in a 48-year-old female patient with advanced gastric cancer. A: Axial 2D CT
image shows a large volume of ascites and peritoneal thickening (arrowheads); B: Axial 2D CT image at a lower level than
(A) delineates ascites, omental infiltration and nodules (arrowheads), and hydronephrosis of the left kidney (arrow).

B

of gastric cancer patients[52]. Yajima et al[54] also reported
that the presence of ascites on the CT scans of AGC
patients predicts peritoneal carcinomatosis with 51% sensitivity and 97% specificity.

ratio.
In our institution, the MRI protocol for gastric cancer
includes the following sequences: half-Fourier acquisition single-shot turbo spine-echo (HASTE) T2-weighted
imaging with and without fat saturation, true-FISP, T1weighted 3D gradient-recalled-echo (GRE) in- and outof-phase imaging, and T1-weighted fat-suppressed 3D
GRE imaging. Diffusion-weighted images are obtained
using multiple b values of 0, 100, 500 and 1000 mm2/s.
Dynamic gadolinium contrast-enhanced imaging during the arterial, portal, hepatic venous, and equilibrium
phases are obtained. The spectral selection attenuated
inversion technique is used for fat suppression (Figure 7).

MRI
MRI protocols
With recent technological MRI developments, such as the
3.0 T field strength scanner, multichannel phase-arrayed
coils, parallel imaging techniques, a more powerful gradient system, and new rapid three dimensional gradient
echo techniques, higher quality MR images with reduced
blurring and higher spatial resolution can be obtained
within a single breath-hold[55]. Given that MR can provide
higher intrinsic soft tissue contrast than CT, there have
been several studies demonstrating the value of MR in
evaluating gastric cancer, especially in patients for whom
contrast-enhanced CT is contraindicated due to renal
dysfunction or hypersensitivity to iodinated contrast
media[56]. In addition, several studies have demonstrated
that diffusion-weighted imaging may be helpful for staging malignant tumors of the intestines and for detecting
lymph node metastases[57]. However, although high-speed
MR techniques can solve some of the disadvantages of
MRI for detecting gastric cancer (such as blurring and
lower spatial resolution), MRI is not yet widely accepted
as a standard imaging modality for staging gastric cancer.
Therefore, there is no generally accepted protocol for
gastric MRI. However, in general, the use of butylscopolamine bromide to decrease bowel motion and the use
of air or water as an oral contrast agent are the same in
MRI and MDCT scanning. The supine or prone position
is generally accepted as a method for distending the area
of the stomach where a tumor may be located. The fatsuppressed, T1-weighted, gradient echo sequence, singleshot fast spin echo or turbo spin echo T2-weighted
images, and true fast imaging with steady-state precession (True-FISP) are common sequences used for the
detection of gastric cancer. Gadolinium-chelate contrast
agents can also be injected for post-contrast imaging using 3D spoiled gradient echo sequences. Axial or coronal
images can both be acquired, and protocols may vary in
different medical institutions. These images are acquired
using phased array coils to increase the signal-to-noise
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Staging
Compared to those using MDCT, there are only a small
number of MR studies of gastric cancer patients, largely
due to the intrinsic limitations of MR, such as the susceptibility to bulk motion (e.g., respiration, pulsation,
and peristalsis), high cost, and lower spatial resolution
compared to MDCT or EUS. However, the excellent
soft-tissue contrast of MRI might be helpful for accurate
T-staging, and continuous technical improvements, such
as parallel imaging, have made gastric MRI feasible and
have resulted in the publication of several studies on this
subject.
However, in vitro studies have reported conflicting
results. Palmowski et al[58] performed an in vitro study
with resected specimens, and reported that 1.0 Tesla MRI
with T1- or T2-weighted images could visualize three
layers of the gastric wall (mucosa, sub-mucosa, and muscularis propria) and, in some cases, five gastric wall layers.
Gastric cancer was localized in 96% of the study patients,
though the accuracy of T-staging was only 50%, primarily due to the overstaging of T2 to T3. However, Sato et
al reported 100% accuracy and clear visualization of all
of gastric wall layers in an in vitro study using 1.5 Tesla
MRI[59]. Kim et al[60] also reported the results of an in vitro study using 1.5 Tesla MR. In their study, T1-weighted
images depicted three layers of the gastric wall, and the
T-staging accuracy was 74%; they also reported 47% accuracy for gastric cancer N-staging. That study considered lymph nodes 8 mm or larger at the short diameter
to be positive. An endoluminal MRI coil attached to endoscopy has also been developed as a T-staging method,
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Figure 7 Magnetic resonance imaging of gastric cancer in a 71-year-old female patient. A: Coronal image of contrast enhanced magnetic resonance imaging
(MRI) shows enhancing wall thickening of the gastric body (arrows); B: T2-weighted image delineates a low echoic mass (arrow) destroying layers of the gastric wall.
The outer border of the mass is irregular; C: Diffusion-weighted image with a b-value of 1000 shows a high signal intensity mass (arrow) with diffusion restriction; D:
Subtotal gastrectomy was performed, and pathological examination revealed pT3 cancer.

and an ex vivo study reported significantly more accurate
T-staging than EUS[61].
In early 2000, a few reports of in vivo studies were
published. The diagnostic accuracy of MRI for T-staging
varied between 71.4% and 82.6%, and the sensitivity and
specificity for detecting serosal invasion varied between
89.5% and 93.1% and between 94.1% and 100%, respectively[31,62,63]. Kang et al[62] reported the rapid enhancement
of gastric cancer compared to normal mucosa after the
injection of gadolinium chelates and also reported 83%
T-staging accuracy. Additionally, these authors reported a
52% detection rate of regional lymph node involvement.
Kim et al[64] compared spiral CT and 1.0 Tesla MRI and
reported that MRI was slightly superior for T-staging.
Sohn et al[63] reported comparable results using spiral CT
and 1.5 T MRI for both T- and N-staging.
Recently, 64-channel MDCT and 1.5 Tesla MRI with
contemporary sequences were compared in two studies,
with the T-staging accuracy being comparable for MDCT
and MRI[65,66]. However, one study reported that MRI
was superior for detecting T1 tumors (50% vs 37.5% accuracy for MRI and MDCT, respectively)[65]. The cumulative results of these studies indicate that MDCT and
contemporary MRI show similar performance in T- and
N-staging.
Tissue-specific contrast MR agents can be used for
an accurate N-stage diagnosis. T1 lymphotropic contrast
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agents, including gadofluorine M, or such T2* agents as
ultra-small, superparamagnetic iron oxide, might be helpful for differentiating metastatic lymph nodes[67,68].
Peritoneal carcinomatosis can be evaluated on delayed, post-contrast MRI images[69]. Diffusion-weighted
imaging is now widely accepted for abdominal MRI and
adding diffusion-weighted imaging to delayed gadolinium-enhanced imaging can improve the detection rate of
peritoneal carcinomatosis[70].

CONCLUSION
Accurate preoperative staging of gastric cancer is important for treatment planning and prognosis prediction. Due to the development of less invasive treatment
options, gastric cancer should be preoperatively staged
with accuracy. The technical progress of MDCT and the
continuous development of 3D imaging processes have
improved MDCT performance in the preoperative staging of gastric cancer. The EGC detection rates can be
improved through the use of virtual gastroscopy and CT
gastrography. MPR images of MDCT can provide coronal or sagittal images and increase the accuracy of the
tumor depth diagnosis. With the development of highspeed techniques, MRI evaluation of gastric cancer is
now feasible, and some studies have reported results that
are comparable to or better than MDCT. Gastric cancer

4554

April 28, 2014|Volume 20|Issue 16|

Choi JI et al . Preoperative imaging staging of gastric cancer

N-staging is an unsolved problem for both MDCT and
MRI, and generalized standards for metastatic lymph
nodes should be established. Additionally, tissue specific
contrast agents will improve future N-staging. MDCT is
the primary imaging modality used for the detection of
distant gastric cancer metastasis, even though the technique has some limitations (such as peritoneal carcinomatosis detection). With continuing technical development,
MDCT and MRI will play major roles in the future preoperative staging of gastric cancer.
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Core tip: In Asian populations, the highly expressed
interleukin (IL)-1β haplotype may increase risk for gastric cancer. Abundant IL-1β expression determined by
this haplotype may suppress gastric acid production
in response to chronic Helicobacter pylori (H. pylori )
infection, resulting in atrophic gastritis, the precursor
of non-cardia gastric cancer. Conversely, the less expressive IL-1B haplotype associates with gastric cardia
cancer in Caucasians. Only low levels of IL-1β are produced in response to H. pylori infection and gastric acid
secretion is increased. Induction of gastroesophageal
reflux disease may then promote cardia cancers.

Abstract
Polymorphisms in promoter regions of inflammatory cytokines have been widely studied, and potentially functional polymorphisms have been discovered. Conflicting
results from meta-analyses of interleukin (IL )-1B and
IL-10 polymorphisms show differences in gastric cancer
susceptibilities between Caucasian and Asian populations. In particular, we note the suggestion of an allele
flip in IL-1B and IL-10 gene polymorphisms. In Asian
populations, the IL-1B -1464G/-511C/-31T haplotype indicates risk for gastric cancer, while the opposite haplotype, IL-1B -1464C/-511T/-31C is the risk-related allele
in Caucasians. Furthermore, while IL-10 -1082G/-819C/592C is associated with gastric cancer in Asians, IL10 -1082A/-819T/-592T is linked to gastric cancer risk
in Caucasians. These seemingly contradictory results
may be attributed to distinct carcinogenic mechanisms
underlying the different gastric cancer subtypes. The
allele flip observed in IL-10 and gastric cancer appears
to reflect allelic heterogeneity, similar to that observed
in IL-1B . In this review, we focus on the allele flip phenomenon observed between different ethnic groups in
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INTRODUCTION
Gastric cancer is the fourth most common cancer diagnosis in men worldwide, and the mortality rate is one of
the highest among cancers. The incidence rate is especially high in East Asian countries including Japan, China
and Korea[1,2]. Of the various factors that contribute to
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criteria as proposed by Lauren et al[15] into two principal
types, intestinal and diffuse, which differ in histology,
pathogenesis, epidemiology, genetic profile, and prognosis[16]. Based on anatomical site, stomach cancer may be
classified as cardia or non-cardia (fundus, antrum, pylorus
lesser curvature, and greater curvature)[17]. Non-cardia intestinal gastric cancer is strongly associated with chronic
inflammation related to H. pylori infection[3,4]. For tumors
arising in the proximal region of the stomach, namely the
gastric cardia/gastroesophageal junction, inflammation
due to chronic gastric acid secretion may be the driving
force in carcinogenesis[18,19]. Gastric cardia cancers are
usually of the intestinal type[20]. As proposed by Hansen et al[21], the cardia cancers may comprise two distinct
etiological subtypes, one non-cardia-like gastric cancer
and the other resembling esophageal adenocarcinoma.
The types of gastric cancer are summarized in Table 1.
Diffuse-type gastric cancer is thought to arise through
genetic changes in gastric cancer stem cells or epithelial
precursor cells and usually lacks defined premalignant lesions[22]. Recently, Shah et al[20] proposed a classification
of gastric cancer based on clinical and epidemiological
data into three principal types: proximal nondiffuse gastric cancer, diffuse gastric cancer, and distal nondiffuse
gastric cancer. These distinctions are supported by gene
expression analysis.
In the United States, rates of gastric cancer at all sites
decreased from 1978 to 2005, while cardia cancer rates
increased in the early years and plateaued[17]. With respect
to histological type, intestinal-type cancer decreased at all
sites except at the gastric cardia[17]. The declining prevalence of H. pylori infection has most likely contributed to
downward trends in intestinal-type gastric cancer at noncardia sites, particularly in Caucasians[17]. Among Asians
living in the H. pylori endemic region, there is ample
evidence that non-cardia types outnumber cardia types,
although the incidence of cardia-type gastric cancers has
increased in recent years[23].

gastric cancer, including infectious, dietary, environmental
and genetic factors, the chronic inflammatory state induced by Helicobacter pylori (H. pylori) infection is currently
regarded as the most prevalent. Of note, however, only a
small proportion of H. pylori-infected individuals develop
gastric cancer, which implies that individual susceptibility,
possibly genetic, is also involved[1,3,4].
Associations of chronic inflammation with carcinogenic processes have prompted researchers to investigate
the role that H. pylori-related inflammation may play in
gastric cancer development. Thus, it was found that inflammatory cytokines, such as interleukin (IL)-1β, also
encoded by IL-1B, IL-1 receptor antagonist (IL-1RA),
and tumor necrosis factor (TNF)-α are upregulated during H. pylori infection[5-8]. Interest now converges on IL1B, IL-1RN, IL-8 and IL-10, encoding IL-1β, IL-1RA,
IL-8, and IL-10. The potent proinflammatory cytokine
IL-1β participates in a variety of cellular activities, including cell proliferation, differentiation and apoptosis[9], in
the amplification of immune response to infection, and
as a potent inhibitor of gastric acid secretion[10]. Studies
on single nucleotide polymorphisms (SNPs) in the IL1B promoter region reveal significant associations with
gastric cancer that some meta-analyses support[10,11]. Polymorphisms of IL-10 and IL-8 are also associated with
gastric cancer risk[10].
Other meta-analyses, however, present conflicting
results with respect to IL-1B and IL-10 polymorphisms
and gastric cancer susceptibilities between Caucasian and
Asian populations. On review of multiple meta-analyses,
an “allele flip” between Asian and non-Asian groups is
observed; most prominently in polymorphisms of IL-1B
and IL-10. The allele flip refers to an inverse risk relationship of an allele in different groups or settings, for
example, an allele found to be protective in one situation,
but risk-related in another[12]. A genuine allele flipping
results from variations in allele frequencies and linkage
disequilibrium (LD) that produce different patterns of
risk association of a marker allele or haplotype across
different ethnic groups[13]. Alternatively, multiple loci
may interact to create a disease phenotype[14]. Finally, the
phenomenon may be caused by allelic heterogeneity and
locus heterogeneity, wherein different populations exhibit
associations with alleles at different loci, through differences in genetic background or environment[12]. Despite
extensive review using meta-analysis, no clear explanation
of allele flipping among these interleukin genes between
different ethnic groups has emerged.
Here we concentrate on allele flips of IL-1B and
IL-10 polymorphisms in association with gastric cancer
development in Asian and Caucasian groups. Of particular interest are the etiological significance of flipping
in relation to genetic susceptibility and the incidence of
gastric cancer at different anatomical sites.

IL-1 GENE POLYMORPHISM
Non-cardia, intestinal type gastric cancer
The IL-1 family includes the cytokines IL-1α, IL-1β and
IL-1RA, encoded by three genes, IL-1A, IL-1B and IL1RN on chromosome 2q14[24,25]. Three polymorphisms in
the promoter region of IL-1B, including IL-1B-1464 (G/
C; rs1143623; previously known as -1476), IL-1B-511 (C/
T; rs16944), and IL-1B-31 (T/C; rs1143627), are widely
studied in association with gastric cancer risk. Studies
of the IL-1B polymorphism have revealed an increased
risk of gastric cancer with proinflammatory phenotype
in Caucasian carriers of IL-1B-31C and IL-1B-511T[11].
In meta-analyses, however, the IL-1B and IL-1RN polymorphisms imply different levels of risk for Asians and
Caucasians. A landmark meta-analysis by Persson et al[26]
revealed a consistent negative association of IL-1B-31C
with gastric cancer in Asians. Other data show an even
more significant increase in risk for non-cardia gastric
cancer related to IL-1B-511T and IL-1RN*2 alleles, but

GASTRIC CANCER EPIDEMIOLOGY AND
CLASSIFICATION
Gastric cancer may be classified by histopathological
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Table 1 Differing risk associations for cytokine polymorphisms according to race and tumor type
Tumor type

Non-cardia or cardia with atrophy
(non-cardia-like), intestinal

Race
Direction of association
H. pylori infection
Gastric acid secretion
IL-1b production
IL-10 production
Allele flips of IL-1B and IL-10 (risk haplotype)
IL-1B-1464/-511/-31
IL-10-1082/-819/-592
Genetic factors other than IL-1B and IL-101
Molecular classification by gene expression analysis[20]

Cardia (esophageal),
intestinal

Diffuse

Asian

Non-asian

Non-asian

Asian

Asian

Non-asian

↑
↓
↑
-

↑
↓
↑
↓

↓
↑
↓
-

↓
↑
↓
↑

↑
-

↑
-

CTC
-

GCC

GCT
CTC
ATA
IL-8, ZBTB20,
IL-1RN
PRKAA1
Distal non-diffuse

Proximal non-diffuse

MUC1,
IL-1RN,
PSCA
TNFA
Diffuse

Information based on meta-analyses[10,26] and GWAS[69-71,81]. ↑: increase; ↓: Decrease. H. pylori: Helicobacter pylori; IL: interleukin; PSCA: prostate stem cell
antigen.
1

sion, Chen et al[34] investigated the effect of SNPs in the
IL-1B promoter region in terms of haplotype context.
Of note, the SNPs at -1464, -511 and -31 in the promoter region expressed functional activities that were
influenced by haplotype context[34]. This observation was
confirmed in a subsequent study in vivo, by the finding
of a positive association between haplotype pairs containing IL-1B-1464G/-511C/-31T and levels of IL-1β
expression in Caucasian subjects, despite previous understanding of IL-1B-511T/-31C as the proinflammatory allele[35,36]. In an in vitro study, -31T expressed stronger promoter activity than -31C by virtue of retaining the TATA
sequence, and showed greater binding affinity for transcription factors as well[36]. The haplotype consisting of
IL-1B-1464G/-511C/-31T shows a positive association
with lung cancer risk and higher IL-1B gene expression
in Caucasians[37]. In evaluating transcriptional activities of
individual SNPs, the -1464C SNP had higher transcriptional activity by itself[38]. Placing the SNPs in haplotype
context, however, the G allele at -1464 in the -1464G/511C/-31T haplotype combination expressed higher
transcriptional and translational activities, underscoring
the influence of other SNPs in the genetic environment
on individual SNPs[38].
It is also possible that the allele flip seen in IL-1B
polymorphisms results from allelic heterogeneity reflecting differences in clinical backgrounds between Asian
and Caucasian populations, such as the prevalence of
H. pylori-related premalignant gastric lesions and cancer
arising at different anatomical sites. The presence of H.
pylori infection is strongly associated with risk of noncardia intestinal gastric cancer. The IL-1B-1464G/511C/31T haplotype, with high mucosal IL-1β expression, is
believed to be a proinflammatory allele that produces IL1β in excess in response to H. pylori infection, and suppresses gastric acid secretion. Prolonged hypochlorhydria
provides an environment favorable to H. pylori survival,
leading to atrophic gastritis or intestinal metaplasia, and
subsequently to non-cardia intestinal-type gastric cancer;
the predominant subtype among East Asians. The direct

only among Caucasians, while the IL-1B-511T allele may
be protective against gastric cancer among Asians[27,28]. In
addition, complete LD between IL-1B-31 and -511 has
been found[11]. In East Asian populations, IL-1B-31TT
homozygosity may be associated with increased risk for
intestinal-type gastric cancer[29].
Another polymorphism in the IL-1B promoter region at -1464 may be associated with gastric cancer, and
-1464G is a putative risk allele in Asians[30]. Moreover,
-1464G is closely linked to IL-1B-511C/-31T alleles previously designated as risk alleles in Asians. In contrast,
-1464C, in LD with IL-1B-511T/-31C and a risk allele
among Caucasians, is associated with decreased risk of
gastric cancer in the Chinese population[31]. In atrophic
gastritis, a precursor lesion in gastric cancer, -1464CC,
may be associated with atrophic gastritis in the antrum
among Caucasians[32]. The haplotype associated with
gastric cancer risk in Asians (IL-1B-1464G/-511C/31T) may imply the opposite level of risk in Caucasians,
among whom the IL-1B-1464C/-511T/-31C is the putative risk allele.
However, in a country such as China, comprising
multiple ethnic groups with diverse geographical and historical roots, allelic heterogeneity with respect to gastric
cancer prevalence and H. pylori infection status is apparent[33]. Of note, -511TT is associated with an increased
risk of gastric cancer in low-risk regions of China, an
association that might be less obvious in high-risk regions[33]. This is similar to the situation wherein -511TT
is associated with increased gastric cancer risk in a Caucasian population with lower gastric cancer risk and H.
pylori infection, whereas -511CC is the risk allele among
Asian population, namely China, Korea and Japan, where
gastric cancer risk is high. Therefore, it is plausible that
IL-1B-1464G/-511C/-31T are the risk alleles for gastric
cancer among Asians, while the exact opposite is true for
Caucasians, indicating the existence of a genuine allele
flip in the IL-1B gene polymorphisms with respect to
gastric cancer risk.
To test the influence of haplotype on IL-1β expres-
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suppression of gastrin secretion by excess IL-1β expression in association with the -31T allele may be directly
observed[39].
In non-cardia intestinal-type gastric cancer in Caucasians, IL-1RN*2 may be an essential factor. IL-1RA, encoded by the IL-1RN gene, is a naturally occurring antiinflammatory cytokine that competes with the binding
of IL-1 to its receptor[40]. The second intron of IL-1RN
includes a penta-allelic 86-bp variable number tandem
repeat producing two repeats (IL-1RN*2) or three to
six repeats (IL-1RN*L)[40]. As El-Omar et al[11] have suggested, the presumably proinflammatory IL-1RN*2 and
IL-1B-31C haplotypes, presenting risk factors for H.
pylori-related gastric cancer, may be in strong LD in Caucasian populations. Accordingly, low acid secretion shows
a significant positive association with IL-1RN*2, and
homozygosity for this allele increases risk of hypochlorhydria. In an in vitro study, IL-1RN*2 evidently increased
production of IL-1B, regardless of the allele type of IL1B, indicating that IL-1RN*2 has a decisive role, not the
IL-1B polymorphisms[41]. In the Human Genome Epidemiology Network (HuGE) meta-analysis, the association
of IL-1RN*2 with gastric cancer detected appears to be
confined to non-Asian populations, because overall frequency of the IL-1RN*2 allele among Asians is low, if
measurable[26,32].

(G/A; rs1800896), -819 (C/T; rs1800871), and -592
(C/A; rs1800872), are shown to influence inflammation
in response to infection at the transcriptional level[50-52].
An allele flip in IL-10 polymorphisms with respect to
gastric cancer risk is also observed. In Caucasian populations, risk for non-cardia gastric cancers in association
with the -1082AA genotype may be increased twofold,
while the -1082G allele is the risk allele in cardia gastric
cancer in studies of Asians, independent of H. pylori
infection[53-55]. In a meta-analysis, IL-10-1082G carriers
showed a significant increase in risk of developing gastric
cancer, especially for cardia-type gastric cancer among
Asians[56,57]. A recent meta-analysis by Yu et al[58] showed
a significantly negative association of IL-10-819TT with
gastric cancer risk in Asians, in accordance with the previous finding that IL-10-819CC is a risk allele[59]. Furthermore, identification of IL-10-592AA as a protective allele
for total gastric cancer incidence in Asians supports IL10-1082G/-819C/-592C as the risk haplotype[60,61].
Evidence indicates that selection mechanisms operating on the IL-10 region differ among ethnic groups.
In Asian populations, with relatively high prevalence of
chronic H. pylori infection, IL-10-1082A, is found more
frequently than in Caucasian populations. Relatively low
IL-10 expression by IL-10-1082A promotes elimination
of H. pylori infection, and this may exert positive selective
pressure on the haplotype. In Caucasian populations H.
pylori infection is less prevalent, and greater IL-10 production would be advantageous in defense against infectious
and inflammatory diseases[55]. This may explain the relatively high frequency of the IL-10-1082G allele in Caucasian populations[55]. Evidence for balancing selection
within the IL-10 promotor region is consistently reported
in studies of European populations[62,63].
In Caucasian populations with low rates of H. pylori
infection and premalignant lesions, the -1082A allele
imposes risk for gastric cancer through low IL-10 production and consequent excess of proinflammatory cytokines. This promotes inflammation of the gastric mucosa, which may increase frequency of the mutation[55,64].
These findings are consistent with observations of carcinogenesis in non-cardia cancer. In Asian populations,
wherein H. pylori infection and premalignant lesions such
as atrophic gastritis and intestinal metaplasia are more
common, high-expression IL-10-1082G may suppress
cytotoxic anti-tumor T-cell activity and thereby promote
tumor progression[55,65]. In high-risk populations, IL-10
may play an essential role in advanced stages of gastric
cancer[55]. In the Taiwanese population, IL-10-1082G may
be linked to gastric cancer risk and advanced cancer, and
cardia location of gastric cancer may be associated with
a high-producing IL-10 genotype[66]. Carriers of the IL10-1082G/-819C/-592C haplotype may be susceptible to
virulent H. pylori strains with a high capability to colonize
and adapt, and also to gastric cancer development[67]. As
compared to carriers of the IL-10-1082A/-819T/-592A
haplotype, those with the IL-10-1082G/-819C/-592C
carriers show higher mucosal levels of IL-10 mRNA,

Cardia, intestinal-type gastric cancer
Studies of gene associations in cardia cancer are conducted mostly with Caucasian subjects because noncardia, intestinal-type cancer predominates among
Asians. In an unusual investigation, Kamangar et al[42] first
divided cancer into cardia and non-cardia gastric adenocarcinoma and then tested associations with H. pylori.
H. pylori showed a strong positive risk association with
non-cardia gastric cancer but an inverse association with
cardia gastric cancer risk[42]. Some studies have found that
H. pylori infection is associated with decreased risk of
adenocarcinoma arising near the esophagogastric junction[42-47]. This may be explained by the tendency of H.
pylori colonization to induce gastric atrophy, with reduced
acid secretion, thereby reducing acid reflux into the
esophagus, and reducing risk of esophageal or junction
cancer[42,48]. The cardia cancers were positively associated
with gastroesophageal reflux disease (GERD)[49]. The IL1B-1464C/-511T/-31C allele among Caucasians is associated with low levels of IL-1β expression in response to H.
pylori infection or other inflammatory stimuli, and could
not efficiently suppress gastric acid. Increased acid production following a subsequent inflammatory response
would then produce GERD-like symptoms and promote
cardia cancers.

IL-10 GENE POLYMORPHISM
IL-10, encoded by the IL-10 gene at chromosome
1q31.1, is an anti-inflammatory cytokine. Three polymorphisms in the IL-10 promoter, namely IL-10-1082
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true relationship between IL-8 polymorphisms and gastric cancer development.
Finally, the rs13361707 SNP in the first intron of
protein kinase, AMP-activated, α 1 catalytic subunit
(PPKAA1) and rs9841504 in the intron of zinc finger and BTB domain containing protein 20 (ZBTB20)
emerge as susceptibility loci from GWAS analysis[81].

which may result in a diminished proinflammatory response and capacity to control H. pylori infection [67].
Actually, it appears that the IL-10 genotype at -1082
is sufficient to establish a risk relationship with gastric
cancer, because the IL-10-1082 genotype correlates well
with mucosal IL-10 mRNA levels, and IL-10-1082G fully
represents the high-expression IL-10-1082G/-819C/592C haplotype[55,67]. Consequently, the allele flip of IL-10
observed in gastric cancer represents allelic heterogeneity,
similar to that observed in IL-1B.

CONCLUSION
Here, we aimed to summarize our rapidly evolving understanding of polymorphic structure in the interleukin
promoter region and the involvement of IL-1B and IL-10
polymorphisms in gastric cancer development. Analysis
of these polymorphisms offers possible explanations for
the allele flip observed in associations of IL-1B and IL-10
with gastric cancer risk. The epidemiology of gastric cancer subtypes suggests a difference in genetic background
between Asian and Caucasian groups. Among Asians,
the IL-1B-1464G/-511C/-31T haplotype presents a risk
allele for gastric cancer. This corresponds physiologically
to increased IL-1β expression in response to chronic H.
pylori infection, which may inhibit gastric acid production
and promote atrophic gastritis and non-cardia gastric
cancer. Then, what about the gastric cardia cancer, which
affects only a minority of Asians? In Asians, the highly
expressive IL-10 allele may serve to augment the inflammatory response to colonization by virulent strains of H.
pylori, and, following malignant transformation high IL-10
production, may tend to suppress anti-tumor cytotoxic
T-cell response, thereby contributing to tumor progression. IL-1β expression influences the initiation of cancer
in response to H. pylori infection, whereas IL-10 influences tumor progression after malignant transformation.
Conversely, the less-expressive haplotype of IL-1B is associated with gastric cancer risk in Caucasians, specifically
cancer of the gastric cardia. In this setting, low levels of
IL-1β produced in response to H. pylori infection may
increase gastric acid secretion, promoting gastric cardia
cancers through induction of GERD. Concerning noncardia gastric cancers in Caucasians, the less expressive
IL-10 haplotype may promote metaplasia in the distal
portion of the stomach by augmenting inflammatory
response, while the IL-1RN*2 polymorphism contributes
by activating IL-1β production. In conclusion, stratifying
gastric cancer subtypes according to both anatomical site
and the Lauren histological classification is essential in establishing genetic risk factors, because different subtypes
follow different pathways of development and failure to
consider this may produce false associations.

GENETIC FACTORS OTHER THAN IL-1B
AND IL-10
Diffuse-type gastric cancer
Intestinal-type gastric cancer follows a multistep progression that usually initiates in chronic gastritis, whereas
diffuse-type gastric cancer lacks defined premalignant
lesions; diffuse-type gastric cancer is therefore suspected
to be more influenced by genetics factors[22,68]. Genomewide association studies (GWASs) reveal some additional
gastric cancer susceptibility loci[69]. Detected in a Japanese
GWAS, an SNP (rs2976392) in the prostate stem cell
antigen (PSCA) gene, which encodes a glycosylphosphatidylinositol-anchored cell surface antigen, shows a
significant association with diffuse-type gastric cancer[70].
Two SNPs (rs2070803 and rs4072037) in mucin 1 (MUC1)
also show positive risk associations with diffuse-type
gastric cancer in Asian populations[69-71]. We found that
normal T cell expressed and secreted (RANTES)-403A
presents a significant increase in risk for diffuse-type gastric cancer in an Asian male population, when stratified
by Lauren classification and sex[72].
Non-cardia, intestinal-type gastric cancer
The chemokine IL-8 participates in the initiation and
amplification of acute inflammatory reactions as well as
in the maintenance of chronic inflammatory processes[73].
Evidence now links IL-8 to tumorigenesis, angiogenesis
and metastasis[74-76]. A meta-analysis has shown an increased risk of IL-8-251A (T/A; rs4073) allele in several
cancers, including gastric cancer, among Asians, but no
such correlations among Europeans, suggesting racial
differences in disease susceptibility with respect to IL-8
polymorphisms[77]. A case-control study has also shown
no significant association between IL-8-251 polymorphism and increased risk of gastric cancer, whereas the
association remains in Asians[78]. In gastric cardia adenocarcinoma (non-cardia like), but not esophageal squamous cell carcinoma, the AGT/AGC haplotypes of IL-8
polymorphisms showed a fourfold increase in relative risk
in a high-risk Chinese population[79]. Unfortunately, most
association studies on IL-8 polymorphisms have focused
on a single polymorphism at -251, without considering its
haplotype structure. The IL-8-251A allele resides on two
different haplotypes, and only one of these is associated
with disease[80]. In other words, information regarding the
IL-8 haplotype structure is essential in determining the
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Abstract
Gastric cancer remains one of the most common causes
of cancer death. However the proportion of early gastric cancer (EGC) at diagnosis is increasing. Endoscopic
treatment for EGC is actively performed worldwide in
cases meeting specific criteria. Endoscopic mucosal
resection can treat EGC with comparable results to
surgery for selected cases. Endoscopic submucosal
dissection (ESD) increases the en bloc and complete
resection rates and reduces the local recurrence rate.
ESD has been performed with expanded indication and
is expected to be more widely used in the treatment
of EGC through the technological advances in the near
future. This review will describe the techniques, indications and outcomes of endoscopic treatment for EGC.

INTRODUCTION
Gastric cancer remains one of the most common causes
of cancer death worldwide, although its incidence and
mortality rate are decreasing[1,2]. Gastric cancer has become a relatively rare cancer in North America and in
most Northern and Western Europe, but not in Eastern
Europe, Russia and selected areas of Central and South
America or East Asia[2]. Given that the high incidence of
gastric cancer, the National Cancer Screening Program
recommends that men and women aged 40 years and
over undergo upper endoscopy or upper gastrointestinal
series every other year in Korea[3] and similarly, gastric
cancer screening has been conducted nationwide for all
residents aged 40 years and over in Japan[4]. As a result,
the proportion of early gastric cancer (EGC) at diagnosis
is increasing. The prognosis of EGC is excellent with a
5-year survival rate of over 90%[5,6]. Furthermore, with
the improved detection rate of EGC, the endoscopic
treatment has become widespread due to advances in the
instruments available and endoscopist’s experience[7-9].
This review will describe the techniques, indications and

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Figure 1 Endoscopic submucosal dissection procedure. A: On the lesser curvature side of the antrum, a 1.2-cm type Ⅱa + Ⅱc early gastric cancer is observed;
B: Indigo-carmine is sprayed along the extent of tumor to aid visualization. C: Marking outside the lesion; D: After injection of saline mixed with diluted epinephrine
(1:100000) and indigo-carmine into the submucosal layer, circumferential mucosal pre-cutting is performed using a knife; E: After dissection of the submucosal layer,
an artificial ulcer is observed; F: Fixation of the tissue specimen.

outcomes of endoscopic treatment for EGC.

the lesion into the cap, lodged band is deployed underneath the lesion. The banded lesion is then resected by a
snare. EMR-L is also safe and effective treatment modality for selected EGCs[16]. As described above, EMR-C
and EMR-L are relatively simple and effective treatment
modality for EGC. However, it is apt to fragment tumors
that are larger than 1.5-2.0 cm in diameter, which results
in incomplete histological diagnosis and possibly in an
increased risk of local recurrence[17-19]. To overcome this
drawback ESD, which is particularly effective for en bloc
resection of tumors regardless of their size, was developed in late 1990s.

TECHNIQUES OF ENDOSCOPIC
TREATMENT FOR EGC
Endoscopic mucosal resection
The technique and instruments of endoscopic polypectomy were developed in Japan[10]. Since then, the strip biopsy was described as an extension of endoscopic snare
polypectomy in 1984[11]. This technique uses a double
channel endoscope. After submucosal injection under
the lesion, a snare is inserted through one channel and
is used to remove the lesion, while a grasper, inserted
through the other channel, is used to lift the lesion. In
1988, Endoscopic mucosal resection(EMR) after circumferential pre-cutting was described[12]. In this technique,
cutting around the lesion with a needle knife is done after
submucosal injection using hypertonic saline mixed with
diluted epinephrine, and then the lesion is removed by a
snare. In 1992, EMR using transparent cap (EMR-C) was
developed[13]. This technique uses a transparent plastic
cap that is connected to the tip of an endoscope. After
submucosal injection, the lesion is sucked into the cap
while a specialized crescent shaped snare, which is deployed at the tip of the cap, is closed. With this technique
intramucosal cancers 2 cm or less in diameter can be
safely removed[14]. After that, EMR with ligation (EMR-L)
was described[15]. In this technique, a standard variceal
ligation device is used to capture the lesion. After sucking

WJG|www.wjgnet.com

Endoscopic submucosal dissection
Endoscopic submucosal dissection (ESD) permits en bloc
resection of larger lesions than that can be treated with
EMR[20-26]. This technique consists of several steps (Figure 1)[27,28]. The marking around the lesion is done and
circumferential mucosal pre-cutting is performed after
submucosal injection. To distinguish clearly between the
muscle layer and the submucosal layer and allow better
hemostasis, normal saline mixed with diluted epinephrine
and indigo-carmine is often used as submucosal injection solution. The injection is repeated a few times until
the target mucosa is sufficiently raised. After lifting of
the lesion, submucosal layer under the lesion is dissected
with lateral movement using various knives. Several
knives have been developed and used for ESD, which
include needle knife, insulation-tipped diathermic knife
(IT knife), hook knife, flex knife, triangle tip knife, flush

4567

April 28, 2014|Volume 20|Issue 16|

Min YW et al . Endoscopic treatment for early gastric cancer

patients who underwent gastrectomy for EGC, Gotoda et
al[7] were able to further define the risk of LN metastasis
in certain groups of patients with EGC and showed four
groups with a low risk of LN metastasis: (1) differentiated intramucosal adenocarcinoma without lymphovascular invasion less than 3 cm in diameter, irrespective
of ulcer findings; (2) differentiated intramucosal adenocarcinoma without lymphovascular invasion and ulcer
findings, irrespective of tumor size; (3) undifferentiated
intramucosal cancer without lymphovascular invasion
and ulcer findings smaller than 2 cm in diameter; and (4)
differentiated adenocarcinoma with minute submucosal
penetration (SM1, cancer invasion into the upper third
of the submucosa) but without lymphovascular invasion
smaller than 3 cm in diameter. These results have allowed
the development of expanded criteria for endoscopic
treatment for EGC[8] (Table 1). In the study by An et al[37],
predictive factors for LN metastasis in EGC with submucosal invasion were identified and possibility of EMR
was addressed in highly selected submucosal cancers with
no lymphatic involvement, SM1 invasion, and tumor size
< 1 cm. In a recent study be Lee et al[38] to compare the
therapeutic outcomes of conventional and expanded
indications of ESD for differentiated EGC, the conventional indication group and expanded indication group
did not differ with regard to the rates of local recurrence
(0.7% vs 0%), metachronous recurrence (3.6% vs 3.3%)
or cumulative disease-free survival. Survival outcome was
similar in the subgroups classified by tumor depth and
size.
The risk of LN metastasis is known to increase in undifferentiated cancer due to lymphovascular invasion[39].
In the analysis of 3843 patients who underwent gastrectomy with LN dissection for solitary undifferentiated
EGC, none of the 310 intramucosal cancers 20 mm or
less in size without lymphovascular invasion and ulcerative findings was associated with LN metastases[40]. Recently, favorable outcomes of endoscopic resection have
been reported in selected patients with undifferentiated
mucosal cancer or minimal submucosal invasion cancer
(SM1)[41-43]. However, these are all single center retrospective studies. Therefore, large scale, prospective studies are
warranted to confirm the feasibility of ESD for undifferentiated gastric cancer.
To expand the indication of endoscopic treatment to
submucosal invasion (SM1) differentiated EGC, the histological heterogeneity of gastric cancer is the important
issue to be addressed. Based on morphological features
and histological background, gastric carcinoma is divided
into differentiated and undifferentiated type or intestinal
and diffuse type[44,45]. Gastric cancer shows remarkable
heterogeneity in histological pattern, cellular phenotype,
and genotype[46]. In a retrospective study to compare the
clinicopathologic features of node-positive and nodenegative differentiated submucosal invasion differentiated gastric cancers, histological heterogeneity was the
independent risk factor for LN metastasis[47]. Thus, it is
recommended to apply the endoscopic treatment to the

Table 1 Criteria for endoscopic treatment in patients with
early gastric cancer
Mucosal cancer
No ulceration
Size (mm)
Histology
Intestinal type
Diffuse type

Submucosal cancer

Ulceration

SM1

SM2

≤ 20

> 20

≤ 30

> 30

≤ 30

Any size

A
C

B
D

B
D

D
D

B
D

D
D

SM1: Cancer invasion into the upper third of the submucosa; SM2:
Cancer invasion into the middle third of the submucosa. A: Conventional
indications; B: Expanded indications; C: Surgery, but need for further
consideration; D: Surgery (gastrectomy + lymph node dissection); Data
from Soetikno et al[8].

knife, splash knife, IT-2 knife and dual knife[6,28-30]. After
resection of the lesion, visible vessels in the artificial ulcer is treated with hemostatic devices to prevent delayed
bleeding.

INDICATIONS
Determining an indication for endoscopic treatment appears to be the most important step in managing patients
with EGC. To select appropriate patients with EGC and
to achieve a complete resection, the exact margin and
depth of tumor could be determined through endoscopic
evaluations. The horizontal extent of tumor can be determined with standard endoscopy and chromoendoscopy
(CE). In some cases with unclear margins even with CE,
magnifying endoscopy with narrow-band imaging could
be useful to identify the precise margin[31]. The depth of
tumor invasion can also be assessed with standard endoscopy and CE. In addition, endoscopic ultrasonography
could be used to further ascertain the depth. However,
the accuracy of endoscopic ultrasonography in assessing the depth of invasion in EGC was reported to range
from 71% to 78%[32,33].
Conventional indication
The standard criteria[8] for selection of patients with
EGC who are appropriate for the endoscopic treatment
are below: (1) well or moderately differentiated adenocarcinoma and/or papillary carcinoma; (2) confined to the
mucosa; (3) smaller than 2 cm for superficially elevated
type lesions; (4) smaller than 1 cm for the flat and depressed type lesions; (5) without ulcer or ulcer scar; and (6)
without venous or lymphatic involvement[34]. The rationale for this guideline is based on the knowledge that patients meeting the criteria are expected free from lymph
node (LN) metastasis[35].
Expanded indication
Expansion of the criteria for selection of patients with
EGC who are appropriate for the endoscopic treatment
has been proposed in Japan from clinical observations
that the too strict absolute indication leads to unnecessary surgery[36]. From the surgical data involving 5265
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formed with a puncture needle in such cases[60]. Instead
of air insufflations, CO2 insufflation during procedure
could minimize such pneumoperitoneum caused by a
perforation[62,63].

differentiated EGC without histological heterogeneity
when it is considered in submucosal invasion cancer.

COMPLICATIONS
Bleeding
Bleeding is the most common major complication of
endoscopic treatment for EGC. Most bleeding occurs
during the procedure or within 24 h[48]. Bleeding is divided into immediate (intraoperative) bleeding during
procedure and delayed bleeding after procedure. Significant immediate bleeding occurs more often in the upper
and middle thirds of the stomach than in the lower third
of the stomach because of the larger diameter of the
submucosal arteries in the upper and middle thirds of
the stomach[49]. However, bleeding can be successfully
treated in most cases through coagulation of the bleeding
vessels, or placement of metallic clips for severe bleeding. In terms of delayed bleeding, the incidence rates
were reported to range from 0%-15.6% in the recent
review involving 28 studies with at least 300 ESD cases
for EGC[50]. Delayed bleeding is associated to tumor location, larger tumor, recurrent lesion, macroscopic type
(flat or depressed), old age (≥ 80 years) and longer procedure time[51-55]. At first, delayed bleeding was reported
to occur more frequently after ESD for lesions in the
lower and middle thirds of the stomach compared to
the upper third of the stomach[55]. However, the reason
remains unclear. In the recent study involving 1000 cases
of ESD for early gastric neoplasms, delayed bleeding occurs more often in upper portion of the stomach than in
lower portion (28.6% vs 13.8%, P = 0.003)[51]. In relation
to antiplatelet drugs, there is a controversy in the risk of
bleeding after ES. Two Korean retrospective studies have
reported conflicting results on the risk of bleeding after
ESD for gastric neoplasms[56,57].

Other complications
Stenosis after gastric ESD has been reported to range
from 0.7% to 1.9%[50]. In a retrospective study, stenosis
occurred with 17% of cardiac resections and 7% of pyloric resections[64]. Circumferential extent of the mucosal
defect of > 3/4 and longitudinal extent > 5 cm were related to stenosis with both cardiac and pyloric resections.
However, all affected patients (n = 15) were successfully
treated by endoscopic balloon dilation.
Aspiration pneumonia after gastric ESD has been reported to range from 0.8% to 1.6%[50]. However, the risk
of aspiration pneumonia appears to increase in sedation
with continuous propofol infusion with intermittent or
continuous administration of an opiod[65,66]. In addition,
longer procedure time (> 2 h), male gender and old age
(> 75 years) are associated with occurrence of aspiration
pneumonia after ESD.
Pain after endoscopic resection is usually mild and
dull in nature and can be controlled by proton pump inhibitor and opioids[36].

OUTCOMES
EMR is often the procedure of choice for patients who
meet the standard criteria for endoscopic resection of
EGC. Studies have shown high survival and cure rates in
patients with EGC who undergo EMR. In the analysis
of 308 EGCs resected endoscopically, 89% of type Ⅱa
lesions less than 2 cm were resected curatively, while only
50% of those larger than 2 cm were resected completely.
In type Ⅱc, 83% of lesions less than 1 cm and 57%
of those greater than 1 cm were excised completely by
endoscopic resection. In type Ⅱc, curative endoscopic
resection was possible in 85% of differentiated carcinomas and 43% of undifferentiated carcinomas[67]. These
successful outcomes have allowed EMR to become the
standard treatment for EGC in Japan[36]. In a Japanese
report of 131 patients with differentiated mucosal EGC
less than 2 cm (without ulcerative change) that had been
completely removed by EMR, two patients (1.5%) died
of gastric cancer during the mean observation period of
58 mo. The disease-specific 5- and 10-year survival rates
were 99% and 99%[68]. However, EMR is associated with
risks of local recurrence, especially when resections are
not performed en bloc, or when the resection margins
are involved by tumor. The risk of local recurrence after
EMR ranged from 2% to 35% in Japanese series[69]. In a
recent cross-sectional, retrospective cohort study, maximum diameters exceeding 2 cm was the independent
risk factor for piecemeal EMR and no recurrence was
observed in the en bloc group[70]. In a Korean multicenter,
retrospective study, complete resection rate after EMR
was (77.6%) and local recurrence rate 6.0% with a median

Perforation
Perforation is less common major complication of endoscopic resection for EGC than bleeding and has been
reported to range from 1.2% to 5.2%[50]. Perforation is
diagnosed when mesenteric fat or intra-abdominal space
is directly observed during the procedure (frank perforation) or free air is found on a plain chest X-ray after the
procedure without a visible stomach wall defect during
the procedure (micro-perforation). Immediately recognized small perforations can be successfully treated without surgery with a combination of endoscopic clipping
and broad spectrum antibiotics[58-60]. However, large perforations would require immediate surgery. In cases of
micro-perforation, management is not well established.
In a retrospective study by Jeong et al[61], 13 cases (3.18%)
of micro-perforation after EMR for gastric neoplasms
were reported. Among them, 11 cases were successfully
treated only with fasting, nasogastric tube drainage and
broad spectrum antibiotics. In severe pneumoperitoneum, respiratory deterioration and/or shock could occur.
Decompression of the pneumoperitoneum must be per-
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outcomes of ESD have been reported in patients meeting expanded criteria of endoscopic treatment for EGC.
However, its technical difficulty requires a long learning
period and technical invasiveness increases the risk of
complications. Thus, further efforts are needed to make
ESD easier and safer, which could be achieved through
the technological advances. In addition, standardization
of the pathologic diagnosis is necessary for the more
reliable ESD. Finally, confirmation of more long-term
outcomes under the expanded indication is warranted for
establishing an appropriate indication of ESD for EGC.

interval between EMR and recurrence of 17.9 mo (range
3.5-51.7 mo). No deaths were related to recurrence of
gastric cancer during the overall median follow-up period
of 39 mo[71]. ESD increases en bloc and complete resection
rates and reduces the local recurrence rate. In a retrospective study, EMR and ESD were compared with each
other[20]. En bloc and histologically complete resection
rates were higher with ESD than with EMR, regardless
of tumor size. Local recurrences were treated by incomplete EMR (en bloc, 2.9%; piecemeal, 4.4%) but no patient
experienced recurrence after ESD. The outcomes of
ESD show 94.9%-97.7%
rates and 83.1%-97.1%
5-year survival rates[30,51,72-75]. In a retrospective study of
EGC that fulfilled the expanded criteria, en bloc resection
was achieved in 94.9% (559/589) and 550 of 581 lesions
(94.7%) were deemed to have undergone curative resection[72]. En bloc resection was the only significant contributor to curative ESD. Patients with non-curative resection
developed local recurrence more frequently. The 5-year
overall and disease-specific survival rates were 97.1%
and 100%, respectively[72]. In the long-term outcomes of
ESD for EGC, en bloc resection rate was 97.7% for all lesions treated by ESD. The incidence of positive horizontal and vertical margins was 3.7% and 3.4%, respectively.
There were no deaths related to ESD. Local recurrence
was observed in five patients (1.1%), and metachronous
recurrences in 7.8% of the patients. The post-treatment
5-year survival was 83.1%. There were no deaths as a
result of gastric cancer associated with sites treated by
ESD[75]. In a Korean multicenter, retrospective study, the
rates of en bloc resection, complete en bloc resection, vertical incomplete resection and piecemeal resection were
95.3%, 87.7%, 1.8% and 4.1%, respectively[51]. The rates
of delayed bleeding, significant bleeding, perforation and
surgery related to complication were 15.6%, 0.6%, 1.2%
and 0.2%, respectively. In other Korean single center, retrospective study, en bloc and curative resection rates were
96.7% and 88.3%, respectively[74]. The curative resection
rate was significantly lower in the expanded group than in
the standard group (82.1% vs 91.5%, P = 0.001). During
a median follow-up of 24 mo, the local tumor recurrence
rate was also higher in the expanded group than in the
standard group (7.0% vs 1.8%, P = 0.025). Local recurrence was more frequent in lesions with non-curative
resection than in those with curative resection (20.0% vs
1.3%, P < 0.001). The 5-year overall and disease-specific
survival rates were 88% and 100%, respectively; the difference between the standard and expanded groups was
not significant (P = 0.834).
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Abstract
Gastric cancer is the second leading cause of cancer
mortality worldwide. The diagnosis of gastric cancer has
been significantly improved with the broad availability
of gastrointestinal endoscopy. Effective technologies for
accurate staging and quantitative evaluation are still in
demand to merit reasonable treatment and better prognosis for the patients presented with advanced disease.
Preoperative staging using conventional imaging tools,
such as computed tomography (CT) and endoscopic
ultrasonography, is inadequate. Positron emission to18
mography (PET), using F-fluorodeoxyglucose (FDG)
as a tracer and integrating CT for anatomic localization,
holds a promise to detect unsuspected metastasis and
has been extensively used in a variety of malignancies.
However, the value of FDG PET/CT in diagnosis and
evaluation of gastric cancer is still controversial. This
article reviews the current literature in diagnosis, staging, response evaluation, and relapse monitoring of
gastric cancer, and discusses the current understanding, improvement, and future prospects in this area.

INTRODUCTION
Gastric cancer, a common malignancy with a poor prognosis, is listed as the second leading cause of cancer mortality worldwide[1]. To date, a curative therapy for gastric
cancer mainly relies on the complete resection of the tumor; thus, early diagnosis and accurate evaluation are important for decision-making regarding treatment and for
the prognosis. The broad availability of gastrointestinal
endoscopy has significantly improved the diagnosis of
gastric cancer. Effective methods for the accurate staging
and quantitative evaluation of gastric cancer are in demand to develop a reasonable selection of treatments for
most patients presented with advanced gastric cancer. Accurate staging of the disease, including the full disclosure
of the local invasion extent, lymph node involvement,
and distant metastasis, is important for patient management and surgical planning. Conventional imaging tools
for preoperative staging, including computed tomography
(CT) and endoscopic ultrasonography (EUS), have so far
been found inadequate due to their technical limitations[2].

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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In recent decades, positron emission tomography
(PET) using 18F-fluorodeoxyglucose (FDG) as a tracer
has proven useful in the diagnosis and evaluation of a
variety of malignancies by providing metabolic information about tumors. In particular, most PET scanners
have now been integrated with CT into a single system,
significantly increasing diagnostic accuracy by combining metabolic and anatomic images. FDG PET/CT has
shown great advantages in staging, therapeutic evaluation,
and recurrence surveillance in various malignancies[3]. As
for gastric cancer, several clinical guidelines, including
those of the National Comprehensive Cancer Network
(NCCN), indicate that PET/CT is recommended in
patients if metastatic cancer is not evident and is useful
in demonstrating occult metastatic disease[4]. The European Society for Medical Oncology (ESMO) guidelines
for gastric cancer also suggest that PET imaging may
improve staging through an increased detection of the involved lymph nodes or metastatic disease[5]. However, the
overall sensitivities of PET and PET/CT in the detection
of gastric cancer are relatively low compared to those
in most other malignancies. Due to such reasons as the
physical FDG uptake and involuntary movements of the
gastric wall, some types of gastric malignancies will affect the detection ability of FDG PET for gastric cancer.
Thus, the value of FDG PET/CT in the diagnosis and
evaluation of gastric cancer is still controversial[6,7].
This article broadly reviews the current literature on
FDG PET and PET/CT for the diagnosis, staging, therapeutic evaluation, and relapse monitoring of gastric cancer. An up-to-date understanding, recent improvements,
and future prospects in this area are also discussed.

and colleagues summarized the sensitivity of FDG PET
as ranging from 26% to 63% for EGC and from 93% to
98% for AGC[7].
Influence of histological type
FDG PET may also have different sensitivities for the
detection of different types of gastric malignancies. The
biological characteristics vary among different types of
gastric malignancies, which may significantly influence
the uptake of FDG. Most studies reported that FDG
PET had significantly lower sensitivities in detecting diffuse type, mucinous adenocarcinoma (MAC) or signetring cell carcinoma (SRC) than the intestinal-type gastric
adenocarcinoma or tubular adenocarcinoma (TAC)[8,12-15],
although some studies using different patient groups obtained different results[9,10,16].
The potentially lower FDG uptake in diffuse type gastric adenocarcinoma or MAC/SRC may be influenced by
several factors, including the low-density diffuse infiltration of adenocarcinoma cells, existence of extracellular or
intracellular metabolically inert mucus content, and low
expression level of glucose transporter 1 (GLUT-1)[12,13,17].
These factors cause the low sensitivity of FDG PET in
these types of gastric cancer.
Influence of tumor location
The stomach regions can be divided into the gastroesophageal junction (GEJ) and the upper (or proximal),
middle, and lower (or distal) parts. FDG PET detection of GEJ tumors was reported to be more sensitive
than that of gastric adenocarcinomas at other stomach
parts, possibly due to the higher incidence of intestinal
types within GEJ cancers[18]. Although some researchers
reported that FDG PET had a similar detectability for
gastric cancers located at the upper, middle, and lower
parts of the stomach[8,19], some others argued that gastric
cancers located at the upper or proximal part were more
readily detected than those at the lower or distal part of
the stomach[13].

DETECTION AND EVALUATION OF
PRIMARY GASTRIC CANCER
The detectability and diagnostic accuracy of FDG PET
or FDG PET/CT in gastric cancer may be influenced by
many factors, such as the tumor size, histological type,
and location as well as the physiological FDG uptake by
the gastric wall.

Influence of the physiological uptake of the gastric wall
The physiological uptake can also influence PET detection of gastric cancer. Physiological accumulation is a
common issue for the detection of malignancy using
FDG PET or FDG PET/CT imaging. Under emptystomach states, approximately 38.0% and 59.5% of
normal gastric walls show moderate and intensive FDG
uptake[20], and the specificity was reported to be as low
as 50%[21] using FDG PET for gastric cancer due to the
high incidence of normal gastric wall uptakes. Previously,
it was reported that there were significant differences in
the physiological FDG uptake among the three parts of
the gastric wall (upper > middle > lower); thus, this technique may be more confidently used to diagnose a gastric
malignancy at the distal part of the stomach[22]. Recently,
many studies have focused on methods to increase the
sensitivity and specificity of FDG PET or PET/CT
by reducing the physiological uptake in the gastric wall

Influence of tumor size
Tumor size is one of the major factors influencing the
FDG PET detection of primary gastric cancer. For small
lesions, PET detection is always a challenge due to its
limited spatial resolution. A study showed that FDG
PET had a sensitivity of 76.7% for the detection of
gastric cancer > 30 mm but only 16.8% for those less
than 30 mm[8]. Recent studies have indicated that tumor
size was a major factor influencing the standardized uptake value (SUV) of gastric cancer on FDG PET[9,10]. In
another study, tumor invasion depth was found to be
an independent factor for the FDG uptake in gastric lesions[11]. Because late-stage tumors are usually larger in
size with deeper invasion, advanced gastric cancer (AGC),
in general, tend to yield a higher sensitivity in FDG PET
imaging than early stage gastric cancer (EGC). Dassen
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through methods such as gastric distention[20,21,23-27] or
through medicines to inhibit gastric movement[28,29], as
will be discussed in the following sections.

tinguish the enlarged lymph nodes due to inflammation
from cancer cell metastasis. Additionally, the different criteria for lymph node enlargement in CT and MRI images
can also decrease the specificity of these modalities in the
N staging of gastric cancer.

Influence of tumor biology
For gastric cancer, one of the most frequently studied
genes associated with FDG uptake is GLUT-1. Several
studies have reported that tumorous GLUT-1 expression was positively associated with the FDG SUV of
gastric cancer[12,13,17]. Most recently, the expression of
some hypoxia-related genes, such as hypoxia-inducible
factor 1 (HIF-1) in gastric cancer cells, was also found to
contribute to FDG uptake in gastric tumors[10]. Actually,
GLUT-1 and HIF-1 gene transcriptions are interrelated
with one another, and they both play key roles in tumor
cell metabolic changes[30].

EVALUATION OF DISTANT METASTASIS
In general, the conventional tools for detecting distant
metastasis are CT and histological confirmation. Among
the many metastatic sites for gastric cancer, peritoneal
metastasis is considered an operative contraindication
and represents the most difficult type for treatment[37].
Compared to CT, FDG PET usually showed a lower
sensitivity for the diagnosis of peritoneal seeding[14,34,38,39].
Reasons explaining these results include the following:
(1) the small and diffuse growing patterns of metastasis
seeding and (2) the diffuse histological type of gastric
cancer, which is more likely to spread into the peritoneal
cavity[40]. Therefore, many studies suggest high quality CT
as the preferred modality of choice for the diagnosis of
peritoneal metastasis[38]. Although the sensitivity is lower,
FDG PET or PET/CT could still be useful for detecting
peritoneal metastasis, especially when the CT results are
equivocal. FDG imaging of peritoneal metastasis may
also help to avoid unnecessary laparotomy in a considerable portion of patients. Just as in the recently published
work by Smyth et al[14], although FDG PET/CT does not
add benefit to high-quality contrast CT for identifying
gastric cancer peritoneal metastases, the use of FDGPET/CT in addition to CT, EUS and laparoscopy can
avoid futile gastrectomy in almost 10% of patients, saving
more than $10000 per patient. The authors recommend
its use in staging all potentially operable gastric cancer
patients.
The frequently targeted distant solid organs include
the liver, lungs and bones. In a study reported by Chung
et al[41], FDG PET/CT imaging was able to detect solid
organ metastasis (lungs, liver, bone, or adrenal gland)
with a sensitivity of 95.2% and a specificity of 100%. In
another study, FDG PET detection of the liver, lung and
bone metastases was found to be satisfactory and accurate[42]. Specifically, a study reported that FDG PET was
sensitive for the detection of liver metastasis from gastric
cancer[43], although a meta-analysis reviewing CT, US,
EUS, and FDG PET, FDG PET showed only a moderate ability in this aspect[38]. For bone metastasis, wholebody bone scanning is a frequently used modality to evaluate the status of bone metastasis. In a study, the authors
compared the value of FDG PET and whole-body bone
scintigraphy for the detection of bone metastasis in gastric cancer patients. They found that the two modalities
had a similar sensitivity and accuracy for detecting bone
metastasis in gastric cancer, but FDG PET was superior
for detecting synchronous bone metastasis[44], with a sensitivity of 93.5%. However, Yoshioka et al[42] reported that
FDG PET did not seem to be useful for the detection of
bone metastasis, with a sensitivity of only 30%.

EVALUATION OF LYMPH NODE
INVOLVEMENT
For N staging in gastric malignancies, one meta-analysis
reported that the sensitivity and specificity of FDG
PET or PET/CT ranged between 33.3%-64.6% and
85.7%-97.0%, respectively, although there was no significant diagnostic difference compared to AUS, CT or
magnetic resonance imaging (MRI)[31]. Other individual
studies reported that FDG PET or PET/CT was less
sensitive but more specific compared to commonly
used CT and MRI[16,32,33]. There are many reasons for the
low sensitivity of FDG PET in detecting lymph node
metastases. The first is the histological type of the primary tumor. As summarized before, the diffuse type or
MAC/SRC was usually less or non FDG-avid. Therefore,
metastases of the same cell types in lymph nodes were
less likely to be detectable by FDG PET[16,33]. Additionally, many studies have found that the SUVmax of the
primary tumor was associated with the SUVmax of the
lymph nodes[33,34]. In a report, 60%-70% of lymph node
metastases were not detected in patients with non FDGavid primary tumors[35]. The second reason is the size of
metastatic lymph nodes. Some metastatic lymph nodes in
gastric cancer could be as small as 3 mm[36], which is beyond the detectability of most PET scanners. The PET
scanners have a spatial resolution of 4-6 mm. Some small
lymph nodes are even more difficult to discriminate because of the radioactive volume effect generated by the
nearby primary tumor. Even by PET/CT, many lymph
node metastases remain ambiguous[34]. Other factors,
such as the high physiological uptake background from
the normal gastric wall, would also compromise the sensitivity of PET for N staging.
In spite of the low sensitivity, FDG PET or PET/CT
usually showed a higher specificity than most other imaging modalities, including CT and MRI, in the N staging
of gastric cancer. Because FDG PET and FDG PET/CT
diagnose lymph node metastasis using glucose metabolism rather than the size change, it is very useful to dis-
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Figure 1 18F-fluorodeoxyglucose positron emission tomography/computed tomography for evaluation of response to neoadjuvant chemotherapy. 18Ffluorodeoxyglucose (FDG) tomography/computed tomography (PET/CT) imaging of a responder patient before (A) and after three cycles of chemotherapy (B); After
therapy, the patient showed significant tumor SUV reduction (A: SUVmax = 4.1, B: SUVmax = 2.1, %∆SUV = 37.3%), corresponding to his histological response (Grade
2b) according to the JRSGC (Japanese Research Society for Gastric Carcinoma) criteria; FDG PET/CT imaging of a non-responder patient before (C) and after three
cycles of chemotherapy (D); The tumor SUV was the same after therapy (C: SUVmax = 9.2, B: SUVmax = 9.7, %∆SUV = -5.4%), corresponding to his histological response (Grade 0) according to the JRSGC criteria. SUV: Standardized uptake value.

might improve the survival in responding patients with
locally advanced gastric cancer[49,50]. However, for nonresponders, a considerable number of complications following neoadjuvant chemotherapy and surgery as well as
the minimal benefit from this additional therapy have to
be considered[51]. Depending on the different therapy regimes and evaluation methods, it has been reported that
approximately 30%-60% of patients receiving preoperative chemotherapy were histological responders, including both total and partial responders[46,52]. Therefore, it is
important to distinguish those non-responding patients
at an early phase of chemotherapies to prevent further
ineffective and potentially harmful interventions.
In recent years, evidence has suggested that FDG
PET or FDG PET/CT seems to be an effective noninvasive tool for response assessment in gastric cancer[12,53-55].
Metabolic reduction early after the initial of neoadjuvant
chemotherapy can be used to discriminate non-responders from responders for further therapeutic adjustments
(Figure 1). FDG uptake changes in tumor sites seemed to
be associated with subsequent histological tumor regression as well as with patient survival. In a phase II trial
reported by Di Fabio et al[53] using response evaluation
criteria in solid tumors (RECIST) by CT as a standard
response evaluation tool, they discovered that the sensitivity and specificity of FDG PET were satisfactory
(83% and 75%, respectively) in evaluating gastric cancer

RESPONSE EVALUATION AND RELAPSE
MONITORING
Currently, the only curative treatment for gastric cancer is
the surgical removal of gastric tumors with lymph node
dissection. Recently, some treatment combinations, such
as chemotherapy or radiotherapy, have been used in addition to surgical removal for gastric cancer patients. The
evaluation of the therapy outcomes is, therefore, of great
importance in managing patients, guiding future therapy
improvements, and directing personalized treatments.
Currently, FDG PET or PET/CT is emerging as an effective tool for therapeutic evaluation in many types of
cancers, including gastric cancer. The following sections
will discuss tumor response evaluation and tumor recurrence prediction using FDG PET or PET/CT in gastric
cancer.
Tumor response evaluation or prediction
Although curative surgery remains the mainstay of gastric cancer treatment, the 5-year survival in these patients
is only approximately 25%[45]. To improve the relapsefree and overall survival in these patients, perioperative
chemotherapy or radiochemotherapy has been gaining
increasing interest in recent years for gastric cancer[46-48].
For preoperative or so-called neoadjuvant chemotherapy, there has been accumulating evidence that it
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responses to neoadjuvant chemotherapy. In correlation
with the prognosis, metabolic responders had a preferable prognosis compared to metabolic non-responders,
and FDG PET evaluation was found to be even better
than RECIST evaluation by CT in predicting the median
time to disease progression (TTP) and overall survival.
However, due to the low FDG uptake in some types of
gastric cancer, it is sometimes still difficult or inaccurate
to evaluate tumor responses based on SUV change in
these cases. Therefore, in a retrospective study of Ott et
al[55], the authors specifically described the FDG non-avid
patients as a third metabolic group, aside from metabolic
responders and non-responders. They suggested that
the FDG non-avid group had a poor response rate and
unfavorable prognosis similar to that of metabolic nonresponders, indicating that neoadjuvant chemotherapy
may not be useful in patients with low FDG uptakes at
baseline PET imaging. In that study, they also found that
FDG PET imaging analysis was in good accordance with
the pathological analysis for tumor response and that
metabolic responders (34.7%) also tended to have a more
favorable prognosis compared to metabolic non-responders (65.3%) and FDG non-avid patients. In both of the
studies described above, the PET evaluation of tumor
response resulted in patient treatment strategy changes,
during which non-responders either stopped previous
chemotherapy plans and underwent earlier surgical removals or changed to other chemotherapy regimens.

to neoadjuvant chemotherapy or laparoscopic staging to
avoid unnecessary laparotomy. However, a conflicting
report suggested that the survival rate showed no significant difference between the patients with and without
tumor FDG uptakes[13], but this may due to the effects
of adjuvant chemotherapy before surgery, which was not
performed in other studies.
For post-surgery surveillance, contrast-enhanced CT
is the most commonly used imaging tool for gastric cancer, but it cannot always detect the presence and viability
of tumor precisely, such as when differentiating recurrent
tumors from post-surgical changes. With the increasing clinical use of PET/CT, some studies reported that
FDG PET/CT was superior to contrast-enhanced CT
in the detection of recurrent gastric cancer after initial
surgery[65], whereas others reported that these two imaging modalities shared a similar performance in the detection of gastric recurrence after surgery[66]. Based on two
recent meta-analyses, the sensitivity of FDG PET/CT in
detecting gastric cancer recurrence after surgical removal
was 78%-86%, whereas the specificity was 82%-88%[67,68],
and the results of PET imaging impacted patient management to different degrees, either by avoiding previously planned therapeutic procedures or by using previously
unplanned treatment procedures[65,69]. However, whether
FDG PET/CT should be added in addition to CT examination for post-surgery gastric cancer recurrence surveillance is still debatable, as there was quite a large amount
of evidence suggesting that the benefits from PET/CT
imaging were not sufficient to overweigh its high cost
compared to CT examination alone. In the study reported by Sim et al[66] the additional PET/CT on contrast CT
did not increase diagnostic accuracy in the detection of
recurrent gastric cancer in general, and contrast-enhanced
CT was even more sensitive than PET/CT for detecting peritoneal seeding. An earlier study using FDG PET
suggested that PET was not suited for the follow-up of
gastric cancer after treatment[70], but that might be due to
the lower image quality at that time and the lack of image
fusion, especially the anatomic localization by CT.

Tumor recurrence prediction and surveillance
In many other types of malignancies, FDG PET/CT has
been widely used for both preoperative prediction and
post-surgery/treatment surveillance for tumor recurrence[56-59]. For gastric cancer, the conventionally used
recurrence prediction parameters include the stage of
gastric cancer, depth of tumor invasion, and extent of
lymph node metastasis[60,61]. However, these factors are
sometimes difficult to evaluate before surgery for gastric cancer; therefore, FDG PET/CT, as a noninvasive
evaluation method, has been used to provide additional
information to predict recurrence after an operation or
treatment. Most studies found that FDG uptake in gastric cancer was an independent, significant prognostic
factor for predicting cancer recurrence after curative surgical resection[19,62,63]. In these studies, patients with lower
uptakes of FDG in the gastric lesions before surgery had
significantly lower incidences of tumor recurrence and
better recurrence-free survival after the operation, especially those with intestinal type or TAC. In FDG non-avid
diffuse type or MAC/SRC, a better prognostic tendency
preferring lower FDG uptake was also discovered, but
no exact conclusion was made[62]. In addition, preoperative FDG PET/CT was reported as a predictor of the
curability of gastric cancer. In a retrospective study by
Hur et al[64], high FDG uptake in the primary tumor and
positive FDG uptake in local lymph nodes at PET/CT
were significantly associated with non-curative resection, suggesting that these patients should be subjected
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FDG PET IN OTHER TYPES OF GASTRIC
NEOPLASMS
Gastric lymphoma
Primary gastric lymphoma (PGL) is the most frequent
non-Hodgkin’s lymphoma of extranodal origin, and it
accounts for 3%-5% of all of the malignant tumors of
the stomach[71]. Histologically, PGL can be divided into
diffuse large B-cell lymphoma (DLBCL) of the stomach
and mucosa-associated lymphoid tissue (MALT) gastric
lymphoma. The role of PET in PGL has been reported
recently, and many studies have supported the usefulness
of PET as a tool for response evaluation in PGL[72-75].
One study used both CT and FDG PET/CT for the
staging of patients with PGL and found that PET/CT
correctly up-graded 22% and down-graded 14% of the
patients, suggesting that PET/CT was more accurate
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in staging PGL. In addition, the study found that FDG
SUVmax was significantly associated with Lugano stage,
indicating that PET imaging could reflect the aggressiveness of disease[72], which was also supported by another
study[74]. In the study reported by Sharma et al[73], 18FFDG PET/CT used in follow-ups seemed to be very accurate for the detection of relapse after treatment.
For the two major histological types of PGL, the
FDG PET/CT detection rate was higher in the DLBCL
subtype than in the MALT lymphoma, with sensitivities
of 97%-100% and 39%-80%, respectively[72,75,76]. Therefore, FDG PET or PET/CT has its limitations in detecting MALT lymphoma compared to other subtypes. Such
limitations were reported by Yi et al[72] in the same study,
showing that treatment-related ulcerative or mucosal
lesions caused a high rate of false positive uptake, especially in patients with MALT lymphoma, indicating that
PET/CT scans alone may not be enough to assess the
response of PGL.

intensive FDG accumulations on PET images.

IMPROVEMENTS IN THE DIAGNOSIS OF
GASTRIC CANCER USING PET OR PET/
CT
As previously stated, the overall sensitivity and specificity
of PET and PET/CT in the detection of gastric cancer
are relatively lower than those in some other malignancies. The physiological uptake of FDG in the normal gastric wall and the existence of non FDG-avid histological
types of gastric cancer may all contribute to this result.
To improve the diagnosis and evaluation of gastric cancer using PET or PET/CT, several improvements have
been applied in different aspects, either by decreasing the
physiological uptake of the normal gastric wall, applying
different time-point of imaging, or using more specific
radio-tracers. In this section, therefore, we will mainly
discuss improvements in the following three aspects.

Gastrointestinal stromal tumors
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract, representing 1%-3% of gastrointestinal malignancies. Approximately 70% of GISTs occurs in the
stomach, 20% in the small intestine, and less than 10%
in the esophagus[77]. GISTs derive from interstitial Cajal
cells, and almost 100% of patients with GIST express
c-kit receptor tyrosine kinase. Therefore, tyrosine kinase
inhibitors, such as imatinib mesylate, now represent the
standard treatment for patients with inoperable GISTs[78].
The major application of FDG PET or PET/CT imaging to GIST is for therapeutic evaluation to provide early
tumor response information, and a vast majority of studies have confirmed the value of FDG PET and PET/CT
over morphological-based imaging modalities in this aspect[79-85]. In some of these studies, the PET criteria correlate well with progression-free survival, while CT evaluation did not. Therefore, 18F-FDG PET has become the
gold standard for the early assessment of tumor response
to imatinib as well as other c-kit inhibitors in GISTs. In
addition to the therapeutic evaluation, FDG PET and
PET/CT have also been used to analyze the prognostic
value of FDG SUVmax in GIST patients[86,87], to differentiate GISTs from abdominal lymphoma by studying the
metabolic heterogeneity differences[88] and to study FDG
kinetics and gene expression in GISTs[89].

Gastric distension
Because FDG is not a tumor-specific tracer, many benign lesions in the stomach, such as gastritis, leiomyoma,
polyps, and even normal gastric walls, can have moderate to intense FDG uptakes. Therefore, when a positive
uptake is observed in the stomach, the interpretation of
the images should be carefully conducted, especially for
post-treatment evaluation. To decrease the physiological uptake, gastric distention has been studied recently
as a modified PET imaging protocol for patients with
questionable stomach lesions that resulted in increased
specificity and accuracy for the detection of gastric
malignancies. Gastric distention can be achieved by the
consumption of water, milk, food, or foaming agents before PET scanning[20,21,23-27] (Table 1). After distention, the
physiological uptake of the normal gastric wall was relatively decreased, thus increasing the tumor/background
ratio, even for small size tumors (Figure 2). In addition,
with water or milk as a negative contrast agent in the
stomach, tumors could be more easily delineated. Some
local lymph node metastases can also be detected with a
lower gastric wall uptake background, improving the accuracy of staging[23].
Dual-time point imaging
Another potential method for differentiating benign lesions in the stomach from malignancies is dual time-point
PET scanning, which visualizes the trends of the FDG
uptake changes. It is well recognized that for a malignant
lesion, FDG uptake at late time-point (usually 2-3 h after
FDG injection) PET scanning will be increased compared to the early time-point imaging result (45 min to 1
h after tracer injection). However, for physiological uptake or other non-malignant lesions, this value will most
likely decrease or remain the same[94]. This method has
proven useful in the detection, staging and differentiation
of various types of cancers, including breast cancer[95],

Gastric schwannomas
Schwannomas are tumors originating from nerves with a
Schwann cell sheath. The stomach is the most common
site of gastrointestinal schwannomas, accounting for 0.2%
of all gastric neoplasms[90]. There were several case reports of gastric schwannomas with FDG PET scans, and
all of these cases showed high FDG uptakes, with SUV[91-93]
max ranging from 5.8 to 7.1
. Therefore, these studies
indicated the necessity of differentiating between gastric
schwannomas and GISTs, both of which will show up as
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Table 1 Gastric distention methods in F-fluorodeoxyglucose positron emission tomography and positron emission tomography/
computed tomography imaging of gastric cancer
Ref.

n

Patients

Tian et al[27]

With suspected
gastric tumors

38

Yun et al[26]

After
gastrectomy for
gastric cancer
With proven
primary gastric
carcinomas
With proven
gastric tumors
With gastric
carcinomas
With proven
gastric tumors
With suspected
gastric tumors

30

Zhu et al[25]

Zhu et al[20]
Kamimura et al[21]
Lee et al[23]
Ma et al[24]

Imaging
modality

Distention methods

Sensitivity

Specificity

Before distention After distention Before distention After distention

FDG PET

Oral intake of vesicant
(2-3 g) with 40-60 mL
water
FDG PET Drinking at least 300 mL
water

83%

94%

88%

3

FDG PET

Intake of 100 g bread
and 400 mL cow milk

24

FDG PET

16

FDG PET

Intake of 300-400 mL
cow milk
Intake 400 mL water

100%

88%

44

FDG PET/
CT
FDG PET/
CT

Intake 500 mL water

50%

75%

Intake milk with
diatrizoate meglumine

93%

91%

68

88%

69%

92%

50%

100%

75%

92%

96%

FDG: 18F-fluorodeoxyglucose; PET/CT: Positron emission tomography/computed tomography.

A

B

C

Figure 2 18F-fluorodeoxyglucose positron emission tomography imaging of gastric cancer under gastric distention. A small size gastric tumor (arrow, 1.5 cm
× 1.2 cm, highly differentiated gastric adenocarcinoma) was clearly observed with low background gastric wall uptake due to gastric distention (A-C).

lung cancer[96], and colorectal cancer[97]. For gastric cancer,
limited studies have been reported. In the only report by
Lan et al[98] involving five gastric malignant tumors and
three cases of gastritis, the SUVmax in the late time-point
(2.5-3 h after FDG injection) increased by 4%-45% in all
5 malignant lesions, whereas two cases of gastritis had
decreased uptakes, with the remaining one remaining at
the same SUV level. The late time-point was especially
useful when the early time-point SUV was equivocal. In
the future, the exact value of dual time-point scanning
for gastric cancer imaging awaits further proof.

oped and used to target cell proliferation in many in vivo
imaging studies. The mechanism for the cell proliferating
imaging using 18F-FLT proceeds in the following manner.
After being taken up by the cell via both passive diffusion
and facilitated transport by Na+-dependent carriers, 18FFLT will be phosphorylated by thymidine kinase 1 (TK1)
into 18F-FLT-monophosphate, which is trapped in the
cell. However, because the enzymatic activity of TK1 is
different in quiescent cells and proliferating cells, the accumulation of 18F-FLT-monophosphate will be higher in
proliferating cells, such as malignant cancer cells, normal
hepatocytes, and bone marrow cells[99]. Recently, 18F-FLT
PET and PET/CT imaging has been used in many types
of cancers, such as colorectal cancer[100], lung cancer[101],
brain tumors[102] and gastrointestinal tumors[103].
In gastric cancer, the use of 18F-FLT was reported to
increase the detection rate, especially for FDG non-avid
histological types. In a study reported by Herrmann and
Herrmann et al[104], 18F-FLT in the preoperative detection
of gastric cancer had a sensitivity of 100%, while FDG

Non-FDG tracers in the evaluation of gastric cancer
Targeting cell glucose metabolism using FDG is extensively used in PET oncologic imaging. However, due to
the unsatisfactory imaging results of FDG PET or PET/
CT in FDG non-avid gastric cancer, new PET imaging tracers are needed for the better detection of gastric
cancer with higher sensitivity and specificity. Therefore, a
new type of PET imaging tracer, 18F-FLT, has been devel-
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Table 2 Comparison of F-FLT and F-fluorodeoxyglucose positron emission tomography or positron emission tomography/
computed tomography imaging for detection of gastric cancer
Ref.

Study purpose Imaging
modality

SUV
18

F-FLT

[104]

Herrmann et al

Kameyama et al[105]
Kameyama et al[103]
Ott et al[106]

Zhou et al[107]

Preoperative
evaluation
Preoperative
evaluation
Preoperative
evaluation
Neoadjuvant
chemotherapy
evaluation

Sensitivity for detection
of primary tumor
18

18

F-FDG

F-FLT

18

F-FDG

PET

Mean: 6.0

Mean: 8.4

100%

69%

PET

Mean: 7.0

9.4

95%

95%

PET

Mean: 2.1-8.0

Sensitivity for detection of
metastasis
18

F-FLT

Prognostic
factor

18

F-FDG

90%

PET

Before treatment: Before treatment:
6.1
8.4
After treatment: After treatment:
5.3
5.2
Preoperative PET/CT
Max: 5.5
Max: 8.4
evaluation

FLT uptake
at 2-wk after
treatment
92%

95%

Liver: 30%
Liver: 100%
Bone: 20%
Bone: 100%
Other organs: Other organs:
90%-97%
91%-95%

FDG: 18F-fluorodeoxyglucose; PET/CT: Positron emission tomography/computed tomography; SUV: Standardized uptake value.

showed only a 69% sensitivity in the same population.
In another study, 18F-FLT showed a slight increase in the
detection rate of primary gastric cancer, with a similar
sensitivity to FDG (95.2% and 95.0%, respectively)[105].
Importantly, in both studies, FLT was able to delineate
gastric lesions that were negative in FDG images, most
of which were non intestinal or diffuse types upon histology. Based on this advantage, Ott et al[106] further investigated the value of 18F-FLT PET imaging in predicting
gastric cancer responses to neoadjuvant chemotherapy
and patient prognosis. In that study, the SUVmean of 18FFLT but not the FDG two weeks after chemotherapy
was the only independent prognostic factor for gastric
cancer patients. The unchanged high uptake of 18F-FLT
after treatment might indicate the failure of treatment
because this suggested a constant proliferation at the
tumor site. However, recently, another study came to the
opposite conclusion, suggesting that 18F-FLT PET had
no added value in the preoperative staging of gastric cancer, especially for liver and bone metastasis, which had a
much lower sensitivity than FDG PET[107]. Indeed, the
high physiological uptake of FLT in the liver and bone
marrow can hamper the detection of some primary gastric tumors and bone metastasis sites, rendering FLT not
suitable for M staging (Table 2). In the future, the exact
value of 18F-FLT in the diagnosis and evaluation of gastric cancer needs further investigation.

gastric cancer detection, and new imaging tracers, including FLT, are currently under evaluation as alternatives.
For the second limitation, gastric distention by different
methods seems to be effective in decreasing background
uptake. Furthermore, pharmaceutical interventions, including muscle relaxants and proton pump inhibitors, are
also under further investigation for this purpose. As to
the third limitation, currently the highest achievable spatial resolution of PET is 2.36 mm for clinical purposes
and 0.83 mm for pre-clinical uses[108]. The observation
of early stage gastric cancer and metastatic lymph nodes
similar to or below this range therefore remains difficult
to achieve from PET images. In combination with CT,
PET/CT appears to improve the accuracy of many diseases, including gastric cancer, but N staging in gastric
cancer is still not satisfactory under current conditions. In
the future, the spatial resolution of PET can be improved
by optimizing the camera design within the physical fundamental limitations. In addition, the new generation of
multimodality imaging equipment, such as PET/MR and
PET/CT/MR, will hopefully provide complementary
advantages in the diagnosis and evaluation of various diseases, including gastric cancer.

CONCLUSION
PET and PET/CT technology provides a useful tool
for the diagnosis and evaluation of gastric cancer. These
modalities can detect lymph node metastases and distant
metastatic sites in other organs using one single image, can
identify early tumor responses that may not be apparent
using other modalities, and may have prognostic value that
can change patient management. Although many problems remain, PET and PET/CT imaging remains promising, and with current and further improvements, PET and
PET/CT imaging may make the diagnosis and evaluation
of gastric cancer more standardized and accurate.

LIMITATIONS AND FUTURE PROSPECTS
In summary, the limitations of FDG PET and PET/CT
in the diagnosis and evaluation of gastric cancer mainly
come from three aspects: (1) the variety of histological differences in gastric cancer; (2) the physiological
properties of the stomach; and (3) the spatial resolution
of PET. Many FDG non-avid histological types greatly
decrease the sensitivity of FDG PET and PET/CT in
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Inflammation-related factors predicting prognosis of gastric
cancer
Wen-Jun Chang, Yan Du, Xin Zhao, Li-Ye Ma, Guang-Wen Cao
sociated with a poor prognosis; whereas high Th1/Th2
ratio in tumors predicts a good prognosis. High levels
of interleukin (IL)-6, IL-10, IL-32, and chemokine C-C
motif ligands (CCL)7 and CCL21 in circulation, high expression of CXC chemokine receptor 4, chemokine C-C
motif receptor (CCR)3, CCR4, CCR5, CCR7, hypoxiainducible factor-1α, signal transducer activator of
transcription-3, cyclooxygenase-2, and orphan nuclear
receptor 4A2 in tumors are associated with an unfavorable prognosis. Increased serum levels of matrix
metalloproteinases (MMP)-3, MMP-7, and MMP-11 and
increased levels of MMP-9, MMP-12, and MMP-21 in
tumors are consistently associated with poor survival of
GC. Further emphasis should be put on the integration
of these biomarkers and validation in large cohorts for
personalized prediction of GC postoperative prognosis.
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Abstract
Gastric cancer (GC), which is mainly induced by Helicobacter pylori (H. pylori ) infection, is one of the leading

Core tip: The prognosis of gastric cancer (GC) is not
satisfactory, and is associated with Helicobacter pylori
and/or Epstein-Barr virus infection, as well as host
inflammation-related factors. In this article, we summarize the inflammation-related microbial and host factors
that are reported to be associated with GC prognosis
from different specimens and populations. So far, few
simple panels have been clinically used for predicting
GC prognosis. It is necessary to integrate different biomarkers with clinicopathological variables for personalized prediction of GC prognosis. The prognostic values
of integrated predicators should be validated in large
prospective cohorts before clinical application.

causes of cancer-related death in the developing world.
Active inflammation initiated by H. pylori infection and
maintained by inherent immune disorders promotes
carcinogenesis and postoperative recurrence. However,
the presence with H. pylori in tumors has been linked
to a better prognosis, possibly due to the induction
of antitumor immunity. Tumor infiltrations of tumorassociated macrophages, myeloid-derived suppressor
+
cells, neutrophils, Foxp3 regulatory T cells are cor+
related with poor prognosis. Tumor infiltrating CD8
cytotoxic T lymphocytes, dendritic cells, and CD45RO
T cells are generally associated with good prognosis
of GC, although some subsets of these immune cells
have inverse prognosis prediction values. High ratios
+
+
+
+
of Foxp3 /CD4 and Foxp3 /CD8 in tumors are as-
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MICROBIAL PATHOGEN FACTORS
H. pylori
Chronic infection with H. pylori is the major cause of GC.
It is well established that H. pylori infection contributes
greatly to the carcinogenesis of GC. However, the role
of H. pylori infection in predicting the survival of GC patients is less well understood. Interestingly, a prospective
study has demonstrated that GC patients with positive
H. pylori infection frequently showed better relapse-free
survival and better overall survival (OS) after curative
resection[17], which is contradictory to the notion that H.
pylori acts as a risk factor of GC during the carcinogenesis process. Although this finding is in contrast to some
studies[18,19], other studies[20,21] especially a recent metaanalysis containing 2454 cases[22] have demonstrated that
H. pylori infection is an independent protective factor for
GC progression. This protective effect is also consistent
among different ethnic groups, using various H. pylori
evaluation methods and quality assessment measures[22].
The suppressive effect of H. pylori on GC progression is
possibly due to the induction of some antitumor immunity[17]. CagA, CagE, VacA and protein modifications (e.g.,
CagA phosphorylation) of H. pylori have been associated
with gastric carcinogenesis[23-26], but the association between these factors and GC prognosis is still unclear.

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
in men and the fifth in women worldwide. Almost one
million new cases are diagnosed annually. More than 70%
of new cases and deaths occur in developing countries[1].
To date, surgical resection remains the mainstay of curative treatment for GC. However, a subset of patients
will develop local relapses and metachronous metastases
after resection of the primary tumor. The overall 5-year
survival rate of patients with GC in the United States is
about 26%, while the rate improves to 63% if detected at
an early stage. Similar low 5-year survival rates (≤ 30%)
are also seen in European countries. However, higher
5-year survival rates (up to 50%) are reported from East
Asia such as Japan, mainly due to its early detection and
treatment services[2]. In addition, other measurable or
unmeasurable factors including differences in proximal
versus distal cancer incidences, environmental exposures,
dominant pathological types, surgical factors, and neoadjuvant/adjuvant treatment protocols may also contribute
to the differences in postoperative survival of GC patients. Because of the heterogeneity of GC prognosis,
searching for more accurate predictors of GC prognosis
has become a growing interest in GC research. Chronic
infections of Helicobacter pylori (H. pylori) contribute to
more than 75% of GC[3], and about 10% of GC may be
caused by Epstein-Barr virus (EBV) infection[4]. Although
a causal relationship of EBV infection with nasopharyngeal cancer has been identified, the association of EBV
infection with GC has not been confirmed so far. Interestingly, H. pylori induce EBV reactivation in the gastric
epithelium of GC patients latently infected with EBV[5].
A population-based intervention trial has demonstrated
that a selective cyclooxygenase-2 (COX-2) inhibitor, celecoxib, or H. pylori eradication alone had beneficial effects
on the regression of advanced gastric lesions[6]. Regular
use of non-steroidal anti-inflammatory drugs in individuals with H. pylori infection can effectively reduce the risk
of GC[7], indicating chronic inflammation following H.
pylori infection contributes to the onset of GC. Accumulating evidence indicates that inflammation-related factors
also play an important role in recurrence and metastasis
of some types of cancers including GC. Both systemic
inflammatory responses, such as primary or modified
Glasgow prognostic score[8-11] and blood neutrophil-tolymphocyte ratio[11-15], and local inflammatory responses
such as the infiltration of various immune cells and their
subsets in tumors (e.g., infiltrating S100A9+ inflammatory
cells[16]) are associated with the prognosis of GC. Here,
we review and summarize the inflammation-related microbial pathogen (Table 1) and host (Table 2) factors that
have been shown to be associated with GC prognosis.
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EBV
About 10% of GC cases are infected with EBV, while the
prognostic value of EBV is poorly understood. Lymphoepithelioma-like carcinoma (LELC) is a special subtype
of GC, and over 90% of LELC are EBV positive. LELC
tends to have a lower frequency of lymph node metastasis and a better survival rate than other GC subtypes[27,28].
A recent meta-analysis including 4599 GC patients from
13 studies has shown that EBV positivity in tumors by in
situ hybridization is associated with lower mortality (HR
= 0.72; 95%CI: 0.61-0.86) and might serve as a valuable
prognostic factor[29]. Furthermore, the protective effect
is quite stable across patients or tumor types. However,
these studies cannot clarify whether EBV infection itself
or EBV-associated inflammatory responses and/or their
interactions result in the protective effect. EBV-associated GC (EBV-GC) is a recently recognized entity defined
by the presence of EBV in GC cells. After stratification
of EBV-GC by host inflammatory response, it was found
that EBV-GC patients with a Crohn’s disease-like lymphocyte reaction had significantly longer OS and diseasefree survival (DFS) than other EBV-GC patients, indicating that inflammation induced by EBV-GC could affect
the prognosis of GC[28]. Mechanisms of the heterogeneity of induced inflammatory responses by EBV-GC need
to be explored further.

HOST INFLAMMATION-RELATED
FACTORS
There is a renaissance of research into the connection
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Table 1 Important pathogens associated with the prognosis of gastric cancer
Factors

Source

Sample

Sample size

Cut-off value or
characterization

Time of measurement

Prognostic role

H. pylori
H. pylori
H. pylori
H. pylori

Germany
China
Brazil
South Korea

Sera
Tumor tissue
Tumor tissue
Sera

166
162
68
274

Positivity
Positivity
Positivity
Negativity

Increased OS and RFS[17]
Decreased OS and RFS[18]
No difference[19]
Decreased OS[20]

297
2454

Negativity
Positivity

Prior to gastrectomy
At the time of surgery
At the time of surgery
At the time of surgery and
adjuvant chemotherapy
At the time of surgery
At the time of surgery

150
123
4599

Positivity
Expression
Positivity

Prior to gastrectomy
At the time of surgery
At the time of surgery

Increased OS[27]
Increased OS and DFS[28]
Increased OS[29]

H. pylori
H. pylori
EBV
EBV
EBV

Italy
Sera and tumor tissue
Brazilian, Asian and
Sera
Caucasian
Taiwan
Sera
Korea
Sera
Asia, Europe and Latin
Sera
America

Decreased OS[21]
Increased OS and DFS[22]

DFS: Disease-free survival; EBV: Epstein-Barr virus; H. pylori: Helicobacter pylori; OS: Overall survival; RFS: Relapse-free survival.

Table 2 Important inflammation-related host factors with prognostic values for gastric cancer
Factors

Source

Sample
size

China
Japan
China
China
Japan
South Korea
China
China
Italy

97
157
51
51
48
775
46
314
123

Poland

99

IL-2R
IL-32
VAP-1
MDSCs
MMP-11

Japan
Japan
Japan
United Kingdom
China

96
182
107
25
86

MMP-12
In tumor
TAM

China

165

Japan, Germany,
Ukraine
Japan
China
China

449

Positive expression

Prior to chemotherapy

Decreased OS[44]

111
66
100

High numbers
Intermediate or high expressions
> 11 cells/HPF

At the time of gastrectomy
At the time of gastrectomy
After curative gastrectomy

Decreased OS[45]
Decreased 5-year survival rate[51]
Decreased 5-year survival rate[52]

Japan
Bulgaria
Japan
Japan
Japan, China,
South Korea,
United Kingdom
Japan, China,
South Korea,
United Kingdom
China
Germany
Germany

174
55
128
115
1268

High levels
Low numbers
High expression levels
< 21.60 cells/HPF
High expression

1555

High expression

176
52
52

> 200 positive cells/HPF
> 125.9/mm2
High cell ratios

China

103

China
Japan
China

107
101
133

Percentage ≥ 2.75% or cell number
≥ 484.37 per million
High numbers
High levels
High

In peripheral blood
MIF
Th1/Th2 ratio
Th17
Th22
CD57+ T cells
NLR
NLR
TLR9
IL-1B + IL-1RN
IL-6

CD68+ Mφ
Nitrotyrosine
CD33+/p-STAT+
cells
DCs
DCs
CD208+
CD15+ TINs
HIF-1α

HIF-1α

S100A9 protein
Stroma FoxP3+TILs
Stroma CD68+/
Foxp3+
Tc17
FOXP3+ Tregs
CD45RO+ T cells
Foxp3+/CD8+ ratio
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Cut-off value or characterization

Time of measurement

Prognostic role

> 6600 pg/mL
Prior to gastrectomy
Decreased 5-year survival rate[45]
High
After curative gastrectomy
Increased DFS[61]
High levels
Prior to gastrectomy
Decreased OS[62]
High levels
Prior to gastrectomy
Decreased OS[62]
≥ 18%
At the time of gastrectomy
Decreased OS[68]
> 3.79
Prior to gastrectomy
Decreased 5-year survival rate[12]
> 2.5
Prior to gastrectomy
Decreased PFS and OS[13]
TLR9-1486C
Prior to gastrectomy
Decreased OS[73]
IL-1B-511C/T and IL-1B-31T/C +
Prior to gastrectomy
Decreased PFS and OS[76]
Wide-type IL-1RN
> 288.7 pg/mL
At the time of gastrectomy Increased overall complications and
infective complications[83]
High expression
Prior to gastrectomy
Decreased OS[88]
Positive expression
At the time of gastrectomy
Decreased OS[89]
Low levels
Prior to gastrectomy
Decreased OS[91]
Increasing percentage
Prior to gastrectomy
Increased the risk of death[50]
Low levels at the 75th percentile in
After chemotherapy
Decreased median survival time
the total group
and 1-year survival rate[104]
Positive expression
Prior to chemotherapy
Decreased OS[105]

4588

At the time of gastrectomy
Increased 5-year survival rate[53]
At the time of gastrectomy Decreased 5-year survival rate[54]
At the time of gastrectomy Decreased postoperative outcome[55]
At the time of gastrectomy
Increased OS[56]
Prior to gastrectomy
Decreased OS[77]

Prior to gastrectomy

Decreased OS[78]

At the time of gastrectomy
Increased OS[16]
At the time of gastrectomy Increased NED-survival and OS[113]
At the time of gastrectomy
Increased median survivals[113]
At the time of gastrectomy

Decreased DFS and OS[60]

At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy

Increased OS[47]
Increased OS and DFS[67]
Decreased OS[65]

April 28, 2014|Volume 20|Issue 16|

Chang WJ et al . Inflammatory factors predicting gastric cancer prognosis
Foxp3+/CD4+ ratio
T-bet+ TILs
CD19+ cells
CD20+ B cells
Natural killer cells
COX-2
STAT3
NR4A2
IL-12
IL-10
Annexin A1
CCL7 and CCL21
CXCR4
HighCXCR4/high
SDF-1α
CCR3
CCR5
CCR4
CCR7
CX3CL1
CCL18
MMP-9

MMP-21
MMP 14
MT1-MMP, CD11b+
immunocytes and
LNR
Inflammation gene
signature

South Korea
China
China
China
Brazil
South Korea
South Korea
China
Japan
Poland
Taiwan
China
China
South Korea

180
152
846
100
72
457
100
245
85
136
118
194
97
221

High
High numbers
> 7.91% ± 2.98%
High density
> 15 NK cells/10 HPF
Lack of expression
> 10% stained cells
Immunoreactive score ≥ 3
High density
> 10 pg/mL
High expression
Higher expression
Higher expression
Expression

At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
Prior to gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy

Loco-regional recurrence[66]
Increased OS and DFS[69]
Increased DFS[70]
Increased OS and DFS[52]
Increased OS and DFS[71]
Decreased OS and DFS[79]
Decreased OS and DFS[81]
Decreased OS and DFS[85]
Increased OS and DFS[86]
Decreased OS and DFS[87]
Decreased OS[90]
Decreased OS[92]
Decreased OS[94]
Decreased 5-year survival rate[95]

Japan
Japan
South Korea
Japan
Japan
China
China, Finland,
The Netherlands,
Poland, Spain
China
China
China

48
60
753
224
158
59
1700

Positive expression
Positive expression
Positive expression
> 10% positivity
High expression
High expression
High expression

At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy

Decreased OS[96]
Decreased OS[96]
Decreased 5-year survival rate[97]
Decreased OS[98]
Decreased DFS[100]
Increased OS and DFS[48]
Decreased DFS[102]

296
205
184

High expression
Positive expression
MT1-MMP positive, low CD11b+
immunocytes and high LNR

At the time of gastrectomy
Prior to chemotherapy
At the time of gastrectomy

Decreased OS[106]
Decreased OS[107]
Increased OS[110]

51

High expression pattern

At the time of gastrectomy

Decreased OS[112]

Brazil

CCL: Chemokine (C-C motif) ligand; CCR: C-C chemokine receptor; CD: Cluster of differentiation; COX-2: Cyclooxygenase-2; CX3CL1: Chemokine (C-X3-C
motif) ligand 1; CXCR4: C-X-C chemokine receptor 4; DFS: Disease-free survival; FOXP3: Forkhead box P3; HIF-1α: Hypoxia-inducible factors-1α; HPF:
High power field; IL: Interleukin; MDSCs: Myeloid-derived suppressor cells; MIF: Migration inhibitory factor; MMP: Matrix metalloproteinase; NLR:
Neutrophil lymphocyte ratio; NR4A2: Nuclear receptor subfamily 4, group A, member 2; PFS: Progression-free survival; SDF-1α: Stromal cell-derived
factor-1α; STAT: Signal transducers and activators of transcription; TAM: Tumor associated macrophages; Th1: T helper cell type 1; Th2: T helper cell type 2;
Th17: T help cell type 17; Th22: T help cell type 22; TIL: Tumor infiltrating lymphocyte; TIN: Tumor infiltrating neutrophils; TLR: Toll-like receptors; Treg:
Regulatory T cells; VAP-1: Vascular adhesion protein-1.

between inflammation and cancer[30-32]. Most current
research support that acute inflammation triggered by
tumor-infiltrating leukocytes does not exert normal immunoprotective mechanisms that lead to eradication of
the evolving cancer (antitumor immunity). Excessively
and chronically produced pro-inflammatory mediators
may contribute to tumor promotion and progression[31-34].
Inadequate pathogen eradication, prolonged inflammatory signaling, and defects in anti-inflammatory mechanisms can lead to chronic inflammation and benefit
tumor development[35]. In an inflammatory state, there is
a high rate of cell turnover and the microenvironment
is often highly oxidative and nitrosative, thus increasing
the opportunities for DNA damage and somatic mutation. Chronic inflammation can promote an environment
that is conducive to carcinogenesis, and it is involved
in tumor initiation, promotion, and progression[31,36-39].
The tumor microenvironment is created by the tumor
and dominated by tumor-induced interactions[40]. In the
inflammatory microenvironment, there is a delicate balance between antitumor immunity and tumor-originated
pro-inflammatory activity, which weakens antitumor immunity[33,41]. The tumor not only manages to escape from
the host immune system (tumor escape), but it effectively
contrives to benefit from infiltrating cells by modifying
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their functions to create the microenvironment favorable
to tumor progression[40]. The net outcome of a persistent inflammatory microenvironment is enhanced tumor
promotion, accelerated tumor progression, invasion of
the surrounding tissues, angiogenesis, and often metastasis[31]. Cancer-associated inflammation is characterized
by infiltration of immune cells including tumor infiltrating lymphocytes (TILs)[42], expression of cytokines and
chemokines, tissue remodeling, and angiogenesis. The
diverse cells communicate with each other by means of
direct contact or through cytokines and chemokines,
therefore exerting their functions of tumor promotion
or suppression. Cancer cells can also release chemokines
and recruit immune cells to constitute the inflammatory
microenvironment. The inflammation-related molecules
such as nuclear factor-κB (NF-κB) and signal transducer
activator of transcription-3 (STAT3), primary inflammatory cytokines, secondary inflammatory cytokines, chemokines and matrix metalloproteinases (MMPs) form an
inflammatory molecular network, playing an active role in
maintaining tumor-promoting inflammation or antitumor
immunity. Although tumor infiltrating immune cells and
their interactions can reflect the host-tumor-pathogen immune response, immune cells and molecules in peripheral
blood are also important for exploring the characteristics
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CD208+ DCs has an inverse correlation with postoperative outcome in GC patients[55]. Among immune cells,
neutrophils have a protumorigenic role by promoting
neoangiogenesis and reducing antitumor immune response. In GC patients, tumor infiltrating neutrophils
with positive CD15 are independently associated with
an unfavorable OS[56]. S100A9, specifically expressed by
inflammatory cells such as macrophages and neutrophils
in early GC, is associated with a good prognosis[16]. In addition, S100A9 secreted into gastric fluid also has a prognostic monitoring value for GC[57].

of the complex tumor-related inflammation.
TIMs
TIMs are the major type of infiltrating inflammatory cells
regulating antitumor immunity and are represented by
mature cells such as macrophages, granulocytes, and dendritic cells (DCs), as well as by pathologically activated
immature myeloid-derived suppressor cells (MDSCs)[43].
Macrophages, one of the most important components
of the inflammatory infiltration in tumors, include M1like and M2-like subtypes. M1-like macrophages facilitate anti-tumor immunity, while M2-like macrophages
promote tumor progression. M2-like macrophages are
strongly affected by the tumor microenvironment, and
are also termed tumor-associated macrophages (TAMs).
A meta-analysis of 55 studies with 8692 patients has
shown that higher TAM infiltration is associated with
worse OS in several cancers, including GC (RR = 0.52;
95%CI: 0.35-0.77)[44]. Thymidine phosphorylase (TP)
expression is significantly correlated with the extent of
infiltrating macrophages, and increased percentages of
TP-positive macrophages and CD68+ macrophages in
tumors also indicate poor outcomes in patients with
GC[45]. Macrophage migration inhibitory factor (MIF) can
inactivate p53. Serum MIF positively correlates with MIF
expression in GC, and increased serum MIF (> 6600 pg/
mL) predicts a lower 5-year survival rate compared with
those with lower serum MIF[46]. However, GC patients
with high intratumoral macrophages and regulatory T
cells (Tregs) have better 5-survival rates than those with
low intratumoral macrophages and Tregs[47]. A high level
of CCL18, mainly expressed in infiltrating macrophages
that are preferentially located at the tumor invasion front,
is also associated with favorable OS and DFS of GC patients[48]. The possible explanation for this inconsistency
could be the presence of heterogenic subpopulations of
macrophages in the tumor microenvironment.
MDSCs are a heterogeneous population of cells characterized by their myeloid origin, immature state and the
ability to suppress T cell responses. The MDSC population expands rapidly during inflammation and cancer,
which is associated with advanced GC stage and reduced
survival[49,50]. Production of reactive oxygen species (ROS)
and reactive nitrogen species is one of the major characteristics of all activated myeloid cells. Increased activity
of free radical peroxynitrite is followed by ROS production, and peroxynitrite modification of chemokine (C-C
motif) ligand 2 (CCL2) inhibits intratumoral migration
of effector CD8+ T cells. Nitrosylation, a marker of peroxynitrite activity, has been reported to be associated with
poor survival of GC patients[51]. High CD33+/p-STAT+
cells representing a subset of MDSCs, are also associated
with poor prognosis at stage Ⅲa GC[52].
The major functions of DCs are to process and present antigens for the activation of T cells. Maintaining
enough density of mature DCs in tumors prolongs the
survival of patients with advanced GC[53,54]. Contrary to
the typical functions of DCs, intratumoral density of
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TILs
TILs are another major component of infiltrating immune cells, and are represented by T cells, B cells, and
natural killer (NK) cells. The subsets of T cells include
CD8 + cytotoxic T cell (CTL), CD4 + T helper cell,
CD45RO memory T cells, FOXP3+ Tregs, and nature
killer T cells. CD8+ CTLs play an active role in directly
killing tumor cells, indicating a favorable outcome[58,59].
However, CD8+ T cells that produce interleukin (IL)-17
(Tc17 cells) promote the progression of inflammation
and are possibly associated with poor prognosis[60]. CD4+
lymphocytes include a group of heterogeneous T lymphocytes [e.g., T helper (Th)1, Th2, Th3, Th17, Treg,
T follicular helper, and Th22] which can secret diverse
cytokines. Th1 cells (interferon γ-producing CD4+ T
cells) can activate CTLs, and Th2 cells (IL4-producing
CD4+ T cells) stimulate humeral immunity. Th1 activation is more effective than Th2 activation in inducing
antitumor immunity. Consistently, high Th1/Th2 ratio
in peripheral blood of GC significantly predicts a good
postoperative prognosis[61]. High circulating Th17 and
Th22 cells are associated with tumor progression and
poor survival in GC[62]. CD4+ Tregs suppress effector T
lymphocytes, which are characterized with positive Foxp3
expression. High Foxp3+ Tregs are correlated with GC
progression and associated with a poor survival[63-65]. The
balances between Foxp3+ T cells and CD4+ T cells as
well as Foxp3+ T cells and CD8+ T cells are important for
the suppression of metastasis, and higher Foxp3+/CD4+
ratio[66] and higher Foxp3+/CD8+ ratio[65] in resected
tumor specimens are associated with a poor prognosis.
High CD45RO T cell infiltration is significantly related to
postoperative prognosis in advanced GC but not in early
GC[67]. NK-like T cells comprising the subsets of CD56+
cells and CD57+ cells play an important role in modulating immune responses. In advanced GC, an increased
proportion of CD57+ cells in the circulation indicates a
poor prognosis[68]. T-bet, a key master transcription factor
for type 1 immune response, mainly expresses on CD4+,
CD8+, and CD56+ TILs. High T-bet TILs in tumor are
associated with a better DFS and OS of GC patients[69].
The principal functions of B cells are to generate antibodies against antigens, but its functions related to
tumor progression are less known. Recently, it has been
reported that CD19+ and CD20+ B cells are associated
with a favorable outcome in patients with GC[52,70]. NK
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cells directly clear tumor cells, representing an antitumor
immunity. GC patients with high density of NK cells in
the tumors exhibit a higher survival rate when compared
to those patients with low density of NK cells, especially
for those at advanced stages[71].

tors of host responses to infection and cancers, and play
different roles in cancer-related inflammation network.
Some cytokines facilitate the development of cancerrelated inflammation, whereas others act as suppressors.
T lymphocytes are a major source of cytokines. Cytokines produced by Th1 and Th2 are known as Th1-type
cytokines (e.g., TNF-α, IFN-γ, IL-12) and Th2-type cytokines (e.g., IL-4, IL-5, IL-10, IL-13), and are characterized by pro-inflammatory and anti-inflammatory roles,
respectively. High IL-12-positive cell density in surgical
specimens may be a significant independent predictor of
better prognosis of advanced GC patients[86]. Conversely,
an increased level of IL-10 is an independent unfavorable
prognostic factor in patients with GC[87]. The relative balance between Th1 and Th2 cytokines appears important
in cancer-related inflammation. A high circulating soluble
IL-2 receptor level is associated with worse prognosis of
GC patients[88]. IL-32 is a recently identified pro-inflammatory cytokine characterized by the induction of NFκB activation, and the expression of IL-32 is associated
with more severe metastatic conditions in GC[89]. Additionally, annexin A1 is a glucocorticoid-regulated anti-inflammatory protein. High tissue annexin A1 expression is
an independent risk factor for poor OS in GC patients[90].
Vascular adhesion protein-1 (VAP-1) regulates leukocyte
tissue infiltration. Serum soluble VAP-1 is a candidate
prognostic marker in GC, and low levels of serum VAP-1
are associated with poor prognosis in GC patients[91].
Chemokines are 8-10 kDa secreted proteins with
20%-70% homology in structure, and share the common functional activity as being chemotactic for leucocytes. Over 40 chemokines have been identified so far.
Although chemoattractants constitute a diverse array
of molecules, they have to act together with a family of
G protein-coupled receptors to communicate with leukocytes. Inflammatory chemokines are produced under
pro-inflammatory stimuli (e.g., IL-1, TNF-α, lipopolysaccharide, or pathogens) and determine the migration
of inflammatory cells. CCL7 is a type of monocytespecific chemokine, and CCL21 is a specific chemokine
in DC cells and effecter T cells. Over-expressed CCL7
and CCL21 in GCs are related to lymph node metastasis
and poor prognosis[92]. Stromal-derived-factor (SDF)-1
is strongly chemotactic for lymphocytes, and is found in
GC metastasized to lymph nodes[93]. CXC chemokine receptor 4 (CXCR4) is a receptor specific to SDF-1. Interestingly, upregulated intratumoral CXCR4 expression is
associated with poor OS in patients with GC[94], and high
CXCR4/high SDF-1α expression indicates the worst
prognosis in GC patients[95]. Chemokine (C-C motif)
receptor 3 (CCR3), CCR4, CCR5, and CCR7 have been
shown to have prognostic values for an unfavorable outcome in patients with GC[96-98]. Intratumoral high CXCR4,
CCL3, CCR4, CCR5, and CCR7 are associated with
unfavorable prognosis. IL-8 is a chemokine produced by
macrophages and other cell types. It induces chemotaxis
in neutrophils to migrate toward the site of inflammation. Polymorphism of IL-8 is associated with prognosis

TRANSCRIPTION FACTORS AND
PRIMARY INFLAMMATORY CYTOKINES
In terms of cancer-related inflammation, a few molecules
can serve as primary drivers (endogenous promoters),
mainly including transcription factors such as NF-κB
and STAT3 and primary inflammatory cytokines such
as IL-1, IL-6, and tumor-necrosis factor (TNF)-α. NFκB is a key orchestrator of innate inflammation and is
aberrantly activated in many cancers. In GC, activated
NF-κB is frequently identified in early-stage tumors and
usually predicts a favorable prognosis[72]. The toll-like
receptor (TLR)-MyD88 pathway and the primary inflammatory cytokines TNF-α and IL-1α can activate NFκB. It has been reported that polymorphisms in NF-κB
pathway genes such as TLR9, IL-1β , IL-1Ra, and TNF-α,
are significantly associated with the prognosis of GC
patients[73-76]. NF-κB can also be activated in response to
hypoxia inducible factor (HIF)-1α. Accumulating evidence indicates that the interactions and compensations
between NF-κB and HIF-1α relate to immunity in the
hypoxic condition. Two meta-analyses both reported that
HIF-1α expression was significantly correlated with poor
prognosis of GC patients mainly from East Asian countries[77,78]. NF-κB induces the expression of inflammatory
cytokines, adhesion molecules, and key enzymes in the
prostaglandin synthase pathway such as COX-2. Immunohistochemical analysis has shown that COX-2 expression is an independent prognostic factor of DFS and
OS of GC patients[79]. Along with NF-κB, STAT3 is a
point of convergence for numerous oncogenic signaling
pathways. In tumors, the maintenance of NF-κB activation requires STAT3[80]. STAT3 is constitutively activated
both in cancer cells and immune cells, and higher STAT3
and STAT3 phosphorylation (Tyr705) in GCs indicate a
poor prognosis[81,82]. IL-6 is mainly produced by TIMs
under the regulation of the NF-κB signaling pathway.
IL-6 is also linked with STAT3, and has multi-functions
of growth-promoting and anti-apoptotic activities. Preoperative high IL-6 levels have been proposed as a poor
prognostic factor for recurrence and OS of GC patients[83]. Nuclear receptor subfamily 4, group A, member
2 (NR4A2), a transcription factor belonging to the steroid
orphan nuclear receptor superfamily, is also regulated by
the NF-κB signaling pathway and COX-2 derived prostaglandin E2[84]. Expression of NR4A2 in GC cells confers
chemoresistance of GC cell lines and predicts an unfavorable postoperative survival of GC patients, especially
for those treated with postoperative chemotherapy[85].
Cytokines, chemokines, and matrix metalloproteinases
Cytokines including IL-1, IL-6, and TNF-α are regula-
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in patients with GC, and the IL-8 251 A/A genotype may
indicate a poor prognosis in GC patients[99]. CX3CL1 is
the only CX3C chemokine that can chemoattract NK
cells, CD8+ T cells, monocytes, and dendritic cells, and
is one of the independent prognostic factors of DFS in
GC patients[100].
An increased expression of the MMP family members is observed in almost every inflammation site. Studies in animal models have demonstrated that MMPs act
broadly in the inflammation process, including regulation
of inflammatory cytokine and chemokine activities, and
generation of chemokine gradients. Pathogens such as
H. pylori infection upregulate the expression of MMPs,
which act on pro-inflammatory cytokines, chemokines
and other proteins to regulate diverse aspects of inflammation. Elevated MMP-3 and MMP-7 in H. pylori-related
GC can serve as biomarkers for a poor survival [101].
MMP-9 gene expression is a predictor of outcome in patients with metastatic GC[102], which is further confirmed
by a meta-analysis[103]. Serum levels of MMP-11 in Chinese patients with advanced GC are not associated with
the response to front-line chemotherapy, but could play
an important role in predicting lymph node metastasis
and prognosis[104]. Increased MMP-12 and MMP-21 in
tissues are associated with poor survival in patients with
GC[105,106]. MMP-14 is a negative prognostic marker for
patients with GC[107]. Although MMPs have been linked
to GC prognosis, the precise mechanisms need to be
clarified. It is possible that only some MMPs can truncate
the inflammatory cytokines or chemokines and participate in the regulation of tumor-related inflammation.

predominantly expressed in cancer-initiating cells also
represent a cluster of prognosis-predicting biomarkers
and/or therapeutic targets[108]. Since many studies are
conducted in East Asian populations as summarized in
Tables 1 and 2, the prognostic values of these molecules
need to be tested in other populations. Furthermore,
with the advancement of systems biology and vast
amount of ‘omics’ data, it is of great importance to evaluate these data with clinical and pathological variables to
more accurately predict cancer outcomes. Studies have
already looked at combining gene expression data with
clinicopathological data to better predict different types
of cancer prognosis[109-111]. However, only a few studies
have been conducted in the field of GC research[112,113].
Further emphases should be placed on the integration
of diverse biomarkers and their validation in large cohorts for personalized prediction of GC postoperative
prognosis.
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Core tip: We summarize the recent literature reports
about individual cases and study groups of invasive
micropapillary carcinoma. We postulated that invasive
micropapillary carcinoma is still a great diagnostic challenge in pathomorphology and due to its high aggressiveness should be treated as a distinct histological
subtype of carcinomas in gastrointestinal tract.

Abstract

Guzińska-Ustymowicz K, Niewiarowska K, Pryczynicz A. Invasive micropapillary carcinoma: A distinct type of adenocarcinomas in the gastrointestinal tract. World J Gastroenterol 2014;
20(16): 4597-4606 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4597.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4597

Invasive micropapillary carcinoma (IMPC) is a rare
histological type of tumor, first described in invasive
ductal breast cancer, than in malignancies in other organs such as lungs, urinary bladder, ovaries or salivary
glands. Recent literature data shows that this histological lesion has also been found in cancers of the gastrointestinal system. The micropapillary components are
clusters of neoplastic cells that closely adhere to each
other and are located in distinct empty spaces. Moreover, clusters of neoplastic cells do not have a fibrousvascular core. The IMPC cells show reverse polarity resulting in typical ‘’inside-out’’ structures that determines
secretary properties, disturbs adhesion and conditions
grade of malignancy in gastrointestinal (GI) tract. Invasive micropapillary carcinoma in this location is associated with metastases to local lymph nodes and lymphovascular invasion. IMPC can be a prognostic factor
for patients with cancers of the stomach, pancreas and
with colorectal cancer since it is related with diseasefree and overall survival. The purpose of this review is
to present the characterization of invasive micropapillary carcinoma in colon, rectum, stomach and others
site of GI tract, and to determine the immunohistologi-
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INTRODUCTION
Invasive micropapillary carcinoma (IMPC) is a rare histological type of tumor, first described in invasive ductal
breast cancer[1]. Recent reports have confirmed that the
micropapillary component can also occur in malignancies
in other organs such as lungs, urinary bladder, ovaries or
salivary glands[2-5]. According to the World Health Organization (WHO) classification, invasive micropapillary
carcinoma was identified as a distinct histopathological
subtype of the breast and urinary tract[6,7]. International
Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society has considered the micropapillary component to be a new subtype of invasive glandular lung cancer with poor prog-
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nosis[8]. Moreover, this histological lesion has also been
documented in cancers of the gastrointestinal system[9-27].
In the current WHO Classification of the Digestive
System Tumors, IMPC is described as a rare histological
structure found in papillary-type gastric adenocarcinoma[28]. Irrespective of location, the micropapillary component is present in high-grade tumors with local lymph
node involvement and neoplastic emboli in blood and
lymphatic vessels[2-5,18,21,29,30]. The analysis of literature reports concerning gastrointestinal malignancies, including
IMPC in our review, may widen the knowledge of this
histological structure in malignant tumors affecting these
organs.

MUC1, EMA, CD10, villin antibodies (Table 1). Glycoprotein 1 (MUC-1) is mainly present on the outer surface
of epithelial cells in patients with IMPC as compared to
the color reaction located in the apical part in normal
glandular cells. MUC-1 is responsible for the maintenance
of cell integrity in normal glands[27]. The specific reaction
of MUC-1 in the micropapillary component located at
the invasion front allows differentiation of these structures from tumor budding[10]. Hudson et al[36] observed
type Ⅰ collagen fiber contraction and MUC-1 induced
disorders of cytokeratin expression. At the same time,
MUC-1 neutralizes the effects of fine intercellular adhesion molecules, e.g., E-cadherin and β-catenin[37]. Reports
on the likely contribution of MUC-1 to IMPC adhesion
seem to confirm the investigations in which an increase in
the expression of this glycoprotein was related to cell-cell
adhesion disorders and cell interactions with the extracellular matrix[38,39]. E-cadherin is responsible for epithelial
cell integrity. A decrease in its expression is associated
with a greater potential of tumor cells to metastasize. Deficiency of this protein was noted in a higher percentage
of patients with gastric IMPC than in the control[13,40].
However, positive expression of E-cadherin was found
in the cytoplasm of cells of the micropapillary structures
as compared to the membranous reaction of this protein
in normal ducts and neoplastic glandular ducts[25]. Moreover, the assessment of β-catenin expression revealed its
deficiency in the cytoplasm and/or nucleus in a high percentage of patients with gastric and colon IMPC as compared to the adenocarcinoma groups[40]. It is suggested
that disturbances in β-catenin distribution, its deficiency,
may condition IMPC aggressiveness[40]. It can be assumed
that also MUC-2 plays a crucial role in the maintenance
of IMPC integrity as it joins tumor cells and acts as a
physical protective barrier against their spread[41]. Lack
or low percentage of positive expression of MUC-2 was
observed in patients with IMPC in gastric cancer[17,21,31].
Its deficiency facilitates secretion of metaloproteinases by
IMPC that determines cancer spread in the stroma and
via vessels to local lymph nodes[27] (Table 1, Figure 2).
Many data suggest that IMPC polarity reversal determines secretory properties, disturbs adhesion and conditions grade of malignancy. All the above mentioned exponents are responsible for stromal and vascular invasion
of tumor cells, resulting in easier spread of cancer cells
and lymph node involvement.

MORPHOLOGY
The micropapillary components are clusters of neoplastic cells that closely adhere to each other and are located
in distinct empty spaces that resemble small dilated lymphatic vessels[12,15,19,21]. In order to differentiate cancer
cells invading the lymphatic vessels from IMPC, immunohistochemical staining is performed with the use of
endothelial cell-specific antibodies. Lack of color reaction
of these proteins in the lymphovascular-like pattern helps
exclude the presence of the vessels (Table 1). Moreover,
IMPC cells are usually small, round or oval, but they are
also columnar to polygonal[24,25,31]. Single cells are characterized by distinct massive acidophilic cytoplasm with
numerous fine granules [21,32]. The nucleus/cytoplasm
ratio is found to increase. The nuclei are acinar, with
well visible nucleoli and unevenly dispersed chromatin
clumps[16]. They show moderate to high pleomorphism
and moderate degree of atypia, as well as diverse mitotic
activity[17,21,24,25]. Clusters of neoplastic cells do not have a
fibrous-vascular core[16,19]. They are separated by bands of
fibrous tissue, resembling sponge in structure. Nests can
also occur as single focal spaces filled up with flattened
fusiform tumor cells[10,32].
Micropapilla are present on the invasive edges of the
tumor, more seldom in its center[12,29,32,33]. The micropapillary structure may constitute one of the morphological
tumor components and occur with other histological
types, or it can be the only morphological exponent[16,19,29].
However, cancers composed only of the micropapillary component are very rare[29]. Moreover, all the above
mentioned morphological features of the micropapillary
component are visible in metastases to the lymphatic vessels, lymph nodes and distant organs[32] (Figure 1).
The IMPC cells show reverse polarity resulting in
typical “inside-out’’ structures, i.e. their basal surface has
the properties of the upper part. The electron microscopic examination of this structure has confirmed that
the outer surface of the cells is covered with numerous
microvilli and shows secretory activity towards the surrounding stroma. Moreover, a slight amount of mucous
secretion has been found in the spaces that enclose tumor
cell nests[34,35]. These observations are also supported by
immunohistochemical investigations with the use of anti-
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INVASIVE MICROPAPILLARY
CARCINOMA OF COLON AND RECTUM
Since the description of the micropapillary structure as
a separate subtype of breast cancers[1], this component
have been searched for in other organs, including the
colon. Up to now, approximately 265 cases of colon
cancer with IMPC have been reported, accounting for
9%-19% of all colon cancers. They are most common in
males aged 53-72 years[20,32,10,42,43]. Otsubo et al[30] observed
a single case of IMPC in a 26-year-old woman. Clinical
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Table 1 Profile of invasive micropapillary carcinomas in gastrointestinal tract
Immunohistochemical marker

Invasive micropapillary carcinoma

Conventional carcinoma

Ref.

EMA
MUC-1
CD10
Vilin
E-catherin
β-catenin

Outer membranous
Outer membranous
Stroma-facing surface
Stroma-facing surface
Cytoplasmic
Nulcear/cytoplasmic less frequent

Luminal
Luminal
Membranous
Membranous
Membranous
Nulcear/cytoplasmic more frequent

[10,13,15,19,26,29]
[10,12,19,25,29,30]
[16,31]
[16]
[13,25,33,41]
[41]

Negative
Negative
Negative

Lymphvascular epithelial cells
Positive
Positive
Positive

[12,13,15,19,21,22]
[16,21]
[16]

D2-40
CD34
CD11

A

B

Figure 1 Characterization of typical invasive micropapillary carcinoma structures. A: Invasive micropapillary carcinoma in the invasive edges of the tumor; B:
Morphologically, clusters of small rounded neoplastic cells without fibrous-vascular core. Hematoxylin and eosin stain, × 40, × 400, respectively.

with cells lacking mucous secretion[12,19,20,32]. Many of
these cancers infiltrated through the muscle to the subserous layer[20,32,42].
The presence of IMPC in colorectal tumors is associated with aggressive behavior of the neoplasm. In all
the reported cases, tumors invaded blood and lymphatic
vessels, whereas the remaining groups showed moderate grade of invasion of these structures[12,13,18-20,29,30,32].
The involvement of lymph nodes has been estimated at
63%-100% of all cases[6,5,10,17,43]. Kim et al[20] showed metastases to local lymph nodes in 2 out of 3 patients with
IMPC tumor infiltrating the submucous membrane (pT1).
Their findings indicate the importance of adequately
early diagnosis of IMPC lesion in biopsy and operative
material, which may condition high risk of metastases. In
the majority of patients, IMPC invasion involved a considerable proportion of lymph nodes and was the only
histological exponent of the metastases formed[16,19,20].
Moreover, several patients showed metastases of micropapillary structures to the peritoneum and other organs,
such as lungs and liver[10,13,20,29,32]. The multivariate analysis
of variance revealed that the presence of the micropapillary component, apart from invasion of the lymphatic/
blood vessels and infiltration depth, is an independent
prognostic factor determining cancer metastases[17].
The diagnosis of the micropapillary component is
closely associated with worse prognosis[42,43]. Stage Ⅰ and
Ⅱ IMPC patients experience shorter survival as compared to the non-IMPC groups and have equally poor

symptoms in patients with IMPC have not been diseasespecific and mainly include abdominal pain, anemia,
vomiting, diarrhea, constipation and bleeding from the
rectum[10,12-16,19,20,29,43].
These tumors are known to grow as polyp-like forms
that narrow the lumen of the respective organ with a
tendency to exophytic growth or a lesion with a centrally
ulcerating crater[16,18,19,29]. Unfortunately, macroscopically
the lesions do not allow IMPC differentiation from other
subtypes. Regardless of the macroscopic picture, all tumors have a characteristic image of the micropapillary
structure in light microscopy. IMPC can develop throughout the large intestine, although most lesions are located
in the colon and 50 percent of them in the ascending
colon[20,19,32,42]. In the remaining substantial proportion
of cases, the rectum is affected[20,29]. The micropapillary
component involves a wide range of 5%-95% of tumor
volume and is usually situated in its invasion front[10,19,32].
Moreover, Verdú et al[10] described the coexistence of
early sigmoid cancer with IMPC in a pedunculated polyp
obtained during colonoscopy, in which the component
constituted the major tumor morphological exponent.
Kondo et al[15] noted a slight focus of IMPC growing in
a tubulovillous adenoma. Lino-Silva et al[29] observed a
single case of pure rectal IMPC, with the micropapillary
structure involving > 95% of the whole lesion[29]. IMPC
accompanies neoplastic lesions with clearly defined edges
and various differentiation grades. In most cases, IMPC
coexisted with moderately differentiated tumors (G2),
WJG|www.wjgnet.com
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A

B

C

D

E

F

Figure 2 Immunohistochemical characteristics of invasive micropapillary carcinoma structures. Positive immunoreaction of lymphatic endothelial cell performed by D2-40 (A) and lack of reaction in invasive micropapillary carcinoma (IMPC) structures (B). Immunohistochemical expression of E-catherin in membrane of
conventional adenocarcinoma (C) and in cytoplasm of IMPC (D). The cytoplasmic expression of Beta-catenin was observed more frequent in typical adenocarcinoma
(F) compare to IMPC (E). Magnification × 400.

prognosis as those in Stage Ⅲ and Ⅳ. The survival rates
among these patients after 1, 3, 5 and 10 years were 67%,
53%, 50% and 50%, respectively, as compared to the
groups without IMPC (81%, 75%, 73%, 70%, respectively)[44]. Five-year survival rate was also much lower
in patients with IMPC than in those with microsatellite
instability-high carcinoma and microsatellite stable one[43].
The molecular profile of IMPC indicates that these patients have higher proportion of TP53 alternations, and
that microsatellite instability is much rarer[10]. Therefore, it
is assumed that like 85% of colorectal cancers, IMPC develops via classical chromosomal instability (CIN)[10]. This
confirms that IMPC shows considerable aggressiveness
and is associated with shorter survival. The colorectal
IMPC group profile is presented in Tables 2 and 3.
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INVASIVE MICROPAPILLARY
CARCINOMA OF THE STOMACH
Considering a very high incidence of gastric cancer,
tumors with IMPC account only for 0.07%-13.40% of
gastric cancer cases[31,45]. The IMPC morbidity peak is
observed at the age of 60-70, with the predominance of
males being affected. IMPC is most frequently located
in the lower-third, then in the middle and upper-third
of the stomach. The micropapillary structure coexists
with other histological types, including a considerable
percentage of papillary and tubular carcinomas[21,40]. A
higher percentage of IMPC are noted in tumors of the
intestinal type than diffuse type according to Lauren classification[40]. The analysis of mucin profile has shown that
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Table 2 Characteristics of individual cases of colorectal invasive micropapillary carcinoma
Sakamoto et al
2005

Parameter
Age/ Sex

Location
Colon
Rectum
Unspecified
Tumor size
< 5 cm
> 5 cm
Percentage of IMPC
Adenocarcinoma type
Nonmucinous
Mucinous
Grade of malignancy (G)
pT stage (T)
Lymphovascular invasion
(Yes/No)
Lymph node metastasis (N)
(Yes/No)
Distant metastasis (M)
(Yes/No)

[19]

, Kuroda et al
2007

[18]

, Kondo et al
2008

[15]

, Wen et al
2008

[16]

, Hisanori et al
2009

[13]

, Sonoo et al
2009

[12]

, Otsubo et al
2011

67/M
68/F
53/F

70/F

70/M

72/F

71/F

64/M

26/F

3
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

1
0
0

PD

1
0
40%

1
0
5%

1
0
PD

1
0
PD

1
0
80%

1
0
ND

2
1
G3-2
G4-1
T3-3
Yes-2
No-1
Yes-3

1
0
ND

1
0
G1

1
0
ND

1
0
ND

1
0
G2

1
0
G4

T3
Yes

T1
Yes

T3
ND

T1
Yes

T1
Yes

T3
Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

No

No

Yes

No

Yes

[30]

,

PD: Predominant; ND: No data; M: Male; F: Female.

Table 3 Characteristics of study group diagnosed with colorectal invasive micropapillary carcinoma
Kim et al

Parameter
No. of patients
Mean age, yr
Sex
Location
Colon
Rectum
Unspecified
Percentage of IMPC
Adenocarcinoma type
Nonmucinous
Mucinous
Grade of malignancy (G)
G1
G2
G3
G4
pT stage (T)
T1
T2
T3
T4
Lymphovascular invasion
(LV) (Yes/No)
Lymph node metastasis (N)
(Yes/No)
Distant metastasis (M)
(Yes/No)
Correlations

[20]

, 2006

Haupt et al

[32]

, 2007

Xu et al

[44]

, 2009

Verdú et al

[10]

, 2011

Lino-Silva et al

[42]

, 2012

55
64
F-15
M-40

34
66
F-15
M-19

30
57
F-13
M-17

60
65.8
F- 23
M-37

15
56
F-8
M-7

33
22
0
5%-80%

30
2
2
5%-60%

12
18
0
5%-75%

24
36
0
5%-30%

15
0
0
10%-80%

55
0

29
5

29
1

57
3

15
0

5
43
7
0

1
26
7
0

13
0
0
17

23
30
7
0

0
0
6
9

2
4
45
4
Yes-25
No-30
Yes-41
No-14
Yes-13
No-42
N, M, TNM stage

3
5
24
2
Yes-14
No-20
Yes-25
No-9
Yes-4
No-30
N

0
5
25
0
Yes-10
No-20
Yes-19
No-11
Yes- 1
No-29
G, N, TB

3
9
38
10
Yes-28
No- 32
Yes- 38
No-12
Yes-10
No-50
T, TNM stage, N,M, VI, PI

0
0
9
6
Yes-5
No-10
Yes-15
No-0
Yes-3
No-12
G, N, TNM stage

PD: Predominant; ND: No data; M: Male; F: Female; VI: Venous vessel invasion: PI: Perineural invasion.

subtypes[21]. The IMPC structure most frequently accompanies moderately (G3) and low-differentiated cancers

the highest percentage of IMPC patients show gastric
type (9/17) and null type (6/17) as compared to the other
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Table 4 Invasive micropapillary carcinoma of the stomach
Shimoda et al
2008

Parameter
No. of patients
Mean age, yr
Sex
Location
Upper-third
Middle
Lower-third
Tumor size
< 5 cm
> 5 cm
Percentage of IMPC
Adenocarcinoma type
Tubular
Papillary
Grade of malignacies (G)
G1
G2
G3
G4
pT stage (T)
T1
T2
T3
T4
Lympho-vascular invasion
(LV) (Yes/No)
Lymph node metastasis (N)
(Yes/No)
Distant metastasis (M)
(Yes/No)

[17]

[31]

, Roh et al
2010

,

Eom et al
2011

[40]

,

Ushiku et al
2011

[21]

, Fujita et al
2012

[22]

, Ninomiya et al
2013

[46]

, Ohtsuki et al
2013

1
74
M

11
66
F-3
M-8

72
70
F-18
M-54

17
67
F-3
M-14

14
62
F-4
M-10

1
69
M

4
69-79
F-2
M-2

0
1
0

1
2
8

8
20
44

6
6
5

3
7
4

1
0
0

2
1
0

1
0
PD

5
6
5%-70%

40
32
5%-80%

17
0
10%-90%

14
0
> 10%

1
0
PD

2
3
ND

Absent

Both
9/11

21
43

16
12

9
4

ND

2
2-mixed

0
0
1
0

ND
2/11
ND
ND

11
38
23
0

ND

6
7
1
0

ND

ND

0
0
1
0
Yes

3
4
2
2
Yes-10
No-1
Yes- 4
No-7
ND

20
52

2
8
5
2
Yes-17
No-0
Yes-14
No-3
ND

0
6
8
0
Yes11
No-3
Yes

0
0
1
0
Yes

No

No

0
1
2
4
Yes-1
No-3
Yes-3
No-1
ND

Yes
No

Yes-56
No-16
Yes-62
No-10
ND

Yes

[33]

,

PD: Predominant; ND: No data: M: Male; F: Female.

(G2)[22,40]. In a study by Fujita et al[22], 1/3 of the cases had
papillary adenocarcinoma well-differentiated with IMPC.
The content of micropapillae in the stomach ranges
between 5%-90% of tumor tissue, although pure IMPC
has never been found in this organ[21,31,40]. It has been
proven that the determination of the ratio of IMPC to
the remaining part of the tumor has no effect on the
clinicopathological parameters. However, even the smallest IMPC lesion found indicates tumor aggressiveness[40].
The occurrence of IMPC correlates with the degree of
invasion of lymphatic and blood vessels, and with the
number of metastases to lymph nodes. The invasion of
blood and lymphatic vessels has been found in 78%-91%
of cases[17,21,22,31,40]. Tumors in stage Ⅰ and Ⅱ IMPC patients showed higher percentage of vessel invasion than
those without the component[17]. In the majority of cases,
IMPC reaches the subserous layer (pT3) or infiltrates
by continuity other tissues and organs (pT4)[22,40]. The
proportion of lymph node involvement is very high[21,22].
Stage Ⅰ and Ⅱ patients with the IMPC component
showed a considerably higher percentage of metastases
to local lymph nodes as compared to the IMPC-free
groups[40]. Statistical significance of infiltration depth
and tumor size has been found in the prognostication of
lymph node involvement[40] (Table 4).
Not only is IMPC related to metastasizing but also to
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poor outcome of patients. IMPC patients have shorter
survival as compared to those without the micropapillary
component (59.3% vs 80.6%). Significantly shorter 1-, 3-,
5-year overall survival (83%, 55%, 30%) was also noted in
comparison with non-IMPC (87%, 70%, 67%). Among
stage Ⅰ and Ⅱ patients, the likelihood of overall and
disease-free 5-year survival was much lower than in the
non-IMPC cases[40]. The IMPC parameter as a potential
factor in the prognosis of survival of these patients has
also been evaluated[40]. As revealed by univariate analyses
performed by Fujita et al[22], the IMPC component, invasion grade, infiltration of lymphatic vessels and lymph
node involvement are the major factors determining survival. These parameters play an especially important role
in stage Ⅰ and Ⅱ patients, since they are associated with
much worse prognosis. On the other hand, according to
the multivariate analysis, IMPC is an independent prognostic factor of survival[22]. These observations, however,
have not been confirmed by other researchers[31,46].

INVASIVE MICROPAPILLARY
CARCINOMA OF OTHER LOCATIONS IN
GI TRACT
The micropapillary structure in the ampullopancreatobili-
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Table 5 Histopathological analysis of invasive micropapillary carcinoma in other sites of the gastrointestinal tract
Khayyata et al

Parameter
No. of patients
Mean age, yr
Sex
Location
Tumor size
< 5 cm
> 5 cm
Percentage of IMPC
pT stage (T)
T1
T2
T3
T4
Lymphovascular invasion
(Yes/No)
Lymph node metastasis (N)
(Yes/No)
Distant metastasis (M)
(Yes/No)

[25]

, 2005

Kitagawa et al

[26]

, 2007

Kondo et al

[23]

, 2009

Fujita et al

[24]

, 2010

16
69
F-6
M-10
Ampullo-pancreatobiliary region

1
67
M

1
75
F

1
53
M

Pancreatic head

Bile duct

Ampulla of Vater

14
ND
> 20%

1
0
PD

1
0
ND

1
0
PD

0
0
0
13
Yes-3
No-13
Yes-11
No-4
Yes-4
No-12

1
0
0
0
Yes

0
1
0
0
Yes

1
0
0
0
Yes

Yes

Yes

Yes

Yes

ND

Yes

PD: Predominant; ND: No data; M: Male; F: Female.

ary region of the pancreas was first described by Khayyata et al[25], who found this lesion in 4.1% of all cancers
in this location, with the majority of lesions observed in
the ampullary region (11%), and the remaining ones in
the pancreas (3%). The author classified primary IMPC
lesions as focal (20%-50% of the tumor), predominant
(51%-80%) or diffuse (> 80%). IMPC above 80% is
rare, being present in 3% of periampullary cases and in
1% of pancreatic cases[25]. Kitagawa et al[26] observed a
single case of pure IMPC in the pancreas without typical adenocarcinoma tissue. IMPC was also found in the
ampulla of Vater (1.3% of these cancers) and in bile
duct[23,24]. Kondo et al[23] suggested that the adhesion of
the mucous membrane invaded by adenocarcinoma with
IMPC to bile ducts may condition the occurrence of this
lesion type mainly in the region of the pancreatic head. It
cannot also be excluded that the location may be determined by the etiologic factors themselves, including the
properties of bile content, e.g., reflux[23]. Therefore, these
neoplastic lesions frequently lead to bile duct obstruction,
cholestasis and jaundice, and patients complain of general malaise[23-26].
Macroscopically, the lesions have diverse descriptions,
from whitish and greyish nodular tumor exhibiting soft
consistency in the pancreas to irregular lesions narrowing
the lumen of the bile duct[24-26]. In some cases, the micropapillary component was found to coexist with classical
types of adenocarcinoma[23,25]. The tumor size found was
0.02-3.2 cm[23-26]. In two documented cases, tumor infiltrated the submucous membrane (pT1). Kondo et al[23]
found a tumor that was limited to the muscular membrane (pT2) of the Oddi’s sphincter[24,26]. However, in 16
patients with IMPC in the pancreas, the cancer was classified as G3 according to the grading scheme of pancreatic
adenocarcinoma. In some patients, lymphatic and blood
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vessels were invaded by clusters of cancer cells, including
vascular microinvasion in the submucous membrane of
the duodenum or papilla in 3 patients (< 5% IMPC in
tumor)[25]. In the microscopic picture, the micropapillary
structures showed high similarity to those observed in
other organs. Contrary to other locations, in the presence
of pancreatic micropapillae there was a massive inflammatory infiltrate composed of neutrophilic granulocytes
that formed focal intraepithelial microabscesses, and
clusters of these cells in the stroma[23,25]. Moreover, in one
case, moderate infiltrate composed of eosinophils was
observed to surround the micropapillary structures[24].
In most cases, local lymph node involvement was
found[23,24,26]. The presence of the predominant part or
pure form of IMPC was noted in an early stage, which
may indicate metastasizing to numerous lymph nodes
and distant organs (liver, intestine, gallbladder) in these
cases[24,26]. Unfortunately, as this conclusion was based
on very few observations they have to be verified on a
larger group of patients. In the best-described group of
patients with pancreatic IMPC there were 11/15 (73%)
metastases to local lymph nodes as compared to the
conventional carcinoma group (55%). In 4 patients from
this group, distant metastases to the liver and lungs were
found. Most metastases, both local and distant had micropapillary structures[25] (Table 5).
All patients underwent surgical treatment. Only in the
case of pure pancreatic IMPC, pancreaticoduodenectomy
was accompanied by chemotherapy with gemcitabine[26].
Pharmacotherapy in that case proved to have similar effects to those observed in patients treated for typical pancreatic cancer[26]. The analysis of survival of patients with
pancreatic IMPC revealed a slightly shorter survival than
in ordinary ductal carcinoma of the pancreas. The mean
survival of patients with pancreatic IMPC was 8 mo and
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A

B

Figure 3 Immunohistochemical characteristics of invasive micropapillary carcinoma of colon. Positive reaction of CK20 (A) and CEA (B). Magnification ×
400.
Table 6 Immunohistochemical identification of the primary site of invasive micropapillary carcinoma
Protein/marker
CK20
CK7
TTF-1
SP-A
ER
PgR
CA 125
CA 19-9
CEA

1

Colon and rectum

Stomach

Pancreas

Breast

Bladder

Ovary

Lung

Salivary glands

+
+/ND
+

+
+/ND
ND
ND

+
ND
ND
ND
ND
ND
+
-

+
+/+/ND
ND

+
+
+
ND
ND

+
+/+/+
ND
ND

+
+
+
ND
ND
ND

+
ND
ND
ND
ND
ND

1

And other sites in gastrointestinal tract. ND: No data.

seems to be comparable to that observed in patients with
poorly differentiated carcinoma at the same site[25]. The
follow-up of patients lasted 12, 20, 17 and 42 mo for
bile duct, ampulla of Vater, pancreas and pure pancreatic
IMPC, respectively[23-25]. Only 21% of patients treated
surgically live without relapse, whereas the remaining
percentage of patients died due to advanced cancer or
multiorgan failure[26].

over, in one case colon IMPC showed positive expression of Cancer Antigen 125 (CA 125), which did not
exclude the presence of this structure in the ovary and
urinary bladder [18]. On the other hand, the CK20 (-)
CK7(+) variant was found to condition the primary site
in the stomach[17,22,31]. Additionally, positive reactions
of proteins with mucins (MUC-5, MUC-6) have been
observed in the stomach and colon[17,21,22,31]. However,
MUC-2 has been found to show positive reaction in
the colon IMPC, but not in gastric IMPC [21,22,31,34,42].
IMPC both in the large intestine and in the stomach is
characterized by a high proliferative index. IMPC cells
exhibit positive expression of Ki-67 and p53 in most
cases[20-22,31,44]. Also DNA mismatch repair protein such
as MutL homolog 1, MutS protein homolog 2 and MutS
homolog 6 have shown positive expression[16,20]. In pancreatic IMPC the profile contains CK20(-) CK7(+)[26].
Moreover, positive expression of carbohydrate antigen
19-9 (CA 19-9) and negative expression for CEA has
been found in this organ[26]. The proposed IMPC profile
is based on few reports and requires more detailed analysis on a larger study group.
IMPC differentiation in the digestive system requires
the knowledge of immunohistochemical profiles specific
to other locations. The CK20(-) CK7(+) thyroid transcription factor-1 (TTF-1) (+) surfactant apoprotein A
(SP-A)(+) profile indicates the location of IMPC in the
urinary bladder, and CK20(-) CK7(+) estrogen receptor
(ER) (+/-) progesteron receptor (PgR) (+/-) is present

PRIMARY SITE OF IMPC
The micropapillary structure does not belong to the location of any definite organ. Even though in most cases
IMPC can be observed in traditional histological types of
cancers, being characteristic of a respective location, and
may suggest its origin, the presence of pure IMPC in the
form of primary site or metastasis does not allow definite
lesion localization. Therefore, the primary distribution
of this type of cancer has to be confirmed by the whole
panel of immunohistochemical investigations.
In immunohistochemical analyses of micropapillae
in the digestive system, protein expression was similar
to that of conventional adenocarcinoma. Cytokeratin
20 (CK20) (+) CK7 (-) was suggested to be an adequate
marker profile for IMPC of the colon[11,16,18-20,29] (Figure
3). Research also proved a considerable proportion of
positive expression of intestinal differentiation marker
(CDX2) and carcinoembryonic antigen (CEA) in IMPC
as compared to conventional carcinoma[16,18,20,42]. More-
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in the breast and ovaries. IMPC located in the salivary
glands expresses CK20(-) CK7(+)[16,47]. The immunohistochemical characteristics of IMPC structures with
respect to location has been presented in Table 6.
The determination of the primary site of IMPC, due
to high metastasizing capacity and advanced clinical status of most cases facilitates proper therapy.

9

10

11

CONCLUSION
In summary, an increasing number of reports confirming the morphological distinction of the micropapillary
structure as compared to other histological types indicate
an essential impact of this structure on the pathomorphological diagnosis. The morphological properties of
IMPC condition the lymphovascular invasion and metastases to regional lymph nodes. This has been confirmed
above all by the studies in which numerous metastases
were observed in early neoplastic lesions. IMPC can be a
prognostic factor for patients with cancers of the stomach, pancreas and with colorectal cancer since it is associated with disease-free and overall survival. Nowadays,
IMPC is a great diagnostic challenge, and due to its high
aggressiveness, the histology of cancer lesions in the digestive tract requires careful analysis.
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early detection of glucose dysregulation and prevention
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Core tip: A growing body of evidence suggests that

Helicobacter pylori (H. pylori ) infection is associated

with diabetes, and may cause insulin resistance and
chronic inflammation that contribute to the disease. H.
pylori -induced gastritis can also potentially affect the
secretion of gastric-related hormones and inflammatory cytokines. However, the relationship between H.
pylori infection and diabetes is still under debate and
further studies are warranted to define their association
in more detail, and to characterize the corresponding
mechanisms and mediators.

Abstract
Helicobacter pylori (H. pylori ) is one of the most com-

mon human bacterial pathogens, and infection causes
a wide array of gastric disorders, including simple gastritis, peptic ulcers and gastric malignancies. Gastrointestinal inflammation caused by H. pylori can influence
the absorption of glucose and lipids, which are also
abnormal in diabetes mellitus. Type 2 diabetes mellitus
(T2DM), formerly known as non-insulin-dependent diabetes mellitus or adult-onset diabetes, is a metabolic
disorder that is characterized by high levels of blood
glucose resulting from insulin resistance and relative
insulin deficiency. It is an emerging pandemic and is
rapidly becoming a serious threat to public health.
Emerging data now indicate a strong relationship between H. pylori infection and the incidence of T2DM.
The mechanisms underlying the pathogenesis of diabetes are complex, involving insulin resistance, chronic
inflammation, insulin secretion deficiency as a result
of pancreas β-cell dysfunction, glucotoxicity, and lipotoxicity. H. pylori infection is known to be involved in
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative, spiralshaped pathogenic bacterium that specifically colonizes
the gastric epithelium causing chronic gastritis, peptic
ulcer disease, and/or gastric malignancy[1,2]. H. pylori is
mainly acquired in childhood by the fecal-oral, oral-
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oral or gastro-oral route[3], and has been recognized as a
worldwide public health problem that is more prevalent
in developing countries. The infection induces an acute
polymorphonuclear infiltration in the gastric mucosa,
which is gradually replaced by an immunologically-mediated, chronic, predominantly mononuclear cellular infiltration[4]. The mononuclear infiltration is characterized
by the local production and systemic diffusion of pro-inflammatory cytokines[5] that can affect remote tissues and
organic systems[6]. As a result, an increased prevalence of
extra-digestive diseases has been reported in those with
evidence of H. pylori infection in recent years, including
ischemic heart disease[7], autoimmune thyroid diseases[8],
sideropenic anemia[9], idiopathic thrombocytopenic purpura[10], neurologic diseases[11-13], and hepatobiliary diseases[14-17]. Indeed, this bacterium produces a low-grade
inflammatory state, induces molecular mimicry mechanisms, and interferes with the absorbance of nutrients
and drugs, possibly influencing the occurrence and/or
evolution of many diseases[18].
Type 2 diabetes mellitus (T2DM) is an emerging
pandemic, responsible for an estimated 3.8 million adult
deaths worldwide[19]. The pathogenesis of T2DM is complex, with risk factors associated with lifestyle (e.g., diet,
obesity, physical activity), genetic background, and socioeconomic factors[20,21]. In T2DM, the pancreas can no
longer produce enough insulin to overcome the cellular
loss of sensitivity, resulting in the accumulation of sugar
in the bloodstream[22]. Identification of treatable causes
of this disease will aid in the development of strategies
to delay or prevent its onset or slow its progression. Recent evidence implicates the pathological involvement of
inflammation in T2DM, which is an important process
induced by H. pylori infection[23]. This review focuses on
the possible relationship between H. pylori and diabetes as
well as the potential mechanisms and mediators concerning this correlation.

tients with T2DM (OR = 1.76). The first demonstration
that H. pylori infection leads to an increased incidence of
diabetes was in a study by Jeon et al[35] using a prospective cohort of 782 Latino individuals > 60 years of age.
Participants, whose diabetic status was not known at the
initiation of the study, had serum assayed twice yearly for
a decade for antibodies to H. pylori, herpes simplex virus
1, varicella zoster virus, cytomegalovirus, and Toxoplasma
gondii. During the course of the study, 144 individuals
developed diabetes (presumably type 2), and individuals
who were initially seropositive for H. pylori were found to
be more than two times more likely to develop diabetes
than those who were seronegative, even after adjusting
for age, sex, education, and covariates such as smoking,
body mass index (BMI), blood pressure, and lipids. In
contrast, antibodies to the other infectious agents were
not associated with an increased risk for the development
of diabetes.
Levels of glycated hemoglobin (HbA1c), which result
from the non-enzymatic glycosylation of hemoglobin
and reflect the integrated blood glucose levels during the
preceding 3-4 mo, can be used to diagnose prediabetes
and diabetes and to predict diabetes prevalence and incidence[36-38]. A study performed by Chen and Blaser has
provided new insight into the association between the
seroprevalence of H. pylori infection and the mean levels
of HbA1c in two large national surveys: the National
Health and Nutrition Examination Survey (NHANES)
III and the NHANES 1999-2000[39]. Their report showed
that H. pylori seropositivity, and H. pylori cagA positivity in
particular, was associated with higher mean HbA1c levels,
an association that persisted after excluding individuals
with a history of diabetes mellitus and controlling for potential confounders. The association was evident mainly
in adults over 18 years of age. They also showed a synergistic effect of H. pylori and BMI on increased levels of
HbA1c, indicating a role of H. pylori in impaired glucose
tolerance in adults that may be potentiated by a higher
BMI level. Similar results were reported in a recent study
by Hsieh et al[40] showing long-term H. pylori infection
was significantly associated with high levels of HbA1c,
decreased insulin secretion, and a higher prevalence of
T2DM in Taiwanese patients. Taken together, these results suggest that proper screening of H. pylori infection
combined with regular monitoring of blood glucose and
HbA1c levels may be effective for early detection of glucose dysregulation and prevention of T2DM.
In contrast, other studies have found no association
between H. pylori infection and diabetes[27-29,41,42]. In a
large, well-designed study by Xia et al[42], the seroprevalence of H. pylori infection was not significantly different
in patients with diabetes mellitus compared to nondiabetic controls. In another study conducted in Nigeria,
Oluyemi et al[43] found no significant difference in H.
pylori prevalence between T2DM patients and controls,
which is consistent with the results from various other regions of the world, including Italy[44], China[28], Turkey[45]
and Romania[29]. The discrepancies reported concerning

EPIDEMIOLOGICAL SURVEYS LINKING H.
PYLORI WITH DIABETES
The link between H. pylori infection and diabetes remains
controversial, as some studies indicate a higher prevalence
of infection in diabetic patients[24-26], while others report
no difference[27-29]. The relationship between H. pylori and
diabetes mellitus was first explored in 1989 by Simon et
al[30] who found that the prevalence of H. pylori infection
in patients with diabetes mellitus was significantly higher
than in asymptomatic controls (62% vs 21%). However,
the test used for detecting H. pylori was only a rapid
urease test, and their comparison did not adjust for age,
which is a major confounding factor. Additional supportive data have come from groups in the Netherlands[31],
Italy[32], Turkey[26], and Africa[33]. Recently, a meta-analysis
conducted by Zhou et al[34] involved 14080 patients from
41 studies with a total H. pylori infection rate of 42.29%.
The odds ratio (OR) for H. pylori infection was increased
to 1.33 among patients with diabetes, especially in pa-
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several confounders[51]. However, Gillum et al[57] maintain
that there are no consistent associations between H. pylori
infection and diabetic prevalence or variables of the IR
syndrome in American men 40-74 years of age. Furthermore, Park et al[58] reported that metabolic and inflammatory parameters, including blood sugar, lipid profiles,
IR, white blood cell count, and C-reactive protein (CRP)
levels, were not changed after H. pylori eradication. It is
important to note that H. pylori infection was not determined in all studies by histologic detection of organisms
in mucosal biopsy specimens, which is considered the
diagnostic gold standard. Although the diagnostic utility
of serum H. pylori-specific IgG antibodies is well established[59], the inclusion of false-positive or false-negative
detections is unavoidable. As anti-H. pylori IgGs can be
detected even after eradication, it is difficult to determine
whether H. pylori merely initiates, or chronic active H.
pylori infection is required to promote, IR[60]. However,
serologic tests are widely available, noninvasive, and inexpensive, and thus suitable for screening and large epidemiologic studies. As IR can develop in the presence of
inflammation[61] or as a result of alterations in counterregulatory hormones that affect insulin[62], H. pylori may
thus promote IR by inducing chronic inflammation and
affecting insulin-regulating gastrointestinal hormones[53].

the association of H. pylori and diabetes are likely due to
inconsistencies in the methods used to define H. pylori
positivity and diabetic status, the limited sample sizes,
and adjustments for potential confounders such as age
and socioeconomic status[42]. In addition, the accuracy
of self-reported data on medical history depends on the
subjects’ knowledge and understanding of the relevant
information, their ability to recall, and their willingness to
report[46], which also may change over time.

PATHOGENETIC MECHANISMS IN H.
PYLORI AND DIABETES
Although there is no concrete evidence demonstrating
that H. pylori plays a role in diabetes, the possibility for
a causal relationship is an intriguing issue deserving discussion. There are several lines of evidence to implicate
increased susceptibility to infection in diabetic patients.
Firstly, a diabetes-induced impairment of cellular and
humoral immunity may enhance an individual’s sensitivity
to H. pylori infection[47]. Secondly, diabetes-induced reduction of gastrointestinal motility and acid secretion may
promote pathogen colonization and infection rate in the
gut[35]. Thirdly, altered glucose metabolism may produce
chemical changes in the gastric mucosa that promote H.
pylori colonization[48]. Finally, individuals with diabetes are
more frequently exposed to pathogens than their healthy
counterparts as they regularly attend hospital settings[49].
However, there are also indications that H. pylori infection
may contribute to the development of diabetes. Whereas
insulin insensitivity is an early phenomenon, pancreatic
β-cell function declines gradually over time before the
onset of clinical hyperglycemia, the result of many factors that can be influenced by infection, such as insulin
resistance (IR), glucotoxicity, lipotoxicity, β-cell dysfunction, chronic inflammation, and genetic and epigenetic
factors[23,50].

H. pylori and inflammation
It is commonly believed that the chronic inflammation induced by H. pylori infection is strongly linked to
the pathogenesis of T2DM, which is associated with a
general activation of the innate immune system, and a
chronic, cytokine-mediated state of low-grade inflammation. Many tissues are affected by pro-inflammatory cytokines, which cause recognizable features of T2DM[63].
Inflammation of the adipose tissue is considered a key
factor in the pathogenesis of IR, and β-cell autoinflammation mediated by interleukin (IL)-1β impairs insulin
secretion in T2DM. This inflammation is characterized
by an increased infiltration of bone marrow-derived
macrophages and increased expression of chemokines
and cytokines such as IL-1β[64], CRP and IL-6[65], as well
as tumor necrosis factor (TNF)[66-69]. These and other
macrophage-secreted factors exert paracrine effects that
result in the activation of serine kinases such as c-jun
N-terminal kinases (c-JNK) and the inhibitor of nuclear
factor kappa B kinase β, which phosphorylate insulin
receptor substrate proteins and create a state of IR in
adipose tissue[70].
Some epidemiological studies have suggested that
pathogen burden is a risk factor for the inflammation that
leads to IR[71,72]. Colonization of the gastric epithelium by
H. pylori brings about active chronic inflammation by infiltrating gastric submucosal neutrophils and monocytes,
which can lead to gastric mucosal damage and epithelial
remodeling[73]. The host immune response to H. pylori
infection is complex and involves upregulation of several
proinflammatory cytokines, such as CRP[74-76], IL-6, and
TNF-α[77], which are implicated in IR and the develop-

H. pylori and IR
A growing body of evidence has linked H. pylori infection
to IR[51-54], which is defined by a state where insulin can
no longer effectively induce glucose disposal in skeletal
muscle or suppress endogenous glucose production in the
liver[55]. Insulin resistance and abnormal insulin secretion
are central to the development of T2DM, and most studies support the view that IR precedes defects in insulin
secretion[56]. The first direct evidence for an association
between chronic H. pylori infection and IR came from
a study by Aydemir et al[53] showing higher homeostatic
model assessment-estimated insulin resistance (HOMAIR) scores in H. pylori-positive individuals. Furthermore,
a Japanese study in 2009 that included a large population
of 1107 asymptomatic subjects also showed that H. pylori
significantly and independently contributed to IR[52].
A recent systematic review of evidence for the association between H. pylori infection and quantitative
indexes of IR shows a trend toward a positive association between H. pylori infection and IR, independent of
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ment of diabetes[78]. Human CRP is primarily synthesized
by hepatocytes and regulated by inflammatory cytokines
(mostly TNF-α and IL-6), and levels of high-sensitive
CRP (hsCRP) have been the main focus of investigation
for diabetes risk. Of 11 prospective studies, seven reported a significant positive association between hsCRP levels
and diabetes risk[65,79-84], and four studies found no association[85-88]. However, it is not known whether hsCRP
itself directly influences IR or diabetes. IL-6 is produced
in a variety of tissues, including activated leukocytes, adipocytes, and endothelial cells[89,90]. Approximately 25% of
in vivo systemic IL-6 originates from subcutaneous adipose tissue[89] and is thought to modify adipocyte glucose
and lipid metabolism and body weight[91-93]. Pradhan et
al[65] state that elevated levels of IL-6 predict the development of T2DM and further support a possible role for
inflammation in diabetogenesis, an idea also supported
by Spranger et al[69]. Increased production of TNF-α in
adipose tissue may be a critical mechanism by which fat
cells induce peripheral IR[94], by the indirect increase in
free fatty acid oxidation, stimulation of insulin counterregulatory hormones or cytokines (e.g., IL-6 and CRP),
impairment of endothelial function, or direct inhibitory
effects on glucose transporter protein GLUT4, insulin
receptor substrates, or glucose-stimulated insulin release
by pancreatic β-cells[84]. Furthermore, H. pylori in the gut
microbiota leads to increased production of lipopolysaccharide, a constituent of the bacterial cell wall, which also
activates innate inflammatory processes[95]. Concentrations of circulating lipopolysaccharide are higher in obese
patients with T2DM than in non-diabetic, lean individuals
and correlate with the degree of IR[96].
Despite the evidence implicating a link between H.
pylori infection and inflammation that predisposes individuals to T2DM, there are some contradictory data. A
study by Jeon et al[35] failed to find any significant association between levels of inflammatory mediators (CRP
and IL-6) and H. pylori infection or T2DM. Studies by
Danesh et al[97] and Ridker et al[98] also found no significant
association. Therefore, more investigation is needed to
determine whether inflammation triggered by H. pylori
infection contributes to the development of T2DM.

thus could promote obesity and the development of
diabetes[100,111-114]. Ghrelin decreases energy expenditure
and promotes weight gain[115], whereas leptin, which is
expressed mainly by adipocytes, reduces food intake and
increases energy expenditure[116]. H. pylori infection has
been shown to impair ghrelin production[117,118] and enhance the production of leptin[119]. Low ghrelin levels are
associated with elevated fasting insulin concentrations,
IR, and T2DM[120]. Leptin has also been implicated in the
development of IR[121], and elevated levels correlate with
IR in lean men[122] and patients with T2DM[123]. Elevation
of leptin levels is likely deleterious to human islet function, as a clinical study revealed that improved pancreatic
β-cell function was independently associated with the
decreased leptin and increased adiponectin levels in obese
women after standardized weight reduction[124]. There is
evidence that in addition to mitigating the effects of insulin through phosphorylation of Ser-318 of insulin receptor substrate 1[125], high levels of leptin may also impair
glucose-stimulated insulin secretion and induce apoptosis
of β cells in human islets via activation of c-JNK[126].
However, a study by Brown et al[127] indicated that leptin
has a protective role on pancreatic β cell function, showing that leptin could prevent apoptosis of pancreatic β
cells through modulation of the Bcl protein family.
H. pylori and insulin secretion
Decreased insulin secretion is one of the major pathophysiological defects in T2DM. The progression from
normal glucose tolerance to prediabetes and T2DM is
characterized by continuing defects in β-cell function[128].
A study by So et al[129] found that H. pylori titer could independently predict abnormal pancreatic β-cell function in
Chinese men. Additionally, Rahman et al[130] also described
a positive association between H. pylori infection and impaired insulin secretion. The insulin-producing pancreatic
β-cells are especially susceptible to damage by inflammation and oxidative stress[131], therefore it is plausible that
inflammation caused by H. pylori infection results in deficits in insulin secretion. Furthermore, it was reported in a
study by Hsieh et al[40] that patients with H. pylori infection
were more likely to have had impaired insulin secretion at
a young age, which may increase the risk for T2DM.
Accumulating evidence indicates that cytokines play
important roles in β-cell failure, as chronic exposure to
IL-1β, TNF-α, and IFN-γ inhibits insulin secretion and
induces apoptosis of β cells[132,133]. In addition, H. pylori
vacuolating cytotoxin stimulates mitochondrial-dependent
apoptosis in diabetic patients through downregulation of
anti-apoptotic Bcl-2, upregulation of pro-apoptotic Bax,
and increased activation of caspase-9 and -3[134]. Despite
these studies, more studies are needed to elucidate the
role of H. pylori infection in insulin secretion and the incidence of T2DM.

H. pylori and hormones
H. pylori-induced gastritis can potentially affect the secretion of gastric-related hormones such as leptin and ghrelin[99,100], as well as gastrin and somatostatin[101], which may
influence a predisposition to diabetes. Gastrin increases
food-related and glucose-stimulated insulin release[102,103],
and somatostatin regulates pancreatic insulin secretion
and inhibits insulin release[104,105]. Patients with H. pylori
infections could therefore have altered insulin release, as
they have elevated basal and stimulated serum concentrations of gastrin and decreased somatostatin[101,106]. The
regulation of leptin and ghrelin, which are produced
in the stomach and are involved in energy homeostasis[107,108], affects obesity, insulin sensitivity, and glucose
homeostasis[109,110]. Increasing evidence indicates H. pylori
can influence the production of leptin and ghrelin, and
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There are limited and conflicting data regarding the effect
of H. pylori eradication on glucose metabolism and insu-
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lin sensitivity[58,135-137]. However, it may be beneficial for
patients at risk of diabetes to be checked for the presence
of H. pylori infection, as a report by Zojaji et al[136] showed
that H. pylori treatment can improve the mean HbA1c
and the metabolic abnormalities in patients with T2DM.
Additionally, Gen et al[137] demonstrated that successful
H. pylori eradication significantly decreased fasting insulin
and HOMA-IR levels. Other studies focused on the effects of eradication on H. pylori-stimulated inflammatory
cytokines. Some reports indicate that CRP levels are decreased after H. pylori eradication, suggesting a beneficial
effect on low-grade inflammation[33,137]. However, there are
also reports showing no effect of H. pylori eradication on
mean HOMA-IR and CRP levels[58] or HbA1c levels[135].
Recently, Vafaeimanesh et al[138] found that in patients with
T2DM, the mean decrease in HbA1c and fasting plasma
glucose levels in eradicated cases was similar to non-eradicated subjects three and six months after treatment.

showed no association between H. pylori seropositivity or
CagA antibody status and BMI[148,149], or even an inverse
relationship between morbid obesity and H. pylori seropositivity[150]. Nevertheless, there are data demonstrating
that H. pylori eradication significantly increases the incidence of obesity in patients with peptic ulcer disease, as
it increases BMI[151,152], and/or enhances the appetite of
asymptomatic patients by elevating plasma ghrelin[113] and
reducing leptin[153] levels.
Dyslipidemia
Disturbances in the production and clearance of plasma
lipoproteins are among the metabolic abnormalities that
commonly accompany diabetes. Moreover, dyslipidemia may foster the development of diabetes[154]. High
concentrations of plasma triglyceride and low-density
lipoprotein cholesterol (LDL-c), along with low concentration of high-density lipoprotein cholesterol (HDL-c),
are attributed mostly to IR and insulin deficiency[155,156]. H.
pylori infection may induce dyslipidemia, as it leads to elevated plasma levels of total cholesterol[157,158], LDL-c[158]
and triglyceride concentrations[159] and decreased levels
of HDL-c[160,161]. It was postulated that chronic H. pylori
infection may promote atherogenic lipid profiles through
the action of pro-inflammatory cytokines, such as IL-6,
interferon-α and TNF-α, which activate adipose tissue lipoprotein lipase, stimulate hepatic fatty acid synthesis and
influence lipolysis[158,162]. However, as not all studies found
significant changes in plasma levels of total cholesterol,
triglycerides, and LDL-c with H. pylori infection[163,164],
further studies are needed to verify this association.

H. PYLORI-ASSOCIATED FACTORS AND
DIABETES
Many additional factors are likely involved in the relationship between H. pylori infection and diabetes. For
example, lifestyle is a critical factor affecting both chronic
H. pylori infection and T2DM, as it has been shown that
older subjects with a low-risk lifestyle are less likely to
develop T2DM[139]. Gastroduodenal conditions resulting from H. pylori infection could delay gastric emptying,
which has been postulated to cause mismatch between
the onset of insulin action and the absorption of carbohydrates in insulin-dependent children with diabetes[140,141].
However, it has also been suggested that delayed gastric
emptying is a potential advantage, rather than a disadvantage, in relation to glycemic control in T2DM patients
not treated with insulin[142], and others maintain that H.
pylori infection does not affect the rate of gastric emptying in diabetic patients[143]. H. pylori infection has also
been implicated in platelet activation and aggregation, increases in pro-atherogenic factors such as homocysteine,
production of reactive oxygen species, and increases in
lipid peroxides[144].

Age
Although there have been indications that T2DM may
predispose an individual to H. pylori infection[35,47-49], this
seems unlikely, considering the age at which the disease is
typically acquired. A model of age-related pleiotropy, or
life-course perspective, with respect to H. pylori colonization has been proposed by Atherton et al[165]. The potential benefits of H. pylori occur predominantly earlier in
life, including reduced risks for asthma[166,167], tuberculosis
reactivation[168], childhood diarrhea[169], and gastroesophageal reflux disease[170-172]. However, among older individuals, H. pylori can promote adverse health effects, such as
peptic ulcer disease, gastric cancer, and perhaps increased
glucose intolerance.

Obesity
There is now solid evidence that obesity is the main
etiological cause of T2DM, with new, controlled, clinical trials showing that a weight loss of as little as 5% is
sufficient to prevent most obese subjects with impaired
glucose tolerance from developing the disease[145]. However, there is no clear evidence linking obesity and H.
pylori infection. According to some studies, obesity[146]
and/or a high BMI[112] may be associated with an increased incidence of H. pylori colonization, likely resulting from reduced gastric motility. A study by Cohen et
al[147] demonstrated that adults infected with H. pylori had
higher BMI levels, even if asymptomatic, and further
suggested that H. pylori therapy may lead to weight loss
and improve diabetic control. In contrast, other studies
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CONCLUSION
Since the discovery of H. pylori, a variety of epidemiological studies, therapeutic trials, and case reports have evaluated the direct or indirect involvement of this bacterium
in the pathogenesis of various extragastric disorders. Although no current data provide concrete evidence that H.
pylori plays a role in diabetes mellitus, the possibility cannot be ruled out. The evidence concerning an association
between H. pylori infection and IR, chronic inflammation,
the secretion of gastric-related hormones, and insulin
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Figure 1 Potential mechanisms for contribution of Helicobacter pylori
to type 2 diabetes mellitus. Insulin resistance and abnormal insulin secretion are central to the development of type 2 diabetes mellitus (T2DM). On the
one hand, Helicobacter pylori (H. pylori) infection brings about chronic lowgrade inflammation with upregulation of several cytokines such as C-reactive
protein (CRP), tumor necrosis factor (TNF) and interleukin (IL)-1β, which may
influence insulin action and pancreatic β cell secretion. On the other hand, H.
pylori-induced gastritis can potentially affect the secretion of gastric hormones,
including leptin, ghrelin, gastrin, and somatostatin, which could affect insulin
sensitivity and glucose homeostasis. In addition, other mechanisms and mediators may be involved in the possible causative relationship between H. pylori
infection and T2DM.

9

10

secretion deficiency implicate H. pylori in a predisposition
to diabetes (Figure 1). However, the pathophysiology of
T2DM is complex, and many other factors could contribute to this process after H. pylori infection, such as
lifestyle, changes in gastric emptying, dyslipidemia and so
on. Diabetes mellitus is a multifaceted and multistep disease that is unlikely to result from a single cause, though
risk factors that deserve attention include gastrointestinal
infections and the composition of intestinal microbiota.
Larger prospective studies investigating the impact of H.
pylori infection on diabetes and corresponding mediating
factors are warranted. Meanwhile, large interventional
studies are urgently needed to evaluate the long-term
benefit of H. pylori eradication for prevention and progression of diabetes. Evidence supporting an etiological
role of H. pylori in the development of T2DM would
indicate that preventive measures, such as increased hygiene and treatments using antibiotics and proton pump
inhibitor combinations, should be explored as targets of
intervention in high-risk communities.
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Role of pomegranate and citrus fruit juices in colon cancer
prevention
Saravana Kumar Jaganathan, Muthu Vignesh Vellayappan, Gayathri Narasimhan, Eko Supriyanto
over, there is a scarcity of studies involving human trials to estimate the preventive nature of these juices
against colon cancer. This review will support the need
for more preclinical tests with these crude juices and
their constituents in different colorectal cancer cell lines
and also some epidemiological studies in order to have
a better understanding and promote pomegranate and
citrus juices as crusaders against colon cancer.
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Core tip: Recent studies prove that though chemotherapeutic agents are being used for the treatment
of colon cancer, they become non-effective when the
cancer progresses to an invasive stage. This problem
can be minimized by the regular intake of fruit juices.
The unique biochemical composition of fruit juices is
responsible for their chemo-preventive properties. In
this review, the chemo-preventive effects of fruit juices
such as pomegranate and citrus juices against colon
cancer are discussed.

Abstract
Colorectal cancer is the second leading cause of cancer-related deaths in the United States. Recent studies
prove that though chemotherapeutic agents are being
used for the treatment of colon cancer, they become
non-effective when the cancer progresses to an invasive stage. Since consumption of certain dietary agents
has been linked with various cancers, fruit juices have
been investigated for their consistently protective effect
against colon cancer. The unique biochemical composition of fruit juices is responsible for their anticancer
properties. In this review, the chemo-preventive effect
of fruit juices such as pomegranate and citrus juices
against colon cancer are discussed. For this purpose,
the bioavailability, in vitro and in vivo effects of these
fruit juices on colorectal cancer are highlighted. More-
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INTRODUCTION
Colorectal cancer is the third leading cause of cancerrelated deaths in the United States when men and women
are considered separately, and the second leading cause
when both sexes are combined. It is expected to cause
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about 51690 deaths during 2012[1]. The American Cancer Society’s most recent estimates for the number of
colorectal cancer cases in the United States for 2012 are:
103170 new cases of colon cancer and 40290 new cases
of rectal cancer. Duke’s classification helps to identify the
severity of the disease in different stages of colon cancer.
Such a classification enables us to understand the degree
of disease progression and the best treatment that is possible. Even after spending decades of years in studies related to treatment and cure for colon cancer, conventional cancer treatments offer little promise to patients. The
main drawback lies in the fact that even after various cancer treatments, the disease is found to recur and this time
will exacerbate the previous symptoms. A conventional
treatment does not aspire to treat the root cause but only
its symptoms. The use of chemotherapeutic agents and
radiation exhausts the anti-oxidants available and induces
oxidative stress, which increases with disease progression.
Hence, it is high time to look at alternative yet completely
curative measures for treating colon cancers.
In this scenario, various epidemiological studies have
shown that a diet which is rich in fiber can minimize the
risk of developing colon cancer[2-4]. Similar studies also
proved that a phytochemical-rich diet which is absorbed
by the body from fruit and vegetable sources can decrease the risk of developing colon cancer[5,6]. Further reports have shown the inhibition of colon carcinogenesis
by dietary supplements[7]. Moreover, other reports have
also shown that colon cancer is one of the most preventable forms of cancer and have depicted the importance
of dietary modification for preventing colon carcinogenesis[8]. Fruits, nuts, vegetables and grains contain major
non-nutrient components called polyphenols which have
chemo-preventive properties against colon cancer[9]. The
major mechanisms through which they exert this activity
are through the combination of properties such as antiproliferative, pro-apoptotic and antioxidant properties of
the polyphenolics[10].
Consumption of fruit juices by various ethnic groups
is prevalent and there is a good market-share between
real fruits and the fruit juices. Intake of fruits as juices
has gained wider acceptance among the young population because it is easier to consume, and also the intake
amount of juices can be increased significantly compared
to fruits itself. Further, the availability of 100% fruit
juices in the retail market and also the functional claims
of such juices further motivate people to consume fruit
juices. Since fruit juices contain polyphenolics which help
in reducing the growth of colon cancer, they can be consumed as dietary intake regularly to reduce the incidence
of colon cancer. Furthermore, there are no side-effects
as seen in the conventional treatments as the treatment is
aimed at the molecular level. Moreover, since fruit juices
alkalize the body and provide an abundance of enzymes,
vitamins, minerals, phytochemicals and other nutrients,
they prove to be a better alternative for preventing the
colon cancer. A review article summarizing the effect
of pomegranate on various cancers was recently pub-
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lished[11]. However, till now the effect of pomegranate
juice against colon cancer has not been reviewed extensively. Hence, we are discussing the effects of fruit juices
such as pomegranate and citrus against colon cancer in
this article. For this purpose, we summarize the effect of
these fruit juices on colon cancer cell lines and animal
models along with their bioavailability studies.

POMEGRANATE JUICE
The botanical name of pomegranate is Punica granatum.
The native source of this fruit is Iran and now it has
been cultivated in Asian areas such as the Caucasus and
the Himalayas in Northern India. The number of seeds
present in a pomegranate can vary from 200 to 1400, but
some believe that all pomegranates have an equal number
of seeds. The pomegranate juice is obtained by crushing
the seeds of the pomegranate. This pomegranate juice
contains different types of polyphenols such as gallo, ellagitannin and flavonoid classes.
Bioavailability and metabolism of pomegranate juice in
relation to colon cancer
As mentioned above, pomegranate juice is rich in polyphenol compounds such as gallo, ellagitannin and flavonoid classes. The commercially available pomegranate
juice which is obtained by hydrostatic pressing of whole
fruit contains cyanidin 3,5-diglucoside, pelargonidin-3,5diglucoside, flavonols such as kaempferol and quercetin,
flavones such as luteolin, anthocyanins such as cyanidin3-glucoside, delphinidin-3-glucoside, ellagitannins such as
the punicalagins and punicalins, which exist as β-anomers
and R- and acyclic hydroxylaldehyde[12]. A significant portion of the pomegranate juice contains the pomegranate
polyphenols called ellagitannins and they often coexist
with ellagic acid, the main product obtained through
hydrolysis of the class tannins. Besides ellagitannins,
pomegranate juice also contains variable amounts of the
polyphenol called egallic acid. This ellagic acid is obtained
by the metabolization of the ellagtanins by the intestinal
bacteria. Ellagic acid is found to be analogous to urolithins. The urolithins are reported to be systematically
bioavailable where they accumulate in organs such as colon, prostate and intestine.
The modulation of chemical carcinogenesis induced
by dietary carcinogens can be achieved using drugmetabolizing enzymes, through cytochrome P450 (CYP)
enzyme inhibition and/or by induction of phase-2 conjugating enzymes. It was found that ellagic acid prevents
cancer initiation and inhibits the CYP1 activation of
procarcinogens[13]. Moreover, the ellagic acid also induces
phase-2 enzymes like glutathione S-transferase. However,
the urolithins and ellagitannins were not tested regarding whether they have anti-carcinogenic activity through
inhibition of induction of phase II conjugating enzymes
and/or inhibition of CYP1. Thus, the above-mentioned
mechanisms are some of the potential mechanisms by
which pomegranate juice consumption might inhibit co-
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lon cancer formation.
The pomegranate (Punica granatum L.) is consumed in
various forms such as pomegranate juice, wine and jam.
Pomegranate juice exhibits some artheroscelerotic as
well as antioxidant properties due to its high content of
polyphenols such as ellagic acid, ellagitannins, and other
flavonoids (luteolin glycosides, quercetin, and kaempferol)[14]. Among these polyphenols, punicalagin is present
in a great amount and is responsible for greater than 50%
of the juice’s potential antioxidant activity.

pomegranate juice inhibits NFκB activation, AKT activity and expression of COX-2 in HT-29 cells[19].
Even though some studies have concluded that the
COX-2 expression in HT-29 cells depends on NFκB
activity, studies done by Jobin et al[20] in 1998 have demonstrated that NFκB inhibition by wortmannin decreased
the COX-2 expression only partially. Thus, this leads to
a conclusion that other signaling pathways may influence
the modulation of COX-2 expression in HT-29 cells in
collaboration with the NFκB activity. MAPK pathways
(SAPK, p38 and ERK1/2) are potential candidates for
this role. This is because MAPK was found to be mediating COX-2 expression in a large number of studies[21].
Besides, in vitro studies have shown that p28 and ERK
modulate the NFκB activity[22]. Moreover, other studies
also have shown that both MAPK and NFκB may mediate COX-2 expression, but the inter-relationship between
these protein signaling pathways is yet to be determined.
The application of pomegranate extracts 30 minutes before TPA treatment of mice resulted in JNK1/2 activity,
p38, ERK1/2 and COX-2 expression inhibition.
The availability of the flavonoids in various food
materials is a relatively unexplored field. On the other
hand, various studies show that they are poorly absorbed
in the upper gastrointestinal tract. The rate of absorption of this component in the small intestine ranges
from 0% to 60% of the ingested dose, which relies on
the food source[23]. Hence, the flavonoids reach the colon
in an unabsorbed form or they are secreted as absorbed
conjugates where ultimately they are secreted in the bile.
However, the inhibition of NFκB, AKT and COX-2
provides us with greater knowledge about the anticancer
mechanism actions of the pomegranate juice in colon
cancer. These works have also presented us with direction for future studies on the role of pomegranate juice
in prevention and treatment of colon cancer.
It was found that COX-2 expression, indicative of an
inflammatory signaling process leading to the initiation
and progression of colon cancer in HT-29 colon cancer
cells, was inhibited by the pomegranate juice. Moreover,
the whole juice was found to be more powerful in the
inhibition process (79% suppression) than its individual
components[24]. Larrosa et al[25] have shown the induction
of apoptosis of colon cancer cells by punicalagin and ellagic acid from pomegranate juice. The intrinsic pathway
of apoptosis occurred when mitochondrial cytochrome
c leakage in the cytosol was caused by punicalagin and
ellagic acid. A downregulation of the anti-apoptotic Bc1XL protein was achieved with 30 μmol/L ellagic acid and
100 μmol/L punicalagin. It was found that procapase 3
and caspase 9, which are members of the caspase family of proteases, were induced by punicalalgin and ellagic
acid. However, caspase 8, which is related to extrinsic
pathways (e.g., induced by cytokines) of apoptosis, was
not activated by ellagic acid and punicalalgin. Likewise,
the incubation of ellagic acid or punicalagin with anti-Fas
ZB4 antibody resulted in no inhibitory effect on apoptosis. Hence, this antibody was utilized for inhibition of

In vitro effect of pomegranate juice on colon cancer
Kasimsetty et al[15] investigated the action of ellagitannins
and urolithins against HT-29 human colon cancer cells. It
was found that urolithins A and C inhibited 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, dioxin)-induced CYP1mediated ethoxyresorufin-O-deethylase activity in vitro
with IC50 values ranging from 56.7 to 74.8 μmol/L. Both
of these compounds inhibited the HT-29 cell proliferation in a time- and dose-dependent manner by inducing
apoptosis. Hence, they concluded that drinking pomegranate juice in considerable amounts may hinder the
colon cancer progression.
Studies done by Seeram et al[16] on the effect of pomegranate juice and purified ellagitannins on colon cancer
have shown that they inhibit the induction and proliferation of colon cancer cell lines. It was also found that their
results are in accordance with the reported anti-proliferative activity of pomegranate polyphenols in breast and
prostate cancers[17]. Moreover, this recent study depicts
proliferation inhibition by treatment of HT-29 cancer
cells with a cyclooxygenase-2 (COX-2) specific inhibitor
and NS398. Other studies also show the correlation between increased cell proliferation and enhanced COX-2
expression. Hence, it is hypothesized that COX-2 expression modulation by pomegranate juice might be an important mechanism for the colon cancer anti-proliferative
activity of the pomegranate juice. The COX-2 expression
in HT-29 cells is found to be decreased by pre-treatment
with the pomegranate juice and punicalagin in a dose-dependent manner. Besides, it was proven that pomegranate
juice has better potential in decreasing the COX-2 expression. This is mainly because of the important interactions
with other bioactive polyphenols in pomegranate juice
such as flavonols and anthocyanins. Thus, this result has
led to a conclusion that when the individual polyphenols
are separated from the pomegranate juice it can decrease
the overall activity due to the requirement of other components. Signaling pathways such as mitogen-activated
protein kinase (MAPK) and phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT)/nuclear factor-kappa B
(NFκB) mediate COX-2 expression. The modulation of
NFκB activity is mediated by P13K via AKT. In the case
of mesangial cells, P13K activation resulted in increased
cell proliferation as well as COX-2 expression[18]. Hence,
this has illustrated the specific relationship between
COX-2 and P13K. In accordance with the above observations, other works have depicted that pretreatment with
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other experimental models[30].
The intake of pomegranate seed oil in the diet was
found to cease the multiplicity of colonic adenocarcinomas, but dose-dependent variation was not observed. The
tumor incidence was found to be coupled with enhanced
expression of peroxisome proliferator-activated receptor gamma protein in the normal non-tumor mucosa[7].
Hence, all these results depict the useful effects of pomegranate, which acts against the growth of colonic tumors
in mice.

CITRUS JUICES

Figure 1 Pomegranate and Citrus juices are depicted in this figure.

The botanical name of orange is Satsuma mandarin. It is
generally seedless with thin skin (Figure 1). The fruit is
grown in cool subtropical regions of Japan, Spain, and
central China, Korea, Russia, Turkey, southern South
Africa, South America, central California and northern
Florida. The pulp and juice of the citrus fruit contain flavonoids such as apigenin, naringenin, hesperidin, nobiletin and limonoids, and cryptoxanthin, a carotenoid. Also,
the peel of citrus fruits contains a phytochemical called
tangeritin. All these components act as chemo-preventive
agents. Bio-availability and metabolism of citrus juice and
its effect on colon cancer cells and animal models are discussed below.

interaction of ellagic acid or punnicalagin with the Fas
receptor. Thus, all this data supports the intrinsic mechanism of a pomegranate juice-induced apoptotic effect in
colon carcinogenesis.
A positive effect on COX-2 expression has been observed due to action of the PI3K/AKT/NFκB pathway.
Initially, the P13K activates the AKT. Later, this AKT will
phosphorylate and activate IĸB kinase, ultimately leading
to the activation of NFκB. It was found that P13K is associated with colon cancer. Here, phosphatase and tensin
homologue gene (PTEN) mutations occur where PTEN
inhibits P13K[26]. Moreover, an increased level of P13K
activity is observed in adenocarcinoma cell lines and
colon cancer cell lines[27]. Inhibition of P13K activity in
ovarian cancer cell lines as well as colon cancer lines leads
to inhibition of cell proliferation[28].

Bio-availability and metabolism of citrus juice in colon
cancer
Satsuma mandarin (Citrus unshiu Mar.) juice contains
β-cryptoxanthin, a carotenoid, and hesperidin, a flavonoid, which are potential chemo-protective compounds. A pulp (CHRP) containing high amounts of
β-cryptoxanthin and hesperidin made from Satsuma mandarin inhibited chemically induced colon carcinogenesis
in rats[31]. CHRP and citrus juices suppress the expression of pro-inflammatory cytokines and inflammatory
enzymes in colon. β-Cryptoxanthin with non-substituted
β-ionone cycles and pro-vitamin A possesses several
biological activities including scavenging of free radicals,
enhancement of gap junctions, immune-modulation, and
regulation of enzyme activity involved in carcinogenesis
and inhibition of tumorigenesis[32]. Hesperidin is found
in various vegetables and fruits, and it is shown to exhibit
antioxidant activity, anti-inflammatory effect and an inhibiting effect on prostaglandin biosynthesis. This flavonoid inhibits chemically induced carcinogenesis in several
organs[33].
In response to CHRP treatment in rats, GST and
quinone reductase (QR) levels are elevated by limonin in
the colon. CHRP and citrus juices also exhibit suppressing effects on hyper-cell proliferation activity induced by
carcinogens in the colon, thereby inhibiting carcinogenesis[34]. They also suppress mRNA expression of several
cytokines [tumour necrosis factor-alpha, interleukin (IL)1β, IL-6] and inflammatory enzymes [COX-2 and inducible nitric oxide synthase (iNOS)] and enhance mRNA
expression of Nrf2 in colon that received a carcinogen.

In vivo effect of pomegranate juice on colon cancer
For the purpose of analyzing the changes associated
with colon cancer, Boateng et al[29] conducted a study on
the effect of pomegranate juice on aberrant cryptic foci
(ACF). This study revealed that the pomegranate fruit
juice reduced the number of ACF of the colon by 91%
in male F-344 rats. The animals utilized in this study
were given 20% pomegranate juice before and after treatment of the rats with a specific colon carcinogen called
azoxymethane. Later, histopathology of the rat colon was
studied after the 17th week of treatment. It was found
that there was a significant decrease in the number of
large crypts in pomegranate juice-fed rats. Moreover, the
observed number of crypts/ACF was also few in these
animals. Compared to fruit juices such as cranberry and
water melon, the pomegranate juice showed better inhibition of ACF in rat colon. The pomegranate juice-fed
rats’ food intake and weight gain increase indicates the
possibility of the protective effect of the pomegranate
juice against cancer cachexia. This is because the activity
of hepatic glutathione S transferase (GST) was found to
be three times higher in the case of rats being fed with
pomegranate juice. GST is well known for the scavenging of free radicals that are produced from oxidative
stress. When this enzyme activity is induced, it supports
the mechanism of pomegranate anti-oxidative actions in
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in 1,2-dimethylhydarzine-treated Wistar rats were also
reduced by diets containing hesperitin (the aglycone of
hesperidin)[40]. A mixture of apigenin and epigallocatechin gallate suppressed colon neoplasia recurrence in
human subjects with resected colon cancers[41]. Isolated
limonin and naringin suppressed the high multiplicity
aberrant crypt foci (HMACF) because of lower levels of
proliferation and enhanced apoptosis. Lower levels of
iNOS and COX-2 in response to limonin in the diet, and
a lower level of iNOS in response to naringin in the diet,
suggest that changes in nitric oxide and/or prostaglandin
synthesis may be mediating the benefits derived from
these dietary interventions[42]. Kohno et al[43] found that
nobileten decreased prostaglandin E2 (PGE2) production in rats. This strengthens the hypothesis that citrus
flavonoids (hesperidin, nobiletin, apigenin, naringenin)
and limonoids (a limonin glucoside/obacunone glucoside
mixture) could act as chemo-preventive agents at the promotion stage of colon carcinogenesis.
Rats treated with naringenin showed a reduced proportion of proliferating colon cells and smaller expansion
of the proliferative zone. Hanske et al[44] recently demonstrated that apigenin-7-glucoside is metabolized to not
only the aglycone form of apigenin, but also to low levels
of naringenin (and other compounds) in in vivo studies.
Therefore, apigenin, which is involved in reducing proliferation in vitro, possibly may not show the same in vivo
effect due to its metabolism within the intestinal tract.
Surface cell apoptosis of colon cells was enhanced in rats
provided with naringenin and apigenin. Since naringenin
and apigenin up-regulated apoptosis, they could inhibit
HMACF[45].
The pro-inflammatory enzymes, COX-2 and iNOS,
are expressed in high levels in human colorectal adenomas and adenocarcinomas. A positive correlation was
shown between COX-2 level and proliferative zone in
rats provided with naringenin; this was expected based on
the literature linking PGE2 and cell proliferation[46]. Naringenin and apigenin thus prove to be naturally occurring
chemo-preventive agents against colon carcinogenesis.

Nrf2 is a transcription factor and a key regulator of the
inducible expression of enzymes such as GST and QR.
GST and QR are involved in catalyzing the detoxification of reactive electrophiles and oxidants that contribute
to the formation of mutations leading to cancers. Nrf2
also regulates the cytoprotective transcriptional response
leading to prevention of damage to DNA, proteins and
lipids, as well as recognition, repair, and removal of macromolecular damage and tissue renewal following toxicity.
With cancer development in tissues there is an association
of chronic inflammation regulated and mediated by cytokines. Any imbalance in their levels of production results
in tumor invasion and metastasis. In addition, inflammatory bowel disease is an important risk factor for the
development of colorectal cancer (CRC). Inflammation
is also likely to be involved with other forms of sporadic
as well as heritable CRC. Thus, Nrf2 is one of the targets
for cancer chemoprevention in the colon, and the positive
effects of CHRP and citrus juices are attractive for reducing tumor formation when considering the relationship
between inflammation and cancer development[35].
In vitro studies based on the effect of citrus juice in
colon cancer cell lines
The anti-proliferative effects of naringenin have also
been demonstrated in HT-29 colon cancer cells[36]. Cell
culture experiments have reported anti-proliferative effects for hesperetin, the aglycone form of hesperidin,
nobiletin, apigenin, and a limonoid glucoside mixture[37].
Citrus flavonoids mainly interact with cyclooxygenase
and protein tyrosine kinases. Tangeritin, containing five
methoxy groups, is a more potent phytochemical than
flavonoids with free hydroxyl groups. Tangeritin is shown
to inhibit cancer cell growth by increasing the gap junctional intracellular communication. A study by Pan et al[38]
on human colon cancer cell lines was performed to determine the effects of flavonoids like tangeritin, nobiletin, quercetin, apigenin, luteolin and rutin on the growth
of colon cancer cells. Levels of cyclin, p53 protein levels,
the activities of some kinases and phosphorylation state
of Rb were measured. It was found that growth of colon
cancer cells was inhibited mainly by tangeritin, but luteolin and nobiletin also contributed to the inhibition. The
mechanism underlying the inhibition of growth of colon
cancer by tangeritin is the blockade of the cell cycle in
the G0/G1 phase, reduced levels of cyclins (A, D1 and
E) and the decreased phosphorylation of Rb. Production
of p53, p27 and p21 was increased further by tangeritin.
Thus, these results indicate that tangeritin inhibits growth
of colon cancer by increasing levels of cyclin-dependent
kinase inhibitors (p21, p27 and p53) and decreasing the
activity of some cdks.

CONCLUSION
The main purpose of our work is to consolidate the various chemo-preventive effects of two different types of
juices - pomegranate juice and citrus juice - on colon cancer. This review article mainly discusses the in vitro and in
vivo effect of these juice varieties on colon cancer, as well
as bioavailability and metabolism of these juices which is
relevant to colon cancer. Tables 1 and 2 summarize the in
vitro and in vivo effects of the above juices against colon
cancer.
The motive of our work is to address the need for
more preclinical tests to be carried out on different colon
cancer cell lines other than the commonly used type of
cell lines such as HT-29 and Caco-2. In addition to that,
in most of the work done on animal studies, normal rats
and mice were utilized as a subject instead of transgenic

In vivo studies related to effect of citrus juice on colon
cancer
Ornithine decarboxylase activity and ACF numbers were
reduced by apigenin, and it reduced tumor formation
in azoxymethane-induced CF-1 mice[39]. ACF numbers
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Table 1 In vitro summary of action against colon cancer by fruit juices and their components
Juice and its components

Cell line tested

Observation/result

Ref.

Whole/crude
pomegranate juice

HT-29 human colon cancer cells

[18,19]
[24]

Ellagitannins of
pomegranate juice
Punicalagin of
pomegranate juice

Caco-2 cells

Inhibition of NFκB activation, AKT activity and COX-2 expression
Inhibition of COX-2 expression leading to the prevention of initiation and
progression of colon cancer
Apoptosis of Caco-2 cells through the mitochondrial pathway

Urolithins A and C of
pomegranate juice

Naringenin of citrus juice
Limonoids of citrus juice
Flavonoids of citrus juice
Tangeritin

Luteolin
Nobiletin

HT-29 colon cancer cells

Down regulation of the anti-apoptotic Bc1-XL protein was achieved with
30 μmol/L ellagic acid and 100 μmol/L punicalagin
Induction of intrinsic pathway of apoptosis in colon cancer cells
HT-29 human colon cancer cells
Inhibition of 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced CYP1-mediated
ethoxyresorufin-O-deethylase activity
IC50 values range: 56.7-74.8 μmol/L
Induction of apoptosis in a time- and dose-dependent manner
HT-29 colon cancer cells
Inhibition of cell proliferation at doses greater than 0.71 mmol/L
demonstrated using colorimetric assay
Human colon cancer cell lines
Induction of apoptosis and cytotoxic effects in MCF-7 and SKOV-3 cells at
high concentrations
Cell cycle blockade in G0/G1 phase
Human colorectal carcinoma-COLO Reduced levels of cyclins (A, D1 and E)
205 cells
Decreased phosphorylation of Rb
Increased production of cyclin-dependent kinase inhibitors, p53, p21, p27
Inhibition of growth of colon cancer cells
Inhibition of growth of colon cancer cells

[16]
[25]

[15]

[36]
[37]

[38]

[39]

NFκB: Nuclear factor-kappa B; AKT: Protein kinase B; COX-2: Cyclooxygenase 2; CYP: Cytochrome P450; MCF: Human breast cancer cell line; SKOV-3:
Human colorectal cancer cell line.

Table 2 In vivo summary of action against colon cancer by fruit juices and their components
Juice and its components
Whole/crude pomegranate
juice

Apigenin of citrus juice
Mixture of apigenin and
epigallocathechin-gallate
Hesperitin of citrus juice
Nobiletin of citrus juice
Naringenin of citrus juice

Animal model used

Observation/result

Male F-344 rats

Ref.

Histopathological studies of azoxymethane-induced rat colon
Significant decrease in number of large cryptic foci
Increase in feed intake and weight gain
Protective effects against cancer cachexia
Three times higher activity of GST
Anti oxidative actions by scavenging free radicals
Mice
Inhibition of JNK1/2 activity, p38, ERK1/2 and COX-2 expression
Azoxymethane-induced CF-1 mice Reduced ODC activity and ACF numbers
Reduced tumor formation
Patients with colorectal neoplasia Suppressed colon neoplasia recurrence rates

[29]

DMH-treated male Wistar rats
Azoxymethane-treated male F344
rats
Azoxymethane-injected Sprague
Dawley rats

[40]
[43]

Reduced number of ACF at a dose of 20 mg/kg
Decreased PGE2 production in rats
Chemo-preventive agents at the promotion stage of colon carcinogenesis
Reduced levels of COX-2 and iNOS
Decrease in proliferation of colon cancer cells

[30]
[39]
[41]

[45,46]

GST: Glutathione S transferase; JNK: c-Jun N-terminal kinase; COX-2: Cyclooxygenase2; ODC: Ornithine decarboxylase; ACF: Aberrant crypt foci; PGE2:
Prostaglandin E2; iNOS: Inducible nitric oxide synthase; DMH: 1,2-dimethylhydrazine.

animals. Hence, the transgenic animals have to be utilized
for animal studies involving the efficacy determination
of citrus and pomegranate juices against colon cancer to
improve the reliability of the results. It would be appropriate for testing the efficacy of the above juices to use
the ApcMin/+ mouse (colon cancer model with a dominant
germ-line mutation at codon 850 of the homolog of
the human adenomatous polyposis coli gene) in order to
confirm their colon cancer prevention potential.
Besides that, our work is also aimed at throwing light
on the importance of carrying out more clinical trials in
human beings with the pomegranate and citrus juices.
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To assess whether these juices have preventive effects
against colon cancer, a study could be initiated with 25
healthy participants or 25 participants with increased risk
for colon cancer to assess its predictive efficiency. However, phase Ⅱ and phase Ⅲ clinical trials involving larger
groups of participants who are at high risk for colon
cancer may validate the effect of these fruit juices and
provide information whether these agents have protective
effects against the colon cancer biomarkers. However,
these research proposals demand large research grants
which makes the study a costly and impracticable thing.
Moreover, cancer prevention using dietary agents is still
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a promising field of oncology where scientists in both
basic and clinical sciences face great challenges.
In the current scenario, there are no human clinical
trials that have been done to study the effect of pomegranate and citrus juices on colon cancer. However,
some recent human clinical trials evaluated the effect
of pomegranate juice against prostate cancer. In one of
these trials, it was found that regular pomegranate juice
consumption by prostate cancer patients decreased the
disease progression by increasing prostate specific antigen doubling time from 15 to 54 mo. The researchers
demonstrated that post-treatment serum analysis showed
a decrease in cell proliferation and increase in cancer
cell death[47]. Hence, there is supporting evidence for the
chemo-preventive potential of fruit juices which may be
extended positively against colon cancer.
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induced inhibitory junction potentials (IJP) on the GF.
GF smooth muscles acquired from normal mice were
incubated with different concentrations of the NPRs
agonist C-type natriuretic peptide (CNP) for 24 h, after
which their nNOS expressions were detected by western
blotting.

Abstract

CONCLUSION: These findings suggested that upregulation of the NPs signaling pathway may be involved
in GF neuropathy caused by diabetes by decreasing
nNOS expression.

RESULTS: Eight weeks after injection, 43 diabetic mice
were obtained from mouse models injected with STZ.
Immunofluorescence indicated that the number of NOS
neurons was significantly decreased and that nNOS expression was significantly downregulated in the diabetic
GF. The results of physiological and electrophysiological assays showed that the EFS-induced relaxation that
mainly caused by NO was significantly reduced, while
the contraction was enhanced in the diabetic GF. EFSinduced IJP showed that L-NAME sensitive IJP in the
diabetic GF was significantly reduced compared with
control mice. However, both NPR-A and NPR-B were
detected on enteric neurons, and their expression levels
were upregulated in the diabetic GF. The nNOS expression level was downregulated dose-dependently in GF
smooth muscle tissues exposed to CNP.

AIM: To investigate the relationship between neuronal
nitric oxide synthase (nNOS) expression and the natriuretic peptide signaling pathway in the gastric fundus
of streptozotocin (STZ)-induced diabetic mice.

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

METHODS: Diabetic mice were induced by injection of
STZ solution. Immunofluorescence labeling of HuC/D,
nNOS and natriuretic peptide receptor-A, B, C (NPRs)
in the gastric fundus (GF) was used to observe nNOS
expression and whether NPRs exist on enteric neurons.
The expression levels of nNOS and NPRs in the diabetic
GF were examined by western blotting. An isometric
force transducer recorded the electric field stimulation
(EFS)-induced relaxation and contraction in the diabetic
GF. An intracellular recording method assessed EFS-
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Key words: Diabetic gastroparesis; Natriuretic peptides; Nitric oxide synthase; Enteric neuron
Core tip: The results demonstrated that the expressions
of neuronal nitric oxide synthase (nNOS) and numbers
NOS neurons were significantly downregulated while
natriuretic peptides (NPs) and the natriuretic peptide
receptor-A, B, C (NPRs) signaling pathway were upregulated. C-type natriuretic peptide, an NPRs agonist, inhib-
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peptide (MNP), and ventricular natriuretic peptide have
been discovered. These natriuretic peptides are distributed all over the body and exert a variety of biological
effects, such as natriuretic-diuretic, vasorelaxation, and
other functions designed to decrease blood pressure and
to control electrolyte homeostasis. Three types of singletransmembrane natriuretic peptide receptors (NPRs) for
natriuretic peptides (NPs) have been identified[11-13]: natriuretic peptide receptor A (NPR-A), NPR-B and NPR-C.
They are divided into two major categories. NPR-A and
NPR-B are membrane-bound guanylyl cyclase receptors that activate guanylyl cyclase, which catalyzes the
formation of cGMP from GTP[14-16]. NPR-C, primarily
controls NPs concentrations via receptor-mediated internalization and degradation, and has been reported in
many signaling pathways in the GI tract [17].
Nitric oxide (NO), identified as a biological signaling
molecule in the 1980s, is a major nor-adrenergic, norcholinergic (NANC) inhibitory neurotransmitter, which
mediates smooth muscle relaxation. It is synthesized
by NO synthase (NOS) and its three isoforms (eNOS,
nNOS and iNOS) are expressed in many tissues, including endothelium, vascular smooth muscle, specific
segments of the nephron and the heart[18,19]. It has been
reported that nNOS is expressed on inhibitory neurons
and plays an important role in regulation of NO production in the GI tract. NO binds to soluble GC and
increases cGMP levels. Many studies have reported the
relationships between NPs and NOS. CNP interacts
with the NPR-C receptor coupled via G proteins leading
to the activation Ca2+-calmodulin dependent endothelial
NOS (eNOS), and subsequent increasing in NO production would induce the reduction in cardiac myocyte contractility[20]. By contrast, it has been demonstrated that
BNP can increase iNOS and eNOS expression in the
rat myocardium and cultures of cardiomyocytes, respectively[21-22].
Our previous studies demonstrated that both NPR-A
and NPR-B were distributed in the rat gastric smooth
muscle layers and that CNP caused relaxation of the
gastric circular and longitudinal smooth muscle tissues in
stomachs of humans, rats and guinea pigs[23-25]. Recently,
we also reported that the NPs/NPRs signaling pathway
is upregulated in the gastric antrum and corpus smooth
muscle layers, which may be involved in diabetes-induced loss of gastric ICC via decreasing the production
of mSCF indirectly[26]. However, it is not clear whether
natriuretic peptides play a role in diabetes-induced neuropathy. In this study, we investigated whether the NOS
neurons are damaged and the relationships between
CNP/NPRs signaling pathways and nNOS expression in
the GF of STZ-induced diabetic mice.

ited nNOS expression in cultured gastric fundus tissue.
These findings suggested that upregulation of the NPs
signaling pathway may be involved in gastric fundus
neuropathy caused by diabetes, by decreasing nNOS
expression. The results are interesting and may represent a molecular mechanism of diabetic gastroparesis.
Lu HL, Huang X, Wu YS, Zhang CM, Meng XM, Liu DH, Kim
Y, Xu WX. Gastric nNOS reduction accompanied by natriuretic
peptides signaling pathway upregulation in diabetic mice. World
J Gastroenterol 2014; 20(16): 4626-4635 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i16/4626.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4626

INTRODUCTION
Diabetic gastroparesis is a representative diabetic dysmotility, and is associated with dysphagia, heartburn,
nausea, vomiting and delayed gastric emptying[1,2]. It occurs in up to 50% of patients with type 1 diabetes and
in 30% of patients with type 2 diabetes[3,4]. Gastroparesis
seriously affects patients’ quality of life and makes the
control of blood glucose more difficult. Although diabetic gastroparesis is a significant health problem, the
pathogenesis of this gastric dysfunction and its mechanisms are still not well understood. The gastric motility
dysfunction may be caused by several factors, such as
hyperglycemia, neuropathy, myopathy and depletion of
interstitial cells of Cajal (ICC)[5,6]. The enteric nervous
system (ENS), composed of excitatory and inhibitory
neurons, exists throughout the entire gastrointestinal
(GI) tract, which plays an important role in controlling
and coordinating the GI tract motility. The ENS has a
vital regulatory role in gastrointestinal motility; therefore, it has attracted more attention in recent years. It is
generally considered that enteric neuropathy is one of
the causative factors of diabetic gastroparesis. Numerous studies have shown that neurons expressing NOS
in myenteric plexus are damaged and the number of
nNOS immunoreactive positive neurons are significantly
reduced[7]; both mRNA and protein expression levels of
nNOS are downregulated and accompanied by attenuation of NO-induced relaxation in diabetic gastroparesis
mice[8,9]. To date, the mechanisms of diabetes-induced
enteric neuropathy remain unclear, and many investigators have reported that neuronal apoptosis, oxidative
stress, advanced glycation end product (AGEs), changes
of nerve growth factors and impaired brain-gut interactions may be involved[9]. However, whether the effects of
important intracellular signaling pathways participate in
diabetes-induced enteric neuropathy has not been widely
examined.
Atrial natriuretic peptide was isolated from the antrium by de Bold et al[10] in 1981. From then on, brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP),
dendroapsis natriuretic peptide, micrurus natriuretic

WJG|www.wjgnet.com

MATERIALS AND METHODS
STZ-induced diabetic mouse model
Male imprinting control region (ICR) mice (5-wk-old)
used for this study were purchased from the Experimen-
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tal Animal Center of Shanghai Jiaotong University School
of Medicine. One hundred mice were randomly divided
into two groups: the control group and the diabetic
model group. Mice in the diabetic model group were
fasted overnight and intraperitoneally injected with STZ
(Sigma-Aldrich, Saint Louis, MO, United States) solution.
STZ was prepared freshly in 0.1 mol/L ice-cold citrate
buffer (pH = 4.0) and used at a dose of 200 mg/kg body
weight. Mice in the control group were intraperitoneally
injected with the same volume of 0.1 mol/L citrate buffer. The animals had free access to food and water, and
were maintained under standard housing conditions (room
temperature 24-27 ℃; humidity 60%-65%) with a 12 h
light and dark cycle. After two months, blood glucose
and body weight of each mouse were measured. Blood
withdrawn from mouse tail vein after fasting for 8 h and
the blood glucose concentration was measured with Onetouch blood glucose monitoring system (Johnson and
Johnson Medical Company, New Brunswick, NJ, United
States). A mouse was declared diabetic when its blood
glucose concentration was above 16 mmol/L.

(Molecular Probes, Mississauga, Ontario, Canada) and
examined using a confocal microscope (TCS-SP2: Leica
Microsystems, Wetzlar, Germany).
We also used frozen tissue sections to verify whether
NPRs were expressed on the myenteric plexus. Small
GF tissues were collected after the mice were killed by
cervical dislocation. The samples were ﬁxed with 4%
paraformaldehyde overnight at 4 ℃ and sectioned at
5 μm thickness. The sections were then blocked with
10% goat serum in PBS for 1 h at room temperature.
The blocking solution was removed and primary antibody solution added (NPR-A, ab70848, 1:100; NPR-B,
ab14357, 1:200; HuC/D, A-21271, Abcam), before being
incubated overnight at 4 ℃. The sections were washed
three times in PBS (10 min per time), followed by 1 h
incubation in secondary antibody solution (DyLight
488 conjugated anti-mouse IgG and DyLight 549 conjugated anti-rabbit IgG, 1:400, CoWin Biotech, China).
The negative control group was created by incubating
sections without primary antibodies. Sections were then
washed in 0.1 mol/L PBS for 15 min three times before
being mounted on a slide glass. These slices were visualized and photographed under a fluorescence microscope
(Olympus Ⅸ71, Tokyo, Japan).

Tissue preparation
Whole stomachs were quickly excised from the mice and
placed in a Sylgard base dish with pre-oxygenated Krebs
solution (containing in 118.1 mmol/L NaCl, 4.7 mmol/
L KCl, 1.0 mmol/L KH2PO4, 1.0 mmol/L MgSO4, 25.0
mmol/L NaHCO3, 2.5 mmol/L CaCl2, and 11.1 mmol/
L glucose), which was equilibrated with 95% oxygen
and 5% CO2. The mesenteric fat was removed, and the
stomach was cut along the greater curvature and pinned
to the Sylgard base with the mucosa facing upward.
Mucosal and submucosal layers were carefully removed
under a dissecting microscope and the smooth muscle
layers in the GF were used for immunohistochemistry
and other experiments.

Isometric tension measurement
Fresh GF smooth muscle strips (approximately 2 mm ×
8 mm) were acquired by cutting along the circular axis
from the gastric smooth muscle tissue. After a silk thread
(USP 5/0) was attached to both ends of the muscle
strips, the strips were mounted along the circular axis in
10 mL organ baths containing warmed (37 ℃) and oxygenated (95%O2: 5%CO2) Krebs solution. An isometric
force transducer (RM6240C, Chengdu Instrument Factory, China) that was connected to an amplifier recorded
the isometric contraction measurements. The muscle
strips were incubated at the appropriate tension for 40
min before the experiment. To observe the excitatory
and inhibitory signals in the GF, electric field stimulation
(EFS) was applied. Muscle strips were subjected to EFS
at 1, 5, 10, 15, 20 and 25 Hz under a constant voltage
was 50 V. The pulse width was 0.5 ms, and the duration
of stimulation was 10 s. At every interval, 4 min were
allowed for recovery of spontaneous activity. After each
series of stimulations, the bath solution was exchanged.
At the conclusion of each experiment, 50 mmol/L KCl
was used to normalize the differences among the readings for each sample.

Immunohistochemistry
Smooth muscle tissues (10 mm × 10 mm) from the GF
were fixed with ice-cold paraformaldehyde (4% w/v) for
25 min. These tissues were then washed in 0.1 mol/L
phosphate buffered saline (PBS) overnight at 4 ℃. To
reduce non-specific antibody binding, they were preincubated in 5% bovine serum albumin (Sigma) for 1 h at
room temperature before incubation with the rabbit antinNOS antibody (1:1000; Cell Signaling Technology, Danvers, MA, United States) and mouse anti-HuC/HuD antibody (A-21271, Abcam, Burlingame, CA, United States).
To achieve greater penetration during labeling, incubation
solutions with the primary antibody were mixed with Triton-X 100 (0.5%; Sigma). Tissues were incubated in the
primary antibodies for 48 h at 4 ℃. Following washing in
0.1 mol/L PBS overnight at 4 ℃, tissues were incubated
with the corresponding secondary antibody (DyLight 488
conjugated anti-rabbit IgG and DyLight 549 conjugated
anti-mouse IgG, 1:400, CoWin Biotech, China) for 1 h at
25 ℃. Tissues were washed in 0.1M PBS for 4 h before
being mounted on a slide glass with an anti-fading agent

WJG|www.wjgnet.com

Intracellular microelectrode recording
Muscle strips (approximately 5 mm × 10 mm) dissected
from the GF were isolated and pinned onto the base of
a Sylgard-coated chamber, circular muscle side up, and
continuously perfused with warmed (37 ℃) and oxygenated Krebs solution. Strips were allowed to equilibrate
for approximately 2 h before the recording commenced.
Experiments were carried out in the presence of nicardipine (1 μmol/L) to minimize the movement of
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muscles. Glass microelectrodes filled with 3 mol/L KCl
(30-60 MΩ of resistance) were inserted into the cells.
Membrane potentials were recorded using a standard
electrometer (Duo 773, WPI Inc., Sarasota, FL, United
States). EFS was applied in this experiment under a constant voltage of 50 V. The pulse width was 0.5 ms, the
duration of stimulation was 20 ms and the slow inhibitory junction potentials (IJP) of circular smooth muscle
in normal and diabetic GF were recorded.

recommendations in the Guide for the Care and Use
of Laboratory Animals of the Science and Technology
Commission of PRC (STCC Publication No. 2, revised
1988). The Committee on the Ethics of Animal Experiments of Shanghai Jiaotong University School of
Medicine approved the protocol (permit number: Hu
686-2009).
Statistical analysis
The data were expressed as the mean ± SE. Analysis of
differences between multiple groups of data was performed with one-way ANOVA, followed by a post hoc
Bonferroni test. For comparison between two data sets,
a paired or unpaired Student’s t-test was used. Differences were considered to be significant at a P value less
than 0.05.

Tissue incubation
Smooth muscle tissues in the GF were obtained from
normal mice as mentioned above. They were washed
using sterile PBS three times for five minutes each. To
study the relationship between natriuretic peptides (NPs)
and nNOS expression in the GF, these tissues were exposed to DMEM containing 0.5% FCS and different
concentrations of CNP (10-8, 10-7, 10-6 mol/L) for 24 h.
These tissues were then cleaved into protein sample solutions and detected by western blotting.

RESULTS
Changes in blood glucose concentration and body
weight
Two months after injection of STZ, the majority mice
exhibited hyperglycemia. Plasma glucose concentrations
of 43 of the STZ-treated mice were above 16 mmol/L
and were thus defined as diabetic. Their mean blood
glucose concentration was 23.6 ± 1.9 mmol/L (n = 43),
which was significantly higher than the control group (5.9
± 0.6 mmol/L, n = 43, P < 0.01). Their average body
weight was 20.5 ± 0.6 mg, which was significantly lower
than the control group (31.7 ± 0.6 mg, n = 43, P < 0.01).

Western blotting analysis
Protein samples were extracted from the smooth muscle
tissues in the GF as recommended by the manufacturer
of RIPA buffer (Beyotime chemical Co., Jiangsu, China).
They were mixed with 2 × loading buffer and in a 100 ℃
water bath for 10 min before a protein assay (Bio-Rad,
Hercules, California, United States) was used to determine
the protein content. Equivalent amounts of protein (normally 40 μg per lane) and pre-stained markers were separated by 10% SDS-PAGE and electro transferred onto a
nitrocellulose membrane (Amersham Pharmacia Biotech,
Piscataway, NJ, United States). Membranes were then
blocked in Tris buffered saline-Tween 20 (TBS-T) with
5% (w/v) non-fat dry milk for 2 h at room temperature.
The membranes were incubated overnight at 4 ℃ with
rabbit anti-nNOS polyclonal antibody (1:1000; Cell Signaling Technology, Boston, MA, United States), rabbit antiNPR-A antibody (1:400; sc-25485, Santa Cruz Biotechnology, Dallas, Texas, United States), rabbit anti-NPR-B antibody (1:300; sc-25486, Santa Cruz Biotechnology, United
States), rabbit anti-NPR-C antibody (1:400; sc-25487,
Santa Cruz Biotechnology) or rabbit anti-GAPDH monoclonal antibody (1:1000; Cell Signaling Technology,). After
washing three times (five minutes each) with TBS-T, the
membranes were incubated with the alkaline phosphatase
(AP)-conjugated goat anti-rabbit IgG (1:1000; CoWin
Biotech, Beijing, China) for 1 h at room temperature. Following removal of the secondary antibody, membranes
were washed three times and BCIP/NBT Phosphatase
Substrate System (KPL Inc., Gaithersburg, MD, United
States) was used to detect the signals on the blots. The image from each western blotting was quantitatively analyzed
by using Quantity One software (Bio-Rad) and normalized by the GAPDH signal.

Distribution of NOS neurons and nNOS expression in
gastric fundus smooth muscle tissues
To determine whether diabetes-induced neuropathy had
occurred, myenteric neurons were observed in the control and STZ-induced diabetic mice. According to other
reports, specific anti-nNOS antibodies and anti-HuC/D
antibodies were used to detect NOS neurons and all
myenteric neurons in gastric fundus smooth muscle,
respectively[27-29]. Green fluorescence showed nNOS and
red fluorescence showed HuC/D. Fewer nNOS immunopositive cells were detected in the diabetic mice (Figure
1B) compared with the control mice (Figure 1A) and the
NOS neurons were significantly damaged in the STZinduced diabetic mice (Figure 1B), as observed from the
typical merged images (Figure 1).
The protein expression level of nNOS in gastric
fundus smooth muscle tissue was further analyzed by
western blotting. The results showed that the nNOS expression level in STZ-induced diabetes was 0.17 ± 0.03,
which was significantly lower than that of control mice
(0.33 ± 0.02, Figure 2, n = 7, P < 0.05).
Change of NOS neuron function in diabetic GF
To further confirm whether NOS neurons were damaged and to observe the functional changes in the GF
caused by diabetes, physiological and electrophysiological
methods were applied. EFS (50 V, 0.5 ms pulse width,

Ethics
This study was carried out in strict accordance with the
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Figure 1 Whole mount immunostaining of nitric oxide synthase and HuC/D in gastric fundus smooth muscle tissue. Neuronal nitric oxide synthase (nNOS)
staining is used to show NOS neurons, while HuC/D staining is used to label all enteric neurons in the control and diabetic mice (DM) groups. Bar = 50 μm.
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Figure 3 Electric field stimulation-induced relaxation and contraction in
gastric fundus smooth muscle of normal mice. A typical raw trace showing
that electric field stimulation EFS (15 Hz)-induced relaxation was completely
blocked by L-NAME (n = 5).

0.15
0.10
0.50

synthesized by NOS neurons.
Different frequencies of EFS (1, 5, 10, 15, 20, 25 Hz)
were applied in the GF, respectively (Figure 4A). In the
diabetic mice, the EFS-induced relaxation was almost
completely inhibited while the excitability contraction
amplitude was significantly enhanced compared with
control mice (0.18 ± 0.02 , 0.28 ± 0.04, 0.55 ± 0.03, 0.73
± 0.05, 0.86 ± 0.05 and 1.1 ± 0.07 g in diabetic mice,
and 0, 0.18 ± 0.04, 0.45 ± 0.03, 0.63 ± 0.03, 0.77 ± 0.03
and 0.83 ± 0.04 g in controls, respectively, Figure 4B, n
= 8, P < 0.05).
An intracellular recording technique was used to determine the EFS-induced IJP on gastric fundus smooth
muscle tissues (Figure 5A and B). The duration of the

0.00
Control

DM

Figure 2 Expression of nitric oxide synthase in gastric fundus smooth
muscles tissues. A: Representative bands of nitric oxide synthase (nNOS)
protein expression in control and diabetic mice (DM) groups; B: The nNOS
expression level in gastric fundus smooth muscle tissue was significantly decreased in the DM group (n = 7, aP < 0.05 vs control).

10 s duration, 15 Hz) induced a relaxation and following
contraction of gastric fundus smooth muscle strips in
normal mice. However, the EFS-induced relaxation disappeared in the presence of 200 μmol/L L-NAME, an
NOS inhibitor (Figure 3, n = 5). The results showed that
EFS-induced relaxation in the GF was caused by NO
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Figure 4 Electric field stimulation-induced contraction of gastric fundus
smooth muscle was recorded in control and diabetic mice. A: Typical raw
traces of fundus smooth contractions induced by electric field stimulation (EFS)
at different frequencies in control and diabetic groups; B: The amplitude of contraction from two groups and the smooth muscle contraction was more sensitive
to EFS in the diabetic mice (DM) group (n = 8, aP < 0.05 vs control).

Figure 5 Slow inhibitory junction potentials of gastric fundus smooth
muscle were recorded in normal and diabetic mice. A: Representative raw
traces of slow inhibitory junction potentials (sIJP) elicited by electric field stimulation in control and diabetic mice (DM) groups; B: Summarized data showing
that the NO-mediated duration of sIJP was significantly decreased in the DM
group (n = 9, aP < 0.05 vs control).

L-NAME sensitive, NO-mediated IJP in diabetes was 2.3
s ± 0.07, which was significantly reduced compared with
the control (3.4 s ± 0.08, Figure 5C, n = 9, P < 0.05).

and NPR-B were detected on myenteric neurons (red
fluorescence, Figure 7). To further investigate the relationship between upregulation of NPRs and nNOS expression, GF smooth muscles were exposed to different
concentrations of CNP, a NPRs agonist and the nNOS
expression levels were detected. The nNOS expression
levels were 0.49 ± 0.02 in the control and 0.47 ± 0.02,
0.35 ± 0.04, 0.28 ± 0.03 in the presence of 10-8, 10-7,
10-6 mol/L CNP, respectively. CNP significantly reduced
nNOS expression in cultured GF tissues in a concentration-dependent manner (Figure 8B, n = 7, P < 0.05).

Expressions of NPRs in gastric fundus smooth muscle
tissues
To examine whether there were significant changes in
NPRs expression in the diabetic GF, total homogenate
of GF tissues was used and analyze by western blotting.
Figure 6A shows that NPRs were detected in the GF.
The expression levels of NPR-A, NPR-B, NPR-C in
diabetic and control mice were 0.68 ± 0.03, 0.94 ± 0.03
and 0.43 ± 0.03, and 0.54 ± 0.03, 0.7 ± 0.02 and 0.20 ±
0.02, respectively. The expression levels of NPRs were
all upregulated in STZ-induced diabetic mice (Figure 6B,
n = 8, P < 0.05).

DISCUSSION
Gastroparesis is a syndrome characterized by delayed
gastric emptying in the absence of mechanical obstruction of stomach. It is a well-recognized chronic complication of long-standing diabetes and affects patients’
digestion and absorption functions seriously. Although
diabetic gastroparesis (DGP) is a significant health problem, the pathogenesis of gastric dysfunction is still not
well understood. The mutual cooperation and coordination between ENS, ICC, and smooth muscle play an

Effect of NPs on nNOS expression in cultured tissue
NPRs were overexpressed in diabetic GF smooth muscle;
therefore, the role of NPs in diabetes-induced neuropathy should be investigated. Firstly, we tried to evaluate
whether NPRs were expressed on myenteric neurons.
Cryosection staining results revealed that both NPR-A
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Figure 6 Natriuretic peptide receptors expression in gastric fundus smooth muscle tissues in control and diabetic mice. A: Representative bands of natriuretic peptide receptors (NPRs) protein expression in control and diabetic mice (DM) groups; B: Summarized data showing that the levels of NPRs expression in the
DM group were significantly decreased (n = 8, aP < 0.05 vs control).
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Figure 7 Natriuretic peptide receptors-A and B immunofluorescence staining in gastric fundus smooth muscle tissue of normal mice. Myenteric neurons
were labeled by an anti-HuD antibody and natriuretic peptide receptors (NPRs) were labeled by an anti-NPR-A, B antibody. Bar = 100 μm.

important role in maintaining normal gastrointestinal
motility. Several studies have reported that DGP may be
caused by many factors, such as the depletion of ICC,
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causes serious neuropathy, especially NOS neurons damage, resulting in reduced NO production, further inducing abnormal excitability contraction and reduced sIJP
duration time.
The NPs system is a local endocrine system in the
gastrointestinal tract. It plays an important role in regulation of motility, secretion and absorption. Our previous
studies showed that NPs can induce smooth muscle
relaxation and the NPs signaling pathway participates in
diabetes-induced ICC damage[23-26]. Many studies have reported the relationships between NPs and NOS[20-22]. In
this study, we tried to evaluate whether NPs are involved
in NOS neuron damage. Firstly, the protein expression
levels of NPRs in diabetic GF smooth muscle were detected by western blotting. The results showed that the
expression levels of three types of natriuretic peptide
receptor (NPR-A, B, C) in diabetes were much higher
than in control mice (Figure 6). Secondly, we observed
the distribution of NPRs on GF enteric nerve system in
frozen sections by immunohistochemistry. The results
showed that there were many NPR-A, B proteins expressed on myenteric neurons (Figure 7). To investigate
the relationship between upregulated NPRs and nNOS
expression, GF smooth muscles were incubated with
different concentrations of CNP and then the nNOS
expression level was detected. The results showed that
CNP decreased nNOS expression in a concentrationdependent manner (Figure 8). We can conclude that NPs
may be involved in diabetes-induced neuropathy via decreasing nNOS expression.
In summary, we found that the number of NOS
neurons was reduced and nNOS expression was downregulated, while the NPRs expressions were upregulated
in GF smooth muscle of STZ-induced diabetic mice.
Diabetes-induced NOS neuron damage resulted in poor
production of NO, which eventually caused abnormal
excitability contraction and damaged relaxation in diabetic GF. Diabetes-induced upregulation of the NPs signaling pathway may be involved in NOS neurons injury.
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Figure 8 Effects of C-type natriuretic peptide on the nitric oxide synthase
expression in gastric fundus smooth muscle tissues of normal mice.
A: Representative bands of nitric oxide synthase (nNOS) protein expression
in control and C-type natriuretic peptide (CNP) groups; B: Summarized data
shows that CNP significantly inhibited nNOS expression in a dose-dependent
manner in cultured gastric fundus smooth muscle tissue (n = 7, aP < 0.05 vs
control).

ter relaxation, which is extremely important for normal
gastric emptying[34-37]. The first part of this study was
focused on whether the NOS neurons were destroyed
in STZ-induced diabetic mice. Our results indicated that
the relative fluorescence intensity of nNOS was much
weaker in diabetic GF smooth muscle compared with
that of the control (Figure 1). The nNOS expression detected by western blotting revealed a consistent decrease
in the protein level (Figure 2). The results suggested that
the number of NOS neurons was significantly decreased
and further detection showed nNOS expression levels
to be significantly downregulated in diabetic mice compared with the control.
There is no spontaneous rhythmic contraction in the
GF, therefore, electric field stimulation (EFS) was used
to induce relaxation and contraction. Firstly, we tried to
study whether NO is involved in EFS-induced response
in GF smooth muscle tissues (Figure 3). Different frequencies of EFS were applied on the GF of diabetic and
control mice. The results showed that the EFS-induced
relaxation was significantly reduced while contraction
was enhanced in the diabetic GF (Figure 4). Junction
potentials (JPs) occur spontaneously and can be evoked
by EFS. Output from the enteric nervous system to the
gastric smooth muscle can be detected as neuromuscular
excitatory and inhibitory junction potentials (EJPs and
IJPs)[38]. The IJP has both rapid and slow components.
The rapid component of the IJP is mediated by P2Y1
receptors and is widely considered to be transmitted by
ATP[39,40]. The slow component of the IJP is nitrogen,
and can be blocked by NOS inhibitors[41]. In this experiment, IJPs were evoked by EFS on GF smooth muscles
and the slow component (NO component) duration was
significantly reduced in diabetic mice compared with the
control (Figure 5). This result might imply that diabetes
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Diabetic gastroparesis is a common complication of diabetic dysmotility. It is
generally considered that enteric neuropathy is one of the causes of diabetic
gastroparesis. Numerous studies have shown that neurons that synthesize the
nitric oxide synthase (NOS) in the myenteric plexus were damaged and the
number of nNOS immunoreactive neurons were significantly reduced; however,
the mechanism of diabetes-induced enteric neuropathy remain unclear.

Research frontiers

The natriuretic peptides (NPs) system is a local endocrine system in the gastrointestinal tract. It plays an important role in regulation of motility, secretion and
absorption. Previous studies have reported that NPs can induce smooth muscle
relaxation and the NPs signaling pathway participates in diabetes-induced
interstitial cells of Cajal damage. In this study, the authors demonstrated that
upregulation of the NPs signaling pathway might be involved in gastric fundus
neuropathy caused by diabetes via decreasing nNOS expression.

Innovations and breakthroughs

Recent reports have highlighted the importance of damage to NOS neurons
accompanied by upregulation of NPs/NPRs/cGMP signaling pathway in the
diabetic gastric fundus. C-type natriuretic peptide (CNP), a NPRs agonist, inhib-
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ited nNOS expression in cultured gastric fundus tissue. This is the first study to
report the relationship between NPs/NPRs signaling pathway and NOS neuron
damage in STZ-induced diabetic gastric fundus tissues.

12

Applications

By understanding the mechanism by which NOS neurons are damaged in diabetic gastroparesis, this study may represent a future strategy for therapeutic
intervention in the treatment of patients with diabetic gastroparesis.

13

Terminology

The NPs are a family of three polypeptide hormones termed atrial natriuretic
peptide, brain natriuretic peptide, and CNP. In gastrointestinal tract NPs are
involved in gastrointestinal motility, absorption and secretion.
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Peer review

The authors examined numbers of NOS neurons, and the expressions of nNOS
and natriuretic peptide receptor-A, B, C (NPRs) in diabetic gastric fundus. The
results demonstrated that the numbers of NOS neurons and the expression of
nNOS were significantly downregulated while the NPs/NPRs signaling pathway
was upregulated. CNP, a NPRs agonist, inhibited nNOS expression in cultured
gastric fundus tissue. The results are interesting and may represent a molecular
mechanism of diabetic gastroparesis.

15

16
17

REFERENCES
1

2

3
4

5
6
7

8

9
10

11

Bytzer P, Talley NJ, Leemon M, Young LJ, Jones MP, Horowitz M. Prevalence of gastrointestinal symptoms associated
with diabetes mellitus: a population-based survey of 15,000
adults. Arch Intern Med 2001; 161: 1989-1996 [PMID: 11525701
DOI: 10.1001/archinte.161.16.1989]
Samsom M, Vermeijden JR, Smout AJ, Van Doorn E, Roelofs
J, Van Dam PS, Martens EP, Eelkman-Rooda SJ, Van BergeHenegouwen GP. Prevalence of delayed gastric emptying in
diabetic patients and relationship to dyspeptic symptoms:
a prospective study in unselected diabetic patients. Diabetes
Care 2003; 26: 3116-3122 [PMID: 14578248 DOI: 10.2337/diacare.26.11.3116]
Camilleri M. Advances in diabetic gastroparesis. Rev Gastroenterol Disord 2002; 2: 47-56 [PMID: 12122960]
Koch KL. Diabetic gastropathy: gastric neuromuscular dysfunction in diabetes mellitus: a review of symptoms, pathophysiology, and treatment. Dig Dis Sci 1999; 44: 1061-1075
[PMID: 10389675 DOI: 10.1023/A:1026647417465]
Horowitz M, Wishart JM, Jones KL, Hebbard GS. Gastric
emptying in diabetes: an overview. Diabet Med 1996; 13:
S16-S22 [PMID: 8894465]
Camilleri M. The stomach in diabetes: from villain to ally.
Clin Gastroenterol Hepatol 2009; 7: 285-287 [PMID: 19049906
DOI: 10.1016/j.cgh.2008.10.031]
Wang XY, Huizinga JD, Diamond J, Liu LW. Loss of intramuscular and submuscular interstitial cells of Cajal and
associated enteric nerves is related to decreased gastric emptying in streptozotocin-induced diabetes. Neurogastroenterol
Motil 2009; 21: 1095-1e92 [PMID: 19566589 DOI: 10.1111/
j.1365-2982.2009.01336.x]
Watkins CC, Sawa A, Jaffrey S, Blackshaw S, Barrow RK,
Snyder SH, Ferris CD. Insulin restores neuronal nitric oxide
synthase expression and function that is lost in diabetic gastropathy. J Clin Invest 2000; 106: 373-384 [PMID: 10930440
DOI: 10.1172/JCI8273]
Chandrasekharan B, Srinivasan S. Diabetes and the enteric
nervous system. Neurogastroenterol Motil 2007; 19: 951-960
[PMID: 17971027]
de Bold AJ, Borenstein HB, Veress AT, Sonnenberg H. A
rapid and potent natriuretic response to intravenous injection of atrial myocardial extract in rats. Reprinted from Life
Sci. 28: 89-94, 1981. J Am Soc Nephrol 2001; 12: 403-409; discussion 403-408; 408-409 [PMID: 11158233]
Maack T, Suzuki M, Almeida FA, Nussenzveig D, Scarborough RM, McEnroe GA, Lewicki JA. Physiological role of
silent receptors of atrial natriuretic factor. Science 1987; 238:
675-678 [PMID: 2823385 DOI: 10.1126/science.2823385]

WJG|www.wjgnet.com

18

19

20

21

22

23

24

25

26

27

4634

Schulz S, Singh S, Bellet RA, Singh G, Tubb DJ, Chin H,
Garbers DL. The primary structure of a plasma membrane
guanylate cyclase demonstrates diversity within this new receptor family. Cell 1989; 58: 1155-1162 [PMID: 2570641 DOI:
10.1016/0092-8674(89)90513-8]
Chang MS, Lowe DG, Lewis M, Hellmiss R, Chen E, Goeddel DV. Differential activation by atrial and brain natriuretic
peptides of two different receptor guanylate cyclases. Nature
1989; 341: 68-72 [PMID: 2570358 DOI: 10.1038/341068a0]
Chinkers M, Garbers DL, Chang MS, Lowe DG, Chin HM,
Goeddel DV, Schulz S. A membrane form of guanylate cyclase is an atrial natriuretic peptide receptor. Nature 1989;
338: 78-83 [PMID: 2563900 DOI: 10.1038/338078a0]
Koller KJ, Lowe DG, Bennett GL, Minamino N, Kangawa K,
Matsuo H, Goeddel DV. Selective activation of the B natriuretic peptide receptor by C-type natriuretic peptide (CNP).
Science 1991; 252: 120-123 [PMID: 1672777]
Rose RA, Giles WR. Natriuretic peptide C receptor signalling in the heart and vasculature. J Physiol 2008; 586: 353-366
[PMID: 18006579 DOI: 10.1113/jphysiol.2007.144253]
Piech A, Dessy C, Havaux X, Feron O, Balligand JL. Differential regulation of nitric oxide synthases and their allosteric
regulators in heart and vessels of hypertensive rats. Cardiovasc Res 2003; 57: 456-467 [PMID: 12566118 DOI: 10.1016/
S0008-6363(02)00676-4]
Cheng PY, Chen JJ, Yen MH. The expression of heme oxygenase-1 and inducible nitric oxide synthase in aorta during the
development of hypertension in spontaneously hypertensive
rats. Am J Hypertens 2004; 17: 1127-1134 [PMID: 15607619]
Costa MA, Elesgaray R, Caniffi C, Fellet A, Arranz C. Role of
cardiovascular nitric oxide system in C-type natriuretic peptide effects. Biochem Biophys Res Commun 2007; 359: 180-186
[PMID: 17532295]
Wang T, Yan M, Li J, Zheng X. The role of iNOS-derived NO
in the antihypertrophic actions of B-type natriuretic peptide
in neonatal rat cardiomyocytes. Mol Cell Biochem 2007; 302:
169-177 [PMID: 17487460 DOI: 10.1007/s11010-007-9438-1]
Ren B, Shen Y, Shao H, Qian J, Wu H, Jing H. Brain natriuretic peptide limits myocardial infarct size dependent of
nitric oxide synthase in rats. Clin Chim Acta 2007; 377: 83-87
[PMID: 17026975]
Guo HS, Jin Z, Jin ZY, Li ZH, Cui YF, Wang ZY, Xu WX.
Comparative study in the effect of C-type natriuretic peptide
on gastric motility in various animals. World J Gastroenterol
2003; 9: 547-552 [PMID: 12632516]
Guo HS, Cui X, Cui YG, Kim SZ, Cho KW, Li ZL, Xu WX.
Inhibitory effect of C-type natriuretic peptide on spontaneous contraction in gastric antral circular smooth muscle of
rat. Acta Pharmacol Sin 2003; 24: 1021-1026 [PMID: 14531946]
Guo HS, Cai ZX, Zheng HF, Li XL, Cui YF, Wang ZY, Xu
WX, Lee SJ, Kim YC. Role of calcium-activated potassium
currents in CNP-induced relaxation of gastric antral circular
smooth muscle in guinea pigs. World J Gastroenterol 2003; 9:
2054-2059 [PMID: 12970905]
Wu YS, Lu HL, Huang X, Liu DH, Meng XM, Guo X, Kim
YC, Xu WX. Diabetes-induced loss of gastric ICC accompanied by up-regulation of natriuretic peptide signaling pathways in STZ-induced diabetic mice. Peptides 2013; 40: 104-111
[PMID: 23352981]
Qiu ZX, Mei B, Wu YS, Huang X, Wang ZY, Han YF, Lu HL,
Kim YC, Xu WX. Atrial natriuretic peptide signal pathway
upregulated in stomach of streptozotocin-induced diabetic
mice. World J Gastroenterol 2010; 16: 48-55 [PMID: 20039448
DOI: 10.3748/wjg.v16.i1.48]
Li Z, Chalazonitis A, Huang YY, Mann JJ, Margolis KG,
Yang QM, Kim DO, Côté F, Mallet J, Gershon MD. Essential
roles of enteric neuronal serotonin in gastrointestinal motility and the development/survival of enteric dopaminergic
neurons. J Neurosci 2011; 31: 8998-9009 [PMID: 21677183
DOI: 10.1523/JNEUROSCI.6684-10.2011]

April 28, 2014|Volume 20|Issue 16|

Lu HL et al . NOS neuropathy and diabetic gastroparesis
28

29

30

31

32

33

34

35

Freytag C, Seeger J, Siegemund T, Grosche J, Grosche A,
Freeman DE, Schusser GF, Härtig W. Immunohistochemical characterization and quantitative analysis of neurons in
the myenteric plexus of the equine intestine. Brain Res 2008;
1244: 53-64 [PMID: 18930715]
Phillips RJ, Kieffer EJ, Powley TL. Loss of glia and neurons
in the myenteric plexus of the aged Fischer 344 rat. Anat Embryol (Berl) 2004; 209: 19-30 [PMID: 15480773 DOI: 10.1007/
s00429-004-0426-x]
Horváth VJ, Vittal H, Lörincz A, Chen H, Almeida-Porada G,
Redelman D, Ordög T. Reduced stem cell factor links smooth
myopathy and loss of interstitial cells of cajal in murine diabetic gastroparesis. Gastroenterology 2006; 130: 759-770 [PMID:
16530517]
Takahashi T. Pathophysiological significance of neuronal nitric oxide synthase in the gastrointestinal tract. J Gastroenterol
2003; 38: 421-430 [PMID: 12768383 DOI: 10.1007/s00535-0031094-y]
Takahashi T, Nakamura K, Itoh H, Sima AA, Owyang C.
Impaired expression of nitric oxide synthase in the gastric
myenteric plexus of spontaneously diabetic rats. Gastroenterology 1997; 113: 1535-1544 [PMID: 9352855]
Gangula PR, Mukhopadhyay S, Ravella K, Cai S, Channon
KM, Garfield RE, Pasricha PJ. Tetrahydrobiopterin (BH4),
a cofactor for nNOS, restores gastric emptying and nNOS
expression in female diabetic rats. Am J Physiol Gastrointest
Liver Physiol 2010; 298: G692-G699 [PMID: 20185690 DOI:
10.1152/ajpgi.00450.2009]
Abrahamsson H. Studies on the inhibitory nervous control
of gastric motility. Acta Physiol Scand Suppl 1973; 390: 1-38
[PMID: 4521069]

36
37

38

39

40

41

Desai KM, Sessa WC, Vane JR. Involvement of nitric oxide
in the reflex relaxation of the stomach to accommodate food
or fluid. Nature 1991; 351: 477-479 [PMID: 1675430 DOI:
10.1038/351477a0]
Plourde V, Quintero E, Suto G, Coimbra C, Taché Y. Delayed
gastric emptying induced by inhibitors of nitric oxide synthase
in rats. Eur J Pharmacol 1994; 256: 125-129 [PMID: 7519557]
Micci MA, Kahrig KM, Simmons RS, Sarna SK, EspejoNavarro MR, Pasricha PJ. Neural stem cell transplantation in
the stomach rescues gastric function in neuronal nitric oxide
synthase-deficient mice. Gastroenterology 2005; 129: 1817-1824
[PMID: 16344050]
Furness J, Moore G, Waud E. The identification of victims of
mass disasters, and also the identification of individual remains. A method of coding teeth. Br Dent J 1969; 127: 501-504
[PMID: 5261178]
Mutafova-Yambolieva VN, Hwang SJ, Hao X, Chen H, Zhu
MX, Wood JD, Ward SM, Sanders KM. Beta-nicotinamide
adenine dinucleotide is an inhibitory neurotransmitter in
visceral smooth muscle. Proc Natl Acad Sci USA 2007; 104:
16359-16364 [PMID: 17913880]
King BF, Townsend-Nicholson A. Involvement of P2Y1 and
P2Y11 purinoceptors in parasympathetic inhibition of colonic smooth muscle. J Pharmacol Exp Ther 2008; 324: 1055-1063
[PMID: 18048695 DOI: 10.1124/jpet.107.131169]
Watson MJ, Lang RJ, Bywater RA, Taylor GS. Characterization of the membrane conductance changes underlying the
apamin-resistant NANC inhibitory junction potential in
the guinea-pig proximal and distal colon. J Auton Nerv Syst
1996; 60: 31-42 [PMID: 8884693 DOI: 10.1016/0165-1838(96)0
0024-0]
P- Reviewer: Feng CG S- Editor: Zhai HH
L- Editor: Stewart GJ E- Editor: Liu XM

WJG|www.wjgnet.com

4635

April 28, 2014|Volume 20|Issue 16|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i16.4636

World J Gastroenterol 2014 April 28; 20(16): 4636-4647
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

ORIGINAL ARTICLE

Combined probiotic bacteria promotes intestinal epithelial
barrier function in interleukin-10-gene-deficient mice
Chen-Zhang Shi, Hong-Qi Chen, Yong Liang, Yang Xia, Yong-Zhi Yang, Jun Yang, Jun-Dong Zhang,
Shu-Hai Wang, Jing Liu, Huan-Long Qin
colon epithelial cell line, Caco-2, was used to test the
benefit of Bifico in vitro . Enteroinvasive Escherichia coli
(EIEC) and the probiotic mixture Bifico, or single probiotic strains, were applied to cultured Caco-2 monolayers. Barrier function was determined by measuring
transepithelial electrical resistance and tight junction
protein expression.
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RESULTS: Treatment of IL-10 KO mice with Bifico
partially restored body weight, colon length, and epithelial barrier integrity to wild-type levels. In addition,
IL-10 KO mice receiving Bifico treatment had reduced
mucosal secretion of tumor necrosis factor-α and
interferon-γ, and attenuated colonic disease. Moreover,
treatment of Caco-2 monolayers with Bifico or singlestrain probiotics in vitro inhibited EIEC invasion and
reduced the secretion of proinflammatory cytokines.
CONCLUSION: Bifico reduced colon inflammation in
IL-10 KO mice, and promoted and improved epithelialbarrier function, enhanced resistance to EIEC invasion,
and decreased proinflammatory cytokine secretion.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract

Core tip: We investigated the protective effects of combinations of probiotic bacteria (Bifico) on interleukin
(IL)-10 gene-deficient (IL-10 KO) mice and Caco-2 cell
monolayers. Treatment of IL-10 KO mice with Bifico
partially restored body weight, colon length, and epithelial barrier integrity to wild-type levels. Treatment of
Caco-2 monolayers with Bifico or single-strain probiotics
inhibited enteroinvasive Escherichia coli (EIEC) invasion
and reduced secretion of proinflammatory cytokines.
Oral administration of Bifico reduced colon inflamma-

AIM: To investigate the protective effects of combinations of probiotic (Bifico) on interleukin (IL )-10 -genedeficient (IL-10 KO) mice and Caco-2 cell monolayers.
METHODS: IL-10 KO mice were used to assess the
benefits of Bifico in vivo . IL-10 KO and control mice re8
ceived approximately 1.5 × 10 cfu/d of Bifico for 4 wk.
Colons were then removed and analyzed for epithelial
barrier function by Ussing Chamber, while an ELISA
was used to evaluate proinflammatory cytokines. The

WJG|www.wjgnet.com

4636

April 28, 2014|Volume 20|Issue 16|

Shi CZ et al . Probiotic protects intestinal-epithelial-barrier function

of diarrhea induced by intestinal flora disturbance or
enteritis. However, the use of Bifico as a primary therapy
for IBD has not yet been investigated. To address this issue, we treated interleukin (IL)-10-gene-deficient (IL-10
KO) with Bifico and monitored the presence of IBD,
which spontaneously develops in these mice. In addition,
Caco-2 cells were cultured in vitro with EIEC with or
without Bifico pretreatment to monitor EIEC invasion.
Bifico had a direct effect on epithelial barrier function
in vivo by reducing mucosal secretion of tumor necrosis
factor (TNF)-α and interferon (IFN)-γ, and altered the
expression and distribution of tight junction proteins.
Bifico exposure in vitro reduced bacterial invasion. Moreover, the effects of combined probiotics were more pronounced than single-strain probiotics.

tion, and directly promoted epithelial barrier function.
In addition, Bifico improved epithelial barrier function,
and enhanced resistance to EIEC invasion in vitro .
Shi CZ, Chen HQ, Liang Y, Xia Y, Yang YZ, Yang J, Zhang JD,
Wang SH, Liu J, Qin HL. Combined probiotic bacteria promotes
intestinal epithelial barrier function in interleukin-10-genedeficient mice. World J Gastroenterol 2014; 20(16): 4636-4647
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i16/4636.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i16.4636

INTRODUCTION
The human gut is colonized with a wide variety of microorganisms, including pathogenic, probiotic and commensal bacteria. Bifidobacterium, Lactobacillus and Enterococcus faecalis are probiotics with beneficial effects on maintenance
therapy of human intestinal diseases[1-3]. For example, oral
treatment with specific probiotic bacteria can ameliorate
inflammatory bowel disease (IBD). In addition, multiple
studies have demonstrated that colonization strategies using defined commensals or exogenous specific probiotic
treatment may prevent host intestinal inflammation and
ameliorate intestinal epithelial barrier function[3-9].
The intestinal barrier prevents microbial contamination of interstitial tissues. Tight junctions play an important role in modulating intestinal epithelial paracellular
permeability[10] and promoting defenses against harmful
molecules and microorganisms. Tight junctions are common targets of enteric pathogens, and their disruption
occurs with IBD and/or diarrhea[11]. For example, many
virulence genes of bacteria encode toxins and other
proteins that either directly disassemble tight junction
proteins[12,13] or modulate intracellular pathways that lead
to tight junction redistribution[14,15]. Enteroinvasive Escherichia coli (EIEC)[12,13], Salmonella typhimurium[16], Shigella
flexneri[17,18], and Campylobacter jejuni[14,15] all infect host cells
by targeting the paracellular pathway.
Past studies have demonstrated that IBD patients
have reduced bifidobacteria and lactobacilli in their gut
microbiota[19,20] suggesting these patients may benefit
from probiotic treatment. Indeed, recent clinical trials
have confirmed the therapeutic effects of probiotics
in virus-, bacterium-induced intestinal infections and
antibiotic-induced diarrhea[21-23]. Among the most distinctive benefits of probiotic bacteria are modulation of host
defense responses, and protection against infectious diseases[24,25]. However, the molecular mechanisms underlying these effects have not fully been elucidated.
The probiotic compound, Bifico (Bifico Pharmaceuticals, Sine, Shanghai, China), contains about 1.0 × 109
cfu/g of viable lyophilized bifidobacteria (Bifidobacterium
longum), 1.0 × 109 cfu/g lactobacilli (Lactobacillus acidophilus), and 1.0 × 109 cfu/g Ent. faecalis. This probiotic combination has been effective in the maintenance therapy
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MATERIALS AND METHODS
Animals
Homozygous IL-10 KO mice, generated on a 129 Sv/Ev
background, and normal 129 Sv/Ev controls (Jackson
Laboratory, Bar Harbor, ME, United States) were housed
under specific-pathogen-free conditions in Shanghai Jiao
Tong University Medical School. Mice were fed a standard sterile diet and filtered water ad libitum under a 12-h
light-dark cycle. Animal studies were approved by the
Ethical Committee of the Affiliated Sixth People’s Hospital of Shanghai Jiao Tong University.
In vivo Bifico therapy
Ten-week-old female IL-10 KO mice (n = 12) and wildtype (WT) controls (n = 12) were randomized and divided into two groups each. Mice then either received a daily
oral gavage of Bifico dissolved in 0.5 mL physiological
saline at 3.0 × 108 cfu/mL or saline alone for 4 wk.
Ussing Chamber assay
Mice were sacrificed following Bifico therapy, and a segment of the colon was removed for mucosa isolation
from the muscular layer. Mucosal cells were mounted
in Lucite Chambers, exposing mucosal and submucosal
surfaces to 10 mL oxygenated Krebs Buffer (EasyMountCSYS-8 Using Chamber Systems; San Diego, CA, United
States). The buffers were maintained at 37 ℃ by a heated
water jacket and circulated in CO2/O2[26]. The nonabsorbable tracer molecule inulin-FITC (2000-5000 kDa, SigmaAldrich, St Louis, MO, United States) (1.0 mg/mL) was
then added to the mucosal side of the Lucite Chambers.
At 0, 30, 60, 90 and 120 min following addition of inulinFITC, 100 μL buffer from the submucosal side of the
Lucite Chambers was collected and analyzed for fluorescence in black-walled 96-well plates (Costar, Corning,
NY, United States) using a Spectral Scanning Multimode
Reader (Thermo Scientific Varioskan Flash, Vantaa, Finland) at an excitation wavelength of 485 nm and emission
at 530 nm[27,28]. Standard curves were obtained by diluting
inulin-FITC in Krebs Buffer. The barrier function of the
intestinal epithelium was also determined by measuring
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B. longum was cultured in tryptone polypeptone yeast extract broth agar (Shanghai Sine Pharmaceutical Co. Ltd)
at 37 ℃. Ent. faecalis was cultured in Slanetz and Bartley
agar (Shanghai Sine Pharmaceutical Co. Ltd.) at 37 ℃. L.
acidophilus was cultured in MRS agar (Merck, Darmstadt,
Germany) at 37 ℃. EIEC was cultured in LB agar (Oxoid,
Hampshire, United Kingdom) at 37 ℃. Bacteria were
added to DMEM and then subjected to photoelectric
colorimeter to measure consistency.

transepithelial electrical resistance (TER) (multi-channel
voltage current clamp, VCC MC8, San Diego, CA, United
States).
Histological injury grading
Mice were sacrificed after 4 wk Bifico treatment. Colons
were harvested and fixed in 10% phosphate-buffered formalin. The samples were paraffin-embedded, sectioned
at 5 µm, and stained with hematoxylin and eosin (HE)
for microscopic examination and imaging (Nikon Eclipse
80i, Tokyo, Japan). The slides were reviewed in a blinded
fashion by two pathologists and were assigned a histological score for intestinal inflammation based on previously described criteria[29,30]. No inflammation was scored
as 0; modest numbers of infiltrating cells in the lamina
propria as 1; infiltration of mononuclear cells leading to
separation of crypts and mild mucosal hyperplasia as 2;
massive infiltration with inflammatory cells accompanied
by disrupted mucosal architecture, loss of goblet cells,
and marked mucosal hyperplasia as 3; these issues plus
crypt abscesses or ulceration as 4; with a total score from
0 to 15.

Infection of Caco-2 monolayers with EIEC
Caco-2 cells were washed three times in Hank’s Solution
to remove antibiotics. The inoculation ratio of EIEC
to Caco-2 cells was approximately 100:1. Prior to EIEC
infection, four groups of Caco-2 monolayers were incubated with B. longum (B), Ent. faecalis (F), L. acidophilus
(L) or the triple bacteria (BFL) for 30 min. The ratio of
probiotics to EIEC was 10:1. EIEC was allowed to infect
Caco-2 monolayers for 24 h. TER of Caco-2 monolayers
was measured with a voltmeter (Millicell-ERS; Millipore,
CA, United States) for 6 h. Untreated Caco-2 monolayers
served as a control (C). Caco-2 cells infected with EIEC
alone served as the EIEC (E) group. Incubation medium
was collected and processed for cytokine analysis using
Sandwich ELISA kits (R&D).

Transmission electron microscopy
To observe the ultrastructural changes of tight junctions,
colonic segments were prepared for transmission electron microscopy (JEM1230 Electro-microscope; JEOL,
Tokyo, Japan) as previously described[8].

Quantitative reverse transcriptase polymerase
chain reaction (qRT-PCR), western blotting and
immunofluorescence
Tissue total RNA (SLNco, Shanghai, China) was extracted and analyzed by qRT-PCR (Funglyn, Ontario, Canada)
as previously described[8,13]. Rabbit polyclonal antibodies
against zonula occludentes 1 (ZO-1, Invitrogen), claudin-1 (Invitrogen) and occludin (Invitrogen) were used in
western blotting and immunofluorescence assays according to the manufacturer’s instructions.

ELISA
The serum levels of TNF-α and IFN-γ were measured
using ELISA kits (BD Pharmingen, Oxford, United
Kingdom) as previously described[8]. The levels of the
cytokines TNF-α, macrophage inflammatory protein
(MIP)-1α, IL-6 and IL-8 in the supernatant of cultured
Caco-2 monolayers were measured using Sandwich ELISA kits (R&D, Minneapolis, MN, United States) according to manufacturer’s instructions.

Statistical analysis
Data were analyzed using the GraphPad Prism 5 software
(San Diego, CA, United States) and expressed as mean ±
SEM. Differences in parametric data were evaluated by
Student’s two-tailed unpaired t test. Differences with P <
0.05 were considered statistically significant.

Caco-2 monolayers
Caco-2 cells (Shanghai Institute of Cell Biology, Chinese
Academy of Science) were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, Invitrogen, Carlsbad, CA, United States) supplemented with 100 mL/L
heat-inactivated fetal bovine serum, 100 U/mL penicillin,
and 100 μg/mL streptomycin. The cells were cultured in
25-cm2 flat-bottom culture flasks (Corning, Corning, NY,
United States) and seeded onto Transwell semipermeable
filters (filter grown; 1.12 cm2 polyester membranes, 3.0
µm pore size, 12 well) in Transwell units (Costar; Corning). The barrier function of tight junctions in Caco-2
monolayers was determined by measuring TER.

RESULTS
Bifico reduced clinical disease and prevented colonic
epithelial permeability in IL-10 KO mice
Bifico therapy in IL-10 KO mice was used to assess the
effects of probiotics in reducing IBD. As seen in the representative photomicrographs of Figure 1, the morbidity
in IL-10 KO mice was greater than in IL-10 KO mice
treated with Bifico (Figure 1A). During the 4-wk observation, IL-10 KO mice displayed a significant reduction
in body weight compared to WT mice. However, Bifico
treatment restored the body weight in IL-10 KO mice
(Figure 1B). In addition, the presence of diarrhea was
greater in IL-10 KO mice than in mice receiving Bifico

Bacterial cultivation
B. longum, L. acidophilus, and Ent. faecalis were obtained
from Shanghai Sine Pharmaceutical Co. Ltd. EIEC (O124:
NM, ATCC 43893) was obtained from the Shanghai
Municipal Center for Disease Control and Prevention.
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Figure 1 Bifico reduced clinical disease activity and prevented colonic epithelial permeability in interleukin-10 gene-deficient mice. A: Representative photographs from the indicated mice for 4 wk following Bifico treatment; B: Changes in body weight. The IL-10 KO group was significantly lighter than the IL-10 KO + Bifico
group (mean ± SEM, n = 6 per time point per group, aP < 0.05, Student’s t test); C: Colon weight were measured at 28 d following Bifico treatment; D: Colon length
was measured at 28 d following Bifico treatment. IL-10 KO mice had shorter colons than IL-10 KO mice treated with Bifico. No difference in colon weight was observed (mean ± SEM, n = 6 per group, aP < 0.05, Student’s t test); E: Colonic paracellular permeability measured by cumulative permeability of nonabsorbable tracer
molecule inulin-FITC; F: Colonic paracellular permeability measured by TER. IL-10 KO mice presented higher permeability than IL-10 KO mice treated with Bifico (mean
± SEM, n = 5 per time point per group, aP < 0.05, Student’s t test).

treatment. The colonic weight did not differ significantly
between Bifico-treated or untreated IL-10 KO mice (Figure 1C); however, the colons of IL-10 KO mice were
significantly shorter than those of IL-10 KO receiving
Bifico treatment (Figure 1D).
To assess the effects of Bifico on colon function,
we measured colonic permeability by Ussing Chamber.
IL-10 KO mice exhibited a significant increase in the cumulative permeation of inulin-FITC through the colonic
mucosa compared with WT and Bifico-treated WT mice
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(Figure 1E). In accordance with increased inulin-FITC
permeability, a significant decrease of TER was observed
in IL-10 KO mice (Figure 1F). However, Bifico treatment
restored colon function in IL-10 KO mice (Figure 1E
and F).
Bifico therapy ameliorated inflammation and reduced
production of proinflammatory cytokines
To evaluate further the effects of Bifico in vivo, mice were
sacrificed following Bifico therapy and mucosal cells
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Figure 2 Bifico attenuated inflammation and production of proinflammatory cytokines. A: Representative photomicrographs showing colonic inflammation and
damage (HE stain, × 40 magnification, higher magnification photomicrographs on the right × 100); B: Histological colitis scores (mean ± SEM, n = 6 per group, aP < 0.05,
Student’s t test); C and D: TNF-α and IFN-γ were measured by ELISA in colon after 4 wk Bifico treatment (mean ± SEM, n = 6 per group, aP < 0.05, Student’s t test).

were evaluated by histology. HE staining revealed a large
amount of mucosal damage and inflammatory cell infiltration in the lamina propria of IL-10 KO mice (Figure
2A). In addition, all IL-10 KO mice developed colitis, and
the inflammatory score was significantly greater in IL-10
KO than WT mice. However, IL-10 KO mice receiving
Bifico treatment had reduced inflammatory scores with
only mild cell infiltration and mucosal damage (Figure
2B).
We next evaluated the secretion of proinflammatory cytokines from colonic tissue ex vivo. Expression of
TNF-α and IFN-γ in the colonic mucosa was significantly increased in IL-10 KO mice (Figure 2C and D).
However, 4 wk Bifico treatment significantly reduced the
levels of TNF-α and IFN-γ (Figure 2C and D). These
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data suggest that Bifico treatment reduces the induction
of IBD in IL-10 KO mice.
Bifico therapy altered apical junction protein expression
and distribution
To identify whether there were changes in apical junction
protein expression and distribution following Bifico treatment, immunofluorescence, western blotting and real-time
qRT-PCR assays of ZO-1, claudin-1 and occludin were
performed on the colonic tissue. There were significantly
decreased in the expression of protein and mRNA of
ZO-1, claudin-1 and occludin. As expected, the network
of ZO-1, claudin-1 and occludin was predominantly intact
and localized along the apical cellular border in WT mice.
In IL-10 KO mice, the expression of ZO-1, claudin-1
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Figure 3 Bifico increased expression of tight junction proteins in interleukin-10 gene-deficient mice. A: Representative immunofluorescence photomicrographs
for tight junction proteins zonula occludentes (ZO)-1, in the colonic epithelium (n = 3 for each group); B: Representative immunofluorescence photomicrographs for
tight junction proteins claudin-1 (n = 3 for each group); C: Representative immunofluorescence photomicrographs for tight junction proteins occludin (n = 3 for each
group).The tight junction proteins were stained red (× 400 magnification); D: Western blotting of tight junction proteins in the colonic tissues; E: mRNA expression of
ZO-1 in the colon (mean ± SEM, n = 4-6 per group, aP < 0.05, Student’s t test); F: mRNA expression of claudin-1 in the colon (mean ± SEM, n = 4-6 per group, aP < 0.05,
Student’s t test); G: mRNA expression of occludin in the colon (mean ± SEM, n = 4-6 per group, aP < 0.05, Student’s t test).
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Figure 4 Bifico ameliorated the ultrastructure of colonic epithelium in interleukin-10 gene-deficient mice. A: Intercellular tight junctions (indicated by the white
arrows) and normal ultrastructure in colonic epithelium of WT (scale bar = 2000 nm); B: Intercellular tight junctions (indicated by the white arrows) and normal ultrastructure in colonic epithelium of Bifico treated WT mice (scale bar = 1000 nm); C: Tight junctions (indicated by the white arrows) and microvilli, increased intercellular
gap, and abnormal ultrastructure of epithelial cells in the colonic epithelium of IL-10 KO mice (scale bar = 1000 nm); D: Partly recovered intercellular tight junctions
(indicated by the white arrows) and microvilli in colonic epithelium of Bifico treated IL-10 KO mice (scale bar = 1000 nm).

and occludin at the apical cellular border was decreased,
discontinuous, and redistributed. Bifico treatment ameliorated these changes in IL-10 KO mice (Figure 3A-C).
Western blotting and RT-PCR showed that the protein and mRNA levels of ZO-1, claudin-1 and occludin
were reduced in IL-10 KO mice when compared with
WT mice (Figure 3D). Four weeks of Bifico therapy restored the protein and mRNA levels of ZO-1, claudin-1
and occludin in IL-10 KO mice (Figure 3E-G). These
data suggest that Bifico treatment promotes proper tight
junction protein expression and distribution.

lar vacuolization (Figure 4D).
Probiotic treatment increased expression of tight
junction proteins in EIEC-treated Caco-2 monolayers
Caco-2 monolayers were incubated with EIEC alone,
or were pretreated with Bifico or single-strain probiotics for 24 h. Real-time qRT-PCR was then performed to
analyze the expression of mRNA of ZO-1, claudin-1
and occludin in treated and untreated Caco-2 monolayers. Expression of ZO-1, claudin-1 and occludin mRNA
was significantly decreased after treatment with EIEC in
comparison to untreated controls. The decrease in tight
junction proteins was inhibited by pretreatment with
probiotics, with Bifico being the most effective (Figure
5A-C).
We next used western blotting to determine the relative proteins levels of ZO-1, claudin-1 and occludin in
control and EIEC-treated Caco-2 monolayers incubated
with or without various probiotics. Levels of tight junction proteins were markedly decreased after treatment
with EIEC compared to untreated controls (Figure
5D-G). However, preincubation of Caco-2 cells with
Bifico or single-strain probiotics significantly inhibited
the reduction of tight junction proteins after EIEC infection, with Bifico being the most effective (Figure 5D-G).
These data suggest that Bifico therapy can prevent EIEC

Bifico therapy normalized ultrastructure in colonic
epithelium of IL-10 KO mice
Colonic epithelial paracellular permeability is controlled
mainly by tight junction proteins. Given that Bifico treatment restored tight junction distribution, we examined
the ultrastructural changes of intercellular tight junction
proteins by transmission electron microscopy. Compared
with WT controls (Figure 4A and B), the colonic epithelium of IL-10 KO mice displayed significant ultrastructural changes in tight junction proteins and microvilli,
along with marked increases in intercellular gaps and
intracellular vacuolization (Figure 4C). However, Bifico
therapy increased intact intercellular tight junctions and
microvilli and decreased intercellular gaps and intracellu-
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Figure 5 Bifico rescued expression of tight junction-associated proteins in following Enteroinvasive Escherichia coli infection. A: mRNA levels of tight junction proteins zonula occludentes (ZO)-1 were significantly decreased in Caco-2 monolayers after treatment with Enteroinvasive Escherichia coli (EIEC) in comparison to
control untreated cells; B: mRNA levels of tight junction proteins claudin-1 were significantly decreased in Caco-2 monolayers; C: mRNA levels of tight junction proteins
occludin were significantly decreased in Caco-2 monolayers. This decrease was reversed by pretreatment with Bifico or single strain probiotics; D: Representative experiment showing western blot (WB) analysis of ZO-1, claudin-1 and occludin expression; E: Expression of ZO-1 was quantified by densitometry for three independent
experiments; F: Expression of cllaudin-1 was quantified by densitometry for three independent experiments; G: Expression of occludin was quantified by densitometry
for three independent experiments; H: Bifico or single-strain probiotics increased the EIEC-treated TER of Caco-2 monolayers (means ± SEM, n = 3 per group in WB,
n = 5 per group in qRT-PCR, n = 5 per time point per group in TER. aP < 0.05 compared with control group, cP < 0.05 compared with EIEC group, eP < 0.05 compared
with BFLE group, Student’s t test). B. longum (B), E. faecalis (F), L. acidophilus (L), triple bacteria (BFL), control group (C), EIEC group (E). Preincubated with probiotics
or/and commensal bacteria prior to EIEC infection created four groups (BE, FE, LE and BFLE).
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Figure 6 Bifico inhibited Enteroinvasive Escherichia coli-induced proinflammatory cytokines secretion. A: The level of TNF-α was significantly inhibited by
Bifico or single-strain probiotic pre-treatment of Caco-2 monolayers prior to Enteroinvasive Escherichia coli (EIEC) infection; B: The level of macrophage inflammatory
protein (MIP)-1α was significantly inhibited by Bifico or single-strain probiotic pre-treatment of Caco-2 monolayers prior to EIEC infection; C: The level of IL-6 was
significantly inhibited by Bifico or single-strain probiotic pre-treatment of Caco-2 monolayers prior to EIEC infection; D: The level of IL-8 was significantly inhibited by
Bifico or single-strain probiotic pre-treatment of Caco-2 monolayers prior to EIEC infection (means ± SEM, n = 6 per group, aP < 0.05 compared with control group, cP
< 0.05 compared with EIEC group, eP < 0.05 compared with BFLE group, Student’s t test).

infection by promoting tight junction protein expression.

with Bifico or single-strain probiotics (Figure 6). In addition, Bifico treatment was the most effective.

Probiotic treatment increased TER in EIEC-treated
Caco-2 monolayers
To investigate the effect of probiotics on EIEC-treated
Caco-2 monolayers, we measured the TER of untreated
and treated Caco-2 monolayers. Caco-2 monolayers were
incubated with EIEC alone, or were pretreated with
Bifico or single-strain probiotics for 30 min and then incubated with EIEC for 24 h. TER was measured for 6 h.
Infection with EIEC resulted in an about 80% decrease
in TER when compared with the untreated group. However, preincubation of Caco-2 monolayers with Bifico or
single-strain probiotics attenuated TER reduction, with
Bifico treatment being the most effective (Figure 5H).

DISCUSSION
In the present study, we demonstrated that treating IL-10
KO mice with the probiotic mixture, Bifico, partly recovered colonic barrier integrity, reduced mucosal secretion
of proinflammatory cytokines, and attenuated histopathological changes. Furthermore, in vitro studies revealed
that epithelial barrier function and resistance to EIEC
invasion was enhanced following exposure to Bifico.
The intestinal luminal microflora and their products
are important initiating and modulating factors in the
pathogenesis of IBD and some diarrhea diseases in humans and animals[31-34]. IL-10 KO mice spontaneously
develop IBD, and this is associated with altered colonic
microflora colonization[35]. These data suggest that probiotic therapy could reduce IBD in theses mice. Indeed,
inoculation of Lactobacillus sp. reduced IBD in IL-10 KO
mice. In the present study, we demonstrated that IBD
was reduced in IL-10 KO mice by the probiotic mixture
Bifico, and this reduction was greater than with the use
of single-strain probiotics. These data are consistent with
other in vivo experiments using VSL#3 (VSL Pharma-

Probiotics altered cytokine response in EIEC-treated
Caco-2 monolayers
To address further the effects of probiotics on EIEC
invasion, we measured the cytokine response in EIECtreated Caco-2 monolayers. Caco-2 monolayers were incubated as described above, and the cytokines in the cell
culture supernatant were evaluated by ELISA. The proinflammatory cytokine release from EIEC-treated Caco-2
monolayers was significantly inhibited by pretreatment
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ceuticals, Gaithersburg, MD, contains 9 × 1010 cfu/g of
viable, lyophilized bifidobacteria (B. longum, Bifidobacterium
infantis, and Bifidobacterium breve), 8 × 1010 lactobacilli (L.
acidophilus, Lactobacillus casei, Lactobacillus delbrueckii subsp.
L. bulgaricus, and Lactobacillus plantarum), and 20 × 1010
Streptococcus salivarius subsp. Thermophilus) compound
strains, which are more effective than the use of a single
Lactobacillus in improving colitis and normalizing epithelial function[3]. These data suggest that combinations of
adherent probiotic strains can influence the adhesion and
activity of other strains in the human intestinal tract[36].
Our study is believed to be the first to show that Bifico
therapy is effective in ameliorating epithelial damage and
restoring epithelial function in both in vivo and in vitro
models.
In IL-10 KO mice, colonic inflammation is related to
high levels of mucosal TNF-α and IFN-γ[32]. Recently,
multiple studies have characterized the ability of various
strains of probiotics to alter the activity and cytokine expression in the colons of IL-10 KO mice[3,8,37,38]. TNF-α
and IFN-γ produced by colonic mucosa are both normalized when IL-10 KO mice are raised under germ-free
conditions[32], suggesting that colitis in IL-10 KO mice
occurs as a consequence of a Th1-predominant intestinal
inflammation in the presence of the gut flora[3,8,37,38]. In
present study, treating IL-10 KO mice with the probiotic
mixture Bifico attenuated TNF-α and IFN-γ secretion. In
addition, pretreatment of Caco-2 cells with Bifico significantly inhibited the secretion of TNF-α, MIP-1α, IL-6
and IL-8 following EIEC infection. These results indicate
that the gut is able to discriminate and define selective
responses to different bacteria.
To reduce inflammation, the normal intestinal barrier is impermeable to bacteria, bacterial products, and
dietary antigens that are present within the lumen. Thus,
probiotic bacteria may exert protection through enhancing intestinal barrier function, including decreasing intestinal permeability and maintaining normal expression
and distribution of tight junction proteins[6,8]. IL-10 KO
mice demonstrated increased colonic permeability that
is absent in mice raised under germ-free conditions[32].
Bifico treatment, however, reduced epithelial permeability in IL-10 KO mice, and increased expression of tight
junction proteins in both colonic epithelia in vivo and in
EIEC-treated Caco-2 monolayers. Moreover, the use of
the Bifico therapy was more effective than the use of a
single-strain probiotics in preventing disruption and normalizing function of Caco-2 monolayers following EIEC
infection.
Although Bifico therapy was the most effective, singlestrain probiotics were also effective in restoring Caco-2
cells function following EIEC infection. These data suggest that epithelial cells may respond directly to certain
probiotic bacteria. Certain strains of Lactobacillus, for
example, release surface-active components, which inhibit adhesion of pathogenic bacteria[38]. Thus, probiotic
bacteria may protect epithelium by receptor competition,
whereby probiotics compete with microbial pathogens
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for a limited number of receptors present on the surface
epithelium.
In conclusion, the probiotic mixture, Bifico, is highly
effective in reducing colitis in IL-10 KO mice. Furthermore, the present study revealed that Bifico treatment
reduced colonic epithelial permeability, recovered normal
expression and distribution of tight junction proteins,
and protected against pathogenic bacterial invasion both
in vivo and in vitro.
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Resveratrol inhibits collagen Ⅰ synthesis by suppressing
IGF-1R activation in intestinal fibroblasts
Ping Li, Mei-Lan Liang, Ying Zhu, Yao-Yao Gong, Yun Wang, Ding Heng, Lin Lin
18

mouse intestinal fibroblasts and CCD- Co cells treated
with IGF-1. A MEK inhibitor (U0126) was used to determine whether IGF-1-induced collagen Ⅰ expression was
mediated by extracellular signal-regulated kinase 1/2
(ERK1/2)-dependent mechanism. Effects of resveratrol on collagen Ⅰ protein level, insulin growth factor-1
receptor (IGF-1R) and ERK1/2 phosphorylation levels
were also examined after IGF-1 treatment in fibroblasts. To evaluate whether SIRT1 was necessary for
the anti-fibrosis effect of resveratrol, cells were transfected with SIRT1-specific small interfering RNAs, wildtype SIRT1, and deacetylase-inactive mutant SIRT1.
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RESULTS: Collagen Ⅰ and IGF-1 expression was increased, and SIRT1 expression was decreased (0.67 ±
0.04 vs 1.05 ± 0.07, P < 0.001) in TNBS-induced colitis
compared with the control group. In vitro , IGF-1 could
induce collagen Ⅰ expression, mainly through the ERK
1/2 signal pathway. Resveratrol reduced basal and IGF1-induced collagen Ⅰ gene and protein expression in intestinal fibroblasts. Overexpression of wild-type SIRT1,
not deacetylase-inactive mutant SIRT1, decreased
expression of collagen Ⅰ induced by IGF-1. Moreover,
silencing SIRT1 restored collagen Ⅰ expression in fibroblasts challenged with resveratrol. However, disruption
of SIRT1 did not influence the anti-fibrotic effects of
resveratrol and IGF-1-induced collagen Ⅰ expression.
Further analysis revealed that resveratrol significantly
decreased phosphorylation of IGF-1R and its downstream signaling molecules by inhibiting IGF-1 binding
to its receptor.

Abstract
AIM: To investigate whether resveratrol (3,4,5-trihydroxy-trans-stilbene) inhibits collagen Ⅰ synthesis
induced by insulin growth factor-1 (IGF-1) in intestinal fibroblasts, and to explore the possible molecular
mechanisms.
METHODS: Male Sprague-Dawley rats were randomly divided into two groups: a control group and a
2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis
group. After 21 d of TNBS administration, the degree of
inflammation and fibrosis in colon was measured by HE
staining and Masson’s trichrome staining. Western blotting was used to examine collagen Ⅰ, IGF-1 and silent
information regulator 1 (SIRT1) protein expression in
colitis tissues. Western blotting and quantitative realtime polymerase chain reaction were used to characterize collagen Ⅰ protein and col1a2 mRNA expression in
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CONCLUSION: Our data suggest that resveratrol effectively inhibits collagen Ⅰ synthesis in IGF-1-stimulated fibroblasts, partly by inhibiting IGF-1R activation,
and SIRT1 is also responsible for the process.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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muscle cells[16,17]. Collagen-producing fibroblasts and
myofibroblasts are central cell types in intestinal fibrogenesis. There are no data showing the effect of IGF-1 on
collagen Ⅰ in intestinal fibroblasts.
Resveratrol (3,4,5-trihydroxy-trans-stilbene) is a polyphenol naturally occurring in grapes and red wine that
exhibits beneficial health effects such as extending the life
span and regulating tumor growth and oxidation. Resveratrol activates silent information regulator-1 (SIRT1), a
nicotinamide adenine dinucleotide-dependent deacetylase, which has many biological functions by deacetylating a number of key transcription factors, including p53,
nuclear factor-κB, and peroxisome proliferator-activated
receptor gamma co-activator-1α[18]. In addition, resveratrol also has a dramatic antifibrotic effect in rodent models of renal fibrosis[19,20], cardiac fibrosis[21], and hepatic fibrosis[22,23], but the molecular mechanism(s) are currently
unknown.
The protective role of resveratrol in colitis has been
demonstrated in models of colitis induced by dextran
sulfate sodium (DSS) and trinitrobenzene sulphonic
acid (TNBS)[24-26]. Resveratrol may protect against colitis
through up-regulation of SIRT1 in immune cells, which
functions as an inverse regulator of NF-κB activation
and inflammation in the colon[25]. Mounting evidence
suggests that resveratrol also has an antifibrotic effect in
the peptidoglycan-polysaccharide rat model of Crohn’
s disease and can diminish IGF-1-stimulated collagen
production in intestinal smooth muscle cells[27,28]. However, the mechanism for resveratrol to inhibit collagen
synthesis and IGF-1-induced collagen production has
not been established, and it is unclear whether resveratrol inhibits collagen expression through augmentation
of SIRT1 activity in intestinal fibroblasts. The aim of
this study was to investigate the effect of resveratrol on
collagen Ⅰ synthesis in intestinal fibroblasts and to explore the possible molecular mechanisms.

tor-1; Resveratrol; Silent information regulator 1; Fibroblasts
Core tip: This study showed that the expression of
silent information regulator 1 (SIRT1) was decreased
in 2,4,6-trinitrobenzenesulfonic acid-induced colitis tissues, and resveratrol down-regulated insulin growth
factor (IGF)-1-induced collagen Ⅰ synthesis by inhibiting IGF-1 receptor (IGF-1R) phosphorylation and its
downstream extracellular signal-regulated kinase/
mitogen-activated protein kinase signaling pathway
in intestinal fibroblasts. Resveratrol alone suppressed
collagen Ⅰ synthesis through up-regulating activity of
SIRT1. Our data highlight a previously unknown function of resveratrol on IGF-1R activation and provide
novel insight of resveratrol as a therapeutic agent for
intestinal fibrosis.
Li P, Liang ML, Zhu Y, Gong YY, Wang Y, Heng D, Lin L. Resveratrol inhibits collagen Ⅰ synthesis by suppressing IGF-1R
activation in intestinal fibroblasts. World J Gastroenterol 2014;
20(16): 4648-4661 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4648.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4648

INTRODUCTION
Intestinal fibrosis is a common and serious complication of Crohn’s disease (CD) and can increase the risk
of intestinal stenosis or obstruction, and ultimately
lead to surgical intervention at substantial personal and
economic cost[1-3]. Until now, no effective therapy exists
for averting such fibrogenic events, because the fibrotic
process becomes autopropagative and fails to respond to
antiinflammatory interventions[4,5].
The pathological process of intestinal fibrosis is characterized by mesenchymal cell proliferation and extracellular matrix (ECM) accumulation in interstitial space[6,7].
Collagens Ⅰ is one of the major matrix molecules involved in intestinal fibrogenesis. The activation of extracellular signal-regulated kinase 1/2 (ERK1/2) is one of
the major downstream signaling events that participate
in collagen Ⅰ synthesis[8,9]. Insulin-like growth factor 1
(IGF-1) is a potent profibrogenic agent involved in intestinal remodeling[10,11]. Laboratory- and population-based
studies have shown that expression of IGF-1 in Crohn’
s disease patients is significantly increased and IGF-1
receptor (IGF-1R) is also altered in the intestines of ulcerative colitis and Crohn’s disease patients[12-14]. IGF-1
binding to IGF-1R allows the β-subunits of IGF-1R
to display intrinsic tyrosine kinase activity and activates
downstream signals via phosphorylation of key proteins
including phosphatidylinositol 3-kinase and mitogenactivated protein (MAP) kinase (MAPK)[15]. IGF-1 not
only stimulates proliferation and inhibits apoptosis of
fibroblasts and myofibroblasts, but also increases collagen expression and production in intestinal smooth
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MATERIALS AND METHODS
Animals and induction of colitis
The technique for induction of colitis with TNBS (Sigma)
was as described previously[29]. Male Sprague-Dawley rats
(200-250 g) were purchased from and maintained in the
Animal Center of Nanjing Medical University (Nanjing,
China). To induce chronic fibrotic colitis, rats were fasted
for 24 h, lightly anesthetized with diethyl ether, and
TNBS solution [2.5% in 50 % ethanol (v/v)] was injected
via a catheter advanced to 8 cm proximal to the anus. In
order to distribute the TNBS within the colon, the rat
was kept in a vertical position with the head downwards
for 3 min after the injection. All rats were checked daily
for loss of body weight, stool consistency, and the presence of gross bleeding. The disease activity index (DAI)
was calculated as a sum of the scores of the three parameters according to the scoring system described by Murthy et al[30]. Animals were sacrificed after 21 d and body
weight, colon weight, and colon length were recorded.
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HE staining and Masson’s trichrome staining were used
to measure the degree of inflammation and fibrosis in
the colon by microscopy.

ferred onto PVDF membranes (Millipore) using a SemiPhor system (Bio-Rad). After blocking in PBS containing
5% non-fat dry milk, blots were incubated with primary
antisera for overnight at 4 ℃, washed in PBS containing 0.05% Tween, and then incubated with peroxidase
conjugated secondary antibodies for 30 min at RT. Immunoreactive proteins were identified using the ECL detection system. Antibodies against collagen type Ⅰ were
obtained from Rockland. IGF-1R, phosphorylated IGFIR, ERK1/2, phosphorylated ERK1/2 and MEK inhibitor (U0126) were purchased from Cell Signaling Technology. β-actin (1:1000) and GAPDH were purchased from
Bioworld, and SIRT1 monoclonal antibody (1:1000) was
from Abcam.

Fibroblast isolation and culture
Mouse intestinal fibroblasts (MIFs) were isolated and
cultured as described previously[31,32]. The intestine tissue
isolated from Balb/c mice (7 d) was cut into 1-mm pieces. Epithelial cells were removed in Hank’s Balanced Salt
Solution without Ca2+and Mg2+ with 2 mmol/L EDTA.
The remaining tissue was rinsed and then digested for 30
minutes at 37 ℃ with 1 mg/mL collagenase II and 0.3
mg/mL DNase Ⅰ in PBS. The isolated cells were cultured in 25-cm2 culture flasks (Corning) with Dulbecco’s
Modified Eagle’s Medium (DMEM) containing 10% fetal
bovine serum (FBS, Hyclone) and 10 μg penicillin/streptomycin (Gibco). Nonadherent cells were removed by
subsequent changes of medium after 2 h. The remaining
cells were characterized by immunocytochemistry staining for vimentin (1:200) and α-smooth muscle action
(1:200) as previously described[32]. For all experiments,
fibroblasts were used between passages 3 and 8, and were
treated with recombinant mouse IGF-1 (100 ng/mL,
RD) or Resveratrol (50, 100 μmol/L, sigma).

RNA isolation and real-time polymerase chain reaction
Total RNA was extracted from cells grown in 60-mm
tissue culture dishes (Corning) using TRIzol Reagent
(Gibco), according to the manufacturer’s instructions.
Reverse transcription reactions were performed using
PrimeScript RT Master Mix and (Takara). Real-time PCR
reactions were performed using SYBR-Green PREMIX
EX TAQ (Takara) on an ABI Prism 7500 system. The
primers used for real-time reactions were: (1) mouse
col1a2, forward primer (5’-GGAGGGAACGGTCCACGAT-3’) and reverse primer (5’-GAGTCCGCGTATCCACAA-3’); (2) mouse col1a1, forward primer (5’-CCGGCTCCTGCTCCTCTTA-3’) and reverse primer
(5’-CCATTGTGTATGCAGCTG ACTTC-3’); (3) mouse
β-actin, forward primer (5’-CATCGTGGGCCGCTCTA-3’) and reverse primer (5’-CACCCACACATAGGAGTCCTTCTG-3’); (4) human col1a2, forward
primer (5’-GCCCCCCAGGCAGAGA-3’) and reverse
primer (5’-CCAACTCCTTTTCCAT CATACTGA-3’);
(5) human col1a1, forward primer (5’-ACGAAGACATCCCACCA ATC-3’) and reverse primer (5’- GCACCATCCAAACCAC TGA-3’); (6) human sirt1, forward
primer (5’-TGAGGCACTTCATGGGGTATGG-3’)
and reverse primer (5’-TCCTAGGTTGCCCAGCTGATGAA-3’); and (7) human GAPDH, forward primer
(5’-GAAATCCCATCACCATCTTCCAGG-3’) and reverse primer (5’-GAGCCCCAGCCT TCTCCATG-3’).

Cell culture and treatment
CCD-18Co cells (CRL 1459) at passage 6 were obtained
from American Type Culture Collection and used between passages 8 and 15. Cells were grown in DMEM
supplemented with 10% FBS and 10 μg penicillin/streptomycin. Cells were maintained at 37 ℃ in a 5% CO2
incubator. Cells were treated with recombinant human
IGF-1 (100 ng/mL, RD) or resveratrol (50, 100 μmol/L,
Sigma) for 24 h as indicated.
Plasmids and transient transfection
WT and deacetylase-inactive mutant SIRT1 (H363Y)
constructs were a gift from Dr. Yong Xu (Nanjing Medical University, Nanjing, China) and have been described
previously[33]. Silencing of SIRT1 was mediated by small
interfering RNAs (siRNAs) using the following sequences: for human SIRT1, 1: 5’-CGGGAAUCCAAAGG AUAAUTT-3’, 2: 5’-CCAUCUCUCUGUCACAAAUTT-3’
and 3: 5’-CCAAGCAGCUA AGAGUAAUTT-3’. CCD18
Co cells were transfected at 30%-40% confluency using
either Lipofectamine 2000 or Lipofectamine RNAiMAX
(Invitrogen). At 24 h post-transfection, cells were treated
with IGF-1 followed by treatment with serum-free medium for 12 h. For siSIRT1 experiments, cells at 48 h
post-transfection were treated for an additional 24 h with
either 100 μmol/L resveratrol or 100 ng/mL IGF-1.

Statistical analysis
The results are expressed as mean ± SD. The SPSS statistical package (version 14.0; SPSS Inc, Chicago, IL, United
States) was used for statistical analyses. The differences
between the two groups were analyzed using Student’s t
test. Unless otherwise specified, P values smaller than 0.05
were considered statistically significant.

RESULTS

Whole cell protein extraction and Western blotting
Whole cell lysates were obtained by re-suspending cell
pellets in RIPA buffer (50 mmol/L Tris pH = 7.4, 150
mmol/L NaCl, 1%Triton X-100) with freshly added protease inhibitor and phosphatase inhibitor tablet (Roche).
Cells lysates were subjected to SDS-PAGE and trans-
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SIRT1 expression is decreased in TNBS-induced colitis
We initially tested the expression of collagen Ⅰ and
SIRT1 in colitis induced with TNBS. Compared with
control normal rats, the DAI, body weight and colon
weight significantly increased, and colon length decreased
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Figure 1 Silent information regulator 1 expression is decreased in 2,4,6-trinitrobenzenesulfonic acid-induced colitis. A, B: Change of clinical symptoms
shown by disease activity index (DAI) and histological characterization of 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis (original magnification × 200); C:
The proteins collagen Ⅰ, insulin growth factor-1 (IGF-1) and silent information regulator 1 (SIRT1) levels were measured by Western blotting. Data are expressed as
mean ± SD (n = 7 in each group). bP < 0.01 vs those of normal rats. MTS: Masson’s trichrome staining; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

tion (Figure 1B). The sections stained with MTS displayed diffuse extracellular matrix deposition and fibrosis
in the mucosa and submucosa (Figure 1B). Histologic
scores for both inflammation and fibrosis were greater
in TNBS-induced colitis rats than in normal rats (Figure
1B).

in TNBS-treated rats (Figure 1A). Paraffin-embedded colonic tissue samples from TNBS-treated and control rats
were assessed for inflammation and fibrosis after HE and
Masson’s trichrome staining (MTS). TNBS-treated rats
showed significant colitis marked by submucosa thickening, epithelial layer destruction, and lymphocyte infiltra-
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Furthermore, Western blotting analysis showed that
collagen Ⅰ protein level was increased in colitis rats compared to normal rats (Figure 1C). IGF-1 protein expression was also increased in colitis rats, whereas SIRT1 was
decreased (Figure 1C). These data indicate that resveratrol may protect against intestinal fibrosis through stimulating SIRT1 expression.

cient (HY) SIRT1, markedly decreased IGF-1-induced
collagen Ⅰ synthesis (Figure 3C). Overexpression of WT
SIRT1 also led to the reduction of collagen Ⅰ (Figure
3D). Second, we transfected specific siRNAs targeting
SIRT1 into fibroblasts. To confirm the efficiency of siRNA-mediated SIRT1 knockdown, 293T cells were transiently transfected with the SIRT1 siRNA (siSIRT1 1, 2, 3)
or scrambled siRNA with transfection reagents, and total
cell lysates were prepared 48 h after transfection and used
for Western blotting using anti-SIRT1 antibody or control anti-GAPDH antibody (Figure 3E). As shown in Figure 3F, depletion of SIRT1 by siRNA (1 and 3) in CCD18
Co cells blocked the reduction of collagen Ⅰ expression
induced by resveratrol. However, there was no effect of
resveratrol on collagen Ⅰ induced by IGF-1 (Figure 3F).
Collectively, these results clearly documented that SIRT1
was partly involved in the resveratrol-dependent repression of collagen Ⅰ.

IGF-1-induced expression of collagen Ⅰ is dependent on
MAPK in intestinal fibroblasts
Since earlier studies documented that IGF-1 attenuates
inflammation and exacerbates intestinal fibrosis, we chose
to investigate the possible mechanism underlying IGF-1
induced collagen Ⅰ synthesis in intestinal fibroblasts.
We first examined the expression of collagen Ⅰ in
both MIFs and CCD-18Co cells treated with increasing
concentrations (50, 100 or 150 ng/mL) of IGF-1 for 24 h.
IGF-1 potently increased both col1a2 mRNA levels (Figure 2A) and protein levels (Figure 2B) of collagen Ⅰ in
a dose-dependent manner. IGF-1 treatment for 24 h
showed a maximal effect on collagen Ⅰ expression. In
addition, IGF-1 also induced col1a1 mRNA expression
(Figure 2A and B).
To investigate the molecular mechanism underlying
the induction of collagen Ⅰ expression by IGF-1, we
measured the phosphorylation of IGF-1R and ERK1/2
in response to IGF-1 treatment. IGF-1 significantly increased levels of phospho-IGF-1R and ERK1/2 in a
time-dependent manner in both MIFs and CCD-18Co
cells, and the most prominent effect was seen at 30 min
(Figure 2C). Fibroblasts were pretreated with U0126
(50 μmol/L) for 1 h to block MEK1/2 phosphorylation and then coincubated with IGF-1 (100 ng/mL)
for another 24 h. The ability of IGF-1 to increase
collagen Ⅰ expression was significantly inhibited by the
MAP-kinase inhibitor (Figure 2D). Taken together, these
data suggest that IGF-1 inhibited collagen Ⅰ synthesis
in fibroblasts through the IGF-1/IGF-1R/MAP-kinase
pathway.

Resveratrol inhibits IGF-1-induced phosphorylation of
IGF-1R and ERK1/2 independent of activating SIRT1
Our data so far demonstrate that IGF-1 promotes
collagen Ⅰ synthesis through the MAPK pathway, and
resveratrol down-regulates collagen Ⅰ expression induced
by IGF-1. To investigate whether resveratrol suppressed
the IGF-1/IGF-1R/ERK1/2 pathway, we next probed
the effect of resveratrol on IGF-1R expression and phosphorylation with or without IGF-1 in both MIFs and
CCD-18Co cells.
Resveratrol remarkably inhibited the phosphorylation of IGF-1R and ERK1/2 stimulated by IGF-1 for 30
min, and had no effect on the expression of total IGF1R and ERK1/2 (Figure 4A), suggesting that resveratrol reduces IGF-1R activity and the intracellular ERK
signaling cascade and thereby enhances the expression
of collagen Ⅰ. In addition, overexpression of WT or
HY SIRT1 had no effect on phosphorylation of IGF1R
(Figure 4B), and we did not observe any significant difference between SIRT1 WT and HY-transfected cells
(Figure 4B). Since binding of IGF-1 to the IGF-1 receptor results in autophosphorylation of the receptor β subunits, and increased receptor tyrosine kinase activity, we
further examined whether resveratrol affects the binding
of IGF-1 to the IGF-1R. CCD-18Co cells were pretreated
with resveratrol (100 μmol/L) for 24 h to induce SIRT1
expression, then removed and incubated with IGF-1
alone for another 30 min (Figure 4C, column 4) or IGF-1
and resveratrol for 30 min (Figure 4C, column 5), and
the phosphorylation of IGF-1R and ERK1/2 was tested
by immunoblot analysis. The results showed that phosphorylation levels of IGF-1R were down-regulated only
after treatment with IGF-1 plus resveratrol for 30 min
(column 5), compared with treatment with IGF-1 alone.
In other words, resveratrol inhibited IGF-1R phosphorylation only when resveratrol was incubated together with
IGF-1. Collectively, these data suggest that the repression
of collagen Ⅰ synthesis mediated by resveratrol can be
partly attributed to the inhibition of IGF-1R/ERK1/2

Resveratrol treatment abrogated collagen Ⅰ synthesis
partly through SIRT1
Since we observed that SIRT1 expression was decreased
in colonic tissues of colitis rats, we evaluated the effect of
the SIRT1 activator, resveratrol, on collagen Ⅰ synthesis
in intestinal fibroblasts and elucidated the underlying molecular mechanisms.
As shown in Figure 3A and B, resveratrol markedly
decreased collagen Ⅰ protein and mRNA levels induced
by IGF-1 at a concentration of 100 μmol/L. In addition,
resveratrol alone also inhibited collagen Ⅰ synthesis (Figure 3B).
Next, to verify whether SIRT1 is required for resveratrol induced repression of collagen Ⅰ, we performed the
following experiments. First, fibroblasts were transfected
with SIRT1 expression constructs (WT or HY) followed
by IGF-1 treatment, and collagen Ⅰ protein level was
assessed. Overexpression of WT, but not enzyme defi-
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Figure 2 Insulin growth factor-1 induces collagen Ⅰ expression via mitogen-activated protein-kinase pathway. A, B: Collagen Ⅰ protein and col1a2, col1a1
mRNA expression in mouse intestinal fibroblasts (MIFs) and CCD-18Co cells stimulated with increasing concentrations of insulin growth factor-1 (IGF-1) for 24 h; C:
Phosphorylation of IGF-1 receptor (IGF-1R) (p-IGF-1R) and extracellular signal-regulated kinase 1/2 (ERK1/2) (p-ERK1/2) in MIFs and CCD-18Co exposed to 100 ng/
mL IGF-1 for 0, 15, 30, or 60 min. The bar graph represents the quantitation of the Western blotting normalized to the control; D: Cells were pretreated with 50 μmol/L
mitogen-activated protein/extracellular signal-regulated kinase kinase (MEK)/ERK inhibitor U0126 or vehicle for 1 h and then coincubated with 100 ng/mL IGF-1 for 24
h. Collagen Ⅰ protein level was measured. The experiment was repeated three times and obtained similar results. Values represent mean ± SD. bP < 0.01 vs no treatment group. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

in chronic DSS-induced colitis. Larrosa et al[38] found that
resveratrol pro-prodrugs prevented the rapid metabolism
of resveratrol and delivered higher quantities of resveratrol to the colon in DSS-induced colitis. However, there
are no preclinical and clinical studies that have shown that
resveratrol can be used clinically in patients with intestinal
fibrosis. Moreover, the rapid metabolism of resveratrol
diminishes its effectiveness in the colon. According to
previous studies, long-term epidemiologic studies and
controlled clinical trials are also necessary for developing
resveratrol to become a standard clinical agent.
According to previous studies, detailed investigations
of the underlying mechanisms are limited. In this study,
we reported several new findings that reveal the regulatory effect of resveratrol on collagen Ⅰ synthesis and the
mechanisms in intestinal fibroblasts. As a preliminary test,
we initially induced intestinal fibrosis in rats with TNBS,
and identified that collagen Ⅰ and IGF-1 expression was
significantly increased, but protein level of SIRT1 was
decreased in colitis tissues. These data suggest that low
expression of SIRT1 is related to intestinal fibrosis, and
may explain the anti-fibrotic effect of resveratrol.
Based on these findings in vivo, we further researched
the functions of resveratrol in vitro. We used intestinal
fibroblasts for our subsequent experiments. Evidence
suggests that the IGF system, including IGF-1, IGF-2,
IGF-1R, and the IGF-binding proteins (IGFBPs,
IGFBP1-6) play a crucial role in the gastrointestinal

signaling in a SIRT1 independent mechanism, and resveratrol may inhibited IGF-1 binding to its receptor.

DISCUSSION
Intestinal fibrosis in the form of fibrotic strictures is
a well described complication of longstanding Crohn’
s disease[34]. Currently, there are no inflammatory bowel
disease therapies that have been shown to effectively decrease fibrosis, leaving surgery as the only treatment for
symptomatic strictures[4]. It has long been documented
that the accumulation of ECM in the intestinal wall contributes to intestinal remodeling and stricture formation.
Since collagen Ⅰ is one of the major matrix molecules
involved in intestinal fibrogenesis, reduction and degradation of collagen Ⅰ are a prominent treatment for CD
intestinal fibrosis.
Resveratrol, a naturally occurring phytochemical, also
known as SIRT1 activator, possesses anti-inflammatory
and antioxidative effects[35,36]. In vivo studies have demonstrated the antifibrotic role of resveratrol in experimental
colitis[28]. Increasing evidence has implicated the role of
resveratrol in the regulation of inflammatory cytokines,
profibrotic factors and procollagen[28]. These facts suggest that resveratrol could be utilized as a therapeutic
against intestinal fibrosis. Results obtained by Susana
Sánchez-Fidalgo et al[37] showed that dietary supplementation of resveratrol exerted a significant beneficial effect
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Figure 3 Resveratrol inhibits insulin growth factor-1-induced collagen Ⅰ expression partly through silent information regulator 1. A, B: Collagen Ⅰ protein
and col1a2 mRNA expression were measured in fibroblasts stimulated with insulin growth factor-1 (IGF-1) (100 ng/mL) or IGF-1 plus resveratrol (RSV 50, 100 μmol/L)
for 24 h; C: Wild type silent information regulator 1 (SIRT1) (WT) or enzyme deficient SIRT1 (HY) constructs were transfected into CCD-18Co cells followed by treatment with IGF-1. Collagen Ⅰ protein was measured by Western blotting; D: Cells were transfected with the empty vector (pcDNA3.0) or SIRT1 WT, then collagen Ⅰ,
SIRT1, phosphorylation of extracellular signal-regulated kinase (ERK) (p-ERK) or total ERK1/2 (t-ERK1/2) were examined by Western blotting; E: 293T cells were
transiently transfected with SIRT1-specific small interfering RNAs (siRNAs) (1, 2, 3) or scrambled siRNA (SCR) for 48 h, then SIRT1 protein and mRNA expression
was measured by Western blotting and quantitative real-time polymerase chain reaction; F: CCD-18Co cells were transfected with SIRT1 siRNAs (1, 3) or SCR followed by treatment with resveratrol. The collagen Ⅰ/glyceraldehyde 3-phosphate dehydrogenase (GAPDH) ratio shows the quantification of the expression levels of
collagen Ⅰ (Relative Amount). The experiment was repeated three times and obtained similar results. Values represent mean ± SD. aP < 0.05, bP < 0.01 vs control.

tract[15,39]. Since IGF-1 is regarded as a principal mediator of intestinal fibrosis, we investigated the effect of
IGF-1 on collagen Ⅰ synthesis in intestinal fibroblasts.
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Here, we reported that IGF-1 increased the protein and
mRNA expression of collagen Ⅰ in intestinal fibroblasts
and that this upregulation was inhibited by pre-treatment
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Figure 5 Proposed mechanism by which resveratrol inhibits insulin growth factor-1-induced collagen Ⅰ synthesis in intestinal fibroblasts. SIRT1: Silent information regulator 1; IGF-1: Insulin growth factor-1; ERK: Extracellular signal- regulated kinase; MEK: Mitogen-activated protein/extracellular signal-regulated kinase
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with MEK1/2 inhibitor U0126. The phosphorylation of IGF-1R and ERK1/2 then gradually increased
in a time-dependent manner after the incubation with
IGF-1. Thus, these data suggest that IGF-1 stimulates
collagen Ⅰ synthesis in intestinal fibroblasts and that its
action mechanism could be attributed to the IGF-1/IGF1R/ERK1/2 pathway.
Previous in vitro studies have shown that resveratrol
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causes cell cycle arrest, decreased collagen synthesis, and
apoptosis in rat intestinal smooth muscle cells[27]. We
next explored the molecular mechanisms of anti-fibrosis
effect of resveratrol in intestinal fibroblasts. Our experiments suggested that resveratrol significantly decreased
collagen Ⅰ expression induced by IGF-1 and resveratrol
alone also inhibited collagen Ⅰ synthesis. Resveratrol
is known to activate deacetylase SIRT1, and this com-
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naturally occurring in grapes and its putative antifibrotic actions have been
demonstrated in models of colitis.

pound can also inhibit a number of other signaling pathways[40-42]. Several lines of evidence indicate that SIRT1
may play an important role in organ fibrosis. SIRT1 has
been documented to inhibit tumor necrosis factor-αinduced inflammation in NIH/3T3 fibroblast cell line[43].
SIRT1 deacetylates smad3 and suppresses the transforming growth factor-β1-driven renal fibrosis[19]. Therefore,
we used several approaches to examine whether the
ability of resveratrol to inhibit collagen Ⅰ operated via
SIRT1. First, overexpression of WT but not HY SIRT1
provided a protective effect against IGF-1-induced
collagen Ⅰ synthesis in CCD-18Co. Second, knockdown
of SIRT1 protein reversed the effect of resveratrol.
These results indicate that resveratrol may protect against
fibrosis through up-regulation of SIRT1 and enzymatic
activity of SIRT1 may be responsible for its inhibitory
effect on collagen Ⅰ synthesis. Whether the mechanism
underlying the effects is deacetylase activity of SIRT1 remains to be determined.
Since the IGF-1/IGF-1R/ERK1/2 signaling pathway has been previously described to be necessary and
sufficient for the induction of collagen by IGF-1, we
focused our investigation on the effect of resveratrol
on IGF-1 signaling. Whether the expression and/or
activity of IGF-1R were influenced by resveratrol? Our
data demonstrated that treatment with resveratrol plus
IGF-1 for 30 min inhibited the activation of IGF-1R
and its downstream signaling molecules such as MAPkinase (ERK1/2) in intestinal fibroblasts. Treatment with
resveratrol for 24 h or overexpression of SIRT1 WT
resulted in the down-regulation of collagen Ⅰ expression
in fibroblasts. However, overexpression of SIRT1 WT
or HY had no effect on activation of IGF-1R. Thus, our
findings suggest that resveratrol exerts its negative effect on the phosphorylation of IGF-1R independent of
activating SIRT1, and resveratrol may regulate IGF-1R
activity by directly inhibiting IGF-1 binding to its receptor. Further studies are needed to confirm these findings
and elucidate the exact molecular mechanism underlying
resveratrol-inhibited activation of IGF-1R.
In summary, our findings (Figure 5) allude to a scheme
wherein upon challenge with IGF-1, collagen Ⅰ expression
is increased in intestinal fibroblasts, which can be repressed by resveratrol through either activating SIRT1 or
inhibiting activation of IGF-1R. Collectively, these observations provide a new mechanistic framework to better
understand the effects of SIRT1 activators on intestinal
fibrosis, and will allow us to examine the possibility that
dysregulation of the IGF-1/IGF-1R/ERK1/2 axis is involved in collagen synthesis in fibroblasts.

Research frontiers

Mounting evidence suggests that resveratrol has anti-inflammatory and antifibrotic effects in the animal models of colitis. Resveratrol diminishes IGF1-stimulated collagen production in intestinal smooth muscle cells. However,
the mechanism of resveratrol on collagen Ⅰ synthesis in intestinal fibroblasts
remains unclear.

Innovations and breakthroughs

In this study, the authors found that resveratrol down-regulated IGF-1-induced
collagen Ⅰ synthesis in intestinal fibroblasts by inhibiting IGF-1 receptor (IGF1R) phosphorylation and its downstream extracellular signal-regulated kinase
(ERK)/mitogen-activated protein kinas signaling pathway. In addition, resveratrol alone suppressed collagen Ⅰ synthesis through up-regulating activity of
silent information regulator 1 (SIRT1).

Applications

These findings highlight a previously unknown function of resveratrol on IGF1R activation and provide novel insight of resveratrol as a therapeutic agent for
intestinal fibrosis.

Terminology

SIRT1 is a nicotinamide adenine dinucleotide-dependent deacetylase which
modulates metabolic homeostasis, stress resistance, cellular survival, cellular
senescence/aging, inflammation-immune function, endothelial functions by
deacetylating a number of key transcription factors.

Peer review

The authors investigated the effect of resveratrol on collagen Ⅰ synthesis
in intestinal fibroblasts and explored the mechanism. Resveratrol effectively
decreased collagen Ⅰ expression in IGF-1-stimulated fibroblasts by inhibiting
IGF-IR/ERK1/2 signaling in a SIRT1 independent manner. However, resveratrol
alone inhibited collagen Ⅰ synthesis by activating SIRT1. Overall, this manuscript is highly relevant and interesting.
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Protective effect of glutamine on intestinal injury and
bacterial community in rats exposed to hypobaric hypoxia
environment
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(IL-6), tumor necrosis factor-α (TNF-α), interferon-gamma (IFN-γ) and diamino oxidase (DAO) were examined.
We also evaluated the expression levels of occludin,
toll-like receptor 4 (TLR4), nuclear factor-κB p65 (NF-κB
p65) and myeloid differentiation factor 88 (MyD88), and
examined the bacterial community in caecal contents.

Chun-Lan Xu, Rui Sun, Xiang-Jin Qiao, Cui-Cui Xu, Xiao-Ya
Shang, Wei-Ning Niu, The Key Laboratory for Space Bioscience and Biotechnology, School of Life Sciences, Northwestern
Polytechnical University, Xi’an 710072, Shaanxi Province, China
Author contributions: Xu CL conceived and designed the
study; Sun R, Qiao XJ and Xu CC performed the experiments;
Sun R analyzed the data; Shang XY and Niu WN contributed reagents/materials/analysis tools; Xu CL wrote the manuscript.
Supported by National Natural Science Foundation of China,
No. 31001012 and No. 31101304; Programs for Agricultural Science and Technology Development of Shaanxi Province, China,
No. 2013K02-16; and Northwestern Polytechnical University
Foundation Science Research Fund, No. JC201278
Correspondence to: Chun-Lan Xu, Associate Professor, The
Key Laboratory for Space Bioscience and Biotechnology, School
Life Sciences, Northwestern Polytechnical University, 127 Youyixi Road, Xi’an 710072, Shaanxi province,
China. clxu@nwpu.edu.cn
Telephone: +86-29-88460543 Fax: +86-29-88460332
Received: November 22, 2013 Revised: January 19, 2014
Accepted: February 17, 2014
Published online: April 28, 2014

RESULTS: Hypobaric hypoxia induced the enlargement
of the heart, liver, lung and kidney, and caused spleen
atrophy. Intestinal villi damage was also observed in
the HH group. Supplementation with Gln significantly
alleviated hypobaric-induced damage to main organs
including the intestine, increased serum SOD (1.14 ±
0.03 vs 0.88 ± 0.04, P < 0.05) and MDA (8.35 ± 1.60,
P < 0.01) levels and decreased serum IL-6 (1172.13±
30.49 vs 1407.05 ± 34.36, P < 0.05), TNF-α (77.46 ±
0.78 vs 123.70 ± 3.03, P < 0.001), IFN-γ (1355.42 ±
72.80 vs 1830.16 ± 42.07, P < 0.01) and DAO (629.30
± 9.15 vs 524.10 ± 13.34, P < 0.001) levels. Moreover,
Gln significantly increased occludin (0.72 ± 0.05 vs 0.09
± 0.01, P < 0.001), TLR4 (0.15 ± 0.05 vs 0.30 ±0.09, P
< 0.05), MyD88 (0.32 ± 0.08 vs 0.71 ± 0.06, P < 0.01),
and NF-κB p65 (0.16 ± 0.04 vs 0.44 ± 0.03, P < 0.01)
expression levels and improved the intestinal bacterial
community.

Abstract
AIM: To investigate the protective effect of glutamine
(Gln) on intestinal injury and the bacterial community
in rats exposed to hypobaric hypoxia environment.

CONCLUSION: Gln treatment protects from intestinal
injury and regulates the gut flora imbalance in hypoxia
environment. These effects may be related to the
TLR4/MyD88/NF-κB signaling pathway.

METHODS: Sprague-Dawley rats were divided into
control, hypobaric hypoxia (HH), and hypobaric hypoxia
+ Gln (5.0 g/kg BW·d) (HG) groups. On the first 3 d,
all rats were placed in a normal environment. After the
third day, the HH and HG groups were transferred into
a hypobaric chamber at a simulated elevation of 7000
m for 5 d. The rats in the HG group were given Gln by
gavage daily for 8 d. The rats in the control and HH
groups were treated with the same volume of saline.
The intestinal morphology, serum levels of malondialdehyde (MDA), superoxide dismutase (SOD), interleukin-6
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Core tip: Gastrointestinal problems at high altitudes
are common. Gut microbes may also play an important
role in host health. Glutamine has been demonstrated
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and biological functions of each barrier allow them to collectively defend against the invasion of foreign antigens
through combined signaling pathways[5]. Although acute
hypobaric hypoxia is the most common pattern, studies
on this issue are limited.
Glutamine (Gln) has not traditionally been used as a
nutritional supplement because it is synthesized endogenously and is considered a “non-essential amino acid”
[6]
. However, some studies have found that the effect of
Gln is far more than that of a “non-essential amino acid”.
Gln consumed as a “conditionally essential amino acid”
is a special nutrient under physiological conditions and
maintains normal immunological function under stress or
pathological conditions. Gln plays a significant role in adjusting the cellular metabolism and cellular immune function[7]. Gln is a major source of energy for enterocytes and
supports nucleotide biosynthesis. Additionally, Gln may
protect epithelial cells against endotoxin/oxidant-related
injury and enhance the expression of heat stress proteins
following stress in gastrointestinal tract therapy[8]. Longterm treatment with Gln that was started before advanced
age prevented the loss of body weight without limiting
sarcopenia and had a beneficial effect on enterocytes in
very old rats[9]. Currently, the protective effect of Gln on
intestinal mucosal barrier function is still unknown under
hypobaric hypoxia.
Gut microbes may also play an important role in host
health[10]. In the absence of the gut microbiota, normal
immune development and function are impaired. Understanding the influence of hypoxia on the composition
of the microbial community in the intestine is crucial for
regulating the microflora, and will improve gut health.
Therefore, the present study was conducted to investigate the unique role of glutamine in the preservation of
epithelial barrier function in the gastrointestinal tract of
rats exposed to a hypobaric hypoxia environment. We
observed the ultrastructure of the duodenum, jejunum,
and ileum, evaluated changes in the expression of occludin in the ileum and detected several serum inflammatory
mediators. In addition, we investigated the role of the tolllike receptors (TLRs)/myeloid differentiation factor 88
(MyD88)/nuclear factor-κB (NF-κB) signaling pathway in
the protective effect of Gln on intestinal barrier damage
induced by hypobaric hypoxia. We also analyzed the bacterial community in the intestinal contents.

to be an important source of fuel for the gut. In the
study, we investigated the protective effect of glutamine on intestinal barrier damage induced by hypobaric
hypoxia. The research provides a basic understanding
of possible mechanism of hypobaric hypoxia-induced
damage of intestinal barrier function and bacterial community imbalance. The altered bacterial communities
in the intestine and the toll-like receptor 4/myeloid differentiation factor 88/nuclear factor-κB signal pathway
may represent the significant therapeutic targets for
the prevention/treatment of intestinal barrier dysfunction and consequent intestinal diseases.
Xu CL, Sun R, Qiao XJ, Xu CC, Shang XY, Niu WN. Protective
effect of glutamine on intestinal injury and bacterial community in rats exposed to hypobaric hypoxia environment. World J
Gastroenterol 2014; 20(16): 4662-4674 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i16/4662.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4662

INTRODUCTION
High altitudes create a special type of environment because the atmospheric pressure is lower than it is at sea
level. However, more than 140 million people permanently live at a high altitude (> 2500 m) in North America,
Central America, South America, East Africa, and Asia.
Furthermore, every year several hundred thousand people
from lowland areas move to higher altitudes for work or
travel. High altitude hypoxia is a challenge for people residing in or visiting high altitudes. The exposure to high
altitude causes severe damage to different organs, especially the intestinal tract. The incidence of digestive system disease is reported to be higher among high-altitude
residents and immigrants[1,2]. The primary function of the
intestinal tract is to regulate water, electrolyte and nutrient
transport. To perform these functions, the epithelium lining the intestinal tract is in close contact with the gastrointestinal lumen. Because the lumen is connected to the
external environment and may have a high bacterial and
antigen load, the epithelium must also prevent pathogenic
agents within the gastrointestinal lumen from gaining access to internal tissues[3]. Hypoxia may induce severe primary intestinal barrier dysfunction, promote bacterial and
endotoxic translocation, and cause systemic inflammatory
response; it is the major factor causing high-altitude multiple organ dysfunction syndrome[4]. During studies of
the complex physiological function of the intestine, we
noted that the intestine is not only an important organ
of digestion and nutrient absorption, but also has immunomodulatory, endocrine, and mucosal barrier functions.
Intestinal mucosal barrier function is an important part
of the barrier system of the body and has been studied by
many researchers. It is composed of a mechanical barrier,
an immune barrier, a chemical barrier, and a biological
barrier. The different structures, molecular mechanisms,
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MATERIALS AND METHODS
Reagents
The main regents used in this study were the following:
L-glutamine (Xi’an Guoan, China), MDA kit (Nanjing Jiancheng, China), SOD kit (Nanjing Jiancheng, China), Total protein kit (Nanjing Jiancheng, China), 4% paraformaldehyde (Beijing Dingguo Changsheng Biotechnology Co.,
Ltd.), rat IL-6, TNF-α, IFN-γ, and DAO enzyme linked
immunosorbent assay (ELISA) kits (RD systems, United
States), NF-κB p65 and TLR4 rabbit polyclonal antibody,
occludin rabbit polyclonal antibody, β-actin mouse polyclonal antibody (Santa Cruz, United States), and MyD88
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rabbit polyclonal antibody (Abcam, United States).

ileum were obtained and cut open longitudinally and
transversely. Then each collected intestinal segment was
washed with normal saline immediately, fixed in 4%
formaldehyde at 4 ℃ for 24 h, rinsed with phosphate
buffered solution (PBS) and embedded in paraffin. The
tissue was consecutively cut into 4-μm thick sections that
were stained with hematoxylin and eosin (HE). The intestinal morphology was observed using a fluorescence microscope (Nikon, Japan), and the length and area of the
intestinal villi were measured and calculated according to
the following equation: Area = 2πrh, where r represents
the radius of the villus and h is the villus height.

Animals
This study was approved by the Institutional Animal Care
and Use Committee of the Northwestern Polytechnical
University and was conducted in accordance with the
National Institutes of Health guidelines for the care and
use of experimental animals. Thirty adult male SpragueDawley (SD) rats (200 ± 20 g) were purchased from the
Experimental Animal Center of College of Medicine, Xi’
an Jiaotong University.
Experimental regimen
Thirty male rats were randomly divided into three groups
of ten rats each as follows: a normal control group (Control), a hypobaric hypoxia group (HH), and a hypobaric
hypoxia plus Gln group (HG). For the first 3 d, all of the
rats were placed in a normal environment. During this
period, the rats in the HG group were given 5.0 g/kg
BW/d Gln by gavage daily. The rats in the control and
HH groups received intragastric administration of an
equal volume of saline. The rats in HH and HG groups
were transferred to a hypobaric chamber (Guizhou Fenglei Aviation Ordnance Co., Ltd, China) simulating an
elevation of 7000 m for 5 d. During the hypoxia treatment, all of the rats were treated with saline or Gln as
previously described. The chamber altitude was returned
to sea level daily for 30 min to clean the cages, replenish
the food and water and give drugs. All of the animals had
free access to food and water and were weighed daily.

Measurement of serum SOD and MDA levels
Approximately 0.1 mL serum was used to detect the
SOD activity and measure the MDA content. The SOD
activity was measured using the hydroxylamine method.
The MDA content was measured by the thiobarbutiric
acid colorimetric method. The kits were used according
to the manufacturer’s instructions. The absorbance was
measured at 550 and 532 nm, respectively, using an ultraviolet spectrophotometer (HITACHI, Japan). The activity
of SOD was expressed as units per ml. The MDA content was calculated using the following formula: (nmol/
mL) = [A(sample) - A(sample blank)]/[A(standard) A(standard blank)], where A represents the absorbance
value.
Detection of serum IL-6, TNF-α , IFN-γ , and DAO levels
The levels of IL-6, TNF-α, IFN-γ, and DAO in the serum were detected using commercially available ELISA
kits according to the manufacturer’s recommended protocol. A Synergy HT Multi-Detection Microplate Reader
(Bio-Tek) was used to read the optical density at 450 nm.
The concentrations of IL-6, TNF-α, IFN-γ, and DAO in
the samples were determined using a standard curve.

Animal observation and sample collection
The rats were weighed before gavage every day, and their
mental state, spontaneous activity, and eating status were
monitored.
Five days after exposure to hypobaric hypoxia, the
rats were anesthetized with ether, and the abdomen was
opened to collect 5 mL of blood from the abdominal
aorta. The blood was centrifuged at 1000 g for 10 min at
4 ℃, and the serum was separated and stored in Eppendorf tubes. The general conditions of the rats and overall
changes in the abdominal cavity were observed. Additionally, the heart, liver, spleen, lungs and kidney were
removed from the rats and weighed. Approximately 5 cm
of the duodenum, jejunum and ileum were collected into
RNAase-free tubes. Caecal contents were collected and
stored in freezing tubes. All of the samples were frozen
by immersion in liquid nitrogen and stored at -80 ℃ until
needed for analysis.

Western blotting for detection of NF-κ B p65, TLR4,
MyD88 and occludin expression
Ileum mucosal tissues (100 mg) were homogenized in 1
mL lysis buffer (Sangon Biotech, China). The total protein was extracted with a Protein Extract Kit (Beyotime,
China) according to the manufacturer’s instructions. The
protein concentration was measured via a bicinchoninic
acid assay using a BioRad protein microassay (BioRad,
Hercules, CA). An aliquot containing 30 μg of protein
was diluted in loading buffer (loading buffer: sample = 5:1,
v/v) and heated to 98 ℃ for 10 min. The protein sample
was separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The protein
was transferred onto a 0.45 μm-pore polyvinylidene
difluoride membrane (PVDF, Immuno-Blot, BioRad) at
100 V for 1 h. The membranes were blocked at room
temperature for 2 h with 5% fat-free milk in PBS-T (PBS
with 0.1% Tween-20). The following primary antibodies
were used: NF-κB p65 (1:500), TLR4 (1:1000), MyD88
(1:500), occludin (1:500), and β-actin (1:1000). The primary antibodies were incubated at 4 ℃ overnight. After
washing with PBS-T (0.1% BSA), the membranes were

Body, heart, liver, lung, kidney, and spleen weight
The rats were sacrificed after completing the hypoxia.
The body weight and weights of the heart, liver, lung,
kidney and spleen were determined for each animal. The
organ index was calculated as percentage of body weight.
Light microscopy for observation of intestinal
morphology
Approximately 2 cm of the duodenum, jejunum and
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incubated with horseradish peroxidase (HRP)-conjugated
secondary anti-rabbit antibody (diluted 1:3000; Boster
Co., Wuhan, China) for 2 h at room temperature. After
additional washing, bound conjugates were detected with
ECL SuperSignalTM West Pico substrate (Piece, Rockford,
IL, United States). The proteins were visualized by exposing the blot to an X-ray film and were photographed with
a digital camera. The net intensities of individual bands
were measured using Quantity One (version 4.6.2). The
relative expression levels of the proteins were expressed
as the gray value of the target band over the gray value
of β-actin in the same sample.

jected to emulsion PCR (emPCR) using RocheGS FLX
Titanium emPCR kits to generate amplification libraries.
Amplification pyrosequencing was performed from the
A-end using a 454/Roche A sequencing primer kit on a
Roche Genome Sequencer GS FLX Titanium platform
at Majorbio Bio-Pharm Technology Co., Ltd., Shanghai,
China.
Statistical analysis
Most of the data except for the bacterial community
analysis are presented as mean ± SEM. The data were
analyzed by one-way analysis of variance and Student’s
t-test (version 9.1, SAS, NC, United States). Differences
were considered to be statistically significant at P < 0.05.
The pyrosequencing data were subjected to bioinformatic
analysis. Prior to analysis, the original pyrosequencing data must be filtered and optimized to obtain the
valid and trimed sequences through Seqcln and Mothur
(http://sourceforge.net/projects/seqclean/http://www.
mothur.org/wiki/Main_Page). Then, these trimed sequences were analyzed from two aspects: operational
taxonomic units (OTUs) cluster (97% similarity) and
taxonomy which were mainly performed on Mothur
(http://www.mothur.org) and compared with the Bacterial SILVA database (http://www.arb-silva.de/), by methods of kmer searching (http://www.mothur.org/wiki/
Align.seqs) and UCHIME (http://drive5.com/uchime).
Rarefaction analysis and Good’s coverage for the nine
libraries were determined. Community figure was generated using R tools according to the data from document
“tax.phylum.xls”. Heatmap figure was generated using
Vegan-package (distance measure with Bray-Curtis; cluster analysis with complete).

Composition and diversity of bacterial community
through 454 pyrosequencing analysis
Genomic DNA in caecal contents was extracted using
the E.N.Z.A. ® DNA Kit (Omega Bio-Tek) according
to the manufacture’s protocol with a slight modification,
then identified by 1% agarose gel electrophoresis. DNA
purity and concentration were analyzed using the ultraviolet spectrophotometer (HITACHI, Japan). According to
the specific sequence region (533R-27F) in the 16S rRNA
gene that covering the V1-V3 region, the bar-coded primers 27F and 533R containing the A and B sequencing
adaptors were synthesized and used to amplify this region.
The forward primer (B-27F) was 5’-CCTATCCCCTGTGTGCCTTGGCAGTCTCAGAGAGTTTGATCCTGGCTCAG-3’, where the sequence of the B adaptor
is shown in italics and underlined. The reverse primer
(A-533R) was 5’-CCATCTCATCCCTGCGTGTCTCCGACTCAGNNNNNNNNNNTTACCGCGGCTGCTGGCAC-3’, where the sequence of the A adaptor
is shown in italics and underlined and the series of Ns
represent an eight-base sample specific barcode sequence.
The identified DNA was subjected to polymerase chain
reaction (PCR) using TranStartFastpfu DNA Polymerase
(MBI. Fermentas, United States) in a 20 μL volume containing 5 mmol each of the primer, 10 ng of template
DNA, 5 × FastPfu Buffer, and 1 U of FastPfu DNA
Polymerase. PCR was performed in a thermocycler (Gene
Amp® PCR System 9700, ABI, United States). The PCR
profile included denaturation at 95 ℃ for 2 min, followed
by 25 cycles of denaturation at 95 ℃ for 30 s, annealing
at 55 ℃ for 30 s, and extension at 72 ℃ for 30 s, and a final extension at 72 ℃ for 5 min. Triplicate PCR products
of the same sample were mixed, and then detected by
2% agarose gels electrophoresis containing ethidium bromide. PCR products were recycled and purified with an
AxyPreDNA gel extraction kit (Axygen, China) according to the manufacturer’s instructions. The recycled PCR
products were visualized on agarose gels. Furthermore,
the PCR products were quantitatively determined using
QuantiFluorTM-ST Fluoremeter (Promega, United States)
and PicoGreen® dsDNA Quantitation Reagent (Invitrogen, Germany). Following quantitation, the amplification
products from each reaction mixture were pooled in equimolar ratios based on their concentrations and were sub-
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RESULTS
General conditions including body, heart, liver, lung,
kidney, and spleen weights
There were no animal deaths during the experiment.
The rats in the control group were active and energetic
and had no pathological reaction in the abdominal cavity that was visible to the naked eye. The rats in the HH
and HG groups were less active and were notably more
tired. Prominent swelling was observed in their intestinal
canals, and the intestinal mucosa was congested. While in
the hypobaric chamber, the food intake was significantly
lower in the HH and HG groups than in the control
group. Thus, reduced body weight was observed in all
rats in the groups exposed to hypobaric hypoxia (Figure
1). On the fifth day of exposure to the hypobaric chamber, the body weights of the rats in group HG increased
and were higher than those in the HH group. The eyes
of the rats from the HH and HG groups were reddish
brown. Table 1 showed that the heart, liver, kidney, and
lung indices in the HH group were significantly increased
compared to the control group (P < 0.01; P < 0.05; P <
0.05; P < 0.001, respectively). However, the spleen index
in the HH group decreased compared to the control
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serum of rats from the HG group were lower than those
from the HH group. Moreover, serum DAO levels in the
HH and HG groups were lower than those in the control
group (P < 0.05). The administration of Gln significantly
increased serum DAO levels compared to the HH group
(P < 0.001). These results suggested that supplementation with Gln reversed hypoxia-induced increases of inflammatory mediators.
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Protein expression of occludin, TLR4, MyD88 and NF-κ B
p65 in ileum tissues
Western blotting analysis (Figure 5) showed that the expression levels of NF-κB p65 (P < 0.01), MyD88 (P <
0.01) and TLR4 (P < 0.05) in the HH group were higher
than those in the control group. Supplementation with
Gln significantly decreased the expression levels of NFκB p65 (P < 0.01), MyD88 (P < 0.01), and TLR4 (P <
0.05) compared with the HH group. However, the influence of hypobaric hypoxia on occludin expression was
contrary to the expression of NF-κB p65, MyD88 and
TLR4. The expression level of occludin in the HH group
was decreased significantly as compared to the control
group. The supplementation with Gln rescued the hypoxia-induced reduction of occludin, and the HG group
showed increased occludin expression.

8

Figure 1 Effects of glutamine treatment on body weight in rats of different
groups. Gln: Glutamine; Control: Control group; HH: Hypobaric hypoxia group;
HG: Hypobaric hypoxia plus Gln group.

group (P < 0.05).
Observation of morphology of the intestine using light
microscopy
The intestinal villi with intact epithelia were dense and
long and showed an ordered arrangement in the control
group. Additionally, the intestinal mucosa was smooth
and thick. There were no detected defects in the intestinal
mucosa and villi using a light microscope (Figure 2). The
intestinal villi in the HH group were sparse, short, and
defective and had a scattered arrangement. In addition,
the lodged and exfoliated villi became thinner than those
in the control group. The tight junctions between the
intestinal epithelial cells were widened. The intestinal mucosa was exfoliated and showed signs of atrophy. Compared with the HH group, the intestinal villi in the HG
group were relatively intact, long, and dense and showed
an orderly arrangement. A statistical analysis showed that
the height of the intestinal villi (P < 0.001), the thickness
of the mucosa (P < 0.001), and the villi area (P < 0.001)
were significantly decreased in the HH group as compared to the control group (Table 2). Treatment with Gln
alleviated the damage to the intestine morphology and
structure in rats exposed to hypobaric hypoxia.

Bacterial composition and diversity in caecal contents
A total of 80521 valid reads and 9679 OTUs were obtained from the nine samples through 454 pyrosequencing analysis. The rarefaction curves tended to approach
the saturation plateau (data not shown). Good’s coverage
estimations revealed that 92%-95% of the species were
obtained in all of the samples. All of the sequences were
classified from phylum to genus according to the program Mothur using the default setting, and 14 different
genus groups were identified from these samples. The
nine libraries showed very dissimilar 16S rRNA profiles at the genus level distribution (Figure 6). The HG
libraries included the maximum number of genera and
included the following: No_Rank, Prevotellaceae_uncult
ured, Prevotella, Lactobacillus, Lachnospiraceae_uncultured,
Ruminococcaceae_uncultured, Bacteroides, Peptostreptococcaceae
_Incertae_Sedis, Alistipes, Lachnospiraceae_Incertae_Sedis,
Treponema, Ruminococcus, and Wohlfahritiimonas. These were
the most important groups and accounted for 96% of
the reads. The HH libraries showed relatively simple diversity and contained the lowest number of Lactobacillus,
Peptostreptococcaceae_Incertae_Sedis and Treponema, and the
highest number of Prevotellaceae_uncultured and Prevotella.
Compared with the other two groups, the numbers of
Acinetobacter, Comamonas, Enterobacter, and Enterococcus
Wohlfahrtiimonas in the HG libraries were high. A hierarchically clustered heatmap analysis based on the bacterial
community profiles at the family level indicated that the
HH samples clustered with the control and HG samples

Serum total SOD activity and MDA concentration
The total serum total SOD activity and MDA concentration in the HH group were significantly lower than those
in the control group (P < 0.001) (Figure 3). However,
supplementation with Gln significantly increased (P <
0.05) the total SOD activity and decreased (P < 0.01)
the MDA concentration in serum compared to the HH
group. The HH group values were significantly increased
compared to the control group.
Serum IL-6, TNF-α , IFN-γ , and DAO levels
As shown in Figure 4, serum levels of IL-6 (P < 0.05),
TNF-α (P < 0.001), and IFN-γ (P < 0.01) in the HH
group were significantly higher than those in the control
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Table 1 Effects of glutamine treatment on visceral indices (mg/g) in experimental rats
Group

Heart

Liver

Kidney

Lung

Spleen

Control
HH
HG

3.900 ± 0.173
4.800 ± 0.000b
4.729 ± 0.000

28.330 ± 0.513
34.290 ± 0.751b
32.960 ± 0.909

3.933 ± 0.240
8.200 ± 0.307b
6.600 ± 0.860e

5.433 ± 0.267
9.257 ± 0.281d
8.814 ± 0.451

2.933 ± 0.117
2.583 ± 0.175a
2.650 ± 0.140

The cardiac, hepatic, renal, and lung indices in SD rats in the HH group were increased compared to the control group, but the spleen index in the HH
group decreased. The visceral indices in the HG group had no obvious differences compared to the HH group. aP < 0.05, bP < 0.01, dP < 0.001 vs Control; eP
< 0.05 vs HH. Values are expressed as mean ± SEM (n = 7, each). Gln: Glutamine; Control: Control group; HH: Hypobaric hypoxia group; HG: Hypobaric
hypoxia plus Gln group.

in order (Figure 7).

supplemented with Gln (5.0 g/kg•d) were normal and intact. Gln is a key factor in maintaining mucosal structure
and may have special effects on the maintenance of tight
junction and permeability of the intestinal mucosa. Oral
glutamine may be effective in protecting the human intestinal mucosa[16], enhancing the villi height of the jejunum
and ileum[17], preventing jejunal atrophy and mitigating
the overall disruption[18].
High altitude is characterized by hypobaric hypoxia,
which is considered an acute physiological stress leading
to oxidative stress[19]. Oxidative stress describes the steady
state level of oxidative damage in a cell, tissue, or organ,
caused by the reactive oxygen species (ROS). ROS also
triggers lipid peroxidation that is a chain reaction that
provides a continuous supply of free radicals by oxidizing
the polyunsaturated fatty acids in membranes and causing
oxidative cell damage. MDA is formed as an end product of lipid peroxidation and acts as a main marker of
endogenous lipid peroxidation[20,21]. In the current study,
supplementation with Gln significantly decreased MDA
levels in serum. This result indicated that Gln could
protect rats from hypoxia-induced lipid peroxidation. Although a variety of mechanisms contribute to protection
against ROS-mediated cell and tissue injury, intracellular
AOEs, including SOD, are considered to play a major
role. SOD catalyzes the conversion of superoxide radical
to hydrogen peroxide. In the present study, SOD activities in the serum were substantially increased in rats treated with Gln. Therefore, antioxidant enzymes can alleviate
the toxic effects of ROS and limit the effects of oxidant
molecules on tissues. The antioxidant enzymes are active
in the defense against oxidative cell injury because they
are free radical scavengers[22].
Studies have shown that the function of the intestinal
barrier may be regulated by a network of multiple cytokines including ILs, IFNs, and TNF-α[23]. An imbalance
of pro-inflammatory and anti-inflammatory cytokines
is another important mechanism of intestinal mucosal injury. It is well established that hypobaric hypoxia
causes mucosal hyperpermeability in vivo. Subsequently,
the activity of innate immune cells is increased, and this
is associated with the activation of the mucosal immune
system[24]. TNF-α, IL-6, and IFN-γ are important inflammatory factors that play important roles in various
inflammatory reactions and are highly correlated with the
severity of inflammation[25]. INF-γ is a cytokine that is
critical for innate and adaptive immunity against viral and

DISCUSSION
Gastrointestinal problems at high altitudes are common.
Special geological and climatic environments might cause
the decrease of body resistance and the increase of susceptibility to intestinal diseases observed for humans or
animals exposed to high altitudes. There were currently
no effective measures to prevent or treat intestinal diseases. In the current study, the body weight of rats decreased
after exposure to hypobaric hypoxia at a stimulated elevation of 7000 m for 5 d. However, if we supplemented
the rats with Gln daily for eight consecutive days, including three days before entry into hypobaric chamber, the
body weight of the Gln-treated rats recovered on the
eighth day. Moreover, hypobaric hypoxia induced the enlargement of the heart, liver, kidney, and lung, and caused
spleen atrophy. However, supplementation with exogenous glutamine effectively alleviated the occurrence of
the above pathological phenomenon. We know that Gln
as a conditionally essential amino acid, has many roles in
the human body. Gln may enhance immune function in
individuals who are critically ill and immune suppressed,
prevent infection in postsurgical patients, and support the
integrity of the gut mucosa after intestinal damage. In the
presence of critical illness and catabolic stress, the body’s
glutamine consumption exceeds the normal supply. Thus,
Gln becomes an “essential” amino acid[11,12].
The intestinal mucosa actively participates in host
defense by engaging the mucosal immune system[3]. However, the intestinal mucosa and villi of the rats were seriously injured by the hypobaric hypoxia environment. The
villi height and crypt depth of the small intestine were
significantly decreased. In addition, the intestinal villi had
bizarre shape changes in the form of partial loss, sloughing and vacuolization because of the hypobaric hypoxia
environment. The insufficient energy synthesis caused
by hypoxia decreases the frequency of cilia swing, slows
peristalsis, and inhibits self-cleaning in the intestinal tract.
In addition, the blood and oxygen supplies required for
the normal functioning of the intestinal mucosa vary
greatly under different conditions. The special anatomical structures of the intestinal microvilli were extremely
sensitive to hypoxia[13,14]. Hypobaric hypoxic environments can also aggravate damage to the intestinal villi[15].
However, the intestinal mucosa and villi of the rats
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Duodenum

Table 2 Effect of hypoxia and glutamine on intestinal villi
and mucosa

A

2

Group

Height of villi (μm)

Thickness of
mucosa (μm)

Villous area (μm )

Control
HH
HG

750.800 ± 13.530
378.300 ± 20.310b
736.300 ± 20.640d

283.900 ± 6.096
203.700 ± 2.758b
233.700 ± 3.989d

813.900 ± 56.500
342.200 ± 39.550b
827.400 ± 35.160d

200 mm

B

200 mm

C

A

25

MDA content in serum (nmol/mL)

The height of the intestinal villi (P < 0.001) and the thickness of the mucosa
(P < 0.001) and villous area (P < 0.001) were decreased in the HH group
as compared to the control group and were increased in the HG group as
compared to the HH group. bP < 0.001 vs Control, dP< 0.001 vs HH. Values
are expressed as mean ± SEM (n = 7, each). Gln: Glutamine; Control:
Control; HH: Hypobaric hypoxia group; HG: Hypobaric hypoxia plus Gln
group.

20

15
b

10

5

0

B

a

Control

HH

HG

1.5

Total SOD activity (U/mL)

c

200 mm

Figure 2 Effects of glutamine on intestinal morphology in rats. Smooth
intestinal mucosa with intact epithelia and ordered villi in the control group,
atrophic and thinned villi with a loose and disordered arrangement, and exfoliated and incomplete intestinal mucosa in the hypobaric hypoxia (HH) group,
and relatively intact intestinal villi with an ordered and tight arrangement in the
hypobaric hypoxia + Gln (5.0 g/kg BW·d) (HG) group (hematoxylin and eosin,
× 200). A: Control; B: HH; C: HG.

a

0.5

0

Control

HH

HG

Figure 3 Effects of glutamine treatment on malondialdehyde contents in
serum (A) and superoxide dismutase (B). aP < 0.001 vs Control; bP < 0.05, cP <
0.01 vs HH. Values are expressed as mean ± SEM (n = 7, each). Gln: Glutamine;
SOD: superoxide dismutase, MDA: malondialdehyde; Control: Control group; HH:
Hypobaric hypoxia group; HG: Hypobaric hypoxia plus Gln treatment group.

bacterial infections[26]. Increases in serum TNF-α, IL-6,
and INF-γ after hypobaric hypoxia stimulation were observed in the study. However, treatment with Gln significantly decreased the levels of TNF-α, IL-6, and INF-γ.
This result suggests that Gln may improve the permeability of the intestinal mucosa and protect the intestine.
DAO belongs to the class of copper-containing amine
oxidases that convert primary amines to corresponding
aldehydes, hydrogen peroxide, and ammonia. Human
DAO may play an important role in histamine metabolism. Histamine is a potent pharmacological agent with
profound biological effects[27]. The levels of serum DAO
is a useful marker of intestinal mucosal integrity that in-
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1.0

dicates the function and structure of the intestine[28]. Gln
treatment significantly increased serum DAO concentration. Tight junction (TJ) proteins, including occludin,
claudins, and cytoskeleton proteins play a critical role in
maintaining the intestinal barrier integrity. Occludin was
the first transmembrane protein discovered in the tight
junction. Occludin plays a crucial role in the assembly or
maintenance of epithelial tight junctions[29]. The absence
of occludin increases the ion permeability of TJs[30]. In
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Figure 4 Effects of glutamine treatment on interleukin-6 (A), tumor necrosis factor-α (B), interferon-γ (C) and diamine oxidase contents in serum (D). aP <
0.05, bP < 0.01, cP < 0.001 vs Control; dP < 0.05, eP < 0.01, fP < 0.001 vs HH. Values are expressed as mean ± SEM (n = 7, each). Gln: Glutamine; IL-6: Interleukin-6;
TNF-α: Tumor necrosis factor-alpha; IFN-γ: Interferon-gamma; DAO: Diamine oxidase; Control: Control group; HH: Hypobaric hypoxia group; HG: Hypobaric hypoxia
plus Gln treatment group.

exerted via a variety of mechanisms.
Complex intestinal microbial communities are believed to provide some benefits to their host[35] and are
now the focus of many research efforts. There are currently few published reports examining the effect of hypobaric hypoxia on the microbiome. In the present study,
there were significant decreases in Lactobacillus, Treponema,
and Peptostreptococcaceae_Incertae_Sedis and obvious increases in Prevotellaceae_uncultured and Prevotella in the
caecal contents of the HH group. These results suggest
that hypoxia may influence the composition of the microbial community in the intestine. The potential pathogens
and probiotics are important members of the intestinal
microbiota. The numbers of Lactobacillus, Comamonas, Enterobacter, Peptostreptococcaceae_Incertae_Sedis, Acinetobacter,
Enterococcus and Wohlfahrtiimonas in the HG libraries were
higher than those in the HH library. The data suggest
that supplementation with Gln for animals in a hypobaric
hypoxia environment improved the microbial community.
Changes in the composition and diversity of the bacterial community in the intestine may occur following a
breach of the intestinal microfloral barrier, which results
from deficiencies in the host immune defense system or
damage to the intestinal mucosal barrier. Recent studies
have shown that hypoxia alone can damage the function
of the gastrointestinal barrier and cause flora imbalance

the present study, hypobaric hypoxia caused a significant
decrease in the expression of occludin. This result indicates that hypobaric hypoxia exposure leads to intestinal
barrier dysfunction and increased intestinal permeability.
However, supplementation with Gln effectively alleviated the decrease of occludin expression levels in rats
living in a hypobaric hypoxia environment. Under stress
conditions, such as hypobaric hypoxia, the physiological
level of Gln is inadequate, and Gln can repair intestinal
mucosa damage. Therefore, Gln must be supplemented.
Gln is best known for its ability to serve as a source of
fuel for cells, such as enterocytes, renal epithelial cells,
hepatocytes, neurons, and immune cells[31]. The enteral
administration of glutamine stimulates intestinal mucosal
protein synthesis, protects enterocytes from apoptosis,
and promotes many functional activities of immune
cells[32]. Therefore, after Gln treatment lymphocytes can
secrete cytokines in the hypobaric hypoxia environment.
The cytokines protect intestinal immunity. The synthesis
of glutathione, a major endogenous antioxidant in mammalian cells, requires glutamine as a precursor[33]. Gln in
combination with N-acetyl cysteine and zinc partially
restores the tight junction integrity[33,34], decreases the intestinal mucosal permeability, and maintains the intestinal
integrity, similar to occludin. In short, the protective effect of Gln on intestinal mucosa barrier function may be
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Figure 5 Toll-like receptor 4, nuclear factor-κB, myeloid differentiation factor 88, and occludin protein expression in the ileum of rats of different groups
determined by Western blotting. The occludin expression level in the HH group was lower than that in the Control group. After Gln treatment, the occludin expression level in the HG group was significantly higher than that in the HH group. aP < 0.05, bP < 0.01, cP < 0.001 vs Control; dP < 0.05, eP < 0.01, fP < 0.001 vs HH. Values
presented as means ± SEM (n = 4, each). Gln: Glutamine; Control: Control group; HH: Hypobaric hypoxia group; HG: Hypobaric hypoxia plus Gln group.
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Figure 6 Bacterial composition differences. Relative read abundance of different bacterial genera within the different communities. Sequences that could not be
classified into any known group were assigned as “No_Rank”.

in rats[36]. Supplementation with Gln alleviated intestinal
mucosal injury and increased bacterial translocation in
rats exposed to high-altitude hypoxia[4,36,37].
Toll-like receptors (TLRs) are a family of patternrecognition receptors that play a key role in the innate
immune system. As a key transmembrane protein closely
related to bacterial recognition, TLR4 is thought to be
involved in the first immune barrier of the gastrointestinal tract. NF-κB is the final effector molecule of the
TLR4 signaling pathway. TLRs trigger a complex signal-
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ing cascade involving different adaptor proteins, kinases
and transcriptional factors. Thus, various TLRs have
been shown to activate both NF-κB and the mitogenactivated protein kinase pathway via MyD88. MyD88 is a
common adaptor molecule that is recruited towards the
Toll/IL-1 receptor domain of TLRs. NF-κB induces the
transcription and translation of inflammatory cytokines
and leads to the massive release of inflammatory mediators[38-40]. Locally, these molecules can lead to the apoptosis of intestinal mucosal epithelial cells and damage the
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Figure 7 Bacterial distribution among the nine groups. Double hierarchical dendrogram showing the bacterial distribution among the nine groups. The bacterial
phylogenetic tree was calculated using the neighbor-joining method and the relationship among samples was determined by Bray distance and the complete clustering method. The heatmap plot depicts the relative percentage of each bacterial family shown in the legend indicated at the bottom of the figure. Clusters based on the
distance of the seven samples along the X-axis and the bacterial families along the Y-axis are indicated in the upper and left portions of the figure, respectively.
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intestinal diseases. The main reason may be that the mechanism of hypobaric
hypoxia-induced intestinal barrier function damage even intestinal diseases is
unclear. Many studies indicate that glutamine supplementation preserves the
gut barrier function and prevents permeability to toxins and pathogens from the
gut lumen into mucosal tissue and circulation. However, the molecular mechanism regulating the effects of glutamine on intestinal barrier function is poorly
understood, especially under hypobaric hypoxia environment.

tissues and organs of the intestinal tract. TLR4 promotes
the proliferation of epithelial cells and inhibits intestinal
bacterial translocation[41]. TLR4 might play an important
role in recruiting granulocytes after intestinal damage[42].
Our result suggests that hypobaric hypoxia upregulated
TLR4 expression and activated the TLR4/MyD88/NFκB signaling pathway. Moreover, the activation of TLR4/
MyD88/NF-κB signaling was consistent with changes
in serum levels of TNF-α, IL-6, and IFN-γ and damage to the morphology and structure of the intestinal
mucosa. Furthermore, we found that the expression of
TLR4/MyD88/NF-κB signaling proteins was inversely
correlated with the expression level of occludin under
hypobaric hypoxic conditions. Thermal damage to the
intestinal permeability increased distant organ injury that
was associated with significantly reduced occludin expression and TLR4 activation, but this injury was attenuated
in TLR4-deficient mice[43]. In addition, the activation of
TLR4 can also alter the cellular localization of occludin[44]. This redistribution of occludin might damage barrier function. Thus, hypobaric hypoxia-induced activation
of TLR4/MyD88/NF-κB may influence TJ complexes
and eventually cause damage to the intestinal barrier that
results in bacterial translocation. Luo et al[37] also found
that TLR4 and NF-κB expression was increased in rat
intestinal tissues after acute hypoxia exposure. Pyrrolidinedithiocarbamic acid treatment reversed TLR4 and NFκB upregulation and alleviated the damage to the intestinal tract and bacterial translocation. These results suggest
that the TLR4/MyD88/NF-κB signaling pathway may be
related to the mechanism of damage in intestinal barrier
function and changes in the bacterial community caused
by a hypobaric hypoxic environment.

Research frontiers

Glutamine can become situationally essential amino acids such as gastrointestinal disease. Supplementation of glutamine can bring many benefits, including
facilitating nitrogen metabolism, fueling the cells that line the intestine, supporting protein synthesis, and serving as a critical substrate for the cellular immune
response. In the area of protection of gastrointestinal health with glutamine, the
research hotspot is to elucidate the mechanism underlying the effect of glutamine on intestinal barrier function in physiological and pathological conditions.

Innovations and breakthroughs

Glutamine is the most abundant amino acid in the body. However, under the
condition of extreme stress, the body may need more glutamine than it can
make. Previous studies focused on the application effect of glutamine in food,
medicine and feed. Its underlying mechanisms are still unknown. Hypobaric
hypoxia is one major kind of environmental stress at high altitudes for humans,
which usually causes damage to organs including the intestine and even induces intestinal diseases. Up to now, there are no effective measures to prevent
and treat it. However, many studies pay more attention to the effect of hypobaric hypoxia on the nervous system and respiratory system. Little is known about
the mechanism of intestine barrier dysfunction caused by hypobaric hypoxia
and the protective effect of glutamine on intestine barrier dysfunction. The present study was conducted to explore the role of glutamine in the preservation of
intestinal barrier function and maintaining the flora balance in rats exposed to
hypobaric hypoxia environment, and investigate the role of the TLRs/MyD88/
NF-κB signal pathway and tight junction protein occludin in the protective effect
of Gln against intestinal barrier damage induced by hypobaric hypoxia.

Applications

The results indicate that glutamine can play a role to protect the intestinal barrier function damage and regulate the diversity and composition of intestinal
bacterial community under hypobaric hypoxia environment. The altered bacterial communities in the intestine and TLR4/MyD88/NF-κB signal pathway may
represent the significant therapeutic targets for the prevention/treatment of
intestinal barrier dysfunction and consequent intestinal diseases.

Terminology

Hypobaric hypoxia: hypobaric hypoxia that is particularly more likely to happen
for humans at high altitude areas and for pilots in flight is a condition where
the body is deprived of a sufficient supply of oxygen from the air to supply for
body tissues whether in quantity or molecular concentration; intestinal barrier
function: intestinal barrier function regulates transport and host defense mechanisms at the mucosal interface with the outside world, and the barrier consists
of an intrinsic layer, including epithelial cells and tight junctions, and an extrinsic
layer, which is comprised of bacteria and a coating of mucus with high concentrations of secretory IgA. Glutamine: glutamine with many functions in the body
is an amino acid that is used as a nutritional supplement in the treatment of a
variety of diseases.

CONCLUSION
In summary, our results showed that a hypobaric hypoxia
environment causes pathological changes in many rat
organs including damage to the intestinal villi, increased
expression of cytokines, and activation of the TLR4/
MyD88/NF-κB signaling pathway. Gln can protect the
intestinal mucosal barrier and regulate the diversity and
the composition of the intestinal bacterial community.
The altered bacterial communities in the intestine and
TLR4/MyD88/NF-κB signal pathway may represent significant therapeutic targets for the prevention/treatment
of intestinal barrier dysfunction and consequent intestinal diseases.

Peer review

This is a well-designed study aimed to investigate the beneficial effects of glutamine on intestinal damage in an animal model exposed to hypobaric hypoxic
environment. The key findings presented here are of interest. The results are
quite convincing and it will be interesting to reproduce them in humans.
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RESULTS: The trainee performed 38 ESDs in animal
model (29 pre-observation/9 post-observation). The removal times post-observation were significantly shorter
than those pre-observation (32.7 ± 15.0 min vs 63.5 ±
9.8 min, P < 0.001). To minimize the impact of improving physician skill, the 9 lesions post-observation were
compared to the last 9 lesions pre-observation and the
removal times remained significantly shorter (32.7 ±
15.0 min vs 61.0 ± 7.4 min, P = 0.0011). Regression
analysis showed that ESD observation significantly reduced removal time when controlling for the sequence
of lesion removal (P = 0.025). Furthermore, it was also
noted a trend towards decrease in failure to remove
lesions and decrease in complications after the period
of observation. This study did not find a significant difference in the time needed to remove lesions in different animal models. This finding could have important
implications in designing training programs due to the
substantial difference in cost between live animal and
explanted organ models. The main limitation of this
study is that it reflects the experience of a single endoscopist.

Abstract
AIM: To evaluate the role of observation of experts
performing endoscopic submucosal dissection (ESD) in
the acquisition of ESD skills.
METHODS: This prospective study is documenting the
learning curve of one Western endoscopist. The study
consisted of three periods. In the first period (preobservation), the trainee performed ESDs in animal
models in his home institution in the United States. The
second period (observation) consisted of visit to Japan
and observation of live ESD cases done by experts.
The observation of cases occurred over a 5-wk period.
During the third period (post-observation), the trainee
performed ESD in animal models in a similar fashion as
in the first period. Three animal models were used: live
40-50 kg Yorkshire pig, explanted pig stomach model,
and explanted pig rectum model. The outcomes from
the ESDs done in the animal models before and after
observation of live human cases (main study intervention) were compared. Statistical analysis of the data

WJG|www.wjgnet.com

CONCLUSION: Observation of experts performing ESD
over short period of time can significantly contribute to
the acquisition of ESD skills.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Endoscopic submucosal dissection; Training; Animal models; Early gastric cancer; Learning
curve
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gastric ESD[9-24]. Although in Japan, training approaches
vary among institutions, typically ESD skills are acquired
over the course of few years in the traditional time honored apprenticeship model. This approach is not applicable to Western endoscopists trying to learn ESD and, as a
result, even greater variability in training pathways exists.
Despite the significant variations in ESD training models
around the world, there is a consensus that observation
of experts performing ESD is an essential component
of training[7,25,26]. Thus, observation of ESD cases is routinely recommended as part of any training algorithm yet
its role has never been formally evaluated[7,25]. Therefore,
we prospectively evaluated the impact of observation of
Japanese experts performing ESD on the acquisition of
ESD skills.

Core tip: Endoscopic submucosal dissection is complex
procedure which and requires intense and lengthy training. There is a consensus that an essential component
of the training is observation of experts performing
endoscopic submucosal dissection (ESD). In this study,
we prospectively evaluated the impact of observation of
experts performing ESD on the acquisition of ESD skills.
Our data show a decrease in time needed to remove
the lesion and a decrease in complication rate after the
period of observation, which confirm that observing
experts while performing ESD has significant impact
in acquiring ESD expertise. Interestingly, there was no
significant difference in the time needed to remove lesions in different animal models, which has implications
in designing training courses or programs due to the
substantial difference in cost between live animals and
explanted organs.

MATERIALS AND METHODS
Study design
This is a prospective study documenting the learning
curve of one Western physician training in ESD. The
trainee is an experienced endoscopist with background
in advanced therapeutic endoscopy including endoscopic
retrograde cholangiopancreatography (ERCP), endoscopic ultrasound (EUS) and EMR but no prior experience
with ESD.
The study consisted of three time periods. In the first
period (pre-observation), the trainee performed ESDs
in animal models in his home institution in the United
States. The second period (observation) consisted of
visit to Japan and observation of live ESD cases done by
experts. The observation of cases occurred over a 5-wk
period in 3 Japanese major referral centers. During the
observation period, the trainee observed live ESD cases
performed by expert Japanese endoscopist. The trainee
observation involved the pre-procedure evaluation, the
room set-up, the diagnostic and therapeutic portions of
the procedure. During the third period (post-observation),
the trainee performed ESD in animal models in a similar
fashion as in the first period. The outcomes from the
ESDs done in the animal models before and after observation of live human cases (main study intervention)
were compared. The study protocol was approved by the
Institutional Animal Care and Use Committee.

Draganov PV, Chang M, Coman RM, Wagh MS, An Q, Gotoda
T. Role of observation of live cases done by Japanese experts in
the acquisition of ESD skills by a western endoscopist. World J
Gastroenterol 2014; 20(16): 4675-4680 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i16/4675.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4675

INTRODUCTION
Endoscopic submucosal dissection (ESD) was developed
in Japan in the late 1990s as an advanced, minimally invasive technique for endoscopic removal of early gastric
cancers[1]. In Japan, ESD quickly gained popularity and
has become the preferred modality for the management
of superficial lesions containing early cancer or high
grade dysplasia throughout the gastrointestinal tract[2-5].
The use of ESD instead of endoscopic mucosal resection (EMR) is supported by the well-documented higher
en-bloc and curative resection rates as well as decreased
local recurrence[4,6]. As a result, the technique of ESD
has been disseminated to other Asian countries but has
not been widely accepted in the United States, where
superficial neoplastic lesions are still largely managed by
EMR or laparoscopic resection. There is a number of
reasons for this slow dissemination of ESD in the United
States including the complexity of the procedure, long
procedure times, higher complication rates and the lack
of dedicated reimbursement code. However, the main
obstacle to the wide availability of ESD in the West has
been and remains the very flat learning curve and lack of
training resources[7,8].
A number of investigators have evaluated the learning curve of acquiring ESD skills but no definitive conclusions could be reached due to the differences among
studies as far as the type of lesions included, degree of
trainee supervision, type of training system, trainee exposure to animal models, definition of outcomes and, in the
case of colonic ESD, the degree of prior experience with

WJG|www.wjgnet.com

ESD equipment and procedure
One of three animal models were used: (1) live 40-50 kg
Yorkshire pig, (2) explanted pig stomach model; and (3)
explanted pig rectum model. ESDs in the animal models
were done using the Dual (KD-650L) and IT 2 (KD612L) knifes (Olympus America Inc., Center Valley, PA,
United States). A “lesion” was first created by placing
marks on the mucosa using the tip of the Dual knife.
Injection of the submucosal space with mixture of normal saline and indigo carmine was then carried out to lift
the lesion using a 25 g injection needle (NM-200U-0525,
Olympus America Inc., Center Valley, PA, United States).
That was followed by circumferential incision and sub-
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model. Twenty nine of the lesions were done in the preobservation and nine in the post-observation period.
Lesion characteristics and the type of animal model used
are summarized in Table 1. We found that the there was
no significant difference in lesion sizes between pre- and
post-observation cases (mean 1143.2 ± 515.8 mm2 vs
1280.9 ± 882.4 mm2, P = 0.86). Furthermore, lesion location and the type of model did not significantly affect
lesion removal time (P = 0.31 and P = 0.17, respectively
by Kruskal-Wallis test). There was a significant negative
correlation between removal time and the sequence of
lesion removal (Spearman coefficient = -0.67, P < 0.01),
indicating that the physician’s skill was improving with
cumulative experience.
The removal times post-observation were significantly
shorter than those pre-observation (mean 32.7 ± 15.0
min vs 63.5 ± 9.8 min, P < 0.001). To minimize the impact of improving physician skill, we compared removal
times in the 9 lesions post-observation to the last 9 lesions pre-observation, and found that the removal times
post-observation remained significantly shorter than
those in pre-training (mean: 32.7 + 15.0 min vs 61.0 + 7.4
min, P = 0.0011). Furthermore, we performed regression analysis with removal time as the response variable
and sequence of lesion removal and observation (prevs post-observation) as explanatory variables. We found
that the ESD observation significantly reduced the lesion
removal time when controlling for the sequence of lesion
removal (P = 0.025). For all successful ESDs the lesion
was removed en-bloc. There was a trend towards decreased
rate of failure of lesion removal (4/29 pre-observation
versus 0/9 post-observation) and decreased rate of complications (4/29 pre-observation versus 0/9 post-observation), although the difference did not reach statistical
significance (P = 0.55). All complications consisted of
perforation.

Table 1 Lesion characteristics
Pre-observation
Location
(n = 29)
Antrum/body
14
Incisura/
10
lesser curve
Cardia
5
Rectum
0
Type of Model
(n = 29)
Ex-vivo
20
Live pig
9
Size (mm2)
(n = 25)
mean ± SD
1143.2 ± 515.8
Median
1044.6 (452.4, 2277.7)
(min, max)

Post-observation

P value

(n = 9)
1
2
3
3
(n = 9)
9
0
(n = 9)
1280.9 ± 882.4
804.2 (510.5, 2777.2)

0.081

0.862

1

Fisher’s exact test; 2Wilcoxon rank sum test.

mucosal dissection. Injection of saline was repeated as
needed to maintain adequate submucosal cushion.
Study outcomes
The main study outcome was lesion removal time in the
animal model. The time for lesion removal was measured
from the time the first mucosal mark was placed until the
completion of the submucosal dissection. Secondary outcomes included successful lesion removal, en-bloc resection rate and complications.
Statistical analysis
We performed Fisher’s exact test to compare distributions
of a categorical variable and the Wilcoxon rank sum test
to compare distributions of a continuous variable between
the two groups (pre-observation and post-observation).
We used the Spearman coefficient to evaluate the correlation between the two continuous variables. We performed
the Kruskal-Wallis test (a non-parametric alternative to
one-way analysis of variance) to evaluate the impact of
lesion location and type of model (ex-vivo vs live pig) on
lesion removal time. Since physician’s skill is expected to
improve with cumulative experience, we used a regression
model to assess the impact of training on lesion removal
time while controlling for the sequence of lesion removal
in addition to the comparison of lesion removal times
without adjustment. All data analyses were performed
using the SAS software version 9.3. (SAS Institute Inc.,
Cary, NC, United States).

DISCUSSION
ESD is a technically demanding procedure requiring a
high level of endoscopic skill. The ESD learning curve
is very flat and, in the typical Japanese training program,
the trainees will acquire the background knowledge and
the manual skill to perform ESD over a period of 3-4
years[7,8,25]. Although in Japan there is no universally accepted training algorithm, most programs follow the
traditional apprentice/mentor model[25]. Trainees will
progress in stepwise fashion starting with the accumulation of basic knowledge for lesion evaluation and procedure indications. That is followed by a lengthy period of
observation of experts in action. The trainees will then
assist in procedures and finally start performing ESD under supervision[25]. Unfortunately, the extensive Japanese
experience in ESD training cannot be directly applied
in the West due to a number of substantial differences.
Importantly, in the West, there is only a handful of highly
qualified experts in ESD. Therefore, observing large
number of cases over long period of time is not feasible

RESULTS
Observation of live human cases
The trainee observed a total of 43 human ESD cases
done by Japanese experts in three large volume Japanese
academic centers over a period of 5 wk. The lesion location included 10 in the esophagus, 21 in the stomach and
12 in the colorectum (7 rectal and 5 colonic).
ESD in animal models
The trainee attempted ESD in 38 lesions in animal
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in the home country[8,9,25]. As such, the typical Western
approach to ESD training follows the steps outlined in
our study: (1) self-study and hands-on training in animal
models to consolidate the theoretical knowledge and augment the acquisition of technical skills; (2) brief visit to
expert Japanese to observe experts performing ESD. At
this time, it is well accepted that most highly experienced
endoscopists performing ESD are located in Japan. In
the West, there are very few experts and high-volume
centers, which limit the opportunities to pursue ESD
training. Our trainee spent 5 wk in Japan, observing a total of 43 live ESD procedures. Based on this experience,
we encourage at least 4-5-wk visit to a high volume ESD
center in Japan. We recommend this visit to occur after
the endoscopist has already trained on animal models and
acquired basic ESD skills; (3) further hands-on training in
models to continue practice of newly acquired skills; and
(4) start performing “easier” ESD cases in humans and
then gradually expanding the degree of difficulty[7,8].
Despite outlined differences, observation of experts
in action is routinely recommended in both Japanese and
Western training environments[7,25]. The belief that observation of live cases would be beneficial in ESD training is
purely based on the time honored approach of learning
procedures in Medicine: “see one, do one, teach one”.
Our data, for the first time confirm that observing live
cases done by experts, indeed, significantly contributes
to the acquisition of ESD technical skills. Furthermore,
we noted a trend towards decrease in failure to remove
lesions and decrease in complications after the period of
observation.
Importantly, there was no significant difference in
the time needed to remove lesions in different animal
models. This finding can have important implications in
designing training programs due to the substantial difference in cost between live animal and explanted organ
models. The main perceived advantage of the live models
is that they may provide more realistic environment and
may allow the trainee to treat ESD related bleeding which
significantly contributes to the procedure complexity in
humans[11]. It is our subjective impression, confirmed by
our objective measurements (e.g., time needed to remove
the lesion), that the use of live pigs does not significantly
enhance the training experience because bleeding is a
rare occurrence and tends to be of a small magnitude
compared with that in humans. Finally, we demonstrate
that short period of observation of live cases can have
significant impact on ESD technical skills. That makes
the training algorithm described by us feasible because
it requires a relatively short time period to be spent away
from the trainee home institution thus minimizing problems related to clinical workload coverage and financial
constrains related to an extended stay in Japan.
Our study is not without limitations. It is based on a
single trainee experience and the findings may not be applicable to all trainees, specifically to trainees in the East.
The technical expertise and background of endoscopists
embarking on ESD in the West differ significantly than
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those of their Eastern counterparts. At present, in Japan,
the typical trainee learning ESD is a GI fellow. On the
other hand, in the West, physicians embarking on ESD
tend to be otherwise more mature and well experienced
therapeutic endoscopists typically with background in
ERCP and EUS. From that perspective, our Western
trainee matches well with the prototypical Western endoscopist perusing ESD training. In our study, we used
animal models to evaluate pre- and post-observation
evaluation of technical skills. This brings some limitations including the different magnitude of procedure
related bleeding and, most importantly, the need to create
virtual lesions in the animal model. Nevertheless, training in models is an essential part of the Western training
experience and since the mentor/apprentice approach
will not be feasible in the foreseeable future, the use of
models will remain a key component in ESD training in
the West. Finally, our post-observation sample size is relatively small which did not allow us to apply a multivariate
regression model. After completing the 9 post-observation cases, our trainee started performing ESD cases in
humans. Since the performance of ESD in humans can
directly impact on the acquisition of ESD skills we could
not enroll additional post-observation animal cases. Nevertheless, we believe that our experience is representative
of the number of animal model ESDs that most Western
endoscopists will perform as part of their training.
In summary, we found that observation of Japanese
experts performing ESD over relatively short period of
time can significantly contribute to the acquisition of
ESD skills. A trend toward decreased rate of complications and decreased failure to remove lesions was also
noted. Performing ESDs in explanted organ model appears to provide adequate environment for training which
can decrease the cost related to the use of live animal
models.
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COMMENTS
COMMENTS
Background

Endoscopic submucosal dissection (ESD) represents an important advancement in the therapy of early GI cancers, offering the potential for en-bloc
removal of mucosal and submucosal tumors, with high curative rates. Despite
these advantages, ESD is a challenging procedure, requiring advanced endoscopic skills and focused training to acquire these skills. Thus, there has been
a recognized need for a structured training system for ESD to enhance trainee
experience and to reduce the risks of complications and inadequate treatment.
A number of training algorithms has been proposed in Japan with the goal to
standardize ESD training. These algorithms however cannot be directly applied
in the West due to substantial differences including the availability of highly
qualified mentors, the trainee’s background and the type of pathology see.

Research frontiers

An important part of the training is watching and learning from experts performing live ESD cases. This is easily accomplished in Asian country where ESD
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is performed in many hospitals and ESD experts are readily available. In the
West, where ESD has had a slower dissemination and acceptance, only very
few medical centers perform ESD cases routinely. Thus, at this time, as the
most highly experienced endoscopists performing ESD are in Japan, a visit to
a specialized Japanese center will most likely remain, for some time, an essential component of ESD training in the West. The use of animal models in ESD
training is a highly debated topic and, while not a requirement in Japan, these
models can be a valuable resource when training in the West. Studies showed
that practicing on animal models can augment the acquisitions of skills in lowvolume centers.

6

7

Innovations and breakthroughs

The study made two important observations which can have significant consequences for the Western endoscopist embarking in ESD training. First, as
expected, there was a significant improvement in reducing operative time and
complications after observing ESD experts performing live cases. The novelty
of this finding consists in the significant improvement in ESD skill even after
only a short observation period of several weeks. In addition, this study showed
that there is no difference in the time needed to remove lesions when using
live animal models versus harvested organs. This finding has implications in
designing training courses or programs due to the substantial difference in cost
between live animals and explanted organs.

8

9

Applications

10

Following the traditional Japanese algorithm, the ESD training spans over the
course of 3-4 years. This experience cannot be directly applied in the West, as
the gastroenterologist embarking on learning ESD is usually a well-established
advanced endoscopist. The algorithm proposed in this manuscript, which
includes a 4-6-wk visit to Japan, appears to be a more feasible and realistic
approach to ESD training in the West because it requires a relatively short time
period to be spent away from the trainee home institution thus minimizing problems related to clinical workload coverage and financial constrains related to an
extended stay in Japan.

11

Terminology

12

Early gastric neoplasms are malignant tumors which involve only the mucosa
and submucosal space, thus being amenable to endoscopic removal. An
animal model is a living animal or harvested organ from an animal used during the research and investigation of human disease, for the purpose of better
understanding the disease process without the added risk of harming an actual
human.

13

Peer review

The manuscript entitled “The Role of Observation of Live Cases Done by Japanese Experts in the Acquisition of Endoscopic Submucosal Dissection Skills by
a Western Endoscopist” by Draganov et al reported the usefulness of hospital
visit to learn the skill of ESD.
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Abstract
AIM: To investigate the safety and efficacy of a Hansenula -derived PEGylated (polyethylene glycol) inter-

feron (IFN)-alpha-2a (Reiferon Retard) plus ribavirin
customized regimen in treatment-naïve and previously
treated (non-responders and relapsers) Egyptian children with chronic hepatitis C infection.
METHODS: Forty-six children with chronic hepatitis C
virus (HCV) infection were selected from three tertiary
pediatric hepatology centers. Clinical and laboratory
evaluations were undertaken. Quantitative polymerase
chain reaction (PCR) for HCV-RNA was performed before starting treatment, and again at 4, 12, 24, 48, 72
wk during treatment and 6 mo after treatment cessation. All patients were assigned to receive a weekly
subcutaneous injection of PEG-IFN-alpha-2a plus daily
oral ribavirin for 12 wk. Thirty-four patients were
treatment-naïve and 12 had a previous treatment trial.
Patients were then divided according to PCR results
into two groups. Group Ⅰ included patients who contin-
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ued treatment on a weekly basis (7-d schedule), while
group Ⅱ included patients who continued treatment on
a 5-d schedule. Patients from either group who were
PCR-negative at week 48, but had at least one PCRpositive test during therapy, were assigned to have an
extended treatment course up to 72 wk. The occurrence of adverse effects was assessed during treatment
and follow up. The study was registered at www.ClinicalTrials.gov (NCT02027493).

dren before.
El Naghi S, Abdel-Ghaffar TY, El-Karaksy H, Abdel-Aty EF, ElRaziky MS, Allam AA, Helmy H, El-Araby HA, Behairy BE,
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org/10.3748/wjg.v20.i16.4681

RESULTS: Only 11 out of 46 (23.9%) patients showed
a sustained virological response (SVR), two patients
were responders at the end of treatment; however,
they were lost to follow up at 6 mo post treatment.
Breakthrough was seen in 18 (39.1%) patients, one
patient (2.17%) showed relapse and 14 (30.4%) were
non-responders. Male gender, short duration of infection, low viral load, mild activity, and mild fibrosis were
the factors related to a better response. On the other
hand, patients with high viral load and absence of fibrosis failed to respond to treatment. Before treatment,
liver transaminases were elevated. After commencing treatment, they were normalized in all patients at
week 4 and were maintained normal in responders till
the end of treatment, while they increased again significantly in non-responders (P = 0.007 and 0.003 at
week 24 and 72 respectively). The 5-d schedule did not
affect the response rate (1/17 had SVR). Treatment
duration (whether 48 wk or extended course to 72 wk)
gave similar response rates (9/36 vs 2/8 respectively;
P = 0.49). Type of previous treatment (short acting
IFN vs PEG-IFN) did not affect the response to retreatment. On the other hand, SVR was significantly higher
in previous relapsers than in previous non-responders
(P = 0.039). Only mild reversible adverse effects were
observed and children tolerated the treatment well.

INTRODUCTION
Hepatitis C virus (HCV) infection is a serious health
problem worldwide that establishes a chronic infection
in up to 85% of cases[1]. Estimates of prevalence range
from less than 1.0% in northern Europe to more than
2.9% in northern Africa[2]. Egypt has the highest prevalence of adult HCV infection in the world (15%-25%),
especially in rural communities[3,4] and the main (90%)
HCV genotype is type 4[5]. Studies of the magnitude of
HCV infection in Egyptian children revealed a prevalence
of 3% in upper Egypt and 9% in lower Egypt[6].
Blood transfusion was a major risk factor for HCV
transmission, but has been virtually eliminated in countries where screening of blood donors has been implemented[7]. Vertical transmission of HCV infection is the
most common route of acquiring HCV in infants and
children[8]. It affects 4%-10% of children born to infected mothers, with the highest risk in mothers having a
high viral load or co-infected with human immunodeficiency virus[9]. In a large prospective cohort from Egypt,
HCV infection was determined in 10% of infants born
to infected mothers: 5.47% cleared the virus by 1 year
of age and 2.1% cleared the virus by 2-3 years. Persistent infection was detected in 2.43%[10]. HCV infection
seems to progress more slowly to fibrosis and cirrhosis
in childhood-acquired disease than in adults[11], even in
those who were vertically infected, the infection has been
reported as mild[9].
Treatment of chronic HCV aims at slowing disease
progression, preventing complications of cirrhosis, reducing the risk of hepatocellular carcinoma and treating
extrahepatic complications of the virus[12].
Currently, standard antiviral treatment for chronic
HCV involves once weekly PEGylated interferon (PEGIFN)-alpha injections and daily oral ribavirin. Some
reports showed that among adult genotype 4 patients
treated with PEG-IFN-alpha and ribavirin, 63% had a
sustained virological response (SVR)[13,14].
Treatment individualization has been adopted recently
as a therapeutic strategy to improve the SVR rate[15]. On
treatment, virological response appears to be crucial in
both tailoring the length of treatment and influencing
treatment outcome. It has been reported that early viro-

CONCLUSION: Reiferon Retard plus ribavirin combined therapy was safe. Our customized regimen did
not influence SVR rates. Further trials on larger numbers of patients are warranted.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Children; Chronic hepatitis C; Hansenula
polymorpha ; PEGylated interferon; Response rate;
Ribavirin; Treatment

Core tip: Egypt has the highest prevalence of hepatitis C virus (HCV) infection in the world (15%-25%)
and the main (90%) genotype is type 4. Prevalence in
Egyptian children was found to be 3% in upper Egypt
and 9% in lower Egypt. PEG-IFN-alpha-2a or -2b and
ribavirin have been used in small numbers of HCVinfected children, whose SVRs are higher in genotypes
2/3 than in genotypes 1/4. A novel 20-kDa PEG-IFNalpha-2a (Reiferon Retard) derived from the Hansenula
polymorpha expression system has been used in adults
with chronic HCV, achieving an SVR ranging from 56%
to 60.7%, while no studies have been reported in chil-
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logical response (EVR) at week 12 has a positive predictive value (PPV) of 65%-72% for subsequent SVR, while
patients with no EVR have no possibility of SVR, with
a negative predictive value (NPV) of 98%-100%[16,17].
Whether EVR can be used in children, as in adults, to
stop therapy early in patients destined to be non-responders, is not clear[18]. Drusano and Preston[19] hypothesized
that the longer HCV-RNA remained undetectable after
initial clearance, the higher the chance in attaining an
SVR. Thus, it might be expected that extended treatment
duration in patients with slow virological response may
improve their SVRs.
Reiferon retard, a Hansenula-derived novel patented
PEG-IFN, available in the Egyptian market for 6 years,
is a 20 KDa PEG-IFN-alpha-2a. As stated by the manufacturer, Hansenula polymorpha represents a stable, robust
and safe expression system, which is capable of reaching
the highest productivity of recombinant proteins ever described. Reiferon retard has been used in adult Egyptians
with safety and efficacy comparable to other PEGylated
interferons[20-22].
In the current study, our aims were as follows: firstly,
to investigate the efficacy and safety of Reiferon retard
in attaining an SVR in treatment-naïve and previously
treated (non-responders and relapsers) chronic HCV infected children; secondly, to assess the effect of tailoring
treatment on the SVR [by decreasing the interval between
injections (5 d vs 7 d) and prolonging duration of therapy
(72 wk vs 48 wk)] based on the on-treatment virological
response; thirdly to assess predictors of an SVR.

mass index (BMI) ≥ 95 percentile, severe psychiatric
conditions, uncontrolled seizure disorder, decompensated
cardiovascular disease, renal insufficiency, evidence of
retinopathy, decompensated thyroid disease, hemoglobinopathy, immunologically mediated diseases or any other
chronic illness requiring long term immunosuppressive
drugs or previous IFN therapy within one year of enrollment, were excluded from the study. A signed informed
consent was obtained from the guardians of all the patients before enrollment in the study. The Research Ethics Committee in the three participating centers approved
this study.
Treatment regimens and follow up protocol
All patients were assigned to receive a weekly subcutaneous injection of PEG-IFN-alpha-2a (Reiferon Retard;
Minapharm, Rhein-Biotech, Germany) in a dose of 100
2
μg/m per week plus ribavirin 15 mg/kg daily in two
divided doses for a total of 12 wk. Patients were then divided into two groups according to HCV-RNA results at
week 12.
Group Ⅰ comprised patients who continued treatment on a weekly basis (7-d schedule). This group included patients who were HCV-RNA negative at week 12 and
those who had < 1 log decrease in HCV-RNA viremia.
Group Ⅱ comprised patients who continued treatment
on a 5-d schedule. This group included patients who had
≥ 1 log decrease in viremia (compared to pre-treatment
level) at week 12.
At week 48, patients who were PCR-positive stopped
treatment. Patients who were persistently HCV-RNA
negative by PCR (at weeks 4, 12, 24 and 48) also stopped
treatment and their SVR was checked 6 mo after stopping treatment (SVR 1). Patients who were PCR-negative
at week 48, but had at least one PCR-positive test during
therapy at weeks 4, 12, or 24 (delayed response or breakthrough) were assigned to have an extended treatment
course of 6 mo duration. PCR was performed at 72 wk
in those patients to detect end of treatment response and
those who were HCV-RNA negative, were tested after a
further 6 mo for an SVR (SVR 2).
All patients had their full medical history taken and
received a thorough clinical examination before starting
treatment, with stress laid on the duration and possible
cause of infection, previous trial of antiviral therapy, psychiatric history and fundus examination. The occurrence
of adverse effects was assessed during the treatment and
follow up periods.

MATERIALS AND METHODS
Study population
This study included 46 children with compensated
chronic hepatitis C infection recruited from three pediatric hepatology tertiary centers: the Pediatric department
in Yassin Abdel Ghaffar Charity Center for Liver Disease
and Research; Cairo University Pediatric Hospital; and
the Pediatric Hepatology department, National Liver Institute, between February 2009 and July 2009. The study
was completed on August 2011. Diagnosis was based on
serological and virological tests; HCV-antibody (Ab) by
a third generation enzyme linked immunosorbent assay
(ELISA), and qualitative and quantitative PCR for HCVRNA.
Criteria for inclusion were children aged 3-19 years
with compensated chronic HCV infection (HCV-RNA
positive by PCR for more than 6 mo), whose hemoglobin
(Hb) was ≥10 g/dL, absolute neutrophil count (ANC) >
1500/mm3, platelet count > 75000/mm3, and who had
normal random blood sugar, serum creatinine, serum ferritin, thyroid function tests and lipid profile and no other
associated liver disease [autoimmune hepatitis, Wilson disease, alpha-1 antitrypsin deficiency, hepatitis B virus (HBV)
infection]. Liver biopsy was mandatory for enrollment.
Patients with decompensated cirrhosis, any other
cause of liver disease associating HCV infection, body
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Laboratory investigations
Laboratory investigations, including complete blood
count (CBC), albumin, alanine transaminase (ALT) and
aspartate transaminase (AST), gamma-glutamyl transpeptidase, alkaline phosphatase, prothrombin time (PT),
kidney function tests, alpha-fetoprotein, thyroid function
tests (T3, T4, TSH), lipid profile (triglycerides, cholesterol
and low and high density lipoproteins), serum autoantibodies (anti-nuclear antibodies, anti-smooth muscle
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antibodies and liver-kidney microsomal antibodies) and
PT were performed for every patient before starting
treatment. CBC, ALT and AST were done weekly for
the first month, every two weeks for 2 mo and monthly
thereafter. PT was performed at the third month and at
the end of treatment. Viral markers [HCV-Ab (Innogenetics, Ghent, Belgium), HBV surface antigen, HBV
core immunoglobulin (Ig)M and IgG Abs (all from Dia
Sorin, Saluggia, Italy)] were performed using ELISA, according to the manufacturer instructions. Real-time PCR
for HCV-RNA was performed using COBAS® Ampliprep/COBAS® TaqMan®, Roche Molecular Systems, Inc.,
Branchburg, NJ, 08876 United States (the detection limit
was 15 IU/mL). According to the viral load, viremia was
classified arbitrarily for descriptive purpose into low (≤
2 × 105 IU/mL), moderate (> 2 × 105-2 × 106 IU/mL)
and high viremia (> 2 × 106 IU/mL). HCV genotyping/
subtyping was done by restriction fragment length polymorphism analysis, using restriction enzymes HaeⅢ, Rsa
Ⅰ, MvaⅠ and HinfⅠ on PCR-amplified 5’-untranslated
region.

and NPV were expressed as percentages. Results were
considered significant if P ≤ 0.05. Statistical analysis was
performed using SPSS software version 13 (SPSS Inc.,
Chicago, IL, United States).

RESULTS
Patient population characteristics
Forty-six children were enrolled in the study. They were
33 boys and 13 girls, aged between 4 and 19 years (mean
10.32 ± 3.46 years). Forty-four patients completed the
full course of treatment and follow up regimen, while
two patients did not show up after completing 48 wk
treatment; therefore, they could not be evaluated for
SVR. Two patients had glucose-6-phosphate dehydrogenase deficiency, one had hemophilia and one had situs
inversus. The demographic and epidemiologic characteristics of the studied population are summarized in Table
1. Blood transfusion was considered a possible risk factor in 34.8% of patients, while mother to child transmission was considered a possible one in 17.4% of them.
Eighteen patients (39.1%) had an HCV infected family
member and most of the patients (43 out of 46) had
more than one possible risk factor of infection, while in
three patients no possible source of infection was identified.
The mean of expected duration of infection was 5.29
± 3.97 years and the mean BMI was 18.20 ± 2.77. Low,
moderate and high viremic loads were found in 41.3%,
54.3% and 4.3% of patients, respectively. HCV genotype
was detected in 38 out of 46 patients. All were genotype 4;
30 (65.2%) were 4a and 8 (17.4%) were 4b. The genotype
could not be determined in eight patients. The majority
of patients had mild fibrosis (66.7%) and mild activity
(97.8%) in their liver biopsy. Fibrosis was absent in 28.9%
of patients, while only 4.4% had moderate fibrosis.

Dose modification regimen
The doses of PEG-IFN and ribavirin were modified
according to ANC, Hb and platelets. If Hb dropped to
< 10 g/dL, ribavirin dose was reduced by 25% and if
to < 7.5 mg/dL, erythropoietin was administered. If
ANC was 500-800/mm3 and/or platelet count < 80000/
mm3, the IFN dose was reduced by 25%. If ANC was
300-500/mm3, the IFN dose was reduced by 50%. If
ANC < 300/mm3 and/ or platelet count ≤ 50000/mm3,
the IFN dose was skipped and resumed later after the
count reached safe levels.
Definitions of virological response
Virological responses during therapy were defined as reported by Ghany et al[23].

Response to treatment in the group as a whole
In the group as a whole, only 11 out of 46 (23.9%)
showed an SVR. There were 14 (30.4%) non-responders,
where HCV-RNA was detectable throughout treatment.
Breakthrough was seen in 18 (39.1%) patients and delayed response in eight (17%) patients. Relapse occurred
in one (2.17%) patient. Two patients had an end of treatment response (ETR) but were lost to follow up and
dropped out of the evaluation of SVR (Table 2). Figure 1
shows the treatment algorithm according to PCR results
for all cases during treatment and follow up periods.

Liver biopsy and histopathological evaluation
Liver biopsy was performed for all patients except one
who had hemophilia. Hepatic necroinflammatory activity
and liver fibrosis were evaluated according to Ishak staging and grading scores[24]. Necroinflammatory activity was
classified into mild (score 1-5), moderate (score 6-8), and
severe (score 9-18). Fibrosis was classified into mild (stage
1), moderate (stages 2-3), and severe fibrosis or cirrhosis
(stages 4-6)[25]. Steatosis was graded semi-quantitatively
by determining the percentage of affected hepatocytes
and the following scoring system was employed: grade 0:
< 5%, grade 1: 5%-33%, grade 2: 34%-66%, grade 3: >
66%[26].

Predictors of response
There was no significant statistical difference in the response rate of the three centers. Responders were nine
males (9/31 = 29.1%) and two females (2/13 = 15.4%).
Twelve patients had history of a previous treatment trial;
two (18.2%) of them achieved SVR while nine (81.8%)
were non-responders. The last one achieved ETR but
was lost to follow up. The type of previous treatment
(short acting IFN vs PEG-IFN) did not affect the re-

Statistical analysis
Descriptive results were expressed as mean ± SD or number (percentage) of individuals with a condition. Statistical significance between groups was tested either by a
non-parametric test (Mann-Whitney U test), Pearson’s
2
χ test or Fisher’s exact test. Sensitivity, specificity, PPV
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Table 1 Demographic, laboratory and histopathological
parameters in all patients n (%)

Table 2 Response outcome

All patients (n = 46)

Parameter
Age (yr)
Male
Duration of infection (yr)
BMI
Possible risk of infection
Surgery
Blood transfusion
Tonsillectomy
Circumcision
Minor procedures1
Vertical transmission
Family contact
More than one possible risk
Unknown risk factor
Hemoglobin (g/dL)
ANC (× 103/μL)
Platelets (× 103/μL)
Albumin (g/dL)
Alanine transaminase (U/L)
Aspartate transaminase (U/L)
Gamma-glutamyl transpeptidase (U/L)
Alkaline phosphatase (U/L)
Prothrombin time (sec)
Hepatomegaly (US)
Splenomegaly (US)
Viremia (IU/mL)
Low (≤ 2 × 105 IU/mL)
Moderate (> 2 × 105 - 2 × 106 IU/mL)
High (> 2 × 106 IU/mL)
Genotype:
4a
4b
Not determined
Fibrosis stage
Absent
Mild
Moderate
Activity grade
Mild
Moderate

10.32 ± 3.46
33 (71.7)
5.29 ± 3.97
18.20 ± 2.77
14 (30.4)
16 (34.8)
5 (10.9)
33 (71.7)
30 (65.2)
8 (17.4)
18 (39.1)
43 (93.5)
3 (6.5)
12.5 ± 1.1
3.13 ± 1.7
280.7 ± 82.4
4.1 ± 0.37
56.6 ± 55.03
49.2 ± 31.65
32.1 ± 26.6
212.5 ± 96.1
12.9 ± 0.62
3 (15.9)
3 (15.9)

n = 46

End of treatment response
SVR
Dropped out SVR
Non-responder
Breakthrough
Delayed responders ended by breakthrough
Breakthrough ended at 48 wk as non-responders
Breakthrough ended at 72 wk by relapse
Relapse

13 (28.2)
11 (23.9)
2 (4.3)
14 (30.4)
18 (39.1)
8 (17.4)
8 (17.4)
2 (4.3)
1 (2.17)

Two patients who had end of treatment response (ETR) but were lost to
follow up. SVR: Sustained virological response.

patient (1/17=6%) achieved an SVR. Extended treatment
(72 wk) was given to eight patients. Whatever the duration of treatment, a quarter of the cases in each group
achieved an SVR (Table 3).
SVR according to rapid virological response and EVR
Patients who achieved an SVR (11/44) had 81.8% rapid
virological response (RVR), 90.9% EVR, 100% negative
PCR at 24 wk of treatment, and 100% ETR. These data
are highly significant (Table 4). RVR and EVR showed
high sensitivity (81.8% and 90.9% respectively), but low
specificity (60.6% and 63.6% respectively) in predicting an SVR. They had a very good NPVs of 90.9% and
95.45% respectively (Table 5).

19 (41.3)
25 (54.3)
2 (4.3)
30 (65.2)
8 (17.4)
8 (17.4)

Effect of treatment on liver enzymes
During treatment, ALT and AST normalized in both responder and non-responder groups at week 4 and were
maintained normal in responders till the end of the treatment, whereas they increased again significantly in nonSVR group from week 12 onwards (Figure 2).

13 (28.9)
30 (66.7)
2 (4.4)
44 (97.8)
1 (2.2)

Treatment safety
Regarding the safety of combined therapy, all side effects
were temporary and mild (Table 6). Fever was seen in the
first few weeks of treatment in 27 (58.7%) patients and
flu-like symptoms appeared in 15 (32.6%) patients. Both
anemia and neutropenia were treated by reduction or
skipping of doses.

1

Minor procedures were: Sutures, abscess drainage, ICU hospitalization,
endoscopy, ear piercing, tattooing, prolonged hospitalization and dental
care. US: Ultrasound; BMI: Body mass index.

sponse to retreatment. On the other hand, the SVR was
significantly higher in previous relapsers than in previous
non-responders (P = 0.039). Seven out of the 11 (64%)
responders had low viremia. Patients infected with HCV
subtypes, whether 4a or 4b, had similar response rates
(4/28 and 1/8 respectively). The majority of patients
(44) had mild activity; 11 out of them had an SVR (13
achieved ETR). Mild fibrosis was seen in 30 patients; 10
(33%) out of them achieved an SVR (12 achieved ETR),
while among 13 patients with absent fibrosis, only one
(7.7%) achieved an SVR. All patients with steatosis (4 patients) did not achieve an SVR (Table 3).

DISCUSSION
Since the introduction of IFN, attempts have been made
to introduce novel IFNs with the aim of increasing therapeutic efficacy, reducing adverse events and/or reducing
the cost of therapy.
The current study used the Hansenula-derived PEGINF-alpha-2a (a 20 KDa Reiferon Retard) plus ribavirin
customized regimen for treatment of chronic HCV infected children.
To date, only four Egyptian studies investigating the
efficacy and safety profile of the Hansenula-derived PEGIFN-alpha-2aplus ribavirin for the treatment of adult

Effect of tailoring treatment according to on-treatment
response
Of the 17 patients who followed the 5-d schedule, one
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CUPH = 12

YAGCC = 18

NLI = 16

46

Start

Start of therapy

24

22

24

22

RVR

Non-RVR

5

19

4 wk

5

17

5

24

17

Breakthrough

EVR

Non-EVR

5

16

5
Positive PCR

5

15

8

15

18

8

15

Negative PCR

Breakthrough

Positive PCR

3

2

1

3

5

19

3

19

EOT (+ ve)

Negative PCR

Breakthrough

EOT (+ve)

5

2

9

3

5

2

9

Breakthrough

EOT (-ve)

Drop out

SVR 1

3

2

3

2

Relapse

SVR 2

24 wk

14

5

3

12 wk

48 wk

72 wk

96 wk

Figure 1 Treatment algorithm and response to therapy. At weeks 4, 24 (52.17%) patients attained a rapid virological response (RVR) and 22 (47.82%) had no
RVR. At week 12, five patients (10.86%) had breakthrough, while the remaining 19 patients had an early virological response (EVR). Those patients, in addition to
five patients who turned negative from ones with no RVR formed a total of 24 (52.17%) patients with EVR. At week 24, those who had breakthrough continued to be
polymerase chain reaction (PCR)-positive and eight patients from those with EVR had breakthrough. The remaining 16 patients, in addition to two patients from those
with no EVR, turned PCR-negative, making a total of 18 (39.13%) patients with negative PCR. At week 48, three of those 18 patients had breakthrough, while the remaining 15 patients and one patient from those positive at week 24, in addition to three patients who had breakthrough at week 24 (making a total of 19 patients), had
negative PCR. Of the 19 negative-PCR patients, nine had an SVR at week 72 and two patients dropped out. The remaining eight patients had an extended 6-month
therapy (three patients had breakthrough and five patients were PCR-negative at their ETR). At week 96, three out of five patients with extended course had relapse,
while the other two patients attained an SVR, making the total SVR 11 out of 44 (25%). EOT: End of treatment.

The results of a meta-analysis of eight trials[35-42] performed in 2013 by Druyts et al[43], indicated that EVR and
SVR were both higher for genotypes 2/3 (87% and 89%,
respectively) than for genotypes 1/4 (61% and 52%,
respectively). The sensitivity analysis comparing PEGIFN-alfa-2a and PEG-IFN-alfa-2b indicated that these
two treatments were comparable in terms of efficacy and
safety.
In the present study, the ETR was 28.2% (two cases
were lost to follow up) and 23.9% showed an SVR.
Breakthrough was seen in 39.1%. One patient showed
relapse and 14 (30.4%) were non-responders.
The lower proportion of SVRs in genotype 4 infected
children in this trial compared with other trials in adults

Egyptian patients with genotype 4 chronic hepatitis C are
available. The SVRs ranged from 56% to 60.7% following 48 wk of combination therapy[20,27-29]. These results
are comparable to those obtained using the existing two
PEG-IFN-alpha-2a and alpha-2b agents for treatment of
genotype 4 in adults[30-33], with the exception of a single
report that demonstrated an SVR rate of 33.3% after
treatment with PEG-IFN-alpha-2b[34].
In children, Wirth et al[35] evaluated the efficacy and
safety of PEG-IFN-alpha-2b and ribavirin, disclosing
a high SVR of 90% in genotypes 2 and 3, and 53% for
children with genotype 1. Another large trial concluded
that children with HCV genotype 1 had a 47% response
rate with PEG-IFN-alfa-2a/ribavirin[36].
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Table 3 Comparison between patients with sustained
virological response and non-sustained virological response
according to different variables n (%)
Parameter

SVR

Non-SVR

(n = 11)

(n = 33)

Center:
CUPH
1 (9)
YAGCC
5 (45.5)
NLI
5 (45.5)
Age (yr)
9.9 ± 3.76
Male
9 (81.8)
Expected duration of infection (yr) 3.77 ± 3.28
Previous treatment trial
2 (18.2)
Previous treatment type2
Short-acting IFN + RBV
2 (100)
PEG-IFN + RBV
0 (0)
Previous response type2
Non-responder
0 (0)
Relapser
2 (100)
Possible cause of infection
Surgery
4 (36.4)
Blood transfusion
4 (36.4)
Tonsillectomy
1 (9.1)
Circumcision
9 (81.8)
Minor procedures
8 (72.7)
Vertical transmission
2 (18.2)
Family contact
4 (36.4)
Injection interval:
5d
1 (9)
7d
10 (91)
Treatment duration:
48 wk
9 (81.8)
72 wk
2 (18.2)
Genotype:
4a
4 (80)
4b
1 (20)
Viral load:
Low
7 (64)
Moderate
4 (36)
High
0 (0)
Histological Activity:
Mild
11 (100)
Moderate
0 (0)
Fibrosis stage:
No
1 (9.1)
Mild
10 (90.9)
Moderate
0 (0)
Steatosis:
No
11 (100)
Mild
0 (0)
Moderate
0 (0)

Table 4 Rapid virological response, early virological response,
polymerase chain reaction at week 24, and end of treatment
response in sustained virological response vs non-sustained
virological response n (%)

P value
Parameter
SVR (n = 11)
Non-SVR (n = 33)
P value

EVR

PCR at week 24

ETR

9 (81.8)
13 (39.4)
0.0151

10 (90.9)
12 (36.4)
0.0021

11 (100)
0 (0)
< 0.0011

11 (100)
0 (0)
< 0.0011

9 (27.3)
13 (39.4)
11 (33.3)
10.39 ± 3.45
22 (66.7)
5.61 ± 4.02
9 (27.3)

0.330

0.385
0.340
0.341
0.546

Significant. SVR: Sustained virological response; ETR: End of treatment
response; PCR: Polymerase chain reaction; EVR: Early virological response.

8 (88.9)
1 (11.1)

1.000

Table 5 Predictive value of rapid virological response and
early virological response to sustained virological response

7 (77.8)
2 (22.2)

0.0391

10 (30.3)
11 (33.3)
4 (12.1)
22 (66.7)
22 (66.7)
6 (18.2)
14 (42.4)

0.709
0.854
0.784
0.340
0.709
1.000
0.723

16 (48.5)
17 (51.5)

0.0201

27 (81.8)
6 (18.2)

0.940

24 (77.4)
7 (22.6)

0.890

11 (33.4)
20 (60.6)
2 (6.0)

0.180

31 (96.9)
1 (3.1)

0.550

12 (37.5)
18 (56.3)
2 (6.3)

0.112

28 (87.5)
3 (9.4)
1 (3.1)

0.460

1

RVR
EVR

Sensitivity

Specificity

PPV

NPV

81.8
90.9

60.6
63.6

40.9
45.45

90.9
95.45

PPV: Positive predictive value; RVR: Rapid virological response; NPV:
Negative predictive value; EVR: Early virological response.

In this study, although the relapse rate was comparable to other studies[39,43,45], there was a very high rate of
breakthrough, which may also explain our low response
rate, as the EVR was 24/46 (52%); however, this dropped
to an ETR of 13/46 (28.2%) because of the high rate of
breakthrough (39.1%).
The cause of viral breakthrough is not well understood. Some have postulated that it occurs as a result of
neutralizing antibodies to IFN, downregulation of IFN
receptors or development of IFN resistance and emergence of quasispecies that are less sensitive to IFN[46].
Also, the overall adherence to ribavirin significantly influences the SVR. Notably only one (2%) patient had ribavirin dose reduction in this study.
The 5-d schedule did not affect the response rate.
Treatment duration (whether 48 wk or extended course
to 72 wk) gave the same response rate. In the extended
treatment group, four patients received this extended
treatment because of breakthrough (three at week 24 and
one at week 12). None benefited from the 72 wk treatment. On the other hand, two out of the four patients
who received the extended course because of delayed
response achieved an SVR.
In the study of Druyts et al[43], only 4% of patients
discontinued treatment because of breakthrough.
In our study, 10 out of 11 patients (90.9%) who had
achieved SVR had EVR. EVR had a PPV of 45.45%
and an NPV of 95.45% for SVR. Nine of the SVR patients (81.8%) had RVR. RVR had a PPV of 40.9% and
an NPV of 90.9% for SVR. Thus, EVR is slightly better
than RVR for the negative and positive prediction of
SVR. According to Druyts et al[43], most of the patients
who achieved an EVR (70%) also achieved an SVR (58%).
This emphasizes that the EVR is crucial and cost-effective in selecting those who can discontinue treatment at
week 12 if they remain positive.

1

Significant; 2Percentages were calculated for those with previous treatment trial. SVR: Sustained virological response.

using the same IFN type and in children using other IFN
types might be partially explained by the high percentage
of previous non-responders (9/12) and relapsers (2/12)
included in the study (12/46). Of those 12, only two
showed an SVR (they were the previous relapsers).
Retreatment of children who do not demonstrate an
SVR may be beneficial in patients who relapse or show
viral breakthrough during treatment, but is not helpful in
non-responders[39,44]. Of our patients, 39.1% had breakthrough and 2.17% showed relapse giving an opportunity
for retreatment.
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A

70

Alanine transaminase (U/L)

Table 6 Treatment side effects n (%)

Responders
Non-responders

60
50

1

1

40
30
20
10

B

60

Aspartate transaminase (U/L)

0

50

Start

4

12
24
Treatment week

48

72

Responders
Non-responders
1

Side effect

n = 46

Flu like symptoms
Headache
Fever
Injection site reaction
Itching
Fainting
Vomiting
Nervousness
Loss of appetite
Sleeplessness
Rigors
Neutropenia
Anemia (Hb 8.5-10 g/dL)
Anemia (Hb ≤ 8.5 g/dL)
Abdominal pain
Arthralgia
Diarrhea

15 (32.6)
15 (32.6)
27 (58.7)
7 (15.2)
1 (2.2)
1 (2.2)
6 (13)
1 (2.2)
10 (21.7)
1 (2.2)
3 (6.5)
6 (13)
8 (17.4)
2 (4.3)
2 (4.3)
5 (10.9)
4 (8.7)

40

therapy.
In other studies[36,39,49], predictors of response were
early viral response, lower baseline HCV-RNA levels,
female sex, non-maternal route of transmission of HCV,
absence of steatosis on liver histology, and moderate inflammation on liver biopsy.
Constitutional symptoms are almost universal in
children undergoing IFN therapy. Bone marrow suppression induced by IFN constitutes the next most common
toxicity after constitutional symptoms, occurring in approximately one third of treatment recipients[35,36]. In the
current study, only mild reversible adverse effects were
observed. Fever was seen in the first few weeks of treatment in 58.7% of patients, and both flu-like symptoms
and headaches appeared in 32.6% of patients. Anemia
and neutropenia were found at a rate of 21.7% and 13%,
respectively, and were treated by reduction or skipping of
doses; none of the patients developed thrombocytopenia.
According to a meta-analysis reported in 2013[43], neutropenia was the most common hematological adverse event
evaluated (32%), whereas anemia and thrombocytopenia
were less frequent (11% and 5%, respectively). Dose
reductions for neutropenia occurred in 38% of patients
in the North American study and 12% in the European
study respectively[35,36]. Drug cessation because of neutropenia did not occur in either study. In the North American study[36], there was no significant thrombocytopenia,
and in the European study, one patient discontinued
therapy at week 42 because of thrombocytopenia (platelet
count 45000 cells/mm3)[35].
The strength of this study is that it is a multicenter
one; including 46 children with chronic HCV, using the
Hansenula-derived PEG-IFN-alpha-2a (a 20 KDa Reiferon Retard) plus ribavirin, using customized treatment
and reporting the response to treatment in children. The
limitation of the study is the relatively small sample size.
In conclusion, combined therapy in the form of Reiferon retard plus ribavirin was safe. Children tolerated the
treatment well, with only mild reversible adverse effects.

30
20
10
0
Start

4

12
24
Treatment week

48

72

Figure 2 Alanine aminotransferase and aspartate aminotransferase mean
levels during treatment in responders and non-responders. A: Alanine
aminotransferase (ALT) mean levels remained normal in responders all through
the follow up period, while in non-responders, after starting as normal, they
increased again to significantly higher levels than in responders from week 12
onwards, especially at weeks 24 and 48 (1P = 0.007, 0.003 respectively); B: Aspartate aminotransferase (AST) mean levels remained normal in responders all
through the follow up period, while in non-responders, after starting as normal,
they significantly increased again in week 24 (1P = 0.007) and once more in
week 72. The dashed line represents the upper limit of normal.

According to the present study, factors related to
better response were male gender, short duration of
infection, low viral load, mild activity and mild fibrosis.
Patients with high viral load and absence of fibrosis
showed failure to respond to treatment. In addition, all
patients with steatosis (four patients) failed to achieve an
SVR. Furthermore, those with previous treatment trials, namely the previous non-responders, showed failure
of retreatment with IFN/ribavirin. Novel direct acting
antiviral drugs (DAAs), which target specific hepatitis
C virus enzymes, showed encouraging results in adults
when used alone or in combination with IFN/ribavirin.
DAAs have been studied in relapsers, partial responders
and null responders to prior PEG-IFN/ribavirin therapy.
The SVR rates were approximately 85%, 57%, and 31%,
respectively[47]. A Japanese study of 10 prior null responders with HCV genotype 1b found 90% achieved an SVR
using a combination of two DAAs[48]. Such regimens may
be of benefit and worth future clinical trials in children
to ensure safe and appropriate use of these new agents,
especially in those with treatment failure to IFN-based
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The end of treatment response was 28.2% and the factors related to better response were male gender, short
duration of infection, low viral load, mild activity and
mild fibrosis. Our customized regimen did not influence
the SVR rate, and future clinical trials with novel antiviral
drugs may be of benefit to those with treatment failure.

3

4

ACKNOWLEDGMENTS
The study was registered at www.ClinicalTrials.gov
(NCT02027493).

5

COMMENTS
COMMENTS
Background

6

Despite recent success after the introduction of combination therapy with interferon (IFN)-alpha and ribavirin, genotype 4 is considered difficult-to-treat. Approximately 60% of patients fail to respond. Resistance to antiviral therapy remains a serious problem in the management of chronic hepatitis C. Establishing
novel therapeutic agents, treatment customization, and determining the factors
associated with better response rates remain the targets of many researchers.

7

Research frontiers

Reiferon Retard is a novel 20-kDa PEGylated (PEG)-IFN-alpha-2a derived from
the Hansenula polymorpha expression system. It has been used in adults with
chronic hepatitis C virus to achieve a sustained virological response (SVR)
ranging from 56% to 60.7%, while no studies have been reported in the pediatric population.

8

Innovations and breakthroughs

The current study is the first to use the novel Hansenula-derived PEG-IFNalpha-2a in children. Treatment customization regarding duration (72 wk vs
extended course of 48 wk) and IFN injection frequency (5-d schedule vs 7-d
schedule) demonstrated safety and tolerability in children, yet did not improve
response rates. This may be, in part, explained by the high percentage of previous non-responders included in the study.

9

Applications

10

The study results suggest that combined therapy in the form of Reiferon Retard
plus ribavirin was safe. Children tolerated the treatment well, with only mild
reversible adverse effects. Treatment duration extension and/or shortening the
injection interval did not improve the SVR rates. Male gender, short duration of
infection, low viral load, mild activity, and mild fibrosis are associated with favorable response.

Terminology

11

The Hansenula polymorpha expression system is known for its superior characteristics. Increasing numbers of products and protein candidates have been
derived from this expression system; therefore, it has been gaining greater
popularity in recent years. Hansenula polymorpha represents an absolute
mitotic stable, robust and safe expression system, which boasts one of the
highest productivities ever described for a recombinant protein, with maximum
purity and high biological activity. In addition, production processes based on
Hansenula polymorpha technology are very cost effective. The cost effectiveness is strongly related to very short fermentation times and to a significantly
reduced number of downstream steps, resulting in a higher purity, with no forms
of oxidized interferon being detected.
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This is a well done study, presented in a detailed fashion. Though it is already
known that extending treatment beyond 48 wk achieves little extra benefit, your
paper convincingly proves the case for genotype 4 infected children (including
prior non-responders), which is a not so widely studied sub-group.
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RESULTS: NKCC2 was predominantly located in the
apical region of the surface of the distal colonic epithelia; by comparison, a large amount of NKCC1 was distributed in the basolateral membrane of the lower crypt
epithelia of the mouse distal colon. Short-term treatment with dDAVP, a V2-type receptor-specific vasopressin analog, induced NKCC2 re-distribution, i.e. , NKCC2
traffics to the apical membrane after dDAVP stimulation.
In contrast, no obvious NKCC1 membrane translocation
was observed. Western blotting results confirmed that
membrane NKCC2 had significantly higher abundance
in the dDAVP-treated mouse colonic mucosa relative to
that in the untreated control, which is consistent with
our immunostaining data. Moreover, the short-circuit
current method combined with a NKCC2 inhibitor demonstrated that NKCC2 was also activated by serosal vasopressin in isolated distal colonic mucosa.
CONCLUSION: Our results provide direct evidence
that vasopressin also plays an important role in the colonic epithelia by stimulating NKCC2 trafficking to the
apical membrane and inducing NKCC2-mediated ion
transport.

Abstract
AIM: To investigate whether Na+-K+-2Cl- cotransporter
(NKCC2) is expressed in the mouse distal colonic epithelia and whether it is regulated by vasopressin in the
colon.

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

METHODS: The mRNA expression of NKCC2 in the
mouse colonic mucosa was examined by reverse transcription-polymerase chain reaction. NKCC trafficking in
the colon stimulated by 1-D-amino(8-D-arginine)-vasopressin (dDAVP) infusion (10 ng/mouse, intraperitoneal
injection ) within 15 min, 30 min and 1h was investigated by laser confocal scanning microscopy. Total and
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Core tip: The Na+-K+-2Cl- cotransporter (NKCC2), which
was thought to be only expressed in the apical membrane of the epithelial cells in the thick ascending limb
of Henle’s loop, was recently found to be expressed in
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Previous studies have focused on the regulation of
NKCC2 by vasopressin in the kidney. How vasopressin
regulates colonic NKCC2 is unknown. The present study
addresses this issue by showing the NKCC2 expression
and spatial distribution in the mouse colonic epithelia.
We investigated the NKCC2 redistribution and trafficking in the colonic epithelia following short-term exposure
to vasopressin. We also explored whether NKCC2 is
involved in the ion transport induced by vasopressin using the short circuit current method in isolated colonic
mucosa. Our results show that the effects of vasopressin
on colonic NKCC2 are similar to those described for the
kidney. The significance of this finding for colonic epithelial physiology is discussed.

the colon. However, the role and regulating mechanism
of NKCC2 in the gut are still not completely understood.
Our results provide direct evidence that vasopressin
also plays an important role in the colonic epithelia by
stimulating NKCC2 trafficking to the apical membrane
and inducing NKCC2-mediated ion transport. The action
of vasopressin on NKCC2 in the colon would be recognized to supplement the role of the kidney in modulating whole-body homeostasis and electrolyte balance in
physiological or pathophysiologic conditions.
Xue H, Zhang ZJ, Li XS, Sun HM, Kang Q, Wu B, Wang YX,
Zou WJ, Zhou DS. Localization and vasopressin regulation of the
Na+-K+-2Cl- cotransporter in the distal colonic epithelium. World
J Gastroenterol 2014; 20(16): 4692-4701 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i16/4692.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4692

MATERIALS AND METHODS
Animals and tissue preparations
Male C57BL/6 mice weighing 20-25 g (Laboratory Animal Services Center, Capital Medical University, Beijing,
China) were fed a normal diet with free access to water.
The protocol was approved by the Animal Care and
Use Committee of Chinese Capital Medical University.
On the day of the experiments, 10 ng of dDAVP (a vasopressin analogue; Sigma) per animal[12] or saline (as a
control) was administered by intraperitoneal injection. To
reduce the level of endogenous vasopressin, the animals
were water-loaded by offering them a 5% dextrose/1%
ethanol solution overnight. The water load was assessed
by measuring the solution intake. The mice were killed
by cervical dislocation. The distal colon was removed by
opening the abdominal cavity 15 min, 30 min and 1 h
after drug application. Intestinal segments were briefly
rinsed with ice-cold PBS. Frozen sections (5 μm) were
cut on a cryostat (Leica, CM3050S), mounted on glass
slides and stored at -20 ℃. Tissues were cut into 2-μmthick rings, fixed in 2% paraformaldehyde in PBS at pH
= 7.4 for 1 h at room temperature and then rinsed with
PBS and cryoprotected in 30% sucrose overnight. The
approach of the tissue preparation and arrays was completely based on a previously described method[22].

INTRODUCTION
The bumetanide-sensitive Na+-K+-2Cl- cotransporters
(NKCC) mediate the electroneutral movement of 1 Na+,
1 K+ and 2 Cl- ions across cell membranes[1,2]. Two isoforms, NKCC1 and NKCC2, are currently known and
are encoded by different genes. NKCC1 (SLC12A2) is
widely distributed in the basolateral membrane of secretory epithelial cells[3]. In contrast, NKCC2 (SLC12A1) is
primarily localized to the apical membrane of the epithelial cells of the thick ascending limb of Henle’s loop
(TALH), where it mediates the apical entry of Na+, K+
(or NH4+) and Cl-[4]. NKCC2 has been thought to be a
kidney-specific isoform. However, there is growing evidence for extra-renal expression, including expression
in the pancreas and the gastrointestinal tract of rats and
humans, where it might mediate Cl- absorption[5-8]. The
NKCC2 protein expression and location as well as its
mechanism of regulation in the mouse distal colon are
not understood.
Vasopressin (also termed antidiuretic hormone) increases NaCl absorption in the TALH[9,10] and Na and
water absorption in cortical collecting duct cells[11]. Several reports have verified that vasopressin has both longterm and short-term effects on NKCC2 expression and
function in TALH cells. In the short term, the vasopressin-dependent phosphorylation of NKCC2 is associated
with vesicular trafficking of the transporter to the luminal membrane[12,13]. Long-term vasopressin exposure in
the TALH or in collecting duct principal cells increases
the expression of NKCC2[14] and aquaporin 2[15], respectively. The colon could also be a target for vasopressin[16]
because vasopressin stimulates NaCl and water absorption in in vitro preparations of mouse, rat, and human colons[17-21]. However, little is known about the mechanism
of ion transport that is induced by vasopressin in the
colon. Specifically, the identity of the protein that mediates NaCl absorption in the colon and whether NKCC2
is involved in this process are currently unclear.

WJG|www.wjgnet.com

Immunofluorescence staining
Intestinal tissues were fixed in 2% (w/v) paraformaldehyde-PBS for 1 h at 25 ℃. Following fixation, the tissues
were cryoprotected in 30% sucrose overnight in the cold,
embedded in Tissue-Tek O.C.T medium and frozen in
liquid nitrogen. The sections were rehydrated in PBS and
incubated for 2 h in a blocking solution (BS) consisting
of PBS, 10% goat serum or donkey serum and 0.1%
Triton-X (pH = 7.4). Then, the sections were incubated
with a primary antibody overnight at 4 ℃. After washing with PBS, the sections were incubated with the corresponding secondary antibody for 1 h at 25 ℃. The
primary and secondary antibodies used in this study are
summarized in Table 1. Immunostaining controls were
performed by omitting the primary antibody or by using
nonspecific IgG. The NKCC2 antibodies were purchased

4693

April 28, 2014|Volume 20|Issue 16|

Xue H et al . Vasopressin regulates NKCC2 in the distal colon

plifier (Physiologic Instruments, San Diego, CA). The
transepithelial resistance (TR) (Ωcm2) was measured by
altering the membrane potential in a stepwise fashion (-0.1
mV) and applying the Ohmic relationship.

Table 1 Primary and secondary antibodies used in this
experiment
Antibody
NKCC2
NKCC2
NKCC1
T4
Rabbit IgG
Goat IgG
Mouse IgG
Rabbit IgG

Host species

Dilution

Source/Catalog No.

Rabbit
Rabbit
Goat
Mouse

1:100
1:150
1:100
1:200

Donkey (Texas red)
Donkey (Alexa 488)
Goat (cy3)
Goat (HRP)

1:400
1:200
1:200
1:2000

Santa cruz/sc-133823
Fitzgerald/70R-3806
Santa cruz/sc-21574
Developmental Studies
Hybridoma Bank
Abcam
Invitrogen
Invitrogen
Santa cruz

Solutions and chemicals
Krebs-Henseleit solution (KHS) (mmol/L): NaCl, 117;
KCl, 4.7; MgCl2, 1.2; KH2PO4, 1.2; NaHCO3, 24.8; CaCl2,
2.5; and glucose, 11.1. The solution was bubbled with
95% O2 to 5% CO2 to maintain a pH value of 7.4. The
dDAVP, bumetanide, indomethacin, tetraethylammonium
(TEA), tetrodotoxin (TTX), vasopressin and amiloride
were purchased from Sigma (St Louis, MO, United
States). Stock solutions of all the above chemicals were
dissolved in DMSO. The final DMSO concentrations
never exceeded 0.1% (v/v). Preliminary experiments indicated that the vehicle did not alter any baseline electrophysiological parameters.

NKCC2: Sodium-potassium-chloride cotransporter 2; NKCC1: Sodiumpotassium-chloride cotransporter 1.

from two different commercial sources. NKCC1 and
NKCC2 antibodies were preadsorbed with their corresponding control peptides (Santa Cruz sc-21547P 10 μg
per 1 μg NKCC1 antibody; Fitzgerald 33R-6671, 5 μg
per 1 μg NKCC2 antibody) to determine the specificity
of the antibodies. The specimens were then examined
using a fluorescence microscope (Nikon 80i, Japan) or a
confocal laser scanning microscope (Leica TCS SP5 MP,
Germany).

Reverse transcription-polymerase chain reaction
RNA from the stripped mucosa and renal medulla was
harvested using the Trizol RNA purification system (Invitrogen, Carlsbad, CA, United States) according to the
manufacturer’s instructions. The following primers were
used for the PCR of NKCC2: forward 5’-TTGAGATTGGCGTGGTCATA-3’ and reverse 5’-AAGCATGTCAGCCAGCTTTT-3’. The following primers were
used for β-actin, an internal control: forward 5’-TGT
TTG AGA CCT TCA ACA CC-3’ and reverse 5’-CAG
TAA TCT CCT TCT GCA TCC-3’. The amplification
products and a DNA size marker (DNA maker C; SBS
Genetech, Beijing, China) were separated by electrophoresis on a 1.5% agarose gel in 0.5 TRIS-borate-EDTA
buffer containing ethidium bromide. The bands of the
amplification products were viewed using ultraviolet light,
and the images were taken using a GelDoc2000 (Bio-Rad
Laboratories, Hercules, CA, United States).

Fluorescence image analysis
Immunolabeled sections were examined using a confocal
laser scanning microscope. Confocal images were converted to 2-channel (red and green) mode by subtracting
DAPI (blue). The confocal images were analyzed using
Image J software. Areas of NKCC2 labeling were highlighted in white using the Image J. Data from 4 to 12 selected areas were averaged in each image; 6 images were
randomly selected for analysis from each measurement
group of one animal (n = 6 images; n’ = 4-12 selected
areas), and data were collected from three animals (n = 3).
The method described above was based on the recently
published work from the laboratory of Prof. Ameen[22,23].
Statistical analysis was performed using GraphPad Prism
software. Differences among groups were determined using one-way ANOVA and the Tukey’s post hoc method
of multiple comparisons. The level of significance was
set at P < 0.05.

Colonic epithelial protein isolation and membrane
protein preparation
The serosa, muscularis and submucosa were stripped
away with fine forceps to prepare the mucosa sample.
The protocol was based on the manufacturer’s instructions (Boogo Company, Shanghai W002). The preparation was homogenized in ice-cold tissue protein extraction reagent A, and then sonicated until the sample was
completely dissolved. After freezing in liquid nitrogen
and thawing at 25 ℃ three times, the samples were centrifuged at 5000 g at 4 ℃ for 10 min, and the supernatants were carefully collected. Then, the sample was centrifuged at 14000 g at 4 ℃ for 30 min to precipitate the
membrane fragments. Protein extraction reagent B was
added to the precipitates to centrifuge at 14000 g at 4 ℃
for 10 min. The supernatants were thoroughly removed,
and then protein extraction reagent C was added.

Ussing chamber experiments
The distal colon was cut longitudinally along the mesenteric border. The serosa, muscularis and submucosa were
stripped away with fine forceps to prepare the mucosa
sample. The stripped mucosa was mounted in a modified
Ussing chamber in a tissue holder (Easy Mount Chamber;
Physiologic Instruments, San Diego, CA) with an aperture surface area of 0.3 cm2, and the sample was bathed
bilaterally in Krebs-Henseleit solution (KHS).
The short-circuit current was measured in vitro in
the Ussing chambers. The transepithelial PD was then
clamped at 0 mV, and the short-circuit current (ISC) was
recorded with a VCC MC6 voltage-current clamp am-
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Total protein preparation
Tissue was homogenized in 300 µL of cold lysis buffer,
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and the total tissue homogenates were sonicated until
they were completely dissolved. The sample was then
centrifuged at 12000 rpm for 30 min at 4 ℃. The protein
concentration of the samples was measured using a Bradford assay kit.

immunoreactivity (Figure 1D and H), suggesting that
both antibodies were specific. The NKCC2 antibody
was also tested in the mouse kidney as a positive control.
Greater NKCC2 abundance was detected in the apical regions of cells lining the thick ascending limb segment of the mouse nephron (Figure 1F). No staining
was observed when the NKCC2 primary antibody was
omitted (Figure 1G). T4 is a monoclonal antibody that
is generated against a fusion protein encompassing the
carboxy terminus (S760-S1212) of human NKCC[26]. The
antibody is known to recognize both the apical NKCC2
and basolateral NKCC1 isoforms of the Na-K-2Cl cotransporter[26]. As expected, T4 immunoreactivity was
observed in the apical membrane, further supporting the
NKCC2 localization data (Figure 1E and I).
NKCC2 has been demonstrated to be modulated by
vasopressin in the TAL[12,13]; thus, we next investigated
whether the apically expressed NKCC2 was regulated
by short-term treatment with vasopressin. Short-term
vasopressin treatment has been reported to induce
NKCC2 apical vesicular trafficking in medullary TAL
cells[12]. Therefore, we investigated whether vasopressin
could cause a redistribution of NKCC2 in the colonic
epithelia. In this study, we used a V2-type receptorspecific vasopressin analogue, dDAVP, to examine its effect on NKCC2 trafficking. Higher magnification images
of unstimulated colon sections indicated that NKCC2
immunoreactivity was also present in the intracellular
compartments (Figure 2A). dDAVP (10 ng per animal,
intraperitoneal injection) was administered to adult mice.
At 30 min post-stimulation, more intense staining for
NKCC2 was detected in the apical region of surface enterocytes, as shown in Figure 2C. Notably, at 1 h poststimulation, the vasopressin-induced membrane recruitment of NKCC2 resulted in labeling intensities that were
higher in the apical membrane than the 30 min post-stimulation intensities (Figure 2D, d). This observation was
confirmed by densitometry: the NKCC2 fluorescence
intensity on the apical membrane of enterocytes ranged
from values that were approximately 1.5-fold to 3-fold
higher than that in the untreated mouse (normalized to
the apical membrane of the surface cells in untreated
mice, n = 3 mice, n = 6 images, n’ = 4-12 selected area P
< 0.001, Figure 2I). The dramatic recruitment of NKCC2
to the apical membrane seemed to occur for at least 30
min because no significant differences could be detected
between the 15 min post-stimulation and unstimulated
states (Figure 2B). At the same time, we also determined
whether NKCC1 was redistributed in response to vasopressin. In the control condition, the NKCC1 labeling
was predominantly found at the basal and lateral membranes, and there was a partial punctate vesicular-like
intracellular pattern in the colonic crypt base (Figure 2E
arrow). After 15 min, 30 min and 1 h of stimulation, the
NKCC1 localization and labeling intensity in the basolateral membrane did not change significantly, suggesting
that vasopressin might mainly affect NKCC2 (Figure 2F,
G, H and J).

Immunoblotting
Total NKCC2 proteins (20 µg) or membrane NKCC2
proteins (40 µg) were separated by 8% SDS/PAGE, and
the separated proteins were electroblotted onto a PVDF
membrane (Millipore), which was then washed for 10
min with TBST and immersed in blocking buffer containing 5% non-fat dry milk in TBST for 1 h at 25 ℃. The
blot was washed with TBST and then incubated with a
polyclonal primary antibody against NKCC2 (Santa Cruz
sc-133823) overnight at 4 ℃. After washing in TBST, the
blot was incubated with a secondary antibody against rabbit IgG (Santa Cruz) for 1 h at 25 ℃. The blot was finally
washed with TBST, and the protein bands were visualized
with a chemiluminescence system (ECL Plus, Applygen
Technologies Inc.). The resulting image was analyzed using Total Lab Quant software.
Statistical analysis
Data are expressed as mean ± SD; statistical significance
between two individual measurement groups was determined using an unpaired t test. Differences among
groups were determined using one-way ANOVA and the
Tukey’s post hoc method of multiple comparisons. The
level of significance was set at P < 0.05.

RESULTS
We first sought to investigate the expression of NKCC2
and determine the location of NKCC in the mouse colonic epithelia. Reverse transcription-polymerase chain
reaction and immunostaining were performed. As shown
in Figure 1A, a band of the expected size (1161 bp) was
amplified in both the colonic mucosa and the kidney. As
a negative control, samples lacking amplified products
were obtained by using non-reverse-transcribed RNA
from the mouse colonic mucosa or by omitting cDNA.
Immunofluorescence staining revealed a high level of
NKCC1 in the lower crypt of the colonic epithelia,
which is the predominant site of secretion[24]. In the
crypt regions, NKCC1 was mainly localized to the basolateral membrane (Figure 1B), consistent with previous
observations in mammalian intestines[25]. In contrast, the
NKCC2 immunoreactivity at the colonic surface epithelia
was observed predominantly in the apical membrane (arrowhead, Figure 1C), consistent with observations in rat
and human colonic tissues[6,7]. The spatial distributions
of NKCC1 and NKCC2 differed in the mouse colon.
NKCC2 was located in the apical membrane of the
mouse colonic surface epithelia, whereas NKCC1 was
found in the lower crypt epithelia of the mouse distal
colon. Preadsorption of NKCC1or NKCC2 antibodies
with the corresponding control peptides abolished the
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Figure 1 Expression and spatial distribution of Na+-K+-2Cl- cotransporter in the mouse colon and kidney. RT-PCR identified mRNA transcripts for NKCC2 (1161
bp) in the mouse distal colon mucosa (lane 1) and kidney (lane 3) (A). In control experiments, no band was detected using non reverse transcribed RNA (lane 5) or by
omitting cDNA (lane 6). The expression of β-actin is also shown as an internal control (lanes 2 and 4). Localization of the NKCC1 protein in the basolateral membrane
along lower crypt epithelium (B) (arrowhead, the left inset is enlarged image of white rectangle) and NKCC2 in the apical membrane along the surface epithelium (C)
(arrowhead, the left inset is enlarged image of white rectangle n = 3 mice) were clearly observed. Preadsorption of NKCC1 and NKCC2 antibodies with their corresponding blocking peptides (+ BP) resulted in no immunoreactivity (D, H). NKCC2 expression in the apical membrane of TAL cells in the kidney served as a positive
control (F). Primary NKCC2 antibody was omitted also as a negative control (G). NKCC labeling with T4 antibody at the surface and crypt of the colonic epithelium
(arrowhead: apical arrow: basolateral) (E) Higher magnification of surface epithelium (I). Scale bar = 20 μm; NC: Negative control; NKCC2: Na+-K+-2Cl- cotransporter.

immunostaining data (Figure 3C, n = 4 mice, P < 0.01).
Because NKCC2, an absorptive isoform of NKCC,
was expressed in the apical region of the colonic epithelia
and regulated by short-term treatment with vasopressin,
we investigated whether the apical NKCC2 was responsible for the observed vasopressin-induced electrolyte
transport. To avoid complications due to the effects of
vasopressin on the microcirculation and motility in vivo,
isolated mucosa was used for these in vitro experiments.
Based on the parameters reported in the previous study,
we used a vasopressin concentration of 5 × 10-8 mol[19].
Before the experiments were performed, the freshly
isolated distal colonic segment was pretreated with indomethacin (10 μmol) and TTX (tetrodotoxin, 1 μmol),
a neuronal Na+ channel blocker, on the serosal side to
suppress endogenous prostaglandin production and the
neuronally mediated effects.
The serosal addition of vasopressin (5 × 10-8 mol)
induced an immediate decrease of -11.41 ± 1.12 μA/

Immunoblot analysis of whole cell homogenates of
the mouse colonic mucosa showed the strong signals for
the NKCC2 at 140 KD, which were also found in the
kidney; this finding also confirmed the NKCC2 expression in the colon. Western blotting showed no obvious
change in the overall NKCC2 abundance, similar to its
behavior in the kidney (Figure 3A); this finding indicated
that vasopressin induced redistribution of NKCC2 from
intracellular vesicles to the apical membrane without
affecting the overall level of NKCC2 expression. To
further substantiate this finding, protein samples that
were enriched for plasma membranes were also analyzed.
An equal amount of protein (40 μg) was loaded and we
found that dDAVP caused a significant increase in the
NKCC2 membrane abundance with time by comparison
with unstimulated samples (Figure 3B). Densitometry
analysis confirmed the significantly higher abundance
in the dDAVP-treated mouse colonic mucosa relative to
that in the untreated control, which is consistent with our
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Figure 2 Effect of vasopressin on the cellular and subcellular location of Na+-K+-2Cl-1 cotransporter and Na+-K+-2Cl- cotransporter 2. Vasopressin-induced
redistribution of Na+-K+-2Cl- cotransporter (NKCC2) in the mouse distal colon (A-C). Mice were treated with saline (A) or dDAVP (10 ng) (B: 15 min; C: 30 min; D: 1h),
and NKCC2 and NKCC1 immunolabeling was performed. A-D: Lower magnification images. Higher magnification images of the white rectangles in the corresponding
A-D images. The arrow and asterisk indicate increased apical NKCC2; arrowheads indicate NKCC2 localization. Most of the NKCC2 labeling appears to be intracellular in the control mice. NKCC2 recruitment to the apical membranes of enterocytes at 30 min and 1 h post-stimulation is shown (C and D arrow and asterisk). However, vasopressin seemed to have no obvious effects on the redistribution of NKCC1 (I, J). Apical membrane NKCC2 and basolateral NKCC1 fluorescence intensity in
saline- or dDAVP-treated distal surface epithelia was normalized to the apical or basolateral membrane in the saline-treated mouse. A significant difference in NKCC2
and NKCC1 intensity was observed at 15 min, 30 min and 1 h compared with that in the unstimulated state (E-H). N = 3 mouse, n = 6 images, n’ = 4-12 selected area;

cm2 (n = 13) in ISC, consistent with the results of the
previous study[20]. To determine whether NKCC2 was
responsible for the vasopressin-induced decrease in ISC,
we pretreated the isolated distal colonic segment with
bumetanide (10 μmol), a well-known inhibitor of the
NKCC, on the apical side. As shown in Figure 4A and D,
apical pretreatment with bumetanide significantly inhibited the vasopressin-induced ISC response by 50% (from
-11.41 ± 1.12 μA/cm2 to -6.46 ± 0.76 μA/cm2, n = 9,
P < 0.01, Figure 4A), implying that apical NKCC2 was
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involved in the vasopressin-induced response. Previous
studies demonstrated an effect of vasopressin on Na+
absorption in the guinea pig distal colon[27]. Thus, we
tested the effect of a blocker of the epithelial Na+ channel, amiloride (10 μmol/L). The results indicated that
the change in the vasopressin-induced ISC decrease was
not altered by amiloride (from -11.41 ± 1.12 μA/cm2 to
-11.18 ± 1.46 μA/cm2 n = 6, P > 0.05, Figure 4B and D),
indicating that the vasopressin-induced response involved
an amiloride-insensitive mechanism. A similar inhibition
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Figure 3 Western blotting analysis of total and plasma membrane Na+-K+-2Cl- cotransporter protein after saline or 1-D-Amino(8-D-arginine)-vasopressin
injection. A: Each lane was loaded with 20 μg of protein from the mouse distal colon and kidney homogenates (control and dDAVP-treated n = 3 mice); B: Each lane
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(33%), from -11.18 ± 1.46 μA/cm2 to -7.61 ± 0.96 μA/
cm2, was observed for apical pretreatment with tetraethylammonium (TEA 5 mmol/L) (Figure 4C and D, n = 6,
P < 0.05), a putative K+ channel blocker, indicating that
the vasopressin-induced downward deflection of ISC was
related to K+ transport.

tional role in mediating apical Na+-K+-2Cl- absorption
in the colonic epithelia. The location of NKCC1 was
consistent with previous observations showing the basolateral localization of NKCC1 in the secretory epithelia,
supporting its role in chloride secretion[28,29]. The immunofluorescence results showed that NKCC2 was only expressed in apical membrane of the epithelial cells in the
colonic surface epithelium and was not expressed in the
crypt epithelium. NKCC1 was only expressed in the basolateral membrane of the crypt epithelium and was not
expressed in the surface epithelium. The results showed
that the two isoforms were not located in the same cells
or the same region.
Recently, the mechanism by which vasopressin regulates NKCC2 by inducing cellular redistribution in the
kidney has been studied in more detail[30,31]. Furthermore,
the functional activity of NKCC2 depends on the transporter density at the apical region of the surface cells,
which is regulated by endocytic and exocytic trafficking[31,32]. Whether NKCC2 expression in the colon is regulated by vasopressin was unclear; our immunolocalization
studies showed that a portion of NKCC2 was localized
to intracellular vesicles in the unstimulated colonic epithelia. The increase in membrane-bound NKCC2 following short-term vasopressin treatment indicated a change

DISCUSSION
Previous studies have demonstrated that NKCC2 was expressed in the apical membrane of the colon and played
an important role in Cl- absorption[6,7]. The present study
not only extended these results regarding the cellular location and function of NKCC2 but also demonstrated
that NKCC2 in the mouse colon is regulated by vasopressin. Our results confirmed the NKCC2 expression
in the mouse distal colon and found a differential spatial
distribution of NKCC1 and NKCC2. The absorptive
isoform, NKCC2, was mainly located in the apical membrane of surface epithelia, whereas the secretive isoform,
NKCC1, was located in the basolateral membrane of the
lower crypt epithelia. The differential location pattern of
NKCC1 and NKCC2 indicates their distinct roles, which
are related to the functions of each cell population. The
localization of NKCC2 corresponds to a possible func-
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mediate decrease in the short-circuit current (ISC)[17,18].
However, whether the apical NKCC2 is involved in the
vasopressin-induced electrolyte transport in the distal
colon remains unclear. Previous studies reported that vasopressin could enhance the amiloride-insensitive Cl--dependent Na+ absorption in the normal rat distal colon[17].
Another report indicated that vasopressin inhibited the
electrogenic amiloride-sensitive Na+ absorption in the
guinea pig distal colon[23]. In our study, apical pretreatment with amiloride, an epithelial sodium channel (ENaC)
blocker, failed to affect the serosal vasopressin-induced
ISC decrease, indicating that amiloride-sensitive Na+ absorption cannot be involved in the ISC decrease. Apical
pretreatment with bumetanide blunted the vasopressininduced ISC decrease by approximately 50%, suggesting
that the effect depends at least partially on NKCC2. In
other words, apical NKCC2 stimulation by vasopressin
contributed to the electrolyte transport in the mouse
distal colonic epithelia. Interestingly, the apical addition
of TEA (5 mmol/L), a putative inhibitor of K+ channel
blocker, inhibited the vasopressin-induced ISC decrease by
33%, indicating that an apical K+ channel was involved in
this response and that the current was partially mediated
by K+ secretion. Moreover, we also examined the effect
of vasopressin in conjunction with basolateral pretreatment with bumetanide. The basolateral pretreatment with

in intracellular trafficking because the total NKCC2 expression did not increase. Moreover, the 0.5 h and 1 h intervals that were examined were shorter than the time (4-6
h) required for new protein synthesis. The approximately
1.5- and 3-fold increase in the NKCC2 fluorescence intensity after the 30 min and 1 h stimulation, respectively,
in the apical membrane may reflect the onset of NKCC2
membrane recruitment. NKCC2 trafficking was not observed after a 15 min stimulation, possibly because vasopressin required a longer time to become effective after
the intraperitoneal injection. To further elucidate the process of NKCC2 trafficking, we compared the NKCC2
protein expression level in the plasma membrane in the
control and stimulation conditions. Consistent with laser
scanning confocal microscope (LSCM) observation, the
abundance of NKCC2 was indeed greater after vasopressin stimulation. Previous studies have shown that in TAL
cells, trafficking to the apical membrane is the mechanism
of stimulating NKCC2 activity. This finding indicated
that vasopressin could activate apical NKCC2 by stimulating transporter trafficking to the plasma membrane. In
contrast to NKCC2, the distribution of NKCC1 did not
change obviously after vasopressin stimulation. Whether
vasopressin has an effect on NKCC1 in the colon remains to be investigated.
It was reported that vasopressin induced an im-
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vasopressin on colonic NKCC2 are similar to those described for the kidney.

bumetanide also inhibited the response by approximately
50% (Preliminary data). A similar blocking effect was observed for the pretreatment with basolateral bumetanide,
also supporting that vasopressin mainly affects the
NKCC2 cotransporter, which is predominantly located in
the apical region of the distal colonic epithelia during this
process. The possible explanations are that bumetanide
is fat soluble and could cross the basolateral membrane
to affect the apical NKCC2. Moreover, previous reports
demonstrated that NKCC2 is more sensitive to inhibition
by bumetanide than NKCC1[33,34]. This finding, together
with the finding that no NKCC1 redistribution was observed after stimulation by vasopressin, again suggests
that vasopressin might mainly affect NKCC2. Taken
together, our results suggest that NKCC2 is involved in
the vasopressin-induced ISC decrease in the mouse distal
colonic epithelia.
Clearly, the kidney is not the only target organ through
which vasopressin regulates the electrolyte balance of the
whole body. The gastrointestinal tract is also a potent target of vasopressin because all vasopressin receptor subtypes are expressed throughout the gut in humans[35], and
these receptors could be activated by either circulating or
local vasopressin. In the present study, we focused on the
effects of vasopressin on apical NKCC2 in the mouse
colon and found that vasopressin may induce NKCC2
trafficking and activate apical NKCC2 in the mouse distal
colon in vivo. These effects could enhance the capacity of
the distal colonic epithelia to reabsorb NaCl and water
in response to short-term hormonal stimulation. These
findings suggest a possible mechanism through which
vasopressin regulates apical NKCC2 activity in the colon,
and this mechanism resembles its mechanism of action
in the kidney. Collectively, the colon and kidney are predicted to work synergistically in the electrolyte absorption
regulated by vasopressin. Consequently, the action of
vasopressin on NKCC2 in the colon would be recognized to supplement the role in modulating whole-body
homeostasis and electrolyte balance under physiological
or pathophysiological conditions.

Innovations and breakthroughs

Several reports have verified that vasopressin has both long-term and shortterm effects on NKCC2 expression and function in thick ascending limb of
Henle’s loop cells. The colon could also be a target for vasopressin because
vasopressin stimulates NaCl and water absorption in in vitro preparations of
mouse, rat, and human colons. However, little is known about the mechanism
of ion transport that is induced by vasopressin in the colon. Specifically, the
identity of the protein that mediates NaCl absorption in the colon and whether
NKCC2 is involved in this process are currently unclear. The present study provide direct evidence that vasopressin also plays an important role in the distal
colonic epithelia by stimulating trafficking of NKCC2 to the apical membrane
and inducing NKCC2-mediated ion transport at the apical region of the colonic
epithelia.

Applications

The action of vasopressin on NKCC2 in the colon would be recognized to
supplement the role of the kidney in modulating whole-body homeostasis and
electrolyte balance under physiological or pathophysiologic conditions.

Terminology

Endocytic trafficking involves the cellular internalization and sorting of extracellular molecules, plasma membrane proteins and lipids. Endocytosis is required
for a vast number of functions, including nutrient uptake, cell adhesion and migration, receptor signaling, pathogen entry and cell polarity. Exocytic trafficking
is the durable, energy-consuming process by which a cell directs the contents
of secretory vesicles out of the cell membrane and into the extracellular space.

Peer review

The authors have conducted experiments using immunofluorescence, Ussing
chamber, reverse transcriptase polymerase chain reaction, and Western blotting techniques to demonstrate, for the first time in mice, that vasopressin plays
a role in the trafficking of NKCC2 to the apical membrane of distal colonic epithelia. The results are interesting and may suggest a mechanism through which
vasopressin regulates apical NKCC2 activity in the colon.
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METHODS: This was a multi-center prospective cohort
study. Consecutive patients (aged ≥ 18 years) who had
undergone percutaneous liver biopsy and CAP measurement were recruited from three Chinese liver centers.
Steatosis was categorized as S0: < 5%; S1: 5%-33%;
S2: 34%-66%; or S3: ≥ 67%, according to the nonalcoholic fatty liver disease (NAFLD) activity score. The
FibroScan® 502 equipped with the M probe (Echosens,
Paris, France) was used to capture both CAP and liver
stiffness measurement values simultaneously. Receiver
operating characteristic curves were plotted, and the
areas under the curves were calculated to determine
the diagnostic efficacy. The accuracy of the CAP values
at the optimal thresholds was defined by maximizing
the sum of sensitivity and specificity (maximum Youden
index).
RESULTS: A total of 152 patients were recruited,
including 52 (34.2%) patients with NAFLD and 100
(65.8%) with chronic hepatitis B (CHB) virus infection.
After adjustment, the steatosis grade (OR = 37.12;
95%CI: 21.63-52.60, P < 0.001) and body mass index
(BMI, OR = 6.20; 95%CI: 2.92-9.48, P < 0.001) were
found independently associated with CAP by multivariate linear regression analysis. CAP was not influenced
by inflammation, fibrosis or aetiology. The median CAP
values and interquartile ranges among patients with
S0, S1, S2 and S3 steatosis were 211 (181-240) dB/m,
270 (253-305) dB/m, 330 (302-360) dB/m, and 346
(313-363) dB/m, respectively. The cut-offs for the CAP
values in all patients with steatosis ≥ 5%, ≥ 34% and
≥ 67% were 253 dB/m, 285 dB/m and 310 dB/m, respectively. The areas under the curves were 0.92, 0.92
and 0.88 for steatosis ≥ 5%, ≥ 34% and ≥ 67%,
respectively. No significant differences were found in
the CAP values between the NAFLD group and the CHB
group in each steatosis grade.

Abstract
AIM: To evaluate the performance of a novel non-inva-
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CONCLUSION: CAP appears to be a promising tool for
the non-invasive detection and quantification of hepatic
steatosis, but is limited by BMI.

As a result, there is a need for a simple and reliable noninvasive alternative that either complements or eliminates
liver biopsy altogether.
Recently, a novel non-invasive tool based on ultrasound attenuation was developed to assess liver steatosis.
The evaluation of ultrasound attenuation has been implemented with the FibroScan® (Echosens, Paris, France)
using a novel proprietary algorithm called the controlled
attenuation parameter (CAP)[1]. In the existing literature,
CAP displayed good diagnostic value for chronic liver
diseases such as viral hepatitis[8-9] and multi-aetiology cohorts[10-12]. However, there is no research using CAP values to assess hepatic steatosis in the Chinese population.
CHB is the most prevalent liver disease in China, and
nonalcoholic fatty liver disease (NAFLD) is also highly
prevalent, especially in the more affluent regions[13]. Furthermore, the coexistence of hepatitis B virus (HBV)
infection and NAFLD is a novel characteristic of liver
disease in the Chinese population. Therefore, the aim of
this study was to evaluate the performance of CAP measurements in assessing steatosis, in a cohort of consecutive NAFLD/CHB patients in China, using liver biopsy
as the reference.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: We introduced a novel controlled attenuation
parameter (CAP) which was acquired using the FibroScan® equipped with the M probe. This multi-center
prospective cohort study was performed in Chinese
nonalcoholic fatty liver disease or chronic hepatitis B
patients. Following multivariate linear regression analysis, we found that CAP was significantly correlated with
steatosis grade and was not influenced by inflammation, fibrosis or aetiology. Although it is less effective in
identifying moderate to severe steatosis and limited by
body mass index, we believe that CAP values are more
useful than the measurement of 5% steatosis and may
be used as a substitute for ultrasonography in epidemiological investigations of fatty liver.

MATERIALS AND METHODS
Shen F, Zheng RD, Mi YQ, Wang XY, Pan Q, Chen GY, Cao
HX, Chen ML, Xu L, Chen JN, Cao Y, Zhang RN, Xu LM, Fan
JG. Controlled attenuation parameter for non-invasive assessment
of hepatic steatosis in Chinese patients. World J Gastroenterol
2014; 20(16): 4702-4711 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i16/4702.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4702

Patients
Adults (aged ≥ 18 years) with NAFLD or HBV infection (with or without steatosis) were eligible for the study.
Patients were prospectively recruited from three Chinese
liver centers (Xinhua Hospital, Shanghai; Dongnan Hospital, Fujian; and Tianjin Hospital of Infectious Diseases,
Tianjin) between March 2012 and March 2013. The ethics committees of the three hospitals approved the study,
and all patients gave their written informed consent before participation.
Each patient had undergone percutaneous liver biopsy
and transient elastography (TE) within 4 wk and met the
diagnostic criteria for either NAFLD[14] or CHB[15]. Exclusion criteria were: (1) alcohol intake per week greater than
140 g in men and 70 g in women in the past 12 months;
(2) other diseases that lead to fatty liver (e.g., CHC, druginduced liver disease, total parenteral nutrition, hepatolenticular degeneration, autoimmune liver disease, etc.); (3)
previous liver transplantation; (4) other terminal disease
or malignancy; (5) refusal to undergo LB or disqualified
biopsy specimens; and (6) contraindications to FibroScan
® examination (e.g., ascites, implanted pacemakers, nonhealing wounds in the upper-right quadrant of the abdomen, pregnancy, etc.) or unreliable CAP measurements
[e.g., success rate less than 60% or interquartile range
(IQR) > 30%].

INTRODUCTION
Hepatic steatosis is diagnosed when the accumulation of
fatty droplets (mainly triglycerides) exceeds more than
5% of liver weight[1]. The prevalence of hepatic steatosis
is rising in association with the global increase in obesity
and type 2 diabetes and is currently present in 2%-40%
of the general population[2], 50.9% of individuals with
chronic hepatitis C (CHC)[3], 46.4% of heavy drinkers[4]
and 50%-80% of obese individuals[5]. In the past, simple
steatosis was regarded as benign and reversible. However, the presence of other aetiologies may act in synergy
with steatosis to aggravate liver injury, enhance oxidative
stress, produce inflammation, increase susceptibility to
apoptosis and even promote the progression of fibrosis[6].
Therefore, it is necessary to accurately quantify the extent
of hepatic steatosis and monitor its dynamic changes.
Although liver biopsy (LB) is regarded as the gold
standard to assess hepatic steatosis, its use has several
limitations, including sampling bias, intra- or interobserver sampling variability, and the potential for severe
complications[7]. Therefore, patients opt to avoid such
an invasive procedure and frequently refuse to repeat it.

WJG|www.wjgnet.com

Clinical evaluation and laboratory data
All patients received physical examinations at the time of
TE measurement. Liver disease aetiology and anthropometric measurements, including body mass index [BMI,
weight (kg)/height (m)2] and waist-to-hip ratio [WHR,
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waist circumference (cm)/hip circumference (cm)] were
obtained. Demographic information, such as age, sex
and medical/drinking history were obtained from patient
interviews during screening. Laboratory data, including
liver biochemistry, fasting glucose, total cholesterol (TC),
triglycerides (TG), high density lipoprotein cholesterol
(HDL-C) and low density lipoprotein cholesterol (LDL-C)
within 4 wk of the liver biopsy and in fasting conditions
were recorded. HBsAg, HBeAg and anti-HBe were determined with commercially available enzyme-linked immunosorbent assay kits. Serum HBV DNA was measured
by the real-time PCR Cobas Taqman assay if HBV was
positive.

m) and kilopascal (kPa), ranging from 100 to 400 dB/m
and 2.5 to 75 kPa, respectively. Details of the LSM and
CAP measurement principle were provided in previous
publications[1,19]. Fasted patients were placed in the supine
position with their right hand on their head in order to
extend the intercostal space. The tip of the transducer
probe was placed on the surface of the skin between the
ribs and over the right lobe of the liver.
A reliable LSM was defined as more than 10 valid
shots, a success rate of at least 60%, and an IQR < 30%
of the median LSM value[19]. Since there are no reliability
criteria for CAP measurement, it was arbitrarily decided
to use the reliability criteria for LSM. Therefore if the
LSM was reliable according to those criteria, the corresponding median CAP value was also considered reliable.

Liver histology
Percutaneous LB was performed with an 18-gauge
BARD Max-Core Disposable Biopsy Instrument (BARD
Biopsy Systems, Tempe, AZ, United States) from the
right lobe under real-time ultrasound guidance. Biopsy
specimens were formalin-fixed, paraffin-embedded, sectioned, and stained with HE, Masson’s trichome stain and
reticulin. Liver biopsy sections were interpreted by two
experienced hepatopathologists who were blinded to the
clinical data, and a consensus was required in the case of
discordant results. The length of the sample was required
to be ≥ 15 mm, and the sample was to contain at least 6
portal tracts (PTs). For both NAFLD and CHB samples,
the liver sections were first evaluated for percentage of
lipid deposition, and the presence of visible steatosis in
≥ 5% of hepatocytes was considered to represent fatty
liver[16] which was evaluated by light microscopic examination of an HE liver section (4-5 μm thick) under a 10
× objective lens[17]. Steatosis was categorised as S0: < 5%;
S1: 5%-33%; S2: 34%-66%; or S3: ≥ 67%, according to
the NAFLD activity score (NAS)[16].
The grades and stages of the liver samples were dependent on the liver disease aetiology. The METAVIR
classification was used for CHB and fibrosis was staged
from F0 to F4: F0, no fibrosis; F1, portal fibrosis without
septa; F2, portal fibrosis with few septa; F3, numerous
septa without cirrhosis; and F4, cirrhosis[18]. Fibrosis in
NAFLD was staged as follows: F0, no fibrosis; F1, perisinusoidal or periportal fibrosis; F2, perisinusoidal and
portal/periportal fibrosis; F3, bridging fibrosis; and F4,
cirrhosis. Because of the different diagnostic criteria,
METAVIR grades of A2-A3 in patients with CHB and
NAS scores of ≥ 5 in patients with NAFLD were classified as moderate to severe inflammation, and F ≥ 2 was
classified as significant fibrosis.

Statistical analysis
Continuous variables and patient characteristics were expressed as either medians (IQR) or n (%), as appropriate.
The χ 2 test and Fisher’s exact test were used to compare
categorical data. The Mann-Whitney test was used to
compare two groups, and the Kruskal-Wallis test was
used to compare more than three groups. Correlations
between CAP values and continuous variables were assessed by Spearman correlation coefficients (ρ), and multivariate analysis was performed using linear regressions.
The receiver operating characteristic (ROC) curves were
plotted, and the areas under the curves (AUC) were calculated with 95% confidence intervals (CIs) to determine
the diagnostic efficacy of CAP to differentiate between
those with hepatic steatosis ≥ 5%, ≥ 34% and ≥ 67%
versus controls. The accuracy of the CAP values at the
optimal thresholds was defined by maximizing the sum
of sensitivity and specificity (maximum Youden index).
For each optimal cut-off value, the sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV) were calculated. All statistical analyses were
performed using SPSS version 13 for Windows (SPSS,
Chicago, IL, United States). Two-sided P values < 0.05
indicated statistical significance.

RESULTS
Patients’ baseline characteristics
A total of 189 consecutive patients were screened within
the study period. Of these patients, 15 were excluded
due to withdrawal of consent, 6 for excessive alcohol
consumption, 5 for disqualified biopsy specimens, and
11 due to the inability to acquire qualified CAP and/or
LSM data. A total of 152 (80.4%) patients were finally
included in the statistical analysis, including 52 (34.2%)
with NAFLD and 100 (65.8%) with CHB. Demographic,
anthropometric, laboratory, and FibroScan examination
characteristics of the study population are outlined in
Table 1. The median BMI (26.0 kg/m2, IQR: 24.4-29.3),
waist circumference (90.0 cm, IQR 86.0-97.5), hip circumference (97.0 cm, IQR: 93.0-102.8) and WHR (0.94,
IQR: 0.91-0.97) in the NAFLD group were significantly

CAP and liver stiffness measurement
One certified operator with experience of more than 200
cases in each centre performed the TE examinations and
was blinded to the liver histology. The FibroScan® 502
equipped with the M probe (Echosens, Paris, France) was
used to capture both CAP and liver stiffness measurement (LSM) values simultaneously. CAP values and LSM
values were expressed in units of decibels per metre (dB/
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Table 1 Baseline characteristics of patients with non-alcoholic fatty liver disease and chronic hepatitis B virus infection
Characteristics
Demographics
Male gender, n (%)1
Age (yr)2
Anthropometrics
BMI (kg/m2)2
< 18.5
18.5-24.9
25-29.9
≥ 30
WHR2
Laboratory findings
ALT (U/L)
AST (U/L)
ALP (U/L)
Γ-GT (U/L)
Albumin (g/L)
Total bilirubin (µmol/L)
Direct bilirubin (µmol/L)
Total cholesterol (mmol/L)
Triglyceride (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Prothrombin time (s)
Fasting glucose (µmol/L)
Log10 (HBV-DNA,IU/mL)
Liver histology
Steatosis grade, n (%)1
S0 (< 5%)
S1 (5%-33%)
S2 (34%-66%)
S3 (≥ 67%)
Fibrosis stage, n (%)1
F0
F1
F2
F3
F4
Significant fibrosis(F ≥ 2), n (%)
Moderate to severe inflammation, n (%)1,3
FibroScan® parameters
Controlled attenuation parameter (dB/m)
Liver stiffness measurement (kPa)

All patients

NAFLD

CHB

(n = 152)

(n = 52)

(n = 100)

106 (69.3)
35 (28-49)

36 (69.2)
39 (29-50)

70 (70.0)
35 (27-49)

P value

0.992
0.167

24.9 (22.5-27.7)
7 (4.6)
70 (46.1)
61 (40.1)
14 (9.2)
0.92 (0.88-0.96)

26.0 (24.4-29.3)
0
18 (34.6)
24 (46.2)
10 (19.2)
0.94 (0.91-0.97)

23.9 (21.8-26.6)
7 (7.0)
52 (52.0)
37 (37.0)
4 (4.0)
0.90 (0.86-0.95)

< 0.001

64.8 (37.9-134.0)
44.0 (26.0-77.5)
89.0 (68.0-109.0)
54.3 (28.9-104.4)
42.7 (39.8-45.1)
14.2 (11.6-20.2)
4.9 (3.7-7.8)
4.6 (4.0-5.1)
1.4 (0.9-2.2)
1.2 (1.0-1.3)
2.5 (1.9-2.9)
12.3 (11.1-13.0)
5.3 (4.7-5.8)
-

55.0 (31.3-104.4)
33.4 (25.0-67.0)
84.0 (63.1-109.0)
60.0 (31.6-97.1)
43.5 (41.5-46.8)
12.6 (10.5-15.5)
4.6 (3.8-5.6)
4.7 (4.3-5.1)
2.0 (1.3-2.7)
1.2 (1.1-1.4)
2.8 (2.6-3.1)
11.9 (10.4-12.4)
5.2 (4.5-6.0)
-

69.0 (40.0-187.0)
46.3 (28.7-93.5)
90.3 (73.3-109.0)
52.0 (26.5-117.3)
42.1 (38.6-44.8)
15.2 (12.1-22.3)
5.2 (3.7-9.0)
4.3 (3.7-5.1)
1.3 (0.87-2.0)
1.1 (1.0-1.3)
2.3 (1.8-2.6)
12.7 (12.0-13.4)
5.3 (4.8-5.7)
3.3 (0.92-5.9)

0.022
0.042
0.320
0.770
0.017
0.003
0.080
0.018
0.001
0.166
< 0.001
< 0.001
0.819

0.001

< 0.001
63 (41.4)
44 (28.9)
32 (21.1)
13 (8.6)

0
19 (36.5)
23 (44.2)
10 (19.2)

63 (63.0)
25 (25.0)
9 (9.0)
3 (3.0)

45 (29.6)
62 (40.8)

28 (53.8)
13 (25.0)
6 (11.5)
4 (7.7)
1 (1.9)
11 (21.2)
21 (40.4)

36 (36.0)
30 (30.0)
20 (20.0)
8 (8.0)
6 (6.0)
34 (34.0)
41 (41.0)

0.234

262 (215-310)
7.5 (5.5-12.9)

310 (273-347)
6.1 (4.8-11.1)

236 (199-281)
8.0 (5.9-13.9)

0.100
0.942
< 0.001
0.025

All data are expressed as medians (IQR), or n (%), as appropriate; 1Either χ 2 test or Fisher’s exact test was used; 2Mann-Whitney test was used; 3METAVIR
grades A2-A3 in patients with viral hepatitis and NAS score ≥ 5 in patients with NAFLD. BMI: Body mass index; WHR: Waist-to-hip ratio; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyl transpeptidase; HDL-C: High density lipoprotein
cholesterol; LDL-C: Low density lipoprotein cholesterol; NAFLD: Non-alcoholic fatty liver disease; CHB: Chronic hepatitis B.

higher than those in the CHB group.
The characteristics of liver histology are also shown
in Table 1. The median length and the PTs of the liver
biopsy samples were 18 mm (IQR: 17-19) and 8 (IQR:
7-10), respectively. The 63 patients with a steatosis score
of 0%-5% (S0) all had CHB.

phosphatase (P = 0.37), γ-glutamyl transpeptidase (P
= 0.93), HDL-C (P = 0.24), fasting glucose (P = 0.20),
HBV DNA levels (P = 0.42, for CHB patients), prothrombin time (P = 0.06), moderate to severe inflammation (P = 0.18), significant fibrosis (P = 0.55) and LSM (P
= 0.43) were not significantly correlated with CAP.

Association of CAP with different parameters
BMI, WHR, albumin, TC, TG, LDL-C and steatosis
grade showed significant positive associations with CAP,
while alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin and direct bilirubin
were negatively associated with CAP (Table 2). Parameters such as gender (P = 0.49), age (P = 0.93), alkaline

Multivariate linear regression analysis of CAP for steatosis and other parameters
Parameters which were significantly associated with CAP
were entered into a multivariate linear regression model
(stepwise methods). After adjustment, only steatosis
grade (OR = 37.12; 95%CI: 21.63-52.60, P < 0.001) and
BMI (OR = 6.2; 95%CI: 2.92-9.48, P < 0.001) were inde-
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PPV and NPV of CAP for hepatic steatosis ≥ 5%, ≥
34% and ≥ 67% in patients were also calculated and are
shown in Table 3.
ROC curves and AUCs of CAP values were also calculated between two steatosis grades to differentiate individual grades of steatosis: 1-grade difference, including
S0 vs S1, S1 vs S2 and S2 vs S3; 2-grade difference, including S0 vs S2 and S1 vs S3; 3-grade difference, including S0
vs S3. All six potential pairs are shown in Figure 2B. CAP
performance was excellent for differentiating between 2
or 3 grades, such as S0 vs S2 (AUC = 0.97), S1 vs S3 (AUC
= 0.92) and S0 vs S3 (AUC = 0.99). However, it was
poorer at differentiating between 1 grade than more than
2 grades, especially for S2 vs S3 (AUC = 0.62).

Table 2 Correlation and multivariate linear regression
analyses for controlled attenuation parameter with other
different parameters
Spearman
correlation
Parameter
BMI
WHR
ALT
AST
Albumin
Total bilirubin
Direct bilirubin
Total cholesterol
Triglyceride
LDL-C
Steatosis grade

r
0.49
0.32
-0.25
-0.25
0.27
-0.24
-0.17
0.18
0.31
0.39
0.76

P value
< 0.001
< 0.001
0.002
0.002
0.001
0.003
0.039
0.034
< 0.001
< 0.001
< 0.001

Multivariate linear regression
OR
6.20

37.12

95%CI:
2.92-9.48
21.63-52.60

P value
< 0.001

< 0.001

DISCUSSION

OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; WHR:
Waist-to-hip ratio; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; LDL-C: Low density lipoprotein cholesterol.

In China, it has been estimated that at least 10% of the
general population is chronically infected with HBV,
which is the most common cause of liver disease[20]. In
recent years, with the increasing pandemic of obesity,
NAFLD has now become a major cause of liver-related
morbidity and mortality, with a prevalence of 15% in
China[13]. Although clinical studies have found that HBV
infection is associated with a lower prevalence of fatty
liver, hypertriglyceridemia and metabolic syndrome[21],
hepatic steatosis has been associated with Entecavir treatment failure[22]. Therefore, it is important to determine
whether hepatic steatosis or steatohepatitis coexist in
CHB patients.
The current “gold standard” diagnostic procedure is
still LB. Due to the trauma, sampling error, complications
and imperfect reproducibility of LB, its application is limited. Therefore, the development of a non-invasive quantitative measure of hepatic steatosis is necessary. The two
existing methods mainly include serological and imaging
methods. Serological methods such as the SteatoTest[23],
the Fatty Liver Index (FLI)[24] and the Hepatic Steatosis
Index (HSI)[25] combine a number of biochemical markers and/or anthropometric characteristics that have been
extensively developed in the last decade to diagnose fatty
liver. The M65 enzyme-linked immunosorbent assay,
which detects both caspase-cleaved and uncleaved cytokeratin-18, may also differentiate patients with simple
steatosis from healthy individuals[26]. However, the accuracy and diagnostic efficacy of these tests still need to
be improved, thus, they are not yet recommended for use
in clinical practice. The imaging methods include ultrasonography, computed tomography (CT) and magnetic
resonance (MR)[27]. Ultrasonography is the most common
technique, and is accepted as an initial tool for fatty liver
as it is non-invasive, non-ionizing, inexpensive and widely
available. However, the major weaknesses of ultrasound
include high operator- and machine-dependency and the
ability to detect only patients with more than 30% steatosis. CT provides an accurate and a reliable visualisation
of the whole liver, enabling the diagnosis not only of
diffuse, but also of focal fatty deposits. However, CT is

pendent predictive factors of CAP (Table 2).
The median CAP (IQR) values in patients with S0,
S1, S2 and S3 steatosis were 211 (181-240) dB/m, 270
(253-305) dB/m, 330 (302-360) dB/m, and 346 (313-363)
dB/m, respectively (P < 0.001; Figure 1A). CAP values
were significantly different between S0 vs S1 (P < 0.001)
and S1 vs S2 (P < 0.001), but not between S2 vs S3 (P =
0.224). Moreover, the median CAP (IQR) values were
169 (148-207) dB/m, 235 (200-275) dB/m, 288 (254-340)
dB/m and 331 (304-360) dB/m for patients with a BMI
(kg/m2) of < 18.5, 18.5-24.9, 25-29.9 and ≥ 30, respectively (P < 0.001; Figure 1B). To remove the confounding
factors of liver steatosis and aetiology, we further analyzed the CAP values with BMI values in the 63 CHB patients with 0%-5% steatosis. The Kruskal-Wallis test was
used, and significant differences (P = 0.004) were found
between the CAP values and the different BMI levels
(Figure 1C).
The CAP (IQR) values were 271 (258-291) dB/m
for NAFLD patients and 270 (247-308) dB/m for CHB
patients with S1 (P = 0.670), 328 (303-361) dB/m for
NAFLD patients and 331 (289-350) dB/m for CHB patients with S2 (P = 0.681), and 341 (315-361) dB/m for
NAFLD patients and 349 (310-378) dB/m for CHB patients with S3 (P = 0.692). Therefore, no significant differences were found between the CAP values of NAFLD
and CHB patients in each steatosis grade (Figure 1D).
Diagnostic performance of CAP for different steatosis
grades
The ROC curves of CAP to differentiate between steatosis grades are displayed in Figure 2A. CAP was found
to be excellent for predicting fatty liver (steatosis ≥ 5%;
AUC = 0.92, 95%CI: 0.88-0.97), for the detection of
steatosis ≥ 34% (AUC = 0.92, 95%CI: 0.87-0.97) and
good for the detection of steatosis ≥ 67% (AUC = 0.88,
95%CI: 0.82-0.94). Using the maximum Youden index,
optimal cut-off values with the sensitivity, specificity,
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Figure 1 Controlled attenuation parameter distribution for different steatosis grades or body mass index levels. A: Controlled attenuation parameter distribution in patients with different steatosis grades (n = 152); B: CAP distribution in patients with different BMI levels (n = 152); C: CAP distribution in patients with BMI
levels with either no steatosis or steatosis less than 5% (n = 63); D: CAP between NAFLD and CHB patients with the same degree of fatty deposition (n = 89). 1Fisher’
s exact test was used; 2No NAFLD patients in S0. CAP: Controlled attenuation parameter; BMI: Body mass index; NAFLD: Non-alcoholic fatty liver disease; CHB:
Chronic hepatitis B.

Table 3 Diagnostic accuracy of controlled attenuation parameter and its suggested optimal cut-off values
Steatosis

AUC (95%CI)

P value

Cut-off
(dB/m)

Sensitivity
(95%CI), %

Specificity
(95%CI), %

PPV
(95%CI), %

NPV
(95%CI), %

S0 vs S1-S3 (≥ 5%)
S0-S1 vs S2-S3 (≥ 34%)
S0-S2 vs S3 (≥ 67%)

0.92 (0.88-0.97)
0.92 (0.87-0.97)
0.88 (0.82-0.94)

< 0.001
< 0.000
< 0.001

253
285
310

88.8 (79.9-94.2)
93.3 (80.7-98.3)
92.3 (62.1-99.6)

82.5 (70.5-90.6)
83.2 (74.4-89.5)
79.1 (71.3-85.4)

87.8 (78.8-93.4)
70.0 (56.6-80.8)
29.3 (16.6-45.7)

83.9 (71.9-91.6)
96.7 (90.1-99.2)
99.1 (94.4-99.9)

AUC: Areas under the curve; PPV: Positive predictive value; NPV: Negative predictive value.

diagnosis of cirrhosis in chronic liver disease[30], but was
incapable of assessing steatosis. In 2010, Sasso et al[10] first
reported a novel attenuation parameter that was based
on the ultrasonic properties of the radiofrequency backpropagated signals acquired by the FibroScan® guided
by vibration-controlled transient elastography. This new
parameter has the advantages of being a non-ionizing,
relatively inexpensive, painless, and operator and machine independent method. The overall intraclass correlation coefficient for the determination of hepatic steatosis by means of CAP in HIV and/or hepatitis virus
infection was 0.84 (95%CI: 0.77-0.88)[31], suggesting that
CAP measurement represents an observer-independent
method.

associated with radiation exposure, which limits its use in
longitudinal studies and in children. Moreover, iron accumulation plays an important role in steatohepatitis during
NAFLD[28], and CT is strongly influenced by iron deposition in the liver, leading to misdiagnosis. MR, especially
proton magnetic resonance spectroscopy (1H MRS), has
emerged as a fast, safe, non-invasive alternative for the
quantification of hepatic fat content. 1H MRS has been
used in NAFLD patients with mild steatosis or advanced
fibrosis, and can be performed easily without special devices[29]. However, its use is limited due to high costs, low
availability and a lack of standardisation.
FibroScan® is now widely used to obtain LSMs, which
relate to liver fibrosis, and has shown good results for the
WJG|www.wjgnet.com
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Figure 2 Receiver operating characteristic curves. A: Receiver operating characteristic curve for controlled attenuation parameter in the diagnosis of hepatic steatosis ≥ 5%, ≥ 34% and ≥ 67%; B: Receiver operating characteristic curves and area under the curves (AUCs) between two steatosis grades. Se: sensitivity; Sp:
specificity.

In the first publication[10], CAP values were significantly correlated with steatosis grade (Spearman correlation ρ = 0.81, P < 10-16), which were similar to our results
(ρ = 0.76, P < 0.001). Our study identified median (IQR)
CAP values for the S0, S1, S2 and S3 steatosis grades
to be 211 (181-240) dB/m, 270 (253-305) dB/m, 330
(302-360) dB/m, and 346 (313-363) dB/m, respectively.
CAP values were significantly different between S0 vs
S1 and S1 vs S2 groups, but were not significantly different between the S2 vs S3 groups. Combined with other
clinical trial results[9,12,32], we believe that CAP values can
identify more than 5% steatosis, but are less effective in
identifying close steatosis grades, especially for moderate
to severe steatosis. The reason for this may be that BMI
was increasing together with the fat content in the liver,
and the discriminability of the CAP measurement using
the M probe was limited by BMI.
Inflammation and biochemical indicators such as ALT
and bilirubin have been demonstrated to influence LSM
measurement, and different liver disease aetiologies may
lead to different cut-off values. Therefore, multivariate
linear regression was used to evaluate which parameters
are related to CAP values. After adjustment, only steatosis grade and BMI were independent predictive factors

WJG|www.wjgnet.com

of CAP values. In this work, CAP values did not appear
to be influenced by inflammation, fibrosis or aetiology.
These results were similar to those obtained in other
studies[9]. It was previously found that LSM values are
significantly correlated with BMI, especially in NAFLD
patients[19]. In our study, BMI was also independently associated with CAP, and elevated BMI may influence the
accuracy of CAP values in detecting liver steatosis. To
control the confounding factors, we determined the impact of BMI in 63 CHB patients with steatosis less than
5%. Significant differences were still found, especially
between the normal and overweight groups. In other
studies, the optimal cut-off of CAP values for significant
steatosis (≥ 10%) in patients with BMIs ≥ 28 kg/m2 [12]
was higher than in patients with low BMIs[10] (283 dB/m
vs 237.7 dB/m). The reason for this phenomenon might
be that subcutaneous fat is involved in the measurement
using the M probe in patients with a skin-liver capsule
depth distance greater than 25 mm, strengthening the
degree of attenuation[33]. It is already known that subcutaneous adipose tissue may lead to overestimation of
liver stiffness. Therefore, the choice of probe during an
examination should depend on the distance between the
probe and the liver. Compared with the M probe, the XL
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probe reduces TE failure and facilitates reliable LSM in
NAFLD patients[34]. However, CAP measurements are
currently available only using the M probe and under development for the XL probe.
In the present study which involved a Chinese population, we suggest CAP cut-off values of 253 dB/m, 285
dB/m, and 310 dB/m should be used for the diagnosis
of S ≥ 5% (S0 vs S1-S3), S ≥ 34% (S0-S1 vs S2-S3), and
S ≥ 67% (S0-S2 vs S3), respectively. The ROC curves and
corresponding AUCs were also calculated to assess the
CAP performance. The results are consistent with several
other reports[8,10], suggesting that this non-invasive test
has a high accuracy for the detection of steatosis. The
performance of CAP was also excellent for the detection
of significant steatosis (≥ 10%) with AUCs of 0.84[11],
0.81[12] or 0.80[8], higher than those for HSI (0.65)，FLI
(0.72) and M65 (0.68)[12,26]. CAP provides a high ability to identify steatosis (more than 5%) compared with
unenhanced CT or ultrasonography (more than 30%).
CAP performance between two steatosis grades for differentiating individual grades of steatosis was also excellent; however, it showed poor accuracy in differentiating
between adjacent grades of steatosis, especially for S2 vs
S3 (AUC = 0.62).
Our study has some limitations. First, liver biopsies
were used as the gold standard and interpreted by two
experienced hepatopathologists, however, biopsies are
not the best reference for liver steatosis measurement.
Determination of the percentage of hepatocytes containing lipid vesicles is highly subjective, and steatosis grading
corresponds only to a semiquantitative scale. Therefore,
objective tools such as MRS together with liver biopsies
may be better for the assessment of hepatic steatosis.
Second, our sample size was limited due to the difficulty
in obtaining liver biopsies from NAFLD patients and valid CAP measurements from obese patients. Thus, further
studies including large cohorts of patients are needed to
validate our preliminary data in patients with NAFLD or
CHB. Third, this clinical trial was performed only in the
Chinese Han population, and more tests should be carried out between different ethnicities.
In conclusion, our study shows that the novel CAP
appears to be a promising tool for the non-invasive detection and quantification of hepatic steatosis in patients
with either NAFLD or CHB. CAP values can be evaluated simultaneously with LSM to assess hepatic fibrosis.
This new parameter has the advantages of being a simple, non-invasive, inexpensive, painless, and operator and
machine independent method, and displays good application prospects. More than 5% steatosis is an acceptable
pathological diagnosis of fatty liver and this clinical trial
has shown that CAP values can be identified. Therefore,
we believe that CAP may be an alternative method to ultrasonography for epidemiological investigations of fatty
liver. However, this new method is limited by BMI, and
CAP values in obese patients may be overestimated. The
CAP method requires further evaluation in studies using
adequate references, including studies using large samples
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of patients with different aetiologies.

COMMENTS
COMMENTS
Background

Although liver biopsy is regarded as the gold standard to assess hepatic steatosis, its use has several limitations. Recently, a novel non-invasive tool based
on ultrasound attenuation was developed to assess liver steatosis. The aim of
this study was to evaluate the performance of controlled attenuation parameter
(CAP) measurements in assessing steatosis, in a cohort of consecutive nonalcoholic fatty liver disease (NAFLD)/chronic hepatitis B (CHB) patients in China,
using liver biopsy as the reference.

Research frontiers

In 2010, a novel attenuation parameter was reported which was based on the
ultrasonic properties of the radiofrequency back-propagated signals acquired
by the FibroScan® guided by vibration-controlled transient elastography. In the
first publication, CAP values were significantly correlated with steatosis grade.
In their clinical trial, they believe that CAP can identify more than 5% steatosis,
but is less effective in identifying close steatosis grades, and this new method is
limited by BMI.

Innovations and breakthroughs

This study shows that the novel CAP appears to be a promising tool for the noninvasive detection and quantification of hepatic steatosis in patients with either
NAFLD or CHB. They firstly reported in the Chinese population, and suggested
that CAP cut-off values of 253 dB/m, 285 dB/m, and 310 dB/m should be used
for the diagnosis of S ≥ 5% (S0 vs S1-S3), S ≥ 34% (S0-S1 vs S2-S3), and S
≥ 67% (S0-S2 vs S3), respectively.

Applications

Ultrasonography is the most common technique, and is accepted as an initial
tool for fatty liver. However, the major weaknesses of ultrasound include high
operator- and machine-dependency and the ability to detect only patients with
more than 30% steatosis. CAP can identify more than 5% steatosis and assess
steatosis quantitatively and dynamically. Therefore, they believe that CAP may
be an alternative method to ultrasonography for epidemiological investigations
of fatty liver.

Terminology

FibroScan® is now widely used to obtain LSMs, which relate to liver fibrosis, and
has shown good results for the diagnosis of cirrhosis in chronic liver disease.
The evaluation of ultrasound attenuation has been implemented with the FibroScan® using a novel proprietary algorithm called the CAP. The new FibroScan®
502 equipped with the M probe was used to capture both CAP and LSM values
simultaneously.

Peer review

A multi-center prospective cohort study involving patients from three Chinese
liver centers who had undergone percutaneous liver biopsy shows that the
novel CAP appears to be a promising tool for the non-invasive detection and
quantification of hepatic steatosis in patients with either NAFLD or chronic
hepatitis B. CAP values can be evaluated simultaneously with LSM. Though
CAP was limited by BMI, it may be an alternative method to ultrasonography
for epidemiological research of fatty liver. On the other hand, the CAP method
requires further in-depth studies, also comparative analyses, involving similar
observations from other research centers.
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Sonic hedgehog expression in a rat model of chronic
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the experimental group. Using RT-PCR, mRNA levels of
Ptch, Smo and Gli in the experimental group increased
significantly compared with the control group.
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CONCLUSION: The SHh signaling pathway is aberrantly activated in rats with chronic pancreatitis. The
SHh signaling pathway plays an important role in the
development of chronic pancreatitis. These results may
be helpful in studies focusing on the relationship between chronic pancreatitis and pancreatic cancer.
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Core tip: Chronic pancreatitis (CP) is a progressive inflammation of the pancreas in which pancreatic secretory parenchyma is destroyed and replaced by fibrous
tissue, eventually leading to impairment of both exocrine and endocrine functions. Hedgehog (Hh) signaling
is a developmental signaling pathway that is highly activated in the embryo and in the early postnatal phase.
Studies on the Hh signaling pathway in human CP are
restricted by limited availability of tissues. Therefore,
the present study was carried out to analyze the activation of SHh signaling pathways in a rat model of CP.

Abstract
AIM: To analyze the activation of sonic hedgehog (SHh)
signaling pathways in a rat model of chronic pancreatitis.
METHODS: Forty Wistar rats were randomly divided
into 2 groups: experimental group and control group (20
rats in each group). Dibutyltin dichloride was infused
into the tail vein of the rats to induce chronic pancreatitis in the experimental group. The same volume of
ethanol and glycerol mixture was infused in the control
group. The expression of Ptch, Smo and Gli were analyzed using immunohistochemistry, and real-time reverse transcription polymerase chain reaction (RT-PCR).

Wang LW, Lin H, Lu Y, Xia W, Gao J, Li ZS. Sonic hedgehog
expression in a rat model of chronic pancreatitis. World J Gastroenterol 2014; 20(16): 4712-4717 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i16/4712.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i16.4712

RESULTS: Compared with the control group, significant
histological changes in terms of the areas of abnormal
architecture, glandular atrophy, fibrosis, pseudo tubular
complexes, and edema were observed at week 4 in the
experimental group. The expression of Ptch1, Smo and
Gli1 in the pancreatic tissue increased significantly in
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INTRODUCTION
Chronic pancreatitis (CP) is a progressive inflammation of the pancreas in which pancreatic secretory pa-
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renchyma is destroyed and replaced by fibrous tissue,
eventually leading to impairment of both exocrine and
endocrine functions[1]. On histology, the main findings in
this disease are acinar loss, mononuclear cell infiltration,
and fibrosis. It is also reported that each inflammatory
attack in the pancreas can cause fat necrosis that seems
to lead to both pseudocysts and fibrosis[2]. Although CP
has received increased attention over the past few years,
the pathogenesis of CP has not yet been fully elucidated.
Furthermore, patients with CP have a high risk of developing pancreatic cancer, and the molecular mechanism
has also not been established[1].
Hedgehog (Hh) signaling is a developmental signaling pathway that is highly activated in the embryo and in
the early postnatal phase. Three vertebrate Hh homologs
have been identified, including Sonic hedgehog (SHh),
Indian hedgehog (IHh), and Desert hedgehog. Of these
Hh homologs, SHh has been the most studied in terms
of the Hh signaling pathway in vertebrates[3]. Recently,
aberrant activation of Hh signaling pathways has been
described in various human neoplastic diseases[4-6]. Overexpression of the Hh ligands has also been reported in
pancreatic adenocarcinoma, and inhibition of the Hh
pathway at the level of Smo can result in blockage of
cell proliferation and induction of apoptosis in many
pancreatic cell lines in vitro. Kayed et al[7,8] analyzed the expression, distribution, and function of human hedgehoginteracting protein in normal pancreas, CP and pancreatic
adenocarcinoma, and found that there was enhanced
activation of hedgehog signaling in CP and pancreatic
adenocarcinoma. However, studies on the Hh signaling
pathway in human CP are restricted by limited availability
of tissues. Therefore, the present study was carried out to
analyze the activation of SHh signaling pathways in a rat
model of CP.

acted as controls were infused with the same volume of
ethanol and glycerol mixture. One day after the infusion,
all rats received 0.6 mL soybean oil (Jinlongyu, China) by
orogastric gavage once daily for 4 wk, and body weight
was measured before and weekly after the gavage. The
rats were killed by exsanguination under pentobarbital
anesthesia (50 mg/kg, intraperitoneal) and the pancreas
was removed for further analysis 4 wk after the gavage.
Samples and histological examination
The head of the pancreas taken from each rat was fixed
in 10% formalin and embedded in paraffin, and then
4-μm-thick sections were cut for histological examination, Sirius red staining, and immunohistochemistry. The
caudal part of the pancreas was used for isolation of
mRNA for real-time reverse transcription polymerase
chain reaction (RT-PCR).
The pancreas sections were stained with hematoxylin
and eosin for histological examination, and the histological
changes were evaluated by an independent experienced
pathologist, as previously described[9]. Briefly, the areas
of abnormal architecture were classified as 0, absent; 1,
rare; 2, minimal (< 10%); 3, moderate (10%-50%); and 4,
severe (> 50%). Glandular atrophy, fibrosis, and pseudo
tubular complexes within these areas were each scored as
0, absent; 1, minimal (< 10%); 2, moderate (10%-50%);
and 3, severe (> 50%). In addition, the content of inflammatory cells (mainly neutrophils) and edema were
also scored on a scale of 0-4. The sections were stained
using a Sirius red stain kit (Genmed Inc, Shanghai, China)
according to the manufacturer’s protocol for collagen deposition.
The expression of SHh proteins by
immunohistochemistry
Immunostaining was performed to determine the expression of SHh proteins and to identify the activated SHh
signaling pathway. The paraffin sections of pancreas were
rehydrated and washed 3 times in phosphate buffered
saline for 5 min. The sections were incubated with 0.3%
H2O2 for 30 min to eliminate intrinsic peroxidase and
then washed. The sections were probed with primary
antibodies overnight at 4℃. The sections were incubated
with goat polyclonal anti-Ptch1 (Patched1) antibody
(Santa Cruz Biotechnology Inc, Santa Cruz, CA, United
States) diluted to 1:400, goat polyclonal anti-Gli1 antibody (Santa Cruz Biotechnology Inc, Santa Cruz, CA,
United States) diluted to 1:500, and rabbit polyclonal antiSmo (Smoothened) antibody (Abcam, Cambridge, United
Kingdom) diluted to 1:400, at room temperature for 3 h.

MATERIALS AND METHODS
This study was approved by the Institutional Animal Use
and Care Committee of the Second Military Medical
University, Shanghai, China.
Animals and induction of CP
Forty 6-wk-old male Wistar rats (180-200 g) were obtained from the Animal Center of the Second Military
Medical University. Rats were provided with food and
water ad libitum and housed in a temperature- and humidity-controlled room with a 12-h dark-light cycle (lights
on at 7 AM) for 1 wk before the experiment.
CP was induced as previously described[9]. Briefly,
dibutyltin dichloride (DBTC; Sigma-Aldrich, Chemie
GmbH, Steinheim, Germany) was dissolved in 100%
ethanol (Changshu Yangyuan Chemical Co China,
Changshu, China) and mixed with glycerol (Amresco,
OH, United States), with a volume ratio of 2:3 (ethanol:
glycerol). The final DBTC concentration was 8 mg/mL.
DBTC was then infused slowly into the tail vein of rats
at a dose of 8 mg/kg body weight. Another 20 rats which
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RNA extraction and real-time RT-PCR
Total RNA was isolated from pancreatic tissues using
TRIzol reagent (TaKaRa, Dalian, China), according to
the manufacturer’s instructions. cDNA synthesis was
formed using the real-time RT-PCR kit (TaKaRa), according to the manufacturer’s protocol. The specific
primers for Ptch, Smo, Gli1 are listed in Table 1. The
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A

Table 1 Nucleotide sequences of the primers used for realtime reverse transcription polymerase chain reaction
Genes

Forward (5'-3'), reverse (5'-3')

Ptch1

TGGTCACACGAACAATGG
TGAACTGGGCAGCTATGAAGTC
AGTTACATCGCAGCCTTC
CACACTACTCCAGCCATC
TGCTGACACTCTGGGATA
CAGGGCCATAGTTGGTT

Smo
Gli1

A

B

B
Figure 2 Sirius red staining of pancreas (× 200). A: Normal rats; B: Chronic
pancreatitis rats. Significantly higher expression of lobular and sublobular collagen deposition is seen in Figure B.

< 0.05 was considered statistically significant.

RESULTS
Evidence from the DBTC-induced CP model
The survival rates of rats were 65% (13/20) and 95%
(19/20) for the experimental group (DBTC treated
group) and control group (ethanol and glycerol mixture
treated group), respectively. There was no difference in
body weight at baseline between the two groups, however, a significant reduction in body weight was observed
in the experimental group at all time points (week 1,
week 2, week 3 and week 4) compared with the controls
(all P < 0.05). Histologic examination showed almost
normal pancreas in the control rats (Figure 1A), however,
dense inflammatory infiltrates, large regions of glandular
atrophy, pseudo tubular complexes, edema, and fibrosis
replaced the normal pancreas in DBTC treated rats (Figure 1B). Sirius red staining showed a significantly higher
expression of lobular and sublobular collagen deposition
in DBTC treated rats (P < 0.05) (Figure 2).

Figure 1 Histologic examination of pancreas (× 200). A: Normal rats; B:
Chronic pancreatitis rats. Dense inflammatory infiltrates, large regions of glandular atrophy, pseudo tubular complexes, edema, and fibrosis replaced the
normal pancreas (B).

quantitation of target mRNA expression was performed
on the ABI Model 7500 RT-PCR Sequence Detector
(Applied Biosystems, Foster City, CA, United States)
using a TaKaRa real-time PCR kit. The amplified PCR
products were quantified by measuring the target and
β-actin mRNA calculated cycle thresholds. The quality
of specific mRNA in each sample was calculated from
the standard curve and normalized with β-actin mRNA.
Results were expressed as normalized values relative to
the indicated cell line using the 2−ΔΔCt method.

Expression of SHh proteins
Immunohistochemical staining revealed the expression
of Ptch1 in 10 of 13 (76.9%) CP rats (Table 2), while
the expression of Ptch1 was negative in control rats.
Ptch1 expression was mainly restricted to ductal, acinar,
or islet compartments of the pancreas (Figure 3). Smo
immunoreactivity was present in 9 (69.2%) rats in the

Statistical analysis
Statistics was performed using SPSS 16.0 (SPSS Inc, Chicago, IL, United states). All data are expressed as mean ±
SD. The Student’s t test was used for statistical analysis.
The relationships between the variables were assessed using Spearman rank correlation coefficient. A value of P
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A

Table 2 Expression of Ptch, Smo, and Gli1 mRNA (mean ±
SD)
Rats
Ethanol and glycerol
mixture treated
DBTC treated

Ptch

Smo

Gli

0.23 ± 0.16

0.14 ± 0.05

0.57 ± 0.12

2.38 ± 0.42

3.85 ± 1.03

4.63 ± 1.49

A

B

B

Figure 4 Immunohistochemical staining of Smo in pancreas (× 200). A:
Normal rats; B: Chronic pancreatitis rats. Significantly higher expression of Smo
is seen in Figure 4B, and the location of Smo expression was mainly restricted
to ductal, acinar, or islet compartments of the pancreas.

This overexpression was confirmed by real-time RT-PCR.
The SHh signaling pathway may play an important role in
the development of CP.
Intercellular communication is essential for morphogenesis and patterning in vertebrates, and the Hh genes
encode secreted proteins implicated in cell-cell interaction[10]. Two transmembrane receptors, Ptch1 and Ptch2,
have been identified as receptors for processed Hh
ligands, and Ptch1 expression is more prominent than
Ptch2. In the absence of ligand, Ptch1 represses the activity of Smo. On ligand binding, the repression of Smo
is alleviated, and Smo initiates a signaling cascade that
results in the translocation of Gli transcription factors
into the nucleus[11]. There are three known Gli transcription factors, Gli1, Gli2 and Gli3, in mammals, and Gli1
seems to act as a transcriptional activator and the Hh
transcriptional target genes Should there be additional
text here?[12].
Although progress has been made toward understanding Hh signaling recently, further research is necessary
to clarify the complex nature of this signaling pathway.
SHh is the best studied Hh with the broadest expression
pattern in organs such as the developing nervous system,
limb buds, skin and gut[11].
The expression of Hh signaling pathways is seen in
the embryonic mouse pancreas, and is also observed in
the adult mouse pancreas. Ptch and Smo are expressed in
islet β cells. Activation of the Hh signaling pathway leads

Figure 3 Immunohistochemical staining of Ptch1 in pancreas (× 200).
A: Normal rats; B: Chronic pancreatitis rats. Significantly higher expression of
Ptch1 is seen in Figure B, and Ptch1 expression was mainly restricted to ductal,
acinar, or islet compartments of the pancreas.

experimental group, and no Smo positive cells were present in the control group. The location of Smo expression
was mainly restricted to ductal, acinar, or islet compartments of the pancreas (Figure 4). Eight (61.5%) CP rats
displayed strong Gli1 immunoreactivity, and no Gli1 immunoreactivity was observed in the control group. Gli1
expression was mainly restricted to ductal, acinar, or islet
compartments of the pancreas (Figure 5).
Expression of Ptch, Smo, and Gli1 mRNA
These results were confirmed at the mRNA level using quantitative real-time RT-PCR. Compared with the
controls, the mRNA expression of Ptch1, Smo, and Gli1
mRNA was significantly increased in rats treated with
DBTC (Table 2).

DISCUSSION
Using immunohistochemistry, we found that SHh proteins are overexpressed in rats with DBTC-induced CP.
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activate Gli1 expression. Furthermore, small interfering
RNA knockdown of Smo blocked the induction of Gli1
in these cells[18].
Due to the high risk of developing pancreatic cancer
in CP patients, and the aberrant expression of Hh proteins, we examined the expression of SHh signaling pathways in a rat model of CP. The results showed that the
receptors of SHh were overexpressed in CP. Given the
role of Hh signaling in pancreatic cancer, these findings
may provide a mechanism for the pathogenesis between
CP and pancreatic cancer. The role of the microenvironment determining SHh expression and localization, and
the role of SHh in CP require further investigation.

A

B

COMMENTS
COMMENTS
Background

Chronic pancreatitis (CP) is a progressive inflammation of the pancreas, and
patients with CP have a high risk of developing pancreatic cancer. Recently,
aberrant activation of hedgehog (Hh) signaling pathways has been described
in pancreatic cancer. Studies on the Hh signaling pathway in CP animal models
are lacking.

Research frontiers

It has been reported that human hedgehog-interacting protein was activated in
CP and pancreatic adenocarcinoma, but little is known about the role of Hh in
CP development and its role in the transformation from CP to pancreatic cancer.

Innovations and breakthroughs

Figure 5 Immunohistochemical staining of Gli1 in pancreas (× 200). A:
Normal rats; B: Chronic pancreatitis rats. Significantly higher expression of Gli1
is seen in Figure 5B, and Gli1 expression was mainly restricted to ductal, acinar, or islet compartments of the pancreas.

Previous studies have reported that SHh and its receptors are localized in malignant pancreatic ductal cells as well as in premalignant pancreatic lesions. Specific
inhibition of Hh activity in Ptch-expressing pancreatic cancer cells can reduce
pancreatic cancer cell growth in vitro. In this study, they found that SHh proteins
are overexpressed in rats with DBTC-induced CP, and this overexpression was
confirmed by real-time reverse transcription polymerase chain reaction. The SHh
signaling pathway may play an important role in the development of CP.

to increased insulin production, and this increase in insulin production can be prevented through inhibition of
Hh signaling, indicating that Hh signaling in adult pancreatic islets acts mainly to regulate insulin production[13].
In the human pancreas, Ptch and Smo are localized in the
islet cells similar to that in mouse pancreas, and weakly
expressed in normal ductal cells[14].
Ptch, Smo, and Gli are reported to be overexpressed
in human pancreatic cancer tissues and pancreatic cancer
cell lines. SHh and its receptors are localized in malignant
pancreatic ductal cells as well as in premalignant pancreatic lesions[7,15]. Specific inhibition of Hh activity in Ptch expressing pancreatic cancer cells can reduce pancreatic cancer cell growth in vitro. The inhibition of Hh activity can
not only reduce the development of pancreatic tumors,
but also the growth of already established tumors. In addition, binding of the Hh ligands can reduce Hh signaling
activity in pancreatic cancer cells expressing Ptch[7,15-16].
It is reported that IHh and its receptors, Ptch and
Smo, are overexpressed in human CP tissues and are
localized in the ductal cells and tubular complexes. Compared to normal islets, the islet cells of CP tissues exhibit
an abnormal localization pattern for Ihh[17]. Walter et al[18]
established fibroblast cultures from human pancreatic
adenocarcinomas and non-neoplastic pancreas tissues to
identify differentially expressed genes in cancer-associated stromal fibroblasts. The results showed that Smo was
upregulated in cancer-associated stromal fibroblasts, and
the expressed Smo could transduce the SHh signal to
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Applications

The study results suggest that the SHh signaling pathway may play an important role in the development of chronic pancreatitis, and these findings may
provide a mechanism for the pathogenesis between chronic pancreatitis and
pancreatic cancer.

Peer review

The authors analyzed the expression of SHh and its related protein in a rat CP
model, results showed SHh proteins are overexpressed. These findings can
provide a new clue in the explanation of CP developing, even the mechanistic
pathogenesis from chronic pancreatitis to pancreatic cancer.
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Improved biopsy accuracy in Barrett’s esophagus with a
transparent cap
Bai-Li Chen, Xiang-Bin Xing, Jin-Hui Wang, Ting Feng, Li-Shou Xiong, Jin-Ping Wang, Yi Cui
control group, 65 tongue-type cases were confirmed,
with 38 island-type and five circumferential-type cases.
Moreover, there was no significant difference with regard to the composition of endoscopic BE types in the
two groups (P > 0.05). In the biopsy specimens, BE
was detected in 50 cases in the transparent cap group
(83.3%, 50/60), whereas the detection rate in the
control group (69.4%, 75/108) was lower compared to
that in the transparent cap group (P < 0.05). In addition, goblet cells were recognized in only eight cases (all
with columnar epithelium) (8/60, 13.3%) in the transparent cap group, with 11 cases in the control group.
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CONCLUSION: Transparent cap-fitted endoscopy can
guide biopsy positioning in BE without other accompanying complications, thus increasing the detection rate
of BE.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Barrett’s esophagus; Endoscopy; Transparent cap; Biopsy

AIM: To evaluate the efficacy of endoscopy with a
transparent cap on biopsy positioning in Barrett’s
esophagus (BE).

Core tip: A transparent cap applied to endoscopy can
guide biopsy positioning in Barrett’s esophagus without
other accompanying complications, thus increasing biopsy accuracy.

METHODS: One hundred and sixty-eight patients with
suspected BE at endoscopy were enrolled in our study
from November 2007 to December 2009 and divided
into two groups: transparent cap group (n = 60) and
control group (n = 108). Endoscopy with or without a
transparent cap and subsequent biopsy of suspected lesions were performed by five experienced endoscopists
in our hospital. In both groups, two biopsy specimens
were taken from each patient, and the columnar epithelium or goblet cells in histological assessment were
used as the diagnostic standard for BE.

Chen BL, Xing XB, Wang JH, Feng T, Xiong LS, Wang JP, Cui Y.
Improved biopsy accuracy in Barrett’s esophagus with a transparent cap. World J Gastroenterol 2014; 20(16): 4718-4722 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i16/4718.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i16.4718

RESULTS: In the transparent cap group, 41 cases were
tongue type, while 17 and two cases were identified as
island type and circumferential type, respectively. In the
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enced endoscopists, two of whom were accustomed to
operating endoscopes with a transparent cap. All patients
were informed of the purpose of the study and gave
signed informed consent, in accordance with the ethics
committee guidelines of the hospital.
Device
An Olympus GIF-XQ240, GIF-H20 GASTROSCOPE
(Olympus Optical Co, Ltd, Tokyo, Japan), standard biopsy forceps (FB-25k, Olympus, Tokyo, Japan) and an
improved transparent cap with the rigid front-end part
clipped with only 2-mm left outside[7] (six-shooter, Saeed
Multi-Band Ligator, Wilson-Cook Company, United
States) were used in this study (Figure 1).

Figure 1 Improved transparent cap.

Methods
One hundred and sixty-eight patients with suspected BE
were randomly allocated to an endoscopist and underwent endoscopy. Sixty patients underwent endoscopy
with a transparent cap and 108 cases underwent endoscopy without a cap (control group). In both groups,
routine endoscopy without magnification was performed
to identify visible mucosal lesions of suspected BE.
When lesions were found, the endoscope was retracted
and the transparent cap was subsequently installed on
the front end of the endoscope in the transparent cap
group. When the lesions were large and obvious in some
cases, especially the circumferential-type, methylene blue
staining was performed to help decide on the biopsy site
and improve the detection rate of goblet cells. Two specimens were taken from the suspected BE lesions, fixed in
formaldehyde, and embedded in paraffin. Serial sections
(4-5 µm thick) were cut for hematoxylin and eosin staining. Histological assessment was undertaken by two experienced gastrointestinal histopathologists.

esophageal carcinoma, with a relative risk of developing adenocarcinoma ranging from 30- to 125-fold higher
than in the healthy population[1]. Endoscopy is considered
to be an effective approach in the detection of BE. However, even when using current technologies, the detection
rate of BE is low, and small lesions, such as tongue-type
and island-type, are often missed[2]. In addition, due to
frequent cardiac peristalsis, the diagnostic rate of BE is
decreased. We found that the use of a transparent cap on
the tip of the endoscope can help exposure and retention
of lesions in the small lumen in clinical practice. However, there is a lack of statistical data to show whether
application of the transparent cap can help biopsy positioning and improve the diagnosis of BE.
Therefore, the goal of this study was to determine
whether endoscopy with the transparent cap device was
helpful in guiding accurate tissue sampling and increasing
BE detection rate without accompanying complications.

MATERIALS AND METHODS

Statistical analysis
The data were presented as frequency and analyzed using
the χ 2 test. P < 0.05 was considered statistically significant.

Diagnostic standards of BE
BE is the transformation of stratified squamous epithelium into a single layer of columnar epithelium in the
lower esophagus, with or without intestinal metaplasia[3].
The presence of specialized intestinal metaplasia is the
precancerous state of esophageal adenocarcinoma. Visible extension of the columnar epithelium into the lower
esophagus under endoscopy is defined as endoscopically
suspected BE[4]. In the present study, endoscopic BE was
classified into three types: tongue, island and circumferential, according to the macroscopic appearance of the
mucosa[5]. In addition, columnar epithelium identified
by histological assessment was a diagnostic criterion for
BE[6]. Columnar-lined esophagus was confirmed when
the columnar mucosa of the cardiac (junctional), oxyntic
or intestinal types was found on biopsy.

RESULTS
In the transparent cap group, 41 cases were tongue-type,
17 were island-type, and two were circumferential-type. In
the control group, 65 tongue-type cases were confirmed,
along with 38 island-type and five circumferential-type
cases. There was no significant difference with regard
to the composition of endoscopic BE types in the two
groups (P > 0.05) (Figures 2-5).
Comparison of detection rate
Histological assessment revealed that columnar epithelium was found in 50 cases in the transparent cap group
(83.3%), with goblet cells present in only eight cases (all
with columnar epithelium, 13.3%). In the control group,
the detection rate of BE was 69.4% (75/108), which was
significantly lower compared to the transparent cap group
(P < 0.05). In addition, 11 cases in the control group ex-

Patients
We recruited 168 patients (97 male; mean age: 48 years,
range: 16-77 years) with endoscopically suspected BE
from November 2007 to December 2009. Endoscopy
and subsequent biopsy were performed by five experi-
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Figure 2 Tongue-type Barrett’s esophagus (without transparent cap).

Figure 4 Targeted biopsy of the suspected Barrett’s esophagus lesion (the
same lesion as in Figure 1). The Z line is indicated by the arrow.

Figure 3 Same lesion as in Figure 1 (with transparent cap).

Figure 5 Intestinal metaplasia in circumferential-type Barrett’s esophagus, indicated by methylene blue dye.

hibited goblet cells, accompanied by columnar epithelium
(10.2%).

In the United Kingdom, the presence of intestinal metaplasia is not mandatory for the diagnosis of columnarlined esophagus, which may be diagnosed when columnar
mucosa of cardiac (junctional), oxyntic, or intestinal type
is seen on biopsy[10,11]. Recently, Kelty et al[12] found that
patients who had glandular mucosa on biopsy, without
the presence of intestinal metaplasia, still carried a significant risk of cancer development over their lifetime, and
more importantly, it added weight to the argument proposed by the British Society of Gastroenterology (BSG)
that glandular mucosa should still be classified as BE,
and such patients should be entered into a surveillance
program. This is contrary to the current thinking in the
United States, which demands the presence of specialized intestinal metaplasia to make the diagnosis[9]. However, it should be acknowledged that biopsy protocols in
the United States are more rigorous than elsewhere. A
recent study also demonstrated that a minimum of eight
biopsies are required from a columnar-lined esophagus
to show intestinal metaplasia[13]. In the present study, the
biopsy was performed by experienced endoscopists and
a similar number of biopsies were undertaken in each
group. However, because the number of biopsies was
fewer than that required by present guidelines, only 19
patients were found to have intestinal metaplasia in our
study.

Complications
Severe complications, such as massive hemorrhage or
perforation, were not observed in either group. However, in the control group, one case demonstrated active
hemorrhage from a small blood vessel, and bleeding
was subsequently stopped using a titanium clamp. In
the transparent cap group, difficulty occurred when the
endoscope with the transparent cap passed through the
patient’s throat.

DISCUSSION
Since the 1980s, the prevalence of cancer in the gastric
cardia and lower esophagus has shown an increasing
trend. Numerous studies have reported that nearly all
lower esophageal adenocarcinoma originates from BE,
and approximately 40% of cardiac cancer is associated
with BE[8]. Therefore, early diagnosis and long-term follow-up of BE are of great importance. Currently, diagnosis and surveillance of BE remain controversial in gastroenterology. A widely accepted and practical definition
of BE, which is endorsed by the American College of
Gastroenterology, is a change in normal esophageal squamous mucosa (of any length) that is visible endoscopically and demonstrates intestinal metaplasia on biopsy[9].
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To date, the accurate biopsy of suspected lesions is
the major approach in BE diagnosis. Prof. Raj Goyal
from Harvard Medical School and Prof. Qin Huang from
the Pathology Department of Brown Medical School
have indicated that multiple repeated biopsies can reduce
the misdiagnosis rate, and avoid sampling error. The current international four-quadrant biopsy approach recommends that, due to up-shift of the Z line in BE, endoscopic biopsy specimens should be taken between the Z
line and gastroesophageal junction, and four specimens
at intervals of 1-2 cm along the major axis of the lesion
should be obtained for histological assessment[14]. Therefore, the method and accuracy of biopsy are the basic
guarantee of BE diagnosis.
Recently, transparent-cap fitted colonoscopy has
been widely used in the screening of colorectal neoplasia
based on the following benefits: improving and extending visualization[15-17], shortening cecal intubation[18-20] and
reducing patient discomfort[21]. However, the detection
rate of adenoma remains controversial. Similarly, due to
frequent peristaltic movement of the cardia, endoscopic
vision is often unclear, making biopsy difficult and time
consuming. We found that the transparent cap helped to
expose the mucosa in the lumen with stenosis or frequent
peristaltic movement, and guided biopsy positioning in
our center[22-24]. The question then arose as to whether
the application of the transparent cap could enhance
the detection rate of BE on biopsy. We thus used endoscopes with or without transparent caps to perform
mucosal biopsy of suspected BE lesions and compared
the detection rate of both methods. Using columnar
epithelium as the diagnostic standard of BE, application
of the transparent cap significantly raised the detection
rate from 69.4% to 83.3% in our study. In contrast, the
detection rate for goblet cells in the two groups did not
differ significantly. The majority of the cases enrolled in
this study were tongue- and island-type, increasing the
difficulty of biopsy when compared with long-segment
circumferential-type lesions. This resulted in difficulty in
accurate positioning in the control group, and therefore,
the detection rate of BE using a traditional endoscope
without a transparent cap might miss several BE cases. In
addition, application of the transparent cap did not lead
to serious complications such as massive hemorrhage or
perforation, indicating the safety of this approach.
High tension in the luminal wall and frequent peristaltic movement of the cardia often result in close contact
of the mucosa with the front end of the endoscope, thus
blurring vision. This increases the difficulty of observation and biopsy of the lesions, especially small lesions,
such as tongue- or island-type, prolongs the operation
time, and decreases the accuracy of the biopsy. Installation of a transparent cap protruding 2 cm from the front
end of the endoscope leads to clear exposure of the lesion and stability of the front end of the endoscope, thus
facilitating the targeted biopsy of suspected BE. Therefore, this approach makes early detection of intestinal
epithelium, goblet cells and dysplasia possible, providing
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a reliable basis for further diagnosis and treatment of
BE. However, installation of the transparent cap causes
increasing patient discomfort, therefore, patient tolerance
should be taken into account and strengthened by improvement of techniques or use of sedatives.
In conclusion, transparent-cap-assisted biopsy improved the detection rate of BE without increasing
complications. Although a number of new endoscope-assisted biopsy techniques, such as dye endoscopy, narrowband endoscopic imaging[25,26], and confocal endoscopy[27],
have facilitated biopsy and increased the detection rate of
BE in recent years, the application of these techniques
remains limited by the required experience of the endoscopist, high cost, and complex manipulation. The transparent-cap-assisted biopsy is more economic, simpler and
safer, therefore, this technique is of more practical value
and worthy of further promotion in clinical practice.
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Background

Barrett’s esophagus (BE) is a premalignant lesion of esophageal carcinoma,
with a relative risk of developing adenocarcinoma ranging from 30- to 125-fold
higher than in the healthy population. Endoscopy is considered to be an effective approach in the detection of BE. However, even when using current
technologies, the detection rate of BE is low, and small lesions, such as tongueand island-type are often missed. In addition, due to frequent peristalsis of the
cardia, the diagnostic rate of BE is decreased.

Research frontiers

A transparent cap is widely used for endoscopic variceal ligation. The authors
have found that the use of a transparent cap on the tip of an endoscope could
help with exposure and retention of lesions in the small lumen in BE in clinical
practice. However, there is a lack of statistical data.

Innovations and breakthroughs

To date, accurate biopsy of suspected lesions is the major approach in BE diagnosis. Due to frequent peristaltic movement of the cardia, endoscopic vision
is often unclear. The authors found that a transparent cap helped to expose the
mucosa in the lumen with stenosis or frequent peristaltic movement, and guided
biopsy positioning in clinical practice.

Applications

Transparent-cap-fitted endoscopy can guide biopsy accurately in BE without
increasing other complications, thus increasing the detection rate of BE.

Terminology

BE is the transformation of stratified squamous epithelium into a single layer of
columnar epithelium in the lower esophagus, with or without intestinal metaplasia. The presence of specialized intestinal metaplasia is the precancerous state
of esophageal adenocarcinoma.

Peer review

This was a good intervention study in which the authors tried to improve the
macroscopic evaluation of the distal esophagus regarding BE detection.
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MT1M and MT1G promoter methylation as biomarkers for
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RESULTS: Our results indicated that the methylation
status of serum MT1M (48.8%, 59/121) and MT1G
(70.2%, 85/121) promoters in the HCC group was significantly higher than that in the CHB group (MT1M 5.4%,
2/37, P < 0.001; MT1G 16.2%, 6/37, P < 0.001) and
NC group (MT1M 6.5%, 2/31, P < 0.001; MT1G 12.9%,
4/27, P < 0.001). Aberrant serum MT1M promoter
methylation gave higher specificity to discriminate HCC
from CHB (94.6%) and NCs (93.5%), whereas combined methylation of serum MT1M and MT1G promoters
showed higher diagnostic sensitivity (90.9%), suggesting
that they are potential markers for noninvasive detection of HCC. Furthermore, MT1M promoter methylation
was positively correlated with tumor size (rs = 0.321, P
< 0.001), and HCC patients with both MT1M and MT1G
promoter methylation tended to show a higher incidence
of vascular invasion or metastasis (P = 0.018).
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Abstract

Key words: MT1M ; MT1G ; Methylation; Serum biomarker; Hepatocellular carcinoma

AIM: To investigate the potential of promoter methylation of two tumor suppressor genes (TSGs) as biomarkers for hepatocellular carcinoma (HCC).

Core tip: DNA methylation of tumor suppressor gene
promoter regions appears to be a valuable biomarker in
many tumors, including hepatocellular carcinoma (HCC).
We found that aberrant serum metallothionein 1M (MT1M )
promoter methylation gave higher specificity to discriminate HCC from chronic hepatitis B and normal controls.
In contrast, combined methylation of serum MT1M and
metallothionein 1G promoters showed higher diagnostic
sensitivity. This indicates that they may be used as potential biomarkers for noninvasive detection of HCC.

METHODS: A total of 189 subjects were included in this
retrospective cohort, which contained 121 HCC patients
without any history of curative treatment, 37 patients with
chronic hepatitis B (CHB), and 31 normal controls (NCs).
DNA samples were extracted from 400 μL of serum of
each subject and then modified using bisulfite treatment.
Methylation of the promoters of the TSGs (metallothionein
1M, MT1M ; and metallothionein 1G, MT1G ) was determined using methylation-specific polymerase chain reaction. The diagnostic value of combined MT1M and MT1G
promoter methylation was evaluated using the area under
the receiver operating characteristic curves.
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moter hypermethylation.
Therefore, in the present study, we hypothesized that
methylation of MT1M and MT1G promoters could be
detected in the serum of patients with HCC, and aimed
to define optimal gene sets as noninvasive markers for
early detection of HCC.

INTRODUCTION

MATERIALS AND METHODS
Collection of serum specimens
After obtaining informed consent, we collected 189 serum samples from 121 patients with HCC, 37 patients
with chronic hepatitis B (CHB), and 31 normal controls
(NCs), based on clinical and laboratory examinations.
Patients with HCC and CHB were recruited from those
enrolled from July 2011 to March 2013 at Qilu Hospital, Shandong University in accordance with American
Association for the Study of Liver Diseases Practice
Guidelines for HCC and CHB, respectively[29,30]. All cases
of HCC included in our study were confirmed by pathological data. Serum samples were collected from HCC
patients who did not receive curative treatments such as
surgical resection, transcatheter arterial chemoembolization (TACE), or radiofrequency ablation before and during the study. Exclusion criteria included other tumors,
co-infection with HCV or human immunodeficiency
virus, and other causes of chronic liver diseases. The patient selection process is shown in Figure 1.
Tumor size was calibrated by computed tomography
and presented as the longest diameter. AFP concentration > 20 ng/mL was regarded as abnormal[31]. The study
protocol was approved by the Ethics Committee of Qilu
Hospital.

Hepatocellular carcinoma (HCC) is the sixth most common tumor and has the third highest mortality[1]. The
areas of highest incidence are Asia and Africa, which
are linked to the wide prevalence of hepatitis B virus
(HBV) infection[2]. However, the incidence of HCC has
been rapidly increasing in the United States and United
Kingdom over the past 20 years, which is attributed to
increased hepatitis C virus (HCV) infection[3,4]. In addition, aflatoxin B1 exposure and alcohol addiction are also
associated with hepatocellular carcinogenesis. Despite advanced treatment, patients with HCC have a dismal 5-year
survival rate of about 5%, as a result of late diagnosis[5].
Currently available screening tests to detect HCC mainly
combine serum α-fetoprotein (AFP) and ultrasound (US).
Regrettably, their effectiveness remains controversial, and
the diagnostic rate of AFP meets with a low sensitivity
and that of US depends on examiner expertise, patient
data, presence of liver cirrhosis, and tumor size[6,7]. Great
efforts have been made to find new biomarkers for early
detection of HCC. As a result, the potential value of
tumor-associated DNA methylation as a biomarker has
attracted much attention[8,9].
It is well known that the silencing of tumor suppressor genes by promoter hypermethylation is responsible
for carcinogenesis. Some studies have found that tumors
shed methylated DNA sequences into the blood in the
early stages[10-13]. Moreover, Zhang et al[14] found that methylated DNA could be detected 1-9 years before the clinical
diagnosis of HCC. Thus, methylated DNA has been suggested as an ideal biomarker because of its early appearance in the disease course, as well as its easy and noninvasive detection in biological samples. In addition, the DNA
methylation pattern is more stable than protein and RNA
expression, which changes markedly and unpredictably[9].
The metallothioneins (MTs) are a superfamily of lowmolecular-weight, cysteine-rich intracellular proteins, consisting of at least 10 functional members (MT1A, MT1B,
MT1E, MT1F, MT1G, MT1H, MT1X, MT2A, MT3, and
MT4)[15,16]. The role of MTs in metal homeostasis, protection against oxidative damage, cell proliferation and
apoptosis, resistance to radiation and chemotherapy, as
well as several aspects of the carcinogenic process, has
been revealed[17-21]. Some studies have shown that MT-1
and MT-2 are frequently downregulated in HCC[22-25], and
decreased MT expression might be an early event in HCC
progression[22]. MT downregulation may be concerned
with hypermethylation of MT promoters, as shown in
rat hepatoma[26]. Moreover, others have reported that
metallothionein 1M (MT1M)[27] and metallothionein 1G
(MT1G)[28] are decreased in human HCC tissues by pro-
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Serum DNA extraction and sodium bisulfite modification
DNA was extracted from 400 μL of serum with the
QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
following the DNA Purification from Blood or Body Fluids
protocol. Bisulfite modification was performed using the
EZ DNA Methylation-Gold Kit (Zymo Research, Irvine,
CA, United States) according to the manufacturer’s instructions. After bisulfite treatment, all unmethylated cytosine
residues were converted to uracil, whereas the methylated
residues would have been resistant to this modification
and remained as cytosine. The modified DNA was finally
stored at -20 ℃ before methylation-specific polymerase
chain reaction (MSP).
MSP
The primer pairs of MT1M and MT1G for MSP analysis
were as described previously[27,28] (Table 1). One microliter of bisulfite-treated DNA, 0.5 μL each primer (10
μmol/L), 10.5 μL nuclease-free water, and 12.5 μL Premix Taq (Zymo Research) were mixed together to form a
25-μL MSP reaction mixture. The PCR protocol included
an initial denaturation at 95 ℃ for 10 min, followed by
45 cycles of denaturation at 95 ℃ for 30 s, annealing at
the respective temperature (54 ℃ for MT1M, 59 ℃ for
MT1G-U, and 50 ℃ for MT1G-M) for 40 s, primer ex-
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317 patients

263 HCC patients

54 CHB patients

142 patients excluded:
1 History of curative
treatments (84)
2 Existence of other
tumors (7)
3 Co-infection with other
liver diseases (13)
4 Without pathological
confirmation (38)

17 patients excluded:
1 Existence of other
tumors (5)
2 Co-infection with other
liver diseases (12)

121 HCC patients

37 CHB patients

Figure 1 Patient selection process. HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.

A

Primers
MT1M
U

M
MT1G
U
M

Sequences

Annealing
temp (℃)

Size
(bp)

5'-TTGAAAATGGTGGGGTGA-3'
5'-AAACTATACACCAAATAATACACA
ATATCC-3'
5'-GACGTTCGCGACGTTAAG-3'
5'-ACGCCGAATAATACGCAAT-3'

54

163

54

124

5'-GGGGTTGTTTTGTGGTGTGTG-3'
5'-AAACACCCCACCCCACCCTT-3'
5'-TTCGCGAGTCGGTGCGAAAG-3'
5'-CCGCGATCCCGACCTAAACT-3'

59

135

50

96

Methylation rate of MT1M (%)

Table 1 Primers for polymerase chain reaction

b

60
b

40

20

0

HCC

B
Methylation rate of MT1G (%)

Statistical analysis
The differences in DNA methylation status of MT1M
and MT1G promoters between different groups and the
associations between gene methylation in HCC patients
and clinical pathological variables were analyzed using the
2
χ test. Correlation between MT1M and MT1G promoter
methylation and tumor size was calculated by Spearman
rank correlation. Diagnostic value of combined methylation of MT1M and MT1G promoters and serum AFP
level was evaluated by the area under the receiver operating characteristic curves (AUC). Differences were considered significant at P < 0.05. All statistical analyses were
conducted with SPSS 16.0 software.

b

60

40

20

0

HCC

CHB

NC

Figure 2 Percentage methylation of MT1M and MT1G in hepatocellular
carcinoma, chronic hepatitis B and normal controls groups. A: Percentage
methylation of MT1M was 48.8% (59/121) in the HCC, 5.4% (2/37) in the CHB,
and 6.5% (2/31) in the NC groups; B: Percentage methylation of MT1G was
70.2% (85/121) in the HCC, 16.2% (6/37) in the CHB, and 12.9% (4/31) in the
NC groups (bP < 0.001).

NCs was compared (Figure 2). The methylation percentages were higher in HCC (48.8% for MT1M and 70.2%
for MT1G) than in CHB (5.4% for MT1M and 16.2% for
MT1G) or NCs (6.5% for MT1M and 12.9% for MT1G)
(P < 0.001). However, no differences were found for
either of them between the CHB and NC groups. Representative MSP results for methylated MT1M and MT1G

RESULTS
Methylation status in serum
The methylation status of MT1M or MT1G promoter
in 121 patients with HCC, 37 patients with CHB and 31
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NC

b

80

tension at 72 ℃ for 40 s, and a final extension at 72 ℃
for 10 min (Table 1). Water without DNA was used as a
negative control. PCR products were electrophoresed on
2% agarose gels, stained with Gel Red, and visualized under UV illumination.

CHB
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A

HCC
M
U

CHB
M
U

NC
M U

N
M

Table 3 Correlation of metallothionein 1M and metallothionein 1G promoter methylation with tumor size

U
163 bp
124 bp

B

HCC
M
U

CHB
M
U

NC
M U

N
M

U

MT1M
M

Total number
121
59
Gender
Male
100
50
Female
21
9
Age (yr)
≥ 55
67
32
< 55
54
27
HBV infection
Yes
100
50
No
21
9
Vascular invasion or metastasis
Yes
44
26
No
77
33
Histological differentiation
Poor
41
18
Moderate
50
27
Well
30
14
TNM stage
Ⅰ-Ⅱ
64
26
Ⅲ-Ⅳ
57
33
Tumor multiplicity
Single
72
26
Multiple
49
23
Tumor size(cm)
≥5
59
38
<5
62
21

2

U

6.5 (4.0-9.0)
4.4 (2.9-8.0)

3.9 (2.2-6.4)
5.0 (3.5-7.9)

n

Characteristic

1

M

Vascular invasion or metastasis
Yes
44
No
77

Table 2 Clinicopathological data and serum metallothionein 1M and metallothionein 1G promoter methylation in
hepatocellular carcinoma patients

1

MT1M
MT1G

rs

P value

0.321
-0.049

0.000
0.590

Table 4 Vascular invasion or metastasis and a combination
of metallothionein 1M and metallothionein 1G promoter
methylation

Figure 3 Representative methylation of metallothionein 1M and metallothionein 1G gene promoters by methylation-specific polymerase chain
reaction. A: The methylated and unmethylated sequences of MT1M were 124
and 163 bp, respectively; B: The methylated and unmethylated sequences of
MT1G were 96 and 135 bp, respectively. N: Negative control; M: Methylationspecific primers; U: Unmethylation-specific primers.

n

Tumor size (cm)
Methylated
Unmethylated
M (P25-P75)
M (P25-P75)

M: Median; P25: First quartile; P75: Third quartile; rs: Spearman correlation
coefficient; MT1M: Metallothionein 1M; MT1G: Metallothionein 1G.

135 bp
96 bp

Characteristics

Gene

MT1M and MT1G
2
U
P value

18
16

26
61

0.018

1

Both MT1M and MT1G were methylated; 2One of MT1M and MT1G was
methylated or neither of them methylated. MT1M: Metallothionein 1M;
MT1G: Metallothionein 1G.

MT1G
P value

62

1

2

85

36

M

U

P value

50
12

0.552

70
15

30
6

0.896

35
27

0.807

46
39

21
15

0.670

50
12

0.552

69
16

31
5

0.512

18
44

0.086

33
52

11
25

0.387

23
23
16

0.610

26
38
21

15
12
9

0.426

38
24

0.058

44
41

13
23

0.115

36
26

0.741

52
33

20
16

0.565

21
41

0.001

38
47

21
15

0.170

Table 5 Sensitivity and specificity of gene sets for hepatitis
B virus (+) hepatocellular carcinoma detection in chronic
hepatitis B group
No.
1
2
3
4

TP/FN

FP/TN Sensitivity (%) Specificity (%)
TP/(TP + FN) TN/(TN + FP)

AFP
MT1M
MT1G
MT1M/MT1G

56/44
50/50
69/31
90/10

14/23
2/35
6/31
7/30

56.0
50.0
69.0
90.0

62.1
94.6
83.8
81.1

Sensitivity (%), TP/(TP + FN) and specificity (%), TN/(TN + FP) of each
gene set were calculated and plotted. MT1M/MT1G, MT1M or MT1G
promoter methylation. TP: True positive; FN: False negative; FP: False
positive; TN: True negative.

3). Moreover, advanced TNM stage (Ⅲ-Ⅳ) was associated with a more elevated percentage of serum MT1M
promoter methylation than early TNM stage (Ⅰ-Ⅱ), although the difference was not significant (P = 0.058) (Table 2). In addition, HCC patients with both MT1M and
MT1G promoters methylated (18/44) tended to show a
higher incidence of vascular invasion or metastasis than
those with only one or neither gene methylated (16/77) (P
= 0.018) (Table 4). However, no significant relationships
were observed between the methylation levels of MT1M
and MT1G promoters and other parameters, such as sex,
age, HBV infection, serum AFP levels, tumor multiplicity
or TNM stage (P > 0.05).

1

Methylated; 2Unmethylated.

promoters are shown in Figure 3.
Correlation with clinicopathological parameters
For analysis of the correlation between methylation status
of a single gene promoter in serum and clinicopathological features, there was a significant association between
the methylation ratio of MT1M promoter and tumor size
(P = 0.001) (Table 2). Further analysis revealed that the
correlation was positive (rs = 0.321, P < 0.001) (Table
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Marker

Sensitivity and specificity for single or combination
methylation
There were 100 HCC patients with HBV infection (Table
2). To discriminate HBV-associated HCC from CHB,
MT1M and MT1G promoter methylation showed a
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100

Table 6 Sensitivity and specificity of gene sets for hepatocellular carcinoma detection in normal controls group

80

1
2
3

Gene

TP/FN

MT1M
59/62
MT1G
85/36
MT1M/MT1G 110/11

FP/TN Sensitivity (%) Specificity (%)
TP/(TP+FN) TN/(TN+FP)
2/29
4/27
5/26

48.8
70.2
90.9

Sensitivity

No.

93.5
87.1
83.9

40

Sensitivity (%), TP/(TP + FN) and specificity (%), TN/(TN + FP) of
each gene set were calculated and plotted. MT1M/MT1G, MT1M or
MT1G promoter methylation. TP: True positive; FN: False negative; FP:
False positive; TN: True negative; MT1M: Metallothionein 1M; MT1G:
Metallothionein 1G.

20

MT1M/MT1G methylation AUC 0.855, 95%CI: 0.785-0.910
Serum AFP level

AUC 0.754, 95%CI: 0.673-0.824

0
0

moderate sensitivity (MT1M, 50%, 50/100; MT1G, 69%,
69/100) but a high specificity (MT1M, 94.6%, 2/37;
MT1G, 83.8%, 6/37), whereas the sensitivity and specificity of AFP were 56% (56/100) and 62.1% (23/37),
respectively (Table 5). To discriminate HCC from the
NC group, the specificity was still high (MT1M, 93.5%,
2/31; MT1G, 87.1%, 4/31) (Table 6). Otherwise, combined methylation of MT1M and MT1G promoters gave
a sensitivity up to 90.9% (110/121) but a lower specificity to discriminate HCC from the NC (83.9%, 5/31) or
CHB (81.1%, 7/37) groups (Tables 5 and 6). Moreover,
the AUC of combined methylation of MT1M and MT1G
promoters was 0.855 (95%CI: 0.785-0.910), which was
significantly higher than that of AFP (0.754; 95%CI:
0.673-0.824) (P = 0.0446) (Figure 4).

20

40
60
100-specificity

80

100

Figure 4 Receiver operating characteristic curves of a-fetoprotein and
combined methylation of metallothionein 1M and metallothionein 1G promoters. MT1M/MT1G, MT1M or MT1G promoter methylation. AUC: Area under
the ROC curve; MT1M: Metallothionein 1M; MT1G: Metallothionein 1G

tion in metal homeostasis and protection against oxidative damage, several studies have focused on its role in tumors. However, large discrepancies in MT exist between
different tumor types. MT expression in tumors of the
lung, nasopharynx, breast, kidney, ovary, testes, thyroid,
salivary gland, and urinary bladder is increased[20,21], but
it is decreased in other tumors such as prostate cancer,
colorectal cancer and HCC [22-25,32-34]. Compared with
overall MT expression in tumors, its isoforms appear
more specific and play distinct roles in different tumor
types, such as breast cancer, urological malignancies,
and nasopharyngeal cancer[35]. However, there are few
reports on the expression of different isoforms of MT
in HCC. MT1M and MT1G are two major isoforms that
were recently reported to be downregulated in HCC tissues by promoter hypermethylation. Restored expression
of MT1M in HCC cells impedes HCC cell growth, and
low levels of MT1M are correlated with clinical TNM
grade[27]. MT1G acts as a TSG in HCC and patients with
MT1G promoter methylation have a poorer prognosis,
although the difference is not significant[28].
In our present study, we also evaluated whether
methylation status of serum MT1M and MT1G promoters in patients with HCC was associated with any clinicopathological parameter. MT1M promoter methylation
was positively correlated with tumor size (rs = 0.321, P
< 0.001), suggesting that methylated MT1M promoter
could reflect tumor load. In addition, patients with advanced TNM stage (Ⅲ-Ⅳ) showed a higher elevated
percentage of serum MT1M promoter methylation than
those with early TNM stage (Ⅰ-Ⅱ), although the difference was not significant (P = 0.058). These differences
from the previous study[27] may have been due to the use
of different biological samples of HCC in different regions. Surprisingly, HCC patients with combined methylation of MT1M and MT1G promoters tended to show a
higher incidence of vascular invasion and lymph node or
extrahepatic metastasis (P = 0.018). Tumor invasion in
the portal vein is the main route for intrahepatic metas-

DISCUSSION
DNA methylation is suggested as a promising biomarker
for cancer detection. However, most studies about DNA
methylation have concentrated on the analysis of tumor
tissue, which is invasive and not always available, as well
as one single gene, which cannot provide enough diagnostic sensitivity. In the present study, we first demonstrated
that aberrant methylation status of MT1M and MT1G
promoters could be detected in the serum of patients
with HCC, and the frequencies were 48.8% (59/121)
and 70.2% (85/121) using MSP, which were significantly
higher than those in the CHB and NC groups. This was
consistent with previous studies in which MT1M and
MT1G promoters were methylated in HCC tissues[27,28].
From a diagnostic point of view, assaying a single gene,
MT1G promoter methylation, showed a higher sensitivity
of 70.2%, whereas MT1M promoter methylation gave a
higher specificity to discriminate HCC from CHB (94.6%)
and NCs (93.5%). However, combined methylation of
MT1M and MT1G promoters significantly elevated the
diagnostic sensitivity for HCC (90.9%). In addition, aberrant methylation status of MT1M and MT1G promoters
was also observed in early HCC, including TNM stage Ⅰ,
well differentiated and small in size, as well as in patients
with negative AFP. Thus, analysis of MT1M and MT1G
promoter methylation showed potential value in early detection of HCC.
MT was first isolated in 1957. In addition to its func-
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Innovations and breakthroughs

tasis, which is regarded as the most frequent metastatic
site of HCC[36]. Lymph node or extrahepatic metastasis
is less common. Although curative resection remains
a major effective method for HCC, the possibility of
tumor recurrence, caused mainly by metastasis, leads to
dismal prognosis. Therefore, combined methylation of
serum MT1M and MT1G promoters may be a valuable
prognostic marker for HCC. Also, our findings indicated
that MT1M and MT1G may not only be tumor suppressors but also metastatic suppressors in HCC. However,
the molecular mechanisms of this remain unclear. In
previous studies, it was reported that MT1G methylation
contributes to tumor invasion in prostate cancer and
peripheral pulmonary adenocarcinoma[37,38]. However, to
the best of our knowledge, no studies have investigated
MT1M and tumor invasion. Further study is necessary
to elucidate the mechanism of how MT1M and MT1G
promoter methylation synergistically acts on metastasis
in HCC. However, no significant differences between
serum MT1M and MT1G promoter methylation and
sex, age and history of HBV infection were observed,
thus the analysis of serum MT1M and MT1G promoter
methylation enabled the detection of HCC independent
of patient settings.
Our findings demonstrated that MT isoform gene expression may be specific and reciprocal in carcinogenesis
and progression of HCC. They also support the concept
that the clinical significance of MT expression in HCC
might be further defined if specific MT isoforms were
known for individual tumors[26].
Our study had some limitations. First, the small number of HCC patients and NCs may have led to bias. Second, we do not have long-term follow-up data for HCC
patients, which may reveal the predictive value of MT1M
and MT1G promoter methylation in prognosis. Further
study with a larger number of cases and longer follow-up
is needed.
In conclusion, we demonstrated that MT1M and
MT1G promoter methylation was frequently detected
in serum of patients with HCC, and appeared to be a
valuable diagnostic marker for noninvasive detection
of HCC. Furthermore, we observed that MT1M promoter methylation was associated with tumor size and
combined MT1M and MT1G promoter methylation in
serum was easily detected in HCC patients with vascular
invasion or metastasis, suggesting that it may be a useful
prognostic marker as well.

The authors demonstrated aberrant methylation of serum MT1M and MT1G
promoters in HCC and reported the potential value of the two gene promoters
as biomarkers for noninvasive and early diagnosis of HCC.

Applications

Serum MT1M and MT1G gene promoter methylation might be applied in the
early diagnosis of HCC as novel and noninvasive biomarkers.

Terminology

MT1M and MT1G are two major isoforms in the metallothionein superfamily,
and are low-molecular-weight, cysteine-rich intracellular proteins. DNA methylation is an epigenetic event to alter gene expression and function, which refers
to the covalent addition of a methyl group without changing the order of bases.
A biomarker is a substance used as an indicator of a biological state.

Peer review

This was a diagnostic trial. MT1M and MT1G promoter methylation is reported
as serum biomarkers for HCC, which might be interesting for clinical practice.
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RESULTS: The incidence of pigment gallstone formation was 0%, 0%, 16.7% and 66.7% in the 3-, 6-,
9- and 12-wk group, respectively. The frequency of
myoelectric activity decreased in the 3-wk group. The
amplitude of myoelectric activity had a tendency to
decrease but not significantly. The frequency of the SO
decreased significantly in the 9-wk group. The SO basal
pressure and common bile duct pressure increased
in the 12-wk group (25.19 ± 7.77 mmHg vs 40.56 ±
11.81 mmHg, 22.35 ± 7.60 mmHg vs 38.51 ± 11.57
mmHg, P < 0.05). Serum VIP was significantly elevated
in the 6- and 12-wk groups and serum CCK-8 was decreased significantly in the 12-wk group.
CONCLUSION: Pigment gallstone-causing diet may induce SO dysfunction. The tension of the SO increased.
The disturbance in SO motility may play a role in pigment gallstone formation, and changes in serum VIP
and CCK-8 may be important causes of SO dysfunction.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract
AIM: To investigate roles of sphincter of Oddi (SO)
motility played in pigment gallbladder stone formation
in model of guinea pigs.

Key words: Pigment gallstone; Sphincter of Oddi; Manometry; Myoelectric activity; Guinea pig; Vasoactive
intestinal peptide; Gastrin; Cholecystokinin octapeptide

METHODS: Thirty-four adult male Hartley guinea pigs
were divided randomly into two groups: the control
group and pigment stone group. The pigment stone
group was divided into 4 subgroups with 6 guinea pigs
each according to time of sacrifice, and were fed a pigment lithogenic diet and sacrificed after 3, 6, 9 and 12
wk. SO manometry and recording of myoelectric activity of the guinea pigs were obtained by multifunctional
physiograph at each stage. Serum vasoactive intestinal
peptide (VIP), gastrin and cholecystokinin octapeptide

Core tip: Biliary stasis is thought to be important in the
development of pigment gallstones. Sphincter of Oddi
(SO) motility may play an important role in the process
of pigment gallstone formation. We used a guinea pig
model of pigment gallstones to investigate whether
SO dysfunction happens and what a role the sphincter
plays in the process of pigment gallstone formation.
The myoelectric activity and SO manometry were measured at different stages of stone formation. Pigment
gallstone-causing diet may induce SO dysfunction. The
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SU:2009-0005). The guinea pigs were divided randomly
into two groups (control group and pigment stone group)
after 7 d with standard diet. The control group (n = 10)
was fed with standard diet. The pigment stone group was
divided into 4 subgroups with 6 guinea pigs each according to time of sacrifice, and was fed with a pigment lithogenic diet[6] and was sacrificed after 3, 6, 9 and 12 wk.

disturbance in SO motility may play a role in pigment
gallstone formation, and changes in serum vasoactive
intestinal peptide and cholecystokinin octapeptide may
be important causes of SO dysfunction.
Zhang ZH, Qin CK, Wu SD, Xu J, Cui XP, Wang ZY, Xian GZ.
Roles of sphincter of Oddi motility and serum vasoactive intestinal peptide, gastrin and cholecystokinin octapeptide. World J
Gastroenterol 2014; 20(16): 4730-4736 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i16/4730.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4730

Experimental method
Preparation of pigment gallstone-causing diet: The
pigment gallstone diet comprised: corn flour 136.3 g/kg,
soy bean flour 90.9 g/kg, flour 90.7 g/kg, fishmeal 63.6
g/kg, whole wheat 90.9 g/kg, salt 10 g/kg, yeast powder
10 g/kg, alfalfa meal 416.5 g/kg, lard oil 20 g/kg, sucrose
20 g/kg, cellulose 20 g/kg, cholesterol 1 g/kg, cholic acid
0.4 g/kg, vitamin C 0.05 g/kg, and casein 20 g/kg (purchased from Trophic Animal Feed High-Tech Co. Ltd.,
Nantong, China). A greenish yellow colored, granular
calculus could be seen against the contrasting clear background in the gallbladders of the guinea pigs. The calculi
were tested by infrared (IR) spectrometry to verify the
sample as pigment gallstones. SO manometry and myoelectric activity of the guinea pigs were determined by
multifunctional physiograph at 3, 6, 9 and 12 wk.

INTRODUCTION
In America, cholesterol gallstones or cholesterol mixed
with calcium bilirubinate account for 80% of gallstones,
whereas the remaining 20% are pigment or calcium bilirubinate stones[1]. In Asia, pigment gallstones are common. Their treatment, especially for intrahepatic stones,
is a challenge in biliary surgery[2,3]. In Japan, cholesterol
stones account for 58.3%, black gallstones for 23.7%,
and pigment stones for 15.9% of gallstones[4]. In China,
pigment bile duct stones are found in about 10% of gallstone patients[5].
However, the etiology and pathogenesis of pigment gallstones have not been fully clarified. Etiologically, many factors, including age, bacterial infection,
malnutrition, biliary stasis, impaired intestinal barrier
function, and congenital duodenal diverticulum, may be
involved, but none of these has been proved unequivocally. Among these factors, biliary stasis is thought to be
important. The sphincter of Oddi (SO) is the only gate
through which bile is discharged into the duodenum. SO
motility may play an important role in the process of pigment gallstone formation. To the best of our knowledge,
no study has investigated the relationship between SO
motility and pigment gallstone formation. Our study first
investigated the myoelectric activity and SO manometry
simultaneously in the process of pigment gallstone formation.
The aim of this study was to investigate the role of
SO motility in pigment gallbladder stone formation in
a guinea pig model. The myoelectric activity and SO
manometry were measured at different stages of stone
formation. As SO motility is controlled by neurological
and hormonal factors, we detected the changes in serum
vasoactive intestinal peptide (VIP), gastrin and cholecystokinin octapeptide (CCK-8) in the process of pigment
gallstone formation.

Measurement of myoelectric activity of SO
Preparation of two polar hook metal electrode: Two
plexi-glasses were cut into strips (length, 5 cm; diameter,
1 cm; thickness, 0.5 cm). Two parallel cuts along the
longitudinal axes were scored at 0.2-cm intervals. Then
two acupuncture needles which were treated with insulating vanish were put into the gab and the plexi-glass was
conglutinated by adhesives. The anterior extremity of the
acupuncture needle (1 cm long) was exposed and the insulated paint at 0.5 cm of the apical part was scraped off
to expose the metal of the needle. A microelectrode was
formed by bending the needle point (0.2 cm long) about
120°. The handle of the needle in the posterior extremity
was exposed by about 1 cm to connect with the leads. At
the midpiece of the plexi-glasses, a cut along the transverse axes was scored to fix the needle by a silk thread.
Measurement of myoelectric activity
The guinea pig was anesthetized by injecting pentobarbital sodium (45 mg/kg) into the peritoneal cavity. The
guinea pig was fixed in the supine position, and the skin
of the superior abdomen was prepared and sterilized. A
longitudinal incision was made and the papilla (entrance
of the common bile duct into the duodenum) was determined. Two polar hook metal electrodes were inserted at
0.2 mm into the subserosa of the SO by megaloscope (×
10 magnification). Care was taken not to insert too deep,
to avoid penetrating the sphincter. The interelectrode distance was approximately 2 mm and the electrodes were
hung by two silk threads to the experimental shelf to
maintain the necessary tension. The experimental shelf
was adjusted to maintain the necessary tension and correct angle. The outfan of the two signals were connected

MATERIALS AND METHODS
Laboratory animals and grouping
Thirty-four adult male Hartley guinea pigs weighing
between 230 and 270 g were provided by the Huishan
Jiangnan Laboratory Animal Company (license SCXK
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with the two polar of the physiological recorder (BL-420
F; Chengdu Taimeng Software, China) and a syringe needle was inserted into the legs of the guinea pigs to connect with the earth pole of the recorder. The myoelectric
signal was collected by the electrode and imported into
the computer after handling by the physiological recorder, and it was stored after processing with the software
system that was specialized in electromyographic signals.
The setup parameters were as follows: scanning speed,
500 ms/div; sensitivity, 200 μV; time parameter, 1 s; and
frequency filtering, 10 Hz. The myoelectric figure was
dealt with digital filtering of 10-30 Hz at last.

Table 1 Changes in sphincter of Oddi myoelectric activity in
process of gallstone formation
Groups
Control group
3-wk group
6-wk group
9-wk group
12-wk group

Frequency
15.86 ± 4.35
10.38 ± 2.02a
12.90 ± 4.39
15.10 ± 4.13
13.70 ± 4.15

a

P < 0.05 vs the control group.

was considered statistically significant.

SO manometry
Preparation of manometry catheter: A pedo bi-lumen
central venous catheter (4 F and 30 cm long) was chosen.
The catheter was cut 0.2 cm apart from the distal end of
the water out lateral aperture, and the head end was made
blunt and round for inserting easily into the SO. Another
lateral aperture (0.3 mm diameter) was made inferior to
the water out lateral aperture. Manometry lumen (b) and
water effusion lumen (a1) were marked and the SO manometry catheter was completed.

RESULTS
Condition of gallstone formation
In the guinea pigs in the control group, no pigment gallstones were found. The gallstone-formation rate in the
pigment gallstone group was 0%, 0%, 16.7% and 66.7%
in the 3-, 6-, 9- and 12-wk groups, respectively.
SO myoelectric activity
Compared with the control group, the frequency of myoelectric activity decreased significantly in the 3-wk group
(P < 0.05). The amplitude of myoelectric activity had a
tendency to decrease but not significantly (Table 1, Figure
1A and B).

SO manometry: The a1 catheter lumen was infused with
sterile water at a flow rate of 15 mL/h by a minimally
compliant hydraulic capillary infusion system and connected to pressure transducers. A physiological recorder
and relevant manometry program were used to record
and analyze the tracings. Calibrating by air compression
method and zero setting, 0 and 200 mmHg were taken
for baseline calibration. The manometry catheter was
inserted into the common bile duct from the duodenum
and fixed by silk thread. The gallbladder duct also was
ligated by silk thread. The catheter was withdrawn to the
SO, and manometry was carried out. The frequency of
SO phasic contraction, SO basal pressure, SO amplitude
and common bile duct pressure were measured and recorded.

SO manometry analysis
Compared with the control group, the frequency of the
SO decreased significantly in the 9-wk group (P < 0.05).
The SO basal pressure and common bile duct pressure
increased significantly in the 12-wk group (P < 0.05)
(Table 2, Figure 1C and D).
Changes in serum VIP, gastrin and CCK-8
Compared with the control group, serum VIP was significantly elevated in the 6- and 12-wk groups (P < 0.05)
(Table 3). Serum gastrin was significantly decreased in the
3-wk group (P < 0.001) (Table 3). Serum CCK-8 was significantly decreased in the 12-wk group (P < 0.05) (Table
3).

Detection of serum VIP, gastrin and CCK-8
Four milliliters of venous blood was obtained from the
guinea pigs in the early morning before they were sacrificed and placed in a test tube. The blood was centrifuged
at 1500 r/min for 15 min, and serum was isolated, placed
in Eppendorf tubes, and stored at -70  ℃. Serum VIP,
gastrin and CCK-8 were measured by enzyme-linked
immunosorbent assay (ELISA). The ELISA testing
kit of guinea pigs was supplied by USCN Life Science
Inc., Houston, TX, United States (VIP kit: E90380Gu,
lot number: 20130123; GT kit E91224Gu, lot number: 20130221; CCK-8 kit: E91044Gu, lot number:
20130123).

DISCUSSION
Pigment gallstones are classified descriptively as black
stones, which are hard, and brown stones, which are
soft[7]. Black stones often contain crystalline salts of
calcium phosphate and/or calcium carbonate in one of
its polymorphic forms, calcite, aragonite or valerite, and
may also contain many metals found in bile[8]. They form
in sterile gallbladder bile, and the principal risk factor
is hyperbilirubinemia. Other causes of black stones are
gallbladder hypomotility secondary to diabetes mellitus[9],
total parenteral nutrition[10], and truncal vagotomy[11]. Parietal (gallbladder mucosa) factors may play a role in pigment stone formation[10]. We investigated many aspects

Statistical analysis
Statistical analysis was carried out using Student’s t test.
Data were analyzed with SPSS version 11.5. The results
were expressed as mean ± SD. A two-tailed P value < 0.05
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Amplitude
146.44 ± 81.09
125.06 ± 59.76
112.02 ± 64.69
77.81 ± 27.17
71.72 ± 35.10
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Figure 1 Myoelectric activity and sphincter of Oddi manometry. A: Myoelectric activity of the control group; B: Myoelectric activity of the 12-wk group; C: Sphincter of Oddi (SO) manometry of the control group; D: SO manometry of the 12-wk group.

both upper and lower gastrointestinal tracts[16,17]. Gallbladder emptying is also defective in patients with black
pigment stones and such a defect is less severe than in
patients with cholesterol stones[15]. Pigment stones are
common in patients with cirrhosis[18], chronic hemolysis[19], ileal Crohn’s disease[20], and conditions associated
with impaired gallbladder kinetics[19,21,22].
However, as the gate that regulates the flow of bile
and pancreatic juice into the duodenum, and prevents
the reflux of duodenal contents into the biliary and pancreatic duct, the role of SO motility in pigment gallstone
formation has not been elucidated. Whether the SO
dysfunction is present and what role it plays in pigment

relating to pigment gallstone formation and found that
intestinal barrier function was correlated with pigment
gallstone formation[6,11,12]. Endotoxemia and increased
biliary β-glucuronidase may play important roles[13]. The
structure and function of the SO are correlated significantly with bile duct pigment stones. Anatomical abnormalities and dysfunction of the SO play important roles
in the formation of bile duct pigment stones[14].
Gallbladder stasis resulting from mechanical obstruction is an important antecedent in the development of
pigment gallstones and sludge. Patients with cholesterol
gallstones have impaired gallbladder emptying[15] and
show dyspeptic symptoms with functional defects of
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Table 2 Sphincter of Oddi manometry in process of gallstone formation
Group

SO basal pressure (mmHg)

Control group
3-wk group
6-wk group
9-wk group
12-wk group

Common bile duct pressure (mmHg)

25.19 ± 7.77
29.72 ± 5.59
27.07 ± 11.11
33.09 ± 13.65
40.56 ± 11.81a

22.35 ± 7.60
25.78 ± 5.30
24.29 ± 10.79
29.19 ± 13.84
38.51 ± 11.57a

Amplitude of SO

Frequency of SO

8.52 ± 2.27
11.83 ± 3.32
8.35 ± 2.82
11.71 ± 2.37
6.15 ± 2.97

11.57 ± 2.94
8.17 ± 3.54
10.50 ± 5.20
7.50 ± 1.73a
8.20 ± 2.59

a

P < 0.05 vs the control group. SO: Sphincter of Oddi.

Table 3 Changes in process of pigment gallstone formation
Group
VIP
Control (pg/mL)
Pigment gallstone (pg/ mL)
Gastrin
Control (pg/mL)
Pigment gallstone(pg/mL)
CCK-8
Control (pg/mL)
Pigment gallstone (pg/mL)

3-wk

6-wk

9-wk

12-wk

5.96 ± 2.97
10.35 ± 2.59

4.37 ± 1.00
14.70 ± 3.41a

7.70 ± 2.08
17.02 ± 6.26

8.68 ± 0.65
25.30 ± 6.56a

17.83 ± 2.35
2.44 ± 0.78b

18.56 ± 5.77
8.51 ± 0.33

17.42 ± 6.39
36.51 ± 12.83

19.41 ± 4.58
23.01 ± 4.76

3482.63 ± 154.25
3524.50 ± 79.29

3650.73 ± 55.08
3597.64 ± 86.55

3606.74 ± 129.42
3498.01 ± 107.14

3599.28 ± 120.15
3436.09 ± 82.96a

a

P < 0.05, bP < 0.01 vs the control group. VIP: Vasoactive intestinal peptide; CCK-8: Cholecystokinin octapeptide.

gallstone formation require further study. SO function
may play an important role in cholesterol gallstone formation[23,24].
We used a guinea pig model of pigment gallstones to
investigate whether SO dysfunction happens and what
role the sphincter plays in the process of pigment gallstone formation. SO manometry and myoelectric activity
were investigated at the same time. A MEDLINE search
found that there were no studies of SO manometry and
recording of myoelectric activity simultaneously in the
process of gallstone formation.
We found that gallstones did not occur until 9 wk,
when the incidence was 16.7%, and after 12 wk the incidence was 66.7%. The frequency of myoelectric activity
decreased significantly in the 3-wk group. The amplitude
of myoelectric activity tended to decrease but not significantly. As the most important indicators, SO basal pressure and common bile duct pressure increased gradually
in the 12-wk group. We observed in the process of gallstone formation that SO tension increased and gallbladder stasis occurred. Disturbance of SO motor function
impedes the flow of bile into the duodenum and may
play an important role in gallstone formation.
The mechanism by which a cholesterol gallstonecausing diet induces SO dysfunction has not been fully
elucidated. SO motility is controlled by numerous neurotransmitters and gastrointestinal hormones and their
interactions[25].
VIP, an alkaline intestinal peptide composed of 28
amino acids, belongs to the secretin family. VIP relaxes
gallbladder smooth muscle, decreases gallbladder pressure, and inhibits contractions induced by CCK[26,27]. VIP
is thought to work as a neurotransmitter of the vagus
nerve terminals[28,29]. Previously, we found that VIP2-R
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mRNA expression level in controls was lower than in patients with gallbladder polyps or gallstones[30]. The study
of the relationship between VIP and the SO showed that
the myenteric plexuses of the sphincter and duodenum
are in direct continuity with many interconnecting nerve
trunks, some of which show nitric oxide synthase activity
and VIP immunoreactivity[31]. VIP increases the phasic activity of the sphincter[32]. In the present study, serum VIP
level in the pigment gallstone group was higher than that
of the control group. We suggest that the role of VIP in
the formation of pigment gallstones may be as follows.
First, VIP decreases the resting pressure in the gallbladder, causing its dilation and bile stasis. Second, it inhibits
the contraction induced by CCK. Third, it regulates secretion of mucoproteins of the gallbladder mucosa and
alters the bile components. Fourth, increased plasma VIP
results in SO contraction, thus preventing bile flow from
entering the duodenum. We noted that the frequency of
SO decreased significantly in the 9-wk group and the SO
basal pressure and common bile duct pressure increased
significantly in the 12-wk group. Elevation of VIP may
play an important role in mechanism of SO dysfunction.
There have been few studies about the effect of gastrin
on the SO[33,34]. A few reports show that gastrin can increase the sphincter of Oddi basal pressure amplitude.
Chen suggested that patients with post-cholecystectomy
pain had SO dysfunction with characteristics of high tension, which was related to elevation of serum gastrin[35].
In our study, we found that serum gastrin decreased significantly in the 3-wk group. This may have resulted from
changes in diet and did not necessarily have any relationship with the formation of pigment gallstones.
As the most important neural or hormonal factors
which control the motility of biliary tract, CCK may play
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an important role in gallstone formation. Many studies
have evaluated CCK-8 and its effect on the SO. Zhang
et al[24] found that gallbladder cholestasis was observed
during early stages of gallstone formation in Ch rabbits.
Cholesterol gallstone model rabbits CCK-8 could not
improve gallbladder cholestasis in the Ch group. Another study found that cyclic myoelectric activity of the
SO at phases 2 and 3 of the migrating motor complex,
and the excitatory response to CCK-8 were dramatically decreased in animals with chronic cholangitis[36]. We
found that the levels of serum CCK-8 were significantly
decreased. As a hormone that stimulates SO motility, decreasing its level may play a role in sphincter dysfunction
and gallstone formation.
In conclusion, our study found that a pigment
gallstone-causing diet may induce SO dysfunction. The
tension of the SO increased. Disturbance of SO motility
may play a role in gallstone formation. The mechanism
by which a cholesterol gallstone-causing diet induces
SO dysfunction has not been fully elucidated. The disturbance of serum VIP and CCK-8 may be important
causes of SO dysfunction. Control of diet and regulation
of SO motility are important in the prevention of pigment gallstone formation.

The study investigated the roles of sphincter of Oddi motility played in pigment
gallbladder stone formation in model of guinea pigs. The myoelectric activity
and pressure of SO were measured at different stages of stone formation. The
result shows that disturbance of SO motility may play a role in gallstone formation. The disturbance of serum VIP and CCK8 may be important causes of SO
dysfunction. Control of diet and regulation of SO motility are important in the
prevention of pigment gallstone formation.
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RESULTS: Heterozygous mutation of P268S in the

NOD2 /CARD15 gene was detected in 10 CD cases (six

Zhuang and four Han), two Han UC cases, and one
Zhuang healthy control, and P268S was strongly associated with the Chinese Zhuang and Han CD populations
(P = 0.016 and 0.022, respectively). No homozygous
mutant P268S was detected in any of the groups. No
significant difference was found in P268S genotype and
allele frequencies between UC and control groups (P >
0.05). Patients with CD who carried P268S were likely
to be ≤ 40 years of age (P = 0.040), but were not significantly different with regard to race, lesion site, complications, and other clinical features (P > 0.05). Neither
JW1 nor N852S polymorphisms of the NOD2 /CARD15
gene were found in any of the subjects (P > 0.05).
CONCLUSION: P268S polymorphism may be associated with CD susceptibility in the Zhuang population
in the Guangxi Zhuang Autonomous Region, China. In
contrast, JW1 and N852S polymorphisms may not be
related to CD susceptibility in these patients.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Abstract

Key words: Crohn’s disease; NOD2 /CARD15 ; Single
nucleotide polymorphisms

AIM: To assess the relationship between the P268S,
JW1 and N852S polymorphisms and Crohn’s disease
(CD) susceptibility in Zhuang patients in Guangxi, China.

Core tip: In this study, P268S, JW1 and N852S polymorphisms of the NOD2 /CARD15 gene were genotyped
using the PCR-RFLP method and gene sequencing,
and the presence of P268S in Guangxi Zhuang Crohn’
s disease patients was identified. However, no JW1 or
N852S mutants were found in this cohort.

METHODS: Intestinal tissues from 102 Zhuang [48
CD and 54 ulcerative colitis (UC)] and 100 Han (50 CD
and 50 UC) unrelated patients with inflammatory bowel
disease and 72 Zhuang and 78 Han unrelated healthy
individuals were collected in the Guangxi Zhuang Autonomous Region from January 2009 to March 2013.
Genomic DNA was extracted using the phenol chloro-
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whether the known gene SNPs (P268S, JW1 and N852S)
of the NOD2/CARD15 gene determine susceptibility to
CD in the Guangxi Zhuang population from the Guangxi
Zhuang Autonomous Region, China. Guangxi has a large
Zhuang population in which genetic diseases and genetic
SNPs are unique. Therefore, research on the correlation
between the P268S, JW1, N852S SNPs of the NOD2/
CARD15 gene and CD in Chinese Zhuang patients from
the Guangxi Zhuang Autonomous Region is needed.

Lv XP. Association between NOD2/CARD15 gene polymorphisms and Crohn’s disease in Chinese Zhuang patients. World
J Gastroenterol 2014; 20(16): 4737-4744 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i16/4737.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4737

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic recurrent
inflammatory disease of the gastrointestinal tract and
includes ulcerative colitis (UC) and Crohn’s disease (CD).
In recent years, the incidence of IBD has increased in
Western populations with an East-West gradient existing
in Europe and is progressively increasing in Asia[1-3]. A
recent systematic review revealed that the highest annual
incidence of CD was 12.7 per 100000 person-years in
Europe, 20.2 per 100000 person-years in North America,
and 5.0 per 100000 person-years in Asia and the Middle
East[4]. The etiology and pathogenesis of IBD are not
completely clear, which involve a complex interaction of
factors such as genetics, immunology, environment, and
infection[5,6]. Several pathways may be crucial for intestinal homeostasis in IBD, for example barrier function,
epithelial restitution, microbial defense, innate immune
regulation, adaptive immunity regulation, reactive oxygen
species (ROS) generation, and autophagy[7].
Genetic susceptibility to CD shows significant ethnic
differences. A recent meta-analysis of multiple genomewide association studies confirmed that 71 CD susceptibility loci were detected in a European population[8].
However, the majority of these genes could not be verified in the Asian region[9-11]. NOD2/CARD15 was the
first verified predisposing gene for CD. Multiple single
nucleotide polymorphisms (SNPs) of NOD2/CARD15
were shown to be significantly associated with CD in
Caucasian populations[12-14]. Our previous studies confirmed that the R702W, G908R, and L1007fs SNPs of
the NOD2 gene were not associated with CD and UC in
a Chinese Zhuang population from Guangxi Zhuang Autonomous Region, China[15]. In recent years, some gene
mutation sites of NOD2/CARD15 such as P268S, JW1,
N852S, D113N, D357A, I363F, and L550V were shown
to confer CD susceptibility[16-18]. The P268S SNP of the
NOD2/CARD15 gene was also associated with Chinese
Han CD susceptibility and its clinical features[19]. The
JW1 SNP of the NOD2/CARD15 gene was shown to be
associated with CD in Chinese Han, Malay, and Indians
in Malaysia[17]. The N852S SNP of the NOD2/CARD15
gene was found to be significantly associated with CD
in Ashkenazi Jewish populations[18]. However, there are
no data on the correlation between the P268S, JW1, and
N852S SNPs of the NOD2/CARD15 gene and the
Chinese Zhuang CD population in the Guangxi Zhuang
Autonomous Region.
In view of the differences in data regarding the correlation between key regulatory genes and IBD susceptibility, the purpose of the present study was to investigate
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MATERIALS AND METHODS
Specimen collection
Intestinal tissues from 102 Zhuang (48 CD and 54 UC)
and 100 Han (50 CD and 50 UC) unrelated patients with
IBD were collected at the Gastroenterology Department,
First Affiliated Hospital of Guangxi Medical University,
from January 2009 to March 2013. The control group
included 72 Zhuang and 78 Han unrelated healthy individuals who did not have liver or gastrointestinal diseases.
All patients had a well-established diagnosis of UC or
CD based on the modified criteria framed by the World
Gastroenterology Organization in 2010[20]. This study
was approved by the hospital ethics committee and all
the patients or their families provided written informed
consent.
DNA extraction
Intestinal mucosa samples were digested using 450 μL
of TES buffer (pH = 8.0) which consisted of Tris-HCl,
ethylene diamine tetraacetic acid, and sodium chloride, 50
μL sodium dodecyl sulfate (10%), and 5 μL proteinase K
(20 g/L) in a 56 ℃ water bath for 4-6 h. The supernatant
was successively extracted by centrifugation at 12000 r/
min for 10 min at 4 ℃ following the sequential addition
of equal volumes of phenol, chloroform, and isoamyl
alcohol (25:24:1), chloroform, and isoamyl alcohol (24:1).
A white floc was precipitated from the final supernatant
after the addition of 2.5 volumes of absolute ethanol and
repeated aspiration. DNA was extracted from the white
floc by centrifugation at 12000 r/min for 5 min at 4 ℃
after the addition of 75% ethanol. The DNA was dissolved by the addition of 50-120 μL of TE and stored at
-20 ℃.
Genotyping of P268S, JW1 and N852S
The primer sequences were as published elsewhere[18] and
were synthesized by SHENGGONG Biotechnology Co.,
Ltd., Shanghai, China. PCR reaction mixture contained
2 μL DNA template, 1 μL each of forward and reverse
primers (10 μmol/L), 6 μL H2O, and 10 μL of 2 × PCR
Master Mix (TIANGEN Biotechnology Co., Ltd., Beijing, China). Reaction conditions consisted of an initial
denaturation for 5 min at 94 ℃, followed by 35 cycles of
denaturation at 94 ℃ for 45 s, annealing at different temperatures (Table 1) for 45 s, extension at 72 ℃ for 45 s,
and a final extension at 72 ℃ for 10 min. All of the PCR
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A

Table 1 Polymerase chain reaction primers, annealing
temperatures and polymerase chain reaction fragment sizes
Mutation

P268S
JW1
N852S

M

1

2

3

4

5

6

500 bp
422 bp

PCR
Annealing
temperature fragment
size (bp)
(℃)

Primer

F-TGCCTCTTCTTCTGCCTTCC
R-AGTAGAGTCCGCACAGAGAG
F-TGCAGTTTTCTTGGGGAGAT
R-TGTACCTGATCCAGCCCAAT
F-CTGTTTGCATGATGGGGGG
R-CAGCCGTCAGTCAATTTGTAG

60

422

59

220

55

151

50 bp

B

M

1

2

3

4

5

6

500 bp

PCR: Polymerase chain reaction.

220 bp

Table 2 Enzymes and gene polymorphism analysis
Mutation
P268S

Base change

Enzyme

C→T

BamHI

Restriction fragment size (bp)
Wild-type

Mutant

422

Heterozygote
422 + 247 + 175
Homozygote
247 + 175
Heterozygote
220 + 125 + 95
Homozygote
220
Heterozygote
151 + 129 + 22
Homozygote
129 + 22

JW1

C→T

XhoI

125 + 95

N852S

A→G

AluI

151

50 bp

C

M

1

2

3

4

5

6

500 bp

151 bp

50 bp

Figure 1 Electrophoresis of P268S, JW1, and N852S PCR products. A:
P268S; B: JW1; C: N852S. M: Marker; 1, 2: Ulcerative colitis (UC), Crohn’s
disease (CD) of Han; 3, 4: UC, CD of Zhuang; 5, 6: healthy controls.

products were electrophoresed on a 1.5% agarose gel
with 1 × Tris-borate-EDTA buffer at 100 V for 30 min
and then observed under ultraviolet illumination (Bio-Rad
Gel Doc-2000, Hercules, CA, United States).
The PCR products of P268S, JW1, and N852S SNPs
of the NOD2/CARD15 gene were digested at 37 ℃ for
11 h with BamHI, XhoI, and AluI restriction enzymes, respectively (Fermentas, Pittsburgh PA, United States). The
digestion reaction contained 5 μL of the PCR product, 2
μL of 10 × buffer, 1 μL of restriction enzyme, and 9 μL
of H2O in a total of 17 µL. Following enzymatic digestion, the fragments were separated and visualized using
gel electrophoresis (Yito Bio-Instrument Company Ltd.,
Shanghai, China) (Table 2).
The DNA mutative samples which were found by
PCR-RFLP were reamplified. The products of each SNP
were purified using a PCR purification kit (QIAGEN,
Hilden, Germany) and sequenced using ABI 3730XL sequencer (Applied Biosystems, Foster, United States).

RESULTS
PCR
All three SNPs of the NOD2/CARD15 gene were amplified by PCR, and the PCR products were then used
for both RFLP analysis and gene sequencing. The target
fragment sizes of the P268S, JW1, and N852S mutations
were 422 bp (Figure 1A), 220 bp (Figure 1B), and 151 bp
(Figure 1C), respectively.
PCR-RFLP
The PCR products of the P268S, JW1, and N852S mutations were digested using the BamHI, XhoI, and AluI enzymes, respectively. For P268S, a wild-type band of 422
bp was found in the majority of controls, CD patients,
and UC patients, while heterozygous mutant bands of
422 bp, 247 bp, and 175 bp were found in six Zhuang
CD cases, four Han CD cases, two Han UC cases, and
one Zhuang healthy control, however, no homozygous
mutants were detected (Figure 2A). For JW1, only wildtype bands of 125 bp and 95 bp were observed in all subjects (Figure 2B). Similarly, just one band of 151 bp was
found in wild-type N852S in all subjects (Figure 2C), and
no other mutant bands of JW1 or N852S were detected
using PCR-RFLP fragment electrophoresis.

Statistical analysis
SPSS version 16.0 software was used for the statistical
analysis, while comparisons of genotype and allelic frequencies among the different groups were performed using Fisher’s exact test. The Hardy-Weinberg equilibrium
test was used to test the distributions of each mutation
genotype frequency. Values of P < 0.05 were considered
statistically significant.
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A

M

1

2

3

4

5

A

6

500 bp

B

(C/T)

140
150
G G C T G G ACC C C C G C A G

422 bp

(C/C)

140
150
TGGCTGGACCCCCGCAG

247 bp
175 bp

50 bp

B

M

1

2

3

4

5

6

500 bp

C

D

(C/C)

110
100
G A G A G G ACA C T C G A G T C

125 bp

(A/A)

90
100
CA GT CT AT T CAA CT A CAA AT

95 bp
50 bp

C

M

1

2

3

4

5

6

500 bp

151 bp

Figure 3 Gene sequencing analysis of P268S, JW1 and N852S polymerase
chain reaction products. A: The forward sequencing map of the polymerase
chain reaction (PCR) product of heterozygote P268S (C/T); B: The forward
sequencing map of the PCR product of wild-type P268S (C/C); C: The forward
sequencing map of the PCR product of wild-type JW1 (C/C); D: The forward
sequencing map of the PCR product of wild-type N852S (A/A).

50 bp

Figure 2 Electrophoresis of P268S, JW1, and N852S digestion products. A:
M: Marker; 1-5: Heterozygote of P268S, 6: Wild-type of P268S. B: M: Marker;
1-6: Wild-type of JW1. C: M: Marker; 1-6: Wild-type of N852S.

were significantly higher than those in the control group
(aP = 0.016, cP = 0.022 under the genotypic model, and
b
P = 0.017, dP = 0.022 under the allellic model, respectively); however, the differences between the control
group and the UC group were not statistically significant
(P > 0.05). The JW1 and N852S genotypes were homozygous wild-type in all three groups of Zhuang and Han.
No differences in genotype and allelic frequencies of
JW1 and N852S were detected among the groups (P >
0.05) (Tables 3 and 4).

DNA sequencing
The gene sequencing results of the P268S, JW1 and
N852S variants were consistent with those found on
PCR-RFLP. For both mutant P268S and JW1, it is a C
to T substitution mutation, and for mutant N852S, it is
an A to G substitution mutation. In our study, heterozygous (C/T) (Figure 3A) and wild-type (C/C) (Figure 3B)
P268S were detected in controls, CD patients, and UC
patients, but no homozygous P268S (T/T) was detected.
However, only wild-type JW1 (C/C) (Figure 3C) and
wild-type N852S (A/A) (Figure 3D) were observed, and
no other types (C/T, T/T, A/G, G/G).

P268S genotype and clinical features of CD
A comparison between CD patients in Guangxi including Zhuang and Han with and without P268S mutations
was performed. Eight of the ten patients with CD who
carried the P268S mutation were ≤ 40 years of age (eP
= 0.040), which suggested that the P268S mutation may
be correlated with younger onset of CD in Guangxi patients. However, this mutation was not associated with
lesion location, gender, ethnic groups, complications, or
lesion severity (P > 0.05) (Table 5).

Distribution of genotype and allelic frequencies
The distributions of P268S, JW1, and N852S genotypes
were in accordance with the Hardy-Weinberg equilibrium
test results (P > 0.05). In our cohort, only the P268S
heterozygous mutation was found in six (12.5%) of 48
Zhuang CD cases, four (8.0%) of 50 Han CD cases, 0
(0.0%) of 54 Zhuang UC cases, two (4.0%) of 50 Han
UC cases, one (1.4%) of 72 Zhuang controls, and zero
(0.0%) of 78 Han controls. No P268S homozygous mutations were found. The genotype and allelic frequencies
of P268S in the Zhuang and Han populations with CD
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DISCUSSION
The NOD2/CARD15 gene is located on chromosome
16q12. The protein that is encoded by the NOD2/
CARD15 gene is highly expressed in intestinal mucosal
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Table 3 Distribution of genotype and allele frequencies of mutations in Crohn’s disease and ulcerative colitis patients compared
with healthy controls in the Guangxi Zhuang population n (%)
Mutant

Genotype

Allele

Control

CD

UC

P value
a

P268S
CC
CT
TT
T

71 (98.6)
1 (1.4)
0 (0.0)
1 (0.7)

42 (87.5)
6 (12.5)
0 (0.0)
6 (6.2)

T

72 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

48 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

G

72 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

48 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

c 2
P
NS1

JW1
CC
CT
TT

NS2
NS1

N852S
AA
AG
GG

P value

P1

NS2

NS1
54 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

NS2
NS1

54 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

NS2
NS1

54 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

NS2

1

Comparisons of genotype frequencies; 2Comparisons of allele frequencies. aP < 0.05 vs control using Fisher's exact test; cP < 0.05 vs control using Fisher's
exact test. CD: Crohn’s disease; UC: Ulcerative colitis; NS: No significance.

Table 4 Distribution of genotype and allele frequencies of mutations in Crohn’s disease and ulcerative colitis patients compared
with healthy controls in the Guangxi Han population n (%)
Mutant

Genotype

Allele

Control

CD

UC

P value
b

P268S
CC
CT
TT
T

78 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

46 (92.0)
4 (8.0)
0 (0.0)
4 (4.0)

T

78 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

50 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

G

78 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

50 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

JW1
CC
CT
TT
N852S
AA
AG
GG

P value

P1

d 2
P
NS1

NS2
NS1

NS2

NS1
48 (96.0)
2 (4.0)
0 (0.0)
2 (2.0)
50 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
50 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

NS2
NS1

NS2
NS1

NS2

1

Comparisons of genotype frequencies; 2Comparisons of allele frequencies. bP < 0.05 vs control using Fisher's exact test; dP < 0.05 vs control using Fisher's
exact test. CD: Crohn’s disease; UC: Ulcerative colitis; NS: No significance.

Paneth cells[21]. The NOD2/CARD15 protein has two
caspase recruitment domains and includes a nucleotidebinding domain and a leucine-rich repeat (LRR). The
LRR may stimulate the secretion of defensin through the
identification of bacterial muramyl dipeptide. The level
of defensin decreased markedly in patients with CD and
gene mutations[22]. LRR may cause a defensive inflammatory reaction by combining bacterial lipopolysaccharide
and activating NF-κB[23]. NOD2/CARD15 is the first
confirmed predisposing gene for CD, and the R702W,
G908R, and L1007fs SNPs of the NOD2/CARD15 gene
were found to be significantly associated with CD in Caucasian populations[12-14]. The mutant allele frequencies of
these three mutations accounted for approximately 81%
of the total CD mutations[24]. Nevertheless, these SNPs
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were not associated with CD in Japanese, Malaysian, Indian, or Hong Kong, Zhejiang, and Guangxi populations
in China, and none of the patients with CD had heterozygous or homozygous variants of R702W, G908R,
and L1007fs SNPs[10,11,15,17,25,26]. In addition, the R702W,
G908R, L1007fs, P268S, and JW1 SNPs were not correlated with IBD patients in Turkey, instead, the R702W
mutation was significantly lower in the IBD group (1.5%)
than in the control group (4.8%) (P < 0.05)[27]. Thus,
these findings indicate that the NOD2/CARD15 genotype distribution has significant ethnic differences.
This is the first study to report the P268S, JW1, and
N852S mutations of the NOD2/CARD15 gene in patients with CD from the Guangxi Zhuang population
of China, where the ethnic background is heteroge-
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was found to be significantly associated with CD in Ashkenazi Jewish populations[18]; however, since it did not
appear as a haploid with R702W, G908R, and L1007fs of
the NOD2/CARD15 gene, it is thought to be an independent risk factor for CD[32]. Our results indicated that
N852S mutations of the NOD2/CARD15 gene were not
detected in Guangxi Zhuang patients with IBD. The JW1
mutant of the NOD2/CARD15 gene was confirmed in
Chinese Han in Malaysia[17]. However, we did not find any
heterozygous or homozygous mutations of JW1 in the
Chinese Zhuang population from the Guangxi Zhuang
Autonomous Region. These two novel loci have rarely
been reported in China, and further studies are necessary
to explore these loci in a larger cohort in China. In summary, the differences in these results may be attributed
to the differences in race, geography, environment, and
population.
Several studies have proved that the NOD2/CARD15
gene is related to the clinical features of CD including onset location, age, complications, and disease severity[33-35].
It was reported that P268S was related to ileal lesions (P
= 0.003), lumen stenosis (P = 0.007), and age ≤ 20 years
(P = 0.028) in a Chinese Han population with CD from
Guangdong, China[19]. In addition, Chua et al[17] reported
that the JW1 mutant tended to correlate with luminal
stenosis (P = 0.055) and age < 41 years (P = 0.095) in
patients with CD in Malaysia. The results of the present
study confirmed that P268S was only related to age ≤ 40
years (P =0.040) in CD patients from the Chinese Zhuang
population in the Guangxi Zhuang Autonomous Region.
No important relationship was detected between mutant
P268S and location, gender, ethnic group, lumen stenosis,
and severity of CD. Our results were not in agreement
with those studies on Chinese Han patients with CD from
Guangdong or patients with CD from Malaysia. This difference may be due to racial heterogeneity, geographic
environment, and a relatively small sample size.
In conclusion, this study is the first to demonstrate
the relationship between the P268S SNP of the NOD2/
CARD15 gene and susceptibility to CD in a Zhuang population from the Guangxi Zhuang Autonomous Region,
China. JW1 and N852S SNPs of the NOD2/CARD15
gene were not found in the Zhuang population. Thus,
we emphasize that genetic predisposition may be vital in
the pathogenesis of IBD. However, the power of this
conclusion may be limited by the relatively small sample
size in this study. Further studies investigating risk factors
and genetic susceptibility to IBD in a larger cohort of
patients and in different ethnic groups are needed.

Table 5 Clinical characteristics of Crohn’s disease patients in
Guangxi with and without P268S mutations
Phenotype
Age of onset
≤ 40 years
> 40 years
Location
Ileum
Colon/ileocolon
Gender
Male
Female
Ethnic groups
Han
Zhuang
Comorbidities
Luminal stenosis
No luminal stenosis
Severity
Severe
Mild-moderate

n

P268S+

P268S-

45
53

8 (17.8)
2 (3.8)

37 (82.2)
51 (96.2)

58
40

6 (10.3)
4 (10.0)

52 (89.7)
36 (90.0)

51
47

7 (13.7)
3 (6.4)

44 (86.3)
44 (93.6)

50
48

4 (8.0)
6 (12.5)

46 (92.0)
42 (87.5)

31
67

4 (12.9)
6 (9.0)

27 (87.1)
61 (91.0)

42
56

3 (7.1)
7 (12.5)

39 (92.9)
49 (87.5)

P value
a

P

NS

NS

NS

NS

NS

NS: No significance. P268S+ Mutant P268S; P268S- Wild-type P268S. aP <
0.05 using Fisher's exact test.

neous with Han, Zhuang, and other ethnic groups. In
this study, the P268S mutation genotype of NOD2/
CARD15 was found in some Zhuang and Han patients
with CD and was detected only sporadically in healthy
individuals and patients with UC in Zhuang and Han.
The JW1 and N852S mutations of the NOD2/CARD15
gene were not detected in Guangxi Zhuang or Han patients with IBD.
In recent years, several studies have reported that the
P268S mutation of the NOD2/CARD15 gene was found
in Ashkenazi Jewish and Irish patients with CD[16,28]. The
population-attributable risk of the P268S-JW1 haplotype
was 15.1% in Jewish patients with CD[16]. Gasche et al[29]
reported that the evolution of P268S occurred in the
Middle East and that the mutant was associated with
CD in Chinese Tu and Pakistani populations. The P268S
SNP of the NOD2/CARD15 gene was also reported to
be closely related to CD in Indian patients[17,30]. Similarly,
the P268S mutant was confirmed to contribute to CD
susceptibility and clinical features in a Han population in
Guangdong, China[19]. However, that finding was not in
accordance with those of Juyal et al[31], in which the P268S
mutant of the NOD2/CARD15 gene was correlated
with UC in North India. In our study, we confirmed that
the P268S SNP may be involved in the susceptibility of
Zhuang or Han patients to CD in Guangxi, China. Our
results are in agreement with those from studies on Han
and Tu patients with CD from other areas in China[19,29].
However, the P268S homozygous variant was found in
Han patients in Guangdong, China, and was not detected
in our study population, which may be due to racial heterogeneity or our relatively small sample size. Compared
to Europeans (31.2%)[16], we found a lower frequency
(12.5%) of mutant P268S in our Zhuang CD patients.
The N852S mutation of the NOD2/CARD15 gene
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Background

Inflammatory bowel disease (IBD) is a multifactorial disease with different susceptibility genes in various races. The P268S, JW1, and N852S polymorphisms
of NOD2/CARD15 have been confirmed in Crohn’s disease (CD) susceptibility
in Chinese Han and Ashkenazi Jewish populations, but there are no reports of
a correlation between these three polymorphisms and the Chinese Zhuang CD
population in the Guangxi Zhuang Autonomous Region.
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Research frontiers
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Nucleotide-binding oligomerization domain containing 2/caspase-activation
and recruitment domain gene 15 (NOD2/CARD15) is the first confirmed predisposing gene for CD, and the P268S mutation of the NOD2/CARD15 gene
was found in Ashkenazi Jewish, Irish, Indian, Pakistani, and Chinese Han and
Tu patients with CD, but not in CD in North India. The JW1 SNP of the NOD2/
CARD15 gene was shown to be associated with CD in Chinese Han, Malay,
and Indians in Malaysia. The N852S mutation of the NOD2/CARD15 gene was
only found to be significantly associated with CD in Ashkenazi Jewish populations. The present study assessed whether these known SNPs were associated
with IBD in Zhuang patients from Guangxi, China.

7
8

Innovations and breakthroughs

The Guangxi Zhuang Autonomous Region of China has the largest Zhuang
population, thus genetic diseases and gene polymorphisms are unique. This
study is the first to demonstrate the relationship between the P268S, JW1, and
N852S polymorphisms of the NOD2/CARD15 gene and susceptibility to CD in
the Zhuang population from the Guangxi Zhuang Autonomous Region, China.

Applications

The P268S polymorphism may contribute to CD susceptibility in the Zhuang
population in the Guangxi Zhuang Autonomous Region, China. However, JW1
and N852S SNPs may be absent or rare in this population.

Terminology

NOD2/CARD15 is located on chromosome 16q12, and encodes a protein with
homology to plant disease resistance-related gene products. Mutant NOD2/
CARD15 responds to bacterial muramyl dipeptide and decreases NF-kappaB
activation, and these results implicate NOD2/CARD15 in susceptibility to Crohn’
s disease. Polymerase chain reaction-restriction fragment length polymorphism
is a popular technique used in genetic analysis. It has been used for the detection of intraspecies as well as interspecies variation.

Peer review

9

This brief paper demonstrates the relationship between the P268S polymorphism in NOD2/CARD15 and Crohn’s disease susceptibility in an ethnic Zhuang
population. While the scientific findings in this paper are limited, documentation
of genetic variation in CD susceptibility among various ethnic and regional
groups is useful.
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RESULTS: One hundred and nineteen eligible subjects
were recruited from 176 patients with severe acute
exacerbation of chronic hepatitis B: 65 were included
in the entecavir group and 54 in the lamivudine group
(full analysis set). No significant differences were found
in patient baseline clinical parameters. At day 60, entecavir did not improve the probability of survival (P =
0.066), despite resulting in faster virological suppression (P < 0.001), higher rates of virological response (P
< 0.05) and greater reductions in the CTP and MELD
scores (all P < 0.05) than lamivudine. Intriguingly, at
week 52, the probability of survival was higher in the
entecavir group than in the lamivudine group [42/65
(64.6%) vs 26/54 (48.1%), respectively; P = 0.038].
The pretreatment MELD score (B, 1.357; 95%Cl:
2.138-7.062; P = 0.000) and virological response at day
30 (B, 1.556; 95%Cl: 1.811-12.411; P =0.002), were
found to be good predictors for 52-wk survival.
CONCLUSION: Entecavir significantly reduced HBV
DNA levels, decreased the CTP and MELD scores, and
thereby improved the long-term survival rate in patients
with spontaneous reactivation of hepatitis B presenting
as ACLF.

Abstract
AIM: To investigate the short-term and long-term efficacy of entecavir versus lamivudine in patients with
spontaneous reactivation of hepatitis B presenting as
acute-on-chronic liver failure (ACLF).

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

Key words: Acute-on-chronic liver failure; Hepatitis B;
Entecavir; Lamivudine; Survival

METHODS: This was a single center, prospective cohort study. Eligible, consecutive hospitalized patients
received either entecavir 0.5 mg/d or lamivudine 100
mg/d. All patients were given standard comprehensive
internal medicine. The primary endpoint was survival
rate at day 60, and secondary endpoints were reduction in hepatitis b virus (HBV) DNA and alanine amino-
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Core tip: This study compared the short-term and longterm efficacy of entecavir and lamivudine in patients
with spontaneous reactivation of hepatitis B presenting
as acute-on-chronic liver failure (ACLF). Entecavir significantly reduced hepatitis b virus DNA levels, decreased
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reactivation of HBV.
However, the lack of large sample sizes, contemporary controls and long-term research, has lead to inconsistent clinical data with regard to the efficacy and safety
of entecavir in these studies. This prospective cohort
study was performed to compare the efficacy of entecavir and lamivudine in terms of the reduction in HBV
DNA levels, improvement in biochemical and disease
severity, likely improvement in survival and to identify
prognostic factors in patients with severe reactivation of
HBV presenting as ACLF.

the Child-Turcotte-Pugh and model for end-stage liver
disease (MELD) scores, and thereby improved the longterm survival rate in patients with spontaneous reactivation of hepatitis B presenting as ACLF. Pretreatment
MELD score and virological response at 30 d were good
predictors of long-term survival.
Zhang Y, Hu XY, Zhong S, Yang F, Zhou TY, Chen G, Wang
YY, Luo JX. Entecavir vs lamivudine therapy for naïve patients with spontaneous reactivation of hepatitis B presenting
as acute-on-chronic liver failure. World J Gastroenterol 2014;
20(16): 4745-4752 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4745.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4745

MATERIALS AND METHODS
Patients
In this prospective cohort study, eligible consecutive
hospitalized patients with ACLF were recruited from the
Department of Infectious Diseases, Affiliated Hospital
of Chengdu University of Traditional Chinese Medicine
(TCM), from November 2007 to July 2011. All recruited
patients were examined by clinicians and were enrolled
into the study according to the criteria of ACLF[17]. The
inclusion criteria were: (1) age from 18 to 65 years; (2) the
presence of hepatitis B surface antigen in the serum for
at least 6 mo; (3) HBV DNA level > 105 copies/mL; (4)
alanine aminotransferase (ALT) level > 5 times the upper
limit of normal; and (5) acute hepatic insult manifesting as jaundice (serum total bilirubin ≥ 171 μmol/L or
a daily increase ≥ 17.1 μmol/L) and coagulopathy [international normalized ratio (INR) ≥ 1.5 or prothrombin
activity < 40%], complicated within 4 wk by ascites and/
or encephalopathy. The exclusion criteria were: (1) superinfection or co-infection with hepatitis A, C, D, E viruses,
or human immunodeficiency virus; (2) coexistence of
any other liver diseases, such as autoimmune hepatitis,
alcoholic liver disease, drug hepatitis or Wilson’s disease;
(3) hepatocellular carcinoma diagnosed by computed tomography; (4) coexistence of any other serious systemic
or psychiatric diseases; (5) jaundice caused by obstructive or hemolytic diseases; (6) prolonged prothrombin
time induced by blood system disease; and (7) a previous
course of any antiviral, immunomodulator or cytotoxic/
immunosuppressive therapy for chronic hepatitis or other
illnesses within at least the preceding 12 mo.
The study protocol was in accordance with the Helsinki Declaration of 1975. The ethics committee of the
Affiliated Hospital of Chengdu University of TCM approved the study. Written informed consent was obtained
from each patient or their relatives before enrollment.
Furthermore, the non-availability of artificial liver support therapy and liver transplantation facilities were also
explained to the patients.

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a major type of
liver failure in the Asian region. The incidence of ACLF
was reported as 91.7% in an epidemiological investigation
from China[1]. ACLF has an extremely high short-term
mortality rate, ranging from 50%-90%[2,3], and 77% of patients died of multi-organ failure[4]. Liver transplantation
is the definitive therapy, but is limited by donor shortage
and high costs[5,6]. Thus, it is necessary to explore other
effective therapies, especially in patients without liver
transplantation.
In China, chronic HBV infection is the cause of approximately 90% of ACLF[1]. In these patients, severe
acute exacerbation (SAE) of chronic hepatitis B (CHB)
often occurs spontaneously: it was seen in 15%-37%
of patients with chronic HBV infection after 4 years of
follow-up[7]. Although there is no consensus definition of
SAE, it usually refers to the abrupt reappearance or rise
in serum hepatitis b virus (HBV) DNA in a patient with
previously inactivated or resolved HBV infection[8]. A
high HBV DNA level (> 105 copies/mL) was suggested
as useful to identify SAE of CHB in a previous study[9].
Continuous high levels of viral replication is one of the
key factors causing severe liver damage[10]. Therefore, antiviral treatment should be promptly instituted.
Lamivudine is the first approved oral therapy for antiHBV treatment, and has an excellent safety and tolerability profile. Early studies e proved that the potential
short-term benefits of lamivudine in patients with the
disease are superior to historical controls[11,12]. However,
prolonged lamivudine monotherapy has been found to be
associated with an increased risk of re-exacerbation after
temporary relief of the initial SAE, because of treatment-induced HBV variants with YMDD mutations[13,14].
Entecavir is another oral anti-HBV compound with
potent activity. Its in vitro potency is 100- to 1000-fold
greater than that of lamivudine[15]. Furthermore, the cumulative rate of resistance to entecavir was only 1.2% in
5 years[16]. Theoretically, entecavir may be more suitable
for the long-term treatment of ACLF because of severe
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Study design
This was a prospective cohort study. All consecutive
hospitalized patients spontaneously formed two cohorts
(entecavir/lamivudine cohort), according to their preferences for antiviral therapy. Eligible subjects were given
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comprehensive internal medicine for 60 d (study period),
and were followed up until 52 wk after enrollment (follow-up period) or death.
The sample size was calculated based on the data
from previous studies[18,19], which suggested a survival
rate in the lamivudine-treated group of 50% and a survival rate in the entecavir-treated group of approximately
65%. The match ratio was 1:1. The sample size in each
group was 54, with a type Ⅰ error (one-sided) of 5%, and
a power of at least 80%[20]. On the assumption of a rate
of 10% loss to follow-up, a target sample size of 119 was
required.

data, adverse events, and compliance were monitored
during the first 60 d of treatment, and both adverse
events and compliance were monitored every 3 mo up to
52 wk.
Endpoints
The primary endpoint of this study was survival rate at
day 60. Secondary endpoints were reduction in HBV
DNA and ALT levels, and improvement in CTP and
MELD scores at day 60, and survival rate at week 52. All
patients were followed up and the outcome (recovery,
bridging to artificial liver support therapy or liver transplantation, or death) of treatment was recorded. The date
and cause of each death were documented.

Treatment schedule
All eligible patients were requested to accept antiviral
treatment both in the study period and in the followup period. The entecavir cohort was given entecavir 0.5
mg/d (Baraclude, Bristol-Myers Squibb, China), while the
lamivudine cohort was given lamivudine 100 mg/d (QO,
GlaxoSmithKline, China). In addition, each patient was
given standard comprehensive internal medicine during
the study period. This routinely included absolute bed
rest, barrier nursing, high calorie diet (35-40 cal/kg per
day), lactulose, and intensive care monitoring, intravenous
plasma, maintenance water, electrolyte and acid-base
equilibrium monitoring, and prevention and treatment of
complications. Patients also received albumin, terlipressin,
and proton pump inhibitors if required. Enteral or parenteral nutrition was provided for patients whose caloric
requirement was not fulfilled by mouth.

Safety
The patients were questioned regarding adverse events.
All adverse events, regardless of their possible association
with antiviral drugs, were recorded.
Statistical analysis
Efficacy and safety analyses were performed according
to intention-to-treat (ITT), and were conducted on the
full analysis set (FAS). This set principally included the
data from all patients receiving at least 1 dose of the
study drugs. Partially missing data of the clinical evaluation were carried forward with the principle of the last
visit carried forward. Deaths occurring in the study or
follow-up period were not regarded as discontinued subjects.
Quantitative data were described by the mean ± SD.
Independent-samples t test or Mann-Whitney U tests
were performed to compare differences between quantitative data. A χ 2 test or Fisher’s exact test was performed
to calculate differences between qualitative data. A survival curve was calculated by the Kaplan-Meier method
and compared statistically using a log-rank test. Univariate and multivariate analyses were used to assess the associations between survival and independent variables,
and multivariate Cox regression analysis with conditional
stepwise forward was then used to calculate the relative
risk ratios and 95%CI. All statistical tests were two-tailed,
and a significance level (P) of 0.05 was used. The statistical tests were performed using the Statistical Package for
the Social Sciences (SPSS version 17.0; SPSS Inc., Chicago, IL, United States).

Clinical and laboratory data
Patient clinical and laboratory data were collected prospectively. The latter included: (1) biochemical tests
reflecting hepatocyte damage, for example serum ALT,
total bilirubin (TBIL), albumin (ALB), and creatinine
(CREA), all assayed using a colorimetric method (Automatic Analyzer 7170A, Hitachi, Japan); (2) INR for prothrombin time, performed following the manufacturer’s
instructions (STA-evolution, STAGO, France); (3) serum
HBV DNA, determined by a fluorescent quantifying
polymerase chain reaction (PCR) method with a low limit
of detection of 1000 copies/mL (Lightcycler-480, Roche,
Switzerland); and (4) HBV markers, for example HBV
antigens and antibodies, detected using commercially
available enzyme immunoassays (Alisei Quality System,
RADIM, Italy).
The severity of liver disease was assessed by the
Child-Turcotte Pugh (CTP) score[21] and model for endstage liver disease (MELD) score. The MELD score was
calculated according to the following equation[22]: 3.78 ×
ln. [total bilirubin (mg/dl)] + 11.2 × ln INR+ 9.57 × ln
[creatinine (mg/dl)] + 6.43 × (constant for liver disease
etiology: 0 if cholestatic or alcoholic, 1 otherwise).

RESULTS
Patients
Subject disposition during the study is shown in Figure 1.
A total of 176 patients with SAE of CHB were assessed
for eligibility, and 119 eligible patients were enrolled. One
hundred and five patients completed the study, 57 in the
entecavir group and 48 in the lamivudine group. Fourteen patients did not complete the study, but received
treatment and had complete observations on at least one
related record at a time point; the clinical data of these

Follow-up
Patients were examined every 15 d in the first 60 d, followed by every 3 mo up to 52 wk. Clinical and laboratory
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Patients identified: 176

Excluded: 57
Inclusion criteria not met: 39
Exclusion criteria met: 12
Consent withdrawal: 6

Enrolled: 119

Spontaneously formed two cohorts according to their
preferences to antiviral therapy

Entecavir cohort: 65

Lamivudine cohort: 54
Discontinued study: 6
Protocol violation: 2
Protocol compliance: 1
Consent withdrawal: 1
Lost to follow-up: 2

Discontinued study: 8
Protocol violation: 2
Protocol compliance: 3
Lost to follow-up: 3

Completed: 57
Death: 15
Survive: 42
PPS: 57
FAS: 65

Completed: 48
Death: 22
Survive: 26
PPS: 48
FAS: 54

Figure 1 Patient disposition during the study. PPS: Per protocol set; FAS: Full analysis set.

Outcomes with respect to severity scores
CTP and MELD scores in both groups of patients are
presented in Table 3. Post-treatment CTP and MELD
scores in the entecavir and lamivudine group were significantly lower than pretreatment scores. In addition,
CTP scores at days 45 and 60 in the entecavir group were
superior to those in the lamivudine group, with statistical
significance (P < 0.05). Similarly, post-treatment MELD
scores in the entecavir group were significantly lower
than those in the lamivudine group (P < 0.05).

patients were analyzed on the basis of ITT. The FAS
population included 119, with 65 in the entecavir group
and 54 in the lamivudine group.
Demographic data and baseline characteristics
Baseline characteristics of all patients are shown in Table
1. There was no significant difference in age, gender,
serum ALT, ALB, TBIL, PTA, CREA, Na, CTP and
MELD score, HBV DNA level, HBeAg (±), or complications between the two groups before treatment (all P >
0.05).

Short-term and long-term survival rate
Of the 119 patients in FAS, 51 (78.5%) survived in the
entecavir group and 35 (64.8%) survived in the lamivudine group at day 60 (P = 0.066 by log-rank test, Figure
2A). However, at the end of the follow-up period of 52
wk, 42 (64.6%) in the entecavir group and 26 (48.1%) in
the lamivudine group survived (P = 0.038 by log-rank
test, Figure 2B).
The causes of death were analyzed for 37 patients
who had a complete and reliable death record. The major
causes were hepatorenal syndrome (8/57, 14.0%), multiple organ failure (3/57, 5.3%), encephalopathy (2/57,
3.5%) and upper gastrointestinal bleeding (2/57, 3.5%)
in the entecavir group; hepatorenal syndrome (10/48,
20.8%), multiple organ failure (5/48, 10.4%), encephalopathy (4/48, 8.3%), liver failure (2/48, 4.2%) and upper
gastrointestinal bleeding (1/48, 2.1%) in the lamivudine

Virological and biochemical responses
Viral and host responses to nucleoside analog therapy in
the two groups are presented in Table 2. Posttreatment
HBV DNA levels in the entecavir and lamivudine group
were significantly lower than pretreatment levels. Compared with patients in the lamivudine group, patients in
the entecavir group had significantly lower HBV DNA
levels at days 15, 30, 45, and 60 (all P < 0.001). Undetectable HBV DNA (lower than 1000 copies/mL) was
observed in 33 of the 119 (27.7%) patients during treatment, and the entecavir group had a higher proportion
of patients achieving undetectable viremia at days 45 and
60 (all P < 0.05). With regard to the ALT response between the two groups, there was a statistical difference at
day 15 (P < 0.01), but no significant difference at days 30,
45, and 60 (all P > 0.05).
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Table 1 Baseline data comparison between entecavir and
lamivudine groups n (%)

Table 2 Virological, biochemical responses and severity scores
Characteristics

Group
Age (yr)
Males
Total bilirubin (μmol/L)
ALT level (U/L)
HBeAg-positive
anti-HBc IgM
HBV DNA
(log10 copies/mL)
Prothrombin activity (%)
Albumin (g/L)
Creatinine (μmol/L)
Sodium (mmol/L)
Ascites
Hepatic
encephalopathy
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Spontaneous bacterial
peritonitis
CTP points
MELD points

2

Entecavir
(n = 65)

Lamivudine
(n = 54)

t /χ

42.8 ± 13.1
41 (63.1)
331.6 ± 74.8
352.5 ± 77.2
21 (32.3)
40 (61.5)
7.0 ± 1.4

45.6 ± 11.4
36 (66.7)
320.1 ± 82.4
345.2 ± 89.5
23 (42.6)
29 (53.7)
7.2 ± 1.6

1.230
0.166
0.797
0.478
1.339
0.743
0.727

0.221
0.683
0.427
0.634
0.247
0.389
0.469

24.7 ± 6.0
28.7 ± 6.9
106.3 ± 42.1
130.6 ± 11.4
52 (80.0)
17 (26.2)

25.1 ± 5.7
29.4 ± 5.3
109.7 ± 38.6
127.2 ± 12.6
45 (75.9)
15 (27.8)

0.370
0.611
0.455
1.544
0.217
0.040

0.712
0.543
0.650
0.125
0.641
0.842

14 (21.5)
3 (4.6)
15 (23.1)

13 (24.1)
2 (3.7)
11 (20.4)

0
0
0.127

1
1
0.722

11.2 ± 2.4
27.2 ± 6.5

10.7 ± 2.1
26.8 ± 6.3

1.196
0.339

0.234
0.735

P value

Lamivudine
(n = 54)

Virological
Serum HBV DNA level (log10 copies/mL)
Day 15
4.6 ± 1.1
5.4 ± 1.2
Day 30
3.9 ± 1.0
4.8 ± 1.3
Day 45
3.6 ± 0.8
4.5 ± 1.0
Day 60
3.4 ± 0.5
4.4 ± 0.9
Undetectable HBV DNA n (%)
Day 15
3 (4.6)
0 (0.0)
Day 30
15 (23.1)
6 (11.1)
Day 45
21 (32.3)
8 (14.8)
Day 60
24 (36.9)
9 (16.7)
Biochemical
Serum ALT level (U/L)
Day 15
187.4 ± 67.5
231.6 ± 81.1
Day 30
86.2 ± 22.4
94.7 ± 37.3
Day 45
54.4 ± 19.6
60.8 ± 28.7
Day 60
45.1 ± 20.8
51.6 ± 22.3
Severity
CTP score
Day 15
10.4 ± 2.7
10.2 ± 3.4
Day 30
8.7 ± 3.6
9.9 ± 4.2
Day 45
7.4 ± 2.1
8.5 ± 3.7
Day 60
6.6 ± 2.4
8.2 ± 3.5
MELD score
Day 15
25.2 ± 7.1
25.7 ± 8.4
Day 30
22.6 ± 6.7
24.5 ± 7.2
Day 45
17.8 ± 7.4
20.6 ± 8.2
Day 60
13.7 ± 4.6
16.1 ± 6.5

All values are expressed as mean ± SD or number (%). ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; CTP: Child-Turcotte Pugh;
MELD: Model for end-stage liver disease.

group. There were no significant differences between the
two groups (all P > 0.05).

t /χ 2/z

P value

3.790
4.266
5.454
7.653

< 0.001
< 0.001
< 0.001
< 0.001

1.024
2.906
4.897
6.039

0.312
0.088
0.027
0.014

3.231
1.410
1.222
1.455

0.002
0.163
0.226
0.149

0.348
1.678
2.035
2.478

0.348
0.096
0.044
0.016

0.350
1.489
1.956
2.352

0.727
0.139
0.052
0.020

All values are expressed as mean ± SD. ALT: Alanine aminotransferase;
CTP: Child-Turcotte Pugh; MELD: Model for end-stage liver disease.

Predictive factors for long-term survival
On univariate analysis, gender (P = 0.020), HBeAg (±) (P
= 0.048), undetectable HBV DNA at day 30 (P = 0.035),
pretreatment CTP score (P = 0.026), and MELD score
(P = 0.020) were found to be significantly associated with
long-term survival. However, age, platelet count, serum
ALT, HBV DNA level, and treatment with entecavir
were not associated with fatal outcomes. In the forward
Cox regression analysis, pretreatment MELD (B, 1.357;
95%CI: 2.138-7.062; P = 0.000), and undetectable HBV
DNA at day 30 (B, 1.556; 95%Cl: 1.811-12.411; P = 0.002)
were found to be unfavorable predictors of long-term
survival.

tecavir treatment significantly benefited 52-wk survival.
In addition, pretreatment MELD score and virological
response at day 30 were significantly related to long-term
prognosis.
Chronic HBV infection is a rapid, dynamic process
with vast amounts of virus and infected cells produced
and killed each day. When patients with chronic HBV
infection receive nucleoside analogs, HBV DNA levels
are generally attenuated. Frequent sampling of viral load
showed a bi-phasic decline. During the initial phase, the
antiviral drug, via almost complete blocking of virus replication in hepatocytes, reduces the release of free virus
into the peripheral blood, resulting in a fast decline in
serum HBV DNA level. In the subsequent slow viral decline phase, virus-infected liver cells are degraded because
of the basic immunity response of the host[23,24]. Thus,
early rapid viral decline is dependent on the efficient inhibition of viral production, as determined by the dose and
potency of antiviral therapy. As seen in previous studies[25], entecavir, with a stronger and more potent activity,
achieved faster viral decline and higher rates of virological response.
In previous studies, early rapid viral decline was reported to be associated with the prognosis of patients
with ACLF because of severe reactivation of HBV[26-28].
However, another cohort trial suggested that a fast viral
decline conferred no survival benefit and did not prevent

Safety
None of the patients developed drug-induced severe
lactic acidosis or other serious adverse events, and all patients tolerated the therapy without dose modification or
early discontinuation.

DISCUSSION
In this prospective cohort, compared with lamivudine
treatment, entecavir treatment did not improve shortterm prognosis, despite resulting in faster virological
suppression, higher rates of virological response, and a
greater reduction in CTP and MELD scores at day 60
in patients with ACLF. Intriguingly, continuation of en-
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A

Table 3 Univariate analysis of baseline predictors of 52-wk
survival n (%)
Survivors
(n = 68)

Non-survivors
(n = 51)

Age (yr)
39.4 ± 11.7
43.2 ± 9.9
Males
38 (55.9)
39 (76.5)
Platelet count (103/μL)
93.5 ± 38.2
87.3 ± 34.1
ALT level (U/L)
367.3 ± 80.4 345.0 ± 72.6
HBeAg-positive
20 (29.4)
24 (47.1)
HBV DNA
7.2 ± 1.4
6.9 ± 1.5
(log10 copies/mL)
HBV DNA undetectable (< 103 copies/mL)
Day 15
3 (4.4)
0 (0.0)
Day 30
17 (25.0)
5 (9.8)
Day 45
20 (29.4)
9 (17.6)
Day 60
21 (30.9)
12 (23.5)
Treatment with
42(61.8)
23 (45.1)
entecavir
CTP points (> 10/< 10)
30/38
33/18
MELD points
28/40
32/19
(> 25/< 25)

t /χ 2/z

P value

1.871
5.409
0.917
1.560
3.895
1.122

0.064
0.020
0.361
0.121
0.048
0.264

0.8
Cumulative survival

Group

0.6

P = 0.066
0.4
Entecavir
Lamivudine

0.2
2.309
4.466
2.189
1.020
3.266

0.129
0.035
0.139
0.313
0.071

4.958
5.423

0.026
0.020

0.0
0

15

30

45

60

Duration from commencement of
antiviral therapy (d)
Survival
Entecavir
Lamivudine

All values are expressed as mean ± SD or number (%). ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; CTP: Child-Turcotte Pugh;
MELD: Model for end-stage liver disease.

B

rapid progression of the disease to multi-organ failure[18].
In a recent study in Hong Kong, fast viral decline was
found to be related to increased 48-wk mortality, which
may have led to an exaggerated immune response and
exacerbated the liver injury[29]. In the present study, entecavir treatment in patients with ACLF resulting from
SAE of CHB rapidly reduced serum HBV DNA levels
(P < 0.001), improved the CTP and MELD scores (P =
0.016 and 0.020, respectively) at day 60, and thus reduced
52-wk mortality (P = 0.038).
Host immunity in the pathogenesis of liver failure
has been widely recognized. Cytotoxic T-lymphocytes
(CTLs), the core of cellular immunity, play a key role in
the clearance of intracellular virus, which is most closely
associated with cell apoptosis or necrosis[30]. High levels
of HBV replication is the major pathogenesis of ACLF
because of reactivation of hepatitis B. Persistent viral
replication causes a vigorous cellular immune response
(especially in CTLs), resulting in severe hepatic damage.
In this study, antiviral therapy with entecavir, compared
with lamivudine, was found to be more effective in improving survival in patients with ACLF. This may be attributed to the weak activity of lamivudine, leading to the
delayed commencement (median time 7-30 d) and viral
suppression during the initial 4-8 wk of high viral replication[31]. Conversely, entecavir, which is more potent and
has lower resistance, was more likely to achieve rapid and
persistent action. By rapidly suppressing HBV replication and reducing serum viral load, entecavir lowers the
expression of HBV antigens on the liver cell membrane,
and consequently partially blocks CTLs from damaging hepatic cells[32]. Furthermore, a continuous decline
in serum viral load caused a reduction in the number of
infected hepatic cells[24]. This might prevent vigorous im-
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Figure 2 Survival curve for the entecavir and lamivudine groups as determined by the Kaplan-Meier method. A: 60-d; B: 52-wk.

mune damage in normal hepatic cells.
Univariate analysis showed that gender, HBeAg status,
HBV DNA response status at day 30, CTP and MELD
scores were significantly associated with mortality. On
multivariate analysis, only pretreatment MELD score and
virological response at day 30 were found to be independent predictors of 52-wk survival. A previous study
suggested that pretreatment HBV DNA load was related
to the prognosis of patients with chronic severe hepatitis
B[26]. However, our results showed that there was no significant difference (P = 0.264), despite the higher mean
pretreatment HBV DNA load [(7.2 ± 1.4) log10 copies/mL] in survivors than [(6.9 ± 1.5) log10 copies/mL]
in non-survivors. This may be correlated with the differ-
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ACLF due to severe reactivation of HBV.

ent baseline information in the subjects, sample size and
study design. To obtain a more precise conclusion, more
studies with a larger sample size, and a similar subject and
trial design are needed. Moreover, it seems that virological response, which occurred late, did not always improve
long-term patient survival. This might be associated with
severe damage to residual hepatocytes, which limits the
regenerative capacity of the liver[33]. Therefore, potent
nucleoside drugs, such as entecavir or tenofovir, should
be given as quickly as possible.
This study also had some limitations. One limitation
of the trial was that grouping was not in accordance with
the randomization principle. Effective randomization can
eliminate bias in grouping and improve the comparability
of research data. The results of randomized, controlled
trials (RCT) are considered to be evidence of the highest grade. However, it was not ethical to conduct an ideal
RCT for such serious diseases. Therefore, we conducted
a prospective cohort study. To accurately estimate the
effectiveness of the therapeutic agents and improve the
validity of the cohort study, our study was designed using
rigorous methods that mimicked those of an RCT, such
as inclusion and exclusion criteria, and statistical methods
including ITT analysis. Another limitation was the lack of
a placebo. Previous studies have indicated that entecavir
or lamivudine could effectively improve the prognosis
of ACLF patients compared with placebo. In our study,
there was no need to repeat this conclusion. Moreover,
it was medically unethical that patients with liver failure
should undergo placebo therapy. Thus, the trial was designed to directly compare entecavir and lamivudine.
In conclusion, antiviral treatment with entecavir significantly reduced HBV DNA levels, decreased the CTP
and MELD scores, and thereby improved the long-term
survival rate in patients with spontaneous reactivation
of hepatitis B presenting as ACLF. Entecavir was well
tolerated throughout the study. Pretreatment MELD
score and virological response at day 30 were related to
52-wk survival. To obtain a more objective and accurate
conclusion, larger and longer-term multi-center studies
are needed. In addition, it is critical to investigate whether
combined nucleoside analogs can achieve faster viral decline, and whether relationships exist between the prognosis of patients and host immunity, especially cellular
immunity, such as T helper 17 cells, regulatory T cells,
and CTLs.

Innovations and breakthroughs

The present study demonstrates that entecavir significantly reduced HBV
DNA levels, decreased the Child-Turcotte-Pugh and model for end-stage liver
disease (MELD) scores, and thereby improved the long-term survival rate in
patients with spontaneous reactivation of hepatitis B presenting as ACLF. The
pretreatment MELD score and virological response at 30 d affected patient
survival.

Applications

The data from this study provide a rational basis for nucleoside analog treatment in clinical practice for patients with severe reactivation of HBV presenting
as ACLF.

Terminology

ACLF is a clinical syndrome where acute hepatic insult, manifesting as jaundice
and coagulopathy, is complicated within 4 wk by ascites and/or encephalopathy
in a patient with previously diagnosed or undiagnosed chronic liver disease.

Peer review

The results in the study are interesting and may help clinicians to select antiHBV therapy.
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Hepatoprotective effect of Cichorium intybus L.,
a traditional Uighur medicine, against carbon
tetrachloride-induced hepatic fibrosis in rats
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54 mg/kg, respectively; Fu Fang Bie Jia Ruan Gan Pian
(FFBJRGP) group: 780 mg/kg]. The oral administration
of different drugs was performed on the day before
CCl4 administration and subsequently once per day for
8 wk. The serum levels of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), hexadecenoic
acid (HA), laminin (LN), hydroxyproline (Hyp), and
glutathione (GSH), malondialdehyde (MDA) and superoxide dismutase (SOD) in the rat livers were measured.
Histopathological changes in the liver were assessed for
each group using HE staining and a Masson Trichrome
examination. The expression of transforming growth
factor-β1 (TGF-β1) and α-smooth muscle actin (α-SMA)
was examined by immunohistochemical analysis.
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RESULTS: CIE at oral doses of 6, 18, and 54 g/kg
per day showed a significant hepatoprotective effect,
especially at a dose of 54 g/kg per day. CIE doses reduced the levels of AST (149.04 ± 34.44, P < 0.01),
ALT (100.72 ± 27.19, P < 0.01), HA (548.50 ± 65.09, P
< 0.01), LN (28.69 ± 3.32, P < 0.01) and Hyp (263.33
± 75.82, P < 0.01). With regards to hepatoprotective
activity, the CIE dose of 54 g/kg per day produced the
largest significant effect by increasing GSH (3.11 ±
0.81), SOD (269.98 ± 33.77, P < 0.01) and reducing
MDA (2.76 ± 0.51, P < 0.01) levels in the liver. The
expressions of TGF-β1 and α-SMA were measured by
immunohistology and found to be significantly reduced
by CIE in a dose-dependent manner.

Abstract
AIM: To investigate the hepatoprotective effect of a

Cichorium intybus L. extract (CIE) on CCl4-induced hepatic fibrosis in rats.

METHODS: Seventy-two male Wistar albino rats were
randomly divided into six groups of twelve rats each.
The normal control group was allowed free access
to food and water. Liver injury was performed in the
remaining five groups with an i.p. injection of a 1.0
mL/kg CCl4 and olive oil (2:3 v/v) mixture, twice weekly
for 8 weeks. All rats, with the exception of the injury
model group, were intragastrically (i.g. ,) administered
quantum satis (q.s. ) dosages [CIE group: 6, 18, and

WJG|www.wjgnet.com

CONCLUSION: CIE may effectively protect against
CCl4-induced hepatic fibrosis in rats; thus, it is a promising anti-fibrotic therapeutic agent.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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effects of a Cichorium intybus L. extract (CIE) on markers
of liver function in the serum, antioxidant enzyme levels
and hepatic histopathology of the liver in rats with CCl4induced hepatotoxicity.

Core tip: Cichorium intybus L. extract (CIE) is a traditional Uighur medicine that is commonly used in China
and other Asian countries to nourish and improve the
liver. The present study demonstrated that CIE has a
hepatoprotective effect against CCl4-induced hepatotoxicity in rats. We propose that the increased levels of
antioxidant enzymes and reduced levels of malondialdehyde are the major mechanism of CIE for preventing
the development of liver fibrosis induced by CCl4.

MATERIALS AND METHODS
Preparation of plant material
The herbs of Cichorium intybus L. were purchased from
Shenyang and authenticated by pharmacognosist Dr.
Jimin Xu. Ten kilograms of Cichorium intybus L. was
powdered, decocted, refluxed three times with 100 L of
ethanol, and then filtered. The filtrates were concentrated
by rotary vacuum evaporation. The ethanolic extract was
suspended in distilled water and extracted three times
with the same volume of ethyl acetate. The extracts were
concentrated once again by rotary vacuum evaporation
and then lyophilized using a freeze dryer. The lyophilized
powder was dissolved in sterilized distilled water before
oral administration to experimental animals.

Li GY, Gao HY, Huang J, Lu J, Gu JK, Wang JH. Hepatoprotective effect of Cichorium intybus L., a traditional Uighur
medicine, against carbon tetrachloride-induced hepatic fibrosis
in rats. World J Gastroenterol 2014; 20(16): 4753-4760 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i16/4753.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i16.4753

INTRODUCTION

Experimental animals and design
Seventy-two male Wistar albino rats (180-250 g) were
obtained from Shenyang Pharmaceutical University. The
institutional ethics committee of Shenyang Pharmaceutical University approved all the experiments. Rats were
housed in specific standard laboratory conditions for one
week, including a temperature-controlled environment
(25 ℃ ± 2 ℃), a relative humidity of 50% ± 5%, and
with a regular 12 h light/12 h dark cycle. All animals were
fed with a standard rodent chow diet and water ad libitum.
Rats weighing 180-250 g were used for the analysis of
CCl4-induced hepatotoxicity. Rats were randomly divided
into six groups of twelve rats each. The normal control
group was allowed free access to food and water. Liver
injury was created in the remaining five groups with the
i.p. injection of a 1.0 mL/kg CCl4 and olive oil (2:3 v/v)
mixture, twice weekly for a total of 8 weeks. All rats, with
the exception of the model group, were given intragastric
(i.g.) administration of quantum satis (q.s.) dosages [CIE
groups: 6, 18, and 54 mg/kg; Fu Fang Bie Jia Ruan Gan
Pian (FFBJRGP) group: 780 mg/kg]. The oral administration of drugs was performed the day before CCl4 administration and then once per day for 8 wk.
Rats were euthanized by cervical dislocation the day
after the last intragastric administration. Blood and liver
tissue samples were harvested for further examination.
The serum was obtained by centrifugation at 835 g for
10 min at 4 ℃ and then stored at -20 ℃ until subsequent
use. Liver tissue was collected for the measurement of
GSH, SOD and MDA levels, and determination of histopathological changes.

Cichorium intybus L. (Compositae), a traditional Uighur
medicine, is a perennial herb from the asteraceae family
with many commercial uses. Historically, Cichorium intybus
L. (also known as chicory) was grown by ancient Egyptians as a medicinal plant, vegetable crop and for animal
forage[1]. In addition to its alimentary use, chicory also
has a history of medicinal use. Chicory roots have antimicrobial[2-4], anti-bacterial[5-8], anti-diabetic[9], immunoenhancement[10], anti-hepatotoxic[11-13], anti-hyperuricemia
and anti-hypertriglyceridemia activities[14,15]. Chicory has
been used as a digestive aid, diuretic, laxative, and mild
sedative[16,17]. The water extract of Cichorium intybus L.
showed a remarkable antioxidative effect on low density
lipoprotein (LDL), and inhibitory effects on the production of thiobarbituric acid reactive substances and degradation of the fatty acids of LDL[18]. The potential antiinflammatory activities of chicory have been investigated.
An ethyl acetate chicory root extract produced a marked
inhibition of prostaglandin E2 (PGE2) production in
human colon carcinoma HT29 cells treated with the proinflammatory agent TNF-α[19]. Additionally, hepatoprotective agents have been discovered in the seeds of the
plant[20].
Hepatic fibrosis is characterized by the excessive deposition of extracellular matrix (ECM) proteins, such as
hyaluronic acid (HA), laminin (LN) and hydroxyproline
(Hyp), which leads to severe pathophysiological disturbances, including remodeling of the liver architecture,
development of intrahepatic shunts, liver insufficiency,
portal hypertension, esophageal varices, ascites and
encephalopathic coma. Despite the high incidence of
hepatic fibrosis worldwide, no generally accepted antifibrogenic therapy is available[21-23]. Presently, many studies are assessing potential anti-fibrogenic drugs that have
been used in traditional Chinese medicine for thousands
of years[24].
The aim of the present study was to investigate the

WJG|www.wjgnet.com

Measurement of markers of liver function
The blood was centrifuged at 835 g at 4 ℃ for 10 min to
separate the serum. Markers of liver function, including
aspartate transaminase (AST) and alanine transaminase
(ALT), were measured with a UV spectrophotometer
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Table 1 Effect of a Cichorium intybus L. extract on organ
coefficients in rats with hepatic fibrosis

Table 2 Effect of a Cichorium intybus L. extract on serum
alanine aminotransferase and aminotransferase levels in rats

Treatment

Treatment

Liver
coefficient %

Control
CCl4
6 g/kg CIE + CCl4
18 g/kg CIE + CCl4
54 g/kg CIE + CCl4
FFBJRGP (780 mg/kg)

2.18 ± 0.17
3.59 ± 0.62b
3.45 ± 0.27
3.20 ± 0.21d
3.10 ± 0.13d
3.38 ± 0.37

Spleen
Kidney
coefficient % coefficient %
0.16 ± 0.01
0.26 ± 0.05b
0.29 ± 0.07
0.27 ± 0.11
0.22 ± 0.04
0.24 ± 0.06

Control
CCl4
6 g/kg CIE + CCl4
18 g/kg CIE + CCl4
54 g/kg CIE + CCl4
FFBJRGP (780 mg/kg)

0.65 ± 0.02
0.68 ± 0.08
0.67 ± 0.09
0.66 ± 0.07
0.65 ± 0.04
0.64 ± 0.08

ALT (U/L)
48.74 ± 8.98
738.81 ± 231.66b
123.65 ± 29.93d
120.18 ± 28.26d
100.72 ± 27.19d
71.57 ± 15.65d

Values are expressed as the mean ± SD, n = 12. Compared with control
group, bP < 0.01; Compared with CCl4-exposed group, dP < 0.01. AST:
Aminotransferase; ALT: Alanine aminotransferase; CIE: Cichorium intybus
L. extract; FFBJRGP: Fu Fang Bie Jia Ruan Gan Pian.

Values are expressed as the mean ± SD, n = 12. Compared with control
group, bP < 0.01; Compared with CCl4-exposed group, dP < 0.01. CIE:
Cichorium intybus L. extract; FFBJRGP: Fu Fang Bie Jia Ruan Gan Pian.

(Shimadzu UV-2401).
Serum HA, LN and Hyp levels were measured using an enzyme-linked immunosorbent assay kit obtained
from Sigma-Aldrich Chemicals Co., United States.

TGF-β1 antibodies (Abcam, United Kingdom) in deparaffinized tissue sections. The primary antibody was diluted to 1:50 and the biotinylated goat anti-rabbit secondary antibody was diluted to 1:100. In this experiment, we
used sections that were not incubated with the primary
antibody as the negative control.

Measurement of lipid peroxidation by malondialdehyde
formation
The detection of measurement of lipid peroxidation
by malondialdehyde (MDA) using a kit estimated liver
peroxidation. The liver tissue was prepared as a 10%
homogenate (w/v). The tubes were kept at 95 ℃ for 40
min. After cooling, tubes were centrifuged at 1484 g for
10 min, and the supernatant was subsequently measured
with a UV spectrophotometer (Shimadzu UV-2401) at
532 nm. The protein content was determined using a
Coomassie brilliant blue protein kit, and the data are expressed as nmol MDA per milligram of protein of liver
tissue (nmol/mg protein).

Statistical analysis
All data were expressed as the mean ± SD. Data were
analyzed with a one-way analysis of variance. Fisher’s
LSD test was used to calculate statistical significance, using SPSS software. Values of P < 0.05 and P < 0.01 were
considered statistically significant.

RESULTS
The ability of CIE to attenuate CCl4-induced increases in
organ coefficients
Organ coefficients of the liver, spleen and kidney were
evaluated in rats. Similar to previous studies[25,26], liver and
spleen coefficients were significantly increased in rats
that were exposed to CCl4 (P < 0.01); however, there was
no difference in the kidney coefficient among all treated
groups. As shown in Table 1, the CCl4-induced increase
in the liver coefficient was reduced by 18 and 54 mg/kg
CIE (P < 0.01, P < 0.05 respectively). A non-statistically
significant protective effect against an increase in the
spleen coefficient was observed in rats treated with CIE
(6, 18 and 54 mg/kg) and FFBJRGP treatment (780 mg/
kg). Groups treated with CIE showed a dose-dependent
attenuation of CCl4-induced changes in the liver and
spleen coefficients.

Determination of antioxidant enzyme activity
A commercially available kit from the Jiancheng Biological Engineering Institute (Nanjing, China) determined
the SOD activity following the protocol provided by the
manufacturer. Data were expressed as SOD U/mg protein. A GSH kit from Jiancheng Biological Engineering
Institute (Nanjing, China) measured the GSH activity
using a modified protocol. The reaction was measured at
420 nm, and the enzyme activity was calculated as mg/g
protein.
Histopathological observations in the liver
Rat liver tissue was fixed with 10% formalin for 24 h,
dehydrated with a sequence of ethanol solutions, and
embedded in paraffin. Serial sections were cut at a 5-μm
thickness and stained with hematoxylin-eosin (HE) and
masson trichrome. Stained tissue sections were assessed
for the detection of changes in the magnitude of liver
injury using a photomicroscope.

Effect of CIE on serum AST and ALT levels in rats
The leakage of AST and ALT in the blood indirectly reflects liver failure caused by CCl4-induced hepatotoxicity.
Table 2 shows that AST and ALT levels were significantly
increased after the administration of CCl4 compared with
the control group (P < 0.01). Pretreatment with CIE (6,
18, and 54 g/kg) significantly reduced the elevation of
AST and ALT (P < 0.01) compared with the CCl4 group.
Similarly, pretreatment with 780 mg/kg FFBJRGP signifi-

Immunohistological analysis
The activation of HSCs was identified by the immunohistochemical analysis using monoclonal α-SMA and
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AST (U/L)
60.84 ± 13.36
711.14 ± 165.78b
194.86 ± 44.25d
154.29 ± 41.97d
149.04 ± 34.44d
132.75 ± 34.78d
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Table 3 Effect of a Cichorium intybus L. extract on serum
hexadecenoic acid, laminin and hydroxyproline levels in rats
Treatment

HA (pg/mL)

LN (ng/mL)

HyP (μg/g)

Control
CCl4
6 g/kg CIE + CCl4
18 g/kg CIE + CCl4
54 g/kg CIE + CCl4
FFBJRGP (780 mg/kg)

315.46 ± 49.54
756.85 ± 57.82b
595.62 ± 76.19d
573.13 ± 65.42d
548.50 ± 65.09d
442.72 ± 18.84d

18.27 ± 3.50
40.47 ± 2.14b
27.92 ± 3.37d
28.17 ± 2.87d
28.69 ± 3.32d
30.70 ± 3.30d

165.57 ± 21.34
395.17 ± 94.31b
320.42 ± 63.35d
289.00 ± 89.99d
263.33 ± 75.82d
306.90 ± 51.85d

Table 4 Effect of a Cichorium intybus L. extract on liver
glutathione, superoxide dismutase and malondialdehyde levels
in rats
Treatment
Control
CCl4
6 g/kg CIE + CCl4
18 g/kg CIE + CCl4
54 g/kg CIE + CCl4
FFBJRGP (780 mg/kg)

Values are expressed as the mean ± SD, n = 12. Compared with control
group, bP < 0.01; Compared with CCl4-exposed group, dP < 0.01. HA:
Hexadecenoic acid; LN: Laminin; HyP: Hydroxyproline; CIE: Cichorium
intybus L. extract; FFBJRGP: Fu Fang Bie Jia Ruan Gan Pian.

MDA

SOD

(nmol/mgprot)

(U/mgprot)

6.58 ± 0.62
2.52 ± 0.69b
2.93 ± 0.99
3.03 ± 0.76
3.11 ± 0.81
4.44 ± 1.28d

1.93 ± 0.18
4.01 ± 1.00b
3.73 ± 0.61
3.25 ± 0.73d
2.76 ± 0.51d
2.04 ± 0.70d

334.12 ± 13.75
193.58 ± 20.76b
223.23 ± 38.20d
241.29 ± 40.21d
269.98 ± 33.77d
274.43 ± 32.62d

Values are expressed as the mean ± SD, n = 12. Compared with control
group, bP < 0.01; Compared with CCl4-exposed group, dP < 0.01. GSH:
Glutathione; MDA: Malondialdehyde; SOD: Superoxide dismutase; CIE:
Cichorium intybus L. extract; FFBJRGP: Fu Fang Bie Jia Ruan Gan Pian.

cantly reduced the elevation of AST and ALT (P < 0.01).

stain. Microscopic analysis showed normal cellular architecture with distinct hepatic cells, sinusoidal spaces and a
central vein in the control group (Figure 2A). However,
CCl4-exposed tissue exhibited severe histopathological
changes, such as centrilobular hepatic necrosis, Kupffer
cells, ballooning degeneration and infiltrating lymphocytes (Figure 2B). Pretreatment with 780 mg/kg of
FFBJRGP or CIE (6, 18, 54 g/kg) prevented the histopathological changes associated with CCl4-induced hepatotoxicity (Figure 2C-F) to varying degrees.
The histopathological changes in fibrosis that occurred in the CCl4 and CIE groups are shown in Figure
3. The livers of rats exposed to CCl4 showed an extensive accumulation of connective tissue that resulted in
the formation of continuous fibrotic septa, nodules of
regeneration and noticeable alterations in the central
vein compared with the normal control (Figure 3A and
B). The groups treated with CIE and FFBJRGP showed
a less pronounced destruction of the liver architecture,
without fibrosis (Figure 3C-F). Based on a microscopic
examination, the severe hepatic fibrosis induced by CCl4
was markedly reduced by treatment with CIE. These data
correlate with the results of the serum aminotransferase
and hepatic antioxidant enzyme levels.

Effect of CIE on serum HA, LN and Hyp levels in rats
The serum levels of HA, LN and Hyp were significantly
increased after CCl4 administration compared with the
control group (P < 0.01, Table 3). Treatment with FFBJRGP (780 mg/kg) significantly decreased the serum levels of HA, LN and Hyp compared with the CCl4 group
(P < 0.05, P < 0.01). In addition, the serum levels of HA,
LN and Hyp showed a dose-dependent decrease in the
CIE groups (6, 18, and 54 mg/kg) compared with the
CCl4 group (P < 0.05, P < 0.01).
Effect of CIE on GSH, MDA and SOD levels in the rat
liver
GSH and SOD are antioxidants that can scavenge lipid
peroxide radicals. MDA is an end product of the breakdown of polyunsaturated fatty acids and related esters,
and its formation is an index of lipid peroxidation in
many organ homogenates. Administration of CCl4 caused
a significant decrease in the level of GSH and SOD and
an increase in the MDA concentration compared with the
normal control group (P < 0.01, Table 4). Pretreatment
with 6, 18, and 54 g/kg of CIE significantly raised the
level of SOD compared with the CCl4 group (P < 0.01, P
< 0.05). The concentration of GSH showed an increase
after CIE (6, 18, 54 g/kg) treatment, but the effect did
not reach statistical significance. In addition, rats treated
with 18 and 54 g/kg of CIE showed a significant reduction in MDA levels in the liver homogenate compared
with the CCl4-exposed group (P < 0.01).

Immunohistochemical effects of CIE
A histological examination of the liver of rats exposed to
CCl4 revealed an increase and expansion of fibrous septa
compared with normal control rats. α-SMA and TGF-β1
expressions increased in the liver of CCl4 rats compared
with normal control rats (Figure 4A, B and Figure 5A,
B). Treatment with CIE decreased α-SMA and TGF-β1
staining (Figure 4D-F and Figure 5D-F). Similarly, α-SMA
and TGF-β1 expressions were significantly attenuated in
the FFBJRGP group (Figure 4C and Figure 5C).

Effect of CIE as determined by a histopathological
evaluation
Without magnification, the liver tissue from the control
group was observed to be deep red, moist and glossy.
In the CCl4 group, the livers appeared swollen and had
lost the luster on their surface. Pretreatment with CIE
showed a dramatic and dose-dependent attenuation of
the markers for liver injury (Figure 1).
Figure 2 shows a magnified view of the changes in
liver histopathology from the control, CCl4, CIE (6, 18,
54 g/kg) and FFBJRGP groups, as determined by an HE
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GSH
(mg/gprot)

DISCUSSION
In the present study, CIE exhibited a hepatoprotective effect, as demonstrated by a significant decrease in
AST and ALT concentrations and the prevention of
histopathological changes in the liver of rats with CCl4-
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Figure 1 Liver morphology. A: Normal group; B: CCl4-treated group; C: Positive-drug + CCl4; D: 6 g/kg CIE + CCl4; E: 18 g/kg CIE + CCl4; F: 54 g/kg CIE + CCl4.
CIE: Cichorium intybus L. extract.
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F

Figure 2 Hematoxylin-eosin (original magnification × 100) of liver sections in rats. A: Normal group; B: CCl4-treated group; C: Positive-drug + CCl4; D: 6 g/kg
CIE + CCl4; E: 18 g/kg CIE + CCl4; F: 54 g/kg CIE + CCl4. CIE: Cichorium intybus L. extract.

induced hepatotoxicity. Moreover, CIE attenuated the
reduction of GSH and SOD, and decreased MDA levels
in rats with CCl4-induced hepatotoxicity.
Transaminases are typically located in the cytoplasm;
therefore, a decrease in the structural integrity of the
liver can be reflected by an increase in the serum levels

WJG|www.wjgnet.com

of these enzymes. It is generally accepted that the toxicity
of carbon tetrachloride depends on the cleavage of the
carbon-chlorine bond to generate a trichloromethyl free
radical. This free radical reacts rapidly with oxygen to
form a trichloromethyl peroxy radical that may contribute
to hepatotoxicity and the subsequent increase in hepatic
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Figure 3 Masson Trichrome examinations (original magnification × 40) of liver sections in rats. A: Normal group; B: CCl4-treated group; C: Positive-drug +
CCl4; D): 6 g/kg CIE + CCl4; E: 18 g/kg CIE + CCl4; F: 54 g/kg CIE + CCl4. CIE: Cichorium intybus L. extract.
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F

Figure 4 Immunohistochemical examination of transforming growth factor-β1 positive cells (original magnification × 200) of liver sections in rats. A: Normal group; B: CCl4-treated group; C: Positive-drug + CCl4; D: 6 g/kg CIE + CCl4; E: 18 g/kg CIE + CCl4; F: 54 g/kg CIE + CCl4. CIE: Cichorium intybus L. extract.

enzymes[27]. In the present study, the serum levels of the
hepatic enzymes AST and ALT were increased, reflecting the hepatocellular damage in the CCl4-induced injury
model. However, treatment with CIE lowered the AST
and ALT levels of CCl4-exposed animals. Moreover, the
liver index and serum levels of HA, LN, Hyp were increased in rats exposed to CCl4. CIE markedly decreased
the serum levels of HA, LN, Hyp and the liver index,
suggesting that the extract has hepatoprotective effects.

WJG|www.wjgnet.com

In addition, these effects on liver function correlate with
the histopathological changes observed from the microscopic examination of CIE-treated animals. Centrilobular
hepatic necrosis, fatty changes, Kupffer cells, ballooning
degeneration and infiltrating lymphocytes were found
in rats exposed to CCl4. Treatment with CIE prevented
these histopathological changes. Thus, our results suggest
that attenuating the elevation of certain markers of liver
failure may be the mechanism of protective action of
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Figure 5 Immunohistochemical examination of α-smooth muscle actin positive cells (original magnification × 200) of liver sections in rats. A: Normal
group; B: CCl4-treated group; C: Positive-drug + CCl4; D: 6 g/kg CIE + CCl4; E: 18 g/kg CIE + CCl4; F: 54 g/kg CIE + CCl4. CIE: Cichorium intybus L. extract.

Terminology

CIE against CCl4-induced hepatotoxicity.
In conclusion, we demonstrated that CIE has hepatoprotective effects against CCl4-induced hepatotoxicity in
rats. We propose that the observed enhancement of antioxidant enzymes and reduction in malondialdehyde are
the major mechanisms of action of CIE in the prevention of CCl4-induced liver fibrosis. However, additional
work is required to establish the efficacy of CIE as a
potent anti-hepatic fibrosis drug.

Hepatic fibrosis is a dynamic process characterized by excessive deposition of
extracellular matrix components, which can ultimately cause liver cirrhosis. In
spite of the high incidence of hepatic fibrosis worldwide, no generally accepted
anti-fibrogenic therapy is available. Current research is focused on the study of
the potential anti-hepatic fibrosis effects of traditional Chinese medicines that
have been used in China for thousands of years.

Peer review

This is an interesting study in which the authors use a CCl4-induced model
of hepatotoxicity to evaluate the protective effects of a Cichorium intybus L.
extract. Interestingly, the results suggest that a Cichorium intybus L. extract enhances the levels of antioxidant enzymes and reduces malondialdehyde levels.
These effects may be the major mechanism of action by which the Cichorium
intybus L. extract prevents CCl4-induced liver fibrosis.
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Helicobacter pylori isolates from ethnic minority patients in
Guangxi: Resistance rates, mechanisms, and genotype
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and subjected to drug sensitivity testing. The 23S rRNA
gene of H. pylori isolates was amplified by PCR and
analyzed by PCR-RFLP and direct sequencing to detect
point mutations. REP-PCR was used for genotyping of
H. pylori isolates, and NTsys_2 software was used for
clustering analysis based on REP-PCR DNA fingerprints.
Factors potentially influencing genotype distribution of
H. pylori isolates were analyzed.
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RESULTS: The rate of clarithromycin resistance was
31.3%. A2143G and A2144G mutations were detected in
the 23S rRNA gene of all clarithromycin-resistant H. pylori isolates. At a genetic distance of 78%, clarithromycin-resistant H. pylori isolates could be divided into six
groups. Significant clustering was noted among H. pylori
isolates from patients with peptic ulcer or gastritis.
CONCLUSION: The rate of clarithromycin resistance
is relatively high in ethnic minority patients in Guangxi.
Main mechanisms of clarithromycin resistance are
A2143G and A2144G mutations in the 23S rRNA gene.
Clarithromycin-resistant H. pylori isolates can be divided into six groups based on REP-PCR DNA fingerprints.
Several factors such as disease type may influence the
genotype distribution of H. pylori isolates.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Abstract
AIM: To investigate the rate of Helicobacter pylori
(H. pylori ) resistance to clarithromycin among ethnic
minority patients in Guangxi, explore the underlying
mechanisms, and analyze factors influencing genotype
distribution of H. pylori isolates.

Core tip: The present study showed that the rate of

Helicobacter pylori (H. pylori ) resistance to clarithromy-

cin was 31.3% in ethnic minority patients in Guangxi,
slightly higher than that in Dongguan in 2009 but
significantly higher than the reported resistance rate
in 2008 in the same region (Guangxi). The significant
increase in the rate of H. pylori resistance to clarithro-

METHODS: H. pylori strains were isolated, cultured
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peptic ulcer at the Department of Gastroscopy, the Affiliated Hospital of Youjiang Medical University for Nationalities. The samples were inoculated into Columbia
medium and cultured for 5-7 d in a microaerobic bag at
37 ℃. The suspected strains were confirmed as H. pylori
by Gram-staining and urease, oxidase and catalase tests.

mycin in this region may be caused by the long-term
and/or wide use of clarithromycin, which can decrease
the populations of sensitive bacteria and promote the
propagation of drug-resistant bacteria. Of note, this
study also found that there existed multidrug resistant
H. pylori strains (resistant to amoxicillin, metronidazole,
tetracycline, and levofloxacin).

Drug sensitivity testing
The bacterial suspension was adjusted to a density of 1.0
× 108 CFU/mL and plated on the Columbia sheep blood
agar. After the clarithromycin discs were plated, the plates
were incubated at 37 ℃ for 5 d. The diameter of inhibition zone was measured. According to the criteria recommended by the 2012 Clinical and Laboratory Standards
Institute (CLSI), strains were considered sensitive to clarithromycin when the diameter of inhibition zone was ≥
17 mm and resistant to clarithromycin when the diameter
was ≤ 13 mm.

Zhao LJ, Huang YQ, Chen BP, Mo XQ, Huang ZS, Huang XF,
Wei LD, Wei HY, Chen YH, Tang HY, Huang GR, Qin YC, Li
XH, Wang LY. Helicobacter pylori isolates from ethnic minority
patients in Guangxi: Resistance rates, mechanisms, and genotype. World J Gastroenterol 2014; 20(16): 4761-4770 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i16/4761.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i16.4761

INTRODUCTION

H. pylori DNA extraction and PCR amplification
Genomic DNA was isolated from H. pylori cells using a
commercial kit (Generay Biotech, Shanghai, China) according to the manufacturer’s instructions. The A2144G
and A2143G loci were amplified by PCR in a 50-μL
reaction system consisting of 29.5 μL ddH2O, 6.3 μL
10 × PCR buffer, 5.0 μL dNTPs (25 mmol/L), 0.5 μL
Taq polymerase (5 kU/L), 3.7 μL of each forward and
reverse primer (10 μmol/L), and 1.3 μL DNA template.
The primers were designed as previously described[5] and
their sequences were 5′-CCA CAG CGA TGT GGT
CTCAG-3′ (forward) and 5′-CTC CAT AAG AGC CAA
AGCCC-3′ (reverse), which yields a fragment of 425 bp.
PCR cycling parameters were pre-denaturation at 94.0 ℃
for 4 min, 32 cycles of denaturation at 94.0 ℃ for 40 s,
annealing at 61.5 ℃ for 1 min, and extension at 72.0 ℃
for 1 min, and a final extension at 72.0 ℃ for 7 min. PCR
products were resolved by 1.5% agarose gel electrophoresis and visualized by ethidium bromide staining under
ultraviolet light.

Helicobacter pylori (H. pylori) is a frequent cause of human
chronic gastritis and peptic ulcer, and is also involved in
the pathogenesis of gastric cancer and mucosa-associated
lymphoid tissue lymphoma[1-4]. The wide application of
antibiotics in H. pylori eradication therapy has led to the
increasing prevalence of H. pylori resistance to antibiotics. Antibiotic resistance is a major cause of treatment
failure. Due to the differences in doctors’ prescribing
habits, patients’ medical history, and diets, the rates of
H. pylori infection and antibiotic resistance vary among
different countries or regions[5-10]. Therefore, monitoring
and research of antibiotic-resistant H. pylori strains from
different regions can help not only understand the status
of antibiotic resistance and guide clinical medication, but
also overcome antibiotic resistance, increase the rate of
eradication and avoid the emergence of drug-resistant
strains. Guangxi is home to many ethnic minorities besides the Han Chinese, including Zhuang, Yao and Miao.
Particularly, Zhuang has the largest population. These
ethnic minorities have distinct living and eating habits.
Additionally, the level of economic development and the
standard of living are relatively low in this region, and
there are fewer types of antibiotics available. Therefore,
it is possible that the rates of H. pylori infection and antibiotic resistance in this region are significantly different
from those in other regions of China. In the present
study, we investigated the rate of H. pylori resistance to
clarithromycin among ethnic minority patients in this
region, explored the mechanism of clarithromycin resistance, and analyzed factors potentially influencing clarithromycin resistance, with an aim to reduce the rate of H.
pylori resistance to antibiotics and improve the effect of
treatment.

PCR-RFLP
The two most common mutations associated with clarithromycin resistance (A2143G and A2144G) result in
the generation of two new restriction sites for Bbs I and
Bsa I. To examine whether these two mutations were
present, the above PCR products (8 μL) were incubated
with Bbs I at 37 ℃ for 24 h or with Bsa I at 50 ℃ for 24
h. After enzyme digestion, the reaction products (10 μL)
were resolved by 1% agarose gel electrophoresis and visualized by ethidium bromide staining under ultraviolet
light.
DNA sequencing
PCR products for 1 sensitive strain and 5 clarithromycinresistant strains were randomly selected for DNA sequencing. DNA sequencing was performed by Generay
Biotech (Shanghai, China). DNATool 6.0 program
was used to analyze the 23S rRNA gene sequences of

MATERIALS AND METHODS
H. pylori strains
Between May 2011 and May 2012, 164 gastric mucosal
biopsies were collected from patients with gastritis or
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Figure 1 PCR amplification of the 23S rRNA gene of Helicobacter pylori strains. 1-10: Randomly selected clarithromycin-sensitive strains; 11-20: Randomly selected clarithromycin-resistant strains; M: 100 bp DNA ladder.
WT 5′-GCA AGA CGG AAA GAC CCC GTG GAC-3′

RESULTS
Bacterial isolation
A total of 115 clinical isolates were identified as H. pylori,
of which 82 were isolated from patients with peptic ulcer
and 33 from patients with gastritis.

Bsa I
A2144G 5′ - (N) 5 GAGACC -3′

319 + 106 bp

Bbs I
A2143G 5′ - (N) 2 G A A G A C (N)

2

-3′

Rate of clarithromycin resistance
Drug sensitivity testing revealed that there were 36 H.
pylori strains that were resistant to clarithromycin, and the
rate of clarithromycin resistance was 31.3% (36/115).

331 + 94 bp

Figure 2 Two new restriction sites for Bbs I and Bsa I caused by clarithromycin resistance-associated mutations A2143G and A2144G in the 23S
rRNA gene of Helicobacter pylori strains.

PCR-RFLP analysis of the 23S rRNA gene
Ten each of clarithromycin-sensitive and -resistant strains
were randomly selected for PCR-RFLP analysis of the
23S rRNA gene. A 425-bp fragment of interest was amplified in all clarithromycin-sensitive and -resistant strains
(Figure 1).
Clarithromycin resistance-associated mutations A2143G
and A2144G result in the generation of two new restriction sites for Bbs I and Bsa I (Figure 2). Although the
425-bp fragment could be amplified from all H. pylori
strains, only the fragment from the 10 clarithromycinresistant strains could be digested by Bbs I and Bsa I, and
the digestion resulted in the generation of two bands
(319 bp and 106 bp for Bsa I digestion, and 331 bp and
94 bp for Bbs I digestion, Figure 3). This finding suggests the presence of A2143G and A2144G mutations
in clarithromycin-resistant strains. In contrast, the fragment from the 10 clarithromycin-sensitive strains could
not be digested by Bbs I and Bsa I, indicating the absence
of A2143G and A2144G mutations in clarithromycinsensitive strains (Figure 3). Of note, the 425-bp fragment
could not be completely digested by both enzymes in all
clarithromycin-resistant strains.

clarithromycin-sensitive and -resistant strains, and the
sequences were compared with that of HPJ99 strain
(NC-000921) deposited in the genome database (National
Center for Biotechnology Information, NCBI).
REP-PCR
REP-PCR was performed in a 25-μL reaction system
consisting of 14.25 μL ddH2O, 2.5 μL 10 × PCR buffer,
0.5 μL dNTPs, 0.5 μL Taq polymerase (2 U), 0.5 μL of
each forward and reverse primer, 0.25 μL MgC12 and 5
μL DNA template. The primers were designed as previously described[6] and their sequences were 5′-CGGICTAcIGCIGcIIII-3′ (forward) and 5′-ICGICITFATCIGGCCTAC-3′ (reverse), where I represents inosine. PCR
cycling parameters were pre-denaturation at 95.0 ℃ for
30 s, 80 ℃ for 2 min, 65 cycles of denaturation at 95.0 ℃
for 30 s, annealing at 40 ℃ for 1 min, and extension at
65.0 ℃ for 8 min, and a final extension at 65.0 ℃ for 8
min. PCR products were resolved by 1.0% agarose gel
electrophoresis and visualized by ethidium bromide staining under ultraviolet light.
Clustering analysis
Based on REP-PCR DNA fingerprints, the band was
scored 1 if there was a mobility shift and 0 if there was
not. NTsys_2 software was used for clustering analysis.

DNA sequencing
PCR products for 1 sensitive strain and 5 clarithromycinresistant strains were randomly selected for DNA sequencing. The obtained DNA sequences were compared
with that of HPJ99 strain deposited in the NCBI genome
database. The results confirmed the presence of A2143G
and A2144G mutations in clarithromycin-resistant strains,

Statistical analysis
The rate of clarithromycin resistance is expressed as a
percentage (%).

WJG|www.wjgnet.com

4763

April 28, 2014|Volume 20|Issue 16|

Zhao LJ et al . Helicobacter pylori isolates from ethnic minority patients in Guangxi

A

1

2

3

4

5

6

7

8

9

10

M

11

12

13

14

15

16

17

18

19

20

425 bp

319 bp
106 bp

B

1

2

3

4

5

6

7

8

9

10

M

11

12

13

14

15

16

17

18

19

20

425 bp

331 bp

94 bp

Figure 3 Digestion of the amplified fragment of the 23S rRNA gene from Helicobacter pylori isolates with restriction endonuclease Bbs I (A) and Bsa I (B).
1-10: Randomly selected clarithromycin-sensitive strains; 11-20: Randomly selected clarithromycin-resistant strains; M: 100 bp DNA ladder.

Table 1 Clinical characteristics of 26 patients from whom clarithromycin-resistant Helicobacter pylori strains were isolated
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Strain

Gender

Age

Ethnicity

Region

Disease type

History of
medication

Family history of
gastric disease

Antibiotic resistance

GXHP039
GXHP051
GXHP071
GXHP080
GXHP043
GXHP093
GXHP004
GXHP014
GXHP016
GXHP019
GXHP021
GXHP023
GXHP026
GXHP121
GXHP085
GXHP034
GXHP090
GXHP067
GXHP056
GXHP100
GXHP104
GXHP107
GXHP110
GXHP113
GXHP115
GXHP120

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

46
46
39
54
47
46
49
46
57
52
51
48
41
46
53
51
41
41
39
47
46
56
59
46
53
46

H
H
Ch
Ch
H
Ch
Ch
Ch
Ch
Ch
Ch
Ch
Ch
H
Ch
Ch
Ch
H
H
H
H
H
H
H
H
H

LY
BS
TY
BS
BS
TL
TY
BS
BS
LY
TL
LY
TY
TY
TY
BS
BS
BS
TY
LY
TY
BS
BS
TL
LY
BS

PU
PU
CG
CG
PU
CG
PU
PU
PU
PU
PU
PU
PU
CG
CG
PU
CG
PU
PU
CG
CG
CG
CG
CG
CG
CG

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

+
+
+
+
+
+
+
+
+
+

CA
CA
C
CAS
CA
CASG
C
CAS
CASG
C
CASG
CAG
C
C
C
CAG
C
C
CA
CA
CG
CAS
CAG
C
CAG
C

PU: Peptic ulcer; CG: Gastritis; Ch: Chuang; H: Han; M: Male; F: Female; BS: Baise; TY: Tianyang; LY: Lingyu; TL: Tianlin; +: A clear history; -: An unclear
history; C: Clarithromycin; G: Gentamycin; S: Streptomycin; A: Amoxicillin.

Clustering analysis
The NTsys-2 software was used to analyze the similarity
among the randomly selected clarithromycin-resistant
and -sensitive H. pylori isolates. At a genetic distance of
78%, 26 clarithromycin-resistant H. pylori isolates could
be classified into 6 genotypes (Figure 6), and 26 clarithromycin-sensitive H. pylori isolates could be classified into 4

but not in clarithromycin-sensitive strains (Figure 4).
REP-PCR analysis
Twenty-six each of randomly selected clarithromycinresistant and -sensitive H. pylori isolates and the standard
strain ATCC43504 were subjected to REP-PCR analysis,
and the results are shown in Tables 1 and 2 and Figure 5.
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J99 1428504 CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
S
1
CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
R1
1
CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
R2
1
CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
R3
1
CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
R4
1
CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
R5
1
CCAAAAACACAGCACTTTGCCAACTCGTAAGAGGAAGTATAAGGTGTGACGCCTGCCCGG
J99
S
R1
R2
R3
R4
R5

1428324
81
81
81
81
81
81

GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG
GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG
GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG
GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG
GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG
GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG
GACCTGCATGAATGGCGTAACGAGATGGGAGCTGTCTCAACCAGAGATTCAGTGAAATTG

J99 1428264 TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAAAGACCCCGTGGACCTTTAC
S 241
TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAAAGACCCCGTGGACCTTTAC
A2143G、A2144G
R1
R2
R3
R4
R5

241
241
241
241
241

TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAGGGACCCCGTGGACCTTTAC
TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAGGGACCCCGTGGACCTTTAC
TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAGGGACCCCGTGGACCTTTAC
TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAGGGACCCCGTGGACCTTTAC
TAGTGGAGGTGAAAATTCCTCCTACCCGCGGCAAGACGGAGGGACCCCGTGGACCTTTAC

J99
S
R1
R2
R3
R4
R5

1428204
301
301
301
301
301
301

TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA
TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA
TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA
TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA
TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA
TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA
TACAACTTAGCACTGCTAATGGGAATATCATGCGCAGGATAGGTGGGAGGCTTTGAAGTA

J99
S
R1
R2
R3
R4
R5

1428144
361
361
361
361
361
361

AGGGCTTTGGCTCTTATGGAG
AGGGCTTTGGCTCTTATGGAG
AGGGCTTTGGCTCTTATGGAG
AGGGCTTTGGCTCTTATGGAG
AGGGCTTTGGCTCTTATGGAG
AGGGCTTTGGCTCTTATGGAG
AGGGCTTTGGCTCTTATGGAG

Figure 4 Comparison of the 23S rRNA gene sequence of Helicobacter pylori isolates with that of HPJ99 strain. S: A clarithromycin-sensitive isolate; R1-5:
clarithromycin-resistant strains.

genotypes (Figure 6).

with regimens containing either of the two antibiotics
becomes lower and lower. The rate of H. pylori resistance
to antibiotics varies among different countries or regions,
although it shows an upward trend[11-15]. From 1996 to
2004 in Japan, the prevalence of H. pylori resistance to
clarithromycin has increased to 30%[16]. In Vietnam in
2008[17], the rate of clarithromycin resistance was 33%,
and the rate in Ho Chi Minh City (49%) was obviously
higher than that in Hanoi (18.5%). In China, the rate of
H. pylori resistance to antibiotics varies among different
regions. For example, a study on H. pylori resistance to
antibiotics in Beijing, Shanghai and Wenzhou[18] showed
that the rate of resistance to metronidazole was highest,
followed by clarithromycin. In 2009 in Dongguan, the
rate of H. pylori resistance to clarithromycin was 27.6%[19].
The present study showed that the rate of H. pylori
resistance to clarithromycin was 31.3% in ethnic minority
patients in Guangxi, slightly higher than that in Dongguan in 2009 but significantly higher than the reported
resistance rate in 2008 in the same region (Guangxi). The

Factors influencing genotype distribution of H. pylori
isolates
Factors influencing genotype distribution of H. pylori
isolates may include disease type, ethnicity, gender, age,
region, history of antibiotic medication, history of gastric
diseases, and multidrug resistance. The frequencies of the
presence of these factors in the patients are presented in
Tables 3 and 4.

DISCUSSION
Rate of H. pylori resistance to clarithromycin in ethnic
minority patients in Guangxi
Antibiotic resistance is a main factor affecting therapeutic
effects in patients with H. pylori infection. Particularly,
the rates of H. pylori resistance to clarithromycin and
metronidazole have been increasing year by year, and
accordingly, the rate of H. pylori eradication achieved
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Table 2 Clinical characteristics of 26 patients from whom clarithromycin-sensitive Helicobacter pylori strains were isolated
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Strain

Gender

Age

Ethnicity

Region

Disease type

History of
medication

Family history of
gastric disease

GXHP069
GXHP070
GXHP096
GXHP119
GXHP094
GXHP074
GXHP116
GXHP075
GXHP076
GXHP079
GXHP078
GXHP101
GXHP102
GXHP005
GXHP006
GXHP007
GXHP008
GXHP024
GXHP025
GXHP027
GXHP040
GXHP041
GXHP052
GXHP053
GXHP054
GXHP050

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

46
43
36
48
46
47
46
45
48
53
52
42
56
35
41
60
38
50
39
59
51
52
53
47
49
72

Ch
Ch
Ch
H
Ch
Ch
H
Ch
Ch
Ch
Ch
H
H
Ch
Ch
Ch
Ch
Ch
Ch
Ch
H
H
H
H
H
H

TL
LY
BS
TY
BS
TL
BS
LY
TY
TL
BS
BS
BS
BS
TL
TL
BS
TL
BS
BS
BS
BS
BS
BS
BS
LY

CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
PU
PU
PU
PU
PU
PU
PU
PU
PU
PU
PU
PU
PU

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

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

PU: Peptic ulcer; CG: Gastritis; Ch: Chuang; H: Han; M: Male; F: Female; BS: Baise; TY: Tianyang; LY: Lingyu; TL: Tianlin; +: A clear history; -: An unclear
history.

A

M 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 ATCC43504

3000 bp

2900 bp

1000 bp

1000 bp
500 bp

500 bp

B

M J99 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

3000 bp

2800 bp
1200 bp

1000 bp
500 bp

Figure 5 REP-PCR analysis of 26 clarithromycin-resistant (A) and clarithromycin-sensitive (B) Helicobacter pylori isolates. M: λDNA/EcoR I-Hind III marker;
1-26: Clarithromycin-resistant Helicobacter pylori isolates; ATCC43504: A standard Helicobacter pylori strain.

significant increase in the rate of H. pylori resistance to
clarithromycin in this region may be caused by the longterm and/or wide use of clarithromycin, which can decrease the populations of sensitive bacteria and promote
the propagation of drug-resistant bacteria. Of note, this
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study also found that there existed multidrug resistant
H. pylori strains (resistant to amoxicillin, metronidazole,
tetracycline, and levofloxacin)[20]. Therefore, we recommend that, in order to improve the rate of H. pylori eradication, tests for H. pylori antibiotic resistance should be
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A

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ
Ⅵ

0.67

GXHP039
GXHP043
GXHP051
GXHP034
GXHP004
GXHP014
GXHP016
GXHP019
GXHP021
GXHP023
GXHP026
GXHP056
GXHP067
GXHP100
GXHP071
GXHP080
GXHP104
GXHP107
GXHP110
GXHP113
GXHP115
GXHP120
GXHP121
GXHP085
GXHP090
GXHP093

C1
V5
C2
V16
V7
V8
V9
V10
V11
V12
V13
V19
V18
V20
C3
C4
V21
V22
V23
V24
V25
V26
V14
V15
V17
V6

0.75

0.83

0.92

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ
Ⅵ

1.00

Coefficient

B

C1
C2
V6
V8
V9
V11
V12
V13
V10
C3
C7
C4
V5
V14
V26
V21
V17
V15
V22
V16
V18
V23
V24
V20
V19
V25

Ⅰ

Ⅱ

0
V1
Ⅲ

Ⅳ

0.23

0.42

0.62
Coefficient

0.81

GXHP069
GXHP070
GXHP074
GXHP075
GXHP076
GXHP078
GXHP101
GXHP102
GXHP079
GXHP096
GXHP116
GXHP119
GXHP094
GXHP005
GXHP050
GXHP040
GXHP008
GXHP006
GXHP041
GXHP007
GXHP024
GXHP052
GXHP053
GXHP027
GXHP025
GXHP054

Ⅰ

Ⅱ

Ⅲ

Ⅳ

1.00

Figure 6 Dendrogram of REP-PCR DNA fingerprints for clarithromycin-resistant Helicobacter pylori strains. A: 6 genotypes; B: 4 genotypes.

Table 3 Frequencies of the presence of factors influencing genotype distribution of clarithromycin-resistant strains

Group Ⅰ
Group Ⅱ
Group Ⅲ
Group Ⅳ
Group Ⅴ
Group Ⅵ

CG

PU

Ch

H

M

F

TY

TL

LY

BS

HMR

HM

FHGD

30-40 yr

41-50 yr

51-60 yr

0
0
1
8
3
1

2
11
0
0
0
0

0
8
0
2
2
1

2
3
1
6
1
0

2
4
1
5
0
0

0
7
0
3
3
1

0
3
0
2
2
0

0
1
0
1
0
1

1
2
1
1
0
0

1
5
0
4
1
0

2
4
1
4
1
1

2
5
1
4
1
0

0
4
1
5
1
0

0
1
0
1
0
0

2
6
1
3
2
1

0
4
0
4
1
0

CG: Gastritis; PU: Peptic ulcer; Ch: Chuang; H: Han; M: Male; F: Female; TY: Tianyang; TL: Tianlin; LY: Lingyu; BS: Baise; HMR: History of multidrug
resistance; HM: History of medication; FHGD: Family history of gastric disease.

Mechanisms of H. pylori resistance to clarithromycin in
ethnic minority patients in Guangxi
Clarithromycin, as a new generation of macrolide antibiotic, is acid-stable and can be dissolved in gastric

established in this region, sensitive antibiotics should be
selected based on antibiotic sensitivity of H. pylori strains,
and the research on the mechanisms of antibiotic resistance should be enhanced.
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Table 4 Frequencies of the presence of factors influencing genotype distribution of clarithromycin-sensitive strains

Group Ⅰ
Group Ⅱ
Group Ⅲ
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51-60 yr

9
4
0
0

0
0
11
2
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5
1

2
2
6
1

0
4
4
2

9
0
7
0

1
1
1
1

2
0
2
0

2
0
1
0

4
3
7
1

2
1
3
0

6
3
7
0

0
1
3
1

6
3
3
1

3
0
5
0

CG: Gastritis; PU: Peptic ulcer; Ch: Chuang; H: Han; M: Male; F: Female; TY: Tianyang; TL: Tianlin; LY: Lingyu; BS: Baise; HM: History of medication;
FHGD: Family history of gastric disease.

juice that has a low pH level. Therefore, it has good oral
bioavailability and its concentration is high in the gastric
mucosa. Additionally, clarithromycin has few adverse
reactions. Since clarithromycin monotherapy can achieve
an eradication rate between 42%-54%, it is one of the
currently known antibiotics that have the strongest effect
on H. pylori. Compared with triple therapy without clarithromycin, clarithromycin-containing triple therapy can
increase the rate of H. pylori eradication by 10%-20%.
Therefore, clarithromycin is the main antibiotic used in
regimens for H. pylori. However, significant resistance of
H. pylori to clarithromycin has been observed, and the
rate of clarithromycin resistance has increased, especially
after an initial failure[21-23]. Clarithromycin exerts antibacterial effects by penetrating the bacteria cell wall, binding
to the domain V of the 23S ribosomal RNA of the 50S
subunit of the bacterial ribosome, inhibiting peptidyl
transferase activity, interfering with amino acid translocation and thereby suppressing bacterial protein synthesis.
With regard to the mechanisms of H. pylori resistance to
clarithromycin, the consensus view is point mutations in
the domain V of the 23S ribosomal RNA, which reduce
the binding force between clarithromycin and the ribosome. Most of the discovered mutations are A to G transition mutations, and currently known mutations include
A2144G, A2143G, A2142G, A2142C, G2115A, G214lA,
A2142T and A2143C. Some mutations can occur even in
other chromosomal segments. Since the minimum inhibitory concentrations of clarithromycin are higher in H. pylori strains bearing A2144G and A2143G mutations, these
strains have more stable resistance and higher growth
rate[24-26]. Therefore, A2143G and A2144G mutations
are most common in clinically isolated clarithromycinresistant H. pylori strains. However, point mutations in
clarithromycin-resistant H. pylori strains can vary among
different regions and different ethnicity groups.
This study detected the A2143G and A2144G mutations in the 23S rRNA gene in H. pylori isolates using PCR-RFLP, which is a simple and high-sensitivity
method. Both mutations were detected in all 10 randomly
selected clarithromycin-resistant isolates, but not in clarithromycin-sensitive isolates. Direct DNA sequencing of
the 23S rRNA gene in 5 randomly selected clarithromycin-resistant isolates confirmed the above finding. Therefore, A2143G and A2144G mutations are closely related
to H. pylori resistance to clarithromycin in ethnic minority
patients in Guangxi. Future studies should develop methods to repair or avoid these mutations to reduce the rate
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of clarithromycin resistance and improve the effectiveness of prevention and control.
Genotype variation in H. pylori isolates in Guangxi and
factors influencing genotype distribution
To investigate the association of genotypes of H. pylori
isolates from ethnic minority patients in Guangxi with
disease type, ethnicity and multidrug resistance, REPPCR was used to genotype clarithromycin-resistant H.
pylori isolates from patients of different ethnicity or with
different disease types, and the results showed that strains
isolated from different patients had different DNA fingerprints (Figure 5A).
The NTsys_2 software was used to perform clustering analysis. The dendrogram of REP-PCR DNA fingerprints for clarithromycin-resistant H. pylori strains (Figure
6A) showed a similarity of 100% among GXHP014,
GXHP016, GXHP019, GXHP021, GXHP023 and
GXHP026; between GXHP104 and GXHP107; and
between GXHP110 and GXHP113. These three groups
shared a similarity of 90%. In addition, GXHP104 and
GXHP107 had a similarity of 95.2% to GXHP110 and
GXHP113. At a genetic distance of 78%, the 26 strains
of clarithromycin-resistant H. pylori were divided into
6 groups, which are as follows: (1) group I: This group
includes GXHP039 and GXHP043, which were isolated
from a woman with peptic ulcer in Baise and a woman
with the same disease in Lingyun, respectively. The two
women, ranging in age between 41 and 50 years old, had
a history of clarithromycin use, but their family history of
gastric disease was unknown. The two strains were also
resistant to amoxicillin, streptomycin, and gentamicin;
(2) group II: This group includes GXHP051, GXHP034,
GXHP004, GXHP014, GXHP016, GXHP019,
GXHP021, GXHP023, GXHP026, GXHP056 and
GXHP067. All the 11 strains were isolated from patients
with peptic ulcer. GXHP034, GXHP004, GXHP014,
GXHP016, GXHP019, GXHP021, GXHP023,
GXHP026 and GXHP056 came from 9 Zhuang patients
(6 females and 3 males) in Baise, Tianlin, Lingyun, or
Tianyang. They had an unknown history of medication or a family history of gastric diseases. GXHP014,
GXHP019, GXHP021 and GXHP026 were also resistant
to amoxicillin and streptomycin. GXHP051, GXHP056
and GXHP067 came from 3 Han patients in Baise or
Tianlin, all of whom had a history of clarithromycin use
and a family history of gastric disease. These three strains
were also resistant to amoxicillin, streptomycin and gen-
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tamicin. In this group, one patient was in the 30-40 age
group, 6 in the 41-50 age group, and 4 in the 51-60 age
group; (3) group Ⅲ: This group includes only GXHP100.
This strain came from a Han male with chronic gastritis
in Lingyun. He had a history of clarithromycin use and
family history of gastric disease. The strain was also resistant to amoxicillin. The patient was in the 41-50 age
group; (4) group IV: This group includes GXHP071,
GXHP080, GXHP104, GXHP107, GXHP110,
GXHP113, GXHP113, GXHP115 and GXHP120. The
8 strains came from 8 patients with chronic gastritis (5
males and 3 females) in Baise, Tianlin, Lingyun, or Tianyang. There were 6 Han patients and 2 Zhuang patients.
Four patients had a history of clarithromycin use and
five patients had a family history of gastric diseases. Four
strains were also resistant to amoxicillin and gentamicin.
In this group, one patient was in the 30-40 age group,
3 in the 41-50 age group, and 4 in the 51-60 age group;
(5) group V: This group includes GXHP085, GXHP090
and GXHP121. All 3 strains came from 3 females with
chronic gastritis in Baise or Tianlin. There were 1 Han
patient and 2 Zhuang patients. One patient had both
a history of clarithromycin use and a family history of
gastric diseases. One strain was also resistant to amoxicillin and gentamicin. In this group, 2 patients were in
the 41-50 age group, and 1 in the 51-60 age group; and
(6) group VI: This group includes only GXHP093. This
strain came from a Zhuang female with chronic gastritis
in Tianlin. She had an unknown history of clarithromycin
use or family history of gastric diseases. The strain was
also resistant to amoxicillin and streptomycin. The patient
was in the 41-50 age group.
Based on the above data, it can be found that factors
influencing genotype distribution include disease type,
ethnicity, gender, age, region, history of medication, family history of gastric disease, and multidrug resistance.
The frequencies of the presence of these factors influencing genotype distribution of clarithromycin-resistant
strains are shown in Table 3. Main factors influencing
genotype distribution of clarithromycin-resistant strains
may be: (1) disease type: Gastritis and peptic ulcer were
main influencing factors, because group Ⅱ and group
Ⅳ strains were isolated from patients with gastritis
and those with peptic ulcer, respectively; (2) ethnicity:
Zhuang and Han were main influencing factors, because GXHP014, GXHP016, GXHP019, GXHP021,
GXHP023 and GXHP026, which shared a similarity of
100%, were all isolated from Zhuang patients; GXHP104
and GXHP107, which shared a similarity of 100%, as
well as GXHP110 and GXHP113, which also shared a
similarity of 100%, were all isolated from Han patients;
(3) family history of gastric disease: Since GXHP104
and GXHP107, which shared a similarity of 100%, were
isolated from Han patients with a family history of gastric diseases, while GXHP110 and GXHP113, which
also shared a similarity of 100%, were isolated from Han
patients without a family history of gastric diseases, we
speculate that family history of gastric disease may be
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associated with the genotype distribution; (4) multidrug
resistance: Since the frequency of the presence of multidrug resistance is high (50%-100%) in H. pylori isolates of
various genotypes, there may exist an association between
multidrug resistance and the genotype distribution.
We also analyzed the genotypes of clarithromycinsensitive H. pylori strains using the same method and
found that the main factors influencing the genotype
distribution of clarithromycin-sensitive strains were disease type and patient gender (Figures 5B and 6B, Table
2). Compared with clarithromycin-resistant strains, the
genotype distribution of clarithromycin-sensitive strains
was influenced by fewer factors. This discrepancy may
be partly explained by the genetic mutations in clarithromycin-resistant strains. In addition, we found that region,
age and history of medication had relatively small impact
on genotype distribution. However, since the number of
strains analyzed in the present study is relatively small, we
could not use statistical methods to analyze the influence
of various factors on genotype distribution. Future studies should carefully address this issue.
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RESULTS: Compared with the control infusion group,
there were obvious pathological changes in the SII
group. The W/D ratio was significantly increased in the
SII compared to control infusion group (5.86 ± 0.06
vs 5.37 ± 0.06, P < 0.01). MPO activity significantly
increased in the SII infusion rats with a mean level of
0.86 ± 0.02 U/g compared to 0.18 ± 0.05 U/g in the
control group (P < 0.01). The concentrations of TNF-α
and IL-6 were significantly increased in the SII infusion
group. The concentration of TNF-α was significantly
increased in the SII infusion rats compared to control
infusion rats (2104.46 ± 245.91 vs 1475.13 ± 137.82
pg/mL, P < 0.01). The concentration of IL-6 was significantly increased in the SII infusion rats with a mean
level of 50.56 ± 2.85 pg/mL compared to 43.29 ±
2.02 pg/mL (P < 0.01). The expression levels of TLR-4
(7496.68 ± 376.43 vs 4589.02 ± 233.16, P < 0.01)
and NF-κB (8722.19 ± 323.96 vs 6498.91 ± 338.76, P
< 0.01) were significantly increased in the SII infusion
group compared to the control infusion group. The infusion of SII lymph, but not control lymph, caused lung
injury.

Abstract
AIM: To investigate whether mesenteric lymph from
rats with severe intraperitoneal infection (SII) induces
lung injury in healthy rats.
METHODS: Twenty adult male specific pathogen-free
Wistar rats were divided into two groups. Animals in
the SII group received intraperitoneal injection of Escherichia coli (E. coli ) at a dose of 0.3 mL/100 g. Control
rats underwent the same procedure, but were injected
with normal saline rather than E. coli . We ligated and
drained the mesenteric lymphatic vessels and collected
the mesenteric lymph. Mesenteric lymph collected
from SII or control rats was infused intravenously into
male healthy rats at a rate of 1 mL/h for 4 h. At the
end of the infusion, all rats were sacrificed. Lungs were
removed and examined histologically, and wet-to-dry
weight (W/D) ratio and myeloperoxidase (MPO) activity were determined. Enzyme-linked immunosorbent
assay (ELISA) was performed to determine the levels
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CONCLUSION: The results indicate that SII lymph is
sufficient to induce acute lung injury.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Severe intraperitoneal infection; Mesenteric
lymph; Acute lung injury; Toll-like receptor 4; Nuclear
factor κB
Core tip: We previously speculated that the lymphatic
pathway plays a leading role in the early lung injury
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caused by severe intraperitoneal infection (SII), and
that the mesenteric lymph may be the original source
of organ damage. Here, we infused mesenteric lymph
from rats with SII into healthy rats to investigate the
effect on lung tissues. We confirmed that the damage
to the remote organ was caused via the mesenteric
lymphatic pathway.

MATERIALS AND METHODS
Animals
Twenty adult male specific pathogen-free Wistar rats
were purchased from the Chinese Academy of Military
Medical Sciences [Animal license for SCXK (Army),
2009-003]. The animals (250-300 g) were maintained in
accordance with the guidelines of the National Institutes
of Health Guide for the Care and Use of Laboratory Animals, and the experiments were approved by the Tianjin
Nankai Hospital Animal Care and Use Committee.

Zhang YM, Zhang SK, Cui NQ. Intravenous infusion of
mesenteric lymph from severe intraperitoneal infection rats
causes lung injury in healthy rats. World J Gastroenterol 2014;
20(16): 4771-4777 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4771.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4771

Experimental design
This study aimed to test whether SII mesenteric lymph
was sufficient to induce lung injury. Mesenteric lymph
samples collected from both control and SII rats was infused into different healthy rats. In the initial experiment,
lymph was collected from the SII or control group for
4 h after the end of the infection period. The collected
lymph specimens were centrifuged at 2000 rpm at 4 ℃
for 10 min and stored at -80 ℃. The collected SII and
control lymph specimens were infused intravenously
into rats at a rate of 1 mL/h for 4 h. The 20 rats were
divided equally into the SII infusion and control infusion
groups. The volume of lymph infusion was 0.35 mL/100
g, which was based on the fact that the total lymph was
produced by the rats during the entire lymph collection
period. At the end of the 4-h infusion, the rats were
killed and lung tissues were harvested to assess injury.

INTRODUCTION
For intensive care unit (ICU) patients, acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS)
are the most common and life-threatening diseases[1].
In the field of abdominal surgery, severe intraperitoneal
infection (SII) caused by some primary diseases, such as
perforation peritonitis, severe acute pancreatitis, biliary
tract infection, or celiac abscess, is known as the main
cause of sepsis or multiple organ dysfunction syndrome
(MODS). According to the intestinal lymphatic hypothesis of SIRS/MODS proposed by Deitch et al[2], early
in intraperitoneal infection, endotoxin and endogenous
inflammatory mediators can enter mesenteric lymphatic
vessels and then the lacteal and systemic circulation via
the thoracic duct.
Septic peritonitis induced by SII is a clinically relevant
polymicrobial sepsis model in rodents[3-5]. Multiple Tolllike receptor (TLR)-dependent pathways are activated
during sepsis[6]. Within the TLR family, TLR-4 appears to
have a prominent role in the pathogenesis of microbial as
well as sterile inflammatory states[7]. Endotoxin signaling
is mainly via TLR-4. Endotoxin binds to TLR-4 and leads
to activation of nuclear factor (NF)-κB to induce the
production of proinflammatory cytokines[8].
We have previously studied endotoxin distribution in
the viscera and body fluids in rats with intraperitoneal infection after translocation of endogenous endotoxin. The
level of endotoxin in the thoracic duct lymph was significantly higher than that in the portal vein blood[9], and
blocking the backflow of abdominal lymph can attenuate ALI in SII rats[10]. Thus, the lymphatic but not portal
vein pathway is speculated to play the leading role in the
early lung injury caused by SII, and at the same time, the
lymph in the thoracic duct may be the original source of
organ damage.
In the present study, we infused mesenteric lymph
from rats with SII into healthy rats, and examined its effect on lung tissues. We aimed to confirm whether damage to the remote organ was caused via the mesenteric
lymphatic pathway, and whether the lymph from SII rats
was sufficient to cause lung injury.

WJG|www.wjgnet.com

SII and lymph cannulation models
After a 7-d acclimatization period, rats underwent mesenteric lymph duct cannulation, followed by SII or control
infusion, as previously described. The SII group received
intraperitoneal injection of Escherichia coli (E. coli) at a
dose of 0.3 mL/100 g. Two hours after injection of E.
coli, rats were anesthetized with 10% chloral hydrate (3
mL/kg). We surgically exposed the superior mesenteric
artery and mesenteric lymphatic vessels, and ligated and
drained the latter and collected the mesenteric lymph.
Control group rats underwent the same procedure, but
were injected with normal saline rather than E. coli. The
body temperature was maintained above 36.3 ℃ with the
use of heating pads or lamps as necessary. Mesenteric
lymph was collected continuously into heparin-wetted
sterile tubes that were placed on ice. The lymph samples
were centrifuged for 10 min at 2000 rpm to remove all
cellular components and stored at -80 ℃ until use. A total of 20 rats were used for lymph collection.
Lymph infusion protocol
Male Wistar rats underwent laparotomy as well as internal
jugular vein cannulation. The pooled SII or control group
mesenteric lymph specimens were infused intravenously
via the jugular vein catheter and microinjection pump at
a rate of 1 mL/h for 4 h. At the end, the rats were killed
and lung injury was assessed by the wet and dry weight
(W/D) ratio of the lung, the levels of inflammatory
cytokines, and lung myeloperoxidase (MPO; marker of
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Statistical analysis
Mean ± SD values were calculated to summarize all
outcome measurements. The t test was used to compare
the means of two groups and P < 0.05 was considered
significant. All statistical analyses were performed using
SPSS version 17.0 (SPSS, Chicago, IL, United States).

pulmonary leuko sequestration).
Lung W/D ratio
The inferior lobe of the left lung was removed and
weighed after gently wiping away the moisture on the surface. The specimen was placed in an 80 ℃ oven for 48 h
and weighed to measure the dry weight. The W/D ratio
was calculated for each group.

RESULTS
Lung W/D ratio
To investigate the effect of mesenteric lymph of SII rats
on lung edema, we measured lung W/D ratios. Lung W/
D ratios were obviously increased in SII lymph-treated
rats, compared with the control group (Figure 1A).

MPO assay
Frozen lung tissue was homogenized and processed for
measurement of MPO activity. The MPO Activity Assay
kit (Nanjing Jiancheng Bioengineering Institute, China)
was used for MPO determination, according to the instructions provided with the kit.

MPO activity in lung tissues
Neutrophil infiltration in lung tissue plays an important
role in lung injury induced by SII lymph. The MPO assay
is widely used to quantify the number of neutrophils in
tissues and serves as an index of inflammation, because
MPO is an enzyme that is released mainly from neutrophils. Compared with the control infusion group, the lung
MPO activity was increased in the SII infusion group
(Figure 1B). There is a growing body of evidence that
involves polymorphonuclear leukocytes (PMNs) in the
pathophysiological progress of SII. The increased MPO
activity in the lung tissue after SII suggested activation of
an inflammatory response.

Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assay (ELISA) was performed to determine the levels of the proinflammatory
cytokines tumor necrosis factor (TNF)-α and interleukin
(IL)-6, using commercially available kits from RayBiotech
Inc., Norcross, GA, United States. The optical density
was measured on an ELISA plate scanner (KHB ST-360;
Shanghai Danding Company, China) at 490 nm. The results were expressed as picograms of TNF-α or IL-6 per
milliliter of lung tissue.
Lung histology
The lungs harvested from rats were immediately fixed in
10% buffered formalin. After fixation, the tissue samples
were dehydrated and embedded in paraffin blocks. The
sections were cut (4 µm thick) and stained with hematoxylin and eosin (HE). The slides were viewed under a
standard light microscope.

TNF-α and IL-6 levels in lung tissues
To investigate the mechanism of the lung damage induced by mesenteric lymph from SII, we studied the
levels of TNF-α and IL-6 in lung tissues. Compared with
the control infusion group, lung tissue TNF-α and IL-6
levels increased significantly in the SII infusion group
(Figure 2).

Western blot
Lung tissues immediately frozen in liquid nitrogen were
disrupted using a homogenizer with RIPA cell lysis buffer (150 mmol NaCl, 1% Triton X-100, 1% sodium
deoxycholate, 0.1% SDS, 50 mmol Tris-HCl, pH = 7.5,
and 2 mmol EDTA) containing a mixture of protease
inhibitors (Roche, Switzerland). Protein samples were
separated by 8%-15% SDS-PAGE and transferred to a
polyvinylidene difluoride membrane. After blocking with
5% skimmed milk for 2 h, the membrane was incubated
overnight with a primary antibody at 4 ℃. The membrane was then triple-washed with Tris-buffered saline
containing 0.1% Tween 20 (TBS-T) and incubated with a
secondary antibody for 2 h at room temperature. Horseradish-peroxidase-conjugated IgG in 5% skimmed milk
(1:1000) was used as the secondary antibody. The target
protein was detected using the ECL Western Blotting
Analysis System (Santa Cruz Biotechnology, Santa Cruz,
CA, United States) and X-ray film. The expression levels
of TLR-4 (Cell Signaling Technology, Inc, United States),
NF-κB (Cell Signaling Technology, Inc, United States),
and GAPDH (Cell Signaling Technology, Inc, United
States) were measured.
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Lung histology
Lung injury is characterized by edema, hemorrhage and
PMN infiltration. The control infusion group showed
normal appearance of lung tissues. In the SII infusion
group, the majority of the interstitial capillaries were
congested with erythrocytes. The lung tissue also showed
hemorrhage and edema between alveoli. Inflammatory
cell infiltration increased septal thickness (Figure 3).
Expression of TLR-4 and NF-κ B
Activation of TLR-4 and NF- κB signaling pathways
plays a key role in the regulation of inflammatory mediator production. Therefore, we performed Western blot
to investigate the activation of TLR-4 and NF-κB p65.
The expression of TLR-4 and NF-κB was significantly
increased after injection of SII lymph, compared with the
control group (Figure 4).

DISCUSSION
The role of gut and gut-derived factors in the pathogen-
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Figure 1 Change in lung wet-to-dry weight ratio and myeloperoxidase level. Severe intraperitoneal infection (SII) lymph infusion increased inflammatory injury.
Myeloperoxidase (MPO) activity (A) and wet-to-dry weight (W/D) ratio (B) were measured in lung collected from SII and control lymph-infused rats 4 h after infusion.
The results (mean ± SD) are the summary of two separate experiments (n = 10 rats in each group). bP < 0.01 vs SII infusion group.
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Figure 2 Tumor necrosis factor-α and interleukin-6 levels in lung tissues. Severe intraperitoneal infection (SII) lymph infusion enhances sepsis-induced inflammatory cytokine responses in the lung. Concentrations of tumor necrosis factor-α (A) and interleukin (IL)-6 (B) were measured from lung extracts of SII and control
lymph-infused rats. Data are mean ± SD of 10 rats in each group. Results are representative of two separate experiments. dP < 0.01 vs SII infusion group.
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Figure 3 Tissue sections of lungs of severe intraperitoneal infection and control infusion rats stained with hematoxylin and eosin. Evidence of increased interstitial edema and inflammatory cell infiltration was found in rats injected with SII lymph (A). In contrast, control lymph-infused rats showed no evidence of lung injury
(B). Magnification, × 200.

esis of ARDS and MODS has been studied extensively
and its understanding has evolved over the past two
decades. Initially, it was believed that gut barrier failure
during shock led to systemic inflammation and MODS
by the translocation of bacteria and their products from
the gut into the systemic circulation[11]. However, several
studies, including that by Moore et al[12], in which neither

WJG|www.wjgnet.com

bacteria nor endotoxin was found in the portal blood
of severely injured trauma patients, raised doubts about
the clinical relevance of bacterial translocation. Recently,
new insights into the pathogenesis of gut-induced ALI
and inflammation after systemic insults, such as traumatic
hemorrhage or major thermal injury have emerged, leading to the gut-lymph hypothesis of MODS[2,13,14]. This
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TLR-4

110 kDa

NF-κB

65 kDa

phil count. Its increased activity in the tissue shows the
number of PMNs and tissue damage. We used MPO as
an index of evaluating lung inflammation. The experimental results show that the activity of lung tissue MPO
increased after infusing mesenteric lymph of SII rats to
healthy rats, which correlates with neutrophil chemotaxis
and lung inflammatory response. Increased lung W/D
ratio suggests lung tissue edema and increased pulmonary
capillary permeability. Consistent with the pathological
observations, lung tissue was damaged.
It has been found that, the process of sepsis in stress
states, such as trauma and infection, causes enterogenic
infection and multiple organ failure. However, ALI that
occurs early and severely is often the direct cause of
death in patients. ALI is a clinical syndrome characterized by pulmonary edema, and its severe phase is ARDS.
Numerous studies have shown that Gram-negative bacillus endotoxin induces inflammatory cells such as neutrophils, mononuclear macrophages and endothelial cells to
release a large number of cytokines and inflammatory
mediators during the course of ARDS. TNF-α plays an
important role in lung tissue damage and dysfunction in
SII rats. TNF-α is a strong cytokine, and the amount of
TNF-α is related to the degree of tissue damage. TNF-α
can lead to injury of lung tissue and vascular endothelial
cells, and significantly increase lung permeability, protein
content of bronchial lavage fluid, and white blood cell
count. TNF-α also inhibits the release of the alveolar
surface-active substances, increases edema, and causes
ARDS[17]. The level of IL-6 is often used as a sign of cytokine cascade activation, which reflects the correlation
between host inflammatory response and disease severity.
If the level of IL-6 continues to increase, it is often accompanied by complications and mortality[18]. It has been
suggested that the level of IL-6 can serve as an indicator
of the prognosis[19,20].
TNF-α and IL-6 are both proinflammatory cytokines,
and high expression levels can promote the generation of
vascular active substances, activate complement and neutrophils, promote neutrophils to cross the vascular endothelium and gather in tissue, and form a cascade effect
of inflammation to increase tissue injury. We showed that
the levels of TNF-α and IL-6 in lung tissue increased
significantly, which indicated an inflammatory reaction
in the lungs. Reducing macrophages and NF-κB nuclear
translocation can partly mediate these inflammatory effects[21]. ALI or ARDS is characterized by neutrophil- and
macrophage-mediated injury and release of inflammatory
cytokines and proteases[22]. Tiesi et al[23] tested the hypothesis that gut-derived factors in mesenteric lymph are capable of simultaneously leading to an immune-mediated
state as well as inducing systemic inflammation through
a TLR-4-dependent pathway. TLR-4 stimulation can
mediate ALI induced by SII, because TLR-4 induces the
release of the inflammatory cytokines that are critical for
the activation of powerful immune responses[24]. TLR-4
stimulation is related to TLR-4-TRIF-TRAF6-NF-κB
signaling, and the severity of ALI is controlled by this
key pathway[25]. NF-κB activation regulates expression of
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Figure 4 Compared with the control infusion group, toll-like receptor-4
and nuclear factor-κB expression levels were significantly increased in
the severe intraperitoneal infusion group. Density of Toll-like receptor (TLR)-4
(A) and nuclear factor (NF)-κB (B) in lung protein extracts of SII and control rats
was examined using Western blotting. All results (mean ± SD) are representative of two experiments (n = 10 rats in each group). fP < 0.01 vs SII infusion
group.

hypothesis states that toxic products produced by the gut
during shock are carried via the mesenteric lymph into the
systemic circulation, resulting in multiple organ failure[15].
MPO exists in azurophilic granules of neutrophils
and accounts for about 5% of the dry weight of cells.
In ALI, neutrophils first retain in pulmonary capillaries,
adhere to endothelial cells, leave the pulmonary vascular bed, and release a series of inflammatory factors,
causing diffuse lung damage. MPO is a characteristic
neutrophil aggregation enzyme, is a sign of neutrophil
degranulation, and can be used to assess the degree of
neutrophil infiltration. Bradley et al[16] showed a significant
correlation between the activation of MPO and neutro-
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lymph and flow into veins via the right lymphatic duct and thoracic duct.

cytokines, such as TNF-α and IL-6, at the transcriptional
level[26]. We found that infusion of mesenteric lymph of
SII rats increased lung injury, for example, vascular leakage, neutrophil activation, inflammatory cytokine levels,
and NF-κB expression enhancement.
The potential clinical significance of the gut lymph
hypothesis is that systemic organ and cellular injury/dysfunction can be abrogated by limiting gut injury and/or
by preventing or neutralizing the production of biologically active SII lymph. In recent years, several preclinical studies have tested the strategy and found that gutdirected or lymph neutralizing-directed resuscitation
approaches could limit SII-induced lung injury[27,28] and
systemic inflammation. Successful strategies have included: (1) ligation of mesenteric lymph ducts can attenuate
lung injury caused by SII and reduce systemic inflammatory response and damage of other organs; and (2) in
vitro experiments have shown that mesenteric lymph of
sepsis can activate neutrophils and cause dysfunction of
endothelial cells[29-31].
In the present study, we infused the mesenteric lymph
of SII rats into healthy rats via the internal jugular vein,
which could lead to ALI in healthy rats. This supports the
intestinal lymphatic hypothesis of MODS. In addition,
in the experiments, the amount of mesenteric lymph
infused was equal to the drainage amount of mesenteric
lymphatic vessels from SII rats. This dose can fully induce lung injury in healthy rats. This indicates that the
mesenteric lymph of SII rats itself is sufficient to cause
lung damage.
The mesenteric lymph of SII rats can cause lung
injury, and it may be associated with some toxic agents
contained in lymph. On the basis of previous trials, if
we drain mesenteric lymph from SII patients, it will have
a profound effect on ICU patients who have sepsisinduced ARDS or MODS.

Peer review

A simple but important rat study of the role of mesenteric lymph in lung infection. The findings of the study are significant, and may have favorable clinical
outcomes.
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RESULTS: Eight up-regulated and sixteen down-regulated proteins were identified that showed greater than
1.5-fold differences between the controls and the NASH
group. These dysregulated proteins were predicted to
be involved in different metabolic processes including fatty acid β-oxidation processes, lipid metabolic
processes, cell-cycle arrest, cell polarity maintenance,
and adenosine triphosphate/sex hormone metabolic
processes. Novel proteins that may be involved in
NASH pathogenesis including the trifunctional enzyme
Hadha, thyroxine, prohibitin, aldehyde dehydrogenase
ALDH1L2, UDP-glucuronosyltransferase 2B31, and carbamoyl-phosphate synthase were identified using bioinformatics tools. The decreased expression of Hadha
in NASH liver was verified by Western blotting, which
was used as a complementary technique to confirm the
proteomic results.

Abstract

CONCLUSION: This novel report on the liver mitochondrial proteome of a NASH model may provide a
reservoir of information on the pathogenesis and treatment of NASH.

AIM: To explore mitochondrial dysfunction in nonalcoholic steatohepatitis (NASH) by analyzing the proteome
of liver mitochondria from a NASH model.

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

Key words: Nonalcoholic steatohepatitis; Hadha; Proteomics; Rat model

METHODS: The NASH rat model was established by
feeding rats a fat-rich diet for 24 wk and was confirmed
using hematoxylin and eosin staining of liver tissue and
by changes in the levels of serum alanine transaminase, aspartate aminotransferase, triglyceride, total
cholesterol and other markers. Liver mitochondria from
each group were isolated using differential centrifugation. The mitochondrial samples were lyzed, purified
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is a
major worldwide cause of chronic liver diseases, and
nonalcoholic steatohepatitis (NASH) plays a critical role
as a “turning point” in the development of NAFLD. Nevertheless, the pathogenesis of NASH remains unclear,
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have provided a novel and high-throughput method for
elucidating the complex pathogenesis of NAFLD[10]. Using two-dimensional electrophoresis (2-DE) and matrixassisted laser desorption/ionization tandem time-offlight (MALDI-TOF-TOF) mass spectrometry (MS),
our group reported unique protein expression patterns
in a rat model of different stages of NAFLD[11] and
in a mouse model of ischemia/reperfusion injury and
ischemic preconditioning[12]. Recently, we also identified
serum biomarkers enabling NAFLD diagnosis using a
combination of surface-enhanced laser desorption/ionization (SELDI)-TOF-MS and bioinformatics[13].
However, the specific protein expression pattern in
NASH liver mitochondria has rarely been reported. Considering the importance of NASH in the clinical progression of NAFLD and the complexity of mitochondrial
dysfunction in disease initiation and progression, we
report the first proteomic analysis of liver mitochondria from the NASH rat model. We aimed to provide a
protein reservoir for future in-depth analyses of NASH
pathogenesis and progression.

and mitochondrial dysfunction is known to be actively
involved. To date, no study has reported on specific
protein expression patterns in NASH mitochondria. We
have, for the first time, performed a proteomic analysis
of mitochondria from NASH rats, aiming to provide a
protein reservoir for in-depth analyses of NASH mechanisms and for the exploration of potential therapeutics.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a major
cause of chronic liver disease in North America, and its
prevalence has been estimated to be as high as 35% in
some populations[1]. Currently, NAFLD is considered to
be a hepatic manifestation of the metabolic syndrome
that develops progressively from simple steatosis to nonalcoholic steatohepatitis (NASH), fibrosis and cirrhosis[2].
Of these stages, NASH is a vital stage due to its role as
the “turning point” in NAFLD development. Hepatic
steatosis is known to be reversible; however, NASH is
typically irreversible and the rate of progression to liver
cirrhosis accelerates when NASH occurs. A recent study
showed that 41% and 5.4% of NASH patients progress
to liver fibrosis and end-stage liver disease, respectively[3].
NASH is therefore a major risk factor for cryptogenic
liver cirrhosis[4] and requires more in-depth investigation.
Although Day and James [5] previously outlined a
“two-hit hypothesis” for NAFLD, the general mechanisms underlying the pathogenesis of NASH remain
unclear. Currently, oxidative and endoplasmic reticulum
stress, inflammatory factor release, and in particular,
hepatic mitochondrial dysfunction are considered to be
actively involved in NASH[6]. Mitochondria play a major
role in cell energy-generating processes and integrate
several signaling pathways to control cellular life and
death. Accumulating evidence has shown that NAFLD is
characterized by mitochondrial alterations that depend on
the activation of intracellular stress cascades or receptormediated pathways[7]. Furthermore, NASH is considered
a mitochondrial disease[8], which reinforces the importance of mitochondrial dysfunction in its pathogenesis.
How mitochondrial dysfunction affects the initiation
and progression of NASH remains unclear. Previous
studies have shown that impaired adenosine triphosphate
(ATP) formation and augmented generation of reactive
oxygen species by the damaged respiratory chain may
underlie the deterioration in mitochondrial dysfunction in
NASH[9]. Technological advancements have gradually uncovered the complex mechanism of mitochondrial dysfunction in NASH. For example, proteomic techniques
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MATERIALS AND METHODS
Ethics statement
This study was approved by the Review Board of the
First Affiliated Hospital, School of Medicine, Zhejiang
University, China. All animal studies were conducted
according to the regulations and guidelines for the use
and care of experimental animals of the Department of
Gastroenterology, the First Affiliated Hospital, School of
Medicine, Zhejiang University, China.
Establishment of the NASH rat model
Twenty four Sprague-Dawley rats (Rattus norvegicus) weighing 160-170 g were purchased from the Medical Science
Institution of Zhejiang Province (Hangzhou, China) and
were randomly divided into NASH (n = 12) and control (n = 12) groups, as reported previously[14]. All rats
received food and water ad libitum and were maintained
on a 12/12-h light/dark cycle. The control group was
provided with a basic diet, whereas the NASH group was
fed a fat-rich diet, as described previously[15]. After 24 wk,
the rats were euthanized by femoral exsanguination, and
alanine transaminase (ALT), aspartate aminotransferase
(AST), triglyceride (TG), total cholesterol (TCh), and hepatic TG levels were measured. The hepatic index, which
was used to describe the lipid overload in the liver, was
calculated as the ratio between liver wet weight and body
weight. Liver sections were stained using hematoxylin and
eosin (HE) and observed for hepatic steatosis and inflammation using an Olympus microscope. The severity of
hepatic injury was estimated according to the histological
activation index (HAI) as described previously[16].
Isolation of mitochondria and sample preparation
Liver mitochondria from each group were isolated using
differential centrifugation. First, liver sections were ex-
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In-gel digestion and MALDI-TOF-TOF/MS identification
The differentially expressed proteins were excised from
silver stained gels. Each spot was destained by washing
with a 1:1 solution of 30 mmol potassium ferricyanide
and 100 mmol sodium thiosulfate followed by equilibration in 200 mmol ammonium bicarbonate for 20 min. After washing twice with Milli-Q water, the gel spots were
dehydrated by adding acetonitrile and dried in a SpeedVac
(Thermo Savant, United States) for 15 min. Subsequently,
the gel spots were rehydrated in 5 μL trypsin solution (20
ng/μl in 200 mmol NH4HCO3) and incubated at 37 ℃
overnight. After eluting twice with 30 μL 50% acetonitrile and 5% trifluoroacetic acid, 1 μL peptide mixture
was mixed with 1 μL cyano-4-hydroxycinnamic acid (10
mg/mL, Sigma, United States) and then saturated with
50% acetonitrile in 0.05% trifluoroacetic acid.
The mixture was analyzed using a MALDI-TOF-TOF
mass spectrometer (4800 Proteomics Analyzer; Applied
Biosystems, United States). Data were acquired in a positive MS reflector mode at a scan range of 800-4000 Da.
Five monoisotopic precursors (S/N > 200) were selected
for tandem mass analysis. To interpret the mass spectra,
a combination of peptide mass fingerprints and peptide
fragmentation patterns were used for protein identification against the National Center for Biotechnology Information (NCBI) non-redundant protein database using
the Mascot search engine (www.matrixscience.com). All
mass values were considered monoisotopic, and the mass
tolerance was set to 150 ppm.

cised from the euthanized rats, washed with 0.25 mol/L
sucrose and homogenized (1/10, w/v, 600 μg) in a JA-17
rotor using MSHE (0.22 mol/L mannitol, 0.07 mol/L
sucrose, 0.5 mmol/L EGTA, 0.1% bovine serum albumin, and 2 mmol/L Hepes/KOH, pH 7.4) at 4 ℃ for
5 min. The supernatant was then centrifuged at 10300 g
for 10 min. Next, intact purified mitochondria were isolated using Percoll (Sigma, CA, United States) to remove
contaminating organelles and broken mitochondria. The
pellet (mainly the mitochondrial fraction) was then resuspended in 5 mL of MSHE (225 mmol/L mannitol,
1 mmol/L EGTA, 25 mmol/L Hepes, and 0.1% bovine serum albumin) supplemented with 20 mL of 30%
Percoll. This solution was spun at 95000 g in a Hitachi
RP50T rotor for 30 min. The fraction with a density of
1.052-1.075 g/mL was then collected and washed twice
with MSHE at 6300 g for 10 min to remove the Percoll.
Finally, the purified mitochondria were washed twice using 150 mmol/L KCl and MSHE sequentially.
The mitochondrial samples were then processed for
the experiment. First, lysis buffer containing 30 mmol Tris,
8 mol Urea, and 4% CHAPS 3-[(3-cholamidopropyl)dimethyammonio]-1-propane sulfate) was added to the
microfuge tubes to re-suspend the purified mitochondria
and the suspension was stored at 4 ℃ for at least 2 h. The
mitochondrial suspension, while on ice, was sonicated
intermittently for 10 s bursts followed by 10-s cooling
periods. This process was repeated 15 times. After sonication, the samples were centrifuged at 12000 g at 4 ℃
for 30 min. The supernatant was transferred to a new
tube and any pellet was discarded. Contaminants were
further removed using a 2-D Clean Up Kit (GE Healthcare, United States), and the protein concentrations were
calculated using a 2-D Quant Kit (GE Healthcare, CT,
United States).

Western blotting and bioinformatics analyses
Hadha protein levels in liver from the NASH and control groups were examined using Western blotting with a
primary mouse polyclonal antibody raised against Hadha
(1:500; Abcam, United Kingdom) and an ECL chemiluminescence kit (Santa Cruz, Texas, United States). Bands
were normalized by comparing to a western blot of the
same samples, but probed with a mouse anti-GAPDH
antibody. The sequences of Hadha and all uncoupling
proteins (UCPs) were obtained from the NCBI gene and
protein databases and aligned using CLUSTAL X version
2.08 using the SLIM substitution matrix and other default
parameters, as described previously[17]. For more information, the gene ontology (GO) database was used to complete functional enrichment analyses of the proteomic
data we obtained.

2-DE and image analysis
Three-hundred micrograms of protein was diluted with
rehydration solution comprising 8 mol urea, 2% CHAPS,
13 mmol/L DTT, 0.5% IPG buffer, and 0.002% bromophenol blue (pH = 3-10) to a total volume of 450 mL.
The protein solution was loaded onto six 24-cm Immobiline dry strips pH = 3-10 (GE Healthcare), which were
used for isoelectric focusing on an Ettan IPGphor 3 IEF
system (GE Healthcare) for a total of 66000 volt-hours.
2-D SDS-PAGE was performed on all six polyacrylamide
gels simultaneously using an Ettan DALT Six electrophoresis unit at 5 W/strip for 45 min and then at 15 W/strip
until the bromophenol blue reached the bottom of the
gels. Protein spots on the gels were visualized using routine methods, and the 2-D images were scanned using
a high-resolution image scanner at 300 pixels per inch.
Image Master 2D Platinum 6.0 (GE Healthcare) software
was used to match and analyze the protein spots. Triplicate gels for each sample were used to reduce experimental errors. An average increase or decrease greater than
1.5-fold between the NASH and control groups was used
to identify the differentially expressed proteins.
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Statistical analysis
Each experiment was performed in triplicate, and the
data were expressed as the mean ± SE. Student’s t-tests
were used to compare two unpaired groups and were
executed by SPSS 17.0. Differences were considered statistically significant at P < 0.05.

RESULTS
Establishment of the NASH rat model
The NASH rat model was established successfully as
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A

B

Figure 1 Pathology of nonalcoholic steatohepatitis and control group liver after hematoxylin and eosin staining. A: Control group; B: Nonalcoholic steatohepatitis group.

acid β-oxidation processes, lipid metabolic processes,
cell-cycle arrest, cell polarity maintenance, ATP metabolic
processes, and sex hormone metabolic processes.
The 24 identified proteins were selected using a peptide matching method. Therefore, it is not surprising that
over half were similar to proteins from other Rodentia
species, such as Mus musculus, Cavia porcellus, Heterocephalus
glaber, and Cricetulus griseus. Because we used R. norvegicus
as the NASH rat model in this study and to increase the
reliability of our results, we selected seven proteins that
matched proteins from R. norvegicus from the UniProt database (Table 3). Interestingly, only protein Ndufb10 (UniProt ID: D4A0T0) was up-regulated, whereas the other
six proteins were down-regulated in the NASH group
compared with the control group. Moreover, the GO cellular component analysis showed that only Agmatinase
(UniProt ID: Q0D2L3) was located exclusively in the mitochondrion, whereas the other proteins were expressed
in both the cytoplasm and mitochondria. In addition,
with the exception of estradiol 17-β-dehydrogenase 8
(UniProt ID: Q6MGB5), which is hydrophobic, the other
six proteins are hydrophilic. The proteomics data has
provided basic information that may serve as a protein
reservoir, although further functional studies on specific
proteins are urgently required.

Table 1 Comparison of hepatic and serological markers in
nonalcoholic steatohepatitis liver
Marker

Group

Hepatic index (%)
ALT (IU/L)
AST (IU/L)
TG (mmol/L)
Tch (mmol/L)
Hepatic TG (mmol/L)
HAI

NASH

Control

3.79 ± 0.25a
153.51 ± 16.39a
221.63 ± 37.28a
0.93 ± 0.12a
2.95 ± 0.41a
5.66 ± 0.71a
3.69 ± 0.51a

2.51 ± 0.19
47.44 ± 14.06
104.31 ± 16.07
0.55 ± 0.11
1.41 ± 0.23
1.43 ± 0.14
1.31 ± 0.16

Values are expressed as the mean ± SE, aP < 0.05. NASH: Nonalcoholic steatohepatitis; ALT: Alanine transaminase; AST: Aspartate aminotransferase; TG: Triglyceride; TCh: Total cholesterol; HAI: Histological activation
index.

confirmed by both serological and pathological changes.
After feeding the rats a 24-wk high-fat diet, HE staining
of NASH liver revealed varying degrees of fat deposition and mild to moderate chronic portal and intra-acinar
inflammation (Figure 1). When compared with the control group, serum ALT, AST, TG and TCh levels, hepatic
TG, hepatic index, and the HAI were all significantly increased in the NASH group (Table 1).
Quantitative proteomic analysis
The liver mitochondrial protein profiles of NASH and
control rats were determined using a 2-DE approach.
Briefly, 800-1000 protein spots per gel were detected using the Image Master 2D Platinum 6.0 software for image analysis. Differentially expressed spots were detected
using a 2-D pattern comparison between the NASH and
control groups. Using Student’s t-tests, 34 protein spots
showed changes of more than 1.5-fold between the
NASH and control groups at a statistical significance of
P < 0.05 (Figure 2). These differentially expressed protein
spots were picked from the preparative gels and subjected
to in-gel digestion and MALDI-TOF-TOF mass analysis.
A total of eight up-regulated and sixteen down-regulated
proteins were matched and identified, as displayed in
Table 2. These dysregulated proteins were predicted to be
involved in different metabolic processes including fatty
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Validation and bioinformatics analyses of Hadha
Among the dysregulated proteins from R. norvegicus,
Hadha (UniProt ID: Q64428) was annotated as a mitochondrial inner membrane protein. Bioinformatics analyses revealed that the sequence of rat Hadha was similar
to known UCPs. Because UCP2 is known to be actively
involved in NAFLD due to its uncoupling activity[18],
we tested Hadha expression levels in our samples using
Western blotting. As shown in Figure 3, the steady-state
level of hepatic Hadha was almost 50% less in the NASH
group compared with the control group. This expression
pattern is consistent with the 2-DE results and the peptide mass fingerprinting for Hadha, as shown in Figure 4.

DISCUSSION
NASH is considered a vital stage in NAFLD develop-
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Figure 2 Representative two-dimensional electrophoresis image of proteins from the control and nonalcoholic steatohepatitis rat livers. The numbered
spots denote proteins that exhibited modified expression levels in nonalcoholic steatohepatitis (NASH) liver.

ment because of its propensity to progress to advanced
disease stages. Although NASH has been investigated
intensively and mitochondrial dysfunction is known to
be actively involved, the underlying mechanism remains
unclear. Mitochondria play a major role in cellular life
and death by controlling cell energy-generating processes.
More importantly, the mitochondrion has its own genome, which produces organ-specific proteins and exerts
vital biological functions[19]. A previous study by our
group revealed the protein profiles during different stages
of NAFLD[11]; however, the global mitochondrial protein
expression in NASH remains unknown. In the current
study, we systematically analyzed the liver mitochondrial
proteome in a high-fat diet-induced NASH rat model
and produced a novel protein reservoir that may help to
elucidate the mechanism underlying NASH progression.
Of the 24 significantly dysregulated proteins, some
have already been reported to participate in NASH
progression. For example, of the up-regulated proteins,
SOGA was identified as the target of adiponectin in reducing glucose production[20] and thus, may be involved
in the development of NASH. Intriguingly, iodothyro-
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nine 5' monodeiodinase, which functions in the deiodination of thyroxine to T3, was significantly increased in
liver mitochondria from NASH rats. A previous study
also showed its potential association with lipid peroxidation, which is vital to NASH progression[21]. Taken together, these results reveal the potential involvement of
thyroxine in NASH, although further investigations are
needed. Furthermore, Nomura et al[22] showed enhanced
ADP-ribosylation of phosphoglucomutase in patients
with excess alcohol intake. Considering the similarity in
pathology between alcoholic liver disease and NAFLD,
its effect in NASH is also worth investigating. Finally,
the increased UDP-glucuronosyltransferase 2B31 level in
NASH liver was partially in line with a previous finding
that UDP-glucuronosyltransferase levels in mouse liver
increased in obesity and in fasting-induced steatosis[23].
Similarly, among down-regulated proteins, ALDH1L2
has been identified as the mitochondrial homolog of
10-formyltetrahydrofolate dehydrogenase, an abundant
enzyme involved in folate metabolism[24]. A previous
study showed that ALDH1L2 was a likely source of
CO production from 10-formyltetrahydrololate in mito-
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Table 2 Dysregulated proteins in liver mitochondria of nonalcoholic steatohepatitis rats
Spot no. Protein GI
Up-regulated

Downregulated

Protein name

Fold change

GO molecular function

dehydrogenase 1 β subcomplex 10 (Ndufb10)

3.05

metabolic process/electron transport/ATP
synthesis
suppressing glucogenesis
microtubule binding/tubulin binding
ATP binding/insulin binding
ATP synthesis/ADP binding
deiodination of thyroxine to T3
carbohydrate metabolism/Ca2+ homeostasis
transferase activity/transferring hexosyl groups
isomerase activity/ribonucleoprotein complex
binding
protein-protein interaction/component of
immune system
folate metabolism/CO production

611

157822175

605
510
220
349
51
135
35
310

257467641
Suppressor of glucose by autophagy (SOGA)
29436756
Nuclear mitotic apparatus protein 1
76779273
Hspd1 protein
149029483 Mitochondrial F1 complex, alpha subunit, isoform 1
202549
Iodothyronine 5' monodeiodinase
148676986
Phosphoglucomutase 5
344244087
UDP-glucuronosyl-transferase 2B31
158631196
Peptidyl-prolyl cis-trans isomerase H isoform 2

2.97
2.68
2.54
2.49
2.37
1.81
1.65
-106

208

225690572 Leucine-rich repeat- containing protein 49 isoform 3

-106

183

300796253

-106

221

123244269

Mitochondrial 10-formyltetrahydrofolate
dehydrogenase (ALDH1L2)
Microtubule-actin crosslinking factor 1

132

148687612

-3.88

248

60688189

DEAH (Asp-Glu-Ala-His) box polypeptide 37,
isoform CRA_b
Agmat protein

244
258

351700869
47087119

Zinc finger protein 613
Estradiol 17-β-dehydrogenase 8

-2.52
-2.24

122

6679299

Prohibitin

-2.14

237

8393186

carbamoyl-phosphate synthase

-1.88

234

20304123

3-mercaptopyruvate sulfurtransferase

-1.87

179

149027156

260

Mitochondrial 3-oxoacyl-coenzyme A thiolase,
isoform CRA_f
148747393 Trifunctional enzyme subunit, alpha, mitochondrial
precursor (Hadha)

-106

-2.85

-1.85
-1.76

156

347800699

T-complex protein 1 subunit theta

-1.74

257

11968102

Ornithine aminotransferase, mitochondrial
precursor

-1.60

206

351715881

GRIP and coiled-coil domain

-1.55

ATPase activity/calcium ion binding/
microtubule binding
ATP binding/helicase and hydrolase activity
agmatinase activity/hydrolase activity/metal
ion binding
nucleic acid binding/zinc ion binding
3-hydroxyacyl-CoA dehydrogenase
activity/estradiol 17-β-dehydrogenase
activity/oxidoreductase activity/testosterone
17-β-dehydrogenase (NAD+) activity
histone deacetylase binding/transcription
regulatory region DNA binding
ATP binding/calcium ion binding/carbamoylphosphate synthase (ammonia) activity
3-mercaptopyruvate sulfurtransferase
activity/thiosulfate sulfurtransferase activity/
transferase activity
acetyl-CoA C-acyltransferase activity/
transferase activity
3-hydroxyacyl-CoA dehydrogenase activity
NAD binding/enoyl-CoA hydratase activity/
fatty-acyl-CoA binding/long-chain-3hydroxyacyl-CoA dehydrogenase activity
ATP binding/nucleotide binding/unfolded
protein binding
2-oxoglutarate 5-5-aminotransferase activity/
ornithine-oxo-acid transaminase activity/
pyridoxal phosphate binding
protein binding-containing protein 2

The -106‑fold change denotes very low expression in the NASH group compared with the control group. GIs in bold italics are proteins that are known to be
located exclusively in mitochondria. Underlined proteins are known to be located in the inner mitochondrial membrane. ATP: Adenosine triphosphate (ATP);
GO: Gene ontology.

chondria[25]. Therefore, by influencing folate metabolism,
ALDH1L2 may also be involved in NASH progression.
Moreover, increased and decreased expression of prohibitin was found in cells expressing hepatitis C virus core
protein[26] and in regenerating the liver[27], respectively.
We observed decreased prohibitin levels in NASH liver,
which may act by blocking cell proliferation and inducing apoptosis, as reported previously in human hepatoma
cells[28]. In addition, depletion of carbamoyl-phosphate
synthase was reported in liver during sepsis and was
found to act as a marker of mitochondrial damage[29]. We
also observed decreased carbamoyl-phosphate synthase
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in NASH rat liver, which indicated the involvement of
mitochondrial damage in NASH progression. Nevertheless, many other proteins that may play a potential role
in NASH are reported here for the first time, providing
a novel protein reservoir for disease development that
requires further confirmation.
As potentially redundant information may be produced from the study of a single protein and the potential interaction between different proteins, it is vital to
enrich protein function using pathway analyses. Because
we used a NASH rat model, we focused our analyses on
protein information from R. norvegicus. Based on these
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Control

Table 3 Dysregulated proteins that match uniprot proteins
from Rattus norvegicus
Gravity

D4A0T0
Q0D2L3

-0.937
-0.033

Q6MGB5

P07756

0.137

-0.177

1

Fold
change

GO biological process

3.05
-2.85

Biological process
Putrescine biosynthetic
process/spermidine
biosynthetic process
Androgen metabolic
process/estrogen and
fatty acid biosynthetic
process/oxidationreduction process
Anion homeostasis/
carbamoyl phosphate
biosynthetic process/
cellular response to
cAMP and fibroblast
growth factor
stimulus/hepatocyte
differentiation and liver
development/metabolic
process
3-Mercaptopyruvate
sulfurtransferase activity
Fatty acid β-oxidation/
fatty acid and lipid
metabolic process/
oxidation-reduction
process/response to
insulin stimulus
Ornithine metabolic
process

-2.24

-1.88

P97532

-0.292

-1.87

Q64428

-0.081

-1.76

P04182

-0.113

-1.60

-36 kD

GAPDH

-70-79 kD

1.2

P < 0.05

1
0.8
0.6
0.4
0.2
0

Control

NASH

Figure 3 Significantly decreased hadha levels in nonalcoholic steatohepatitis rat mitochondria using Western blotting. NASH: Nonalcoholic
steatohepatitis.

drial inner membrane and shares sequence similarity with
UCPs, it may participate in NASH progression by influencing ATP synthesis and levels of oxidative stress.
This study has several limitations that should be acknowledged. Firstly, only 12 of the 24 selected proteins
were found to be located exclusively in mitochondria
(Table 2). The other 12 proteins are also found in the
cytoplasm. A possible explanation may be the multi-function characteristics of these proteins. For instance, microtubule-actin crosslinking factor 1 may exert its ATPase
activity in mitochondria, but its calcium ion binding function in the cytoplasm. Secondly, although the high-fat
diet-induced rat model developed steatohepatitis that was
morphologically similar to human NASH, it would be
more convincing if the dysregulation of these proteins
was verified in human patients. Thirdly, of the 24 identified proteins, only Hadha was verified, and future studies
will confirm the other 23 proteins and their functions.
Fourthly, the data on Hadha level is preliminary. Our
result contrasted with the increase in Hadha mRNA in
NAFLD human subjects as described by Kohjima et al[33].
Nevertheless, our result is at the protein level, whereas
their result is at the mRNA level, which suggests the potential for post transcriptional regulation, such as miRNA
regulation and methylation. Our next step will be to investigate both gene and protein expression of Hadha in
larger animals and in patient samples. Finally, the 2-DE
method itself has shortcomings as it does not generally
detect proteins with high (> 150 kD) or low (< 10 kD)
molecular masses, or very basic or hydrophobic proteins,
thus limiting the proteomic coverage of most biological
samples.
In summary, the differential proteomic approach that
we employed enabled the identification of important

1

Gravity values < 0 indicate hydrophilicity, whereas values > 0 indicate
hydrophobicity.

two criteria, we selected seven of the dysregulated proteins and examined common biological pathways that
they shared. Several NASH-related pathways have been
reported previously including insulin binding, fatty acid
and lipid metabolic processes, and oxidation reduction
processes, as shown in Table 3. We also discovered several pathways that are novel including androgen/estrogen
metabolic processes, cellular response to cAMP and fibroblast growth factor stimulus, and 3-mercaptopyruvate
sulfurtransferase activity. These pathways may indicate
that novel mechanisms are involved in the progression of
NASH and require further investigation.
Hadha was among the significantly dysregulated proteins and has been previously reported to be a candidate
gene for NAFLD identification[30]. UCPs are known for
their role in oxidative phosphorylation and their participation in NAFLD pathogenesis[18,31]. In this study, we
confirmed the significant decrease in Hadha using Western blotting, but the detailed mechanism is, as yet, unknown. Several explanations are possible: Firstly, Hadha
may influence the metabolism of fatty acid via its role in
dehydrating 3-hydroxyacyl-CoA. Secondly, each protein
in the mitochondrial inner membrane may possess uncoupling activity, as was previously proposed by several
researchers[32]. Because Hadha is located in the mitochon-
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Figure 4 Peptide mass fingerprinting of an in-gel tryptic digest of the Hadha protein.

Applications

changes in mitochondrial protein expression in a NASH
rat model, which provides a protein reservoir for future
investigation of the mechanism of NASH development.
In addition, the down-regulation of Hadha in NASH
liver and its sequence similarity to known UCPs implies
its potential role in NASH via uncoupling activity. Nevertheless, the underlying molecular mechanism and the
regulatory network involved require further investigation.

This model proteome provides a protein reservoir for further investigation of the
pathogenesis and progression of NASH.

Terminology

Hadha is the official acronym for “hydroxyacyl-CoA dehydrogenase/3-ketoacylCoA thiolase/enoyl-CoA hydratase, alpha subunit”. This gene provides instructions for making part of an enzyme complex called mitochondrial trifunctional
protein, which is essential for fatty acid oxidation.

Peer review

This study provided a protein reservoir for in-depth investigation of the mechanism of NASH. Moreover, the down-regulation of Hadha in NASH liver and its
sequence similarity to known uncoupling proteins implies its potential role in
NASH via uncoupling activity. All of these results were encouraging but putative; more verification of the other proteins is required and the application of this
study to humans is anticipated.
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Point shear wave elastography method for assessing liver
stiffness
Giovanna Ferraioli, Carmine Tinelli, Raffaella Lissandrin, Mabel Zicchetti, Barbara Dal Bello, Gaetano Filice,
Carlo Filice
consecutive point shear-wave elastography (PSWE)
measurements were performed using the iU22 ultrasound system (Philips Medical Systems, Bothell, WA,
United States). Patients in Group 1 underwent PSWE,
transient elastography (TE) using FibroScan (Echosens,
Paris, France) and ultrasound-assisted LB. For the assessment of PSWE reproducibility two expert raters
(rater 1 and rater 2) independently performed the examinations. The performance of PSWE was compared
to that of TE using LB as a reference standard. Fibrosis
was staged according to the METAVIR scoring system.
Receiver operating characteristic curve analyses were
performed to calculate the area under the receiver
operating characteristic curve (AUC) for F ≥ 2, F ≥ 3
and F = 4. The intraobserver and interobserver reproducibility of PSWE were assessed by calculating Lin’s
concordance correlation coefficient.
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RESULTS: To assess the performance of PSWE, 134
consecutive patients in Group 1 were studied. The median values of PSWE and TE (in kilopascals) were 4.7
(IQR = 3.8-5.4) and 5.5 (IQR = 4.7-6.5), respectively,
in patients at the F0-F1 stage and 3.5 (IQR = 3.2-4.0)
and 4.4 (IQR = 3.5-4.9), respectively, in the healthy
-5
volunteers in Group 2 (P < 10 ). In the univariate analysis, the PSWE and TE values showed a high correlation
with the fibrosis stage; low correlations with the degree
of necroinflammation, aspartate aminotransferase and
gamma-glutamyl transferase (GGT); and a moderate
negative correlation with the platelet count. A multiple
regression analysis confirmed the correlations of both
PSWE and TE with fibrosis stage and GGT but not with
any other variables. The following AUC values were
found: 0.80 (0.71-0.87) for PSWE and 0.82 (0.73-0.89)
for TE (P = 0.42); 0.88 (0.80-0.94) for PSWE and 0.95
(0.88-0.98) for TE (P = 0.06); and 0.95 (0.89-0.99)
for PSWE and 0.92 (0.85-0.97) for TE (P = 0.30) for F
≥ 2, F ≥ 3 and F = 4, respectively. To assess PSWE
reproducibility, 116 subjects were studied, including 47
consecutive patients scheduled for LB (Group 1) and 69

Abstract
AIM: To estimate the validity of the point shear-wave
elastography method by evaluating its reproducibility
and accuracy for assessing liver stiffness.
METHODS: This was a single-center, cross-sectional
study. Consecutive patients with chronic viral hepatitis
scheduled for liver biopsy (LB) (Group 1) and healthy
volunteers (Group 2) were studied. In each subject 10
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sessing liver disease severity prior to therapy at a safe
level of predictability[12]. TE has been approved by the
French National Health Authority for the evaluation of
fibrosis in treatment-naïve patients with chronic hepatitis
C and no comorbidities[13].
Shear wave elastography techniques have been implemented in conventional real-time ultrasound systems,
and several studies have shown their accuracy in the assessment of liver fibrosis[14-22]. Compared with TE, these
techniques have the advantage of B-mode image guidance; thus, they can allow the user to choose the best
acoustic window for correctly performing an examination in real time.
The aim of this study was to estimate the validity of
a new point shear wave elastography (PSWE) technique
by evaluating the reproducibility of measurements and
the accuracy of this method in the assessment of liver
fibrosis. The performance of PSWE was compared to
that of TE using liver histology as a reference standard.

consecutive healthy volunteers (Group 2). The intraobserver agreement ranged from 0.83 (95%CI: 0.79-0.88)
to 0.96 (95%CI: 0.95-0.97) for rater 1 and from 0.84
(95%CI: 0.79-0.88) to 0.96 (95%CI: 0.95-0.97) for rater 2. The interobserver agreement yielded values from
0.83 (95%CI: 0.78-0.88) to 0.93 (95%CI: 0.91-0.95).
CONCLUSION: PSWE is a reproducible method for
assessing liver stiffness, and it compares with TE. Compared with patients with nonsignificant fibrosis, healthy
volunteers showed significantly lower values.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Chronic viral hepatitis; Liver biopsy; Liver fibrosis; Ultrasound; Elastography; Sensitivity and specificity
Core tip: The results of this study show that point
shear-wave elastography (PSWE) is a highly reproducible method for assessing liver stiffness that is characterized by high levels of intraobserver and interobserver
agreement, both overall and for single measurements.
The PSWE performance compares with that of transient
elastography (TE), the most widely accepted method
for the noninvasive assessment of liver fibrosis. Compared with TE, routine ultrasound with elastography
is advantageous because it allows the evaluation of
other parameters that are complementary to stiffness,
is highly accurate for the diagnosis of cirrhosis and can
be used to screen for focal liver lesions.

MATERIALS AND METHODS
Subjects and study design
This was a single-center, cross-sectional study. All consecutive patients with chronic viral hepatitis who were
scheduled for liver biopsy at the Infectious Diseases Department of Policlinico San Matteo were enrolled in the
study (Group 1). Consecutive healthy volunteers were
also enrolled (Group 2).
The accuracy of PSWE in the assessment of liver
fibrosis was prospectively estimated in consecutive
patients in Group 1. LB was performed on the same
day as the PSWE and TE measurements, as day-case
procedures. Examinations were performed in the morning after an overnight fast. The patients’ characteristics,
epidemiological data and biochemical test results were
recorded.
The reproducibility of PSWE measurements was
prospectively assessed in consecutive subjects in Group
1 and Group 2. Two expert raters (rater 1 and rater 2)
independently performed 10 consecutive measurements
in each subject. All the subjects were asked to fast for
at least six hours prior to the examination. The intraobserver agreement was assessed by comparing the median
values of all the measurements and by comparing several
combinations of measurements or single measurements.
The interobserver agreement was assessed by comparing
the median value of the 10 measurements performed in
the same subject by each rater and by comparing combinations of measurements or single measurements.
Moreover, the results of liver stiffness measurements
performed in patients with nonsignificant fibrosis (F0-F1)
were compared to the values obtained in the healthy volunteers in Group 2.
Three physicians, each of whom was blinded to the
other’s results, independently performed the measurements. The PSWE measurements were performed by

Ferraioli G, Tinelli C, Lissandrin R, Zicchetti M, Dal Bello
B, Filice G, Filice C. Point shear wave elastography method
for assessing liver stiffness. World J Gastroenterol 2014;
20(16): 4787-4796 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4787.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4787

INTRODUCTION
The prognosis and management of chronic viral hepatitis depend on the extent and progression of liver fibrosis, which constitute the most important predictor of
disease outcome and influence the indication for antiviral treatment[1].
In the last decade, methods to noninvasively quantify
liver fibrosis have been developed. The first available
method was transient elastography (TE)[2-6]. Several studies have demonstrated a high accuracy of TE in identifying significant fibrosis (F > 2) and cirrhosis (F = 4) in
patients with chronic hepatitis C[7-11].
The recent guidelines for the management of hepatitis C infection from the European Association for the
Study of the Liver allow the use of TE, instead of liver
biopsy (LB), in patients with chronic hepatitis C for as-
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G.F. and M.Z., and the TE measurements were performed by M.Z. and R.L.
The study protocol was approved by the institutional
Ethics Committee. The participants provided written informed consent.

tients were instructed to hold their breath while the rater
pressed a button that launched the data acquisition. Each
rater performed 10 valid measurements, which were expressed in kPa. Measurements < 1 kPa were rejected by
the raters.

Liver biopsy
LB was performed by three experienced physicians (C.F.,
G.M. and E.B.) using a 17-gauge modified Menghini
needle (Hepafix; Braun, Melsungen, Germany). The
same intercostal space used for the TE and PSWE measurements was chosen for LB. The specimens were assessed on site by a single expert liver pathologist (B.D.B.)
who was blind to both the TE and PSWE results. Liver
fibrosis and necroinflammatory activity were evaluated
semiquantitatively according to the METAVIR system[23].
Steatosis was graded according to the method of Kleiner
et al[24] as S0, steatosis in fewer than 5% of hepatocytes;
S1, 5%-33%; S2, 34%-66%; and S3, more than 66%.

Statistical analysis
Sample size considerations for the accuracy of PSWE:
A total sample size of 130 subjects, which included 65
subjects with the disease, i.e., a prevalence of approximately 50%, was estimated to achieve 88% power to
detect changes in sensitivity and in specificity from 0.75
to 0.90 using a two-sided binomial test. The target significance level was 0.05.
Sample size considerations for reproducibility of PSWE:
A sample size of 100 subjects, with two observations per
subject, was estimated to achieve 97% power to detect
a concordance correlation of 0.95 under the alternative
hypothesis when the concordance correlation under the
null hypothesis was 0.90 using an F-test with a significance level of 0.05.
Descriptive statistics were produced for the demographic, clinical and laboratory characteristics of this
study sample of patients. The Shapiro-Wilk test was used
to test the normal distribution of quantitative variables.
For quantitative variables that were normally distributed,
the results were expressed as mean ± SD; otherwise,
medians and interquartile ranges (IQR; 25th-75th percentile) were reported. Qualitative variables were summarized as counts and percentages. A one-way ANOVA
or the Kruskal-Wallis analysis of variance by ranks, with a
Bonferroni correction, was used to analyze differences
among patients undergoing liver biopsy. Pearson’s or
Spearman’s rank coefficient was used to identify correlations between two study variables.
Linear regression was used for the multivariate
model. A frequency distribution was obtained to choose
optimal cut-off values of PSWE and to maximize the
sum of the sensitivity and specificity for different fibrosis thresholds: F0-F1 vs F2-F4 (F ≥ 2), F0-F2 vs F3-F4 (F
≥ 3) and F0-F3 vs F4 (F = 4). For TE, we used cut-off
values determined in a previous study[26]. The diagnostic
performance of PSWE, TE and their combinations was
assessed using receiver operating characteristic (ROC)
curves and an area under the ROC (AUC) curve analysis. Comparisons of AUCs were performed using the
method described by DeLong et al[27] for correlated data.
The Obuchowski measure was used to take into account
all the pairwise comparisons between stages to minimize
the spectrum effect and the risk of multiple testing[28].
Interobserver reproducibility was assessed by calculating Lin’s concordance correlation coefficient (CCC)[29].
The CCC combines measures of both precision and
accuracy to determine the degree of deviation of the
observed data from the line of perfect concordance (i.e.,
the line at 45 degrees on a square scatterplot). The CCC
increases in value as a function of the proximity of the

Transient elastography
TE measurements were performed using the M probe
of the FibroScan® device by two physicians (M.Z. and
R.L.) with experience performing at least 50 TE procedures. During the acquisition, the patients lay in the dorsal decubitus position with the right arm in maximum
abduction. The results were expressed in kilopascals
(kPa). Only examinations with 10 valid measurements
and an interquartile range/mean (IQR/M) < 30% for
values greater than 7.1 kPa were considered reliable[2,4,25].
Point shear wave elastography
The examinations were performed using the iU22 ultrasound
system (Philips Healthcare, Bothell, WA, United States) with
a convex broadband probe and the ElastPQ® technique.
As with other shear wave elastography methods, this
technique generates shear waves inside the liver using
radiation force from a focused ultrasound beam. The ultrasound machine monitors the shear wave propagation
using a Doppler-like ultrasound technique and measures
the velocity of the shear wave. The shear wave velocity is
displayed in meters per second (m/s) or in kPa through
Young’s modulus E = 3 (vS 2.ρ), where E is Young’s
modulus, vS is the shear wave velocity and ρ is the density
of the tissue. If the amount of non-shear wave motion
exceeds a threshold, the system does not display a calculation.
The two raters performing the PSWE measurements
(G.F. and M.Z.) had seven years and two years, respectively, of experience in real-time elastography studies.
They received training in PSWE measurements for two
days before the study began. The examinations were performed in the right lobe of the liver through intercostal
spaces, with the subject lying supine with the right arm
in maximal abduction. Using a real-time B-mode image,
the rater selected a vessel-free area, at least 1.5 cm below
Glisson’s capsule, where a fixed region of interest of 0.5
cm × 1.5 cm was placed by moving a trackball. The pa-
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data’s reduced major axis to the line of perfect concordance (the accuracy of the data) and as a function of the
tightness of the data about its reduced major axis (the
precision of the data). CCC values range from 0 to +1.
As CCC values approach 1, the measurement differences
between the different raters become negligible and more
consistent. The interobserver agreement was classified as
poor (CCC = 0.00-0.20), fair to good (CCC = 0.40-0.75)
or excellent (CCC > 0.75)[30]. The CCCs were reported
with 95% confidence intervals (CIs).
The data analysis was performed with the STATA
statistical package (release 11.1, 2010, Stata Corporation,
College Station, Texas, United States) and MedCalc (version 11.2, 2011 MedCalc Software bvba, Ostend, Belgium).

Table 1 Main clinical and demographic characteristics of
patients with chronic viral hepatitis n (%)

RESULTS
From August 2011 through April 2013, one hundred and
thirty-four consecutive subjects in Group 1 and sixtynine subjects in Group 2 were prospectively studied.
Data from some patients in Group 1 have been reported
in previous studies[18,26].
Performance of PSWE
One hundred forty patients were eligible during the
recruitment period. Six patients were excluded because
they were undergoing antiviral therapy. Due to patient
recruitment from our referring physicians, there were no
patients with overt cirrhosis or ascites in this series of
patients. One hundred thirty-four patients met the inclusion criteria. LB was performed in all the patients on the
same day as the PSWE and TE measurements, and no
complications were observed. The specimen length was
adequate for liver histology in all but one patient. TE
was feasible in all but one patient, whereas the PSWE
measurements failed in five patients. The PSWE measurement failures were due to narrow intercostal spaces
in four cases and obesity in one.
The characteristics of the 134 patients are summarized in Table 1. The mean length of the LB specimens
was 2.5 (0.78) cm. The results of the statistical analysis performed on the data from the 102 patients with
chronic hepatitis C are provided hereafter.
In the univariate analysis, the PSWE and TE values
showed a high correlation with the fibrosis stage and
low correlations with the degree of necroinflammation, aspartate aminotransferase (AST) and gammaglutamyl transferase (GGT). The following values were
obtained for PSWE and TE: (1) for liver fibrosis: r =
0.61 (P < 10-5) and r = 0.68 (P < 10-5); (2) for the degree
of necroinflammation: r = 0.39 (P < 10-5) and r = 0.40
(P < 10-5); (3) for AST: r = 0.37 (P = 0.0002) and r =
0.32 (P = 0.001); and (4) for GGT: r = 0.48 (P < 10-5)
and r = 0.43 (P < 10-5), respectively. The PSWE and TE
values showed a moderate negative correlation with the
platelet count (r = -0.34, P < 0.0002; r = -0.36, P < 10-5).
No correlations with other variables, including steatosis,
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Characteristics

All patients
(n = 134)

Sex, females
Age, yr (SD)
BMI, kg/m2 (SD)
AST, IU/L (IQR)
ALT, IU/L (IQR)
Alkaline phosphatase, IU/L
(IQR)
GGT, IU/L (IQR)
Total bilirubin, M/L (IQR)
Platelet count, 103/mm3 (SD)
Prothrombin time, % (SD)
HCV infection
HBV infection
Other1
Fibrosis score (METAVIR)2
F0
F1
F2
F3
F4
Activity grade (METAVIR)
A0
A1
A2
A3
Steatosis grade
S0
S1
S2
S3
LSM, kPa (IQR)
PSWE, kPa (IQR)

29 (23.4)
43.70 (11.4)
25.1 (4.5)
46 (26-78)
69 (41-122)
69 (59-87)
49 (26-80)
0.62 (0.46-0.94)
227.8 (76.0)
94.0 (15.5)
102 (76.1)
28 (20.9)
4 (3.0)

Patients with chronic
hepatitis C (n = 102)
20 (21.3)
45.2 (11.0)
25.2 (4.9)
46 (30-83)
70 (43-127)
70 (59-95)
50 (36-88)
0.60 (0.44-0.89)
227.7 (70.1)
94.4 (17.0)
-

14 (10.5)
56 (42.1)
29 (21.8)
20 (15.0)
14 (10.5)

6 (5.9)
44 (43.6)
24 (23.8)
17 (16.8)
10 (9.9)

12 (9.0)
77 (58.0)
28 (21.0)
16 (12.0)

5 (4.9)
57 (56.4)
27 (26.7)
12 (11.9)

83 (62.4)
30 (22.6)
16 (12.0)
4 (3.0)
6.6 (5.0-8.9)
5.3 (3.9-6.6)

62 (61.3)
23 (22.8)
12 (11.9)
4 (4.0)
6.5 (5.0-8.9)
5.2 (3.9-6.6)

1
HCV/HBV coinfection: n = 2; HCV/HIV coinfection: n = 2; 2data for one
patient missing due to inadequate biopsy specimen length. SD values
represent means, and IQR values represent medians. BMI: Body mass
index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
GGT: Gamma-glutamyl transferase; LSM: Liver stiffness measurement;
PSWE: Point shear wave elastography.

were found.
A multiple regression analysis that included METAVIR
stage, METAVIR grade, AST, GGT and platelet count
confirmed the correlations, for both PSWE and TE, with
fibrosis stage and GGT, but not with any other variables.
The corresponding coefficients for METAVIR stage and
GGT were 1.66 (95%CI: 0.85-2.46; P < 10-5) and 0.007
(95%CI: 0.003-0.011; P = 0.002), respectively, for PSWE;
and 3.05 (95%CI: 1.96-4.14; P < 10-5) and 0.007 (95%CI:
0.001-0.060; P = 0.002), respectively, for TE.
After corrections for gender and age, both the PSWE
and TE values differed significantly between the patients
with chronic hepatitis C at the F0-F1 stage (n=50) and
the healthy volunteers (n = 69) (Figure 1).
Liver stiffness assessment: Comparison of PSWE and
TE: The median values, interquartile ranges, ranges,
numbers of outliers and P values of the measurements
obtained for each fibrosis stage using PSWE and TE are
shown in Figure 2.
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Figure 2 Distribution of stiffness values according to METAVIR fibrosis
stage. Median values, interquartile ranges, ranges, numbers of outliers and
P values are given for each fibrosis stage. A: Point shear wave elastography
(PSWE); B: Transient elastography (TE).

The optimal cut-off values for different levels of fibrosis were determined by analyzing the ROCs for PSWE.
For TE, we used cut-off values obtained in a previous
study[26]. The cut-off values of PSWE and TE for each
METAVIR stage, along with the AUCs, sensitivity, specificity, positive predictive value, negative predictive value,
positive likelihood ratio and negative likelihood ratio, are
presented in Table 2. Figure 3 shows the ROC curves for
significant (F ≥ 2) and severe fibrosis (F ≥ 3), as well as
for cirrhosis (F = 4). For staging advanced fibrosis (F ≥ 3),
TE had higher accuracy than PSWE, but this difference
did not reach statistical significance. The Obuchowski
measures were good for both PSWE [0.80 (95%CI:
0.73-0.86)] and TE [0.83 (95%CI: 0.77-0.90)].

0.83 (95%CI: 0.79-0.88) to 0.96 (95%CI: 0.95-0.97) for
rater 1 and from 0.84 (95%CI: 0.79-0.88) to 0.96 (95%CI:
0.95-0.97) for rater 2 (Table 4).
When each group was considered separately, the
CCC ranged from 0.77 (95%CI: 0.68-0.87) to 0.96
(95%CI: 0.94-0.97) for both raters in Group 1, from 0.80
(95%CI: 0.66-0.94) to 0.81 (95%CI: 0.67-0.94) for rater
1 and from 0.82 (95%CI: 0.69-0.94) to 0.83 (95%CI:
0.72-0.95) for rater 2 in Group 2.
Interobserver agreement: For the 116 subjects in Group
1 and Group 2, the interobserver agreement yielded CCC
values ranging from 0.83 (95%CI: 0.78-0.88) to 0.93
(95%CI: 0.91-0.95) (Table 4).
When each group was considered separately, the
interobserver agreement ranged from 0.76 (95%CI:
0.66-0.86) to 0.93 (95%CI: 0.88-0.96) in Group 1 and
from 0.75 (95%CI: 0.58-0.95) to 0.83 (95%CI: 0.70-0.95)
in Group 2.

Intraobserver and interobserver agreement of PSWE
measurements
In total, 116 subjects were studied, including 47 consecutive patients scheduled for liver biopsy (Group 1) and 69
consecutive healthy volunteers (Group 2). The characteristics of the 116 subjects are summarized in Table 3. TE
and PSWE were feasible in all the subjects.

DISCUSSION

Intraobserver agreement: For the 116 subjects in Group
1 and Group 2, the intraobserver agreement ranged from
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30

0

Figure 1 Box and whisker plots of stiffness values in patients at METAVIR
stage F0-F1 and in healthy subjects. Box plots show interquartile range (box),
median (line within box), range (whisker) and outliers (circle). Median values
(IQR) and P values of differences are given. A: Point shear wave elastography
(PSWE) values; B: Transient elastography (TE) values.

Patients with chronic hepatitis C (n = 101)
P = 0.22

This study was undertaken to assess the validity of
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Table 2 Performance of point shear wave elastography (n =
98) and transient elastography (n = 101) in patients with
chronic hepatitis C

Patients with chronic hepatitis C (n = 98)
100

P = 0.42

Parameter

Method

Cut-off in
kPa
AUC

PSWE
TE
PSWE
TE
PSWE
TE
PSWE
TE
PSWE
TE
PSWE
TE
PSWE
TE
PSWE
TE

Sensitivity
%
Specificity
%
PPV %
NPV %
+LR
-LR

F

F

≥3

F =4

5.8
7.3
0.88 (0.80-0.94)
0.95 (0.88-0.98)
85.2 (66.3-95.8)
89.9 (70.8-97.6)
84.5 (74.0-92.0)
80.8 (69.9-89.1)
67.6 (49.5-82.6)
63.2 (45.7-78.4)
93.7 (84.7-98.3)
95.2 (86.5-99.0)
5.5 (3.1-9.7)
4.6 (2.8-7.6)
0.2 (0.07-0.4)
0.1 (0.05-0.4)

7.2
9.3
0.95 (0.89-0.99)
0.92 (0.85-0.97)
90.0 (55.5-99.7)
90.0 (55.5-99.7)
88.6 (80.1-94.4)
87.8 (79.2-93.7)
47.4 (24.4-71.1)
45.0 (23.1-78.5)
98.7 (93.1-100)
98.7 (93.2-100)
7.9 (4.3-14.7)
7.4 (4.1-13.3)
0.1 (0.02-0.7)
0.1 (0.02-0.7)

≥2

5.7
6.9
0.80 (0.71-0.87)
0.82 (0.73-0.89)
62.0 (47.2-75.3)
62.7 (48.1-75.9)
91.7 (80.0-97.7)
83.7 (70.3-92.7)
88.6 (73.3-96.8)
80.0 (64.1-91.1)
69.8 (57.0-80.8)
68.3 (55.0-79.7)
7.4 (2.8-19.5)
3.8 (2.0-7.5)
0.4 (0.3-0.6)
0.4 (0.3-0.6)

Sensitivity

80

60

40

20

PSWE
TE

0
0

B

Sensitivity

PSWE, i.e., the repeatability of measurements and the
performance of this method. The results show that
PSWE is a highly reproducible method for assessing
liver stiffness because it was characterized by very high
levels of intraobserver and interobserver agreement,
both overall and for single measurements. Moreover,
the reproducibility of the method was similar in healthy
subjects and in patients with chronic viral hepatitis. Ultrasound imaging techniques are subject to user dependency; nonetheless, we observed a high interobserver
agreement rate that was similar to that reported for
TE[9]. Nevertheless, good interobserver agreement rates
have been reported for other shear wave elastography
ultrasound-based techniques, suggesting that the method
itself has low variability and requires only a short period
of training to be performed reliably[31-33]. Indeed, the
benefits of image guidance will likely reduce the learning
curve and the variations between measurements[33].
The results of this study show that TE and PSWE
results are directly and linearly correlated with the stages
of fibrosis determined using histology. Furthermore, the
performance of PSWE compares with that of TE, the
first available technique and the most widely accepted
method for noninvasive assessment of liver fibrosis.
In our series, liver stiffness did not correlate with liver
steatosis in either the univariate or multivariate analysis;
thus, steatosis was not a confounding variable. This result is similar to those observed in other studies using
shear wave elastography techniques integrated into ultrasound systems, and this result appears to indicate that
the value obtained was a true estimate of the stiffness
of the liver[14,16,18,19,34]. The influence of necroinflammation on liver stiffness is controversial; some studies have
found an influence[9,11,14,19,34], and others have not[2-4,16,18,22].
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40
60
100-Specificity

80

100

Patients with chronic hepatitis C (n = 98)
100

80
In parentheses: 95%CI. PSWE: Point shear wave elastography; TE:
Transient elastography; kPa: Kilopascals; AUC: Area under the curve;
PPV: Positive predictive value; NPV: Negative predictive value; +LR:
Positive likelihood ratio; -LR: Negative likelihood ratio.

20

P = 0.06

60

40

20
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TE

0
0

C
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P = 0.30
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Figure 3 Receiver-operating characteristic curves for different fibrosis
thresholds. The performance of point shear wave elastography (PSWE) was
compared to that of transient elastography (TE). P values for differences between areas under the curve are given. A: F0-F1 vs F2- F4 (F ≥ 2); B: F0-F2
vs F3-F4 (F ≥ 3); C: F0-F3 vs F4 (F = 4).

In our series, we found no correlation between liver stiffness and necroinflammation. A positive correlation with
GGT was found, which is in agreement with the results
of a study by Forns et al[35], which identified this variable
as an independent predictor of liver fibrosis.
The diagnostic accuracy of PSWE was similar to
that reported by some other studies, which used a dif-
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Table 3 Characteristics of the subjects assessed to determine
the reproducibility of point shear wave elastography
measurements

Table 4 Intraobserver and interobserver agreement of point
shear wave elastography measurements performed by two
raters

Characteristic
Sex, females (%)
Age, yr (SD)
BMI, kg/m2 (SD)
PSWE
measurement,
rater 1 (IQR)
PSWE
measurement,
rater 2 (IQR)

Group 1
n = 47

Group 2
n = 69

Measurements

n = 116

Rater 1
Rater 2
Rater 1 vs Rater 2
CCC (95%CI) CCC (95%CI) CCC (95%CI)

44 (37.9)
41.9 (13.5)
23.2 (4.1)
3.95 (3.3-5.2)

10 (21.3)b
44.1 (12.5)a
23.7 (2.7)
5.34 (4.1-7.3)b

34 (49.3)
38.9 (13.8)
23.0 (4.9)
3.53 (3.2-4.1)

1, 2, 3, 4, 5 vs 6,
7, 8, 9, 10
1, 3, 5, 7, 9 vs 2,
4, 6, 8, 10
1, 2, 3, 4, 5
6, 7, 8, 9, 10
1, 3, 5, 7, 9
2, 4, 6, 8, 10
All
1 vs 5
5 vs 10
2 vs 5
3 vs 8
1
2
5
8

0.96 (0.95-0.97)

0.96 (0.95-0.97)

-

0.95 (0.93-0.96)

0.96 (0.94-0.97)

-

0.93 (0.91-0.95)
0.83 (0.79-0.88)
0.87 (0.84-0.91)
0.93 (0.91-0.95)
-

0.85 (0.80-0.90)
0.88 (0.84-0.92)
0.84 (0.79-0.89)
0.84 (0.79-0.88)
-

0.91 (0.88-0.94)
0.93 (0.91-0.95)
0.93 (0.91-0.95)
0.92 (0.90-0.94)
0.93 (0.90-0.95)
0.89 (0.85-0.93)
0.83 (0.78-0.88)
0.85 (0.80-0.90)
0.84 (0.79-0.90)

Total

3.92 (3.3-5.2)

5.34 (4.1-7.1)b

3.52 (3.1-4.0)

SD values represent means, and IQR values represent medians. aP <
0.05; bP < 0.01. PSWE: point shear wave elastography; BMI: body mass
index. Group 1: Patients with chronic viral hepatitis; Group 2: Healthy
volunteers.

ferent point shear wave elastography method that also
included acoustic radiation force impulse (ARFI); those
studies reported no improvement in accuracy relative to
TE for staging liver fibrosis[14,20,21,36]. Rizzo et al[16] found
that ARFI was more accurate than TE for the staging of
both significant and severe liver fibrosis. However, those
results were not confirmed by a recent meta-analysis that
compared ARFI with TE and found comparable diagnostic accuracies of both methods for the diagnosis of
severe fibrosis and a slightly but signiﬁcantly higher diagnostic accuracy of TE for the diagnosis of signiﬁcant
fibrosis and cirrhosis[17].
PSWE is a recently developed method that is part
of the second generation of ultrasound elastography
methods. These methods differ from the first-generation
TE in several aspects, including the generation of shear
waves within the organ by a focused ultrasound beam
and the capability of focusing the beam at different locations within the organ under ultrasound image guidance.
These properties should improve the feasibility of stiffness measurements in obese patients and patients with
ascites; they may also improve the accuracy of PSWE
relative to TE. However, the current study demonstrated
that neither the feasibility nor the accuracy of PSWE was
higher than that of TE. This finding could be attributable to the fact that the patients in our series had a body
mass index within the normal range and the absence of
patients with ascites. On the other hand, compared with
TE, routine ultrasound systems with an elastography
technique are advantageous in that they also allow the
evaluation of other parameters that are complementary
to stiffness, they are highly accurate for the diagnosis of
cirrhosis and they could be used to screen for focal liver
lesions[20,37].
The optimal cut-offs identified for each fibrosis
stage, which were based on the maximal sensitivity and
specificity, were close to each other. However, the diagnostic accuracy, assessed with AUCs, was high, suggesting that the PSWE method is acceptable for staging
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CCC: Concordance correlation coefficient; CI: confidence interval.

liver fibrosis but needs to be refined. On the other hand,
liver histology could be an imperfect gold standard because it is affected by intraobserver and interobserver
variabilities in fibrosis assessment and represents only
1/50000 of the entire liver mass[38]. Moreover, a recent
study showed that liver biopsy exhibited a relative lower
level of performance compared with FibroTest and TE
when evaluated similarly for the diagnosis of advanced
fibrosis[39]. As was very recently reported for TE[25], in
our study, both TE and PSWE showed excellent negative predictive value for cirrhosis and very good positive
predictive value for significant fibrosis. On the contrary,
both techniques showed insufficient positive predictive
value for cirrhosis and only fair negative predictive value
for significant fibrosis.
The values of stiffness obtained using PSWE in
healthy subjects were significantly lower than those obtained in patients with nonsignificant fibrosis (F0-F1)
based on liver histology. This result indicates that the
PSWE technique, which is noninvasive and readily available in ultrasound systems, could be a useful adjunct tool
when performing ultrasound examinations of the liver
because this method may allow physicians to select patients who need to be further evaluated for chronic liver
disease.
Our study has limitations. First, the different stages
of fibrosis, particularly advanced fibrosis and cirrhosis,
were not equally represented among the patients in our
series; almost half of the patients were at the F0-F1
stage, which may have affected the optimal cut-off
values obtained with the ROC curves. This uneven distribution of fibrosis stages among consecutive patients
reflects what is normally observed in clinical settings.
On the other hand, the Obuchowski measure, which was
used to minimize the spectrum bias, was good for both
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PSWE and TE. Second, our study population had a low
prevalence of obesity, which could be a technical limitation; thus, the applicability of these results is limited.
Third, the analysis was performed in a relatively small
number of patients; thus, these results need to be validated in larger studies.
In conclusion, PSWE is a highly reproducible method for assessing liver stiffness. For staging liver fibrosis,
PSWE compares favorably with TE. Healthy volunteers
show significantly lower values compared with patients
with nonsignificant fibrosis. Further studies in larger series of patients are needed to confirm these results.

Point shear wave elastography, which is a noninvasive technique readily available in an ultrasound system, could be a useful adjunct tool when performing
ultrasound examinations of the liver because it may allow physicians to select
patients who need to be further evaluated for chronic liver disease.

Terminology

Point shear wave elastography is an ultrasound-based technique that generates
shear waves inside the liver using the radiation force from a focused ultrasound
beam. The ultrasound machine monitors the shear wave propagation and
measures the velocity of the shear wave. Assuming that the tissue exhibits very
simple behavior, the shear wave velocity is related to stiffness through Young’s
modulus. The unit of measure of stiffness is the kilopascal (kPa).

Peer review

The authors investigated a point shear wave elastography method for assessing liver stiffness. This paper seems to be important and promising.
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In the last decade, methods to noninvasively quantify liver fibrosis have been
developed. Ultrasound point shear wave elastography is a noninvasive technique that is implemented in an ultrasound system and is able to assess the
mechanical properties of tissues. The stiffness of tissues increases under
pathological conditions, such as liver fibrosis. Compared with transient elastography, this technique has the advantage of B-mode image guidance, allowing
the best acoustic window for correctly performing an examination to be selected
in real time.
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The assessment of liver fibrosis is of outmost importance in the management of
patients with chronic viral hepatitis. Ultrasound point shear wave elastography
is an affordable technique that could help reduce costs compared with more
invasive procedures, such as liver biopsy.
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The results of this study show that point shear wave elastography values are
directly and linearly correlated to the stages of fibrosis identified by histology.
Furthermore, the performance of this technique compares with that of transient
elastography, which is the most widely accepted method for the noninvasive
assessment of liver fibrosis. In our study, both transient elastography and point
shear wave elastography showed excellent negative predictive value for cirrhosis and very good positive predictive value for significant fibrosis.
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RESULTS: The mean numbers of retrieved splenic hilar
LNs were similar in patients in group 3DCT and group
NO-3DCT (2.85 ± 2.33 vs 2.48 ± 2.18, P > 0.05). The
operation time and blood loss at the splenic hilum were
lower in the patients in group 3DCT (P < 0.05 each).
The postoperative recovery time and complication rates
were similar between the two groups (P > 0.05 each).
Subgroup analysis showed that the operation time at
2
the splenic hilum in patients with a BMI ≥ 23 kg/m
was significantly shorter in patients in group 3DCT
than in group NO-3DCT (20.27 ± 5.84 min vs 26.17
± 11.01 min, P = 0.003). In patients with a BMI < 23
2
kg/m , the overall operation time (171.8 ± 26.32 min
vs 188.09 ± 52.63 min, P = 0.028), operation time at
the splenic hilum (19.39 ± 5.46 min vs 23.74 ± 9.56
min, P = 0.001), and blood loss at the splenic hilum
(13.27 ± 4.96 mL vs 17.98 ± 8.12 mL, P = 0.000)
were significantly lower in patients in group 3DCT than
in group NO-3DCT. After 40 operations, the operation
time (18.63 ± 4.40 min vs 23.85 ± 7.92 min, P = 0.000)
and blood loss (13.10 ± 4.17 mL vs 15.10 ± 4.42 mL,
P = 0.005) at the splenic hilum were significantly lower
in patients who underwent 3DCT, but there were no
significant between-group differences prior to 40 operations.

Abstract
AIM: To investigate whether computed tomography
with 3D imaging (3DCT) can reduce the risks associated with laparoscopic surgery.
METHODS: We performed a retrospective case-control
study evaluating the efficacy of preoperative 3DCT of
the splenic vascular anatomy on surgical outcomes in
patients undergoing laparoscopic spleen-preserving
splenic hilar lymph node (LN) dissection for upper- or
middle-third gastric cancer. The clinical records of 312
patients with upper- or middle-third gastric cancer who
underwent laparoscopic total gastrectomy with spleenpreserving splenic lymph node dissection in our hospital
from January 2010 to June 2013 were collected, and
the patients were divided into two groups (group 3DCT
vs group NO-3DCT) depending on whether they underwent 3DCT or not. Clinicopathologic characteristics,
operative and postoperative measures, the number
of retrieved LNs, and complications were compared
between these two groups. Patients were further compared regarding operative and postoperative measures,
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CONCLUSION: 3DCT is critical for surgical guidance to
reduce the risks of splenic LN dissection. This method
may be important in safely facilitating laparoscopic
spleen-preserving splenic LN dissection.
© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Stomach neoplasms; Spleen preservation;
Laparoscopy; Lymph node dissection; Computed to-
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third gastric cancer patients.
Despite the increased use of laparoscopic spleenpreserving splenic hilar LN dissection in these patients,
surgery is made more difficult by anatomic complications
of the vessels around the stomach, particularly the splenic vessels, which are located in a narrow, deep space. The
inability to intuitively judge the shape of the splenic vessels increases the likelihood of vascular injury and bleeding. Moreover, a lack of knowledge of splenic vascular
anatomy, an inability to manipulate tissues, and a limited
operative field of view may result in difficult and timeconsuming dissections to search for blood vessels and
anatomical landmarks, increasing the risk of iatrogenic
vascular and visceral injuries.
The preoperative assessment of splenic vascular
anatomy at the splenic hilum is important for the safe
and rapid performance of laparoscopic spleen-preserving
splenic hilar LN dissection. The vascular anatomy can
be mapped preoperatively using computed tomography
(CT) angiography, followed by processing of the images
with rendering software to reconstruct 3D images of the
splenic vessels. These models can be rotated and viewed
from different angles to identify the course of each
splenic vessel and its relationship to other anatomical
structures. Determining vascular anatomy by CT with 3D
imaging (3DCT) imaging is critical for reducing the risks
associated with laparoscopic gastric cancer surgery[9]. We,
therefore, performed a retrospective case-control study
evaluating the efficacy of preoperative 3DCT of the
splenic vascular anatomy on surgical outcomes in patients
undergoing laparoscopic spleen-preserving splenic hilar
LN dissection for upper- or middle-third gastric cancer.

mography angiography with three-dimensional imaging
Core tip: The JGCA guidelines recommend splenic hilar
lymph node (LN) dissection in patients with upper- and
middle-third advanced gastric cancer. However, the
surgery is made more difficult by anatomic complications of the vessels around the stomach, particularly
the splenic vessels, which are located in a narrow, deep
space. The inability to intuitively judge the shape of
the splenic vessels increases the likelihood of vascular
injury. Preoperative assessment of the splenic vascular
anatomy at the splenic hilum is important for the safe
and rapid performance of laparoscopic spleen-preserving splenic hilar LN dissection. Computed tomography
with 3D imaging can be used for surgical guidance to
reduce the risks of splenic LN dissection.
Wang JB, Huang CM, Zheng CH, Li P, Xie JW, Lin JX, Lu J.
Role of 3DCT in laparoscopic total gastrectomy with spleenpreserving splenic lymph node dissection. World J Gastroenterol
2014; 20(16): 4797-4805 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i16/4797.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4797

INTRODUCTION
Since the first report of laparoscopic-assisted distal gastrectomy (LADG) for early gastric cancer[1], laparoscopic
surgery for gastric cancer has been shown to be an effective modality, with significant advantages over open
surgery, including a smaller surgical incision, reduced
intraoperative bleeding, less postoperative pain, faster
recovery of bowel function, a shorter hospital stay, faster
return to daily activities, and improved quality of life[2-6].
The indications for laparoscopic gastrectomy have been
extended to include patients with advanced gastric cancer
(AGC). Laparoscopic surgery, however, still has limitations, including the lack of tactile sensation, a reduced
view of the operative field, and the inability of the surgeon to directly manipulate organs and lesions during
surgery. Laparoscopy-assisted total gastrectomy (LATG)
is more difficult to perform than LADG due to the additional requirement for the dissection of lymph nodes
(LNs) at the splenic hilum and the need for esophagojejunostomy. As laparoscopic techniques have improved,
the number of patients undergoing LATG has increased
annually[7]. LATG, which has been reported to be technically more feasible than LADG[2], is increasingly used in
the treatment of upper- and middle-third gastric cancer.
Japanese Gastric Cancer Association guidelines recommend splenic hilar LN dissection in patients with upperand middle-third AGC who undergo LATG with D2 LN
dissection[8]. With the regeneration of the surgical treatment concept and the development of laparoscopic surgery, laparoscopic spleen-preserving splenic hilar LN dissection has gradually been applied to upper- or middle-
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MATERIALS AND METHODS
Patients
Between January 2010 and June 2013, 312 patients with
upper- or middle-third gastric cancer underwent laparoscopic-assisted total gastrectomy with D2 LN dissection
plus spleen-preserving splenic hilar LN dissection in the
Department of Gastric Surgery, Fujian Medical University Union Hospital. All subjects were preoperatively confirmed as having upper- or middle-third AGC by analyses
of endoscopic biopsy specimens. Preoperative imaging
was routinely performed following endoscopic examination, including CT scanning, ultrasonography (US)
of the abdomen, and endoscopic US. All patients also
underwent intraoperative diagnostic laparoscopy, including a complete examination of the peritoneal cavity and
liver. Patients preoperatively diagnosed with T1 and T4b
gastric cancer were excluded. Patients with enlarged and
integrated splenic hilar LNs were not considered candidates for surgery. The surgical procedure, including its
advantages and risks, was explained to all candidates for
surgery. The ethics committee of Fujian Union Hospital
approved this retrospective study. Written consent was
given by the patients for their information to be stored in
the hospital database and used for research.
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Data collection
All patients underwent abdominal helical CT (Discovery
CT750 HD), with scans ranging from the top of the
diaphragm to the lower edge of the liver. An average
of 100 mL of nonionic contrast agent was infused at a
rate of 2 mL/s. CT data acquisition was triggered using
the bolus tracking technique, with the region of interest (ROI) placed in the abdominal aorta just below the
diaphragmatic dome. The trigger threshold level was
set at a CT value of 100 Hounsfield units. Abdominal
CT scans were performed at a slice thickness of 5 mm.
During each phase, scanning was performed in a single
breath-hold. 3DCT images of the splenic vessels were
individually reconstructed using the original scanning
images. The CT data were downloaded to an offline
workstation for image post-processing and analysis, and
3DCT reconstructions were performed by a team of
professional radiologists. The patients were assigned to
two groups in accordance with their wishes: 231 patients
underwent CT with 3D angiography (group 3DCT), and
81 underwent CT without 3D angiography (group NO3DCT). The following were compared between the two
groups: patient demographic and clinical characteristics,
including age, sex, BMI, tumour size, depth of invasion,
LN metastasis, and TNM stage[10]; operative data, including operation time, blood loss, number of positive and
retrieved splenic hilar LNs, and number of positive and
retrieved LNs; and postoperative data, including postoperative hospital stay, day of first flatus, day of first
fluid diet, day of first semifluid diet, and postoperative
complications. The operation time at the splenic hilum
was defined as the time of splenic hilar LN dissection,
and the blood loss at the splenic hilum was defined
as the volume of blood lost during dissection of the
splenic hilar LNs. The patients in each group were further subdivided by BMI ( ≥ 23 vs < 23 kg/m2) and the
number of operations performed by their surgeon ( ≤
40 vs > 40 cases). According to patients’ wishes, patients
in each subgroup were also distributed into 3DCT and
No-3DCT groups, and their surgical outcomes were
compared. High (≥ 23 kg/m2) and normal (< 23 kg/
m2) BMIs were defined according to the World Health
Organisation definitions for individuals in the western
Pacific region[11].

Figure 1 Left gastroepiploic vessels are vascularised at the origin.

the patient’s legs, and the assistant and camera operator
were both on the patient’s right side.
Splenic hilar LN dissection: Before the operation, the
assistant placed the greater omentum behind the stomach to keep the visual field clear, pulled the body of the
stomach towards the upper right, and tensed the splenogastric ligament while the surgeon gently pressed the tail
of the pancreas towards the lower left, thus exposing the
splenic hilum. The surgeon opened the pancreatic envelope, ultrasonically separated the membrane of the body
and tail of the pancreas to reach the posterior pancreas
space at the superior border of the pancreas, and opened
the vascular envelope at the end of the splenic arteries.
The surgeon dissected the lymphatic fatty tissue on the
surface of the inferior splenic lobar artery from the lower
pole of the spleen. The left gastroepiploic artery issuing
from the inferior splenic lobar artery was vascularised
and clamped after cutting its origin (Figure 1). The assistant gently pulled the lymphatic fatty tissue on the
surface of the inferior splenic lobar artery. Starting from
the root of the left gastroepiploic artery, the surgeon,
using the non-functioning face of the ultrasonic scalpel,
closed the surface of the inferior splenic lobar artery. The
surgeon used the ultrasonic scalpel to carefully dissect the
lymphatic fatty tissue and vascularise the inferior splenic
lobar artery. As the latter was gradually revealed, the
two branches of the short gastric arteries issuing from
it were skeletonised and divided at their roots, resulting
in the complete vascularisation of the inferior splenic
lobar artery (Figure 2). The assistant then pulled up the
fatty tissues and gastric tissues, and the surgeon dissected
the lymphatic fatty tissue on the surface of the superior
splenic lobar artery, starting from its root towards the upper pole of the spleen, similar to the procedure used to
vascularise the inferior splenic lobar artery. One branch
of the short gastric artery issuing from the superior
splenic lobar artery was skeletonised and divided at its
root, thus concluding the dissection of the LNs at the
front of the splenic vessels.
The assistant pulled the root of the inferior splenic
lobar artery towards the upper right, revealing the lymphatic fatty tissue behind the splenic hilum, which was
pulled by the surgeon towards the lower left to maintain
the tension (Figure 3). This lymphatic fatty tissue behind

Surgical procedures
Splenic hilar LN dissection was performed according to
the guidelines of the Japanese Classification of Gastric
Carcinoma[10]. At our institution, laparoscopic spleenpreserving splenic hilar LN dissection has become highly
standardised[12,13], with all operations performed by a senior surgeon (Chang-Ming Huang) who had performed
> 500 laparoscopic-assisted gastrectomies before starting
to perform this operation.
Patient positioning: The patient was placed in the
reverse Trendelenburg position with the head elevated
approximately 15-20 degrees and tilted left-side up approximately 20-30 degrees. The surgeon stood between
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Figure 2 Short gastric vessels are freed, clamped, and cut at the origin.

Figure 4 Fatty tissues, including the splenic lymph nodes, are en-bloc
removed from the splenic hilum.

Table 1 Patient characteristics in group computed
tomography with 3D imaging and group NO-computed
tomography with 3D imaging
Patient characteristics
No. of patients
Age (yr)
Gender
Male
Female
BMI, kg/m2
Tumour size, mm
Histology
Differentiated
Undifferentiated
Depth of invasion
pT1a
pT1b
pT2
pT3
pT4a
Lymph node metastasis
pN0
pN1
pN2
pN3
TNM stage
Ⅰa
Ⅰb
Ⅱa
Ⅱb
Ⅲa
ⅢB
ⅢC

Figure 3 Lymphatic fatty tissues behind the splenic hilum are dissected.

the splenic hilum was dissected. Finally, the splenic hilar
LNs were dissected completely (Figure 4).
Statistical analysis
Statistical analyses were performed using the SPSS 18.0
statistical software package. Means were compared using
t-tests and categorical data using Chi-square tests. Proportions were compared by the χ 2 test or Fisher’s exact
test. P values < 0.05 were considered statistically significant.

RESULTS
Between January 2010 and December 2012, 312 patients
with upper- or middle-third gastric cancer underwent
laparoscopic-assisted total gastrectomy with D2 LN dissection and spleen-preserving splenic hilar LN dissection. Of these, 231 patients underwent CT scans with
3D angiography, and 81 underwent CT scans without 3D
angiography. The mean age of the 312 patients was 60.86
± 10.51 years. The clinicopathologic characteristics were
similar among patients in both the 3DCT and NO-3DCT
groups (Table 1). The types of splenic lobe vessels observed preoperatively in group 3DCT were in accordance
with their intraoperative conditions (Figures 5-7). The
mean operation time (173.65 ± 27.12 min vs 189.56 ±
48.36 min; P = 0.007), mean operation time at the splenic
hilum (19.70 ± 5.59 min vs 24.47 ± 9.98 min; P = 0.001),
and mean blood loss at the splenic hilum (13.62 ± 4.50
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Group NO-3DCT

Group 3DCT

81
59.48 ± 10.82

231
61.34 ± 10.38

58
23
21.67 ± 3.24
57.53 ± 23.66

178
52
21.95 ± 2.74
55.76 ± 27.88

29
52

98
133

5
6
1
29
40

10
9
22
87
103

25
13
12
31

45
37
43
106

6
4
15
9
12
12
23

15
12
25
27
31
52
69

P value
0.542
0.484

0.273
0.251
0.262

0.098

0.090

0.487

3DCT: Computed tomography with 3D imaging; BMI: Body mass index.

mL vs 17.92 ± 9.08 mL; P = 0.001) were lower in patients
who were not evaluated by 3DCT. In contrast, the number of retrieved and positive splenic hilar LNs, number
of retrieved and positive LNs, and mean blood loss were
similar in the two groups (P > 0.05 each). There were
also no significant differences between these two groups
with regards to days to first flatus, first fluid diet, and first
semifluid diet, postoperative hospital stay, and complications (P > 0.05) (Tables 2 and 3).
Subgroup analyses of the patients with a BMI ≥ 23
kg/m2 showed that those who were evaluated by preop-
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A

B

Figure 5 A single-lobe splenic vessel. A: Preoperative assessment of the splenic vascular anatomy using computed tomography with 3D imaging images; B: Operative view after the completion of splenic lymph node dissection.

A

B

Figure 6 Two-lobe splenic vessels. A: Preoperative assessment of the splenic vascular anatomy using computed tomography with 3D imaging images; B: Operative view after the completion of splenic lymph node dissection.

A

B

Figure 7 Three-lobe splenic vessels. A: Preoperative assessment of the splenic vascular anatomy using computed tomography with 3D imaging images; B: Operative view after the completion of splenic lymph node dissection.

erative 3DCT had a significantly shorter mean operation
time at the splenic hilum (20.27 ± 5.84 min vs 26.17 ±
11.01 min; P = 0.003). Of the patients with a BMI < 23
kg/m2, those who underwent 3DCT had a significantly
lower overall operation time (171.8 ± 26.32 vs 188.09 ±
52.63 min, P = 0.028), operation time at the splenic hilum (19.39 ± 5.46 vs 23.74 ± 9.56 min, P = 0.001), and
blood loss at the splenic hilum (13.27 ± 4.96 vs 17.98 ±
8.12 ml, P = 0.000) than did the patients in group NO3DCT (Table 4). To determine the impact of 3DCT on
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these parameters, we assessed the effect of the ‘‘learning
curve’’ for laparoscopic spleen-preserving splenic hilar
LN dissection. A previous report from our department
indicated that the learning curve for laparoscopic spleenpreserving splenic hilar LN dissection reached a plateau
after 40 operations[13]. When patients were divided into
those treated by surgeons who had performed ≤ 40 or
> 40 of these operations, we found that of the patients
operated on by surgeons who had performed > 40 operations, those who had undergone 3DCT had a signifi-

4801

April 28, 2014|Volume 20|Issue 16|

Wang JB et al . 3DCT in spleen-preserving splenic lymph node dissection
Table 2 Operative data in group computed tomography with
3D imaging and group NO-computed tomography with 3D
imaging

Operation time, min
Operation time at splenic
hilum, min
Blood loss, mL
Blood loss at the splenic
hilum, mL
No. of positive No. 10
lymph nodes
No. of retrieved No. 10
lymph nodes
No. of positive lymph
nodes
No. of retrieved lymph
nodes

Group NO-3DCT

Group 3DCT

P value

189.56 ± 48.36
24.47 ± 9.98

173.65 ± 27.12
19.70 ± 5.59

0.007
0.001

57.34 ± 30.78
17.92 ± 9.08

50.18 ± 28.89
13.62 ± 4.50

0.064
0.001

0.25 ± 0.79

0.24 ± 0.85

0.889

2.48 ± 2.18

2.85 ± 2.33

0.225

7.97 ± 10.65

9.10 ± 10.08

0.414

39.47 ± 13.51

43.19 ± 15.64

0.067

Table 3 Postoperative data in group computed tomography
with 3D imaging and group NO-computed tomography with
3D imaging
Group NO-3DCT Group 3DCT P value
Postoperative hospital stay, d
Day of first flatus, d
Day of first fluid diet, d
Day of first semifluid diet, d
Blood transfusion, n
Postoperative complications,
n
Pulmonary infection, n
Abdominal infection, n
Chylous fistula, n
Wound problem, n
Anastomotic leakage, n
Anastomotic bleeding, n
Septicaemia, n
Postoperative mortality, n

3DCT: Computed tomography with 3D imaging.

12.29 ± 6.49
4.19 ± 1.04
4.55 ± 1.70
8.15 ± 3.52
0
35

0.094
0.079
0.205
0.463
1.000
0.731

7
1
1
0
0
1
0
0

11
12
2
3
3
3
1
0

0.141
0.085
0.770
0.303
0.303
0.965
0.554
1.000

3DCT: Computed tomography with 3D imaging.

cantly lower operation time (18.63 ± 4.40 min vs 23.85 ±
7.92 min, P = 0.000) and blood loss (13.10 ± 4.17 mL vs
15.10 ± 4.42 mL, P = 0.005) at the splenic hilum than patients who had not undergone 3DCT. In contrast, there
were no significant differences between these two groups
when operated on by surgeons who had performed < 40
such operations (Table 5).

tomical landmarks. This difficulty results in longer operating times and an increased risk of visceral and vascular
injuries. The latter can cause major complications, such
as massive bleeding and bowel ischaemia, particularly for
obese patients. In general, laparoscopic spleen-preserving
splenic hilar LN dissection is much more difficult in
obese patients because of their narrower abdominal cavity, greater accumulation of fatty lymphoid tissue covering
the vessels, and limited visualisation of surgical fields[20].
Preoperative 3DCT evaluation of vascular anatomy may
therefore aid the safe and rapid ligation of vessels and
dissection of the splenic hilar LNs, particularly in obese
patients.
The importance of the preoperative assessment of
vessel anatomy has been recognised since the era of interventional percutaneous angiography. Improvements in
CT scanner technology have enabled the accurate reconstruction of the images of various vessels[21]. 3DCT has
been shown to be clinically useful in various diagnostic
fields, including abdominal surgery, in which 3DCT has
been utilised for the preoperative evaluation of aortic
aneurysms and pancreatic cancers and for the preoperative assessment and planning of liver and kidney transplants[22]. Recent advances in 3DCT have also enabled its
use in gastric resection. In addition, 3D angiography prior
to laparoscopic gastrectomy has been shown to be useful
in the detection of perigastric vessels, including the left
gastric artery and left gastric vein[23-26]. 3DCT imaging of
the vascular anatomy was found to be of critical importance in reducing the risks associated with laparoscopic
gastric cancer surgery[9] and for reducing blood loss during surgery[26]. The overlapping of different phase images
with 3D reconstruction also helps to identify the anatomical correlations between arteries and veins[27]. Prior
knowledge of the particular gastric vascular anatomy in
a patient can aid accurate surgical planning, reducing the
risk of complications. To our knowledge, no previous

DISCUSSION
Advances in surgical concepts, improvements in anatomical techniques, and progress in organ retention have indicated the increased feasibility of spleen-preserving splenic LN dissection[14-16]. Laparoscopic splenic LN dissection
has also been shown to be safe and feasible compared
with open surgery. Its advantages over open surgery include its minimal invasiveness and the ability to leave the
spleen intact without mobilising it while similarly dissecting the splenic LNs[17-19].
The identification of the splenic vessels is often critical in performing laparoscopic spleen-preserving splenic
hilar LN dissection. Clinically, the vessels in the splenic
hilum are particularly intricate and variable and are covered with much fatty lymphoid tissue; in addition, the
spleen often adheres to the omentum or peritoneum.
The areas adjacent to the splenic hilum are complex and
located in a narrow, but very deep, operating space, making it difficult and time consuming to identify the proper
vessels in each patient and to complete splenic regional
LN dissection during both open and laparoscopic procedures. Moreover, the laparoscopic technique has significant limitations, being essentially two dimensional with a
loss of depth perception and spatial orientation. It also
lacks the surgeon’s intuitive touch and exposure, with
laparoscopic grasping forceps used only for traction and
separation in the local area. The inability to manipulate
tissue and the limited view of the operative field hinder
the identification of vessels and procedure-specific ana-
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11.03 ± 2.84
3.95 ± 1.07
4.29 ± 1.12
7.85 ± 1.92
0
11
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Table 4 Subgroup comparison according to body mass index
2

2
BMI ≥ 23 kg/m (n = 111)

BMI < 23 kg/m (n = 201)
Group NO-3DCT

Group 3DCT

56
57.73 ± 11.59
188.09 ± 52.63
23.74 ± 9.56
61.27 ± 35.94
17.98 ± 8.12
38.38 ± 12.25
2.67 ± 2.27
10.69 ± 2.29
9

145
60.95 ± 11.43
171.38 ± 26.32
19.39 ± 5.46
51.83 ± 22.66
13.27 ± 4.96
46.18 ± 16.86
3.20 ± 2.42
11.62 ± 5.84
18

No. of patients
Age, yr
Operation time, min
Operation time at splenic hilum, min
Blood loss, mL
Blood loss at splenic hilum, mL
No. of retrieved lymph nodes
No. of retrieved No. 10 lymph nodes
Postoperative hospital stay, d
Postoperative complications, n

P value

Group NO-3DCT

Group 3DCT

P value

0.745
0.028
0.001
0.073
0.000
0.002
0.162
0.256
0.495

25
63.40 ± 7.72
187.92 ± 32.00
26.17 ± 11.01
48.33 ± 7.61
17.78 ± 11.28
42.09 ± 16.15
2.04 ± 1.94
11.79 ± 3.77
2

86
61.99 ± 8.37
177.44 ± 28.17
20.27 ± 5.84
49.41 ± 34.73
14.29 ± 3.39
37.86 ± 11.48
2.23 ± 2.06
13.42 ± 7.36
17

0.807
0.121
0.003
0.670
0.054
0.172
0.692
0.299
0.169

3DCT: Computed tomography with 3D imaging; BMI: Body mass index.

Table 5 Subgroup comparison according to the number of cumulative laparoscopic spleen-preserving splenic hilar lymph node
dissection cases
Less than 40 cases (n = 40)
No. of patients
Age, yr
Operation time, min
Operation time at the splenic hilum, min
Blood loss, mL
Blood loss at the splenic hilum, mL
No. of retrieved lymph nodes
No. of retrieved No. 10 lymph nodes
Postoperative hospital stay, d
Postoperative complications, n

Group NO-3DCT

Group 3DCT

18
61.05 ± 10.14
205.00 ± 67.36
30.27 ± 11.58
69.32 ± 37.49
30.27 ± 8.17
34.97 ± 10.67
2.81 ± 2.00
12.87 ± 1.78
3

22
59.22 ± 13.46
199.44 ± 46.99
28.92 ± 11.61
66.35 ± 33.10
32.38 ± 13.61
25.33 ± 10.26
2.33 ± 1.87
11.91 ± 2.59
3

More than 40 cases (n = 272)

P value

Group NO-3DCT

Group 3DCT

P value

0.827
0.769
0.779
0.368
0.514
0.140
0.313
0.112
0.789

59
63.81 ± 8.03
176.40 ± 27.83
23.85 ± 7.92
49.18 ± 23.25
15.10 ± 4.42
43.54 ± 14.61
2.74 ± 2.33
11.93 ± 5.27
8

213
60.96 ± 10.52
173.39 ± 27.59
18.63 ± 4.40
50.29 ± 29.97
13.10 ± 4.17
43.47 ± 15.56
2.88 ± 2.33
12.15 ± 6.37
32

0.053
0.466
0.000
0.799
0.005
0.980
0.719
0.809
0.779

3DCT: Computed tomography with 3D imaging.

study has assessed the detectability of the splenic vessels or analysed their anatomic variety to properly plan
laparoscopic spleen-preserving splenic hilar LN dissection. 3DCT not only produces high-quality images, which
provide excellent visualisation of the vessel anatomy, but
can also detect subtle vascular abnormalities. 3D reconstructions have enabled the planning of dissections and
the localisation of topographical landmarks for the identification of the splenic vessels, helping to avoid lengthy
and harmful dissections while searching for splenic blood
vessels or those with non-typical courses and even simplifying their identification in obese patients. These 3D
images can be rotated, magnified, and examined in different planes to evaluate the anatomical relationships and
anomalies of the splenic vessels and their collateral vessels, as well as their presence or absence[28].
The types of splenic lobe vessels preoperatively detected by 3DCT were in accordance with intraoperative
conditions. Intraoperative complications, such as vascular
and visceral injuries and bleeding, as well as the mean
operation time and blood loss at the splenic hilum, were
significantly reduced in patients who underwent 3DCT
compared to those who did not. 3DCT enabled surgeons
to determine the distribution of the splenic vessels preoperatively, avoiding intraoperative searching for missing
vessels and helping to identify those that were present.
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The subgroup analysis showed that the operation time at
the splenic hilum was significantly lower in patients with
a BMI ≥ 23 kg/m2 who had undergone 3DCT than in
those who had not. Moreover, both the operation time at
the splenic hilum and blood loss were significantly lower
in patients with a BMI < 23 kg/m2 who had undergone
3DCT. In patients with a higher BMI, visualisation of
the surgical fields is limited, the anatomical level of the
splenic vessels is unclear due to excessive fat accumulation, and the blood supply is rich in soft tissues. All of
these factors can result in uncontrollable bleeding and
make surgical fields unclear, increasing the risks and operation time during laparoscopic splenic hilar LN dissection. Thus, precise preoperative knowledge of the splenic
vascular anatomy can reduce stress and operation time
and avoid unnecessary injury to blood vessels. In patients
with a normal BMI without obesity, the variation of the
splenic hilar blood vessels is the most important influencing factor when undergoing splenic hilar LN dissection.
With the ability to preoperatively confirm the splenic
vascular anatomic variation by 3DCT, surgical difficulties
and operation time would be dramatically decreased, as
would splenic vascular injuries. 3DCT presents more advantages in patients with a normal BMI.
We also performed a subgroup analysis based on the
experience of the surgeon in performing laparoscopic
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Applications

spleen-preserving splenic hilar LN dissection for upperand middle-third gastric cancer. Twenty-two patients
underwent 3DCT and had surgeons who had completed
less than 40 operations; 59 patients did not undergo
3DCT and had surgeons who had completed more than
40 operations. Both sets of patients were allocated into
the appropriate subgroup according to their wishes. Both
the operation time and blood loss at the splenic hilum
in patients operated on by surgeons who had performed
more than 40 such operations were significantly lower
with 3DCT than those in patients without 3DCT. Although the operation time and blood loss were also lower
with versus without 3DCT during operations performed
by surgeons with less surgical experience, those differences were not statistically significant. Operative technique
has been shown to affect the operation time and blood
loss at the splenic hilum but not vessel reconstruction.
However, surgeons gain additional experience with the
improvement of surgical technology, and splenic vascular
anatomic variation has gradually become the essential
factor affecting operation time and blood loss. 3DCT can
have significant effects. Without sufficient knowledge of
splenic anatomy, surgeons may injure splenic vessels during LN dissection, increasing operation time and blood
loss. By contrast, with the wide application of 3DCT, all
these injuries could be avoided during an operation performed by an informed surgeon. Therefore, 3DCT could
be beneficial for splenic hilar LN dissection.
In conclusion, preoperative 3DCT analysis of splenic
vessels is precise and informative for surgeons, enabling
laparoscopic total gastrectomy with spleen-preserving
splenic LN dissection to be performed more easily and
safely.

Preoperative 3DCT analysis of splenic vessels is precise and informative for
surgeons, enabling laparoscopic total gastrectomy with spleen-preserving
splenic LN dissection to be performed more easily and safely. Preoperative
3DCT can be used for surgical guidance to reduce the risks of splenic LN dissection.

Terminology

BMI: Body mass index was used as an objective index to indicate massive
obesity. The cutoff value was chosen according to the World Health Organisation Western Pacific Region: The Asia-Pacific Perspective.

Peer review

This is an interesting study in which the authors evaluate the efficacy of 3DCT
for assessing the distribution of splenic vessels in patients with upper- and
middle-third gastric cancer. This finding has important clinical implications for
gastrointestinal surgeons in spleen-preserving splenic LN dissection, particularly for beginners.
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CASE REPORT

Nasogastric tube as protection for recurrent oesophageal
stricture: A case report
Marek Woynarowski, Maciej Dądalski, Violetta Wojno, Mikołaj Teisseyre, Marek Szymczak, Anna Chyżyńska,
Leszek Hurkała, Emil Płowiecki, Jakub Kmiotek
the upper margin of the oesophageal stenosis for the
passage of saliva and fluid. The tube was well tolerated and improved swallowing; however the backflow
of gastric contents caused recurrent infections of the
respiratory tract. To overcome these problems, we developed a double lumen, varying diameter, perforated
tube for protection of the oesophageal closure. This nasogastric tube was found to be safe and decreased the
need for hospitalization and further endoscopic procedures. This newly developed tube can thus be considered as a treatment option for patients with recurrent
oesophageal stenosis and contraindications for surgical
oesophageal reconstruction.
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Key words: Corrosive oesophageal stenosis; Oesophageal dilatation; Oesophageal stenting; Nasogastric tube
Core tip: This report presents the design and use of a
perforated nasogastric tube for passage of saliva and
fluids in a paediatric patient who was unsuitable for
oesophageal reconstructive surgery. The perforated
tube was safe, well tolerated and reduced the need for
hospitalization and endoscopic oesophageal dilatation.
Therefore, this newly developed perforated nasogastric
tube can be used as an alternative method for corrosive oesophageal stenosis therapy in patients who cannot undergo reconstructive surgery.

Abstract
This report presents the case of an 8.5-year-old boy
with Down syndrome after experiencing extensive
caustic injury to the oesophagus and stomach resulting
from the accidental ingestion of concentrated sulphuric
acid. The patient had undergone 32 unsuccessful endoscopic oesophageal stricture dilatations and stenting
procedures performed over a period of 15 mo following
the accident. Surgical reconstruction of the oesophagus
was not possible due to previous gastric and cardiac
surgeries for congenital conditions. Before referring the
patient for salivary fistula surgery, the patient received
a nasogastric tube with perforations located above
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Nasogastric tube with perforation located above
the upper margin oesophageal stricture

INTRODUCTION
Corrosive agents can result in stricture of the oesophagus
and/or stomach, requiring endoscopic treatment to restore the easy passage of at least semi-solid food through
the oesophagus[1,2]. Alternative therapies for treatment of
these strictures include the use of stents or reconstructive
surgery with an intestinal loop. This report presents the
case of a paediatric patient with massive chemical injury
of the upper gastrointestinal tract who underwent several
methods of endoscopic and stenting therapy and could
not be treated surgically. The patient was finally stabilized
by the implementation of a newly developed perforated
nasogastric tube for the protection of a complete oesophageal closure.

CASE REPORT

Figure 1 Insertion of nasogastric tube with perforations located above the
stricture margin.

An 8.5-year-old boy with trisomy 21 was transferred to
our hospital 1 mo after accidentally ingesting concentrated sulphuric acid (battery electrolyte). The accident resulted in massive chemical injury of the oesophagus and
stomach, with extensive multi-level oesophageal stricture
and critical pyloric stenosis. The patient’s medical history included a total colon resection for aganglionosis
and cardiac surgery for a congenital heart defect. The
patient required surgical pyloric bypass and gastrostomy
with endless thread placement for further oesophageal
stricture dilatations. The patient had undergone 18 procedures of thread-guided oesophageal dilatation and
several endoscopies with Savary-Gillard dilatation over
the next 10 mo. The effect of dilatation was short, with
oesophageal re-stenosis present within 7-10 d of the
procedure.
Eleven months after the initial chemical injury, the
patient underwent implantation of a coated, metal oesophageal stent (HANAROSTENT; M.I. Tech, Gyeonggi-do, South Korea). This stent migrated to the stomach
3 d after placement and was replaced by another coated,
metal stent (WallFlex; Boston Scientific, MA, United
States). The patient complained of pain and a foreign
body sensation in the chest. The patient tolerated solid
food until week 6 and subsequently developed dysphagia
related to mucosal hypertrophy and stent orifice occlusion. Removal of the stent resulted in a complete restoration of the oesophageal lumen. However, oesophageal
re-stenosis occurred within 2 wk and the patient was
returned to endoscopic dilatation treatment. The effects
of these procedures were very short and symptoms of
re-stenosis were present within a few days of the dilatation.
The lack of effective treatment and severe symptoms
of oesophageal stenosis (i.e., the patient could not swallow saliva) prompted the insertion of a 16 Fr nasogastric
tube with several perforations above the stricture level
(Figure 1). The nasogastric tube resulted in an improvement in swallowing, and the patient’s mother reported
that his clothing was no longer moistened during the day,
and his pillow remained dry during sleeping. Although
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Table 1 Comparison of treatments
Oesophageal
Perforated
Tube
dilatation and
tube protecting
developed at
stenting (Sep
oesophageal
our institution
2010-Nov 2011) closure (Nov
(Apr 2013-Jan
2011-Apr 2013)
2014)
Duration of
therapy, mo
Hospitalizations, n
Duration of
hospitalization (d)
Procedures, n

15

18

9

27
112

8
32

1
3

32

8

1

the patient could easily swallow saliva and liquids, a regurgitation of gastric contents through the perforations
located above the stricture was frequently observed. The
tube was removed after 6 wk. The oesophageal mucosa
was white and fragile and bled easily, but did not have
deep ulcerations. An endoscope could be introduced into
the stomach without forced traction; although, the effect
was not long-lasting and oesophageal re-stenosis reappeared after 2 wk.
A new 16 Fr nasogastric tube was inserted, which was
replaced 3 times and remained in place for 16 mo. Within
this time period, the patient’s weight and height increased.
The patient’s condition was satisfactory, and he was able
to swallow saliva and liquid food. The method was generally well accepted by the patient, except for complaints
regarding the thick tube extending from the nose and
the frequent backflow of gastric contents to the mouth,
which caused coughing and recurrent mild infections of
the respiratory tract. This therapy decreased the number
and duration of hospitalizations, as well as the number
of endoscopic procedures (Table 1).
The improvement in the patient’s condition prompted
the development at our institution of a specific double
lumen, varying diameter, perforated, oesophageal closure
protection tube (Figure 2). The closure protection part
of the tube was built coaxially over a thin (8 Fr) naso-
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A

D

C

B

Figure 2 Newly developed nasogastric tube. A perforated nasogastric oesophageal closure protecting tube made of a polyamide polymer, with a double lumen and
varying diameter, was developed at the Children’s Memorial Health Institute. A: Proximal part of the 8 Fr nasogastric tube; B: Conical, perforated segment setting the
tube above the stenosis; C: Portion of the tube located within the stenosis and preventing it from narrowing; D: Distal end of the 8 Fr nasogastric tube to be introduced
into the stomach. Liquid diet can be administered into the stomach directly by the nasogastric tube, while oral liquids and saliva can drain through the perforation in
the conical portion (B) into the portion located within the stenosis (C), and further into healthy oesophagus below the stenosis. The technology of tube construction,
manufacturing and prototype tube production were performed by Balton Ltd. The tube has been registered at the Polish Patent Office (No. P.399031)[9].
150
145

gastric contents were eliminated. The tube was replaced
with a new, identical one after 5 mo due to partial occlusion of the tube perforations by food. The patient has
continued to do well and has been gaining weight (Figure
3). During the 18 mo of therapy with a perforated nasogastric tube and 9 mo of therapy with the tube developed
at our institution, there have been no complications that
required hospitalization and the patient did not develop
pneumonia or local complications related to the presence
of the tube in the oesophagus. The implementation and
removal of the tube developed at our institution was easy
and not traumatic. Moreover, there was no hypertrophy
of the oesophageal mucosa or tube migration.

25 centile

Height (cm)

10 centile

140

3 centile

135
130
125
120
38
36

Age (yr)

Weight (kg)

25 centile

34

10 centile

32

3 centile

30
28
26
24

DISCUSSION

22
20

8.5

9.0

9.5

15 mo
endoscopic
dilatation and
stenting

10.0 10.5
Age (yr)
18 mo
nasogastric
perforated
tube

11.0

11.5

The patient described in this report had massive postcorrosive injury of the oesophagus and stomach and
did not respond to oesophageal dilatation therapy. Such
patients are usually referred for surgical replacement of
the disintegrated oesophagus with an intestinal loop[3,4].
However, surgical replacement was not possible in this
case, as the patient had previously undergone a total
colectomy for treatment of Hirschprung’s disease. For
these reasons, alternative methods of therapy were attempted.
Oesophageal stenting was performed using commercially available coated metal stents designed for use
in adults. The stent implementation was uncomplicated,
but importantly caused discomfort to the patient, and
migrated or caused mucosal hypertrophy and stent orifice
occlusion. The oesophageal stenting did not bring longterm benefits to our patient, who frequently returned for
repeated oesophageal dilatations. Thus, the patient was
considered for a salivary fistula. A nasogastric tube with
perforations for saliva and liquid passage was inserted to
postpone referring the patient for salivary fistula surgery,

12.0

9 mo tube
developed
at our
institution

Figure 3 Patient’s grow charts. Height and weight of the patient during three
phases of therapy: oesophageal dilatation and stenting (15 mo); nasogastric
tube with perforation for saliva and fluid passage (18 mo); double lumen, varying diameter nasogastric tube developed at our institution (9 mo).

gastric tube. The proximal end of the tube was fixed to
the nose and the distal end was located in the stomach.
The diameter and length of the portion located within
the oesophageal stricture can be adjusted to the stenosis.
The conical proximal end is perforated, allowing for the
passage of fluids. The newly developed tube was inserted
into the patient in April 2013, allowing him to easily
swallow saliva and tolerate liquid diet. The coughing and
respiratory tract infections related to the backflow of
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with good results. The tube remained in the oesophagus
for several months, decreasing the need for repeated dilatation procedures. Although the patient could easily swallow, the large diameter of the tube extending from the
nose and reflux of gastric contents to the mouth caused
discomfort.
These experiences prompted us to develop a tube
with varying diameters, allowing the dilatation of selected
parts of the oesophagus. The purpose of the tube is
to provide long-term, artificial conditions allowing oesophageal wall remodelling and final scar formation. The
advantages of such a tube are the lack of margins that
cause mucosal irritation and ease of removal. A similar
approach has already been described in the literature[5-8].
Atabek et al[5] constructed a semi-tube oesophageal stent
secured with a 4 Fr urethral catheter with the proximal
end fixed to the nose and the distal end fixed to a gastrostomy tube, which was successfully used in 8 of 11
children. The margins of the semi-tube stent extended
approximately 1 cm out of stricture border. Mutaf described a series of 69 children who received stenting
after two unsuccessful post-injury dilatations[7]. Theses
stents had an increasing diameter of 5 to 10 mm and
grooves allowing oral liquid diet feeding. The stents were
left in place for 1 year with no serious complications, and
69% of the treated children regained the ability to tolerate oral feeding without the need for further dilatation.
Foschia et al[8] built a coaxial silicon stent over a 12-14
Fr nasogastric tube, the ends of which were tailored to
allow food bolus passage. The stents were used after at
least five unsuccessful post-injury dilatations and were
effective in 70/79 patients.
The stent described in this case report is built over
the nasogastric feeding tube fixed to the nose. Unlike the
other stents described above, it has an additional soft,
conical portion fixing the stent above the upper stricture
margin. This conical portion has perforations that allow
food passage. The length of the stent can be adjusted to
the length of the oesophageal stricture, and thus there is
no irritation or hypertrophy of the oesophageal wall mucosa. The stents used by other authors have been implemented relatively shortly after the corrosive injury and
were successful in the majority of subjects. Our patient
had stent implementation after a long period of unsuccessful therapy. We plan to gradually increase the diameter of the stent and to leave it in place for many months
prior to attempting permanent removal.
The method described in this report decreased the
need for repeated oesophageal dilatation, allowed for oral
liquid diet feeding, and eliminated the need for saliva fistula surgery. Implementation and removal of this newly
developed tube were easy, and no tube migration or complications related to the prolonged stay of the tube in the
oesophagus were observed. This therapy can be considered an alternative treatment for patients with difficult
corrosive oesophageal stricture, for whom oesophagus
reconstruction cannot be performed.
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COMMENTS
COMMENTS
Case characteristics

An 8.5-year-old patient with extensive upper gastrointestinal tract chemical
injury and contraindications for surgical oesophageal reconstruction.

Clinical diagnosis

Recurrent dysphagia not responding to endoscopic therapy.

Differential diagnosis

Congenital oesophageal ring, gastro-oesophageal reflux disease, achalasia,
oesophageal tumour.

Laboratory diagnosis

All laboratory tests were within normal ranges.

Imaging diagnosis

Radiography and endoscopy showed extensive oesophageal stricture.

Pathological diagnosis

Post-chemical injury scarification of oesophageal mucosa.

Treatment

Patient underwent several unsuccessful sessions of endoscopic oesophageal
stricture dilatation and stenting.

Related reports

The patient markedly improved after implementation of a nasogastric tube with
perforations located above the stricture margin, which allowed for saliva and
fluid passage. However, the large diameter of the tube extending from the nose
was inconvenient for the patient and backflow of gastric contents to the mouth
was observed.

Term explanation

The newly developed coaxial, double lumen, varying diameter tube protects the
oesophageal closure and provides easy passage of saliva and fluid through the
stricture; the design of the tube protects against the backflow of gastric contents
to the mouth.

Experiences and lessons

The report presents a difficult to treat post-corrosive injury of the oesophagus.

Peer review

This report demonstrates the successful use of a newly developed nasogastric
tube that may be an alternative therapy option in selected cases.
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Core tip: This case reports highlights a particular kind
of hepatic overlap syndrome. To our knowledge it
would be the first case to be described in the literature
concerning 4 different diagnoses; all being autoimmune related. These autoimmune diseases were never
described together, yet their association in this case is
probably not a sheer coincidence. Auto-immune diseases will play an ever more import role in the future; yet
the current knowledge and understanding concerning
these pathologies is certainly only a fraction of what is
necessary to offer the best treatment to our patients.
Warling O, Bovy C, Coïmbra C, Noterdaeme T, Delwaide J, Louis E. Overlap syndrome consisting of PSC-AIH with concomitant
presence of a membranous glomerulonephritis and ulcerative
colitis. World J Gastroenterol 2014; 20(16): 4811-4816 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i16/4811.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i16.4811

Abstract
The association of primary sclerosing cholangitis (PSC)
and autoimmune hepatitis (AIH) is known as an overlap syndrome (OS). OS can also be described in the
setting of concomitant presence of AIH and PSC. These
diseases can in some cases be associated with ulcerative colitis. In this case report we describe, to our
knowledge, the first case in the literature of a young
Caucasian male suffering from ulcerative colitis and an
overlap syndrome consisting of an association between
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INTRODUCTION
The term “primary sclerosing cholangitis-autoimmune
hepatitis (PSC-AIH) overlap syndrome” is used to describe different varieties of AIH and/or PSC in the setting where an unspecific number of characteristics of the
other disease are present[1].
Herein we report a particular kind of hepatic overlap
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syndrome. To our knowledge it would be the first case to
be described in the literature concerning a patient with
ulcerative colitis, PSC, auto-immune hepatitis, and extramembranous glomerulonephritis. These autoimmune diseases were never described together, yet their association
in this case is probably not a sheer coincidence.

Table 1 Initial biology at first presentation
Value
Hemoglobin (g/dL)
Gamma glutamyltransferase (UI/L)
C-reactive protein (mg/dL)
GOT (AST, UI/L)
TGP (ALT, UI/L)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Amylase (UI/L)
Lipase (UI/L)
Alkaline phosphatase (UI/L)
Total low density lipoprotein (UI/L)
Albumin (g/dL)

CASE REPORT
We report the case of a 29-year-old Caucasian male suffering from ulcerative colitis (UC) since 2000 and associated with PSC since 2003. The initial diagnosis of UC
was based on concordant endoscopic and histological
findings, and PSC diagnosis was established by means of
a liver biopsy. The patient was treated using 1 g/d of ursodeoxycholic acid.
In September 2005, the patient was hospitalized for
jaundice and fatigue without any indication of pain. Besides a lean physique and conjunctival jaundice, the clinical examination was inconspicuous.
Initial blood analysis showed impaired liver function
characterized essentially by the presence of cholestasis
and cytolysis (Table 1). Further investigation showed
increased IgG [25.2 (normal: 6.9-14) g/L) and IgM
[2.36 (normal: 0.3-2.1) g/L] titers. Subanalysis for IgG4
and anti-nuclear antibodies remained negative. Antimitochondrial antibodies type 2, anti-myeloperoxidase,
as well as anti-LKM were also negative. However, antineutrophil cytoplasmic antibodies (determined by indirect immunofluorescence assay) and anti-proteinase 3
antibodies turned out to be positive. Serotype analysis
confirmed the presence of HLA-DR 3 in our patient.
Further analyses concerning tumor markers (alpha fetoprotein, carcinoembryonic antigen, and CA19-9) as well
as hepatitis serology (A, B, and C) were negative. Urinary
copper levels were normal and no Keiser Fleischer rings
were noted at clinical examination. Abdominal ultrasound
only demonstrated the presence of dilated intrahepatic
bile ducts. This picture was confirmed by endoscopic
retrograde cholangiopancreatography (ERCP), which
showed some minor irregularities of the intrahepatic
portion. Cholangio-magnetic resonance imaging (MRI)
proved to be non-contributive and only confirmed the
results obtained by the ERCP. The overall appearance
was compatible, but not specific for sclerosing cholangitis. A liver biopsy performed shortly afterwards showed
the presence of chronic hepatitis with predominantly
centrilobular necrosis (Figure 1), evoking a toxic origin
or possibly AIH. Owing to the increased IgGs with concomitant cytolysis and the exclusion of any other causes
(i.e., toxics) the diagnosis of AIH associated with PSC
was retained, delimitating the picture of an overlap syndrome. The patient was promptly started on 32 mg/d of
methyl-prednisolone. Seven days after the initiation of
the treatment, there was a marked improvement in the
patient’s overall condition. Total bilirubin dropped to 53
mg/L. Alanine aminotransferase and IgGs were significantly decreased to 228 U/L and 15.4 g/L, respectively.
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12.1
157
11.5
920
701
123.7
93.8
94
77
208
429
33.4

Range
14.0-17.4
8-61
< 10
0-35
3-36
< 15
<4
< 160
< 140
35-100
95-195
35-50

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GOT:
Glutamate oxaloacetate transaminase; TGP: Glutamate pyruvate transaminase.

50 mm

Figure 1 Hematoxylin eosin. Centrilobular necrosis (disorganized appearance) (red arrow) centrilobular vein (black arrow) (original magnification × 40).

However, the IgGs titers fluctuated for the next four
years before reaching a normal level again. Two months
later, corticosteroids were reduced by half (16 mg/d).
Nonetheless we were forced to start the patient on 50
mg/d of azathioprine shortly after this step, as liver function degraded. This medication was so poorly tolerated
by the patient that he was switched to 6-mercaptopurine
(6-MP). The dosage was steadily increased to 75 mg/d.
TPMT gene variant genotyping didn’t show any abnormal
activity, therefore excluding a genetic predisposition to
bone marrow toxicity. Further withdrawal of corticosteroids proved to be difficult as clinical jaundice reoccurred
as soon as the dosage was reduced 8 mg/d or less. As
liver function [total bilirubin: 61 mg/L (range < 4 mg/L),
TGP 72 UI/L (range: 3-36 UI/L)] as well as clinical evolution of the patient stagnated, we temporarily interrupted the administration of ursodeoxycholic acid to exclude
any possible drug interaction. The titers for 6-MP were in
normal range and another cholangio-MRI proved to be
non-contributive. We therefore suspected a new episode
of AIH, which led us to increase corticosteroids to 12
mg/d. This decision promoted into an excellent clinical
and biological evolution with almost a complete normalization of liver function. Following this good evolution,
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Figure 2 Optic microscopy: Jones’ staining. Presence of spikes in a diffuse
manner (arrows) (silver impregnation of the basement membrane, original magnification × 400).

Figure 3 Immunoperoxidase (anti-IgG Ab). Binding of the antibody in the
sub-epithelial region of the basal membrane. The immunofixation for C3d and
C4d are positive in the same locations, original magnification × 400.

corticosteroids were decreased progressively to 8 mg/d,
which would be the minimum dose required for the next
several years.
In October 2009, four years after the initial diagnosis
of overlap syndrome, the patient presented himself to
the emergency department with severe edema of the
lower extremities.
Besides a raised blood pressure of 155/105 mmHg,
clinical examination was unremarkable. At that moment
the patient treatment consisted of 75 mg/d of 6-mercaptopurine, 8 mg/d of methyl-prednisolone, 1 g/d of
ursodeoxycholic acid, and 2 g/d of mesalazine. Blood
work performed at the emergency department showed
hypoalbuminemia [17 (range: 35-50) g/L] with normal
creatinine level [1.15 (range: 0.6-1.3) mg/dL]. A 24 h
urine sample confirmed the presence of severe nephrotic
syndrome with a proteinuria of 23400 mg/L, or 10400
mg/g of creatinine with a total of 46.3% of albumin.
The protein fractions were normal. An abdominal ultrasound was unremarkable. On the next day kidney
biopsies (Figures 2 and 3) were performed showing the
presence of an extra-membranous glomerulonephritis.
Immunohistology showed the presence of subepithelial
deposits of IgG, C3d, and C4d. C1q, IgA, and IgMs were
not detected. Despite the absence of renal failure, the
presence of massive proteinuria pushed us to increase the
corticosteroids to 64 mg/d. Cyclophosphamide, as well
as calcineurin inhibitors, were not available as alternatives
due to the patient receiving 6-MP at that time. This treatment was supplemented with bumetanide 0.5-1 mg/d,
lisinopril 20 mg/d, CaCO3 1250 mg/d, and omeprazole
20 mg/d. One month after initiation of treatment, the
nephrotic syndrome went into complete remission. Diuretics were stopped and corticosteroids were progressively reduced. Unfortunately, the nephrotic syndrome
reemerged as soon as corticosteroids were weaned, and
after two consecutive episodes we decided to convert the
treatment regimen to cyclophosphamide 2 mg/kg per
day. 6-MP was stopped during the next 6 mo. The patient
responded well to this alteration so that corticosteroids
could again be reduced to 16 mg/d. Liver function re-

mained stable.
In August 2011, the clinical and biological evolution
stabilized so that the patient was finally weaned from
systemic corticosteroids. His final treatment consisted
of 5 mg/d of beclomethasone, 75 mg/d of 6-MP, 2 g/d
of mesalazine, and 1 g/d of ursodeoxycholic acid. The
administration of cyclophosphamide was stopped indefinitely.
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DISCUSSION
The term “PSC-AIH overlap syndrome” is used to describe different varieties of AIH autoimmune and/or
PSC in a setting where an unspecific number of characteristics of one disease are present[1].
Other forms of overlap syndromes have been described as combining the simultaneous presence of different diseases like AIH and primary biliary cirrhosis. A
precise clinical and pathological definition is still missing.
Concerning PSC-AIH overlap syndrome, Czaja[2] suggested that it is possibly an atypical manifestation of a
classic disease, rather than a completely new entity. However, the International Auto-Immune Hepatitis Group
(IAIHG) takes no clear position on the matter, leaving
the door open to a wide variety of possibilities: consecutive presentation, concomitant presentation, existence of
a continuum between the two diseases, or presence of a
disease that also has one or more other features of the
other[3]. The PSC-AIH overlap syndrome is most often
described in children, adolescents, or young adults[1,3-5].
Before confirming the diagnosis of an overlap syndrome
it is of the upmost importance to exclude liver toxicity of
the pre-existing treatment.
Most large series published in the literature[5-7] concerning overlap syndrome present patients with an initial
diagnosis of PSC to whom the diagnostic criteria for
auto-immune hepatitis were applied to diagnose or postulate the presence of an overlap syndrome. This situation
is comprehensible in the light that well-defined inclusion
criteria, although needed, are still absent. The IAIHG
recalls, however, that clear and strict criteria are not in-

4813

April 28, 2014|Volume 20|Issue 16|

Warling O et al . Concomitant overlap syndrome, membranous glomerulonephritis and ulcerative colitis

tended to diagnose an overlap syndrome[3].
A study published in 2005[5] estimated that 17% of
patients with PSC have an overlap syndrome (PSC +
AIH according to the criteria of IAIHG 1999[8]). On
behalf of the IAIHG[8], Boberg estimated a prevalence
of 1.8% of AIH (according to the diagnostic criteria of
the IAIHG) and 8.8% of probable AIH (according to
the criteria of the IAIHG) in a sample of 114 patients
suffering from PSC. If one would consider that the diagnosis of overlap syndrome doesn’t necessitate a complete
coverage of both diagnostic criteria of each disease, these
figures would be much higher.
The patient mentioned in this case report meets both
diagnostic criteria for PSC[9,10], as well as for AIH, according to the IAIHG criteria[8], giving us the confidence to
diagnose our patient with overlap syndrome. It is important to note that centrilobular necrosis has been described
in cases of AIH, particularly in young patients as well as
in hepatic transplants[11,12]. No antibody were detected in
our patient, but this is the case in almost 10% of AIH[3].
A prospective study[5] of 41 patients comparing those
with PSC (n = 37) alone vs those associated with autoimmune hepatitis (n = 7) showed that patients in the latter group were generally younger, had higher IgGs, and
higher levels of transaminases. The authors believe that
there is a benefit of treating such patients with immunosuppressive and ursodeoxycholic acid. Patients with
overlap seemed to have a better survival than those with
PSC alone[5]. However, this study didn’t take into account
the possibility that the difference in survival may be due
to the fact that patients in the overlap group generally
presented with less severe forms of PSC. These findings
are nonetheless in sharp disagreement with the fact that
patients with overlap syndrome have a lower response
rate than those with PSC. Statistical analysis methods are
not detailed in this study, therefore rendering correct interpretation of results difficult.
Given the lack of specific diagnostic criteria, it is difficult to establish a line of scientifically proven conduct.
The guidelines published by the European Association
for the Study of the Liver (EASL) recommend treating
patients with AIH-PSC overlap by ursodeoxycholic acid
and immunosuppressive agents, even though this is not
“evidence-based” per se[9]. Note that the American Association for the Study of Liver Diseases also recommends
the use of corticosteroids and immunosuppressive agents
in these patients[3]. This is in agreement with the usual
treatment of patients with PSC associated with ulcerative
colitis, since it appears that the treatment of PSC with
ursodeoxycholic acid reduces not only the risk of dysplasia[4], but also the prevalence of colorectal carcinomas[4,13],
and should be given to every patient with ulcerative colitis
and PSC. However, the EASL puts forward that no study
could demonstrate any positive effects on the prognosis
of patients with PSC, and that the treatment is therefore
not “evidence-based”[9]. Culver and Chapman published a
review in 2011[4] on the management of the treatment of
sclerosing cholangitis and its variants, and concluded that
many studies included patients with advanced stages of
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disease, and that the impact of ursodeoxycholic acid may
be different if used much earlier. However, this statement
has not been fully evaluated[4]. The notion of overlap syndrome is important because it has been shown[2] that in
cases of PSC-AIH overlap there is a weakened response
to corticosteroids. It has been equally shown[2,3] that
patients, like the one presented in this case report, with
AIH, PSC, and ulcerative colitis, have a reduced probability of remission and higher treatment failure rates than
patients with normal cholangiography.
The IAIHG noted several working groups that mention a benefit of steroids, but also mentions another
group who found a reduced response in these particular
patients[8]. Several reviews[4,14] also suggest that liver transplantation is indicated for advanced stages of this disease.
Extra-intestinal manifestations of inflammatory bowel disease, like glomerulonephritis (GN), are considered
rare[15] in cases of overlap syndrome. In such instances,
GN can have a wide spectrum from minimal change to
rapidly progressive (crescent) GN, and may also be accompanied by active tubular-interstitial nephritis[15].
However, we only found 6 cases of membranous glomerulonephritis associated with ulcerative colitis[16-21] and
only one published case of PSC associated with membranous glomerulonephritis by Verresen et al[22] in 1988. Furthermore, there are 3 described cases in which an extramembranous glomerulonephritis is associated with autoimmune hepatitis[23-25].
Lastly, in our review of the literature we found one
case similar to the one mentioned in here (i.e., suffering
from UC alongside with PSC and membranous glomerulonephritis)[26]. To our knowledge, this case report seems
to be the only one presenting a patient with UC, an overlap syndrome involving PSC and AIH, and membranous
glomerulonephritis.
Glomerulonephritis caused by aminosalicylates, cyclosporine[15,27-29], and tumor necrosis factor-α inhibitor[27,28]
are well known, and described even with a delayed presentation after several years of continuous treatment[30].
6-mercaptopurine shows no significant direct nephrotoxicity[28]. In the group of six patients described with
membranous glomerulonephritis associated with ulcerative colitis, 4 patients[17,18,20,21] did not receive potentially
nephrotoxic treatment before the onset of nephrotic
syndrome. So it seems that the treatment may not be incriminated in the association of these diseases blindly.
Currently, the research concerning the pathophysiology of glomerulonephritis is in full progress. The recent
discovery of the phospholipase A2 receptor as a target
antigen in 70% of membranous glomerulonephritis[31]
validates these efforts. Nonetheless, until now no study
has been able to link certain forms of membranous glomerulonephritis and ulcerative colitis, even though the
autoimmune context seems inevitable.

COMMENTS
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Case characteristics

Jaundice, fatigue, and edema in a patient with ulcerative colitis and primary
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sclerosing cholangitis.

Clinical diagnosis

Overlap syndrome [autoimmune hepatitis (AIH) and primary sclerosing cholangitis (PSC)] and membranous glomerulonephritis in a patient with ulcerative
colitis.

6

Differential diagnosis

PSC exacerbation, primary biliary cirrhosis, Wilson disease, and neoplasia are
all valid differential diagnoses for hepatic alteration should nephritic syndrome
due to treatment toxicity be excluded.

7

Laboratory diagnosis

Elevation of liver enzymes and IgG for the diagnosis of AIH. Proteinuria and
hypoproteinemia for the membranous nephritis.

Imaging diagnosis

For the liver, magnetic resonance imaging and computer tomography were not
contributive; the diagnosis is based on histological findings. Such methods are
nonetheless necessary to exclude other causes (i.e., neoplastic). For the kidney, the diagnosis is made by means of a urine analysis and kidney biopsy.

8

Pathological diagnosis

Ulcerative colitis was diagnosed by endoscopy and histology, primary sclerosing cholangitis by magnetic resonance imaging and histology, auto-immune
hepatitis by histology, and the criteria of the International Auto-Immune Hepatitis
Group. Extra-membranous glomerulonephritis was diagnosed by histology (with
Jones’ staining).

9

Treatment

Corticosteroids are used in treatment in cases of auto-immune exacerbation.
Maintenance treatment could be azathioprine, ursodeoxycholic acid for autoimmune hepatitis and primary sclerosing cholangitis, or cyclophosphamide for
the treatment of membranous nephritis.

10

Term explanation

The term “PSC-AIH overlap syndrome” is used to describe different varieties
of autoimmune hepatitis autoimmune and/or primary sclerosing cholangitis in a
setting where an unspecific number of characteristics of the other disease are
present. The term overlap just designs an association of disease. It’s not very
clear if it’s just a concomitant presence of the disease, the potential, or if the
overlap design are a variant of the diseases.

11
12

Experiences and lessons

It’s very important not to forget that clear diagnostic criteria are sometimes more
of a theoretical concept and rarely apply to the circumstances found in a specific patient. Therefore a correct knowledge and interpretation of the different
sub-characteristics of each disease is the key to allowing tailored therapeutic
approaches.

13

Peer review

14

This paper reports associated “autoimmune” diseases in a single patient. The
addition of membranous glomerulonephritis to ulcerative colitis and a PSC-AIH
overlap is new information. A short note on this new association could be of
interest and useful for the future.

15

16

REFERENCES
1
2
3

4

5

Rust C, Beuers U. Overlap syndromes among autoimmune
liver diseases. World J Gastroenterol 2008; 14: 3368-3373 [PMID:
18528934 DOI: 10.3748/wjg.14.3368]
Czaja AJ. Difficult treatment decisions in autoimmune hepatitis. World J Gastroenterol 2010; 16: 934-947 [PMID: 20180231
DOI: 10.3748/wjg.v16.i8.934]
Boberg KM, Chapman RW, Hirschfield GM, Lohse AW,
Manns MP, Schrumpf E. Overlap syndromes: the International Autoimmune Hepatitis Group (IAIHG) position
statement on a controversial issue. J Hepatol 2011; 54: 374-385
[PMID: 21067838 DOI: 10.1016/j.jhep.2010.09.002]
Culver EL, Chapman RW. Systematic review: management
options for primary sclerosing cholangitis and its variant
forms - IgG4-associated cholangitis and overlap with autoimmune hepatitis. Aliment Pharmacol Ther 2011; 33: 1273-1291
[PMID: 21501198 DOI: 10.1111/j.1365-2036.2011.04658.x]
Floreani A, Rizzotto ER, Ferrara F, Carderi I, Caroli D, Blasone L, Baldo V. Clinical course and outcome of autoimmune

WJG|www.wjgnet.com

17

18
19

20

4815

hepatitis/primary sclerosing cholangitis overlap syndrome.
Am J Gastroenterol 2005; 100: 1516-1522 [PMID: 15984974
DOI: 10.1111/j.1572-0241.2005.41841.x]
Kaya M, Angulo P, Lindor KD. Overlap of autoimmune
hepatitis and primary sclerosing cholangitis: an evaluation of
a modified scoring system. J Hepatol 2000; 33: 537-542 [PMID:
11059857 DOI: 10.1016/S0168-8278(00)80004-5]
Boberg KM, Fausa O, Haaland T, Holter E, Mellbye OJ,
Spurkland A, Schrumpf E. Features of autoimmune hepatitis in primary sclerosing cholangitis: an evaluation of
114 primary sclerosing cholangitis patients according to a
scoring system for the diagnosis of autoimmune hepatitis.
Hepatology 1996; 23: 1369-1376 [PMID: 8675153 DOI: 10.1002/
hep.510230612]
Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK,
Cancado EL, Chapman RW, Cooksley WG, Czaja AJ, Desmet
VJ, Donaldson PT, Eddleston AL, Fainboim L, Heathcote J,
Homberg JC, Hoofnagle JH, Kakumu S, Krawitt EL, Mackay
IR, MacSween RN, Maddrey WC, Manns MP, McFarlane IG,
Meyer zum Büschenfelde KH, Zeniya M. International Autoimmune Hepatitis Group Report: review of criteria for diagnosis of autoimmune hepatitis. J Hepatol 1999; 31: 929-938
[PMID: 10580593 DOI: 10.1016/S0168-8278(99)80297-9]
European Association for the Study of the Liver. EASL
Clinical Practice Guidelines: management of cholestatic liver
diseases. J Hepatol 2009; 51: 237-267 [PMID: 19501929 DOI:
10.1016/j.jhep.2009.04.009]
Navaneethan U, Venkatesh PG, Lashner BA, Shen B, Kiran
RP. The Impact of ulcerative colitis on the long-term outcome of patients with primary sclerosing cholangitis. Aliment
Pharmacol Ther 2012; Epub ahead of print [PMID: 22428605
DOI: 10.1111/j.1365-2036.2012.05063.x]
Pongpaibul A, Venick RS, McDiarmid SV, Lassman CR. Histopathology of de novo autoimmune hepatitis. Liver Transpl
2012; 18: 811-818 [PMID: 22378542 DOI: 10.1002/lt.23422]
Abraham SC, Freese DK, Ishitani MB, Krasinskas AM, Wu
TT. Significance of central perivenulitis in pediatric liver
transplantation. Am J Surg Pathol 2008; 32: 1479-1488 [PMID:
18708942 DOI: 10.1097/PAS.0b013e31817a8e96]
Saich R, Chapman R. Primary sclerosing cholangitis, autoimmune hepatitis and overlap syndromes in inflammatory
bowel disease. World J Gastroenterol 2008; 14: 331-337 [PMID:
18200656 DOI: 10.3748/wjg.14.331]
Beuers U, Rust C. Overlap syndromes. Semin Liver Dis 2005;
25: 311-320 [PMID: 16143946 DOI: 10.1055/s-2005-916322]
Pardi DS, Tremaine WJ, Sandborn WJ, McCarthy JT. Renal
and urologic complications of inflammatory bowel disease.
Am J Gastroenterol 1998; 93: 504-514 [PMID: 9576439 DOI:
10.1111/j.1572-0241.1998.156_b.x]
Lakatos L, Pandur T, David G, Balogh Z, Kuronya P, Tollas
A, Lakatos PL. Association of extraintestinal manifestations
of inflammatory bowel disease in a province of western
Hungary with disease phenotype: results of a 25-year followup study. World J Gastroenterol 2003; 9: 2300-2307 [PMID:
14562397]
Casella G, Perego D, Baldini V, Monti C, Crippa S, Buda
CA. A rare association between ulcerative colitis (UC), celiac
disease (CD), membranous glomerulonephritis, leg venous
thrombosis, and heterozygosity for factor V Leiden. J Gastroenterol 2002; 37: 761-762 [PMID: 12375154 DOI: 10.1007/
s005350200126]
Makhlough A, Fakheri H. Membranous glomerulonephritis
associated with ulcerative colitis. Iran J Kidney Dis 2008; 2:
102-104 [PMID: 19377218]
Dhiman RK, Poddar U, Sharma BC, Arora P, Saraswat VA,
Pandey R, Naik SR. Membranous glomerulonephritis in association with ulcerative colitis. Indian J Gastroenterol 1998;
17: 62 [PMID: 9563224]
Ridder RM, Kreth HW, Kiss E, Gröne HJ, Gordjani N. Membranous nephropathy associated with familial chronic ul-

April 28, 2014|Volume 20|Issue 16|

Warling O et al . Concomitant overlap syndrome, membranous glomerulonephritis and ulcerative colitis

21

22

23

24

25

cerative colitis in a 12-year-old girl. Pediatr Nephrol 2005; 20:
1349-1351 [PMID: 15971070 DOI: 10.1007/s00467-005-1986-6]
Regéczy N, Lakos G, Balogh I, Kappelmayer J, Kiss E.
Membranous glomerulonephritis in a patient with inherited
activated protein C resistance. Clin Nephrol 2000; 53: 390-393
[PMID: 11305813]
Verresen L, Waer M, Verberckmoes R, Morias P, Michielsen
P. Primary sclerosing cholangitis associated with membranous nephropathy. Ann Intern Med 1988; 108: 909-910 [PMID:
3369788 DOI: 10.7326/0003-4819-108-6-909_2]
Efe C, Wahlin S, Ozaslan E, Berlot AH, Purnak T, Muratori
L, Quarneti C, Yüksel O, Thiéfin G, Muratori P. Autoimmune hepatitis/primary biliary cirrhosis overlap syndrome
and associated extrahepatic autoimmune diseases. Eur J
Gastroenterol Hepatol 2012; 24: 531-534 [PMID: 22465972 DOI:
10.1097/MEG.0b013e328350f95b]
Stefanidis I, Giannopoulou M, Liakopoulos V, Dovas S,
Karasavvidou F, Zachou K, Koukoulis GK, Dalekos GN. A
case of membranous nephropathy associated with Sjögren
syndrome, polymyositis and autoimmune hepatitis. Clin
Nephrol 2008; 70: 245-250 [PMID: 18793567 DOI: 10.5414/
CNP70245]
Takahashi K, Takasaki S, Morita C, Hayashida K, Matsui M, Tamechika Y, Ishibashi H. Autoimmune hepatitis
with membranous glomerulonephritis. J Gastroenterol
Hepatol 2001; 16: 356-359 [PMID: 11339433 DOI: 10.1046/
j.1440-1746.2001.02345.x]

26

27

28

29

30

31

Wilcox GM, Aretz HT, Roy MA, Roche JK. Glomerulonephritis associated with inflammatory bowel disease. Report
of a patient with chronic ulcerative colitis, sclerosing cholangitis, and acute glomerulonephritis. Gastroenterology 1990; 98:
786-791 [PMID: 2137104]
Oikonomou K, Kapsoritakis A, Eleftheriadis T, Stefanidis
I, Potamianos S. Renal manifestations and complications
of inflammatory bowel disease. Inflamm Bowel Dis 2011; 17:
1034-1045 [PMID: 20842645 DOI: 10.1002/ibd.21468]
Oikonomou KA, Kapsoritakis AN, Stefanidis I, Potamianos
SP. Drug-induced nephrotoxicity in inflammatory bowel
disease. Nephron Clin Pract 2011; 119: c89-94; discussion c96
[PMID: 21677443 DOI: 10.1159/000326682]
Firwana BM, Hasan R, Chalhoub W, Ferwana M, Kang JY,
Aron J, Lieber J. Nephrotic syndrome after treatment of
Crohn’s disease with mesalamine: Case report and literature
review. Avicenna J Med 2012; 2: 9-11 [PMID: 23210014 DOI:
10.4103/2231-0770.94804]
Gisbert JP, González-Lama Y, Maté J. 5-Aminosalicylates
and renal function in inflammatory bowel disease: a systematic review. Inflamm Bowel Dis 2007; 13: 629-638 [PMID:
17243140 DOI: 10.1002/ibd.20099]
Hofstra JM, Beck LH, Beck DM, Wetzels JF, Salant DJ. Antiphospholipase A2 receptor antibodies correlate with clinical
status in idiopathic membranous nephropathy. Clin J Am Soc
Nephrol 2011; 6: 1286-1291 [PMID: 21474589 DOI: 10.2215/
CJN.07210810]

P- Reviewers: Efe C, Lindgren S, Tebo AE S- Editor: Zhai HH
L- Editor: Rutherford A E- Editor: Zhang DN

WJG|www.wjgnet.com

4816

April 28, 2014|Volume 20|Issue 16|

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i16.4817

World J Gastroenterol 2014 April 28; 20(16): 4817-4821
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

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

CASE REPORT

Gastrointestinal stromal tumor of the ampulla of Vater:
A case report
Masayoshi Kobayashi, Nobuto Hirata, So Nakaji, Toshiyasu Shiratori, Hiroyuki Fujii, Eiji Ishii
is surgical resection without rupture of a capsule. If
technically possible, local resection may be considered.
However, when the location of the lesion presents challenges, a pancreatoduodenectomy should be performed
for GIST of the ampulla of Vater.

Masayoshi Kobayashi, Nobuto Hirata, So Nakaji, Toshiyasu
Shiratori, Hiroyuki Fujii, Eiji Ishii, Department of Gastroenterology, Kameda Medical Center, Chiba 296-0041, Japan
Author contributions: Kobayashi M designed the study and
wrote the manuscript; Hirata N and Nakaji S contributed to the
manuscript revision; Shiratori T, Fujii H and Ishii E contributed
to the literature review and manuscript editing.
Correspondence to: Masayoshi Kobayashi, MD, Department
of Gastroenterology, Kameda Medical Center, 929 Higashi-cho,
Kamogawa City, Chiba 296-0041,
Japan. k-masayoshi@hotmail.co.jp
Telephone: +81-4-70922211 Fax: +81-4-70991131
Received: December 1, 2013 Revised: February 9, 2014
Accepted: March 4, 2014
Published online: April 28, 2014

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

Key words: Gastrointestinal stromal tumor; Ampulla of
Vater; Submucosal tumor; Bleeding; Biopsy; Pancreatoduodenectomy
Core tip: Gastrointestinal stromal tumor (GIST) usually
develops in the stomach and small intestine, and GIST
of the ampulla of Vater is extremely rare, with only 11
cases reported in the literature. We report a case of
GIST of the ampulla of Vater in a 36-year-old, previously healthy man who presented with a brief loss of
consciousness. A gastroduodenal endoscopy revealed a
submucosal tumor with central ulceration at the ampulla of Vater. Biopsies were collected from the ulcerative
lesion, and the tumor was diagnosed as a GIST. The
patient underwent pancreatoduodenectomy. The operative specimen revealed a 2.2-cm GIST with 1 mitosis
per 50 high-power fields.

Abstract
Gastrointestinal stromal tumors (GISTs) usually develop
in the stomach and small intestine and only rarely occur at the ampulla of Vater, with only 11 cases reported
in the literature. We report a case of a GIST of the
ampulla of Vater. A 36-year-old, previously healthy man
presented with a loss of consciousness lasting a few
minutes. A gastroduodenal endoscopy revealed a submucosal tumor with central ulceration at the ampulla
of Vater. The enhanced computed tomography scan
revealed a smooth-outlined hypervascular solid mass
(24 mm × 30 mm) in the second part of the duodenum. Neither lymphadenopathy nor metastasis was observed. Magnetic resonance cholangiopancreatography
and endoscopic retrograde cholangiopancreatography
showed normal bile and pancreatic ducts. Biopsies were
collected from the ulcerative lesion, and the tumor was
diagnosed as a GIST. A submucosal tumor with central
ulceration may be a characteristic form of GISTs of
the ampulla of Vater, and biopsy studies are useful for
the diagnosing such tumors. The patient underwent
pancreatoduodenectomy, and the operative specimen
revealed a 2.2-cm GIST with 1 mitosis per 50 highpower fields. The gold standard for treatment of GISTs
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INTRODUCTION
The ampulla of Vater can exhibit a variety of neoplasms, such as carcinoma, adenoma, neuroendocrine
tumor, gangliocytic paraganglioma and gastrointestinal
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Figure 3 Enhanced computed tomography scan revealed a smoothoutlined hypervascular solid mass.

Figure 1 A submucosal tumor with central ulceration at the ampulla of
Vater.

consciousness because of the bleeding from the tumor,
which had already ceased spontaneously.
Endoscopic ultrasonography demonstrated a round,
low-echoic mass originating from the muscularis propria
(Figure 2). The enhanced computed tomography (CT)
scan revealed a smooth-outlined hypervascular solid
mass (24 mm × 30 mm) in the second part of the duodenum. Neither lymphadenopathy nor metastasis was
observed (Figure 3). We additionally performed magnetic resonance imaging (MRI) and endoscopic retrograde
cholangiopancreatography (ERCP) to obtain more information about the tumor, especially the relative position
of the mass and the biliopancreatic duct because the
tumor was located at the ampulla of Vater. On MRI, the
mass showed low signal intensity on T1-weighted images
and high signal intensity on T2-weighted images (Figure
4). Magnetic resonance cholangiopancreatography and
ERCP showed normal bile and pancreatic ducts.
Biopsies were collected from the ulcerating lesion.
The microscopic examination revealed a spindle-cell neoplasm, with the tumor cells positive for c-kit and CD34
(Figure 5). Thus, the tumor was diagnosed as a GIST.
The patient then underwent pancreatoduodenectomy. The operative specimen revealed a 2.2-cm GIST
with 1 mitosis per 50 high-power fields, which classified
the patient in the low-risk group, according to the National Institutes of Health (NIH) consensus criteria for
risk stratification of GISTs. There was no lymph node
metastasis. The patient was discharged 18 days after an
uneventful postoperative course and has been doing well,
with no recurrence, during the one-and-a-half years since
the operation.

Figure 2 Endoscopic ultrasonography revealed a round, low-echoic
mass.

stromal tumor (GIST). GISTs are mesenchymal tumors
of the gastrointestinal tract that express the tyrosine kinase receptor and originate from the interstitial cells of
Cajal. The majority of GISTs are located in the stomach
(60%-70%) and the small intestine (20%-25%), with only
4% occurring in the duodenum[1,2]. Cases of GIST affecting the ampulla of Vater are extremely rare, with only
eleven cases described in the literature[1-11]. We report a
case of GIST of the ampulla of Vater that was discovered because of loss of consciousness.

CASE REPORT
A 36-year-old, previously healthy man presented with
loss of consciousness lasting a few minutes. On admission, his blood pressure was 116/59 mmHg, heart rate
was 85 beats/min, and temperature was 36.5 ℃. A physical examination revealed mild anemia of the palpebral
conjunctivae. The peripheral blood cell count indicated
anemia with a hematocrit of 24.5%. The liver and renal
function tests were normal. The levels of serum tumor
markers, including carcinoembryonic antigen and carbohydrate antigen 19-9, were within normal limits.
A gastroduodenal endoscopy showed a submucosal
tumor with central ulceration at the ampulla of Vater
(Figure 1). Because there were small amounts of blood
around the tumor, we considered that the patient had lost
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DISCUSSION
GISTs are mesenchymal tumors of the gastrointestinal
tract that express the tyrosine kinase receptor and originate from the interstitial cells of Cajal. The majority of
GISTs are located in the stomach (60%-70%) and the
small intestine (20%-25%), and only 4% of GISTs occur in the duodenum[1,2]. GIST of the ampulla of Vater
is extremely rare. There are only eleven cases described
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A

B

Figure 4 Mass showed low signal intensity on T1-weighted images (A) and high signal intensity on T2-weighted images (B).

A

B

C

Figure 5 Microscopic examination revealed a spindle-cell neoplasm (A, hematoxylin and eosin, × 200), and the tumor cells were positive for c-kit (B, × 200)
and CD34 (C, × 200).

Table 1 Reported cases of gastrointestinal stromal tumor of the ampulla of Vater
Age (yr)

Gender

Symptoms

Size (cm)

Biopsy

Surgery

Ref.

Year

83
59
55
57
69
44
65
44
68
37
77

Female
Male
Female
Male
Male
Male
Female
Male
Female
Female
Male

Jaundice
Epigastric pain
Melena
Melena
Weight loss
Jaundice
Jaundice
Weight loss
Melena
Pallor

3.2
7.6
4.5
2.6
3.0
9.0
6.0
8.0
4.5
5.5
4.0

GIST
GIST
Negative
GIST
GIST
Mesenchymal tumor
GIST
GIST

PD
PD
PD
Local resection
PD
PD
Local resection
PD
PD
PD

[11]
[10]
[9]
[8]
[7]
[6]
[5]
[2]
[4]
[1]
[3]

2012
2010
2009
2007
2007
2007
2006
2005
2004
2004
2001

GIST: Gastrointestinal stromal tumor.

in the literature according to a Medline search (Table 1)
using the key words “ampulla of Vater” and “gastrointestinal stromal tumor”. The patients in the published
reports were seven men and four women between 37
and 83 years of age. Our case was the youngest among
these. Almost all cases exhibited certain symptoms, such
as abdominal pain, jaundice, and melena. The tumor size
ranged from 2.6-9 cm. Eight of the eleven cases showed
a submucosal tumor with central ulceration, which may
be a characteristic form of GISTs of the ampulla of
Vater. In six cases, the diagnosis of GIST was made by
the study of biopsies collected endoscopically from the
ulcerating lesions. Although GISTs are submucosal tu-
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mors, biopsy studies are useful for GIST of the ampulla
of Vater because the tumor cells are exposed at the ulcerating lesions.
The differential diagnosis may include neuroendocrine
tumor, gangliocytic paraganglioma, and intra-ampullarytype carcinoma, and there are also a few case reports of
leiomyoma and leiomyosarcoma. In cases of neuroendocrine tumor, gastroduodenal endoscopy typically reveals
a yellowish submucosal tumor with dilated vessels and
erosion on the surface. Endoscopic ultrasonography
demonstrates a low-echoic mass originating from the
second/third layer. The diagnostic rate of biopsy is as
low as 14%[12], and some reported cases were diagnosed
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Clinical diagnosis

by endoscopic ultrasonography fine needle aspiration[13].
In cases of gangliocytic paraganglioma, gastroduodenal
endoscopy reveals a submucosal tumor with erosion
and ulceration on the surface, located near the ampulla
of Vater. By endoscopic ultrasonography, the tumor
can typically be visualized as well circumscribed, located
in the submucosal layer, and involving the muscularis
propria. In cases of intra-ampullary-type carcinoma, gastroduodenal endoscopy reveals an enlarged papilla, and
endoscopic ultrasonography shows an irregularly shaped
low-echoic mass. Given these characteristics, a diagnosis
can be reached by performing gastroduodenal endoscopy
and endoscopic ultrasonography.
We cite this case as GIST of the ampulla of Vater
because the GIST was macroscopically located at the
ampulla of Vater. By definition, the ampulla of Vater is a
field that is anatomically surrounded by the sphincter of
Oddi. Therefore, GISTs of the ampulla of Vater should
arise from the sphincter of Oddi based on the anatomical
definition. In the case presented in this report, the GIST
pathologically arose from the duodenal muscularis; of the
reported ten cases, none of the reports mentioned the
sphincter of Oddi. It is noteworthy to consider whether
GISTs arising from the sphincter of Oddi actually exist.
When GISTs of the ampulla of Vater are encountered,
the relationship between the GISTs and the sphincter of
Oddi is important to assess.
Among the ten patients who underwent surgery, eight
cases involved pancreatoduodenectomy, and two were local resections. GISTs rarely metastasize to regional lymph
nodes. There is only one reported GIST case with lymph
nodes metastasis, and this particular patient also had liver
metastasis[2]. The gold standard for GIST treatment is
surgical resection without rupture of the tumor capsule.
If technically feasible, local resection may be considered.
However, when the location of the lesion presents associated difficulties, a pancreatoduodenectomy should be
performed for GIST of the ampulla of Vater.
In general, adjuvant therapy with a tyrosine kinase
inhibitor is recommended for patients with high-risk tumors, i.e., a tumor size > 10 cm, mitotic count > 10/50
HPF, and tumor rupture. However, no clear consensus
exists regarding the cutoff that should be used to select
patients for adjuvant therapy. In our case, the patient underwent no adjuvant therapy because he was in the lowrisk group according to the NIH consensus criteria for
risk stratification of GISTs. However, GISTs located at
nongastric sites are associated with less favorable outcomes than are stomach GISTs. The patient in this case
report has been doing well without recurrence during the
one-and-a-half years since surgery, and we will continue
to monitor him with a strict follow-up schedule.

Physical examination showed mild anemia of the palpebral conjunctivae.

Differential diagnosis
Gastrointestinal bleeding.

Laboratory diagnosis

The peripheral blood cell count showed anemia with a hematocrit of 24.5%; the
liver and renal function tests were normal.

Imaging diagnosis

Gastroduodenal endoscopy showed a submucosal tumor with central ulceration
at the ampulla of Vater.

Pathological diagnosis

Biopsies collected from the ulcerating lesion revealed a spindle-cell neoplasm
and tumor cell positivity for c-kit and CD34.

Treatment

The patient underwent pancreatoduodenectomy.

Related reports

Gastrointestinal stromal tumor (GIST) of the ampulla of Vater is extremely rare,
with only 11 cases reported in the literature.

Experiences and lessons

This case report illustrates one of the rare causes of gastrointestinal bleeding;
moreover, GIST of the ampulla of Vater can cause certain symptoms, such as
abdominal pain, jaundice, and melena.
Peer review
This article reports a rare case of a GIST of the ampulla of Vater.
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Core tip: Intussusception arising from various leading
points can cause intestinal obstruction. We experienced
a case of solitary Peutz-Jeghers-type hamartomatous
polyp in the appendix. This is an extremely rare condition with an unusual ingrowth characteristic. To the
best of our knowledge, ours is the first case of a solitary appendiceal hamartomatous polyp with an ingrowing pattern. Although there are limitations, this case
could serve as a reference for diagnostic and management decisions in future similar cases.
Choi CI, Kim DH, Jeon TY, Kim DH, Shin NR, Park DY.
Solitary Peutz-Jeghers-type appendiceal hamartomatous polyp
growing into the terminal ileum. World J Gastroenterol 2014;
20(16): 4822-4826 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4822.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4822

Abstract
Solitary Peutz-Jeghers type hamartomatous polyp is
rare. It is considered to be related to a variant PeutzJeghers syndrome (PJS) and may be a separate disease
entity. A 50-year-old man was referred to our hospital
with a diagnosis of intussusception in the terminal
ileum and underwent segmental ileal resection with
appendectomy. We identified a 3.5-cm diameter polyp
arising from the appendix with ingrowth into the terminal ileum. The polyp was confirmed to be a hamartomatous polyp of Peutz-Jeghers-type, histologically.
However, the patient had no characteristic manifestations of PJS such as mucocutaneous pigmentation and
family history. There are few reports of appendiceal
hamartomatous polyp in PJS patients and solitary appendiceal hamartomatous polyp is even rarer. Also,
rather than telescoping, ours is the first reported intussuscepted lesion, to the best of our knowledge.

WJG|www.wjgnet.com

INTRODUCTION
Hamartomatous polyp is often associated with PeutzJeghers syndrome (PJS), which is a rare inherited autosomal dominant disorder characterized by mucocutaneous
pigmentation[1]. Solitary hamartomatous polyp has been
considered a variant or a separate disease entity without
the features of PJS[2]. Such hamartomatous polyps occur
predominantly in the small bowel, colon, and stomach, in
decreasing frequency, and they rarely arise from the appendix[3]. We report an experience of a solitary appendiceal hamartomatous polyp without the characteristic features of PJS, that led to bowel obstruction by ingrowing
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A

Figure 1 Preoperative abdominal computed tomography
findings. “Target sign”, which can be shown from intussusception, was identified in the terminal ileum (black arrow). A:
Horizontal plane; B: Coronal plane.

B

A

B

Figure 2 Intraoperative findings. A: The appendix was attached to the terminal ileum and a firm mass was palpable within the terminal ileum (ileocecal valve, black
arrow; appendiceal tip, black arrowhead; palpable mass, white arrow); B: The appendix base was divided and dissection was performed to the lesion to the entry of
the appendiceal tip into the terminal ileum (entry site, black arrow).

through direct adhesion to the terminal ileum rather than
by telescoping. This is the first case, to our knowledge,
of solitary Peutz-Jeghers-type hamartomatous polyp with
ingrowth into the terminal ileum.

cm proximal to the ileocecal valve. The appendix was
attached to the ileal serosa below the mass lesion (Figure 2A). We attempted to dissect the appendix tip but
because the appendix tip entered the ileum, it was not
entirely separable from the terminal ileum (Figure 2B).
Therefore, we divided the appendix base from the cecum and performed an en-bloc resection, which included
segmental resection of 15 cm of the terminal ileum. An
end-to-end anastomosis of the ileum completed the procedure.
The mass was pathologically identified as a hamartomatous polyp of 3.5 cm × 3.0 cm with surface ulceration.
Grossly, the appendix was intussuscepted into the terminal ileum. Tissue cross section revealed invagination of
the appendix into the resected terminal ileum, from the
ileal external surface (Figure 3). Microscopic examination
of the polyp revealed extensive smooth-muscle proliferation with an arborized pattern in the lamina propria
(Figure 4). These smooth-muscle bundles were covered
with hyperplastic mucosa and we were able to identify
the appendiceal lumen penetrating the ileal polyp under
microscopy. There were eight regional lymph nodes involved, which showed reactive hyperplasia without tumor
metastasis, histopathologically.
Patient resumed an oral liquid diet on postoperative
day 3 and he was discharged at day 6 postoperatively
without any complications. There was no recurrence
or remarkable findings during 2 years of postoperative

CASE REPORT
A 50-year-old man presented to our emergency room
complaining of right lower quadrant pain, abdominal discomfort, and bilious vomiting for 3 d. He was diagnosed
with intussusception at a local medical clinic. A colonoscopy performed 4 years previously showed no abnormal
findings, the patient had no past history of disease, and
his vital signs were normal on arrival. On physical examination, mild peristaltic pain and tenderness was observed
in the right lower quadrant of the abdomen without rebound tenderness. Mucocutaneous pigmentation of the
perioral region, buccal mucosa, hands and feet was absent. Standard laboratory tests were unremarkable except
for a mildly elevated white blood cell count of 11480/
µL. Abdominal computed tomography (CT) revealed a
2.4-cm diameter intussusception due to a polypoid mass
and multiple lymph nodes surrounding the lesion (Figure
1). We didn’t perform esophagogastroduodenoscopy.
Emergent exploratory laparotomy with midline
incision was performed under general anesthesia. Intraoperatively, a solitary firm mass of approximately 4
cm diameter was palpable within the terminal ileum 20
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A

B

C

D

Figure 3 Postoperative gross findings. A: The polyp size was 3.5 cm × 3.0 cm; B, C: The appendiceal tip was continuous from external to the ileum into the ileal
lumen; D: Tissue cross section revealed that the appendix penetrated into the polyp inside the ileum. The appendiceal lumen was identified within the ileum (black arrow).

A

B

Figure 4 Histopathologic findings (hematoxylin and eosin staining). A: It was shown hyperplastic epithelium. But there was no dysplasia (× 40); B: Demonstrating the arborizing pattern of smooth-muscle proliferation (white arrow). And these smooth muscle bundles were originated from the muscularis mucosa (× 100).

follow-up.

who had no family history or juvenile operation history,
visited our hospital because of acute onset abdominal
pain in the right lower quadrant as a result of intestinal
obstruction due to intussusception. Characteristic mucocutaneous pigmentation was not observed in this case,
although it is present in more than approximately 90%
of patients[4]. Solitary hamartomatous polyp was reported
by Kuwano et al[5] in 1989. It is considered to be either an
incomplete variant of PJS or a separate disease entity because of the absence of external features and family history.
This solitary lesion has been termed Peutz-Jeghers-type
polyp[2,5,6].
Hamartomatous polyps are often diagnosed inciden-

DISCUSSION
PJS is an inherited, autosomal dominant polypoid syndrome with a prevalence of one in 100000 individuals.
The disease is characterized by gastrointestinal hamartomatous polyps and mucocutaneous pigmentation on
perioral buccal mucosa, and hands and feet[1]. Hamartomatous polyps can occur throughout the gastrointestinal tract, but the small intestine is the most commonly
affected site at 64%. These polyps cause abdominal
pain, intestinal bleeding, and obstruction[3]. Our patient,
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tally on endoscopy. Although abdominal CT findings in
PJS patients are nonspecific, in cases with intestinal obstruction by intussusception or a large polyp, abdominal
CT or gastrointestinal series can be diagnostic. Because
hamartomatous polyps are grossly difficult to distinguish
from other hamartomatous polyposis syndromes on
endoscopy, diagnostic confirmation depends on histopathology as well as the various clinical manifestations[1].
Microscopically, Peutz-Jeghers-type polyp shows extensive smooth-muscle proliferation and an elongated
arborized pattern of polyp formation, and it is distinguishable from adenomatous polyps that can be seen
in familial adenomatous polyposis syndrome[7]. In our
patient, preoperative abdominal CT revealed a “target
sign” at the terminal ileum and we were able to identify
the intestinal obstruction due to intussusception by the
polypoid mass. The postoperative histopathologic results
confirmed a hamartomatous polyp.
Miyahara et al[8] reported a case of intussusception
arising from an appendiceal hamartomatous polyp in
a PJS patient with anemia and described the appendix
invaginating into the cecum in their case[8]. In general,
bowel intussusception is caused by telescoping of the
proximal bowel (intussusceptum) into the adjacent distal
bowel segment (intussuscipiens)[9]. Appendiceal intussusceptions occur by intraluminal or intramural irritation
caused by space-occupying lesions such as appendiceal
fecalith, lymphoid hyperplasia, endometriosis, carcinoid
tumor, adenoma, or adenocarcinoma. The most common
type of appendiceal intussusception is appendico-cecal or
ceco-colic[8,10]. The symptoms are very similar to those of
acute appendicitis.
Our case differs from previous cases in that the intussusception was caused by direct ingrowth of the appendiceal tip into the terminal ileal lumen, rather than by a
typical telescoping mechanism. To the best of our knowledge, ours is the first case with this rare presentation.
Although it is difficult to explain the exact mechanism of
the ingrowth in this case, in considering the macro- and
microscopic findings, we assume that the hamartomatous polyp arose from the appendiceal tip attached to the
serosa of the terminal ileum, and growth of the polyp
led to forced entry into the ileal lumen. If it was an ileal
hamartomatous polyp, the normal appendix would not be
expected to react with an ileal mass to the degree seen in
this case. Also, we observed that the appendiceal lumen
ran continuously from the external appendix to within
the hamartomatous polyp and this was confirmed, microscopically. If the normal appendix was intussuscepted into
ileal polyp, we could separate the appendix from the polyp
with comparative ease. But appendix and polyp were unseparable. We think that strong tissue interaction between
appendix and distal ileum is one of evidence which the
polyp is originated from the appendix. Therefore, the primary lesion in our case ought to be the appendix.
Appendiceal tumors are rare, reportedly occurring in
< 2% of all appendectomies, and hamartomatous polyps
in the appendix are even rarer[11,12]. There have been spo-
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radic reports of appendiceal hamartomatous polyps confirmed in PJS patients; however, there are only two case
reports of solitary Peutz-Jeghers-type hamartomatous
polyps in the appendix without PJS, to our knowledge [13,14].
Hamartomatous polyp is considered a benign lesion,
but when it is associated with PJS, the risk of malignancy
is increased in gastrointestinal and extra-intestinal sites[15].
Treatment for hamartomatous polyp can include endoscopic resection, polypectomy via enterotomy, and bowel
resection. But in patients with PJS, short bowel syndrome
can occur due to repeated bowel resection because 30%
of these patients require laparotomy and 50% require
more than two abdominal surgeries[16,17]. Therefore, less
invasive treatment had to be chosen in those patients. In
asymptomatic patients, observation is sufficient, but close
follow-up is required because of complications such as
multiple cancer, intestinal obstruction, and bleeding. In
our case, preoperative abdominal CT definitively revealed
the leading point causing the intussusception at the terminal ileum. Because the lesion was not considered to
be in spontaneous remission, we performed exploratory
laparotomy.
Preventive appendectomy during surgery for other
disease is controversial but we believe that if an appendiceal mass is identified pre- or intraoperatively, resection
is essential to determine additional treatment after histologic confirmation[18]. The final histopathological result in
this patient occurred following discharge. We attempted
to identify mucocutaneous pigmentation and family history to find out an association with PJS, but there were
no such characteristic findings of PJS in this patient. For
that reason we did not perform postoperative esophagogastroduodenoscopy or colonoscopy. This is able to
be a limitation of our follow-up strategy. Surveillance of
PJS often follows experts’ opinion because of the lack of
randomized controlled trials, and in 2006, European experts established age-specific guidelines for the management of these patients[19].
Appendiceal hamartomatous polyp in our patient had
the distinctive aspect of morphogenesis. Because it did
not correspond with the conventional concept of the
mechanism of intussusception, it was difficult to determine grossly whether this was a case of intussusception
or ingrowth. Because definite diagnosis depends on the
histopathological finding after resection, the patient with
symptomatic mass may needs the resection through the
laparotomy or endoscopic approach. Based on histology,
periodic surveillance or additional treatment can be required. We believe that ours are a very rare case, clinically,
and the first report of its kind to the best of our knowledge.

COMMENTS
COMMENTS
Case characteristics

Mild peristaltic pain and tenderness was observed as main symptoms in the
right lower quadrant of the abdomen without rebound tenderness.

Clinical diagnosis

Main clinical diagnosis was acute appendicitis.
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Differential diagnosis

Authors’ had to rule out intestinal obstruction because of abdominal discomfort
and bilious vomiting.

7

Blood sample tests were unremarkable except for a mildly elevated white blood
cell count of 11480/µL.

8

Laboratory diagnosis
Imaging diagnosis

Intussusception due to 2.4-cm diameter polypoid mass was identified in distal
ileum through the abdominal computed tomography.

Pathological diagnosis

9

Treatment

10

Histopathologic finding (hematoxylin and eosin staining) revealed a hamartomatous polyp of 3.5 cm × 3.0 cm with surface ulceration.
The patient underwent the segmental resection of distal ileum with appendectomy.

Term explanation

11

The solitary Peutz-Jegher-type polyp is considered to be either an incomplete
variant of Peutz-Jegher syndrome or a separate disease entity because of the
absence of characteristic external features and family history.

12

Experiences and lessons

So based on histology, periodic surveillance or additional treatment can be
required because hamartomatous polyp has malignant potential when it is associated with Peutz-Jegher syndrome.

13

Peer review

Among the case reports, this paper is impressive and informative.
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Core tip: Choledochoduodenal fistula caused by endoclip migration; an extremely rare complication after the
introduction of laparoscopic cholecystectomy which can
occur from days to years after laparoscopic cholecystectomy.
Hong T, Xu XQ, He XD, Qu Q, Li BL, Zheng CJ. Choledochoduodenal fistula caused by migration of endoclip after laparoscopic
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Abstract
The wide use of surgical endoclips in laparoscopic
surgery has led to a variety of complications. Postcholecystectomy endoclips migrating into the common
bile duct after laparoscopic cholecystectomy is rare. A
migrated endoclip can cause obstruction, serve as a
nidus for stone formation, and cause cholangitis. While
the exact pathogenesis is still unknown, it is probably
related to improper clip application, subclinical bile
leak, inflammation, and subsequent necrosis, allowing
the clips to erode directly into the common bile duct.
We present a case of endoclip migrating into the common bile duct and duodenum, resulting in choledochoduodenal fistula after laparoscopic cholecystectomy
and a successful reconstruction of the biliary tract by a
hepaticojejunostomy with a Roux-en-Y procedure. This
case shows that surgical endoclips can penetrate into
the intact bile duct wall through serial maceration, and
it is believed that careful application of clips may be the
only way to prevent their migration after laparoscopic
cholecystectomy.

WJG|www.wjgnet.com

INTRODUCTION
Since the introduction of the laparoscopic technique,
laparoscopic cholecystectomy is considered the gold
standard for the management of symptomatic disease
with a less than 3% overall complication rate[1]. Most
abnormal biliary-enteric communications are the result
of perforation caused by gallstones from the gallbladder
or common bile duct into the duodenum, with the remainder being the result of peptic ulcer, tumor, trauma,
or other local abnormalities[2] which often occur before
laparoscopic cholecystectomy. Choledochoduodenal
fistula caused by endoclip migration is an extremely rare
complication after the introduction of laparoscopic cholecystectomy, and can occur from days to years after the
procedure. We present a rare case of an endoclip migrating into the common bile duct and duodenum, resulting
in choledochoduodenal fistula after the laparoscopic cholecystectomy 10 years prior.
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A

B

Figure 1 Plain abdominal radiograph showed metal endoclips (arrow) in
the right upper quadrant area.

Figure 4 Computed tomography showed a mass on the duodenal wall (arrow), and linear, highly dense lesions both in the mass (A, arrow) and in
the hepatic duct confluence (B, arrow) with dilated hepatic ducts.

lieved after one week of anti-infection treatment. Physical
examination at admission revealed no fever, icteric sclera,
or jaundice. There was no tenderness at the epigastric
area. Laboratory tests revealed white blood cells of 5470/
mm3, and elevated levels of alanine aminotransferase
(59 U/L, 5-40), gamma glutamyl aminotransferase (300
U/L, 0-50), and total/direct bilirubin (15.1/9.0 µmol/L,
1.7-22.5/0.0-6.0 µmol/L). Tumor markers showed high
levels of CA19-9 (326 U/mL), but the levels of carcinoembryonic antigen and alpha-fetoprotein were within
the normal range. A plain abdominal radiograph showed
metal endoclips in the right upper quadrant area (Figure
1). Magnetic resonance imaging showed marked dilatation of the biliary duct and stenosis of the common bile
duct at the hepatic duct confluence, which was close to
the duodenum (Figure 2). An endoscopic image of the
duodenum (Figure 3) showed yellowish bile acid leaking
from a papillary orifice at the first part of duodenum
wall. Computed tomography (CT) showed a mass on the
duodenal wall, and linear, highly dense lesions both in the
mass (Figure 4A) and in the hepatic duct confluence (Figure 4B) with dilated hepatic ducts. The patient’s clinical
manifestation and imaging studies revealed a choledochoduodenal fistula caused by an injury to the common bile
duct by a migrated metal endoclip. Partial resection of
the common bile duct and fistula, as well as repair of the
duodenum, were performed, followed by reconstruction
of the biliary tract by a hepaticojejunostomy with a Rouxen-Y procedure. An endoclip was found in the duodenal

Figure 2 Magnetic resonance cholangiography showed marked dilatation
of biliary duct and stenosis of the common bile duct at the hepatic duct
confluence (arrow), which was close to the duodenum.

Figure 3 Endoscopic image of the duodenum showed yellowish bile acid
(arrow) leaking from a papillary orifice at the first part of duodenum wall.

CASE REPORT
A 48-year-old woman was referred to our hospital with
the chief complaint of intermittent epigastric pain, fever, and jaundice for about 3 mo. The patient underwent
laparoscopic cholecystectomy (LC) 10 years previously
without any intraoperative or postoperative complications. She was diagnosed as suffering acute cholangitis at
a rural community hospital, with all symptoms being re-
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portion of the choledochoduodenal fistula.

ing in choledochoduodenal fistula after LC. This situation
can be managed by reconstructing the biliary tract via a
hepaticojejunostomy with a Roux-en-Y procedure, and
could be potentially avoided by using absorbable endoclips or performing ultrasonic dissection without clipping.

DISCUSSION
Surgical endoclips are widely used during LC as substitute
ligation materials. Raoul et al[1] first reported the migration of surgical endoclips into the biliary tract acting as a
nidus for stone formation after laparoscopic cholecystectomy. A variety of endoclip related complications, such
as biliary leaks, endoclip migration into the common bile
duct with stone formation, acute pancreatitis, cholangitis,
benign stricture, obstructive jaundice, and endoclip embolism have been reported[3]. Choledochoduodenal fistula
is even rarer. Biliary-enteric fistula is a known complication of chronic gallbladder disease which has a reported
incidence of 0.06%-0.14%[4]. However, they usually happen before cholecystectomies, and there are no accurate
data for the biliary-enteric fistula, especially for the choledochoduodenal fistula. To the best of our knowledge,
this is the first report on a choledochoduodenal fistula
caused by an endoclip migrating into the common bile
duct and duodenum after LC.
With regard to the pathogenesis of endoclips migration after laparoscopic cholecystectomy, the first possibility is an incomplete closure of the cyst duct caused by an
ineffective clip, which then brought on biloma with bile
leakage. The second possibility is erosion of the bile duct
wall or adjacent adhered duodenal or colonic wall because
of localized inflammation around the endoclips. The
eroded and inflamed common bile duct and duodenal or
colonic wall would develop perforation or scar constriction, resulting in choledochoduodenal fistula or bile duct
stenosis[5].
For the evaluation of choledochoduodenal fistula after LC, magnetic resonance cholangiography, endoscopic
retrograde cholangiography, or CT with three-dimensional reconstruction of the biliary tract could be helpful. For
the complicated structure around the fistula caused by
tissue inflammation and adherence, open surgery is a safe
option for reconstructing the biliary tract and repairing
the defect in the duodenum due to defects in both the
common bile duct and duodenum. Endoclip migration
could be potentially avoided by the use of absorbable
endoclips, or alternatively ultrasonic dissection without
clipping[6].
In conclusion, we offer a rare case of an endoclip migrating into the common bile duct and duodenum, result-
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Case characteristics

Choledochoduodenal fistula caused by migration of an endoclip after laparoscopic cholecystectomy.

Differential diagnosis

It should be considered in the differential diagnosis of patients with obstructive
jaundice or cholangitis after laparoscopic cholecystectomy.

Diagnostic imaging

Diagnostic imaging must include magnetic resonance cholangiography, endoscopic retrograde cholangiography, or 3D-computed tomography with reconstruction of the biliary tract.

Treatment

Surgical intervention is mostly required to reconstruct the biliary tract and to
repair the defect in the duodenum due to defects in both the common bile duct
and duodenum.

Peer review

This is an interesting case report owing to its rarity.
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Core tip: Neonatal cholestasis with low or normal
gamma glutamyl transpeptidase (GGT) activity was
regarded as a characteristic feature of arthrogryposis,
renal dysfunction and cholestasis (ARC) syndrome.
Here we describe a patient who presented with neonatal cholestasis and high GGT activities. She had all
other typical clinical manifestations of ARC syndrome.
The diagnosis was finally confirmed by the presence
of compound heterozygosity of two known VPS33B
disease-causing mutations. Our case indicates that ARC
syndrome cannot be excluded in neonatal cholestasis
even with unexpected high GGT activity.

Abstract
Arthrogryposis, renal dysfunction and cholestasis (ARC)
syndrome (OMIM 208085) is an autosomal recessive
disorder that is caused by mutations in 2 interacting
genes VPS33B and VIPAS39 . Mutations in VPS33B gene
account for most cases of ARC. As low or normal gamma-glutamyl transpeptidase (GGT) activity has been
described in all patients with ARC syndrome identified
so far, ARC syndrome is a possible diagnosis for low
GGT cholestasis. Here we describe a Chinese patient
with neonatal cholestasis and a high GGT level in three
consecutive tests. She had other typical manifestations
of ARC syndrome, including arthrogryposis multiplex
congenita, renal involvement and ichthyosis. Genetic
study of the VPS33B gene further confirmed the diagnosis by identification of compound heterozygosity of
two known disease-causing mutations, c.403+2T > A
and c.1509-1510insG. The mechanism of high GGT in
this patient is unclear. Nevertheless, this case indicates
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INTRODUCTION
Arthrogryposis, renal dysfunction and cholestasis (ARC)
syndrome (OMIM 208085) is an autosomal recessive disorder that typically presents with neonatal cholestasis, renal tubular dysfunction and arthrogryposis multiplex congenita[1]. Mutations in 2 interacting genes VPS33B and
VIPAS39 have been identified. Mutations in VPS33B
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Table 1 Biochemistry of the proband and her past elder sister at different age of days
Age (d)

TBIL

DBIL

ALT

AST

ALP

GGT

TBA

TP

ALB

(mmol/L)

(mmol/L)

(U/L)

(U/L)

(U/L)

(U/L)

(mmol/L)

(g/L)

(g/L)

80.5
55.9
107.5

28.1
27.5
36.5

12
13
40

22
22
29

694
486
558

216
150
202

27.2
34.2
90.7

50.3
49.0
NA

31.2
24.0
NA

263.4
334.7
271.3
5-21

122
210.5
162.9
0-6

22
16
17
0-40

NA
30
40
0-40

576
454
419
0-500

48
43
37
3-50

NA
NA
NA
0-10

48.9
46.4
57.1
60-85

29.0
30.2
31.5
35-55

The proband
17
21
26
The past elder sister
30
32
34
Reference range

TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphates; GGT: Gammaglutamyl-transpeptidase; TBA: Total bile acid; TP: Total protein; ALB: Albumin.

gene account for most cases of ARC[2-5].
As low or normal gamma-glutamyl transpeptidase
(GGT) activity has been described in all patients with
ARC syndrome identified so far, ARC syndrome is one
of the differential diagnosis for low GGT cholestasis[6,7].
Recently we diagnosed a case with ARC syndrome caused
by VPS33B mutations, but an unexpectedly high GGT
level was noticed.

persistent positive glucose and protein in the urine and
moderate anemia. Liver function tests were listed in
Table 1. Ultrasound of the abdomen revealed polycystic
kidneys, but CT scan of the brain was normal. This first
baby died at 8 mo from infection, anorexia, jaundice and
poor weight gain.
On examination of the proband, obvious arthrogryposis multiplex, exfoliative skin (ichthyosis), mild jaundice and
simian lines on the right palm were seen. A weak response
to surrounding stimulus and no response to sound were
noted. Liver was palpable 2 centimeters below the costal
edge with normal texture. The spleen was not palpable.
Laboratory investigations of the proband showed
mildly elevated conjugated bilirubin, raised alkaline phosphatase, elevated GGT and total bile acids, hypoalbuminemia but normal ALT and AST (Table 1). Proteinuria
and glucosuria were present. There was a mildly elevated
lactate level. The following results were normal or unremarkable: blood urea, creatinine, electrolytes, free T4 and
thyroid stimulating hormone, ammonia, α1-antitrypsin
level, blood tandem mass spectrometry (MS/MS) study
of amino acid and carnitine profile, serology for hepatitis
A to E, blood immunoglobulin M antibodies to toxoplasma, rubella, cytomegalovirus, herpes simplex virus,
Epstein-Barr virus, blood cytomegalovirus DNA and
chromosome G bands.
The proband’s previous X-ray revealed pneumonia.
Cardiac ECHO revealed patent foramen ovale. Abdominal ultrasound showed normally sized kidneys with multiple cysts of various sizes in both kidneys with the largest in the left kidney of 0.8 cm × 0.6 cm, and the largest
in the right kidney, 0.6 cm × 0.5 cm. Granular high-echo
spots in the medulla of kidneys were revealed. Ultrasound of the hip showed no sign of dislocation. Brain
CT scan showed symmetric, bilateral hypodense white
matter of the cerebral hemispheres with a CT number of
about 14 HU on the Hounsfield scale. CT also revealed
swollen bilateral frontal and temporal lobes, narrowed
bilateral lateral and third ventricles, and basal ganglia of
heterogeneous density.

CASE REPORT
The proband is a female patient, the second child of a
non-consanguineous han couple. Oligohydramnios, ascites and enhanced echo of the kidneys of the fetus were
demonstrated by ultrasound in the 7th mo of pregnancy.
She was born in good condition with a birth weight of
3400 g by a cesarean section at 39 wk of gestation, due
to breech presentation. Her weight dropped to 2900 g by
day 8 while on mixed formula and breast feeding. Hearing screening tests performed on day 7 yielded no definitive results.
Jaundice was first noticed on day 3 after birth and
resolved spontaneously on day 10. It recurred from day
14 after birth and dark urine and light yellow colored
stools were noticed thereafter. The investigations at the
local hospital revealed mild cholestasis so the child was
transferred to a children’s hospital in Beijing at 21 d of
age, when her body weight was 2900 g. She received
blood transfusion because of anemia with a hemoglobin
level of 71 g/L at 28 d of age, and was then referred to a
hepatology centre at age 30 days for investigations of the
cause of her cholestasis.
Family history revealed that the mother was healthy
and the father had polycystic kidney disease. The mother’
s first pregnancy produced a full-term girl weighing 3000
g, delivered by cesarean section for breech presentation
and IIº contaminated amniotic fluid. Enhanced echoes of
the fetal kidneys were demonstrated by ultrasound at the
4th mo of pregnancy and oligohydramnios and ascites at
the 7th mo of pregnancy. The limbs and skin of this elder
sibling looked similar to those of the proband. Jaundice
persisted from birth and stool color became lighter after
20 d of age. Laboratory tests at 1 mo of age revealed
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Management
From the clinical manifestations and previously per-
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Figure 1 Genomic DNA sequences of the exons 6 and 20 of VPS33B gene from the proband and her parents. The arrows in exon 6 indicate T/A heterozygous
(c.403+2T > A) in the proband and her mother, but normal sequence (T) in her father. The arrows in exon 20 indicate heterozygous insertion of G (c.1509-1510insG)
in the proband and her father, but no change in her mother. These confirmed the proband was a compound heterozygote for c.403+2T > A and c.1509-1510insG in
VPS33B gene.

formed investigations, the diagnosis of ARC syndrome
was suspected. In view of the bad prognosis, the parents
were not willing to allow the child to undergo any further
tests. However they consented to genetic analysis to help
with future prenatal diagnosis. Ursodeoxycholic acid and
fat-soluble vitamins were prescribed and follow-up was
made over the telephone or by email. Her ichthyosis got
much better with olive oil massage after bathing and the
patient attained her birth weight at 67 d of age. Facial eczema developed from about 5 mo of age and she died at
7.5 mo of age.

> A and c.1509-1510insG mutations was revealed. The
parents were found to be heterozygous (Figure 1).

DISCUSSION
ARC syndrome is known to be caused by VPS33B and
VIPAS39 mutations and has been reported to occur in
many ethnic groups[3,8]. Normal or low GGT is one of
the characteristics of neonatal cholestasis in ARC syndrome and it was listed as one of the four diagnostic
features of the syndrome (arthrogryposis, renal tubular
dysfunction and cholestasis with a low GGT activity)[3].
By reviewing the literature to date, none of the cases
reported manifested cholestasis with significantly high
GGT. Therefore, the proband case here is the first report
that ARC syndrome could present as neonatal cholestasis
with significantly high GGT activities.
The patients had three major diagnostic features: arthrogryposis multiplex congenita, renal involvement and
cholestasis. The genetic study of VPS33B gene of the
proband further confirmed the diagnosis by identification of two mutations previously reported in the East
Asians[8]. c.1509-1510insG is a frame-shift mutation.
c.403+2T > A mutation disrupts the original donor site
following new donor site creation and therefore, a 16 bp
intronic sequence that contains a stop codon is inserted
into the mRNA sequence and results in a truncated

Molecular genetic techniques
The study protocol conforms to the ethical guidelines of
the Declaration of Helsinki of 1975. With the approval
by the Ethics Committee on human research of the
Children’s Hospital of Fudan University and informed
consent of the parents, 1 mL of whole blood was drawn
from the proband and her parents. DNA was extracted
routinely and all the coding exons together with adjacent
intronic sequence of the VPS33B gene were amplified
and sequenced according to Gissen P et al with modifications (detailed primers, PCR and sequencing condition
are available upon request)[2,3].
Result of molecular genetic studies
In the proband, compound heterozygosity for c.403+2T
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ure to thrive, and renal tubular acidosis. It indicates that
ARC syndrome should be considered as a diagnostic possibility in various populations and a cholestasis with significantly high GGT activity, especially in the early stage
after birth, should not exclude the diagnosis.

Table 2 Gamma-glutamyl transpeptidase level in
arthrogryposis, renal dysfunction and cholestasis patients
previously reported
Ref.

GGT level

Di Rocco et al[10] (1995)
Franceschini et al[11] (1997)
Papadia et al[12] (1996)
Coleman et al[13] (1997)
Abdullah et al[14] (2000)
Denecke et al[15] (2000)
Eastham et al[16] (2001)
Howells et al[17] (2002)
Gissen et al[2] (2004)
Abu-Sa'Da et al[18] (2005)
Choi et al[19] (2005)
Tekin et al[20] (2005)
Bull et al[21] (2006)
Gissen et al[3] (2006)
Taha et al[22] (2007)
Hershkovitz et al[23] (2008)
Arhan et al[24] (2009)
Jang et al[8] (2009)
Kim et al[25] (2010)

Normal (3 patients)
Normal (3 patients)
Normal (1 patient)
Normal (2 patients, 60-70 U/L)
Normal (3 patients)
Normal (2 patients), mildly elevated
(1 patient 78 U/L)
Normal (4 patients)
Normal (1 patient)
Normal (29 patients)
Normal (2 patients)
Normal (1 patient)
Normal (2 patients)
Normal (1 patient)
Normal (9 patients)
Normal (1 patient)
Normal (2 patients, 35-83 U/L)
Normal (1 patient)
Normal (6 patients)
Normal (10 patients)
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Case characteristics

Arthrogryposis multiplex congenita and ichthyosis were found in a cholestatic
infant with high gamma-glutamyl transpeptidase (GGT) activity.

Clinical diagnosis

Arthrogryposis multiplex congenita, renal dysfunction and cholestasis.

Differential diagnosis

Biliary atresia, progressive familial intrahepatic cholestasis, citrin deficiency,
idiopathic neonatal cholestasis, etc., should be considered.

Laboratory diagnosis

GGT: Gamma-glutamyl transpeptidase.

Genetic study revealed compound heterozygote with known disease-causing
mutations in VPS33B.

[9]

VPS33B protein . Based on this, a diagnosis of ARC
syndrome caused by VPS33B mutations in the proband
case could be confirmed.
An interesting finding is the parallel increase in serum
levels of GGT and total bile acids in the proband. Her elder sister demonstrated a typical neonatal cholestasis with
low GGT, who should have same genetic background of
VPS33B, indicating that the high GGT in the proband
could not be explained by the specific mutations.
The normal reference range of GGT is age dependent[7]. It could be quite high in newborns and then decreased to adult range. In Mainland China, because of
the lack of age specific data, 50 U/L is widely used as the
upper normal limit regardless of age. 93 U/L is defined
as the upper normal limit of GGT in infants less than 6
mo of age in National Taiwan University Hospital[6]. One
feature of this proband is that she went to see a doctor
much earlier than her elder sister, so the elevation of
GGT might be explained as an age-related evolution of
normal GGT activity. The limitation of this case report
is the lack of follow-up of her liver function test beyond
neonatal stage. As a result, we do not know whether the
elevated GGT activity would reduce as age advances.
However, all cases with available data on GGT activity
reported until now had GGT activity labeled normal or
with a peak level no more than 83 U/L (Table 2). Her
elder sister’s GGT activity tested at 30 days of age was
also below 50 U/L (Table 1). However, the proband had
a GGT activity over 200 U/L at 26 days of age, making it
unlikely that it can be fully explained by the specific age.
This case shows that the presence of high GGT
activity cannot exclude ARC if the diagnosis is strongly
suspected due to the presence of other cardinal features
such as ichthyosis, arthrogryposis, agranular platelets, fail-
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Imaging diagnosis

Multiple cysts in kidneys and patent foramen ovale were revealed by ultrasound.

Treatment

Ursodeoxycholic acid and fat-soluble vitamins were prescribed.

Related reports

Cholestasis of arthrogryposis, renal dysfunction and cholestasis (ARC) syndrome has never been associated with significantly high GGT activities.

Term explanation

ARC refers to arthrogryposis multiplex congenita, renal dysfunction and cholestasis.

Experiences and lessons

ARC syndrome should not be excluded from the list of differential diagnoses in a
cholestatic infant with high GGT activity, especially in the first months after birth.

Peer review

This article indicated that ARC syndrome cannot be excluded from the differential diagnosis of neonatal cholestasis based on serum levels of GGT activity.
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Laparoscopic ligation of proximal splenic artery aneurysm
with splenic function preservation
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Abstract

INTRODUCTION

Splenic artery aneurysm is one of the most common
visceral aneurysms, and patients with this type of aneurysm often present without symptoms. However,
when rupture occurs, it can be a catastrophic event.
Although most of these aneurysms can be treated with
percutaneous embolization, some located in uncommon
parts of the splenic artery may make this approach impossible. We present a patient with an aneurysm in the
proximal splenic artery, close to the celiac trunk, which
was treated by laparoscopic ligation only, without resection of the aneurysm, and with long-term preservation of splenic function.

Splenic artery aneurysms (SAAs) account for 46%-60%
of all visceral artery aneurysms[1]. Most occur in the distal
third of the splenic artery (75%) followed by the middle
third (20%)[2]. Aneurysms in the proximal splenic artery
are uncommon. Treatment of a SAA includes laparotomy, laparoscopy or endovascular techniques. In recent
years, open aneurysm repair of SAAs has been largely
replaced by minimally invasive surgery, such as endovascular procedures, which result in less surgical trauma and
faster postoperative recovery. However, only selected
aneurysms are suitable for these procedures, as marked
tortuosity of the artery or SAA in the proximal splenic
artery may not be suitable for endovascular management.
Thus, in these rare cases, laparoscopy may be a challenging alternative, not only to open surgery, but also to endovascular procedures.

Core tip: An aneurysm in the proximal splenic artery is
rare. Few cases of an aneurysm in the proximal splenic
artery treated by laparoscopic techniques have been
reported in the literature. We present a case of splenic
artery aneurysm located in the proximal splenic artery
which was treated by laparoscopic ligation with longterm preservation of splenic function. This is the first
case of laparoscopic ligation of a proximal artery aneurysm with preservation of splenic function to be reported in the English literature.

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

Figure 1 Three-dimensional computed tomography reconstruction. A: A 3-cm splenic artery
aneurysm in the proximal splenic artery with afferent (a) and efferent (b) artery; B: Angiography
demonstrating a 3 cm splenic artery aneurysm at
the same location with afferent (a) and efferent
(b) artery. AO: Abdominal aorta; CA: Celiac artery;
CHA: Common hepatic artery; SAA: Splenic artery
aneurysm; SPA: Splenic artery.
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Figure 2 Intraoperative imaging. A: The position of the splenic artery aneurysm with its afferent (a) and efferent (b) artery; B: Both afferent (a) and efferent (b) arteries of the aneurysm were occluded by the ligaclips; C: Reverse side of the splenic artery aneurysm showing no collateral vessels connecting with the aneurysm. CHA:
Common hepatic artery; SAA: Splenic artery aneurysm; SPA: Splenic artery. LGA: Left gastric artery; PV: Portal vein; SPV: Splenic vein.

To our knowledge, few cases of SAA in the proximal
splenic artery treated by laparoscopic techniques have
been reported in the literature. The authors present a
patient with an aneurysm located in the proximal splenic
artery, which was treated by laparoscopic ligation with
long-term preservation of splenic function.

whole spleen appeared dusky, but returned to normal at
the end of the procedure. The abdominal cavity was irrigated with normal saline and a drain was placed under
the aneurysm to drain the fluid and prevent contingent
complications caused by pancreatic leakage.
The operative time was 50 min and blood loss was
10 mL. Three days later, abdominal vascular ultrasound
showed a hypoechoic mass between the proximal part
of the splenic artery and celiac trunk with no color flow
signals (Figure 3A), and the blood flow into the splenic
vein was affluent (Figure 3B). The patient had a smooth
recovery with no complications and was discharged on
postoperative day 5. During the postoperative followup period, she recovered very well with no abdominal
pain or pancreatic insufficiency. The three-dimensional
computed tomography reconstruction (two months after
surgery) revealed no recurrence of the aneurysm and her
splenic function was well maintained (Figure 3C).

CASE REPORT
An asymptomatic 49-year-old woman was found to have
a splenic artery aneurysm on medical examination. Computed tomography scan revealed a 3 cm SAA. Both threedimensional reconstruction and angiography demonstrated the presence of a 3 cm aneurysm in the proximal
splenic artery, approximately 0.8 cm from the celiac trunk
(Figure 1). Considering the anatomic location of the aneurysm, endovascular treatment was not proposed due
to recanalization and coil migration. Thus, laparoscopic
surgery was deemed the optimal treatment option. It was
decided to attempt simple laparoscopic ligation without
resecting the aneurysm.
The patient was placed in the supine position. Five
ports were inserted and a pneumoperitoneum was created. First, we divided the gastrocolic ligament, revealing
the pancreatic edge, then identified the splenic artery and
exposed the aneurysm. We separated its proximal and
distal parts, and clips were used to ligate the aneurysm
proximally and distally (Figure 2). The collateral vessels
of the aneurysm were also completely dissected, thus
isolating the aneurysm with no retrograde filling. The

WJG|www.wjgnet.com

DISCUSSION
Despite an extremely low incidence and almost no symptoms of SAA, death can occur if the aneurysm ruptures[3]. The available evidence suggests that active treatment should be initiated if the aneurysm is larger than
2 cm in patients at high risk of rupture, such as during
pregnancy, patients of childbearing age or following liver
transplantation.
Transcatheter embolization is currently considered
to be the first-line treatment in most patients with SAAs,
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Figure 3 Postoperative imaging. A: Ultrasound showing a 3 cm hypoechoic mass between the proximal splenic artery and the celiac trunk; B: Ultrasound showing
no color flow signals in the hypoechoic mass; C: Three-dimensional CT reconstruction revealing the proximal splenic artery without aneurysm recurrence and without
collateral vessels supplying the spleen (c). AO: Abdominal aorta; CA: Celiac artery; CHA: Common hepatic artery; LGA: Left gastric artery.

since the procedure can be carried out under local anesthesia with minimal trauma to the patient[4]. However, this
technique may not be proposed if the SAA is located at
the hilum of the spleen or if the splenic artery is particularly tortuous. In addition, it presents some critical points:
recanalization, coil migration and distal infarction with
abscess formation, and the post-treatment splenic flow
can be compromised due to related splenic malfunction
and infarction[5].
Stent grafting also requires careful patient selection
as the size and tortuosity of the splenic artery as well as
the location of the aneurysm may have limitations in the
deployment of the stent graft[6]. Furthermore, complications related to stent migration and arterial occlusion
also have to be considered[7]. Moreover, following stent
grafting, life-long oral antiplatelet drugs are required and
the long-term durability and patency of these grafts are
unknown.
In the present case, the SAA was in the proximal
splenic artery, close to the celiac trunk, and the splenic
artery was tortuous in this location. Thus, transcatheter
embolization and stent grafting were considered inappropriate treatment choices. Laparoscopic management
was deemed to be the best treatment option, and was to
include either resection of the SAA or just simple ligation
of the SAA. Laparoscopic resection of orthotopic SAAs
has been espoused by a number of authors as a less invasive alternative to open surgery[8]. However, it was performed only for aneurysms of small diameter, 2-2.5 cm,
affecting the middle or distal third of the artery. In addition, this technique is controversial as it leaves a vascular
stump exposing it to pulsatile arterial pressure and the
possibility of recurrence[9].
To date, laparoscopic ligation of aneurysms has only
been reported in two cases, and both were located in the
middle or distal third of the splenic artery[10,11]. An SAA
in the proximal splenic artery treated by laparoscopic ligation has not yet been reported. In our case, the location
of the SAA was in the proximal part of the splenic artery,
close to the celiac trunk, and the splenic artery was tortuous in this location. Therefore, we chose laparoscopy as
the optimal treatment. As an SAA is a non-solid tumor,
it was not necessary to resect the aneurysm. Preoperative

WJG|www.wjgnet.com

evaluation is essential and blocking the collateral circulation of the SAA is the most important step in the procedure, which ultimately leads to no retrograde filling of the
SAA. The risk associated with laparoscopic ligation of
the SAA was deficient residual blood flow to the spleen,
thus leading to splenic infarction and possible evolution
into a splenic abscess. Therefore, intraoperative ultrasound may contribute to determination of the residual
blood flow. To the best of our knowledge, this is the first
case of laparoscopic ligation of a splenic artery aneurysm
in the proximal part of the splenic artery. This approach
greatly reduces blood loss and results in a shorter operative time compared to laparoscopic resection. In addition,
spleen function was completely preserved. The patient
had a faster postoperative recovery and a good long-term
outcome associated with preservation of splenic function. Therefore, we believe that laparoscopic ligation is
suitable for aneurysms located in the proximal splenic
artery.
In conclusion, laparoscopic ligation of a SAA in the
proximal splenic artery is safe and effective. It offers
good postoperative recovery with a good long-term outcome due to preservation of splenic function. Therefore,
laparoscopic ligation may be the preferred treatment in
cases in which other treatments are unfeasible.

COMMENTS
COMMENTS
Case characteristics

Incidental finding of a 3-cm aneurysm in the proximal splenic artery in an asymptomatic 49-year-old female patient on routine medical examination.

Clinical diagnosis

Incidental finding of a 3-cm aneurysm in the proximal splenic artery on computed tomography (CT).

Differential diagnosis

To exclude a tortuous splenic artery and calcified lymph nodes, three-dimensional CT reconstruction and angiography were performed.

Laboratory diagnosis

The laboratory tests were all within normal ranges.

Imaging diagnosis

Three-dimensional CT reconstruction and angiography revealed a 3-cm aneurysm in the proximal splenic artery, 0.8 cm from the celiac trunk.

Treatment

Laparoscopic ligation of the proximal splenic artery aneurysm, without resection
of the aneurysm.
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Related reports

To date, laparoscopic ligation of aneurysms has only been reported in two
cases, and both were located in the middle or distal third of the splenic artery.

5

Experiences and lessons

Laparoscopic ligation of a splenic artery aneurysm is safe and effective, and
should be considered when other treatment modalities are not feasible.

Peer review

The authors presented their successful experience of laparoscopic ligation of
asymptomatic proximal splenic artery aneurysm in 49-year-old woman. The
paper is very well presented with very nice intraoperative figures. It is an interesting rare case report with nice laparoscopic views.
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should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
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for loss or damage to photographs and illustrations sustained during mailing.

Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
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gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
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the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
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strictly prohibited.
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Clinical Practice in Clinical Trials) and/or the World Medical
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Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
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consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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Title page
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Authorship: Authorship credit should be in accordance with the
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interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS
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Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.

Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).
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The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
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Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
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Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
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Chinese journal article (list all authors and include the PMID where applicable)
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12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
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2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
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Issue with no volume
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WJG|www.wjgnet.com

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A.
Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

PUBLICATION FEE

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
USD per article. All invited articles are published free of charge.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
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